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Socioeconomics  better  predicted  zoning  adoption  than  diffusion  or  natural  resources.
Proactive  local  planning  is an  important  precursor  to  zoning  adoption.
Many  townships  waited  to zone  until  development  was  well  underway.
Informal  controls  may  be insufficient  to  address  unexpected  development.
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a  b  s  t  r  a  c  t

Though  70%  of  land  in the  contiguous  U.S.  is privately  owned,  land  conservation  discourses  have  focused
more  on  public  protected  areas  than  on  private  land  policy.  U.S.  private  land  policy  is  generally  imple-
mented  by  local  governments  through  comprehensive  plans  and zoning  ordinances.  While  most  cities
have  adopted  these  policies  many  non-metropolitan  jurisdictions  remain  unzoned.  In this  study  we inves-
tigated factors  predicting  zoning  adoption  in rural  and  exurban  Michigan  townships.  Results  from  a logit
model  showed  that  likelihood  of zoning  adoption  between  1998  and  2003  was  higher  for  townships  with
more developed  land,  fewer  conservative  voters,  higher  household  income,  more  zoned  neighbors,  and
township-level  planning  rather  than  county-level  planning.  We  quantified  thresholds  at  which  develop-
ment  levels  correlated  with  zoning  adoption.  Overall,  townships  had  greater  than  a 50%  probability  of
adopting  zoning  when  9% or  more  of their  land  base  had  been  developed,  but  this  threshold  was  higher
in  townships  with  no  planning  (12%)  and  highest  where  planning  was  implemented  at  the county  level
(19%).  In  high-growth  townships  forestland  was  negatively  correlated  with  zoning  adoption.  However,
model  results  showed  socioeconomic  variables  to  be  better predictors  of  zoning  adoption  than  natural

resource  variables.  These  results  highlight  the  importance  that  planning  and  zoning  occur  at  the  same
level  of  government,  and  the importance  of  multiple  policy  options  in  jurisdictions  unlikely  to adopt  zon-
ing.  Gaining  insight  into  reasons  for land-use  policy  adoption,  or lack  thereof,  is  important  for  achieving
common  planning  goals,  including  preserving  rural  livelihoods,  conserving  forests  and  farmlands,  and
maintaining  rural  landscape  characteristics.
. Introduction

Rural landscapes are important providers of resource produc-

ion, recreation, wildlife habitat, water quality, and aesthetics.
ecause these qualities can be drastically altered by development,
ools for growth management in rural areas deserve attention
Marcouiller, Clendenning, & Kedzior, 2002; Rudel, 1989). Zoning
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is the most widely used policy tool for regulating land use in the
U.S. (Daniels, 1997), where it is implemented by local governments
at the county and municipal levels. However, regulating land use is
typically voluntary and local governments vary in their decisions to
adopt zoning. Adopting growth control measures gained popular-
ity during the “supercharged” housing booms of the 1970s, 1980s,
and 1990s (Neiman & Fernandez, 2000). As of the late 2000s, how-
ever, many rural and exurban jurisdictions were still holding out on
adopting land-use regulations. Although 97% of developable land

area in the U.S. is considered rural (<6 housing units/sq. km)  or
exurban (6 to 147 housing units/sq. km)  (Theobald, 2005), very lit-
tle policy research has focused on non-metropolitan jurisdictions
and why they do or do not regulate land use.
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Table 1
Definitions of study variables, associated hypotheses and data sources.

Variable Description Hypothesis References Data Sources

Motivation: development and population
Housing  Number of housing units per land area,

1990
Townships with higher housing density will be
more  likely to adopt zoning.

Allen, Moorman, Peterson, Hess, and Moore,
(2013),  Feiock et al. (2008),  Hawkins (2014),
Heimlich and Anderson (2001),  Howell-Moroney
(2008),  Neiman and Fernandez (2000),  Stedman
(2003),  Theobald (2005), Tilt et al. (2007)

U.S. Census Bureau (1991, 2001),
Minnesota Population Center
(2011)

Housing and population growth rates Population and housing growth rates,
1990–2000

Higher population or housing growth will be
associated with higher probabilities of zoning
adoption.

” ”

%  Land developed % private land area that has been
developed; includes low, medium, and
high density development

Townships with more developed land area will be
more  likely to adopt zoning.

” National Land Cover Dataset
(NLCD) 2001 (Homer et al., 2007)

Distance  to urban area (km) Distance (km) to nearest urbanized area
(pop.  > 50,000)

Less remote townships will be more likely to zone ” U.S. Census Bureau (2001)

Motivation: socio-political
Income ($1000s) Median household income in 1999 Wealthier townships will be more likely to adopt

zoning.
Allen et al. (2013), Feiock et al. (2008),  Marcouiller
et  al. (2002),  Morgan and Watson (1991),
Howell-Moroney (2008)

U.S. Census Bureau (1991, 2001)

House value ($1000s) Median house value in 1990 ” ”
Conservative  voting and voting variability Mean % votes cast for conservative

(Republican or US Taxpayers Party)
candidates in gubernatorial and
presidential elections 1998–2010 and the
standard deviation of this variable

Townships with consistently conservative voting
patterns will be less likely to zone.

Kahn (2011) Mich. Dept. of State (2001–2013)

Motivation: natural resources & amenities
% Public land % land in federal, state, or local

government ownership
Public lands and lakes attract development, and
forests and farmlands represent natural
commodities. Townships with more of these
resources will be more likely to adopt zoning if
they  are experiencing high rates of housing
growth.

Radeloff et al. (2010); Schnaiberg, Riera, Turner,
and  Voss (2002)

PAD-U.S. (USGS, 2010)

%  Forest % private land that is forestland ” Edwards and Haines (2007),  Hawkins (2014), York
and Munroe (2010)

NLCD 2001 (Homer et al., 2007)

%  Farmland % private land that is farmland ” ”
Lake  shoreline (km) Total length of lakefront (Great Lakes and

inland lakes)
” Butsic et al. (2010); Gonzalez-Abraham et al.

(2007); Schnaiberg et al., (2002)
Mich. Dept. of Natural Resources
(Breck, 2004)

%  Houses seasonal % of total housing units that were
classified seasonal or recreational in 1990

This measure will serve as a  proxy for amenity
value;  townships with more seasonal homes will
be  more likely to zone.

” U.S. Census Bureau (1991)

Capital resources
Fiscal Ratio of revenues minus expenditures to

expenditures in 2001
Townships in positive fiscal standing will be more
likely  to zone.

Berry and Berry (1990),  Gray (1973),
Satterthwaite (2002), Walker (1969)

Mich. Dept. of Treasury
(2001–2013), U.S. Census Bureau
(2001)

Tax levy Per capita property tax levies by
township, 2000

Townships with higher tax revenue will be more
likely  to adopt zoning.

” ”

Other  policies
County and township policies Land-use policies (other than zoning)

present at county and township levels
Townships less likely to adopt zoning where more
non-zoning land-use policies are in place.

Berry and Berry (2007) IPPSR (2004)

Any plan Presence of any comprehensive plan at
the township or county level, or both

Townships where plans are present will be more
likely  to zone than those without plans.

Burby and Dalton (1994), Norton (2008) ”

County  plan Presence of a comprehensive plan at  the
county level

” ”

External
Neighbors  (Diffusion) Percent of neighboring townships zoned Townships having a greater percentage of

neighboring townships with zoning ordinances
will be more likely to adopt zoning themselves.

Mintrom (1997),  Berry and Berry (2007) IPPSR (2004),  Mich. Center for
Geographic Info (2011)
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Which local communities are more likely to adopt zoning? We
eveloped hypotheses about development, population, sociopo-

itical, and natural resources motivations, capital resources, and
iffusion effects that might influence zoning adoption (Table 1).
ased on these hypothesized relationships, we constructed a logit
odel to distinguish zoning adopters and non-adopter townships

n Michigan, USA. We  found socio-economic indicators like politi-
al leaning and household income to be better predictors of zoning
doption than natural resources like lakes and public protected
reas that are known to be important attractors of development in
ural and exurban areas (Gonzalez-Abraham et al., 2007; Radeloff
t al., 2010). We  also reported thresholds of housing develop-
ent at which rural and exurban jurisdictions were likely to adopt

oning—results that highlight the importance of proactive local
and-use planning to protect sensitive habitats, open space, and
ultural resources that may  be affected by increased population
nd housing.

. Background

.1. Local land-use regulation

Land use in the U.S. is regulated primarily through zoning
rdinances adopted by local governments—villages, cities, town-
hips, and counties. Twenty U.S. states contain civil townships with
rganized governments apart from county or city governments.
ypically, a civil township may  adopt a county-wide zoning ordi-
ance if one exists, adopt its own zoning ordinance apart from
he county-wide ordinance, or remain unzoned. Zoning decisions
re sometimes, but often not, guided by a township- or county-
evel comprehensive or master plan (Rudel, 1989). Neighboring
oned jurisdictions do not necessarily have similar zoning codes
espite their close proximity, making land-use policy implementa-
ion a truly local activity (Carruthers & Ulfarsson, 2002). This local
ocus is a point of pride for township governments; the Wisconsin
owns Association describes townships as “among the last vestiges
f direct democracy in America” (WTA, 2009). The purposes and
equirements of zoning codes vary in scope and complexity by juris-
iction. Generally, zoning ordinances establish minimum lot sizes,
uilding setback requirements, and restricted land uses in defined
ones (e.g. agricultural, commercial, residential). Types of zoning
hat specifically address rural issues include large-lot zoning and
xclusive agricultural or forestry zoning to preserve the “rural char-
cter” of an area, and cluster zoning or rural planned developments
o preserve open space (Bengston, Fletcher, & Nelson, 2004).

.2. Drivers of policy adoption: Motivations, capital resources,
nd diffusion

Mohr (1969, p. 114) hypothesized that policy innovation is
directly related to the motivation to innovate, inversely related
o the strength of the obstacles to innovation, and directly related
o the availability of resources for overcoming such obstacles.”

otivations and obstacles to policy adoption can originate inter-
ally or externally. Internal determinants are economic, social,
nd political characteristics of the jurisdiction that encourage or
eter policy adoption or innovation (Gray, 1994). For example,
ousing growth and political liberalism have been positively asso-
iated with the adoption of growth management policies by U.S.
tates (Howell-Moroney, 2008). In contrast, external determinants
nclude the influences of other jurisdictions that have previously

dopted the policy (diffusion), higher-level governments, or other
utside groups (Berry & Berry, 2007; Gray, 1994). Hybrid models
onsidering both internal and external determinants have been
pplied to adoption of lotteries (Buckley & Westerland, 2004),
rban Planning 134 (2015) 167–176 169

health care programs (Satterthwaite, 2002), and climate change
policy (Pitt, 2010), but such analysis of zoning is lacking.

A local government’s motivation to adopt land-use regulations is
affected by development trends and associated demographic shifts.
Adoption of growth management policies tends to be more com-
mon  in wealthier municipalities where organized coalitions form
to protect their land-based interests (Molotch, 1976; Rudel, 1989).
Rudel (1989) applies growth machine theory (Molotch, 1976) to
explain why  poorer, less developed rural jurisdictions are unlikely
to zone: (1) informal control networks among neighbors render for-
mal  rules unnecessary where land-use conflict is rare, (2) low land
prices allow current landowners to resolve conflicts by buying land
buffers between neighbors, (3) developers are local and known,
and (4) residents are predominantly oldtimers (local rural workers)
who stand to lose from zoning rather than exurbanites (commut-
ing residents) who  stand to gain. Some rural landowners fear that
down-zoning (requiring larger lot sizes) will decrease their prop-
erty values, though the effect of down-zoning on property value is
positive in some cases (Liu & Lynch, 2011). Residents might also
be concerned that zoning caters to outside development interests
(Anderson & Sass, 2004). In rural areas where the most aggressive
developer is a local farmer who subdivides his property so fam-
ily members can build homes, adoption of land-use restrictions
tends to be an unpopular proposal (Rudel, 1989). As urbanization
brings exurbanites and extralocal developers to a rural area, adop-
tion of rule-based growth controls like zoning becomes likely as the
community changes (Rudel, 1989).

Land-use planning and zoning are important in rural areas
because the first developments to arise set the stage for future
growth patterns (Arendt et al., 1994). As development impinges on
open space, planning options for undeveloped land uses become
more limited. However, communities and government officials
typically express interest in land-use controls only after develo-
pers act (Rudel, 1989). Legalistic planning procedures and “forceful
leadership” are more characteristic of towns experiencing rapid
versus slow growth (King & Harris, 1989), and adoption of plan-
ning and zoning to direct growth are more likely to occur in times
of economic prosperity after development is already underway
(Neiman & Fernandez, 2000). Hawkins (2014) found the extent of
low-density development in Massachusetts towns to be correlated
with the adoption of specific subdivision bylaws, but thresholds of
development associated with zoning adoption have not been well
documented.

Natural and scenic resources may  also motivate land-use pol-
icy adoption. In areas valued for beautiful views and rural charm,
changing landscape dynamics associated with suburbanization
may  diminish the appeal of the area to residents (Stedman, 2003;
Tilt, Kearney, & Bradley, 2007). Local land-use plans commonly note
the economic, recreational, and aesthetic benefits of open spaces,
water bodies, forests and farmland as reasons to manage growth
(Arendt et al., 1994). Because natural amenities like lakes and pub-
lic lands are known to attract housing development and seasonal
home growth (Butsic, Lewis, & Radeloff, 2010; Gonzalez-Abraham
et al., 2007; Radeloff et al., 2010), we  expect jurisdictions with abun-
dant natural resources and large amounts of seasonal homes to be
more likely to zone than those without these attributes.

Capacity and fiscal standing are often positively associated with
policy adoption (Berry & Berry, 1990; Gray, 1973; Satterthwaite,
2002; Walker, 1969). Juggling potentially conflicting community
goals with governmental revenue generation through property
taxes is especially challenging in rural townships without the
means to coordinate and adapt planning strategies (Zabik &

Prytherch, 2013). Some types of zoning have been criticized
for enabling social exclusion and maintaining property values
for wealthy groups (Rothwell & Massey, 2009). Feiock, Tavares,
and Lubell (2008) found that racial homogeneity, affluence and
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ducation, and good fiscal health were correlated with the adoption
f exclusionary growth management tools in Florida counties. The
omprehensiveness and quality of local land-use plans also rely on
apacity, which is often bolstered by state governments (Berke &
rench, 1994).

Policy adoption also depends on diffusion, the influence of
earby or similar jurisdictions that have already adopted the pol-

cy (Berry & Berry, 1990; Mintrom, 1997). Many policy diffusion
tudies have focused on U.S. states (Berry & Berry, 2007; Buckley &

esterland, 2004) though few have considered local governments
Pitt, 2010). Though governments may  be influenced by distant but
therwise similar jurisdictions (Berry & Berry, 2007), we assume
ere that the sphere of influence on rural townships is primarily

ocal and consider only neighboring townships in our measure of
iffusion.

. Methods

.1. Study region and township selection

Michigan provides an illuminating venue for studying land-
se policy. Michigan is often described as a home-rule state that
mphasizes decentralized governance. In a 1980 ranking of all 50
.S. states, Michigan ranked 16th highest in the degree of “discre-

ionary authority” granted to local jurisdictions (Richardson, 2011).
he State granted planning and zoning authority to cities, villages,
ownships, and counties in the 1920s and 1930s through enabling
egislation. County-level zoning is rare, and the decision to regulate
nincorporated areas is generally left to townships. The Michigan
ownships Association reports that townships “govern over 96% of
ichigan’s land area, in which over 58% of Michigan’s property val-

es are located” (MTA, 2013). Townships across the state are diverse
n terms of social and environmental dynamics, from populous sub-
rbs outside of metro areas in the southeast to the forested rural
reas of the Upper Peninsula. In a survey of local governments col-
ected by Michigan State University’s Institute for Public Policy &
ocial Research in 2003, 33% of Michigan’s 1241 townships reported
aving no comprehensive plan and 29% reported having no zoning
IPPSR, 2004).

We  used this survey and U.S. Census data to select zoned and
nzoned townships in rural and exurban areas throughout Michi-
an (Fig. 1). To avoid time-lapse issues common in cross-sectional
olicy analyses (Gray, 1994), it was important for the 2003 sur-
ey and other data sources to reflect conditions near the time

f the policy adoption event being analyzed. We  included zoned
ownships if they had adopted zoning within five years of the sur-
ey, 1998–2003 (n = 96). Unzoned townships were included if they
ad not adopted zoning by 2003 (n = 110). Although the survey

able 2
verage values for attributes of study townships compared to all Michigan townships.

Variable All townships Mean (StDev)
N = 1240

Housing density 1990 (units/km2) 22.0 (59.7) 

%  Housing change 1990–2000 16.2 (14.8) 

%  Land developed 2001 11.2 (12.9) 

%  Population change 1990–2000 17.2 (20.9) 

Distance to urban area 68.0 (73.9) 

Median  household income 1999 42.9 (12.0) 

Median  house value 52.2 (21.7) 

%  Conservative voting (Mean) 55.8 (5.50)
%  Public land 13.5 (20.7) 

%  Forest 2001 30.1 (19.7) 

%  Farmland 2001 36.8 (27.2) 

%  Water 3.30 (8.20) 

Lake  shoreline (km) 35.7 (52.6) 

%  Houses seasonal 1990 19.7 (22.1) 
Fig. 1. Year of zoning adoption by cities, townships and counties in Michigan, USA.
Data are accurate as of 2003 according to a survey conducted by Michigan State
University (IPPSR, 2004).

collectors had a remarkably high response rate (93%), not all ques-
tions were answered on returned surveys. Townships without
responses for zoning status or year of zoning adoption were not
considered for the study. Townships under county zoning that had
not adopted their own  zoning ordinances were also excluded from
the analysis, as were densely populated townships classified as sub-
urban (>147 housing units/sq. km)  rather than exurban (6 to 147
housing units/sq. km)  or rural (<6 housing units/sq. km) based on
published housing density definitions (Theobald, 2005).

Summary statistics showed that zoned study townships gener-
ally reflected the characteristics of Michigan townships as a whole,
except that they were on average 17 km closer to urban areas
(Table 2). Meanwhile, the “average” unzoned study township had
14.6 fewer housing units per sq. km,  were 33 km further from urban
areas, and had higher percentages of seasonal housing (27% vs.
20%) than the “average” Michigan township, but had comparable
landcover characteristics and housing and population change rates.
3.2. Rationale for model form

Policy adoption models can be used to understand how differ-
ences among townships predict zoning adoption. Studies of policy

Zoned study townships Mean
(StDev) n = 96

Unzoned study townships Mean
(StDev) n = 110

18.7 (21.5) 7.40 (4.60)
15.4 (13.1) 14.7 (13.4)
10.2 (7.60) 5.80 (2.10)
15.4 (17.5) 15.8 (17.2)
50.9 (65.0) 100.8 (76.7)
43.8 (10.5) 35.7 (6.70)
52.9 (16.3) 37.5 (8.80)
54.8 (5.60) 56.9 (5.20)
11.8 (18.4) 15.8 (21.2)
26.7 (16.9) 31.6 (20.1)
38.6 (25.7) 31.9 (27.9)

2.80 (4.40) 3.40 (15.2)
29.6 (30.6) 30.5 (45.7)
17.3 (20.4) 27.1 (21.9)
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Table  3
Regression estimates for two general linear mixed models explaining zoning adoption by townships in Michigan, USA (n = 206).

Variable Full model Parsimonious model Order of removal
(� Dev)

Estimate (SE)
√

VIF Estimate (SE)
√

VIF

Development Housing −0.074 (0.11) 1.9 6 (0.02)
Housing growth rate −5.054 (3.80) 3.6 11 (1.76)
%  Land developed 0.633 (0.43) 3.3 0.440 (0.17)** 1.0

Population Population growth rate 0.922 (1.76) 3.2 8 (0.27)
Distance to urban area −0.013 (0.01) 1.8 12 (1.11)

Socio-political Income 0.243 (0.14) 2.3 0.285 (0.09)** 1.5
House value 0.051 (0.08) 1.9 9 (0.52)
Conservative voting −0.446 (0.20)* 2.3 −0.463 (0.17)** 2.0
Voting variability 0.610 (0.27)* 2.1 0.576 (0.23)* 1.9

Natural resources and
amenities

% Public land 0.031 (0.04) 1.5 10 (1.13)
%  Forest 0.017 (0.10) 4.8 4 (0.29)
%  Farmland −0.055 (0.09) 5.3 −0.053 (0.03) * 1.5
Lake shoreline 0.003 (0.01) 1.6 3 (−0.10)
%  Houses seasonal 0.001 (0.04) 2.1 7 (0.08)

Capital  resources Fiscal 0.237 (1.36) 1.1 2 (0.35)
Tax  levy −0.002 (0.01) 1.6 5 (−0.01)

Other policies and
planning

County policies 0.324 (0.14)* 1.1 0.333 (0.12)** 1.0
Town policies 0.102 (0.21) 1.1 1 (0.06)
Any  plan 5.685 (1.61)*** 1.6 5.268 (1.29)*** 1.3
County plan −5.747 (1.37)*** 1.4 −5.715 (1.22)*** 1.3

External Neighbors 0.034 (0.02) 1.3 0.036 (0.02)* 1.0

Model  diagnostics

Residual deviance 96.1 101.6
Df ∼183 ∼195
AIC 142.1 123.6

A

a
e
2
a
e

A
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t
a
1
w
i
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p

1

%  Correctly predicted 96.1 

sterisks indicate significant p-values at the * 0.05, ** 0.01, or *** 0.001 levels.

doption are more robust when they include both internal and
xternal determinants as independent variables (Berry & Berry,
007). The general model form proposed by Berry and Berry (2007)
llowed us to test the relationship between zoning and each of our
xplanatory variables:

DOPTi,t = f
(

MOTIVATIONi,t, RESOURCESi,t,

OTHER POLICIESi,t, EXTERNALi,t

)

In this study, ADOPTi,t was the probability that township i
dopted a zoning ordinance during time t. In this case t represents
he time period 1998–2003. ADOPT was a binary response vari-
ble; all townships that adopted zoning ordinances during the years
998–2003 were coded “1,” and all townships unzoned as of 2003
ere coded “0.” To the extent that existing data would allow, the

ndependent variables represented conditions during the approx-
mately 13-year time period immediately before and during the
olicy adoption period (1990–2003):

. MOTIVATION represents pressures, incentives, or disincentives
to adopting a given policy. In their planning documents, juris-
dictions often cite rapid growth and loss of rural character as
justifications for codifying land-use policies. In this study, we
separated variables serving as proxies for MOTIVATION into three
groups: development and population, socio-political, and natu-
ral resources. Election data were unavailable at the township
level before 1998, so in order to get a meaningful average char-
acterizing each township we included recent data up to 2010
in this metric. Landcover variables included in the MOTIVATION
category included the percentages of private land in developed
(urban) uses, farmland and forestland, measured at 30-m resolu-

tion available via the 2001 National Land Cover Dataset (Homer
et al., 2007). Thirty-meter resolution is not fine enough to allow
for reliable detection of dispersed exurban housing develop-
ments (Irwin & Bockstael, 2007), but these data did allow for a
95.6

coarse measure of the extensiveness of urban development (and
farmland and forestland) at the township level.

2. We referred to RESOURCES as CAPITAL RESOURCES in order to dif-
ferentiate from natural resources. The primary revenue source
for townships is property taxes, so one proxy we used for cap-
ital resources was township property tax levies per capita. The
second financial variable was a ratio of township revenues to
expenditures to give a measure of overall fiscal health.

3. OTHER POLICIES are policies other than township zoning that
might affect the probability of a township adopting zoning. These
might be subdivision ordinances or planned unit developments
that allow townships to address their land-use issues with-
out zoning. Conversely, policies like mandatory planning laws
(which were not present in Michigan) would serve as an impe-
tus for townships to adopt zoning. The IPPSR survey contained a
list of 28 policies and regulations having to do with land use (see
Appendix A for full list). We scored townships by the percentage
of these regulations present at both the township and county
levels. Half the survey respondents (103 of 206) left this sec-
tion unanswered, so we called townships and counties to fill in
these blanks. Out of 68 follow-up responses, only five indicated
that the policy in question was adopted before 2003. We  there-
fore felt confident in assuming that blank survey responses for
OTHER POLICIES indicated an absence of the policy in question.

4. EXTERNAL refers to outside influences on a jurisdiction, i.e. pol-
icy diffusion through neighbor effects. We  measured diffusion
by calculating the percentage of a township’s neighbors that had
adopted zoning before the study period. Townships were consid-
ered neighbors if any part of their boundaries touched on a side
or a diagonal.
3.3. Statistical model

We fit generalized linear mixed models (GLMMs) using the
“glmer” function in R, specifying the binomial family and the logit
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Table 4
Counts of zoned and unzoned study townships where comprehensive plans are
present or not present.

Planning status Township zoning No township zoning Total

Any plana 89 70 159
No  any plan 7 40 47
Total 96 110 206

County plan 52 65 117
No  county plan 44 45 89
Total 96 110 206

Township plan 83 10 93
No  township plan 13 100 113
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ink function. Using a mixed model allowed us to include a ran-
om variable to account for county effects (the 206 townships

n the study were located in 61 counties). We  used a backwards
limination model selection process based on Akaike’s Informa-
ion Criterion (AIC) (Burnham & Anderson, 2002). The AIC penalizes
or model deviance and number of parameters. When comparing
ested models, the better model has the lower AIC. At each step of
odel simplification, we removed the variable whose elimination

esulted in the largest drop in AIC. Table 3 shows a comparison of
he full model and the parsimonious model that resulted from the

odel selection process, as well as the order of variable removal
nd associated change in residual deviance resulting from each
ariable elimination step.

Because multi-collinearity can greatly impact standard errors in
on-orthogonal data, we calculated a variance inflation factor (VIF)

or each variable included in the model (Belsley, Kuh, & Welsch,
980, p. 93). We  report the square root of the VIF, which indicates
ow much larger the standard error of the coefficient is compared
o what it would be if that variable were independent of all other
xplanatory variables (Belsley et al., 1980). If the square root of VIF
s 2, the standard error is double what it would be if that variable

ere truly independent. Values greater than 2 or 3 have been pro-
osed as rules of thumb to raise alarm, though such “rules” should
e used with caution (O’Brien, 2007). Though the variables of the
arsimonious model had greatly reduced VIF values, results of a

ikelihood ratio test showed the parsimonious model to fit the data
s well as the full model (�2 = 6.35, p = 0.898).

.4. Model predictions

We  used the parsimonious model to predict likelihood of zon-
ng adoption by manipulating variables of interest while keeping
ll other variables constant at their median values: conservative
oting = 56%, voting variability = 9.79, income = $37.55 thousand,
ounty policies = 0, neighbors = 50%, % land developed = 6.83%, %
armland = 31.34%. We  used Bolker’s method for predicting from
LMMs  using model matrices in R, and reported confidence inter-
als based on uncertainty of the fixed effects (Bolker et al., 2009).

. Results

.1. Statistical model

The results of a logit model described conditions under which
ocal governments have adopted zoning ordinances:

. MOTIVATION
(a) Development and population—Percentage of land developed

was positively related to zoning adoption, and accounted
for more variation in the dependent variable than did the
housing and population variables.

(b) Socio-political—Consistent with prior studies, poorer, conser-
vative townships were less likely to zone than more affluent
townships with less conservative voters.

(c) Natural resources—In exploring relationships in the natural
resource variables without considering socio-political vari-
ables, we  found that farmland was positively correlated with
zoning adoption and forestland was negatively correlated
with zoning adoption in high-growth townships (Fig. 2).
However, natural resources did not explain much variation
in zoning adoption in the GLMM models, likely because

household income was positively correlated with lakes and
farmland and negatively correlated with forestland. Note
that the logit model coefficient for % farmland is negative,
whereas when zoning adoption is regressed against this
Total 96 110 206

a Any Plan denotes the presence of a county plan, township plan, or both.

variable alone it is slightly positive (coefficient = 0.009,
p = 0.076). This indicates % farmland is acting as an error term
rather than a predictor of the dependent variable and its
model coefficient should not be interpreted directly (Cohen
& Cohen, 1983).

2. CAPITAL RESOURCES—Contrary to the hypotheses, township
property tax levies and income to expenditure ratio had no sig-
nificant correlation with zoning adoption.

3. OTHER POLICIES—Townships in counties that had adopted
county-level comprehensive plans were less likely to zone than
those where no plan had been adopted. Despite county-level
planning being negatively correlated with township zoning,
presence of county-level land-use policies was  positively related
to township zoning adoption. Rather than replacing the need for
township zoning, as hypothesized, county policies were com-
mon  in the same policy hotspots where township zoning was
common.

4. EXTERNAL—Townships were more likely to adopt zoning if
neighboring townships were zoned; this relationship was sig-
nificant but its magnitude was small.

4.2. Model predictions

Manipulating individual variables allowed us to make predic-
tions based on the parsimonious model (Fig. 3). Keeping all other
variables constant at their median levels, we  predicted thresholds
for zoning adoption based on three variables of interest: extent
of developed land, household income, and presence of zoning in
neighboring townships. We were interested in identifying pre-
dicted threshold levels where zoning adoption became more likely
than unlikely, i.e. the probability of zoning was greater than 50%.

It was apparent that previous comprehensive plan adoption
had a major effect on zoning predictions, so we calculated val-
ues for each of these conditions separately: townships with
township-level comprehensive plans, townships in counties with
county-level comprehensive plans, and townships with no plans
(Table 4). Predictions of zoning likelihood were consistently high-
est for townships that had adopted their own plans and lowest for
townships in counties with county-level plans. Townships that had
adopted comprehensive plans were likely also to zone (i.e. were
above the 50% probability threshold) regardless of land develop-
ment, but only townships with at least 19% of land developed were
likely to zone where county-level comprehensive plans were in
place. The threshold for townships with no township- or county-
level planning was  slightly lower at 12% land developed. Townships
that had adopted comprehensive plans were likely also to zone

when median household income was greater than $26 thousand,
compared to townships with no planning which were likely to
zone when median household income was above $47 thousand.
The planning variables overwhelmed policy diffusion effects of
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Fig. 2. Zoning adoption in Michigan townships experiencing high, moderate, or low housing growth, plotted against percentage of township as (a) farmland, and (b) forestland.
“High Growth” indicates housing growth of greater or equal to 25% from 1990 to 2000, “Moderate” indicates an increase between 5 and 25%, and “Low/No” indicates a change
of  less than 5% growth, including 15 townships with negative growth. Fitted values and 50% confidence intervals are plotted using a generalized linear model fit.
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ig. 3. Predicted associations between township zoning adoption and (1) percent
eighboring townships that are zoned. Lines correspond to the presence of a town
he  model were held constant at their median values. Shaded areas indicate 50% co

eighboring townships. According to model predictions, townships
ith township-level comprehensive plans were likely to zone even
hen they had no zoned neighbors, while townships without plans
ere unlikely to adopt zoning even when 100% of the neighboring

ownships were zoned.

. Discussion

.1. Characterizing zoning adopters and non-adopters

In this study of township zoning adoption, we developed
 statistical model to predict zoning adoption based on inter-
al determinants and external diffusion effects. Township zoning
doption generally occurred in areas with more land in urban uses,

 finding consistent with prior studies showing the adoption of
rowth management policy to be reactionary (Howell-Moroney,
008; Neiman & Fernandez, 2000). Zoning was particularly reac-
ionary in townships that had adopted county comprehensive
lans, which tended to zone at higher levels of development than
hose with township-level plans or no plans. These results suggest
hat if planning and zoning processes occur at different levels of
ocal government, time-sensitive land-use issues may  be unlikely

o be addressed before development is widespread. Our results are
lso consistent with diffusion studies finding that policy activity in
eighboring jurisdictions is an important predictor of policy adop-
ion (Berry & Berry, 2007; Mintrom, 1997), but the diffusion effect
nship’s land that is developed, (2) median household income, and (3) percent of
omprehensive plan, county comprehensive plan, or no plan. All other variables in
ce intervals.

in our study was  much weaker than the effects of socio-political
and land-use variables.

Codifying community goals is important in proactive implemen-
tation of land-use policy, and the importance of early planning
to address rural community goals has been well documented in
case-study research (Healy & Short, 1979; King & Harris, 1989). We
highlight the importance of another factor influencing local gov-
ernment policy adoption: intergovernmental relations. Our logit
model predicted that townships in counties with county-level com-
prehensive plans were likely to zone only if greater than 19%
of the township was  developed, higher than the 12% threshold
for townships with no comprehensive plan at all. At these levels
of development, housing patterns are well established and may
already be affecting the natural resources and rural character of the
township. On the other hand, townships that had adopted their own
comprehensive plans were likely to zone at low levels of develop-
ment. Before development is widespread, planning for large open
spaces is still possible.

Although townships may  have an incentive to adopt their own
zoning regulations rather than follow county-level rules, we  found
township-level zoning to be less likely when a county-level plan-
ning was underway. One reason for this might be the perceived role
of counties versus townships in land-use regulation. If the county

has a comprehensive plan, townships may  operate as if planning is
not within their realm of duties. In follow-up phone calls, township
and county staff indicated that land-use policy happened at either
the township or the county level, and they could give very little
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nformation on the other. Greater communication among county
nd sub-county governments may  be necessary to clarify roles in
lanning and zoning and communicate those roles to citizens.

Development and other signs of change to the physical envi-
onment are integral in defining perceptions of “rural character”
Stedman, 2003; Tilt et al., 2007) and may  initiate community
nterest in planning and zoning. Although the presence of natural
esources may  shape the content of growth management poli-
ies in communities where such policies exist (O’Neill, Rudel, &
cDermott, 2011), natural resource variables were not good pre-

ictors of zoning adoption in our study. There was  no relationship
etween lakes or public lands and zoning adoption, despite evi-
ence that these resources attract development (Butsic et al., 2010;
onzalez-Abraham et al., 2007; Radeloff, Hammer, & Stewart, 2005;
heobald, Miller, & Hobbs, 1997). Farmland protection in particu-
ar is a common theme in many rural communities’ land-use plans,
nd is often implemented in zoning ordinances as a minimum
arcel size in farm zones (Coughlin, 1991). Though housing rate
as not significant in the model, trends indicated that townships
ith more agricultural land were more likely to adopt zoning if

hey experienced high housing growth. Conversely, zoning adop-
ion was less likely in high-growth townships with more forestland.
ne explanation for these trends is that visually apparent develop-
ents in agricultural landscapes likely stir public attention more

o than hidden ones nestled into wooded areas (Stedman, 2003;
ilt et al., 2007). Furthermore, political participation tends to be
ositively associated with income, education and status (Verba &
ie, 1987), and in this study household income was positively cor-

elated with amount of farmland and negatively correlated with
orestland.

The generalizability of our results relies on assumptions about
he consistency of local government motivations across time and
pace. Applicability outside of Michigan is supported by studies
howing negative correlations between land-use policy adoption
nd rurality and positive correlations between adoption and afflu-
nce in Florida counties (Feiock et al., 2008), Massachusetts towns
Hawkins, 2014), and 658 counties across the U.S.(Steel & Lovrich,
000). We expect parallels in the underlying motivations and
rocesses of land regulation wherever capitalistic land-based mar-
ets exist and municipalities have a large degree of discretionary
uthority (Logan & Molotch, 2007). A second issue is temporal gen-
ralizability. The first township in Michigan to adopt zoning did so
n 1944, and the majority of currently zoned townships adopted
rdinances in the 1970s, 1980s and 1990s. All zoned townships
n our study adopted zoning between 1998 and 2003 and can
herefore be considered late adopters, though were representa-
ive of Michigan townships as a whole based on the characteristics
e measured. Unzoned study townships were not representative

f Michigan townships as a whole, and the stark differences we
ound between adopters and non-adopters may  have been less
ronounced in past decades. More local-level research would be
eeded to test multi-decadal trends like those studied at the state

evel with event history analysis (Berry & Berry, 2007). Unfor-
unately consistent, long-term data collection from rural, local
overnments is not common practice. The U.S. Census of Govern-
ents collects information on staff size, finances and taxes, but data

re limited to certain years and to municipalities with populations
ver 25,000. Land use and landcover data have become more readily
vailable since the 2000s (e.g., Homer et al., 2007), but matching the
ime and spatial scales of these data with local demographic and
olitical data remains difficult.
.2. Challenges and opportunities for local governments

Though new growth may  provide beneficial tax revenue and
ervices, spurious development can compromise cultural and
rban Planning 134 (2015) 167–176

natural resources and in turn compromise future development and
quality of life. Housing development is permanent in a way  that
other land-use change is not, and a trajectory of development pat-
terns is created when the percentage of land developed is still low.
Voters and municipalities are challenged to define and foster the
“right kind of growth” while discouraging undesirable develop-
ment patterns (York & Munroe, 2013). Growth restrictions may
be desirable when new development impedes residents’ privacy,
sense of place, property values, recreational opportunities, or envi-
ronmental health (Fischel, 2001; Gieryn, 2000). Thus, developers
and affluent newcomers to exurban areas tend to disapprove of
new industrial developments that diminish aesthetics and prop-
erty values, while established landowners may  disapprove of new
subdivisions that impinge on trails or hunting land (Salamon, 2007).
In other cases, especially in impoverished areas, residents may wel-
come new development that brings the promise of job creation or
better services (Gerber & Phillips, 2003; Humphrey & Wilkinson,
1993). Municipal governments must also weigh the priorities of
tax revenue generation through growth against the cost of provid-
ing services to newly developed areas (Munroe, Croissant, & York,
2005).

Both local and regional solutions have been proposed to balance
favorable land-use outcomes with the financial costs of addressing
land-use issues (Berke & French, 1994; Loh & Sami, 2013; Rudel,
1989). At the local level, complaint-based zoning can be used in
rural areas where placing checks on all development projects is
impractical (Rudel, 1989). Using this approach, a jurisdiction would
only apply zoning rules to development proposals that receive
a complaint from a resident; in this way local knowledge about
“good” and “bad” developers is taken into account while lower-
ing costs of enforcement compared to performance zoning (Rudel,
1989). This method requires that development proposals are clearly
communicated to the public. It also has a potential downside
of allowing discrimination against outside or minority groups.
Regional approaches include state-level planning mandates that
promote high-quality local plans and land-use ordinance adoption
(Berke & French, 1994; Burby & Dalton, 1994). Loh and Sami (2013)
argue that state support is imperative for cohesive regional plan-
ning in cases where local control is strong. However, state mandates
have been criticized for incentivizing standardized plans without
community-driven visions and participatory processes (Bunnell &
Jepson, 2011). Even when community goals are successfully encap-
sulated in comprehensive plans, plans often state purposes and
goals in broad terms and are difficult to defend legally (Loh, 2012).
Because legally binding ordinances will only be enforceable with
local government support and resources, land-use policies adopted
at any governmental level must take into account the diversity of
local growth dynamics and residents’ perspectives.

Rural land-use conflicts can often be resolved through informal
networks when land-use changes are gradual, predictable or rare
(Rudel, 1989). However, conflicts can arise suddenly and stochas-
tically even in slow-growth areas that have not experienced the
notable housing growth or demographic shifts that accompany
urbanization. Rural economies suffer when abandoned, unfinished
subdivisions follow boom-and-bust land speculation and hous-
ing demand does not keep up with increasing supply (Holway,
Elliott, & Trentadue, 2014). In recent years unzoned rural townships
have scrambled to manage emerging industries like wind farm-
ing and non-metallic mining through ad-hoc license agreements or
development contracts in the absence of established land-use regu-
lations (Pearson, 2013). The persistence of contiguous, sustainably
managed forestland is feared to be in jeopardy following large scale

divestment of industrial forestland across the U.S. in the 1990s and
2000s (Bliss et al., 2010). In all of these cases rural jurisdictions
may be faced with a difficult decision to either allow unknown,
extralocal developers to continue with their projects unimpeded
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r to adopt regulations that often must apply more widely than the
ommunity considers necessary or desirable.

Predicting the likelihood of land-use policy adoption can show
s which communities are vulnerable to these unplanned social and
nvironmental perturbations. Where important social, cultural or
cological resources are found in areas unlikely to adopt land-use
egulations (e.g. in poorer forested areas), nonprofits or higher level
overnments may  take interest in alternative ways to manage or
onserve these resources. Examples are state and federal techni-
al assistance, cost-sharing and tax incentive programs (Hibbard,
ilgore, & Ellefson, 2003; Kilgore et al., 2007) that promote sus-

ainable forestry practices and ease financial burdens on private
orest owners, though their effectiveness in preventing forestland
onversion to agricultural or developed uses is unknown. Evaluat-
ng the effectiveness of land-use policies is an overarching goal to

hich policy adoption models provide a necessary first step. Our
tudy identifies the variety of factors involved in the zoning adop-
ion decision. Only after we understand these factors can we assess
ow zoning regulations affect siting decisions by developers and
ining companies, and other drivers of land-use change.

. Conclusions

Zoning is the most widely used regulatory tool for land use,
ut in rural areas is often disconnected from planning or is not
ndertaken at all. Local governments often wait to plan for growth
nd adopt zoning regulations until development is well underway.
e  found planning status and the percentage of land in developed

ses to be key predictors of zoning adoption from 1998 to 2003.
hen planning and zoning occurred at different levels of govern-
ent, an average of 19% of land was developed before townships

dopted zoning, compared to an average of 9% for all study town-
hips. Reactive zoning is problematic because unexpected threats
rom extralocal development interests can arise in areas that are
ell below these development thresholds. Higher levels of gov-

rnment may  need to incentivize proactive land-use planning or
egulation to achieve consistent zoning adoption, but local variabil-
ty should be taken into consideration in regional or state efforts to
hape broad-scale development patterns.
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ppendix A: Supplementary data

List of 28 OTHER POLICIES (township and county levels) from
PPSR survey (2004)

Access Regulations
Brownfield Authorities
Building Code
Cluster Development (at least 50% open space)
Condominium Regulations
Environmental Area Regulations

Farm Land Protection Regulations
Floodplain Protection Regulations
Groundwater Protection Regulations
Growth Management Ordinances
rban Planning 134 (2015) 167–176 175

High Risk Erosion Regulations
Historic Preservation Regulations
Lot Splits Regulations
Natural Rivers Regulations
Planned Unit Development
Private Road Regulations
Purchase of Development Rights
Sand Dune Regulations
Shoreline Protection
Sign Regulations
Site Plan Review
Special Land Uses
Subdivision Regulations
Traditional Neighborhood Development/ Form-Based Zoning
Transfer of Development Rights
Wetlands Regulations
Woodlands Regulations
Other innovative or unusual regulations
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