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Abstract

This study examines the effectiveness of growthagament policies on influencing
future patterns of exurban and suburban developriéatnitially estimate a spatially
explicit model of residential development with perdata in Sonoma County, California.
This estimated model is then used to simulate ffeeteof urban growth boundaries
(UGBs) versus allowing municipal sewer service eéxgian. The UGB policy decreases
the amount of suburban development but is lessteféein managing exurban
development. The downzoning policy in agricultaatl resource areas reduces the
amount of exurban development, but only partiallg tb the prevalence of
grandfathered lots in rural areas.
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Introduction

Although most people reside in urban and suburbaasaNechyba and Walsh 2004),
these land uses occupied only 1.9 percent of titbdaea within the United States in
1992 (Burchfield et al. 2006). Sutton et al. (2006¢d nighttime satellite imagery and
found that exurban development occupies 14 perdfehe land area. The maximum
point of land fragmentation has trended outwardfrgban areas over time and is most
associated with exurban development (Irwin and Btaed 2007). Exurban large-lot
development (at one acre or more per house) hasrbeegnized as a much greater
threat to farmland loss in the United States thdwamni and suburban development
combined (Heimlich and Anderson 2001). Hence, imigortant to understand the
effectiveness of various growth management policresfluencing future patterns of
exurban versus suburban development.

In this paper, we build on our previous work in Nbemn and Berck (2006) to
examine whether development at exurban and subuldrasities responds differently to
land-use regulations on urban growth boundariesB§)@nd minimum lot-size zoning
requirements. The adoption of an UGB essentially as a stricter regulation on
annexation because it limits the extension of mpalcsewer and water service areas
(SWSAs) for a given time beyond the boundary. Whallty estimate a spatially explicit
model of residential land-use change with parcetlldata in Sonoma County, California.
We use a discrete choice model to estimate thelaner decision to convert an
undeveloped parcel to residential development, vincludes multiple density classes.
Specifically, the two higher density classes repmésuburban development, which are

both greater than one unit per acre. The two |ladeasity classes represent exurban



development. The discrete break at one housingoeniicre is made between suburban
and exurban development because this is the ddimsityor residential use with septic
systems prescribed in the Sonoma County General Rla expect that development at
suburban densities therefore will be less likelisale designated SWSAs. Development
at exurban densities is expected to be less camstkavithin designated SWSAs because
septic systems easily allow individual homes tambecontiguous and leapfrog into rural
areas.

We then use the estimation results for the resialdand-use change model to
examine alternative policy scenarios on two typlegrowth management strategies. First,
we analyze the effect of an UGB policy around eacbrporated city. UGBs were
recently adopted in eight of nine cities within $ora County. We contrast the UGB
policy with the policy allowing municipal sewer s&e expansion around each city.
Second, we analyze the effect of a major downzoimrige General Plan for designated
agricultural and resource areas. The objective examine the effectiveness of these
growth management policies in influencing the fatdistribution of both new
households and acreage developed at exurban \sersudan densities.

The remainder of the paper is laid out as follokvghe next section, we briefly
summarize the related literature on how local ghoedntrols influence residential
development patterns. Then we provide an overviewhe growth management policies
and housing development patterns in Sonoma Colletyt, we describe the empirical
model and provide a detailed discussion of the cléget and explanatory variables for
the residential land-use change model. After disiogsthe estimation results, we

perform simulations to predict residential develemtand developed acreage under



various growth management scenarios, includingcasdion UGBs, SWSA expansion,

and downzoning in rural areas. Lastly, we providemary remarks and conclusions.

Prior Research

Our analysis builds on the extensive literature iz examined how local
growth controls influence housing development pateWe discuss some of the
prominent studies based on two spatial scales &asnring residential development
outcomes, specifically those studies mainly usiggregated census-level data on
homebuilding or urban density and those studiesguspatially disaggregated parcel-
level data on individual landowner decisions.

Regional studies based on aggregated data ofteniexdow various local land-
use controls may contribute to interjurisdictiogpillover effects. Mayer and Somerville
(2000), for example, analyzed growth controls inanenetropolitan areas between 1985
and 1996 and found a 45 percent decline in houstengs in jurisdictions with more
stringent growth controls, citing higher transactamsts and uncertainty in the approval
process as reasons for this effect. Using a swtd90 city and county governments in
California, Levine (1999) found that growth-contpallicies that downzoned or limited
land availability had significantly displaced neanhebuilding, particularly rental
housing, from coastal metropolitan areas into tegslated interior regions. Pendall
(1999) provided evidence that growth-control p@scplacing cost of development onto
new growth (e.g., development impact fees) encaddggher urban densities, while
policies mandating lower density zoning resultetbwer urban densities and UGBs had

no significant effect. Jun (2004) analyzed theaftd Portland’s UGB on housing



development within and outside the boundary. Thpieaal results indicate that the
UGB did not significantly affect the location ofwédnousing development, but this was
partially attributed to increased development wattine neighboring jurisdiction of Clark
County, Washington. While these regional studiesiple some evidence for
interjurisdictional spillover effects, zoning anther land use regulations, including
UGBS, are often spatially delineated policies thiztrate at a finer spatial scale relative
to the aggregate census-level data used. Hencesgaggd data is limited in its ability to
examine explicitly how land-use regulations mayéhdifferent effects on different
residential densities, particularly for low denstyurban development.

Spatially explicit parcel-level models of residahtievelopment have been
helpful to reveal the effects of growth managenpeicies on individual landowner
behavior (see Irwin et al. 2009 for a review). Cagham (2007), for instance, analyzed
the effect of the UGB around Seattle, Washingtonthe timing of residential
development. He found that the UGB lowers the iila@d of residential development
outside the boundary; however, the effect is desg@decause the boundary reduces
price uncertainty for development outside the UGBo et al. (2006) used a binary
probit model on residential development to invesighe effect of the UGB adopted in
Knoxville, Tennessee, finding that the residerdeelopment was more likely within
the City of Knoxville but not within the newly degiated UGB area outside the city
limits. In Maryland, the regulatory approach of U&sBas deemed politically infeasible
(DeGrove 2005, p. 265), and therefore the smanthranitiatives opted for an
incentive-based approach in which state fundingrfivastructure (e.g., sewers, water,

roads) is targeted within priority funding area&fB). Although Lewis, Knaap, and



Sohn (2009) argued that PFAs have yet to be efeatimanaging residential growth,
evidence from parcel-level residential land-usengigamodels in Maryland counties
indicates that residential development is mordyike occur within designated PFAs
(Irwin, Bell, and Geoghegan 2003; Shen and Zhary 20Qrwin, Bell, and Geoghegan
(2003) used their model estimation results to sateupolicy scenarios before and after
PFA expansion, demonstrating that PFA expansiangi®wth management policy that is
highly effective at concentrating future resideinti@velopment into these priority areas.
An important issue with these parcel-level modetsyever, is that they treat
residential development as a binary outcome @i&zelop or remain undeveloped).
Specifically, Irwin, Bell, and Geoghegan (2003) &whningham (2007) both used a
binary hazard model, while Cho et al. (2006) andrSénd Zhang (2007), respectively,
used binary probit and logit models for residendi@elopment. Consequently, this
binary model specification assumes that growth mameent policies, such as UGBs and
PFAs, have a uniform effect on all residential d&es In our analysis, we develop a
spatially explicit parcel-level model using a deser choice model that includes multiple
residential density alternatives. Hence, we are ttbempirically test whether land-use
regulations have different effects on differenidestial densities. Similar to Irwin, Bell,
and Geoghegan (2003), we then use our estimated|mesiilts to examine various
growth management scenarios. The policy scenaao®dstrate that, in contrast to prior
studies, growth management scenarios vary in #ffgctiveness for managing future
development at suburban versus exurban densittesnts of both acreage developed

and number of households.



Growth Management Policiesin Sonoma County

Sonoma County spans a region between 30 to 108 muleh of San Francisco along the
Pacific Ocean and borders Marin, Napa, and Mendoounties. In 2000, the county
population was estimated to be 458,000 residentkilee land area is approximately
1,576 square miles. Sonoma County had been priyrarial until the construction of the
Golden Gate Bridge in 1937 which connected thigoregp San Francisco. Since the
1940s, there has been a surge in population as ®wals serving the agricultural
economy became “edge cities” within the greater Bamcisco Bay Area, including
Santa Rosa (pop. 154,000) and Petaluma (pop. S4i®@000.

Despite the rapid population growth, the vast m@jof the county land area
remains outside the municipal SWSAs (Figure 1). $#WéSAs associated with
incorporated cities and unincorporated towns oolyec 5.8 percent and 1.2 percent of
the land area, respectively. Hence, SWSA bound#oresmall cities and towns have
expanded relatively slowly. The radius of the |atgaty, Santa Rosa, has a SWSA
boundary expanding to about five miles during theatles since the Golden Gate Bridge
was built. Other cities and towns are even smaflgricultural land was often converted
to large-lot exurban development with septic systamd wells rather than waiting until
the municipal SWSAs arrived to develop at highersity. Exurban development (0.025
to 1 unit per acre) occupies 12.9 percent of thd Erea. Yet most of the land remains in
agricultural and resource uses, such as grazingsthy, and vineyard use.

The Sonoma County General Plan, adopted origimall@78 and later updated in
1989, provides jurisdiction over the unincorporategion of the county. Prior to plan

adoption, however, a significant amount of exurbawvelopment had already occurred in



some areas while a lower regulatory regime predlailbe General Plan has a broad
range of minimum lot size restrictions becausedisgnated zoning areas had to be
reconciled with the historic housing-density patgeiWWe use the minimum lot size
zoning in the 1989 General Plan because our resdiéand-use change model spans the
development period in 1994-2001. Parcels locatékinvhonresidential zoning types
(e.g., commercial, industrial, public land) werelexed from the analysis. Furthermore,
we restrict our analysis to parcels in the uninooaped region outside the 1990 city
boundaries because the 1989 General Plan onlystveunincorporated region for
Sonoma County.

There are two types of designated SWSAs in th® T&éheral Plan. First, there
are nine incorporated cities, each of which operageown municipal services. Second,
ten unincorporated towns exist which historicalvé developed independent SWSAs.
SWSA expansion is essential to the annexation psofog incorporated cities to
accommodate the growing urban population. Undeif@aia law, the State established
criteria that require municipalities to provide ssvand water service prior to annexation.
Local citizens and conservation groups have raliedind anti-sprawl initiatives, such as
UGBS, to restrict the annexation process for udgransion.

The process of UGB adoption in California has baistinctly local, which
contrasts with the statewide UGB mandates in Org@tashington, and Tennessee. Most
UGBs in California were passed in three countiespely Sonoma, Alameda, and
Ventura (Pendall, Martin, and Fulton 2002). In SmadCounty, eight of the nine cities
have passed UGBS, including: Cotati in 1991; SRusa, Healdsburg, Rohnert Park, and

Sebastopol in 1996; Petaluma and Windsor in 1998;Gity of Sonoma in 2000. The



UGBs that were adopted restrict the boundary 20-gear period and require another
voter ballot initiative to be overturned. These U3kere set to correspond closely with

the designated SWSA boundaries in the 1989 GeRé&aal

Empirical Model and Data on Residential Development

We formulate the problem as a utility-maximizingd@wner who owns an undeveloped
parcel in the current period. The individual land@wfaces a set dfalternatives and
makes a discrete choice in the following periodwvrether to convert the parcel into one
of J -1 residential density alternatives or choose thermdttive to remain undeveloped.
We assume a random utility model in which the lamager’s utility from being in

alternative usgon parcel is U; for j=1,...,J. The utility has a systematic portiod,,

which is a function of observable variables infloeg the net present value of

alternativej, and a random unobservable portiep, which is an extreme value

distributed error term (Train 2009). The probabithat the landowner chooses a specific
alternativek on parcel is
(1) R =Pr(Vi +&, >V, +& Oj#k).

There are two types of variables in the logit regren model, namely those that
vary over alternatives and those that do not vagyr alternatives. For instance, zoning is
an alternative-specific variable that may constemime alternatives at higher density
while allowing other alternatives at lower denstya given parcel Meanwhile, some
parcel attributes, such as the distance to magiviry, for a given parcels the same
regardless of the residential density alternafle2 former type of variables, which vary

across parcels and alternatives, is denoted agetiter x; with corresponding parameter



vector y. The latter type of variables, which vary acrpascels but not across
alternatives, is denoted as the vectowith parameter vectog, for each alternative

One alternative must be omitted for model idemdifien, and so the baseline alternative

is remain undeveloped in this formulation. The fggirtworths,U.., are specified to be

ij 7
linear in the parameters

(2) Uy =y + 572 +¢ .

These partworths determine the logit system, aadatjt probabilities are

ik tB
© R =

ik J )
zel’xiﬁﬁj%
j=1

The data used for the residential land-use charagiehtomes from the Sonoma
County Tax Assessment Office. The assessor datatamed in 2002 includes
information on the lot size, date of last subdmmsstarting in 1993, number of single-
family housing units, year built, and other chagastics for each parcel. Hence, the
residential land-use change model focuses on thel@ment process for single-family
housing construction. The assessor database vkasllto the parcel boundary map in a
geographic information system (GIS). First, thergpd” parcel boundaries in 1993 were
reconstructed based on adjacent parcels with the sabdivision date. Then, the 1993
parcel boundaries were used to determine whetlegpditel was recently developed in
1994-2001, conditional on being undeveloped in 120Barcel was considered
undeveloped if it was vacant in 1993 or the exgstiousing density in 1993 was less
than one housing unit per 40 acres. This yieldedad data set of 19,090 undeveloped

parcels in 1993.
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The observed housing density was then calculatseeldoan the number of single
family housing units in 2001 divided by the 1993qvd parcel lot size. Residential
density was categorized into five classes: verylugnsity & 4 units per acre), high
density (1 to 4 units per acre), low density (@.2 tunit per acre), very-low density
(0.025 to 0.2 units per acre), and remain undeweldp0.025 units per acre). Remember
that a categorical break is made between subuntdexurban development at one unit
per acre because, owing to public health concaeuate spacing is required for
development with septic systems and groundwateswéénce, very-high and high
density correspond to suburban development, wherrgslow and low density
correspond to exurban development. The data séhioed the following residential
conversion events during the period 1994-2001:g&tcels at very-high density, 459
parcels at high density, 365 parcels at low den2&$ parcels at very-low density, and
17,570 parcels remaining undeveloped. Remain urholese serves as the base
alternative in the logit model. Explanatory varedbinclude access to sewer and water
service, locational characteristics, physical lahdracteristics, neighboring land uses,
and zoned minimum lot size restrictions.

We first describe explanatory variables for pasteibutes,z, that vary across

parcels but not across residential density alterest Four mutually exclusive regions are
defined to specify the level of access to municgealer and water service. These regions
are as follows: (1) “annexation region” includesas located outside the 1990
incorporated city boundaries but located within diesignated 1989 SWSA boundaries;
(2) “unincorporated towns” which also already haxesting SWSAs; (3) “ring region”

includes the unincorporated areas within one kil@mef, but outside, the 1989 SWSA
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boundaries associated with incorporated cities;(dhtoutside-ring region” includes the
remaining unincorporated areas further than or@eter from the 1989 SWSA
boundaries associated with incorporated citiesyMggh and high density development
are expected to be less likely in the ring andidatang regions since they are located
outside the 1989 SWSA boundaries. However, verydad low density development are
expected to be unaffected in these regions bedhissg/pe of development typically
depends on septic systems, not sewers. The ringnregused to account for any
differences in the likelihood of development justside the SWSA boundary relative to
those unincorporated areas farther away in thadmiteng region.

Accessibility to employment in major towns andestis expected to influence the
parcel land value in residential use. For eachgdatice travel time to San Francisco was
calculated using a minimum path algorithm weighigdpeed limits along the road
network. The distance to the nearest major highwaylometers was also calculated for
each parcel. All cities and towns in Sonoma Cowanéylocated along major highways;
therefore this locational attribute on distanceearest highway represents accessibility
to local employment and shopping. Parcels locaethdér from either major highways or
San Francisco are expected to have a lower liketlhad residential development for all
density classes.

Physical land quality attributes are used to regméthe cost of converting the
undeveloped parcel to residential use. The avestage in percent and elevation in
meters was determined for each parcel using theateevation model (DEM) at 10
meter grid cell resolution. The terrain varies tesriously throughout the region from

flat valleys to rugged coastal mountains with stoprceeding 30 percent, particularly in
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northwestern Sonoma County and along the eastedebwith Napa County. Steeper
slopes raise landowner construction costs andareiexpected to lower the likelihood of
residential development for all density classeghidr elevation has an ambiguous effect
because it represents better views that providesdiye amenity for development but
may also serve as another indicator for steeppesk dummy variable on the 100 year
floodplain was included for each parcel becauseleatial development is expected to be
more constrained in this region.

Neighboring land uses can create spillover effg@sinfluence the parcel’s
likelihood of residential development. An explargtvariable was created for the
percentage of urban development (e.g., commermodustrial, residential greater than
one unit per acre) that was located within 500 nsetéeach undeveloped parcel. This
variable was determined based on the 1993 landhsf@ution that was predetermined
relative to the development period in 1994-200Xr&uwunding urban development may be
expected to create a disamenity. As such, undegdlpprcel would less likely be
converted with neighboring existing developmenguteng in more dispersed
development patterns (Irwin and Bockstael 2002dif\ahally, surrounding urban
development may indicate that higher density dguakent is imminent, thereby creating
an “exurban dead zone” in which landowners of uettgyed parcels would not convert
to lower density exurban development (Newburn aectB2011).

Unlike the other explanatory variables describieova, the zoning variables are

parcel attributesy; , that vary across both parcels and residentiaidealternatives.

The minimum lot size zoning from the 1989 GenetahRs used because it is

predetermined relative to the housing developmed®4-2001. “Zoning” is a dummy
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variable that equals one if residential densitgralative] is not allowed under the zoned
minimum lot size on parcel For example, consider a parcel with a minimunsing
zoning of 10 acres. The zoning variable would equa for the very-high, high, and low
density classes, but it would equal zero for thyJew density class. The zoning
variable is always zero for the alternative to remandeveloped. Minimum lot size
zoning may differ in how strictly it is enforcedtwin the unincorporated area. Therefore,
interaction terms were created between the zoramnigive and the four SWSA regions. It
is expected that the minimum lot size zoning wallbss strictly enforced in the
annexation region because this region is beingeahto allow more dense development.
In contrast, residential development located oetie SWSA boundaries is expected to
be more likely to be built in accordance with tlesignated minimum lot size zoning in
the General Plan.

Grandfathered lots are an important exceptionéantimimum lot size zoning.
The General Plan regulations allow one house toudeon a vacant parcel when the
preexisting lot size for the parcel was alreadylBméan the minimum lot size zoning.
A dummy variable called “grandfather zoning” wasated that equals one if residential
density alternativgis not allowed under grandfathering rules on gardgonsider a
vacant parcel with lot size equal to four acreswaitd minimum lot size zoning of 10
acres. This parcel would be allowed one housinghurtino subdivision. Hence, the
grandfather zoning variable would equal one forvéy-high and high density classes,
but it would equal zero for other three classesn@fathered lots are relatively common

within the unincorporated area located outsideSYWSA boundaries. Therefore,
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interaction terms were created between the grameifabning variable and each of the

two regions outside the SWSA boundaries.

Estimation Results on Residential L and-Use Change Model

Table 1 shows the logit estimation results forrdgdential land-use change model. The

parameter estimate8;, are shown in the upper portion of Table 1 for¢kplanatory

variablesz that do not vary across residential alternatiidege that these parameter

estimates often differ across the residential dgmdiernatives. Hence, it is important to
have a model that accounts for different effectesethe multiple residential density
alternatives because otherwise a binary model Spegtoon (i.e., develop or remain
undeveloped) implicitly assumes that an explanatanjable has the same effect across
all residential density alternatives.

Consider the parameter estimates for the SWSAmnsgfor example, where the
annexation region serves as the baseline SWSAmrregiee coefficients for the outside-
ring region at very-high and high density are —228d —1.61, respectively, indicating
that a parcel without sewer and water servicegsificantly less likely to be developed
at these two higher densities classes, relatitleesame parcel within the annexation
region. In contrast, the coefficients for the odesring region are not even significant for
very-low and low density, implying that being wititcsewer and water service had no
significant influence on the likelihood of developnt at these two lower density classes.
Similarly, the coefficients for the ring region wenegative and significant at very-high
and high density, but the coefficients were nohsicant at very-low and low density.

The coefficients on unincorporated towns with SWS84%se more similar to the
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annexation region (baseline region), rather théreethe ring or outside-ring region. The
fundamental implication is that SWSAs were an ingoair constraint on suburban
development at very-high and high density. Howegrurban development at very-low
and low density is not significantly constrainedhin SWSAs and, thus, will more easily
leapfrog into the rural landscape.

The coefficients on locational characteristicggatke that, as expected, parcels
further away from either a major highway or Samiersco were less likely to be
developed. For example, the coefficients on disganmearest major highway were
negative and significant for very-high and high sign This suggests that development
at these two higher densities is less likely faicpbs with lower accessibility to local
employment in the towns and cities located alomgntfajor highways in Sonoma County.
The coefficients on travel time to San Franciscoewegative and significant for very
low, low, and very-high density development, indiicg that accessibility to San
Francisco also had a significant influence on tkedlihood of residential development.

Parcels on steeper slopes were less likely to belolged at higher density. The
coefficient estimates on the slope variable wastmegative for the very-high density
class, indicating that increasing site constructiosts in steeply sloped areas have the
largest influence on higher density suburban dearamt. The coefficient estimates on
elevation were negative and significant for vergkhdensity development, but were
positive and significant for high and low densigvelopment. The coefficient estimates
on elevation have different signs because higlearagion has two effects with opposite
expected signs. Elevation may indicate steepeeslophich appears to dominate at

higher density, but it also indicates better viemwSonoma County, which was
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apparently dominant for lower density developmé&hte coefficient estimates on
floodplain were negative and significant for deyeteent in the very-high and high
density classes.

Neighboring urban development significantly deceekihe likelihood of lower
density development, presumably because it is ofianed as a disamenity. Moreover, it
indicates that a landowner is less likely to depedblower density when higher density
development may be imminent, as explained by therttical model in Newburn and
Berck (2011). In fact, the coefficients on neighbgrurban development are most
negative for exurban development at very-low anddensity.

We now discuss the estimation results for the tqeeetion of Table 1 for the

alternative-specific zoning variableg . The zoning variables were interacted with the

four SWSA regions to examine how strictly zoningulkations were enforced in these
different regions. The coefficients on zoning vhkés for the annexation region and
unincorporated town region were —0.51 and —0.&peetively. This indicates that the
General Plan zoning does somewhat constrain thatgaasses that are not permitted
under the existing zoning designations for thesergions with sewer service. The
coefficients on grandfather zoning variables wete33 and —2.66 for the ring and
outside-ring regions, respectively. Hence, grarfiahg rules were strictly enforced in

these two regions located outside the SWSAs.

Simulations on Growth Management Policies

In this section, we examine how two sets of gromtmagement policies affect the

distribution of new households and developed a&edthin the study region. The first
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set of policy scenarios analyzes regulations onicmpal sewer and water infrastructure.
Specifically, we compare the UGB policy that resgiSWSA boundaries versus the
policy that allows SWSA expansion around the antiemaegion for each incorporated
city. These two policy scenarios are analogoub¢d?FA expansion and baseline
scenarios in Irwin, Bell, and Geoghegan (2003) beeaaccording to DeGrove (2005),
PFAs are typically designated based on existingpdauashed SWSAs. Our policy analysis,
however, distinguishes between the relative effectess for managing development at
suburban and exurban densities. The second setiof gcenarios analyzes changes to
the General Plan zoning, including the effect olvdmoning in designated agricultural
and resource areas.

To investigate these scenarios, we use the estinsatdficients in Table 1 to
predict the probability of residential developmbwgtdensity class for the 17,570 parcels
remaining undeveloped in 2001. Since the estimagsults in Table 1 are based on the
development period in 1994-2001, the policy scasanould therefore correspond
roughly to the amount of predicted development akerfollowing eight-year period.
The locational and physical parcel attributes ale lat their original values for all
scenarios below. However, the percentage of neigindparban development is updated
to the amount in 2001. The developed acreage ¢slleddd in expectation based on the
estimated conversion probabilities from (3) on epafctel multiplied by the parcel lot
size. The number of new households is determineddoh density class based on the
average density observed in the development p&88d-2001 multiplied by the

developed acreage. Specifically, the average deokgerved in the actual 1994-2001
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data for very-high, high, low, and very-low densitgsses were 5.40, 2.38, 0.501, and

0.0948 units per acre, respectively.

Policy Scenarios on Urban Growth Boundaries

The baseline scenario uses SWSA boundaries restiatttheir original location and the
1989 General Plan zoning designations. This paagnario represents an UGB around
each of the incorporated cities. UGBs in SonomanBowere set to match closely with
the original 1989 SWSA boundaries and restrictedimpal sewer and water
infrastructure for a 20-year period. The 1989 Gahlan was only recently replaced
with a major plan revision in late 2008. Because1B889 General Plan had been largely
unchanged over two decades except for minor amemgmae use these zoning
designations in the baseline scenario.

Table 2 shows the predicted number of new houssleid developed acreage
under the baseline scenario. The total populatrowtp was predicted to be 8,069 new
households, and the developed land area was 9¢882. &ost of the population growth
occurs at very-high and high density developmetit ®j531 and 2,887 new households,
respectively. However, these two suburban denfagses were responsible for only 654
and 1,213 acres of developed lahbde majority of the land area developed occurs at
very-low and low density with 5,724 and 2,211 agcrespectively. Over 98 percent of
the very-low and low density development occurratside the SWSAs. The implication
is that a relatively small number of householdsxatrban densities consume the majority

of land, despite the adoption of UGBs to constrasidential development.
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Figure 2 maps the predicted probability of exurdemwelopment at low density
under the baseline scenario. This demonstratgsrévalence of exurban development in
the regions outside the sewer service areas. Emuldaelopment at low density is almost
invariably on septic systems and does not depernduwnmcipal sewer service; therefore,
this large-lot development is able to leapfrog ithte surrounding areas. In fact, the
commutershed within close proximity to the largesarporated cities is highly
vulnerable to land fragmentation from exurban depeient (Figure 2). There is a lower
likelihood of low-density exurban development ie tiegions that are more remote,
steeply sloped, and designated with large minimainsikzes greater than 100 acres.
Figure 3 maps the predicted probability of suburbevelopment at very-high density
under the baseline scenario. Suburban developmembie constrained to occur within
the UGBs, which already have sewer service infuasiire provided by incorporated
cities and unincorporated towns. This effect of seservice on very-high density
development is apparent from the estimation resuf@ble 1 because the SWSA
coefficients are —3.40 and —2.04 for the ring regiad outside-ring region, respectively.

The alternative policy scenario allows SWSA expanmsiround the annexation
region for each incorporated city. Specificallyistacenario expands designated SWSA
boundaries to include the one-kilometer ring regioound each city. This represents the
effect of relaxing UGBS, relative to the baselisersario where SWSA boundaries are
restricted. The General Plan zoning designatiolase@ to the zoning and grandfather
zoning variables are unchanged. After SWSA expansiee population growth at very-
high and high density in the ring region was 5,366 2,666 new households,

respectively (Table 3). This substantial increassuburban development occurs for two
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reasons. First, SWSA expansion has a direct effeatcreasing the likelihood of
suburban development. Second, although the GeRkxalzoning designations were
unchanged, zoning is less strictly enforced afi#S& expansion into the ring region.
The grandfather zoning coefficient is —2.66 fag thng region prior to SWSA expansion,
whereas the zoning coefficient is —0.51 afterrthg region has been encompassed into
the annexation region. Taken together, these tfeztsfresults in over a 20-fold increase
in the amount of suburban development in the reggan after SWSA expansion.

Despite the increase in suburban development 8#8A expansion, exurban
development still has a larger amount of acreageldped. Specifically, exurban
development at very-low and low density account${f@66 and 2,432 acres, whereas
suburban development at very-high and high deisiopnly 1,642 and 2,289 acres (Table
3). In fact, the SWSA expansion for the one-kiloeneging region around each city is a
relatively large area to service. The amount ousiiédn development would be lower
under a more modest policy on SWSA expansion. Aalthtly, the SWSA expansion
scenario in Table 3 basically makes an assumpfian 6open city” model. That is, after
SWSA expansion, the probability of suburban develept increases, which results in an
influx of households from surrounding areas (eygeater Bay Area). Note that the
baseline scenario has 8,069 new households (Tabhkh2reas the SWSA expansion
policy has 16,080 new households (Table 3).

As a contrast to the open city model results inl@&pwe also perform the
SWSA expansion scenario under the assumption oibaéd city” model (Table 4). The
closed city model assumes that the number of newdimlds is fixed within the study

region. We perform the simulation for the closeg onodel by subtracting an equal
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amount from the partworth in (2) for each altervatiexcept the baseline alternative on
remain undeveloped, until this yields the samd tatenber of new households as the
baseline scenario (i.e., 8,069 new householdsrtregmond with the baseline scenario).
Irwin, Bell, and Geoghegan (2003) similarly makel@sed city model assumption when
stating that 200 parcels are developed in theegdast period for their comparison of PFA
expansion and baseline scenarios. The influx of Inewseholds would realistically be
somewhere between these two extremes. Hence, tiBApansion scenarios under
the open and closed city models in Tables 3 amdspectively, are intended to provide
the upper and lower bounds on the predicted amafuigévelopment.

Table 4 shows that the SWSA expansion policy soemader the closed city
model results in a substantial decrease in the atrafuleveloped acreage, relative to the
baseline scenario in Table 2. Specifically, thaltdeveloped acreage was 5,752 acres
under SWSA expansion scenario versus 9,802 acréisedaseline scenario, even
though both scenarios have the same number of naseholds. The reason is that the
SWSA expansion policy causes an increase in théoaunf suburban households at
very-high and high density that, under a closeg mivdel with a fixed number of new
households, results in a corresponding decreaseuirban households at very-low and
low density. That said, the SWSA expansion poli@yroause an increase in suburban
development; however, it does not solve the lobgien issue of remaining development
rights in rural areas. In other words, it may otéfay residential development in rural

areas since there is still the excess zoned cgdacithis development.

Policy Scenarios on General Plan Zoning
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Before examining the policy scenarios on Generah Rbning, it is important to briefly
discuss the actual number of remaining developmeits according to zoning
regulations in the General Plan. Figure 4 map®xtess zoned capacity for remaining
development rights on undeveloped parcels in 208&.number of development rights
on each parcel is calculated from the lot sizedd#igliby the minimum lot size zoning. For
example, a 75-acre parcel within a designated gowoir20-acre minimum lot size would
yield 3.75 units, which is truncated to three depeatent rights. If there were already one
house on this property, then the excess zoned itgpamuld be two remaining
development rights. An eight-acre vacant parcehwithis same zoning designation
would be allowed one development right, due to dfahering rules; however, it would
not allow subdivision. Figure 4 shows that a langenber of development rights remain
outside the SWSA boundaries, despite the recemtaaoof UGBs in Sonoma County.
Specifically, there are 16,629 remaining developnnigihts located outside the SWSA
boundaries and approximately 64 percent of thegegiare due to grandfathering rules.
To further investigate the effect of zoning, westfiperform the policy simulation
to predict residential development under the basedcenario (Table 5). This baseline
scenario is exactly the same as Table 2, excepTtHide 5 summarizes the predicted
development according to the six zoning types aligwesidential use in the General
Plan. The alternative policy scenario here is tammone the four zoning types
designated as agricultural and resource areas€ BbEpecifically, we assume that the
General Plan has been revised such that the déstmanimum lot size zoning exceeds
40 acres on all parcels within these four zonimesy Table 6 shows that the downzoning

policy scenario does create a reduction in theaaeareleveloped. Specifically, the
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baseline scenario has 9,802 acres developed (babtempared to the downzoning
scenario with only 7,626 acres developed (Tablgk¢. difference in acreage is almost
entirely in the very-low density class. The reasotinat the General Plan zoning for these
four agricultural and resource types already hagdmum lot sizes exceeding 10 acres.
Hence, downzoning in these agricultural regiong,hfis any effect, would be a

reduction in very-low density development. In fatts notable to see how much
development still occurs in these four zoning typesn after the downzoning policy.
There are two main findings that explain this pgesice. First, the effect of
grandfathered parcels would still be present amisificant in areas outside SWSAs.
Second, although zoning is more strictly enforaethe ring and outside-ring region

(Table 1), it is not absolutely binding and varieasin the General Plan zoning still occur.

Conclusions

The results from the empirical model of residenfald-use conversion and policy
simulations suggest that growth management stesdwive different effects on
development at exurban and suburban densitiesarticplar, growth management
policies that focus on municipal sewer and waté&astructure, such as UGBs, are found
to be more effective for managing suburban devetygmather than exurban
development. Note that related studies used aymadel specification to analyze the
effect of UGBs (Cho et al. 2006; Cunningham 206 BFAs (Irwin, Bell and
Geoghegan 2003; Shen and Zhang 2007) on residdetialopment, which assumes that

these policies have the same effect for all residedensities. Hence, our analysis and
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simulations improve upon the binary model spediitcaby considering the different
effects of growth management policies on differesidential densities.

Our empirical results indicate that suburban dgwelent at very-high and high
density is significantly less likely to occur outsithe SWSA boundaries relative to the
annexation region for incorporated cities. Henbe,WGB policy restricting SWSA
expansion indicates that the acreage in suburbagi@®ment is significantly reduced in
the ring region around incorporated cities in corgme to the alternative policy allowing
municipal SWSA expansion to annex this region.dntrast, exurban development at
very-low and low density is typically built with ggc systems and groundwater wells,
and the empirical results indicate that it wassighificantly affected by the provision of
municipal SWSAs. Therefore, the UGB policy scenagistricting SWSA expansion has
less influence on exurban development.

Zoning requirements in the General Plan are alsoddo significantly restrict
higher density development, but the level of coanpde varies by SWSA region.
Minimum lot-size zoning requirements are somewahatrictive within both the
annexation and unincorporated towns regions. Thee@é Plan zoning is more strictly
enforced in the region outside SWSAs, although @rtogs with grandfathered rights are
still allowed and are prevalent in this region. s a primary reason to explain why the
policy scenario to dramatically downzone agricldtiand resource areas would only
partially reduce the acreage in exurban developifietile 6).

It is important to understand which growth manageinsérategies may be
effective to manage exurban development. An effediirategy that has been used in

Sonoma County has been to combine General Plang@nih a generously funded
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purchase of development rights (PDR) program. Bezd#ue creation of the original
1978 General Plan had to contend with existingleggial development patterns, some
designations (e.g., diverse agriculture, ruraldestial) have zoned minimum lot sizes
that still allow exurban development at very-lowddow density. However, the General
Plan designated the vast majority of the land ar@azoning types with minimum lot
sizes predominantly exceeding 100 acres (e.g., andaresource development, land
extensive agriculture). Because zoning is strietiforced in these regions, there is a
significantly lower likelihood of exurban developmeAdditionally, the county voters
passed a ballot initiative in 1990 to create a Rib&yram, which has raised over $300
million during 1990-2010 from a sales tax increddeese funds have been used for
easements or fee title purchases to clean up th&ryside of the remaining development
rights created in the original General Plan fororati

In conclusion, this study highlights that growthrmmagement strategies may have
different effects on exurban and suburban developniMonetheless, these findings must
be qualified since they are derived from parceadiata particular region, and growth
management policies may be implemented differantbther regions. Further research
is therefore needed to examine spatially expliarcpl-level development in other
regions to determine the relative effectivenesgroivth management policies for
guiding future exurban and suburban developmenémest In particular, it is important
to understand how growth management strategiesomaged effectively to manage
exurban development, which has been the leadingecaiufarmland loss in the United

States (Heimlich and Anderson 2001).

26



References

Burchfield M., H. Overman, D. Puga, and M. Tur906. “Causes of Sprawl: A
Portrait from Space.Quarterly Journal of Economics 121(2): 587-633.

Cho, S., Z. Chen, S. Yen, and D. Eastwood. 200stirttating Effects of an Urban
Growth Boundary on Land Developmenidurnal of Agricultural and Applied
Economics 38(2):287-298.

Cunningham, C. 2007. “Growth Controls, Real Optjarsl Land DevelopmentReview
of Economics and Statistics 89(2): 343—358

DeGrove, J. 200%Rlanning Policy and Poalitics: Smart Growth and the States.
Cambridge, MA: Lincoln Institute of Land Policy.

Heimlich, R.E., and Anderson, W.D. 2001. “Develomtnat the Urban Fringe and
Beyond: Impacts on Agriculture and Rural Land.” isgftural Economic Report No.
803. Washington, D.C.: U.S. Department of AgrictdttEconomic Research Service.

Irwin E.G., and N.E. Bockstael. 2002. “Interactifigents, Spatial Externalities, and the
Endogenous Evolution of Residential Land Use Padtédournal of Economic
Geography 2(1): 31-54.

Irwin, E., K. Bell, and J. Geoghegan. 2003. “Modgland Managing Urban Growth at
the Rural-Urban Fringe: A Parcel-Level Model of Rlestial Land-use Change.”
Agricultural and Resource Economics Review 32(1):83-102.

Irwin E.G., K.P. Bell, N.E. Bockstael, D.A. Newbuym.D. Partridge, and J.J. Wu. 2009.
“The Economics of Urban-Rural Spacévrinual Review of Resource Economics 1

435-459.

27



Irwin E.G., and N.E. Bockstael. 2007. “The Evoluatiof Urban Sprawl: Evidence of
Spatial Heterogeneity and Increasing Land Fragntient& Proceedings of the
National Academy of Sciences 104(52): 20672-20677.

Jun, M. 2004. “The Effects of Portland’s Urban GtioBoundary on Urban
Development Patterns and Commutingrban Sudies 41(7):1333-1348.

Levine, N. 1999. “The Effects of Local Growth Cair on Regional Housing
Production and Population Redistribution in Caliiar” Urban Studies 36(12): 2047-
2068.

Lewis, R., G. Knaap, and J. Sohn. 2009. “Managingw@h with Priority Funding Areas:
A Good Idea Whose Time Has Yet To Coméairnal of the American Planning
Association 75(4):457-478.

Mayer C. and C. Somerville. 2000. “Land Use Regoitatind New Construction.”
Regional Science and Urban Economics 30:639-62.

Nechyba, T.J., and R.P. Walsh. 2004. “Urban Sptalelurnal of Economics
Perspectives 18(4): 177-200.

Newburn, D.A. and P. Berck. 2006. “Modeling Suburlaad Rural Residential
Development beyond the Urban Fringeahd Economics 82(4): 481-499.

Newburn, D.A. and P. Berck. 2011. “Exurban Develepii’ Journal of Environmental
Economics and Management. forthcoming.

Pendall, R. 1999. “Do Land Use Controls Cause Si@aknvironment and Planning B
26: 555-571.

Pendall, R., J. Martin, and W. Fulton. 2002. “Halglthe Line: Urban Containment in the

United States.” Washington, D.C.: Brookings Ingidn.

28



Shen, Q. and F. Zhang. 2007. “Land-Use ChangeProeSmart Growth State: Maryland,
USA.” Environment and Planning A 39:1457-1477.

Sutton, P., T. Cova, and C. Elvidge. 2008apping Exurbia in the Conterminous United
States using Nighttime Satellite Imager§a€ocarto International 21(2): 39-45.

Train, K. 2009 Discrete Choice Methods with Smulation. New York, NY. Cambridge

University Press

29



Table 1: Resultsfrom Logit Model of Residential Development during 1994-2001 in
Sonoma County, California

Housing-Density Classes °

Variable Very-high High Low Very-low
Sewer and Water Service Areas (SWSAS) b
Outside-ring region -2.0445**  -1.6164** 0.1502 -0.1225
(0.2675) (0.2114) (0.2340) (0.4349)
Ring region -3.4050**  -1.4958** -0.0403 -0.0869
(1.0826) (0.3758) (0.2754) (0.4672)
Unincorporated towns with SWSA 0.1569 -0.6418** -0.3170 -1.4177

(0.1878) (0.2152) (0.3651) (1.1034)
Locational Characteristics

Distance to major highway -0.3011**  -0.2298** -0.0399 -0.0070
(0.0675) (0.0528) (0.0332) (0.0306)
Travel time to San Francisco -0.0117** 0.0044 -0.0217**  -0.0253**

(0.0033) (0.0027) (0.0038) (0.0044)
Physical Land Characteristics

Slope -0.0754*  -0.0542**  -0.0260**  0.0063
(0.0077)  (0.0056)  (0.0049)  (0.0049)

Elevation -0.0052**  0.0026**  0.0016*  0.0004
(0.0020)  (0.0009)  (0.0006)  (0.0006)

Floodplain -1.1990%  -1.7515*  -0.7219  -0.6405

(0.2750) (0.4184) (0.3470) (0.5154)
Neighboring Land Uses in 1993

% Urban -0.0057  -0.0206**  -0.0490**  -0.1587*
(0.0031)  (0.0036)  (0.0058)  (0.0154)
Constant 0.4260  -1.0174*  -0.9936*  -1.1106

(0.3400)  (0.3131)  (0.3349)  (0.5158)

N = 19,090 parcels

Log-likelihood = -5763.93

Note: Standard errors are in parentheses and is@gmif at the 1 % and 5% level are represented bpd

* respectively.

& Remain undeveloped is the baseline alternative.

® The annexation region is the baseline SWSA reglefined as outside 1990 incorporated city bouresari
but within the designated 1989 SWSA boundariestfese incorporated cities.
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Table1l. Continued.

Alternative-Specific Zoning Variables
Zoning variables

Outside-ring region 0.0024
(0.1035)

Ring region -0.1123
(0.2736)

Unincorporated towns with SWSA -0.7989**
(0.2151)

Annexation region with SWSA -0.5111**
(0.1286)

Grandfather zoning variables

Outside-ring region -2.3257**
(0.1551)

Ring region -2.6612**
(0.1551)

Note: Standard errors are in parentheses and isgmif at the 1 % and 5% level are represented bpd

* respectively.
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Table 2: Predicted Residential Development by SWSA Region under Baseline

Scenario with Urban Growth Boundaries

Housing-Density Classes

Subtotal Total
SWSA Region Very-high High Low Very-low developed acreage
Developed Acreage
Annexation region 356 277 76 44 753 4048
Unincorporated towns 140 276 15 1 432 2914
Ring region 6 44 167 412 629 14227
Outside-ring region 152 615 1954 5266 7988 411570
Total 654 1213 2211 5724 9802 432758
Number of New Households
Annexation region 1925 659 38 4 2627
Unincorporated towns 754 658 7 0 1420
Ring region 31 105 84 39 259
Outside-ring region 821 1464 979 499 3763
Total 3531 2887 1108 543 8069
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Table 3: Predicted Residential Development by SWSA Region under Scenario on

SWSA Expansion into Ring Region (Open City Model)

Housing-Density Classes

Subtotal Total
SWSA Region Very-high High Low Very-low developed acreage
Developed Acreage
Annexation region 356 277 76 44 753 4048
Unincorporated towns 140 276 15 1 432 2914
Ring region 994 1120 387 455 2957 14227
Outside-ring region 152 615 1954 5266 7988 411570
Total 1642 2289 2432 5766 12129 432758
Number of New Households
Annexation region 1925 659 38 4 2627
Unincorporated towns 754 658 7 0 1420
Ring region 5366 2666 194 43 8270
Outside-ring region 821 1464 979 499 3763
Total 8667 5448 1218 547 16080
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Table 4: Predicted Residential Development by SWSA Region under Scenario on
SWSA Expansion into Ring Region (Closed City Model)

Housing-Density Classes

Subtotal Total
SWSA Region Very-high High Low Very-low developed acreage
Developed Acreage
Annexation region 182 139 38 22 381 4048
Unincorporated towns 69 135 7 0 211 2914
Ring region 527 577 197 226 1528 14227
Outside-ring region 69 276 887 2399 3632 411570
Total 847 1128 1130 2647 5752 432758
Number of New Households
Annexation region 983 331 19 2 1335
Unincorporated towns 365 321 4 0 697
Ring region 2847 1374 99 21 4342
Outside-ring region 372 658 444 227 1702
Total 4567 2685 566 251 8069
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Table5: Predicted Residential Development by General Plan Zoning under Baseline

Scenario

Housing-Density Classes

Subtotal Total
General Plan Zoning Very-high High Low Very-low developed acreage
Developed Acreage
Urban residential 128 73 15 2 218 1542
Rural residential 270 435 598 598 1901 23413
Diverse agriculture 106 122 263 1091 1582 23270
Land intensive agriculture 49 87 148 588 872 22473
Land extensive agriculture 72 148 381 430 1032 55090
Resource & rural development 28 348 806 3014 4197 306960
Total 654 1213 2211 5724 9802 432748
Number of New Households
Urban residential 693 173 8 0 874
Rural residential 1459 1036 300 57 2851
Diverse agriculture 572 291 132 103 1098
Land intensive agriculture 263 207 74 56 600
Land extensive agriculture 391 352 191 41 975
Resource & rural development 153 828 404 286 1671
Total 3531 2887 1108 543 8069

35



Table6: Predicted Residential Development by General Plan Zoning under
Downzoning Scenario in Agricultural and Resour ces Areas (Open City Model)

Housing-Density Classes

Subtotal Total
General Plan Zoning Very-high High Low Very-low developed acreage
Developed Acreage
Urban residential 128 73 15 2 218 1542
Rural residential 270 435 598 598 1901 23413
Diverse agriculture 107 125 269 400 901 23270
Land intensive agriculture 49 88 150 265 553 22473
Land extensive agriculture 72 148 381 413 1015 55090
Resource & rural development 28 350 813 1846 3038 306960
Total 656 1219 2227 3524 7626 432760
Number of New Households
Urban residential 693 173 8 0 874
Rural residential 1459 1036 300 57 2851
Diverse agriculture 580 297 135 38 1050
Land intensive agriculture 266 210 75 25 576
Land extensive agriculture 391 352 191 39 974
Resource & rural development 154 833 407 175 1569
Total 3544 2900 1115 334 7894
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Figure 1: Actual Pattern of Residential Development in 2001 for Sonoma County,
California
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Figure 2: Predicted Probability of L ow Density Exurban Development (0.2t0 1.0
units per acre) under Baseline Scenario
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Figure 3: Predicted Probability of Very-High Density Suburban Development
(greater than 4.0 units per acre) under Baseline Scenario
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Figure 4: Excess Zoned Capacity on Number of Remaining Development Rightsin

2001
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