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a b s t r a c t
We investigated whether exurban parcel size might be related to homeowners’ behaviors that could affect
carbon balance in residential landscapes. Based on data drawn from in-depth interviews and ﬁeld surveys
in 26 southeast Michigan exurban households, we conclude that an approximately 1-acre (0.45 ha) size
may be a critical threshold for certain behaviors, such as leaving a portion of an exurban parcel in forest
or old ﬁeld or retaining leaf litter on the property. Tree planting is a relevant behavior that may increase
when parcels are larger than 0.5 acres (0.20 ha). Yard style of adjacent properties also appears to be related
to homeowners’ landscape management behaviors: conventional turf-dominated yards prevail adjacent
to parcels smaller than one-acre. We used our analysis of these data to develop an exurban homeowner
typology to be employed in agent based models in which homeowners’ behaviors that may affect carbon
balance are linked to parcel size.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
This paper reports our investigation of exurban homeowners’
landscape care behaviors related to carbon storage in exurban
residential landscapes, a pervasive, growing land use. Housing
development is a primary cause of anthropogenic landscape change
worldwide (Hammer, Stewart, Winkler, Radeloff, & Voss, 2004), and
much of this is ‘exurban’ development – low-density settlements
that are contiguous with urbanized areas but typically disconnected from government services of sanitary sewer and water
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(An, Brown, Nassauer, & Low, 2011). Exurban residential landscape
dynamics operate within coupled natural and human systems
(CNHS) that affect ecosystem services at local scales and aggregate to affect global processes (Hammer et al., 2004; Liu et al.,
2007; Radeloff, Hammer, & Stewart, 2005; Theobald, 2005), and
household-scale mechanisms are core elements of these systems
(Cook, Hall, & Larson, 2012, Fissore et al., 2011). The large parcel size
that characterizes exurban landscapes creates a powerful legacy
effect, ensuring that exurban households occupy disproportionately large areas of land, and Americans have repeatedly expressed
a preference for living in large lot residential development (Alig,
Kline, & Lichtenstein, 2004; Fernandez, Brown, Marans, & Nassauer,
2005; Talen, 2001). By 2001, about 4% of the land area of the coterminous US was in exurban development, which was the fastest
growing land use, increasing ﬁvefold in the last half of the 20th
century (Brown, Johnson, Loveland, & Theobald, 2005; Heimlich &

56

J.I. Nassauer et al. / Landscape and Urban Planning 129 (2014) 55–64

Anderson, 2001; Vesterby & Krupa, 2002). In the Upper Great Lakes
Region alone metropolitan regions doubled in size over the last
20 years, despite relatively low population growth (Pijanowski &
Robinson, 2011).
We investigated whether homeowner behaviors that could
affect carbon storage might be related to parcel size, and whether
some of these behaviors might be related to social norms, including expectations for neatness or for matching the yard style of
nearby neighbors. Behaviors we explored include: managing part
of the parcel to be less neat or untended, maintaining existing
trees, including canopy trees in the mown part of the parcel, planting trees, and disposing of leaf litter. We also posited that other
homeowner behaviors that could indirectly affect carbon storage
by encouraging more woody vegetation might vary with parcel size.
These were having an enclosed backyard, having a backyard that
was not extremely neat, and enjoying viewing wildlife on the property. We also investigated the used of lawn fertilizer for a possible
relationship with parcels’ having higher proportions of turf.
Parcel size is driven by land use controls, perceived market
demand, and land development decisions by regulators and developers (Vigmostad, 2004) as well as social norms (Grove et al., 2006;
Harris et al., 2012; Nassauer, Wang, & Dayrell, 2009). In addition,
homebuyers sort themselves within the residential real estate market according to their preferences and buying power. Regardless of
sorting behavior, homebuyers who become homeowners change
their parcels, managing vegetation and sometimes changing land
cover.
Our study focused on exurban areas in 10 counties in southeast Michigan that vary in population density from urban to rural.
The investigation we report here is part of a larger examination of
exurban residential development, which links developer choices,
homeowner behaviors, land markets, and the ecological dynamics
of vegetation and soils to understand drivers of exurban landscape
change related to landscape carbon balance.
Exurban areas and carbon storage. Exurban areas, characterized
by relatively low population density and large parcel sizes, have
been described as having particular ecological effects and associated ecosystem services based on land cover types and patterns
(e.g., Brown, Pijanowski, & Duh, 2000), surface hydrology (e.g.,
Armstrong & Stedman, 2012; Groffman et al., 2003), and terrestrial habitat quality (e.g., Hansen et al., 2005). For example, exurban
residential land use may enhance nutrient cycling and downstream
hydrology compared with either agriculture or denser, more impervious urban land cover (Armstrong & Stedman, 2012; Nassauer,
Allan, Johengen, Kosek, & Infante, 2004), and may increase forest
cover on former cropland in some biomes (Brown et al., 2008).
Compared with cropland, forest and grassland sequester more
carbon (Laganiere, Angers, & Pare, 2009; Rhemtulla, Mladenoff, &
Clayton, 2009). While carbon storage rates in urban forests may
vary substantially from state to state (Nowak, Greenﬁeld, Hoehn,
& Lapoint, 2013), residential areas that have more forest (including canopied turf areas), as well as management that retains dead
wood and leaf litter rather than burning or transporting it, may
store more carbon than conventional turf-grass landscapes (Fissore
et al., 2012; Milesi et al., 2005; Morris & Bagby, 2008).
Exurban land use and parcel size. Highly relevant to our investigation, Robinson (2012) found that, across the range of relatively
large parcel sizes that characterize exurbia, the forested proportion of a parcel increased with parcel size. Using 10 m land cover
and parcel data for three southeast Michigan townships, he found
that mean patch size of forest or other “natural” area increased
exponentially with increased parcel size. Large parcels with large
proportions of forest were likely to be adjacent to similar parcels
(Robinson, 2009), and as parcel size increased, connected habitat
patch size increased. The proportion of the parcel in turf or impervious surfaces decreased with increased parcel size. Importantly,

Robinson (2012) suggested that this may occur because there are
“limits to anthropogenic management of land within parcels with
increasing size” (p. 95).
Other studies describe a relationship between parcel size and
homeowner behavior. Vermont exurban homeowners’ willingness
to include forests on their properties was found to be partially
dependent on parcel size (Erickson, Lovell, & Méndez, 2011). In
southeast Michigan, small, private forest owners were found to
take a ‘hands-off’ approach to forest management, allowing land
to revert to forest near stream and ﬁeld edges (Erickson, Ryan, & De
Young, 2002).
Residential behaviors, demographics, and social norms. Homeowner behaviors that affect landscape carbon storage may be
related to household demographic characteristics. A Baltimore, MD,
study found that while demographic characteristics alone were
not strongly related to land cover, combinations of demographic
characteristics (e.g., family size, education, ethnicity, marriage),
aggregated within US Census blocks, were related to proportion
of forest or grass cover (Troy, Grove, O’Neil-Dunne, Pickett, &
Cadenasso, 2007). They inferred that household land management
decisions are inﬂuenced by a desire to assert inﬂuence within a
group.
This is consistent with research demonstrating that residential landscape behaviors are signiﬁcantly inﬂuenced by societal
and community norms (Blaine, Clayton, Robbins, & Grewal, 2012;
Lovejoy, Handy, & Mokhtarian, 2010; Nassauer et al., 2009). A
homeowner’s property is a means of self-presentation, and it is
typically intended to be viewed by others (Nassauer, 1988). Physical evidence of landscape care is critical to self-presentation as
a “good neighbor”. It connotes civility or neighborliness, safety,
and marketability or productivity. Widely recognized evidence
of care in residential landscapes includes: mown turf, trimmed
trees and hedges or neat rows, colorful ﬂowers, and visible, crisp
edges of different patch types (Nassauer, 2011). While excessive
mowing, paving, irrigation, or application of herbicides or pesticides have well-known detrimental environmental effects, these
behaviors are motivated in part by a desire to maintain a neat landscape appearance (Nassauer, 1997). Parts of residential landscapes
that store more carbon than turf-grass alone (i.e., “brushy” areas,
downed dead wood, small wetlands, remnant patches) often look
less well-cared-for, and consequently may be removed to conform
with neatness norms (Nassauer, 1995).
In exurban residential properties, front yards exhibit a higher
level of tidiness, expressing care, than do backyards (Harris &
Brown, 1996; Hess, 2008; Schroeder, 1993). Backyards may be more
varied in their maintenance and usage, allowing more ﬂexible,
innovative, and personal design and maintenance choices (Larsen
& Harlan, 2006; Quayle & van der Lieck, 1997).
Compared with broader cultural norms, neighborhood norms
may more powerfully inﬂuence homeowner yard management. A
southeast Michigan study found that the land cover in adjacent
neighbors’ front yards dramatically affected exurban homeowner
preferences for their own front yards (Nassauer et al., 2009). Local
area norms also were found to strongly affect preference for habitat
of residential landscapes in Perth, AU (Kurz & Baudains, 2012), and
group identity was found to affect neighborhood vegetative characteristics in Baltimore, MD (Boone, Cadenasso, Grove, Schwarz, &
Buckley, 2010). Finally, a study in Ann Arbor, MI, found that certain front yard garden features were more likely to be observed
if a nearby property had the same features (Hunter & Brown,
2012). These studies all suggest that neighborhood norms strongly
inﬂuence homeowners’ choices of land covers and management
regimes.
Research in social psychology (Asch, 1951; Crutchﬁeld, 1955)
and economics (Bernheim, 1994; Bikhchandani, Hirshleifer, &
Welch, 1992) concludes that individuals tend to adjust their
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behavior or stated preferences to conform to those of others. Conformity in behavior such as collective action or following the law
(Kuran, 1990; Posner, 1998) can result either from psychological
causes – to ﬁt in, to be liked, or to signal awareness of current
trends - or from economic incentives. Economists have shown that,
viewing the actions of others as signals, individuals may rationally
conform to match others. In residential landscapes, both psychological and economic causes likely play roles. Individuals probably
do want to be liked by and ﬁt in with their neighbors. They might
also perceive that landscape decisions by others reveal information
about market prices, costs, or even environmental impacts affected
by behavioral choices.

2. Methods
In this exploratory study we used ethnographic techniques
(e.g., Westphal, Longoni, LeBlanc, & Wali, 2008). We interviewed
26 southeast Michigan exurban homeowners at their homes and
outdoors on their property. In addition, our team conducted
biophysical site surveys, sampling vegetation and soils on each
property. Interdisciplinary, combined quantitative and qualitative
studies of residential development as socio-environmental systems
are particularly needed (Cook et al., 2012; Kondo, Rivera, & Rullman,
2012). Analysis of data from a small sample can yield insights
for building agent-based models (ABMs), which explore dynamics among agents in coupled natural and human systems (CNHS)
(An, 2012), as well as for developing hypotheses for investigation
with larger data sets (e.g., Alberti & Hutyra, 2009). Our study was
subsequently used in both of these ways (Robinson et al., 2012).
Populating ABMs with research-relevant agent characteristics
is a critical element in many CNHS investigations (Robinson et al.,
2007; Smajgl, Brown, Valbuena, & Huigen, 2011), and analysis of
our interview data was essential to characterizing agents for ABMs
within our larger project. The basis for characterizing agent types
within CNHS research varies widely – sometimes including expert
opinion, literature reviews ethnographic small sample investigations, or representative sample surveys (Rounsevell, Robinson, &
Murray-Rust, 2012). ABMs can simulate the dynamics of human
behavior; representing humans as learning, adapting, and evolving
agents that affect each other (An, 2012).
The analysis we report here is based on observational data from
each home landscape and interview participants’ reports of their
own behavior. Our study area is southeast Michigan, a 10-county
(Genesee, Lapeer, Lenawee, Livingston, Macomb, Monroe, Oakland,
St. Clair, Washtenaw, and Wayne) area of 15,060 km2 with an estimated population of 5.1 million in 2010 (US Census Bureau, 2010).
Our sample was drawn from addresses voluntarily provided by 600
exurban homeowners who responded to a 2005 web survey. In
order to control for soil carbon storage potential related to biophysical site sampling we selected 53 addresses that were unlikely to
have soils high in clay content. We mailed postcards and followed
up with a phone call to request interviews. Twenty-one households
agreed to participate. To increase sample size, we sent postcards
(following up with a phone call) to an additional 53 addresses, each
selected by drawing an address two parcels away from an initial
sample address. This yielded ﬁve additional households for a total
of 26 respondents (overall 25% response rate) with home site parcel
sizes from 0.2 to 5.4 acres (0.08–2.2 ha).
All interviews were conducted in June–August 2009 by a pair
of trained interviewers at respondents’ homes. Interviews lasted
2–3 h. The questionnaire included both open-ended and forcedanswer items about yard care behaviors and home landscape
preferences, and also included demographic information. Interviewers accompanied each respondent into their yard to elicit
information that allowed our team to delineate the parcel into areas
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with distinct management regimes, and these were photographed
in subsequent site visits. All interviews were tape-recorded. Areas
of distinct management regimes within each parcel were digitized using Arc GIS 9.3 and we employed ﬁeld notes and maps to
characterize land cover and site images to identify mature trees
of indigenous species on the parcel. Finally, we classiﬁed adjacent properties’ land cover using 2005 aerial images from the
National Agriculture Imagery Program (NAIP) (2 m resolution). All
data were incorporated into a database that linked parcel characteristics, neighboring parcel characteristics, homeowners’ behaviors
and preferences, and demographic variables for each household.
Using SPSS 20 and 21, we iteratively employed cross-tabular
analyses and reexamination of primary data to explore possible
relationships among parcel characteristics, household characteristics and behaviors, and parcel size (Table 1). In this exploratory
study, we sought to identify possible relationships that could
be tested in subsequent conﬁrmatory studies, with the general
hypothesis that parcel size is related to certain landscape management behaviors that have implications for carbon storage in
residential subdivisions, and the secondary hypothesis that some
of these behaviors are affected by social norms for neatness and
for conformity with the appearance of neighboring properties.
Below we describe the variables we measured as: parcel characteristics that are not immediately controlled by the homeowner,
parcel characteristics that are affected by homeowner behaviors,
reported homeowner behaviors, and homeowner demographic
characteristics.
Parcel characteristics that are not immediately controlled by the
homeowner (but that may have been relevant to home buying
choice) included approximate decade of development and subdivision type, which we deﬁned as conventional if the subdivision
design did not include remnant ecosystems, as remnant if the
design did include remnant ecosystems, and as single lots if the parcel was not part of a subdivision (An et al., 2011). To gain a sense of
the strength of neighborhood design norms, we also documented
neighboring yard styles compared with the sample parcel: all dominated by conventional turf, all dominated by more unconventional
land covers, or varying among neighbors.
Parcel characteristics that are affected by homeowner behaviors.
These characteristics focused on the Zone of Care (ZOC), a pivotal
concept that emerged from our exploration of these data. The ZOC
is the area of the parcel under frequent visible maintenance and
extending continuously from the house. It includes areas that are
regularly mown or maintained as food or ornamental gardens. We
noted the proportion of the ZOC that was in wooded turf, as opposed
to turf without woody canopy.
We refer to the area of the parcel not under frequent visible
maintenance as the area beyond the ZOC. This area was typically
forested in exurban sites in our study area. We also noted the number of mature trees (caliper > 3–4 (7.6–10.1 cm)) on the parcel that
were horticultural species (and consequently indicative of past tree
planting) or indigenous species (and more likely indicative of the
homeowners’ choice to maintain the tree rather than remove it).
Other ZOC characteristics that are evident products of homeowner behavior speciﬁcally refer to backyard appearance. We
deﬁned the backyard as extending back from the front façade of the
house, including all of the ZOC not within the front yard. Relevant
backyard characteristics were:
Backyard-enclosure. Visibility from the backyard into others’
property. Fully enclosed backyards are not visible from the street or
other properties. Enclosure may allow homeowners to pursue more
‘unconventional’ landscape management choices (e.g., unmown or
wooded areas) that could enhance carbon storage. In addition, trees
and shrubs that achieve enclosure also enhance carbon storage.
Backyard-neatness. Apparent maintenance of the backyard,
operationalized as the degree to which backyard, non-turf patches
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Table 1
An exurban homeowner typology supported by analysis of parcel size, other parcel characteristics, household behaviors, and demographics.
Parcel type
Small parcel, small zone of care

Medium parcel, medium
zone of care

Large parcel, small zone of
care

Large parcel, large zone of
care

Homeowner type
Neat neighbor (n = 6)

Lakeshore property Owner (n = 3)

Nature neighbor (n = 2)

Tree planter (n = 7)

Improver (n = 4)

Viewer (n = 4)

Parcel characteristics
Subdivision type

Conventional (6)

Remnant lake (3)

Remnant forest (1)
Conventional (1)

Conventional(6)
Single lot (1)

Remnant forest (1)
Single lot (3)

Remnant forest (2)
Single lot(2)

Yard style similarity with
neighboring yards

Similar conventional (5)
Varied (1)

Varied (1)
Not similar (1)

Similar conventional (6)
Not similar (1)

1960s–80s (1)
1990s–2009 (5)

Similar unconventional (1)
Varied (1)
Not similar (1)
Before 1960 (2)
NA (1)

1960s–80s (1)
1990s–2009 (1)

1960s–80s (4)
1990s–2009 (3)

Similar unconventional (2)
Not similar (1)
No residential adjacent (1)
Before 1960 (2)
1960s–80s (1)
1990s–2009 (1)

Similar unconventional (1)
Varied (2)
Not similar (1)
1960s–1980s (2)
1990s–2009 (2)

None (6)

None (3)

None (7)

Absent (5)
Horticultural (1)

Horticultural (1)
Indigenous (2)

None (1)
Forest (1)
Indigenous (2)

Forest (2)
Mixed (2)
Indigenous (4)

Forest (2)
Field (2)
Horticultural (1)
Indigenous (3)

Equal proportions (3)
More unwooded turf (2)
More wooded turf (1)
No (5)
Yes (1)

Equal proportions (1)
More wooded turf (2)

More unwooded turf (1)
More wooded turf (1)

More unwooded turf (3)
More wooded turf (4)

More unwooded turf (1)
More wooded turf (3)

More unwooded turf (1)
More wooded turf (3)

No (2)
Yes (1)

Yes (2)

No (4)
Yes (3)

No (1)
Yes (3)

Yes (4)

Very neat (6)

Very neat (1)
Less neat (2)

Less neat (2)

Very neat (4)
Less neat (3)

Very neat (1)
Less neat (3)

Less neat (4)

Never (3)
One (1)
More than one (2)
Yes (6)

Never (3)

Never (1)
One (1)
No (2)

Never (1)
One (2)
More than one (1)
No (3)
Yes (1)
Removed from parcel (1)
Left on parcel (3)

More than one (4)

No (1)
Yes (2)
Removed from parcel (2)
Left on parcel (1)

Never (1)
One (2)
More than one (4)
Yes (5)
Unknown (2)
Removed from parcel (3)
Left on parcel (4)

No (2)
Yes (4)

No (3)

No (1)
Yes (1)

No (3)
Yes (4)

Yes (4)

Yes (4)

<55 years (5)
NA (1)

55+ years (1)
2 NA (2)

<55 years (1)
55+ years (1)

<55 years (1)
55+ years (3)

No (2)
Yes (4)

No (2)
Yes (1)

No (1)
Yes (1)

<55 years (3)
55+ years (3)
1 NA (1)
No (3)
Yes (4)

<55 years (1)
55+ years (1)
NA (2)
No (3)
Yes (1)

Time of development

Parcel characteristics
affected by
homeowner behaviors
Landcover beyond zone
of care
Mature trees on parcel

Proportion of wooded
turf vs. unwooded turf
within zone of care
Enclosure: backyard
visible from adjacent
property?
Neatness: backyard
gardens and plantings
weed-free with crisp
edges?
Reported homeowner
behaviors
Planting trees

Using lawn fertilizer
Disposing of leaves

Enjoying wildlife on
property
Homeowner
demographic
characteristics
Interviewee age

Children at home

Removed from parcel (4)
Left on parcel (2)

Left on parcel (2)

Absent (2)
Horticultural (5)

No (3)
Yes (1)

No (1)
Yes (3)
Left on parcel (4)
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are apparently weed-free and have visibly crisp turf edges. This was
relevant only to backyards because all except one front yard in our
sample were neat.
Reported homeowner behaviors describe ongoing homeowner
behavior as reported by the homeowners in the interviews. These
include:
Planting trees. Whether the homeowner had planted no trees,
one tree, or more than one tree on the parcel.
Using lawn fertilizer. Whether lawn fertilizer had been used in
the previous month.
Disposing of leaves. Whether leaves were disposed of on the
property (e.g., by mulching or moving to some area on the property)
or moved off the property (e.g., by bagging or burning).
Enjoying wildlife. Whether homeowners stated that they enjoyed
viewing wildlife in their yard. This could affect whether the parcel
would have more woody vegetation.
Demographic characteristics of homeowners. These variables
were initially examined for their possible relationship to landscape
behavior: age, having children (18 or under) in the household,
education, and income. With our small sample, we searched for
possible clues to demographic variation that could be investigated
in a subsequent, large sample survey.

3. Results
3.1. Parcel characteristics
In this section we describe parcel characteristics that may have
implications for carbon storage.
Parcel size. In our sample, 8 parcels were large (>1.1 acre), 7
were medium (0.5–1.1 acre), and 11 were small (≤0.5 acre). ZOC
size nearly always equaled parcel size for small and medium lots.
That is, for these parcels, the entire yard was managed as a ZOC.
However, for large parcels, ZOC rarely occupied the entire parcel.
In these parcels, the ZOC varied widely in size but was nearly always
much smaller than parcel size, frequently even smaller than the ZOC
of smaller parcels (Fig. 1). Consequently, large parcels have a much
larger area beyond the ZOC, absolutely and as a proportion of parcel. This result is consistent with Robinson’s (2012) conclusion that
larger parcels had a higher proportion of forest cover. This ﬁnding
suggests that there is an approximately 1 acre threshold, beyond
which there is increased variation in the size of the ZOC. Also consistent with Robinson, we found wooded or old ﬁeld cover beyond
the ZOC.
Zone of care and parcel size. To understand how homeowner
behavior might account for the one acre threshold and to explore
further how homeowner behavior might vary among parcel
sizes, we categorized parcels by their size in combination with
the relative size of their ZOC (Fig. 1): Small Parcels (≤0.5 acre,
0.20 ha); Medium Parcels (0.5–1.1 acre, 0.20–0.45 ha); Large Parcels
(>1.1 acre, 0.45 ha) with Large ZOC (>1 acre, 0.40 ha); and Large
Parcels (>1.1 acres, 0.45 ha) with Small ZOC (<1 acre, 0.40 ha)
(Table 1).
Subdivision type. Large parcels were individual lots (not part of a
subdivision) or were in subdivisions that included forest remnants.
All medium parcels and most small parcels were in more conventional subdivisions. However, three of the eleven small parcels were
lakeshore lots and two were adjacent to forest remnants, one of
which was in a remnant subdivision.
Time of development. Proportionately, small parcels had somewhat more houses built after 1990.
Yard style similarity with neighboring yards. No large parcels were
surrounded only by conventional yards, but nearly all medium
parcels and about half of small parcels were surrounded only by
conventional yards dominated by turf. Large parcels were more
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often surrounded only by unconventional yards not dominated by
turf. Having a yard that was dissimilar from neighbors was unusual
at any parcel size.
3.2. Parcel characteristics that are affected by homeowner
behaviors
In this section we describe those parcel characteristics that are
affected by homeowner behaviors that may have implications for
carbon storage.
Wooded turf. Proportionately, the amount of wooded turf within
the ZOC increased from small to medium to large parcels.
Land cover beyond the ZOC. As noted above and in Fig. 1, the area
beyond the ZOC is much more extensive for parcels larger than 1.1
acre. Except for a small parcel adjacent to forest, only large parcels
in our sample had any area beyond the ZOC. More large parcels with
small ZOC had at least some forest beyond the ZOC, while about half
of those with large ZOC were dominated by old ﬁelds beyond the
ZOC.
Mature trees. More large parcels contained mature indigenous
trees (70%). In contrast, no medium parcels contained mature
indigenous trees, but about 30% of small parcels (all lakeshore properties) did. 70% of medium parcels had mature trees that had been
planted (horticultural species), and 50% of small parcels had mature
trees, most including indigenous species.
Backyard enclosure. Nearly all large parcels had enclosed backyards. Less than half of small and medium parcels were enclosed.
Those that were enclosed had mature trees or were lakeshore
parcels.
Backyard neatness. Most small parcels had very neat backyards. However, small lakeshore parcels or those containing mature
indigenous trees were somewhat less neat. With one exception,
medium parcels were very neat. Among large parcels, those with
small ZOCs were somewhat neater.
3.3. Reported homeowner behaviors
In this section we describe homeowner behaviors that may have
implications for carbon storage.
Planting trees. All owners of large parcels with large ZOC had
planted more than one tree, and nearly all owners of other large
and medium parcels had planted some trees. Only two of the eleven
owners of small parcels had planted more than one tree, and seven
had never planted a tree on their property.
Using lawn fertilizer. While 50% of homeowners of large parcels
used lawn fertilizer (especially if they had a large ZOC), about threequarters of all small and medium parcel homeowners (who had
virtually no area beyond the ZOC) used lawn fertilizer.
Disposing of leaves. Seven of eight owners of large parcels left leaf
litter on their property. The remaining homeowner burned leaves.
For both medium and small parcels, about half of owners left leaf
litter on their property.
Enjoying wildlife. While all owners of large parcels indicated that
they enjoyed watching wildlife on their property, only about half
of owners of small or medium parcels indicated this. None of the
owners of lakeshore parcels indicated that they enjoyed watching
wildlife.
3.4. Demographics
In our small sample, possible demographic patterns were generally too subtle to discern. While we examined income and
education, only age and having children at home suggested a possible pattern related to parcel size. About half of all owners of small
or medium parcels were younger than 55 and had children under
18 at home. Most owners of large parcels were over 55 and had no
children at home.
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Fig. 1. Relationship between Parcel Size and the size of the “Zone of Care”, the area under visible frequent maintenance that extends continuously from the house.

3.5. A typology for use in an agent-based model
Combining respondents’ parcel size/ZOC type (Fig. 1) with variation in their parcel characteristics and homeowner behaviors and
characteristics, we developed a typology of exurban homeowners
(Table 1) to be employed in an agent-based model. We use excerpts
from our interviews with homeowners and photographs of their
yards (Fig. 2) to illustrate each of the six types:
1. Neat neighbors (n = 6) are small parcel owners who live in newer
homes. They tend to be younger families with children at home.
They have no mature indigenous trees on their property, only
half had planted trees, and all fertilized (Fig. 2). Their backyards are very neat, and few are enclosed. Nearly all properties
adjacent to those of Neat Neighbors were conventional, with
turf-dominated cover. Neat Neighbors noticed their neighbors’
yards and expected that their neighbors noticed theirs. One said
“the neighbors appreciate the work we put in”, and another
noted that they “admire care in the planting areas” of their neighbors. Only the three Neat Neighbors who had planted trees and
one who lived adjacent to a site with mature indigenous trees
reported enjoying wildlife.
2. Lakeshore property owners (n = 3) had mature indigenous trees
on their properties, but did not plant more trees (Fig. 2). Their
maintenance behaviors varied. None of them lived adjacent only
to properties with conventional turf-dominated cover. Most fertilized and none reported enjoying wildlife. A typical interview
comment was that having more mature trees would be a “maintenance nightmare”.
3. Nature neighbors (n = 2) lived on small parcels that had mature
indigenous trees and were adjacent to large woodlands. They
had enclosed backyards, somewhat less neat than other small
parcels, and many perennial plantings (Fig. 2). Neither fertilized.
Both composted all leaf litter. While neither parcel was adjacent only to properties with conventional turf-dominated cover,

one homeowner who said he preferred “wild things” speciﬁcally commented on the highly manicured property of neighbors,
whom he termed “fanatics.” Another Nature Neighbor spoke
about the beauty of “light coming through the trees so that it
feels like you are in the middle of the woods.”
These results suggest that characteristics of properties adjacent to small parcels may inﬂuence homeowner behaviors that
affect carbon storage. For Neat Neighbors and Lakeshore Property Owners, the most important characteristics may be cues to
care that they see in neighbors’ properties. For Nature Neighbors,
adjacent woodlands may be more inﬂuential.
4. Tree planters (n = 7) are owners of medium parcels in conventional subdivisions (Fig. 2). All but one had only conventional
turf-dominated properties adjacent to their own. None had
mature indigenous trees, but most had mature horticultural
trees. All but one homeowner had planted trees on their property. Consequently, wooded turf predominated in half of these
parcels. Half had enclosed backyards. Nearly all owners of
medium parcels used lawn fertilizer, but nearly half composted
their leaves. Their interview comments indicate that, while
attention to neighbors’ perceptions was uppermost in some Tree
Planters’ minds, others aspired to a “more natural” approach to
property maintenance.
These results suggest that parcels between 0.5 and just over
1.0 acre, a common parcel size for exurban development in
America, may have ecosystem dynamics that are particularly
inﬂuenced by changes introduced by homeowners (like planting
trees). Design and management behaviors that augment ecosystem services on parcels of this size could extensively inﬂuence
the environmental functions of metropolitan landscapes.
5. Improvers (n = 4) own large parcels with a relatively small ZOC
(Fig. 2). Improvers tended to use the area beyond the ZOC for
recreation, making improvements like bridges, seating areas in
the woods, gardens, and trails. All had a mix of forest and old ﬁeld
beyond the ZOC. Some had houses built before 1960, most had
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Fig. 2. Typical backyards of each of the six homeowner types used to populate agent-based models.

owned their homes for at least 10 years, and most were over 55
with no children at home. Improvers indicated that they valued
the autonomy afforded by a large property. Only one fertilized
and removed leaf litter from their parcel. None had any conventional turf-dominated parcels adjacent to their own. All had
mature indigenous trees, and all but one had planted trees. All
but one had an enclosed backyard, and that less private backyard
was extremely neat. Its owner indicated that, though he appreciated having wooded areas nearby, he would have preferred a
more conventional sunny backyard. All stated that they enjoyed
watching wildlife on their properties.
6. Viewers (n = 4) own large parcels with a relatively large ZOC
(Fig. 2). Half of Viewers had at least one conventional turfdominated residential parcel adjacent to their property. Viewers’
parcels were wooded: all but one had a wooded turf ZOC and an
enclosed backyard. All Viewers had planted two or more trees,
but they mowed further beneath the canopy than Improvers.
Like Improvers, only one had children at home. Nearly all

Viewers fertilized, but all disposed of leaves on their own property. All enjoyed watching wildlife on their properties. Viewers’
houses were all built after 1960, and one Viewer explained that
he planted a lot of trees in his backyard so that there would be
“more things in their view”. Another explained the importance
of keeping “junk behind the trees” to keep their property looking
neat.

These results suggest that, even given similar, large parcel sizes,
individual homeowners design and manage their properties in distinct ways with different implications for carbon storage. Our data
suggest that large property owners who leave a relatively large
proportion of their property unmown (have a small ZOC) may
face more ﬂexible neighborhood norms for property management,
and may have different esthetic preferences for their home landscapes, compared with large property owners who have a larger
ZOC.
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4. Discussion
Our investigation suggests that homeowner behaviors that
could affect carbon storage may be related to parcel size, and
that some of these behaviors appear to be related to social norms.
Our results support Robinson’s (2012) conclusion that forest patch
size increases with parcel size, and address a gap in his results,
which could not account for household behaviors. Behaviors that
we found to be less common on small parcels and that affect carbon storage in trees were: maintaining mature indigenous trees,
planting trees, and having woody canopy extend over more than
half of the ZOC (the mown part of the parcel). Some behaviors that
could enhance carbon storage may be related to social norms for
neatness or for matching the yard style of nearby neighbors, and
behaviors that challenge social norms were more often seen on
large parcels (i.e., retaining leaf litter on site, having a backyard
that was not extremely neat, and leaving a higher proportion of
the parcel unmown (beyond the ZOC)). Behaviors that could indirectly affect carbon storage also varied with parcel size. Having an
enclosed backyard and enjoying viewing wildlife on the property
might prompt maintaining or planting woody vegetation, and both
behaviors were more common among owners of large parcels. We
also found that the use of lawn fertilizer was less common among
owners of large parcels in our sample.
Important to all of these behaviors related to parcel size is the
homeowner’s delineation of the proportion of the parcel maintained by regular mowing, pruning, and weeding – the “Zone of
Care” (ZOC); the remainder of the parcel is in woodland or old ﬁeld.
Within our sample, we found the proportion of the parcel in the
ZOC to be strongly related to parcel size for parcels approximately
one acre or smaller, where the ZOC occupies the entire parcel. For
parcels surpassing the 1 acre threshold, the ZOC varied widely but
was always considerably smaller than the parcel.
Untended areas beyond the ZOC are likely to provide more carbon storage than tended areas. Essentially all the unmown forest
or old ﬁeld cover in our sample was beyond the ZOC on parcels
larger than one acre. This may be attributable to limits on resources
that homeowners expend on their landscapes as Robinson (2012)
suggested. That the ZOC is nearly identical to parcel size up to
an approximately one acre threshold suggests that cultural norms
for ensuring that one’s residential property looks well-cared-for
are sufﬁciently powerful to encourage homeowners to expend
resources necessary to achieve the look of good care even in areas
as large as one acre, but that mowing areas larger than one acre
may exceed cultural norms, at least in neighborhoods of parcels
larger than one acre. There may have been different cultural norms
for the appearance of residential property in the neighborhoods
where large parcels in our sample were located. No large parcels
had only neighbors with conventional mown lawns; large parcels
in different development contexts could have more rigid neighborhood landscape management norms for neatness.
Underscoring the power of neighborhood norms, our typology
identiﬁed Neat Neighbors, who owned small parcels surrounded
by conventional turf-dominated lawns, as most consistently using
lawn fertilizer and removing leaf litter. This behavior is different
from other small parcel homeowners who own small parcels that
are immediately adjacent to lakes or have mature indigenous trees.
More Lakeshore Property Owners and Nature Neighbors conserved
leaf litter on their property and did not use lawn fertilizer.
Large, indigenous trees and predominantly wooded turf were
most prevalent on large parcels, which also more often had
enclosed backyards that were not extremely neat. Fewer large parcel homeowners used lawn fertilizer and more of them left leaf
litter on their property. Interestingly, large parcel homeowners also
were more likely to enjoy viewing wildlife. These behaviors might
be understood as preferences reﬂected in homeowners’ selection of

a home, or they might indicate responses to parcel characteristics.
They also might be understood as responses to relaxed social constraints where neighbors are more distant, social desires to mark
property boundaries, or personal desires for privacy from neighbors’ views.
Tree planting and protection of existing trees appears to be
related to parcel size in a different way. Those who had more space
to plant trees (homeowners of medium and large parcels) nearly all
did so. This behavior is particularly notable for medium parcels in
our sample, which were located in conventional subdivisions with
no remnant ecosystems and only homes built after 1960. These
Tree Planters were like Neat Neighbors in that nearly all their yards
were adjacent to at least one conventional turf-dominated lawn.
Neighborhood norms may have inﬂuenced these homeowners to
use lawn fertilizer, a choice quite different from owners of larger
properties. However, even as they strove to maintain a neat appearance, medium parcel homeowners planted trees. The wooded turf
landscapes they produced support carbon storage, despite lacking
some other forest functions.
Our data cannot indicate whether the relationship between parcel size and land covers supporting carbon storage is “sorting,”
in which homebuyers’ predilections for certain landscape-related
behaviors like planting trees or watching wildlife, for example,
cause them to seek parcels that allow those behaviors, or whether
homeowners develop these behaviors in response to parcel size.
However, our data suggest a clear relationship between parcel size
and these behaviors.

5. Conclusions
This study has both substantive and methodological implications. Its ﬁndings were used to populate ABMs within our larger
interdisciplinary study of exurban residential landscape dynamics in southeast Michigan as CNHS, which links developer choices,
landowner behaviors, land markets, and the ecological dynamics
of vegetation and soils to understand drivers of landscape change
related to carbon balance (e.g., Magliocca et al., in press). The study
employs ABMs to explore how homebuyer choices and homeowner
behaviors might interact with developer choices to affect carbon
storage. As reported here, we used ethnographic methods to gain
insight into whether and why owners of residential parcels of different sizes might manage their properties differently and to derive
from our analysis a typology of homeowner agents to populate
our larger project ABMs. This paper’s detailed description of our
method and results contributes to the larger discussion of methods for populating ABMs (Robinson et al., 2007; Smajgl et al., 2011;
An, 2012). In addition, ﬁndings of our ethnographic study were the
basis for hypotheses that we tested in a larger conﬁrmatory study
of exurban homeowners’ parcel characteristics and care behavior.
Land parcelization decisions that are part of real estate development may profoundly affect subsequent homeowner behaviors
that affect landscape-based carbon storage. Substantively, our data
support Robinson’s (2012) ﬁnding that larger exurban residential parcels in southeast Michigan tend to have higher proportions
of woodland, with associated implications for ecosystem services.
Our analysis suggests that many exurban homeowners’ landscape
behaviors that may affect carbon storage vary with parcel size, and
that cultural norms for neatness and norms to match the yard styles
of nearby neighbors may affect these behaviors.
If our results are supported by subsequent investigations,
they have direct implications for climate change mitigation. The
extensive, popular, and growing land use of exurban residential
development can supply a broader public good, carbon sequestration, if residential properties provide proportionately more
woodland where lots are larger. If landscape patterns of exurban

J.I. Nassauer et al. / Landscape and Urban Planning 129 (2014) 55–64

development continue unchanged, policy that promotes parcels
larger than one acre will likely promote more carbon sequestration
than policy that requires smaller exurban parcels. However, the carbon costs of transportation in exurban landscapes are well known
(National Research Council, 2009), and not everyone will desire or
be able to afford the purchase and management of large parcels.
Thus, our results also implicitly challenge residential landscapes in
higher density metropolitan areas to be designed to offer increased
potential for landscape carbon storage. This will require inventive designs that provide characteristics that have drawn home
buyers to large exurban properties (e.g., backyard privacy), that
respond to cultural and neighborhood norms for landscape appearance, and that promote carbon storage behaviors like tree planting,
tree maintenance, and retention of leaf litter. For example, wooded
public or quasi-public land may have a spillover effect on adjacent
residential properties, promoting a more relaxed landscape management regime and more trees in backyards. Policy to promote
innovative design of more dense development could support new
homeowner management regimes that provide a broader array of
ecosystem services while also reducing the carbon costs of transportation.
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