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ABSTRACT. Single-stream recycling enables house-
holds to recycle an unsorted mix of cans, plastic,
glass, and paper, thereby reducing recycling costs.
The expansion of single-stream recycling in Wiscon-
sin provides a natural experiment to assess the extent
to which single-stream increases recycling behavior.
Using a longitudinal database that matches house-
hold recycling participation to county-level recycling
policies from Wisconsin, we identify respondent and
county characteristics that promote recycling. The
results of both fixed-effects regressions and a differ-
ences-in-differences analysis demonstrate that single-
stream programs increase recycling within house-
holds. The shift from dual-stream to single-stream has
benefits exceeding costs. (JEL Q53)

I. INTRODUCTION

Societies may encourage desired behavior
among their citizens either by trying to force
behavior through negative sanctions or by
positive efforts to reduce the cost and difficulty
of that behavior. As examples of positive ef-
forts, governments may offer monetary incen-
tives to foster proper waste disposal, or they
may discourage littering by providing easily
accessible trash cans in parks or other public
spaces. In this paper, we examine the effec-
tiveness of such a positive strategy to encour-
age household recycling. In particular, we
assess whether municipalities can increase re-
cycling by changes that make the task for the
householder require less time, space, and ef-
fort.

There has been a general shift away from
negative penalty structures and toward posi-
tive incentives for recycling. Indeed, efforts by
governments to encourage household recy-
cling have evolved from the government im-
posing costs on households that don’t recycle,
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to processes that shift the effort of recycling
from the household to the government. In the
1960s and 1970s, many municipalities encour-
aged recycling by charging fees dependent on
the weight or volume of garbage discarded or
fining those caught discarding recyclables.The
effects of such incentives continue to be ex-
amined, for instance, by Huang, Halstead, and
Saunders (2011). States also encouraged re-
cycling with deposit laws for bottles and cans
(Ashenmiller 2009; Viscusi et al. 2013). These
programs were moderately effective in terms
of increasing the volume of household recy-
cling. Subsequent efforts to increase house-
hold participation focused on reducing the time
and effort attached to household recycling.
States expanded the number and convenience
of drop-off centers. Then, in the 1980s and
1990s, curbside pickup allowed households to
recycle at the edge of their property instead of
traveling to recycling centers. Recently, single-
stream recycling has enabled households to re-
cycle paper, glass, plastic, and cans without
having to incur the time and inconvenience
costs of sorting materials and recycling them
separately. Thus, single-stream recycling con-
tinues a trend toward reducing the nonmone-
tary costs of recycling by making recycling
easier and more pleasant for the household.

There have been three major areas of re-
search focused on encouraging household re-
cycling. The broadest approach considers re-
cycling as part of an economic and technical
system where differential effects in encour-
aging recycling depend on state laws (Viscusi,
Huber, and Bell 2012) or local requirements
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(Van Houtven and Morris 1999). This broad
approach tracks where gains in recycling tech-
nology enable more efficient recovery of ma-
terials, where fluctuating prices of recycled
raw materials affect the ability of municipal-
ities to pay for recycling amenities (Kaffine
2014), and if voters are willing to vote to pay
for such systems (Kinnaman 2006). The sec-
ond research approach focuses on the char-
acteristics of people who are more likely to
recycle (Miafodzyeva and Brandt 2012;
Nixon and Saphores 2009; Farrara and Mis-
sios 2012). The third approach examines the
extent to which amenities such as convenient
drop-off centers and curbside recycling suc-
ceed in generating household recycling
(Beatty, Berck, and Shimshack 2007; Seacat
and Northrup 2010), as well as measuring the
household demand for such amenities (Koford
et al. 2012). This research builds on all three
approaches. We first assess who recycles and
then move to the degree to which household
recycling increases in Wisconsin in response
to a shift to single-stream. Finally, we exam-
ine the costs and benefits of such a move for
a county in Wisconsin to determine if the
change is economically justified.

The analysis merges two data sets to pro-
vide richer information on the characteristics
of recyclers and to test the impact of single-
stream recycling in Wisconsin between 2008
and 2013. The first data set consists of lon-
gitudinal surveys of Wisconsin households
who indicate their recycling participation
from 2008 to 2013. We match the household
data with recycling options available to the
household in each county of Wisconsin. Since
the counties differ in terms of the extent to
which they replaced dual-stream with single-
stream recycling in the six-year time span,
they enable a natural experiment that can as-
sess the impact of single-stream recycling on
household behavior. Further, the ability to
look longitudinally both within households
and across counties over time permits a dif-
ferences-in-differences analysis of the impact
of single-stream recycling. Thus, we can dis-
tinguish effects of the single-stream from
demographic factors correlated with the avail-
ability of different recycling amenities. The
household data, with over 6,800 surveys from
2,800 households, provide a way to charac-
terize the households and counties that are

more likely to recycle. Finally, we can assess
the extent to which single-stream recycling
differentially affects rates of household recy-
cling for cans, plastic, glass, and paper.

Previous research on the effectiveness of
different recycling policies has found that re-
cycling is increased more effectively by pol-
icies that reduce the time and convenience
costs of recycling than those that raise the
costs of failing to recycle. Reschovsky and
Stone (1994) give evidence that recycling is
increased more by convenience improve-
ments provided by curbside availability com-
pared with pricing mechanisms. Mueller
(2013) shows that attributes related to con-
venience are more important than penalties in
order to achieve increases in recycling in On-
tario, Canada. Jenkins et al. (2003) demon-
strate in a study of 20 large metropolitan sta-
tistical areas that curbside and drop-off
amenities increased reported recycling vol-
ume, while fees based on household garbage
discarded did not. Bruvoll and Nyborg (2004)
find that government efforts to increase recy-
cling behavior impose costs, since households
influenced would not recycle without those ef-
forts. Single-stream programs would tend to
offset those costs by making recycling involve
less effort.

There have been few studies of the effec-
tiveness of single-stream recycling. Oskamp
et al. (1996) report that a single-stream recy-
cling effort in neighboring suburbs of Los An-
geles generated a 15 percentage point increase
in recycling and a fivefold increase in volume
of recycled materials. By contrast, there has
been substantial work relating recycling to the
availability of recycling amenities and to
demographic, psychographic, or behavioral
differences between households. Miafod-
zyeva and Brandt (2012) provide a meta-anal-
ysis across a large set of studies of recycling.
Their review covers many variables associ-
ated with recycling; however, the most promi-
nent factor to emerge in the meta-analysis is
the importance of convenience to the house-
hold in generating household recycling.

Because single-stream recycling reduces
the effort costs of recycling, one would expect
these policies to boost recycling rates. Recy-
cling participation also may be enhanced by
the effect of single-stream policies in boosting
the recycling by one’s neighbors. In particular,
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Brekke, Kipperberg, and Nyborg (2010) find
that a household taking responsibility for re-
cycling is influenced by beliefs on whether
neighbors are recycling, so amenities that
make neighbors’ behavior obvious (such as
seeing bins on the street for curbside single-
stream pick-up or noticing neighbors at a re-
cycling drop-off center) might engender or
support such beliefs.

In this study, we do not directly measure
the underlying behavioral and psychological
constructs governing recycling behavior.
However, we do measure individual differ-
ence factors that can be expected to make re-
cycling easier, such as having higher income
or education, and factors making recycling
harder, like being divorced or having children.
We also tap characteristics that may be asso-
ciated with greater motivation to recycle, such
as home ownership, being female, being the
head of household, or being a member of the
Democratic Party.

Our analysis demonstrates that single-
stream recycling boosts household participa-
tion in recycling. The gains in counties with
widely available single-stream and curbside
programs are 6% for those who recycle all four
materials in areas with curbside and single-
stream. These gains from single-stream poli-
cies are evident both by examining participa-
tion in counties with greater availability of
recycling options, as well as from a differ-
ences-in-differences analysis comparing an-
nual shifts in household recycling with shifts
in single-stream availability. Studying recy-
cling in Wisconsin is particularly appropriate
because Wisconsin has recently expanded sin-
gle-stream programs. Further, Wisconsin is a
leader in household recycling with the highest
participation rates in the country (Bell, Huber,
and Viscusi 2014). Given the potential of ceil-
ing effects on recycling behavior, examining
whether single-stream policies can boost al-
ready-high recycling rates in Wisconsin con-
stitutes a demanding test of the efficacy of this
policy.

The next sections characterize the two sets
of data and then summarize the recent actions
by Wisconsin to increase single-stream capa-
bilities in its counties. We then generate a
model of the effect of single-stream availabil-
ity and household characteristics on recycling.
That result is reinforced with propensity score

matching to take into account potential co-
determinacy of recycling amenities and recy-
cling behavior, an analysis having fixed ef-
fects for both households and time periods,
and a differences-in-differences analysis that
provides a stronger assessment of the causal
effect of single-stream. Finally, we present an
analysis of the marginal costs and marginal
benefits of adopting a single-stream policy, fo-
cusing on detailed information for a single
Wisconsin county.

II. WISCONSIN HOUSEHOLD
RECYCLING: 2008–2013

The data for this analysis come from two
sources, a national household survey panel
and county-level data from the Wisconsin De-
partment of Natural Resources.1 Household
data derive from background surveys admin-
istered regularly to the GfK Knowledge-
Panel.2 Participants in the panel are recruited
using a probability sampling approach and are
provided with computers and Internet access
if needed to participate in the online surveys.
Panelists participate in two to four surveys for
the KnowledgePanel per month and occasion-
ally complete profile surveys with questions
that identify demographic characteristics, life-
style, and habits. Our critical measure of re-
cycling comes from annual profile surveys of
Wisconsin panel members from 2008 to 2013.
Recycling is measured by the following four
yes/no questions:

Paper: “In the past 12 months, have you recycled
your newspapers or other papers?”

Cans: “In the past 12 months, have you recycled
your cans?”

Glass: “In the past 12 months, have you recycled
your glass?”

Plastic: “In the past 12 months, have you recycled
your plastic?”

In conjunction with observations over mul-
tiple years, these questions have the advantage

1 Data from the Wisconsin DNR was provided directly,
through conversations with DNR officials at the Bureau of
Waste and Materials Management. The DNR compiles data
from reports that municipalities submit to the state each year.

2 For more information about KnowledgePanel, see
www.knowledgenetworks.com/knpanel/docs/knowledgepa-
nel(R)-design-summary-description.pdf. The panel was for-
merly known as Knowledge Networks.



August 2017Land Economics484

of providing longitudinal, household-specific
information on recycling of different materi-
als for a large sample across the state.3 In ad-
dition to the recycling questions, the data set
contains detailed household demographic
characteristics and a geographical indicator
describing the Wisconsin county where the
panelist lives, making it possible to analyze
systematic differences in recycling practices
and how these household characteristics in-
teract with the efficacy of single-stream re-
cycling. Appendix Table A1 summarizes the
means and variances of the data used in this
article.

County-level data come from the Wiscon-
sin Department of Natural Resources (DNR).
These data include the percentage of residents
in each county having the following recycling
amenities between 2008 and 20134:

• Percentage of residents in each county with a
single-stream program, which “allows residents
to place glass, aluminum, plastic, tin and paper
into one container.”

• Percentage of residents with a dual-stream pro-
gram, which “requires such paper products as
newspaper, magazines and corrugated card-
board to be separated from other recyclable ma-
terials—like plastic and metal.”

• Percentage of residents with a curbside pro-
gram, where recyclable materials are collected
from the street near the home.

• Percentage of residents with a drop-off pro-
gram, where locations are provided to which
recyclable materials may be delivered by resi-
dents.

Those materials were matched with survey re-
sponses as follows:

Cans: aluminum, steel, and bimetal containers
Plastic: plastic containers #1–#7
Glass: glass containers
Paper: magazines, newspapers, and residential

mixed paper

3 Our empirical analysis utilizes an unbalanced panel. Of
the 6,852 surveys, 1,133 households took the survey once,
613 twice, 328 three times, 225 four times, 433 five times,
and 74 six times. The total number of different households
taking the survey was 2,806.

4 The quoted portions of the definitions for recycling
amenities are from the Wisconsin Department of Natural
Resources (http://dnr.wi.gov/topic/recycling/homerecycle.
html). Our summaries are also consistent with this source.

While these recycling data are unique both
in their breadth and depth, it is important to
acknowledge two limitations. First, instead of
a measure of recycling amenities available to
households, the data pertain to the average
amenity coverage for the county in which the
household resides. However, having random
variation in independent variables typically
means that the estimates will be attenuated,
suggesting that our estimates of the effects of
single-stream recycling are underestimated. It
is also possible that some of the variance re-
sulting from applying county single-stream
data to individuals will be accounted for by
household characteristics. Second, the ques-
tions do not ask households the percentage of
each material recycled or measure the volume
of material recycled, but only whether they
had recycled each material in the past 12
months. Thus, our measure of recycling is an
imperfect measure of the percentage of each
material recycled by the household. Neverthe-
less, that measure should be highly correlated
with actual usage, since there is evidence that
the majority of those who say they recycle at
all tend to do so diligently.5

Moreover, it is possible to corroborate the
correspondence between the subjective mea-
sures that are reported and an objective index
of recycling amounts. We test the validity of
the reported recycling behavior by estimating
the relationship between the county volume of
recycling tonnage and the reported average
number of materials recycled in 2013. Re-
gression estimation of the log tonnage of re-
cycled materials as a function of log average
number of materials recycled per household
yields a coefficient of 0.82 (SE = 0.24). This
high elasticity estimate implies that counties
whose respondents report a 10% higher re-
cycling rate will have an average 8.2% in-
crease in actual tonnage. Moreover, a one-to-
one relationship between percentage changes
in reported recycling rates and tonnage is well
within the estimated confidence interval for
the elasticity. Appendix Table A2 provides ad-

5 Viscusi et al. (2013) show that households that par-
ticipate at all in recycling tend to do so at a high rate. Data
from that analysis indicate that among those who recycle
any plastic water bottles, households on average recycle
over 85% of them.
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TABLE 1
Recycling Participation by Wisconsin Surveyed Households, Percentage for Four

Materials, by Year

2008 2009 2010 2011 2012 2013

Observations 384 1,170 1,363 1,130 1,292 1,513
Percentages by material

Cans 94 93 92 92 91 91
Plastic 92 91 89 90 90 88
Glass 88 88 86 88 87 84
Paper 91 89 87 87 85 85

All four materials 83 83 80 81 78 76

ditional corroboration, linking individual
household recycling participation of various
materials to average pounds of materials re-
cycled in the county. Thus, we can feel con-
fident that these survey data have substantial
correspondence with actual tonnage recycled.

III. WISCONSIN RECYCLING
POLICIES, HOUSEHOLD

PARTICIPATION, AND RECYCLING
AMENITY PROVISION

Wisconsin encourages recycling in multi-
ple ways. Wisconsin’s 1990 Solid Waste Re-
duction, Recovery and Recycling law guides
recycling in Wisconsin. Since 1995, it has
banned the four common recyclable materials
listed above from landfills or incineration.6
Further, Wisconsin law requires provision of
curbside recycling for any municipality with
both a population over 5,000 and a density
over 70 persons per square mile. Additionally,
the elaborate data collection and tracking by
the Wisconsin DNR reflects its commitment
to recycling. The impact of these legal struc-
tures and policy commitments is evident in
the results of a national survey that ranked
Wisconsin highest among all states for their
reported rate of participation in recycling
(Bell, Huber, and Viscusi 2014).

Despite these efforts, Table 1 indicates that
recycling participation by our surveyed Wis-
consin households dropped between 2008 and
2013. Households indicating recycling all

6 “No person may dispose of in a solid waste disposal
facility or burn without energy recovery in a solid waste
treatment facility in this state any of the following: [e.g.,
aluminum cans, newspaper and other paper, foam packag-
ing, glass bottles, magazines, plastic containers, etc.].”

four materials eroded from 83% to 76%. Pat-
terns for individual materials were largely
similar, although there are some notable dif-
ferences. Recycling of cans was the highest
among the four materials and showed the
smallest drop over the six-year period. House-
holds may generate cash from metal cans
brought to a nonmunicipal collection center,
such as a scrap yard, and that alternative to
municipal recycling could account both for
the higher initial level of total can recycling
and its resistance to decline.

Plastic is the next most commonly recycled
material. Glass and paper have lower recy-
cling levels, perhaps related to greater effort
required for recycling glass and paper due to
their greater weight and volume. Paper has the
largest decline, coinciding with trends in de-
clining print newspaper circulation. Wiscon-
sin’s largest newspaper, the Milwaukee Jour-
nal Sentinel, experienced a 30% circulation
decline between 1999 and 2013.7 This trend
could account for the decline if some house-
holds that recycled only newsprint among
their paper stopped subscribing to a newspa-
per. Bucking this trend is the fact that the ma-
jor benefit of shifting from dual-stream to sin-
gle-stream recycling in Wisconsin is avoiding
having to bundle and segregate paper for re-
cycling. Thus, we expect paper to demonstrate
the greatest positive impact from advances in
single-stream recycling programs despite hav-
ing the greatest general decline.

Figure 1 reveals the trends for the general
availability of single-stream recycling, dual-

7 Circulation statistics are according to the Milwaukee
Business Journal on September 13, 2014, and November 1,
2013, respectively.
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FIGURE 1
Percentage of County Coverage of Recycling Amenities by Year

TABLE 2
Combinations of Recycling Amenities Available to at Least 50% of Respondent’s

County Residents

Curbside Single-Stream Drop-off Mean Std. Dev.

Yes Yes Yes 32.0% 0.4665
No No No 29.6% 0.4564
Yes Yes No 18.4% 0.3874
Yes No Yes 16.5% 0.3710
Yes No No 3.4% 0.1816
No No Yes 0.2% 0.0400
No Yes No 0% 0
No Yes Yes 0% 0

stream recycling, curbside pickup, and nearby
drop-off facilities in Wisconsin counties.
Curbside and drop-off locations remained sta-
ble over the survey years. The consistently
high levels of curbside programs help account
for the high levels of recycling throughout the
period analyzed, as curbside pick-up has been
shown to encourage recycling.

On the other hand, single-stream recycling
coverage expanded by 26 percentage points
over the period, while dual-stream programs
dropped by 29 percentage points. This inverse
correlation suggests that the newer technology
associated with single-stream was largely
used to replace dual-stream systems, as the
average availability of the two recycling
amenities denoted by “single, dual average”
in Figure 1 remains nearly constant across the
six-year interval. However, the fact that ag-

gregate recycling participation dropped while
single-stream recycling increased might na-
ively suggest that single-stream recycling
generated the decline in recycling in the state.

Table 2 shows how these recycling amen-
ities interact with one another in Wisconsin
counties. Our recycling data were not avail-
able in combinations because information
provided by the state of Wisconsin provided
the county percentage with curbside and the
county percentage with single-stream, but not
the percentage with both curbside and single-
stream. To address the potential interaction of
these amenities, we constructed indicator
variables reflecting whether at least 50% of
the respondent’s county residents had that re-
cycling amenity available to them. Examining
the combinations of commonly available re-
cycling amenities provides additional insight
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into how they interact relative to the contin-
uous measures.8 The most common combi-
nation is the presence of curbside, single-
stream, and drop-off at 32.0%, followed by
the absence of all three amenities at 29.6%.
Overall, curbside is available in the county for
at least 50% of county residents if any amen-
ity is so available.9 This high rate of coverage
is sensible given the high level of curbside
recycling shown in Figure 1. Notwithstanding
the advent of single-stream recycling, curb-
side remains at the core of recycling efforts in
Wisconsin.

Table 3 presents a set of regressions to iden-
tify the county characteristics associated with
different types of recycling policies. These
analyses help characterize the path taken by
Wisconsin to expand recycling amenities. The
dependent variables are continuous measures
describing the proportion of the population in
the household’s county served by each recy-
cling amenity. The independent variables com-
prise average county demographic character-
istics, year dummy variables (where 2008 is
the excluded year), and county population den-
sity. Milwaukee County has a population den-
sity far greater than any other county by a fac-
tor of five. To deal with this outlier, Milwaukee
households are identified by an indicator vari-
able. Additionally, the equation includes a
squared term of county population density to
allow for a decreasing marginal effect of popu-
lation density on the availability of recycling
policies. Standard errors are robust and clus-
tered by county to account for the fact that there
are multiple observations per county (Woold-
ridge 2003).

The first notable result of Table 3 relates to
population density. Consistent with lower per
capita costs of providing recycling amenities
in counties with greater population density
and the state law defined earlier, counties with
a higher population density have greater ac-
cess to all amenities. The significant negative
coefficient for the squared density variable in-

8 Analysis using continuous measures of county recy-
cling amenities is included in Appendix Table A4.

9 Bayfield and Price counties each have at least 50%
coverage for drop-off but not curbside or single-stream.
Each of those counties had two households in our 2,806
household sample.

dicates that county density increases the of-
fering of single-stream, with diminishing mar-
ginal effects as density becomes very large.
The positive coefficient for the Milwaukee
County indicator nearly exactly counteracts
the effect of density and density squared in
each of the four regressions. The fact that
there are no significant effects for the other
county demographic variables is important
because it suggests that these variables affect
household recycling directly rather than af-
fecting the likelihood that the county will in-
crease availability of single-stream recycling.

A noteworthy result in Table 3 regarding
Wisconsin’s supply of recycling amenities is
the steady temporal trend reflecting an increase
in single-stream recycling and a corresponding
decrease in dual-stream policies from 2006.
Due to the strong collinearity between the ex-
pansion of single-stream recycling and the de-
cline in dual-stream approaches, the dual-
stream variable will be excluded from further
analyses using the availability of single-stream
recycling to predict recycling behavior. The
subsequent single-stream recycling estimates
then reflect the proclivity of households to in-
crease recycling given a shift from dual- to sin-
gle-stream recycling.

IV. RECYCLING PARTICIPATION BY
HOUSEHOLD CHARACTERISTICS AND

AMENITY AVAILABILITY

Next, we estimate the effect on household
reports of recycling participation of available
recycling amenities and the characteristics of
the households. In later sections, we will focus
more explicitly on changes in recycling be-
havior in response to changes in recycling
policies.

The starting point for the household anal-
ysis is a series of probit regressions that mea-
sure the effect of recycling amenities available
on the probability that the household recycles
cans, plastic, glass, paper, and all four mate-
rials. We let be the indicator variable foryit
whether household i engages in a particular
type of recycling behavior in year t. If the
household recycles, , but if it does noty = 1it
recycle, . The focus of the empiricaly = 0it
analysis is on the determinants of the proba-
bility that household i recycles in year t,pit
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TABLE 3
Regressions for the Fraction of County Served by Each Recycling Amenity

Single-Stream Dual-Stream Curbside Drop-off

Population density (100/
mile)

0.2127**
(0.0994)

0.1887**
(0.0802)

0.4050***
(0.1109)

0.2409**
(0.1018)

Population density squared −0.0230*
(0.0130)

−0.0275***
(0.0103)

−0.0494***
(0.0137)

−0.0308**
(0.0127)

Milwaukee 26.8251
(16.4747)

35.4255***
(12.9201)

60.3969***
(17.1358)

38.7071**
(16.1710)

Race: % white (county) −2.0559*
(1.1659)

0.1660
(0.6256)

−1.6840
(1.2317)

−0.1638
(1.1836)

Household size (county) 0.0659
(0.0871)

0.0164
(0.0661)

0.1013
(0.1193)

−0.0420
(0.1025)

Median county income
($10,000)

−0.0210
(0.0958)

0.0211
(0.0838)

−0.0313
(0.1059)

−0.0611
(0.0968)

Years of education (county
average)

−0.1008
(0.1110)

−0.1182
(0.0857)

−0.2292*
(0.1305)

−0.0348
(0.1146)

Year indicators
2009 0.0565

(0.0349)
−0.0584*

(0.0336)
−0.0049

(0.0282)
0.0231

(0.0259)
2010 0.0670*

(0.0368)
−0.0657*

(0.0373)
−0.0071

(0.0298)
0.0250

(0.0262)
2011 0.0855**

(0.0396)
−0.0931**

(0.0400)
−0.0158

(0.0292)
0.0140

(0.0255)
2012 0.1410***

(0.0406)
−0.1259***

(0.0387)
0.0112

(0.0277)
0.0400

(0.0275)
2013 0.1518***

(0.0406)
−0.1479***

(0.0385)
0.0055

(0.0292)
0.0331

(0.0281)
Constant 3.2510*

(1.6820)
1.4086

(1.2224)
4.6502**

(1.8777)
1.0536

(1.6347)

Note: N = 344 county observations in one or more of six years from 2008 to 2013, clustered by county.
Standard errors in parentheses.

* Significant at 10%; ** significant at 5%; *** significant at 1%.

or . The probit regressionp = Pr(y = 1)it it
model in Table 4 estimates this probability as
a cumulative normal transformation of the
weighted sum of the fraction of the countysit
for person i in year t that has single-stream
recycling, a vector of personal and locational
characteristics , and a vector T of year in-xit
dicator variables. Thus, we estimate

p = ϕ(α+γs + x′ β+ j′T + ε ). [1]it it it it

Table 4 presents five probit regressions for
estimates of equation [1] for each recycled
material and whether the respondent recycled
all four materials. The regression coefficients
are transformed to reflect their marginal ef-
fects, and the standard errors are clustered at
the household level to adjust for observations
in multiple years for some households. The
explanatory variables consist of whether at
least 50% of county residents have access to

each combination of recycling amenities,
household demographic characteristics, and
political orientation. The analysis also in-
cludes survey year indicators to account for
the temporal trend in recycling relative to the
omitted base year variable for 2008. These es-
timates correspond closely to the declines in
Wisconsin recycling shown in Table 1.

Households in counties with both curbside
and single-stream available to at least 50% of
residents have higher recycling rates for plas-
tic, glass, paper, and recycling of all four ma-
terials (relative to the omitted variable where
there is not at least 50% coverage for curbside,
curbside and drop-off, and single-stream).
There is also a positive single-stream recy-
cling effect on the recycling of cans where
curbside and single-stream are available at
50%, but not the drop-off amenity. The non-
significant effect of the availability of curb-
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TABLE 4
Probit Regression Estimates for Household Recycling Participation

Cans
Mean = 91.5%

Plastic
Mean = 89.4%

Glass
Mean = 86.7%

Paper
Mean = 86.6%

All Four
Materials

Mean = 79.5%

Amenities (>50%)
Curbside −0.0205

(0.0232)
−0.0225

(0.0292)
−0.0060

(0.0288)
−0.0443

(0.0338)
−0.0012

(0.0347)
Curbside and drop-off −0.0039

(0.0119)
−0.0180

(0.0155)
−0.0059

(0.0163)
−0.0234

(0.0181)
−0.0349

(0.0224)
Curbside and single-stream 0.0282***

(0.0098)
0.0384***

(0.0113)
0.0464***

(0.0130)
0.0432***

(0.0134)
0.0603***

(0.0174)
Curbside, single-stream, and

drop-off
0.0040

(0.0098)
0.0273**

(0.0111)
0.0293**

(0.0125)
0.0298**

(0.0124)
0.0344**

(0.0158)
Household characteristics

Income ($10,000) 0.0158***
(0.0035)

0.0186***
(0.0042)

0.0218***
(0.0047)

0.0212***
(0.0046)

0.0303***
(0.0058)

Income squared −0.0008***
(0.0002)

−0.0009***
(0.0002)

−0.0011***
(0.0003)

−0.0010***
(0.0003)

−0.0015***
(0.0003)

Years of education 0.0028
(0.0020)

0.0055**
(0.0024)

0.0087***
(0.0026)

0.0088***
(0.0028)

0.0100***
(0.0033)

Age 0.0008***
(0.0003)

0.0018***
(0.0003)

0.0015***
(0.0004)

0.0025***
(0.0004)

0.0024***
(0.0005)

Gender: female 0.0311***
(0.0090)

0.0332***
(0.0105)

0.0260**
(0.0115)

0.0297***
(0.0114)

0.0314**
(0.0142)

Race: white 0.1029***
(0.0203)

0.1238***
(0.0227)

0.1381***
(0.0247)

0.1191***
(0.0240)

0.1840***
(0.0290)

Children in the home −0.0271***
(0.0094)

−0.0182*
(0.0105)

−0.0233*
(0.0119)

−0.0223*
(0.0115)

−0.0203
(0.0144)

Divorced −0.0304*
(0.0176)

−0.0165
(0.0181)

−0.0328
(0.0210)

−0.0116
(0.0174)

−0.0553**
(0.0251)

Homeowner 0.0426***
(0.0132)

0.0357**
(0.0143)

0.0645***
(0.0164)

0.0360**
(0.0153)

0.0593***
(0.0192)

Head of household 0.0221*
(0.0117)

0.0047
(0.0124)

0.0472***
(0.0173)

0.0173
(0.0154)

0.0502**
(0.0205)

Democrat 0.0191**
(0.0080)

0.0250***
(0.0094)

0.0307***
(0.0105)

0.0292***
(0.0105)

0.0524***
(0.0132)

Year indicators
2009 −0.0206

(0.0180)
−0.0324

(0.0200)
−0.0154

(0.0197)
−0.0541**

(0.0240)
−0.0290

(0.0252)
2010 −0.0321*

(0.0188)
−0.0496**

(0.0211)
−0.0305

(0.0207)
−0.0705***

(0.0244)
−0.0514**

(0.0258)
2011 −0.0307

(0.0196)
−0.0434**

(0.0219)
−0.0102

(0.0205)
−0.0794***

(0.0267)
−0.0432

(0.0272)
2012 −0.0362*

(0.0198)
−0.0386*

(0.0214)
−0.0213

(0.0212)
−0.0876***

(0.0271)
−0.0694**

(0.0281)
2013 −0.0463**

(0.0202)
−0.0645***

(0.0223)
−0.0519**

(0.0227)
−0.1043***

(0.0269)
−0.1053***

(0.0284)

Note: N = 6,841 surveys clustered by 2,804 households (11 surveys from 2 households were excluded where drop-off but no other amenity
was available at 50%, because recycling behavior did not vary). Robust standard errors in parentheses. Coefficients reflect the marginal effects
of a one-unit change in the explanatory variables.

* Significant at 10%; ** significant at 5%; *** significant at 1%.

side recycling alone or only with drop-off may
seem surprising given that curbside availabil-
ity has been generally found to have a strong
positive impact on household recycling (Mia-
fodzyeva and Brandt 2012; Jenkins et al.
2003). Curbside and drop-off have little direct

effect in our data because those recycling op-
tions were well established and had been sta-
ble over the sample period, whereas single-
stream options were not. Our analyses of
changes in behavior in response to changes in
the recycling environment will focus on the



August 2017Land Economics490

role of single-stream policies. However, Ap-
pendix Table A3 provides two additional anal-
yses of determinants of recycling rates. The
first analysis uses continuous percentage mea-
sures of county recycling amenities to show
the persistent effect of single-stream, and the
second analysis excludes single-stream and
drop-off policies to show a positive effect on
recycling of curbside pickup.

The coefficients for household character-
istics in Table 4 portray recycling as a posi-
tively valued good, one in which greater par-
ticipation comes from those with greater time
and economic resources. We find that recy-
cling rates generally increase with income.
This result is consistent with many studies
showing that income has a positive effect on
recycling (Hong and Adams 1999; Miafod-
zyeva and Brandt 2012; Coffey and Joseph
2013; Viscusi et al. 2013). However, while
higher-income households generally are more
motivated to participate, as income rises, the
opportunity cost of time may overwhelm the
environmental benefit (Halvorsen 2008). The
negative quadratic term is consistent with
such a dynamic: Wisconsin recycling in-
creases up to a peak at an income of around
$100,000 and then decreases.10 Age has been
found to be positively related to environmen-
tal motivation (Jenkins et al. 2003; Miafod-
zyeva and Brandt 2012; Coffey and Joseph
2013), and we find such an effect here. We
explored possible diminishing recycling
among older respondents but did not find sig-
nificance in either a quadratic term or mea-
sures of retirement status or various high-age
categories. We find that education is also pos-
itively associated with recycling, arising plau-
sibly from the association with lifetime wealth
and from a better understanding of both the
value of recycling and recycling policies.

Many household characteristics that are
statistically significant predictors of recycling
participation in our sample were not identified
by other researchers. For example, in a meta-
analysis, Miafodzyeva and Brandt (2012) find
a very small impact of gender, while Coffey
and Joseph (2013) do not find gender to be

10 The quadratic equation reaches a peak2y = a + bx + cx
at , or for cans that is 0.0156/0.0016 = $97,000.2x = − b/2a

significant once political party is included. By
contrast, in our study, Wisconsin female re-
spondents report consistently greater recy-
cling participation, in line with previous re-
search showing that women have a higher
level of concern for the environment (Hunter,
Hatch, and Johnson 2004). Our result is also
consistent with that of Bolton and Alba
(2012), who show that women are more
averse to waste than men and thus more fa-
vorable to recycling.

We also find that homeowners recycle
more than renters. Greater recycling from
homeowners may be consistent with a greater
concern for the neighborhood in which their
home is located and is consistent with the re-
sult of Viscusi et al. (2013), which found
greater water bottle recycling and curbside re-
cycling among homeowners. Kurz, Linden,
and Sheehy (2007) propose that homeowners’
greater sense of community increases their
likelihood to recycle. We also find that heads
of households are more likely to recycle, per-
haps arising from a heightened responsibility
for and ability to control what happens in the
household. We also show that those who are
among the 92% white majority in Wisconsin
are more likely to recycle, a result that is simi-
lar to findings by Johnson, Bowker, and Cor-
dell (2004), showing greater environmental
concern among the representing majority cul-
ture. Additionally, households identifying
themselves as Democrats recycle more. Cof-
fey and Joseph (2013) show the same effect
and propose that self-identified Democrats are
more willing to pay for expanded recycling
and less concerned with government taking
recycling responsibilities from homeowners.
Finally, we find that households for whom re-
cycling can be expected to be less convenient
recycle less. Thus, respondents who are di-
vorced or have children living in the home are
less likely to recycle.

Overall, these results provide a rich pattern
of associations. Recycling is more likely for
households with slack in terms of time and
energy to carry out recycling. It also is more
prevalent among those whose education or so-
cial position makes them more likely to value
recycling. Further, the analysis reveals a posi-
tive effect of single-stream availability despite
a moderate but persistent trend away from
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household recycling. While these analyses do
control for time-specific effects and a rela-
tively large number of household character-
istics, it may be the case that single-stream
recycling is introduced in neighborhoods that
are already recycling oriented so that the sin-
gle-stream policy effects are simply capturing
systematic household differences in areas
where single-stream policies are introduced.
To account for the influence of household-
specific differences in behavior, in the next
analyses we leverage the longitudinal nature
of the data to build a model that adjusts for
household characteristics and amenities.

While Table 3 shows how the characteris-
tics of households in a county can predict
provision of recycling amenities, Table 4
demonstrates how individual household char-
acteristics and recycling amenities predict
household recycling behavior. Because house-
hold characteristics help to determine both re-
cycling amenities and recycling behavior, we
also performed propensity score matching and
nearest neighbor matching analyses to esti-
mate the effect of single-stream programs on
recycling participation taking into account
this possible codetermination. Both of these
tests compare the recycling habits of those
with single-stream recycling programs to
those without single-stream recycling pro-
grams available to at least 50% of county res-
idents. Propensity score matching does this
comparison using probabilities from an un-
derlying logit model predicting single-stream
availability, while nearest neighbor matching
compares pairs of households that are most
nearly identical except for single-stream re-
cycling availability. Table 5 shows the results
of these analyses.

Using a model that accounts for the house-
hold and date characteristics from Table 4, we
find in the results in the first column of Table
5 that with propensity score matching, the av-
erage treatment effect of single-stream being
available to at least half of the county’s popu-
lation on recycling participation is 5.18% for
recycling all four materials.11 This effect is

11 The analysis was also repeated for each individual
material. Among individual materials, the effect was 1.30%
for cans, 3.56% for plastic, 3.64% for glass, and 4.65% for
paper.

consistent with the estimate in Table 4, as this
value is between the 3.4% estimate for single-
stream with curbside and drop-off and the
6.0% estimate of single-stream with curbside.
The nearest neighbor matching results shown
in the second column of Table 5 indicate a
treatment effect of 5.97%, which is very simi-
lar to the Table 4 estimate of single-stream
recycling with curbside.12

For a more direct comparison, column
three of Table 5 shows a probit regression
(with coefficients transformed to their mar-
ginal effects) predicting household recycling
of all four materials using the same variables
as the propensity score and nearest neighbor
matching analyses, plus the 50% single-
stream availability variable. That regression
estimates a 5.65% effect for the single-stream
variable, a magnitude quite similar to the
nearest neighbor matching and the propensity
score matching results. These results show that
the codetermination of these analysis variables
does not affect the results in Table 4.

V. FIXED-EFFECTS ANALYSIS OF
RECYCLING BEHAVIOR

Recycling behavior may stem from person-
specific differences that are coincidentally as-
sociated with the presence of single-stream re-
cycling. If single-stream recycling is
introduced in areas in which recycling rates
are already high, these areas will continue to
exhibit high recycling rates independent of the
influence of single-stream recycling. Our pro-
pensity score matching estimators comprise
one attempt to address such influences. Here,
to control for heterogeneity across house-
holds, we measure the residual impact of the
levels of single-stream policies while account-
ing for heterogeneous households with fixed
effects. Temporal trends adjust for year-spe-
cific effects. The resulting regression analysis
consequently adjusts for household character-
istics that are largely unchanged during the
survey period, such as the availability of curb-
side and drop-off amenities, unmeasured
household demographics, long-lasting moti-

12 For nearest neighbor, the materials effects were 2.0%
for cans, 4.2% for plastic and glass, and 5.0% for paper.
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TABLE 5
Propensity Score Matching and Probit Regressions for Recycling of All Four Materials

All Four Materials
(Propensity Score Matching)

All Four Materials
(Nearest Neighbor Matching)

All Four Materials
(Probit Regression)

Amenities
Single-stream available in

at least 50% of county
0.0518*** (0.0119) 0.0597*** (0.0111) 0.0565*** (0.0128)

Household characteristics
Income ($10,000) 0.0296*** (0.0058)
Income squared −0.0014*** (0.0003)
Years of education 0.0101*** (0.0034)
Age 0.0025*** (0.0005)
Gender: female 0.0332** (0.0142)
Race: white 0.1930*** (0.0288)
Children in the home −0.0195 (0.0144)
Divorced −0.0554** (0.0251)
Homeowner 0.0625*** (0.0194)
Head of household 0.0493** (0.0204)
Democrat 0.0520*** (0.0132)

Year indicators
2009 −0.0256 (0.0247)
2010 −0.0482* (0.0254)
2011 −0.0367 (0.0263)
2012 −0.0629** (0.0271)
2013 −0.0980*** (0.0273)

Note: N = 6,852 surveys, probit clustered by 2,806 households. Robust standard errors in parentheses. Probit coefficients reflect the marginal
effects of a one-unit change in the explanatory variables.

* Significant at 10%; ** significant at 5%; *** significant at 1%.

vational or behavioral factors, as well as spe-
cific year determinants of recycling behavior,
such as the Great Recession.

We model these household effects by per-
mitting the intercept term to vary by house-αi
hold i. Since most of the values are time-xit
invariant, and those that do change do not
have statistically significant effects, we ex-
clude them from the equation and capture
their average effect in . The fixed-effectsαi
model estimated in Table 6 consequently has
the form

p = α +γs + j′T + ε . [2]it i it it

We estimate equation [2] using a linear prob-
ability model.

After accounting for year- and household-
specific effects, Table 6 yields a positive effect
for single-stream with magnitudes of impacts
similar to those shown in Table 4. Thus the
fixed-effects analysis gives us confidence that
the estimates of the effects of single-stream
policies are independent of effects of individ-
ual differences across households that may af-
fect the recycling decision.

VI. DIFFERENCES-IN-DIFFERENCES
ANALYSIS OF SINGLE-STREAM

POLICY AVAILABILITY ON
RECYCLING

The previous results show that the level of
recycling participation is importantly affected
by the penetration of single-stream recycling
coverage in Wisconsin counties. In this sec-
tion, we reinforce the evidence of causality by
demonstrating that changes in single-stream
availability in a county reliably alter changes
in recycling behavior.

To undertake this differences-in-differ-
ences analysis, we examine changes in a
household’s recycling behavior as a function
of changes in the proportion of single-stream
recycling available in that county. The intro-
duction of single-stream recycling in Wiscon-
sin counties was a gradual process in which
counties introduced single-stream recycling in
steps. Indeed, in a given year only 10% of
counties had a change greater than a 10 per-
centage point shift in their single-stream pro-
grams.
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TABLE 6
Fixed-Effects (Household and Date) Linear Probability Regressions of Household

Recycling Participation

Cans Plastic Glass Paper
All Four
Materials

Single-stream 0.0233
(0.0223)

0.0662***
(0.0231)

0.0490*
(0.0251)

0.0818***
(0.0255)

0.0629**
(0.0307)

Year indicators
2009 −0.0129

(0.0171)
−0.0194

(0.0177)
−0.0222

(0.0193)
−0.0338*

(0.0195)
−0.0154

(0.0236)
2010 −0.0240

(0.0174)
−0.0327*

(0.0181)
−0.0339*

(0.0197)
−0.0434**

(0.0199)
−0.0243

(0.0241)
2011 −0.0369**

(0.0183)
−0.0372**

(0.0190)
−0.0317

(0.0206)
−0.0620***

(0.0209)
−0.0319

(0.0252)
2012 −0.0414**

(0.0187)
−0.0278

(0.0194)
−0.0377*

(0.0211)
−0.0641***

(0.0213)
−0.0456*

(0.0258)
2013 −0.0494***

(0.0190)
−0.0473**

(0.0197)
−0.0519**

(0.0214)
−0.0703***

(0.0217)
−0.0582**

(0.0262)
Constant 0.9360***

(0.0171)
0.8937***

(0.0177)
0.8774***

(0.0192)
0.8786***

(0.0195)
0.7987***

(0.0235)

Note: N = 6,852 surveys clustered by 2,806 households. Standard errors in parentheses.
* Significant at 10%; ** significant at 5%; *** significant at 1%.

The differences-in-differences analysis
thus contrasts those 337 households whose
county experienced an increase in single-
stream recycling availability greater than 10%
(i.e., ) against 3,678 house-s − s ≥ 0.10it it −1
holds whose county had a lower increase (i.e.,

), where t is the year of thes − s <0.10it it −1
single-stream recycling increase. Let be thefit
fraction of households in a county who recy-
cle and who experienced an increase in single-
stream availability of at least 10%, and let

be the fraction of households in a countygit
who recycle but who did not experience an
increase in single-stream recycling of at least
10%. The first column of values in Table 7 is
the average of across the differentf − fit it −1
counties and different years that met the 10%
increase cutoff. The values in the second col-
umn of Table 7 are the counterpart values,

, for the reference counties that didg − git it −1
not meet the recycling increase criterion.

The counties with substantial increase in
recycling amenities had a mean increase in
single-stream coverage of 43 percentage
points (with a range of a 10-point to a 92-point
increase). The second group of 3,678 house-
holds with an increase in single-stream cov-
erage of less than 10 points had a mean in-
crease of 1 percentage point coverage (with a

range of a 9-point increase to a 21-point de-
crease).

Table 7 shows the shifts in recycling across
these two groups. Those with more than a
10% increase in single-stream availability
show moderate but consistent annual in-
creases in recycling, while households whose
counties experienced minimal change in
availability show a small but consistent de-
crease in recycling. The differences are statis-
tically significant for paper and plastic, mar-
ginally so for glass and all four materials, and
nonsignificant for cans. Thus, these results
largely support both the magnitude and the
pattern of the impact of single-stream policies
on recycling shown earlier.

VII. EXPLORATION OF THE BENEFITS
AND COSTS OF SINGLE-STREAM

RECYCLING

We find that single-stream recycling boosts
recycling rates in Wisconsin by around 5%.
Whether a shift to single-stream recycling is
worthwhile depends on whether the marginal
benefits outweigh the marginal costs associ-
ated with single-stream recycling. Our assess-
ment of these marginal benefits and marginal
costs focuses on Winnebago County in Wis-
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TABLE 7
Recycling Participation by Material, Changes between Years before and after County Single-Stream Change

Categories

Change among Counties
with a 10-Point Increase

in Single-Stream
Availability (%)

Change among Counties
with Less Than a 10-Point
Increase in Single-Stream

Availability (%)

Difference
between

Categories (%) t-Statistic

Cans +0.6 (90.2 to 90.8) −1.4 (93.1 to 91.7) 2.0 1.19
Plastic +3.0 (86.9 to 89.9) −1.3 (91.1 to 89.8) 4.2** 2.52
Glass +2.4 (86.4 to 88.7) −1.0 (88.7 to 87.8) 3.3* 1.81
Paper +3.3 (84.0 to 87.2) −1.1 (88.7 to 87.6) 4.4** 2.36
All four materials +2.7 (77.4 to 80.1) −1.4 82.2 to 80.9) 4.1* 1.80
Total number of materials

recycled
+0.09 (3.47 to 3.57) −0.05 (3.62 to 3.57) 0.14*** 2.60

Note: N = 337 households with a pair of surveys with a 10 percentage point change in single-stream coverage, 3,678 pairs without.
* Significant at 10%; ** significant at 5%; *** significant at 1%.

consin as a case study. We limit our assess-
ment to the cost and benefits of moving from
curbside pickup with homeowner sorting to
single-stream recycling.13

The increase in recycling rates in Winne-
bago County after the advent of single-stream
recycling is comparable to the impact of sin-
gle-stream recycling in other counties in the
state, making it representative of the likely
impact of introducing single-stream recy-
cling.14 In addition, we were able to obtain
information from the Wisconsin DNR on the
costs and benefits to the county of the shift to
single-stream recycling.

Assessing the costs and benefits from
adopting single-stream recycling requires ex-
amining the impacts on households, munici-
palities, and counties. Households benefit
from the reduced time and effort associated
with being able to put all recycling materials
in one bin. For their part, the municipalities
and county must expend the resources to
make the transition, but then accrue benefits
from the subsequent increase in recycling
rates and from collection efficiencies.

Winnebago County shifted between 2008
and 2009 from dual-stream (in which paper
had been separated from other recyclable ma-

13 Aadland and Caplan (2006) explore these broader is-
sues and find that the overall net social benefits of recycling
vary by locale.

14 Our raw data show that recycling participation in-
creased from 6% to 8% for plastic, glass, and paper in Win-
nebago County between 2008 and 2009, and total materials
recycled increased 4.5%

terials) to single-stream recycling, which col-
lected paper, plastic, metal, and glass in one
container. Winnebago County controls its own
landfill, upgraded its own sorting technology,
already had curbside collection nearly univer-
sally available, and instituted automated col-
lection in some of its municipalities during the
transition. The change was countywide, such
that in 2008 Winnebago had single-stream
available to 2% of its population, while by
2009, 94% had single-stream. Conversely,
dual-stream decreased from 97% to 8% dur-
ing the same period.

Since curbside collection was already in
place, it is possible to isolate the marginal
costs and marginal benefits of a shift to single-
stream recycling. The principal benefit to the
household is the reduction in time and effort
from not having to separate paper from other
recyclable materials. For estimates of that
benefit, we draw on Aadland and Caplan’s
(2006) research that estimated a household’s
incremental willingness to pay for curbside
recycling that did not require sorting (relative
to one that required sorting) of $15.88 per
year.15 This benefit to the household reflects

15 Aadland and Caplan (2006), table 3, provide an esti-
mate of a difference in monthly willingness to pay for curb-
side recycling, dependent on whether sorting is required, of
$1.127 per month. We have converted it to an annual rate
and, using the BLS CPI-U, have updated the statistics to
reflect 2014 dollars. That stated preference value is a split-
sample estimate comparing curbside amenities with or with-
out the household being required to sort materials. Their
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TABLE 8
Monetized Benefits (Panel A) and Costs (Panel B) of Adopting Single-Stream

Recycling

A. Benefit Component Annual Benefit Per Household (2014 $)

Household benefit (Aadland and Caplan
2006)

15.88

Reduced collection costs (from
automation)

5.00

Additional materials collected for sale 0.94 (cans, paper, plastic)
Reduced landfill use 0.21
Reduced carbon emissions 2.03
Total 24.06

Present Value, Annual Cost per Household, 3%
Discount Rate (2014 $)

B. Cost Component
20-Year

Amortization
15-Year

Amortization
10-Year

Amortization

Sorting machinery $10.80 $13.45 $18.83
Collection vehicles (if automated pick-up

chosen)
$1.06 $1.32 $1.84

Larger collection bins ($40–$65 each) $3.88 $4.84 $6.77
Total $15.74 $19.61 $27.44

the household’s valuation of the reduced time
and effort associated with recycling based on
stated preference estimates, but does not in-
clude warm glow from greater recycling gen-
erally. The estimated annual incremental pref-
erence value of single-stream over sorting is
roughly equivalent to one hour of work at the
Wisconsin median wage of $17.38.16 If sin-
gle-stream recycling reduces the time cost by
about one minute per week, that willingness
to pay value would be a reasonable magnitude
if the only benefit to the household were the
labor saved from sorting paper from other re-
cyclable materials over a year.17

The monetized marginal benefits summary
in Panel A of Table 8 combines the household
benefit with those accruing from more effi-
cient processes. The second benefit compo-
nent shown in Panel A of Table 8 is the benefit

empirical estimates control for hypothetical question bias,
demographics, and other factors.

16 Wage data for 2014 from Center on Wisconsin Strat-
egy, available at www.cows.org/_data/documents/1733.pdf.

17 Aadland and Caplan (2006) also estimated values as-
sociated with warm glow from recycling, including whether
respondents considered it an ethical responsibility to recycle
and whether they were members of any environmental or-
ganization. These values were substantial but not separable
from curbside recycling or recycling generally, so they do
not appear in our benefit-cost calculation.

from automated collection.18 Other benefits,
such as additional materials collected and re-
duced landfill costs, are relatively small on a
per household basis. We estimate additional
recycled material sale values of $0.94 per year
and reduced landfill volume cost savings of
$0.21, both per household.19

The amount of reduced emissions of green-
house gases relative to landfill disposal from
a 5% increase in recycling would lead to the
equivalent of a reduction of emission from

18 We calculated this value based on the salary plus
benefits of one fewer trash collector per truck. The reduced
collection cost calculation assumes biweekly weekday col-
lection of 700 households per truck, per day, with a median
trash collector salary of $27,170 plus benefits equal to 40%
of salary (www.sokanu.com/careers/garbage-collector/sal-
ary/Wisconsin/), and the number of Winnebago households
as estimated by census for 2014.

19 We used estimates of additional materials recycled by
the household due to the single-stream amenity from Table
4, tonnage estimates by material from the Wisconsin DNR
from 2013, Winnebago County landfill fees, regional ma-
terial prices for June 30, 2014, from RecyclingMarkets.net,
and component percentages within materials from a 2014
study prepared for the American Chemistry Council (https://
plastics.americanchemistry.com/Education-Resources/
Publications/The-Evolution-of-Mixed-Waste-Processing-
Facilities.pdf).
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nearly 700 cars in Winnebago County.20

Based on the current U.S. government esti-
mate of the social cost of carbon,21 this re-
duction provides a benefit of $2 per household
annually.

There are two additional benefits as well
that are not included in our analysis. The first
household benefit comes from a warm glow
from participating in a recycling program.
This is a nonmonetized benefit, so we have
not included it in the table. A second benefit
component that is not monetized derives from
changes in life-cycle costs (Kinnaman 2016),
which are of uncertain dollar magnitude. Life-
cycle benefits could be captured by the price
of recycled materials, as calculated above, or
may be greater if the environmental benefit of
recycling relative to use of virgin materials is
considered. Leaving these two factors out
means that our benefit calculation provides a
lower bound relative to the total benefit.

A conservative household benefit estimate
for the transition as implemented by Winne-
bago County is that the marginal benefit of
introducing single-stream recycling is greater
than $22 per year, considering only household
willingness to pay for the amenity, reduced
collection costs, and small changes due to ma-
terials being redirected from landfills to re-
sale. This number is above $24 including the
benefit of carbon reduction.

In Table 8, Panel B shows the fixed-cost
components of a change to single-stream re-
cycling, which we have annualized and put on
a per household basis to make them compa-
rable to the benefit estimates. These costs are
one-time expenditures on sorting machinery,
vehicles, and recycling bins.22 The total non-

20 This estimate is based on the Wisconsin DNR’s state-
wide estimate of carbon reduction (http://dnr.wi.gov/topic/
Recycling/documents/ghgemissions.pdf), combined with
population estimates of Winnebago County having 2.9% of
Wisconsin’s population.

21 Using data from the Interagency Working Group on
Social Cost of Carbon (2013), appendix table A1, at the
average value at a 3% discount rate, inflated to 2014 dollars.

22 These costs include $10 million for sorting machinery
and facility expansion, $100,000 for upgrades per vehicle
capable of automatic collection, and $40 to $65 per recycling
bin (depending on size, vendor, and order size), all in 2009
dollars. Correcting to 2014 dollars, these values are in-
creased by 10%.

amortized cost is more than $200 per house-
hold. After converting these costs to 2014 dol-
lars, then using a discount rate of 3% (bonds
are currently available to Wisconsin at rates
around 3%) for a present value calculation
over 20 years, the annual cost of these com-
ponents is less than $16 per year for each
household. For a 15-year time horizon for the
duration of these expenditures, the annual cost
is less than $20, close to but still below the
benefit level. If these expenditures were to last
for only 10 years, the annualized cost is over
$27, which is more than the estimated mar-
ginal benefit. However, while trucks and bins
may have life spans closer to that level, the
building and machinery component may have
longer life spans.

These costs estimates may overstate the
costs, since a single-stream transition does not
necessarily require any of these factors. How-
ever, the example we chose included all of
these components for at least portions of the
county. Thus, for Winnebago County, with
reasonable estimates of cost and benefits, we
find that single-stream recycling provides
positive net benefits minus costs if the dura-
bility of the infrastructure is at least 15 years.

Winnebago County is Wisconsin’s sixth
largest county, with an average population
density of 380 people per square mile, seventh
highest in the state. This relatively large popu-
lation and high density perhaps will tend to
make the benefit-cost ratio more attractive
compared to less dense counties and less at-
tractive compared to higher population-den-
sity counties, since fixed costs are spread
more widely and collection is more efficient
in areas with higher density. However, in its
transition to single-stream, Winnebago also
invested in its own recycling facilities, and
some municipalities pursued upgrades to col-
lection vehicles, which tend to reduce the net
benefits less costs while bringing other bene-
fits, such as more control over its program from
owning the infrastructure and a higher quality
amenity from automation and larger bins.

VIII. CONCLUSION

Single-stream recycling shifts some of the
recycling effort from households to the mu-
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nicipality. Rather than storing, bundling, and
hauling newspapers, magazines, and mail sep-
arately from cans, bottles, and plastics, they
can all be mixed. The success of single-stream
recycling is consistent with the general prop-
osition that an effective way to increase
household recycling is to reduce the time,
cognitive demands, and physical effort costs
to the household.

Our analysis relies on a natural experiment
in Wisconsin where access to single-stream
recycling programs increased by 26 percent-
age points between 2008 and 2013, but little
else changed in terms of recycling amenities.
Since the Wisconsin counties differed in the
extent and timing of these increases, longitu-
dinal data make it possible to estimate the net
impact of single-stream on individual house-
holds. These data also enable us to track when
a household increased its recycling participa-
tion and directly associate that with a change
in availability of single-stream for the house-
hold’s county.

We find that availability of single-stream
programs is associated with greater recycling
participation for all material except cans. Plas-
tic recycling has the greatest participation in-
crease associated with single-stream policies,
at about 6.6%, followed by paper at 8%, then
glass at about 4.9%. These results may seem
modest, but recycling rates were already high
since Wisconsin had the highest recycling
rates in the country. Two tests for treatment
effects demonstrate that recycling behavior is
due to the single-stream programs instead of
correlations from codeterminacy. The fixed-
effects analysis shows that the effect occurs
even when controlling for differences among
individuals. More important, the longitudinal
differences-in-differences analysis confirms
that year-to-year increases in single-stream
availability bring about more recycling, while
counties without such increases experienced
declines. From a benefit-cost standpoint, a
2009 case study of a representative Wisconsin
county shows that a policy transition to sin-
gle-stream from dual-stream is worthwhile
unless chosen infrastructure improvements
have very short life spans.

The large number of participants in our
longitudinal study enables identification of a

substantial number of previously unidentified
household characteristics associated with re-
cycling. Greater recycling arises from house-
holds that desire the benefits from recycling
and can easily bear the effort of recycling.
Thus, we find that those with high annual in-
comes are more likely to recycle, but at very
high incomes the effect declines. Further, re-
cycling is more likely undertaken by women,
older individuals, and heads of households. In
contrast, recycling is less likely among mi-
norities, those with children, or those who are
divorced. Finally, those characterizing them-
selves as Democrats are more likely to recy-
cle, a result consistent with a greater willing-
ness to pay for the cost of recycling and
stronger environmental commitments.

We find substantial and reasonable differ-
ences in response to single-stream recycling
across four kinds of recycling materials. The
biggest change, however, occurs with the de-
cision to recycle all four materials. This large
effect makes sense since the shift in Wiscon-
sin from dual-stream to single-stream meant
that homeowners no longer had to separate
any of the recyclable materials. The smallest
shift among materials occurred for cans, pos-
sibly because they were already at a 90% re-
cycling rate, and households had alternative
ways to profitably dispose of steel and alu-
minum cans.

Single-stream recycling can be seen from
this analysis as a continuation of a historical
progression where the state takes on a greater
share of the effort of recycling from its citi-
zens. Thus, it is an example where the state
can more successfully encourage socially re-
sponsible action from citizens by reducing the
barriers to that action. As the social cost of
nonrecycled waste becomes more pressing, it
is likely that curbside pickup and simplified
sorting will expand to include appliances, bat-
teries, and organic waste products. More gen-
erally, we propose that communities will con-
tinue to move from coercion and unit fees to
mechanisms such as single-stream recycling
by which the state can encourage desirable en-
vironmental behavior by making it physically
less demanding, socially more acceptable, and
emotionally easier.
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APPENDIX

TABLE A1
Means and Standard Deviations of Variables Used in the Analysis

Variable N Mean Std. Dev. Min. Max.

Date of survey 6,852 2010.922 1.5660 2008 2013
Can recycling participation 6,852 0.9155 0.2782 0 1
Plastic recycling participation 6,852 0.8942 0.3076 0 1
Glass recycling participation 6,852 0.8669 0.3397 0 1
Paper recycling participation 6,852 0.8662 0.3405 0 1
All four recycling participation 6,852 0.7951 0.4037 0 1
County population percentage with single-stream

available
6,852 0.4864 0.3538 0 1.0073

County population percentage with single-stream
available

6,852 0.2353 0.2619 0 0.9668

County population percentage, single-stream dual-
stream average

6,852 0.3608 0.1955 0 0.6733

County population percentage with curbside
available

6,852 0.6947 0.3767 0 1.0246

County population percentage with drop-off
available

6,852 0.4722 0.3573 0 1.0922

Household in county with 50%+curbside 6,852 0.7027 0.4571 0 1
Household in county with 50%+single-stream 6,852 0.5038 0.5000 0 1
Household in county with 50%+drop-off 6,852 0.4863 0.4998 0 1
County population density per square mile/100 6,852 8.8225 13.4608 0.0781 39.2340
County population density, squared variable 6,852 259.0046 560.4251 0.0061 1,539.3090
Milwaukee household 6,852 0.1607 0.3673 0 1
County percentage, white 6,852 0.8781 0.1182 0.1079 0.9881
County percentage, black 6,852 0.0641 0.0957 0.0005 0.2760
County percentage, other race 6,852 0.0577 0.0310 0.0085 0.8875
County average household size 6,852 2.2410 0.2752 0.8532 2.5427
County median income ($10,000) 6,852 4.5806 0.8158 2.9005 6.2604
County average years of education 6,852 13.3217 0.5444 12.1225 14.3707
Survey date, 2008 6,852 0.0560 0.2300 0 1
Survey date, 2009 6,852 0.1708 0.3763 0 1
Survey date, 2010 6,852 0.1989 0.3992 0 1
Survey date, 2011 6,852 0.1649 0.3711 0 1
Survey date, 2012 6,852 0.1886 0.3912 0 1
Survey date, 2013 6,852 0.2208 0.4148 0 1
Household income ($10,000) 6,852 6.6179 3.8839 0.25 17.5
Top income category ($175,000+ ) 6,852 0.0191 0.1370 0 1
Years of education 6,852 14.4696 2.2400 0 21
Age 6,852 49.3198 15.7644 14 100
Male 6,852 0.3898 0.4877 0 1
Female 6,852 0.6102 0.4877 0 1
Hispanic 6,852 0.0346 0.1827 0 1
White 6,852 0.9164 0.2768 0 1
Black 6,852 0.0324 0.1771 0 1
Other race 6,852 0.0369 0.1886 0 1
Lives in apartment 6,852 0.1300 0.3364 0 1
Divorced 6,852 0.0911 0.2877 0 1
Homeowner 6,852 0.8081 0.3938 0 1
Head of household 6,852 0.8678 0.3388 0 1
Democrat 6,852 0.5260 0.4994 0 1
Republican 6,852 0.4514 0.4977 0 1
Other political party 6,852 0.0226 0.1487 0 1
County population 6,852 314,580.5 312,222 4,232 947,735
Percentage point change in single-stream since

previous survey
4,015 0.0456 0.1393 −0.2089 0.9200

Percentage point change in curbside since
previous survey

4,015 0.0023 0.0121 −0.0687 0.0731

(table continued on next page)
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TABLE A1
Means and Standard Deviations of Variables Used in the Analysis (continued)

Variable N Mean Std. Dev. Min. Max.

Percentage point change in drop-off since previous
survey

4,015 0.0034 0.0311 −0.0930 0.2449

Change in single-stream of at least 10 points since
previous survey

4,015 0.0839 0.2773 0 1

Weight of cans collected per county resident in
2013

1,513 10.1672 3.9584 4.7258 50.2943

Weight of plastic collected per county resident in
2013

1,513 10.6772 2.298093 3.644351 19.7182

Weight of glass collected per county resident in
2013

1,513 33.6289 8.7034 8.8119 78.3312

Weight of paper collected per county resident in
2013

1,513 76.3432 19.5689 14.9888 114.719

Weight of all four collected per county resident in
2013

1,513 130.8164 27.0254 55.5188 180.2953

Weight of cans collected per county resident in
2013, divided by its mean

1,513 1 0.3893 0.4648 4.9467

Weight of plastic collected per county resident in
2013, divided by its mean

1,513 1 0.2152 0.3413 1.8468

Weight of glass collected per county resident in
2013, divided by its mean

1,513 1 0.2588 0.2620 2.3293

Weight of paper collected per county resident in
2013, divided by its mean

1,513 1 0.2563 0.1963 1.5027

Weight of all four collected per county resident in
2013, divided by its mean

1,513 1 0.2066 0.4244 1.3782

TABLE A2
Regression of Pounds of Material Collected Per County Resident on Individual

Participation Rates in 2013

Cans Plastic Glass Paper
All Four
Materials

Participation −0.0495
(0.3406)

0.6739***
(0.1809)

3.1731***
(0.6083)

8.2805***
(1.3754)

10.7715***
(1.5931)

Constant 10.2118***
(0.3233)

10.0844***
(0.1696)

30.9570***
(0.5582)

69.3433***
(1.2646)

122.6791***
(1.3847)

Note: N = 1,513. Standard errors in parentheses.
*** Significant at 1%.

TABLE A3
Probit Regression Estimates for Household Recycling Participation Using Continuous Measures of Amenity

Availability

Cans
Mean = 91.5%

Plastic
Mean = 89.4%

Glass
Mean = 86.7%

Paper
Mean = 86.6%

All Four
Materials

Mean = 79.5%

Amenities
Single-stream 0.0075

(0.0171)
0.0751***

(0.0203)
0.0520**

(0.0228)
0.0809***

(0.0229)
0.0899***

(0.0286)
Curbside 0.0343

(0.0214)
−0.0074

(0.0258)
0.0308

(0.0286)
0.0048

(0.0295)
0.0238

(0.0360)
Drop-off −0.0424**

(0.0170)
−0.0304

(0.0195)
−0.0472**

(0.0220)
−0.0466**

(0.0233)
−0.0743***

(0.0282)

(table continued on following page)
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TABLE A3
Probit Regression Estimates for Household Recycling Participation Using Continuous Measures of Amenity

Availability (continued)

Cans
Mean = 91.5%

Plastic
Mean = 89.4%

Glass
Mean = 86.7%

Paper
Mean = 86.6%

All Four
Materials

Mean = 79.5%

Household characteristics
Income ($10,000) 0.0156***

(0.0035)
0.0186***

(0.0042)
0.0217***

(0.0046)
0.0212***

(0.0045)
0.0302***

(0.0057)
Income squared −0.0008***

(0.0002)
−0.0009***

(0.0002)
−0.0011***

(0.0003)
−0.0010***

(0.0003)
−0.0015***

(0.0003)
Years of education 0.0027

(0.0020)
0.0054**

(0.0024)
0.0087***

(0.0026)
0.0087***

(0.0027)
0.0100***

(0.0033)
Age 0.0008***

(0.0003)
0.0018***

(0.0003)
0.0015***

(0.0004)
0.0025***

(0.0004)
0.0024***

(0.0005)
Gender: female 0.0310***

(0.0090)
0.0329***

(0.0104)
0.0256**

(0.0115)
0.0294***

(0.0114)
0.0312**

(0.0141)
Race: white 0.0974***

(0.0201)
0.1188***

(0.0225)
0.1330***

(0.0245)
0.1120***

(0.0237)
0.1779***

(0.0290)
Children in the home −0.0278***

(0.0095)
−0.0187*

(0.0105)
−0.0235**

(0.0119)
−0.0231**

(0.0115)
−0.0205

(0.0144)
Divorced −0.0315*

(0.0179)
−0.0172

(0.0182)
−0.0347

(0.0212)
−0.0129

(0.0174)
−0.0577**

(0.0254)
Homeowner 0.0436***

(0.0133)
0.0357**

(0.0142)
0.0647***

(0.0164)
0.0364**

(0.0153)
0.0595***

(0.0192)
Head of household 0.0225*

(0.0118)
0.0054

(0.0124)
0.0482***

(0.0173)
0.0184

(0.0154)
0.0517**

(0.0205)
Democrat 0.0190**

(0.0080)
0.0249***

(0.0094)
0.0305***

(0.0105)
0.0287***

(0.0105)
0.0522***

(0.0132)
Year indicators

2009 −0.0161
(0.0173)

−0.0300
(0.0197)

−0.0120
(0.0193)

−0.0489**
(0.0234)

−0.0259
(0.0249)

2010 −0.0274
(0.0182)

−0.0484**
(0.0210)

−0.0281
(0.0204)

−0.0665***
(0.0239)

−0.0500*
(0.0256)

2011 −0.0254
(0.0193)

−0.0441**
(0.0223)

−0.0080
(0.0206)

−0.0765***
(0.0266)

−0.0407
(0.0273)

2012 −0.0294
(0.0194)

−0.0387*
(0.0218)

−0.0184
(0.0212)

−0.0828***
(0.0269)

−0.0662**
(0.0282)

2013 −0.0398**
(0.0199)

−0.0653***
(0.0228)

−0.0491**
(0.0229)

−0.1003***
(0.0269)

−0.1024***
(0.0287)

Note: N = 6,852 surveys clustered by 2,806 households. Standard errors in parentheses. Coefficients reflect the marginal effects of a one unit
change in the explanatory variables.

* Significant at 10%; ** significant at 5%; *** significant at 1%.

TABLE A4
Probit Regressions, All Four Materials, Splitting Continuous Measures of Amenity

Coverage

All Four
Materials

Mean = 79.5%

All Four
Materials

Mean = 79.5%

All Four
Materials

Mean = 79.5%

All Four
Materials

Mean = 79.5%

Amenities
Single-stream 0.0899***

(0.0286)
0.0749***

(0.0181)
Curbside 0.0238

(0.0360)
0.0347*

(0.0178)
Drop-off −0.0743***

(0.0282)
−0.0158

(0.0195)

(table continued on following page)
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TABLE A4
Probit Regressions, All Four Materials, Splitting Continuous Measures of Amenity

Coverage (continued)

All Four
Materials

Mean = 79.5%

All Four
Materials

Mean = 79.5%

All Four
Materials

Mean = 79.5%

All Four
Materials

Mean = 79.5%

Household characteristics
Income ($10,000) 0.0302***

(0.0057)
0.0295***

(0.0058)
0.0291***

(0.0058)
0.0294***

(0.0058)
Income squared −0.0015***

(0.0003)
−0.0014***

(0.0003)
−0.0014***

(0.0003)
−0.0014***

(0.0003)
Years of education 0.0100***

(0.0033)
0.0101***

(0.0034)
0.0106***

(0.0034)
0.0108***

(0.0034)
Age 0.0024***

(0.0005)
0.0025***

(0.0005)
0.0025***

(0.0005)
0.0025***

(0.0005)
Gender: female 0.0312**

(0.0141)
0.0333**

(0.0142)
0.0342**

(0.0143)
0.0332**

(0.0143)
Race: white 0.1779***

(0.0290)
0.1950***

(0.0289)
0.1943***

(0.0289)
0.1824***

(0.0289)
Children in the home −0.0205

(0.0144)
−0.0195

(0.0144)
−0.0198

(0.0145)
−0.0212

(0.0145)
Divorced −0.0577**

(0.0254)
−0.0566**

(0.0253)
−0.0580**

(0.0255)
−0.0584**

(0.0258)
Homeowner 0.0595***

(0.0192)
0.0621***

(0.0194)
0.0611***

(0.0195)
0.0580***

(0.0194)
Head of household 0.0517**

(0.0205)
0.0494**

(0.0203)
0.0487**

(0.0204)
0.0484**

(0.0205)
Democrat 0.0522***

(0.0132)
0.0514***

(0.0132)
0.0529***

(0.0133)
0.0549***

(0.0134)
Year indicators

2009 −0.0259
(0.0249)

−0.0234
(0.0246)

−0.0162
(0.0242)

−0.0169
(0.0243)

2010 −0.0500*
(0.0256)

−0.0472*
(0.0253)

−0.0393
(0.0250)

−0.0400
(0.0250)

2011 −0.0407
(0.0273)

−0.0351
(0.0262)

−0.0178
(0.0250)

−0.0194
(0.0251)

2012 −0.0662**
(0.0282)

−0.0604**
(0.0270)

−0.0395
(0.0257)

−0.0409
(0.0258)

2013 −0.1024***
(0.0287)

−0.0959***
(0.0273)

−0.0730***
(0.0261)

−0.0748***
(0.0262)

Note: N = 6,852 surveys clustered by 2,806 households. Standard errors in parentheses. Coefficients reflect
the marginal effects of a one unit change in the explanatory variables.

* Significant at 10%; ** significant at 5%; *** significant at 1%.
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