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Abstract

Cost of community service (COCS) studies, which para the ratio of expenditures-to-revenues
for different land uses, are increasingly populad anfluential in debates about municipal land-
use planning. In this paper, we conduct a quamnt#taheta-analysis of COCS studies that focus
on three land-use categories: residential, comméralustrial, and agricultural/open-space.
The dataset consists of 125 studies that take plaess the United States. Using data from the
studies themselves and the U.S. Census, we estm@dels to investigate underlying patterns
regarding the effect of different methodologicaswasptions and the geographic and financial
characteristics of communities. Many of the resblse implications for the conduct and inter-

pretation of COCS studies in particular and theafismpacts of land use in general.
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l. Introduction

Land use largely determines the revenues and ekpegglof municipal governments. Different
land uses—including residential, commercial, indaktagricultural, and open space—generate
different amounts of revenue because they are taidiferent rates and are responsible for dif-
ferent amounts of intergovernmental aid. They demand different expenditures for municipal
services ranging from public education, police gctibn, roads, and other forms of infrastruc-
ture. When land uses change, therefore, the balahceunicipal revenues and expenditures
changes as well. Recognizing these relationshipsiaipalities, planners and land-use advo-
cates are becoming increasingly concerned withaihg-term financial implications of land-use
decisions.

Cost of Community Service (COCS) studies are d-kvedwn methodology for estimat-
ing the fiscal impact of different land uses witl@mmunicipality. Local governments, land-use
planners, and advocacy groups frequently use CQUdes to quantify the fiscal costs and
benefits of existing land uses. The studies ar@ @ed, albeit with some controversy, as an indi-
cator of how land-use change is likely to affectnmsipal budgets. The American Farmland Trust
(AFT) first developed the COCS methodology in the-110980s, following two seminal publica-
tions, The Fiscal Impact HandboofBurchell 1978) andCost of SprawlReal Estate Research
Corporation 1974), which demonstrate the importamiceost-effectiveness for land-use plan-
ning.

The basic methodology of COCS studies is to fiestipon land uses into three classes:
residential, commercial/industrial, and agricultlopen-space. Expenditures and revenues from
the municipal budget are then allocated to theetldiferent land-use categories. While the spe-
cific methodology for fiscal allocations differs amg COCS studies, the final result is always a
ratio of expenditures over revenues for each othihee land uses. For example, a residential ra-

tio of 1.2 means that for every $1.00 of revenusedfrom residential land uses, $1.20 of ex-



penditures is spent on residential land uses. &utlien report a separate ratio for residential,
commercial/industrial, and agricultural/open-spkcel uses.

A general finding of COCS studies is that comméficdustrial and agricultural/open-
space ratios are less than one while residenti@srare greater than one. This is often inter-
preted to mean that commercial/industrial and adjtical/open-space land uses “pay their own
way” while residential land uses do not. AFT anbeotland conservation advocates use these
ratios to argue against the common perceptionftitter residential development will decrease
the property tax burden for current residents. fdsellts are also used to argue that open lands
provide fiscal benefits and that current use vabumatrather than potential development value, is
justified for tax purposes.

One reason for the popularity of COCS studies ésrtative ease of conducting them
and understanding the results, but their simplieigo exposes them to criticism and calls for
caution with interpretion. The main concerns ae fthllowing: Partitioning land uses into only
three classes obscures potentially important vanawithin a given class (Crompton 2002, Del-
ler 2002). COCS studies measure demand for servather than benefits, which often include
public goods for the greater community, and lanel decisions should account for public bene-
fits (Kelsey 1996, Deller 1999). The use of rattlmes not reflect the magnitudes of surplus or
deficit for a given land use (Kelsey 1996, Dell&0%). The fact that COCS studies are based on
averageexpenditures and revenues is problematic becangerstanding the impacts of land use
change requires information abomtarginal costs and benefits (Deller 1999, Staley 1999,
Crompton 2000).

Despite these concerns, COCS studies have becameasmgly popular and influential
in debates about municipal land-use decision-makCS studies are frequently cited in land-
use planning documents, government reports, acad@search, and advocacy materials. While
in the past, land-use debates have focused onlsaesthetic, environmental, and legal con-

cerns, COCS studied have promoted greater empbasisconomic considerations. The in-



creased emphasis on economic arguments through G@@Es has been particularly apparent
among supporters of open-space/farmland consernvatid in efforts to limit urban sprawl.

Although COCS studies often frame municipal laisé-debates, the results of these stud-
ies have not been rigorously evaluated to deterthi@éactors that contribute to differing results.
How important are different methodological assumul? In what ways do the geographic and
financial characteristics of a community affect C®@tios? Are there general insights that can
be learned from COCS studies about local publiarfae? In order to answer these questions, we
conduct a meta-analysis of existing COCS studies.s¥hucture the methodology according to
standard protocol for conducting quantitative mestatysis. According to Stanley (2001) the
method involves five fundamental steps: (1) inclaflerelevant studies, (2) choose a summary
statistic and reduce the evidence to a common cné€8) choose explanatory variables that are
thought to be consequential, (4) conduct a meteessgn analysis, and (5) subject the meta-
regression analysis to specification testing.

Our final dataset consists of 125 studies that fmake in communities across the United
States. Using the studies themselves, along with Gensus data, we create explanatory vari-
ables for different methodological assumptions,ggaphic characteristics of each study area,
and financial details of the local community. Omattibution of the paper, therefore, is simply
the collection of COCS studies. We report citaiitiormation for all studies included in the ana-
lysis, and the simple descriptive statistics prevadgeneral sense of patterns within the COCS
literature. The meta-analysis is then based onstesy of multivariate regression equations to
examine how the different variables affect the exiieire-to-revenue ratios within each land-use
class. The meta-analysis takes advantage of infmamong all studies to investigate underly-
ing patterns regarding the effect of methodologasdumptions, as well as the geographic and
financial characteristics of communities.

The remainder of the paper is organized as folldwshe next section, we describe our

data collection and preparation. Section Il repdhe details of the meta-regression analysis,



namely our approach for estimating a system of sggynunrelated regression equations. Sec-
tion 1V reports the results. Section V concludeshvd discussion of the main results and their
implications for the conduct of COCS studies intipatar and the fiscal implications of land use

in general.

II. Data Collection and Preparation

We attempted to compile all COCS studies that wereducted through 2007. We searched for
studies using American Farmland Trust (AFT) refeem citations in journal articles and COCS
reports, references from COCS study authors, teahreports, and web searches. We identified
COCS studies for 168 different locations. The repar 43 of these locations could not be ob-
tained or did not include sufficient data. Hence fimal dataset used in our analysis consists of
125 observations. The Appendix Table includestaofigll 125 COCS locations with a complete
citation for each.

The studies show variation in location and resuidigure 1 shows the geographic distri-
bution of studies across the United States. Themagority of studies take place in the northeast
and the mountain west, with fewer in the mid-wesd anid-Atlantic regions. The figure also
shows the corresponding level of governance foh etiedy, which we discuss below. Figure 2
shows the frequency distributions of the COCS sata each of the three land-use categories.
Consistent with expectation, we find that nearlyresidential ratios exceed one, meaning that
residential expenditures exceed revenues. Oneerggtiratio, an outlier at 3.25 for Broadwater
County in Montana, is not included in Figure 2 oy af the subsequent analysis. Also consistent
with expectation is the finding that the vast miéjoiof commercial/industrial and agricul-
tural/open-space ratios are less than one, mednaigexpenditures for these land uses are less
than revenues. Within all three land-use categptles ratios indicate substantial variation. In

what follows, we aim to identify variables that &dp the variation in results among studies.



We collected data from the COCS studies themsealndshe U.S. Census to create vari-
ables is three broad categories: geographic, metbgidal, and financial. Table 1 lists and de-
fines all variables. Among the geographic variables categorize studies based on the corre-
sponding level of governance: city, county, andrsknp level. Figure 1 shows the geographic
distribution of studies that take place at eaclell@f governance. We do not create variables for
geographic location, such as census regions, be¢heg are highly correlated with the variables
on level of municipal governance. When creating\whgable for county-level governance, we
also distinguish between studies that exclude subagaicipal financesGountyonly and studies
that include themQountyal). Other geographic variables include populati@mpylation growth,
total land area, and population density.

The methodological variables include categoriesdftierent types of sponsoring organi-
zations, including the American Farmland Trust (AF®ther nongovernmental organizations,
government agencies, and academic institutionscik&ate dummy variables for several other
methodological choices as well: whether the schmlget is included in the analysis; whether
the financial allocations come from only normal @timg budgets; whether agricultural resi-
dences are included in the agricultural/open-sgategory rather than the residential category;
whether researchers conduct interviews with goventrofficials to help allocate budget items;
and whether researchers use standard fallbackmages (based on proportional property tax
revenues) to allocate expenditures not directly ttea particular land use.

The financial variables include municipal expeads, revenues, surplus, expenditures
per capita, and median home value. These arepallterl in year 2000 dollars. We also create a
variable for school expenditures as a proportiortotél expenditures, where the variable is
coded as zero if the study did not take accoutii@ichool budget. The final three variables are
property taxes for each of the three land use oategyas a proportion of total property taxes.

Table 2 reports descriptive statistics for alli@hles. The majority of studies take place at

the City level of governance (54%), followed yountyonly (29%), Township (10%), and



Countyall (7%). The municipalities vary substantially wispect to population, land area, and
population density. The average population growtk rs 16 percent. The most common sponsor
of a study is an academic institution (38%), folemvby AFT (25%), a governmental agency
(19%), and other nongovernmental organizations (1&éventy percent of the studies account
for school budgets in the analysis, 20 percenfina@cial allocations based on normal operating
budgets, and 24 percent include agricultural regide in the calculation cAgOsrather than
Residential Seventy-seven percent of the studies report ustegviews with government offi-
cials to help allocate budget items, and 70 perogmort using standard fallback percentages.
The municipalities are highly variable with respaxtexpenditures, revenues, expenditures per
capita, and median home value. While the measéolbdgreported in Table 2 includes all the
zeros for studies that did not consider the schadpet, the mean among those that did consider
the school budget is 0.62, meaning that for theagicipalities the school budget accounts for
62 percent of total expenditures. Finally, the agerproportion of property tax attributable to
each of the land use categories of residential neeraial/industrial, and agricultural/open-space
is 69%, 20%, and 10%, respectively.

We can make predictions based on the existingatilee about the effect of some vari-
ables on the results of COCS studies. A wide bddgsearch finds that greater density of devel-
opment is associated with lower costs of providiogymunity services (Knaap 1992, Altshuler
1993, Ladd 1994, Duncan 1995, Pendall 1999, Edw2009, Carruthers 2003). In the context
of COCS studies, researchers have compared residesiults in two different communities and
found that density has a negative impact on rgtmbvards et al. 2000). Although population
density is a coarse and sometimes difficult vagdblinterpret, it follows that in a meta-analysis
one might expecbensityto have a negative affect é&esidentialratios and possiblomind
ratios as well.

Two of the methodological variables generate prajrsut how they might be associated

with COCS ratios. The first iIScholuseWhile property taxes from all land uses typicaibn-



tribute to the revenues used in school budgets, £6tGdies that account for the school budget
allocate school expenditures solely to the residewtategory. Moreover, because educational
expenses are such a large portion of many budgsislential ratios are primarily a reflection of
the school budget when they are accounted for iI€E€6tudies (Kelsey 1996, Crompton 2000,
Edwards et al. 2000). Not surprisingly, therefassearchers find that the inclusion of a school
budget in the analysis tends to increase resideatias (Kelsey 1996, Edwards et al. 2000). We
expect a similar finding in our analysis here; tisatve expecScholusdo have a positive affect
on Residentialratios. At the same time, because only schoolmes® are counted against the
other land uses, we exp&xtholusdo have a negative affect, if any, GomindandAgOsratios.

The second methodological variable thought to bpomant isAgres which indicates
that agricultural residences are included in tHeutation of AgOsrather tharResidentiakatios.
Two studies find that including farmhouses in tlggi@ultural/open-space category increases
AgOsratios (American Farmland Trust 1993, PiedmontiEemmental Council 1993). Two fac-
tors in combination help explain this result: resitlal ratios tend to be greater than one and ag-
ricultural residences are likely to comprise adapgoportion of the agricultural/open-space cate-
gory. For these reasons, we expect thagiteswill have a positive affect oAgOsratios in the
meta-analysis. But because agricultural residenoedikely to be a relatively small proportion
of all residences, we expect tagreswill have no affect ofResidentiaratios.

Among the financial variables, median home valuexigected to have a negative effect
on residential ratios and possibly the others dk Winile we have seen that residential land uses
tend to not “pay their own way,” more detailed s&gdfind that high-value homes are more
likely to pay for the services they receive (Dorfm2002, Englehart 1997). This suggests that
with higher home values, revenues tend to incréaster than expenditures. Hence the predic-
tion here is thaHomevaluwill have a negative effect dResidentialratios. Furthermore, to the

extent that higher home values are positively ¢ated with other property values, and revenues



increase faster than expenditures for other laret as well, we expe¢iomevaluto have a
negative effect o€omindandAgOsratios.

Many of the other variables are thought to be cguestial, although prior expectations
about the directional effects are less clear. Wdrethstudy takes place at the city, county, or
township level may matter because different lewélgovernance tend to provide different ser-
vices, and there are no established trends aboutliie affects the balance of expenditures and
revenues for different land uses (Snyder and Fergd994, DeBoer and Zhou 199Pppula-
tion might capture (dis)economies of scale, Bagpchngmight capture the affect of recent land-
use change primarily in the residential and comraknmedustrial categories. We test explicitly
for effects of the methodological variableservy, Standfallbk and type of study sponsokKT,
Org, Gov, Academig. The type of study sponsor is included to ingge potential bias beyond
that attributable to the other methodological agsiions for which there are controls (Bunnell
1997, 1998, Deller 1999). Although we examine ttfiects on COCS ratios of the remaining ex-

planatory variables, we have no clear prior exgeeta about the potential consequences.

1. Satistical Model

The meta-regression analysis aims to investigaetiects of different explanatory variables on
COCS ratios for the three different land-use caiegoWe estimate a system of regression equa-
tions with the following general specification:

Residentif = f (Methodoloy,,, Geographie,, Financials, 55 )+ £
Comind = f (Methodolog'iC ,Geographig. , Financial ,,BC)+ Ec
AgOs = f(Methodolog'iA,Geographig;, FinanciaIiA,[:’A)+£iA,

where the subscrigt denotes an observation, and subscipt€, andA correspond with the
residential, commercial/industrial, and agricultlopen-space land uses, respectivélgthod-

ology, Geography andFinancial denote vectors of the corresponding variables et differ



among equations. The betas are coefficients tosbma&ted, and the epsilons are error terms.
Throughout the analysis, we consider both linedrlag-linear functional form specifications.

We began with ordinary least squares (OLS) estomaif each equation separately with
different sets of explanatory variables. The gdaha first step is to reduce the number of ex-
planatory variables given the relatively small n@mbf observations in the dataset. We estimate
each equation with different combinations of Methodology Geographi¢ andFinancial vari-
ables: each set separately, each combination oséts) and all three sets. The only exceptions
are the property tax variables Réstax Comindtax andAgOstax which were always included
in the equations for the corresponding land-usegu If a variable never came through as sta-
tistically significant at the 90-percent level inyaof the runs, we conclude that it has no signifi-
cant effect on the COCS ratios for that particldad-use category and thus drop it from further
analysis. We do not report these results herethmy, along the complete data, are available
upon request.

With the remaining set of explanatory variablesdach equation, we estimate a system
of seemingly unrelated regressions (SUR) (Zellré&2). Compared to OLS estimation, the SUR
estimator has the advantage of increased efficiarin the explanatory variables differ among
the equations. The reason is that correlation adiws errors in different equations provides a
link that is exploited in estimation (see Wooldedg002), and given that the cross-equation ra-
tios come from the same municipalities and studiesrelation may exist and be meaningful.
Table 3 reports the SUR estimates for the linear lag-linear specifications for all three land
use categories. We do not report OLS estimatelesket same equations because they do not dif-
fer in any substantial way. We also estimate OLSIel®with standard errors (and therefore
statistics) that are robust to cross-equation tatrom, heteroskedasticity, and clustering to ac-
count for cases in which a COCS study reported rtitae one set of ratios (see the Appendix
Table). We ran these models as a robustness cli¢io& statistical inference, as the standard er-

rors account for the fact that not all studies published separately and therefore may not be



entirely independent observations. But we do npbrethese results either, as accounting for
this feature of the data has no qualitative effect.

All of the equations reported in Table 3 includ& bbservations. Seven observations are
dropped because of missing data for the propextyasiables, which are important to the analy-
sis. We also ran models without these variablesiaeidding the dropped observations, but the
pattern of results was very similar. One remairobgervation is dropped because its residential
ratio is an outlier, as discussed previously. Alltlee equations fit reasonably well, witk
squared values ranging from 0.29 to 0BT is the omitted category for the sponsoring organi-
zation, meaning that the coefficients on the ottadegories are interpreted relative to AfeT
baseline City is the omitted category and therefore the basdétinenterpreting coefficients on
the level of governance variables. Overall, thelitatave results, in terms of statistical signifi-

cance, are similar between the linear and log-fispacifications.

V. Results

Let us first consider results for the geographidaldes. We find thaPopulationhas a statisti-
cally significant effect on th®esidentialand Comindratios, but the two effects have opposite
signs. An increase in population increases resiglerdtios but decreases commercial/industrial
ratios. In discussing magnitudes, here and throuighee focus on the log-linear specifications,
which are intuitive because marginal effects aterpreted as percentage changes in the COCS
ratios. We find that an increase of 10,000 peaptecasefResidentiaby 1 percent and decreases
Comindby 2 percent. These results suggest that, withetsto the ratio of expenditures-to-
revenues, population exhibits decreasing returrsséte for residential land uses, but increasing
returns to scale for commercial/industrial landsugepossible explanation for the latter result is
that larger populations are associated with gredeasity of commercial districts, which may

have smaller expenditure-to-revenue ratios.
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Population density has a positive and statisticsigyificant effect on both th€omind
andAgOsratios. The magnitude of the effect in terms pkecentage change is similar between
the two land-use categories: an increase of 10Qlegxer square mile increases both ratios by 2
percent. We have no obvious explanation for @wnindresult, but the effect dbensity on
AgOsratios may be due to the fact that open spacégimer density areas tend to be smaller,
more urban parks. While parks of this type do retegate revenue, they tend to require sizable
expenses for routine upkeep, resulting in higheosaSomewhat surprisingly, we find no statis-
tically significant effect oDensityon theResidentiakatios, although the coefficient is negative.
Recall that the existing literature provides evitkethat greater density tends to decrease the ex-
penditure-to-revenue ratio of residential land uSee general concern, however, is that our
measure of density is crude, despite its frequeatin research. Population divided by total land
area is an estimate of aggregate population deimityit may not provide a good proxy for the
actual density of development in different areas.

Among the categorical variables for different levef governance, the most general re-
sult is that they seem to not matter very much. lgvtlifferent levels of governance manage dif-
ferent categories of expenditures and revenuesbitbgkdown in terms of ratios for different
land uses is relatively constant and/or are eséchatith little precision foComindandAgOs
We do, however, find some statistically significaifferences in th&esidentialequation. Most
notably, Townshipis associated with greater residential ratios tiyy by a magnitude of nearly
12 percent. While it is difficult to provide a cteaterpretation, one possible explanation is once
again related to the density of development. Tcetttent that townships have less dense residen-
tial development, the result can be interpretedaasistent with the existing literature. A further
observation about the level of governance varialdehat the sign of all coefficients for the
ResidentiabndComIindequations have the opposite sign. Although mosh@fstimates are not

statistically distinguishable from zero, the paitey interesting enough to point out.
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The remaining geographic variables that are ndtsstally significant in any of our
specifications are square miles of the municipalitg population change. The later result is par-
ticularly interesting given that COCS studies am@stfrequently used to affect decision-making
about growth management. It is surprising, thegefttatPopchngis not a significant determi-
nant of COCS ratios, especially for residentiadlaises. The finding of no effect may lend sup-
port to critics of COCS studies who question whethe average ratios are useful for making
inferences about marginal effects. While the retidératios, which are based on an overall av-
erage, indicate the residential land uses do nay ‘fheir own way,” we find that marginal
changes in population growth have no effect orrdéiie of expenditures-to-revenues.

Let us now turn to the methodological variables.efxpected, COCS studies that include
the school budget in the analysis report highedessial ratios. The coefficients @cholusen
the Residentiaimodels are positive and highly statistically sfgaint. In terms of the magnitude,
we find that inclusion of the school budget ince=agatios by an average of more than 15 per-
cent. As explained previously, this is due to thet that school expenditures are allocated solely
to residential land uses, while the revenues caoma &l land uses. The implication, regardless
of whether one believes the budget should be iedud that including the school budget in a
COCS analysis causes residential land uses to algssdikely to “pay their own wayWe also
find, as expected, th&cholusénas an insignificant effect on the other land-cetegories.

The methodological decision to include expenses raweénues associated with farm-
houses in thé&gOscategory, rather than thesidentialcategory, has a large effect on thgOs
ratios. In both models, the coefficient Agresis positive and highly statically significant. time
log-liner model, the magnitude is substantial: thaable increase&gOsratios by an average of
60 percent. As described above, this result is @epebecause residential ratios tend to be
greater than agricultural/open-space ratios and fasuses are likely to comprise a large faction

of AgOsland uses in terms of revenues and expenditureritrast, farm houses are less likely
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to comprise a large faction of overall residenaad uses, which explains why we found no sig-
nificant results oAgreson Residentiaratios.

Among the categorical variables for the organizatioat sponsored each study, we find
significant differences betweeBov and AFT (the omitted category). Government sponsored
studies have highdResidentialratios and loweComindratios. It is, of course, difficult to de-
termine whether these results reflect a bias IS studies, omitted variables in the regres-
sion equation, or sample selection of the spongamganization. Nevertheless, the pattern is of
interest. To the extent that local governments deefiromote development, perhaps with the
idea of increasing the tax base, they appear tb fiore favorable results for commercial and
industrial land uses. The more surprising resutydwver, is thalAFT finds lower residential ra-
tios thanGov and the other sponsoring organizations. If angthane might expect th&FT, as
a conservation organization, would find largerastfor residential land uses in order to show
that residential development does not “pay its evay,” thereby providing an argument against
further residential development. But this appearsta be the case. We also find tR&T does
not significantly differ fromGovandAcademiowith respect to thAgOsratios.AFT is, however,
associated with higher ratios th@mg, meaning that other nongovernmental organizatiend
to produce more favorable agricultural and operespasults thadFT. The difference is close
to 30 percent, which is substantial. Because theratongovernmental organizations that tend to
carryout COCS studies advocate open-space conseryvatis perhaps not surprising that they
find more favorablégOsresults than other sponsoring organizations. Baifact that AFT is so
different may lend support to the credibility of ABtudies.

Several of the other methodological variables dit produce statistically significant re-
sults in any of the specifications and, therefare, not included in the models reported in Table
3. Specifically, we find conducting interviews wiiovernment officials to help allocate budget
items (ntervu) has no effect; whether researchers use standdbddk percentages (based on

proportional property tax revenues) to allocateeexiitures not directly tied to a particular land
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use Standfallbl; or whether the financial allocations come fromyonormal operating budgets
(Genfund. Thus, these methodological differences appehetanimportant in terms of reported
ratios.

Turning now to the financial variables, we find ttimaedian home value does not have a
statistically significant effect oResidentiakatios. This result appears contrary to the extiect
that higher home values would cause residential lsses to be more likely to “pay their own
way” (e.g., Englehart 1997, Dorfman 2002), but @ynpoint instead to the fact that an overall
community median might be too broad to captureetfiect. We do, however, find statistically
significant results foHomevaluon theComindand AgOsratios, although those for the former
result are more robust. Even still, the magnitugleguite small: a $10,000 increase in median
home value is associated with a .25 percent deziadhe commercial/industrial land-use ratios.

School expenditures as a proportion of total expieres has a negative effect on ratios
for all three land-use categories. The resuliResidentiais somewhat surprising. Our prior was
that when the school budget comprises are largetién of the overall budget, it would push up
Residentialratios because of larger expenditures begin dkocto that land use. But the result
here suggests that as school budgets increaseyrpomally more revenue is being allocated to
the Residentialsector, possibly through property taxes, state @idther funding sources ear-
marked for education as a result of state equalizah many states. The results #gOsand
Comlindare more intuitive: as the school budget comprés&sger share of the overall budget,
more revenue is likely to be reallocated from tHase uses towards the residential category.

A consistent set of results is that when a pawicldnd use generates a larger proportion
of total property taxes, it is more likely to “pag own way.” The results are particularly strong
for the ResidentiakndComIindmodels. In terms of the magnitudes, a 10 percentase in the
proportion of total property tax that comes fronsidential land uses is associated with a 3-
percent decrease in tieesidentialratios. The result for commercial/industrial lamskes is big-

ger: a 10-percent increase in the proportion dltptoperty tax is associated with a 10 percent
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decrease in th€omindratios. Together these results suggest that agrdperty-tax burden in-
creases for a particular land use, the land useaappo not receive a proportional increase in
expenditures.

Finally, several of the financial variables wereerestatistically significant in any of the
estimated equations. We had no prior expectatibonst&xpendituresRevenuandSurplus and
they appear to make little difference on reportatios for each land-use category. The same
holds forExpercap but one might nevertheless expect this variablgddy an important role. For
instance, with greater expenditures per capitapiild be reasonable to expect that certain land
uses would benefit more or less. While we find nialence for this based on differences in ratios
between studies, it may still be the case thatptaens differences among the ratios for land uses

within a municipality.

V. Conclusion
Quantitative meta-analysis is a statistical techaithat is useful for summarizing and reviewing
the results of existing research. In this papercamduct a meta-analysis of COCS studies. Us-
ing 125 studies, along with U.S. Census data, waterexplanatory variables to investigate un-
derlying patterns regarding the effect of methodmlal assumptions, as well as the geographic
and financial characteristics of communities. Therall objective is to exploit variation across
studies to explain differences in reported ratibexpenditures-to-revenues within the three land
use categories of residential, commercial/industalad agricultural/open-space. Understanding
what drives differences is important because COQ&ies are increasingly popular and influen-
tial in debates about municipal land-use decisi@king. In particular, arguments are made in
favor of land uses associated with lower ratiosicivlare interpreted to mean that the land use is
more likely to “pay its own way.”

The main findings of our analysis are the followige find clear support for the com-

mon perception that residential land uses tendaie Iratios greater than one, while commer-
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cial/industrial and agricultural/open-space langésugend to have ratios less than one. Recent
population growth has little effect on COCS ratiosall land-use categories. The level of gov-
ernance—city, county or township—is also of litdlensequence to COCS results. Among the
methodological decisions that COCS researchers make, two have particularly large effects.
Including the school budget in a COCS study inaeagsidential ratios by more than 15 per-
cent, and including farm houses in the agriculfopEn-space category, rather than the residen-
tial category, increases agricultural/open-spatiesas much as 60 percent. After controlling for
different methodological assumptions, differencamain for the effect of the type of organiza-
tion that sponsored the study. COCS studies caotedby local governments find less favorable
residential ratios and more favorable commercidiigtrial ratios than studies carried out by the
AFT. Furthermore, when other nongovernmental omgions conduct a study they find more
favorable agricultural/open-space ratios than tR& AMedian home values have no effect on the
residential ratios, but they do tend to decreasedlios for other land uses. Finally, when a par-
ticular land use accounts for a greater share efadvmunicipal property tax revenue, that land
use has a lower expenditure-to-revenue ratio.

In terms of guidance for the conduct and integifeh of COCS studies, we find that
several methodological assumptions make littleedgfiice. In particular, researchers may want to
simply take the least costly approach when decidihgther to conduct interviews, use standard
fallback percentages, or use only the general fltheé. important methodological decisions are
whether to include the school budget and whethembiude farm houses in the agricul-
tural/open-space land-use category. COCS researsheuld make these assumptions transpar-
ent and perhaps provide sensitivity analysis. Thi@sesferring the results of COCS studies from
one municipality to another should also be awaréhefsubstantial effect that these methodo-
logical decisions have on the results. Users of 6@@idies should also be aware of potential

bias, although we find somewhat surprising regultiis regard.
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A more general implication follows from our finds that density and median home
value have no effect on residential ratios. Whilensn planning decisions about residential de-
velopment tend to focus on density and factors afffact home values, the results here suggest
that these planning dimensions may have relatiliglg affect on the balance of expenditures
and revenues for different land-use categoriesureutesearch should further investigate the ef-
fect of density with more refined measures of theua density of development. The fact that
population change had no effect on residentiabsais also an important result that some may
point to as undermining the value of COCS studiegfedicting the financial impacts of future
land-use change. The result suggests that usimrgges from existing patterns of land use may
be of questionable value for making predictionsuttfoture, marginal changes. Finally, the
meta-analysis conducted in this paper focuses pfaieng differences in COCS ratios within
each of the three land-use categories between ipaliies, but future research should also fo-
cus on explaining differences in the ratios betwlaen-use categories. This would be useful be-
cause municipalities themselves are not only isteckin the financial balance within each land-

use category, they must also consider the oveudljét balance among all types of land use.
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Table 1: List of variables and definitions

Variable Definition
Ratios
Residental Ratio of expenditures over revenues for residetdiad uses
Comind Ratio of expenditures over revenues for commeinbstrial land uses
AgOs Ratio of expenditures over revenues for agricultopen spacve land uses
Geographic
City Dummy for budget at the city, town, or village léve
Countyonly Dummy for budget at the county level, excludingsathmunicipalities
Countyall Dummy for budget at the county level, including setbmunicipalities
Township Dummy for budget at the township level, excludingset municipalities
Population Total population for year study conducted (10,000s)
Sagmiles Land area (square miles)
Density People per square mile (100s people)
Popchng Proportionate population change from 5 years pdatudy year to 2 years after

Methodological

AFT

Org

Gov
Academic
Scholuse
Genfund
Agres
Intervu
Standfallbk

Financial

Expenditures

Revenue
Surplus
Expercap
Homevalu
Scholbdg
Restax
Comlndtax
AgOstax

Dummy for study sponsored by AFT

Dummy for study sponsored by some other nongoventatherganization

Dummy for study sponsored by a government agency

Dummy for study sponsored by an academic instistio

Dummy for school budget used in the study

Dummy for budget allocations from general fund pnhB., normal operating finances
Dummy for agricultural residences includeddgOSrather tharResidentafatios
Dummy for interviews with government officials ustdhelp allocate budget items
Dummy for using standard fallback percentageslazate expenditures

Total expenditures in year of study (100,000s iary&2000s)

Total revenues in year of study (100,000s in y@a0$s)

Total revenues minus total expenditurBgyenue — Expenditujes

Total expenditures per capita (1,000s in year $8p00

Median home value (100,000s in year $2000s)

School expenditures as a proportion of total exfiares (= 0 ifScholuse= 0)
Residential property tax as a proportion of totalgerty tax
Commercial/industrial property tax as a proportdrotal property tax
Agricultural/open-space property tax as a propartbtotal property tax

Notes All variables are derived from COCS studies thelves, except foPopulation Sgmiles Density Popchng
andHomevaly which are taken directly or derived from the UC®nsusHomevaluis taken from the 1990 census
for studies done before 2000 or the 2000 censustfiolies done after 2000. Other census variabtefram projec-
tions for the specific years corresponding to tiadS study.
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Table 2: Descriptive statistics

Variable Mean Std. Dev. Min Max
Ratios
Residental 1.18 0.16 0.60 1.67
Comind 0.44 0.27 0.04 1.22
AgOs 0.50 0.28 0.05 1.31
Geographic
City 0.54 0.50 0 1
Countyonly 0.29 0.45 0 1
Countyall 0.07 0.26 0 1
Township 0.10 0.30 0 1
Population 4.26 13.21 0.02 139.29
Sgmiles 537.09 1,028.22 0.40 5,514.00
Density 3.75 6.05 0.02 28.00
Popchng 0.16 0.19 -0.13 1.63
Methodological
AFT 0.25 0.43 0 1
Org 0.18 0.39 0 1
Gov 0.19 0.40 0 1
Academic 0.38 0.49 0 1
Scholuse 0.70 0.46 0 1
Genfund 0.20 0.40 0 1
Agres 0.24 0.43 0 1
Intervu 0.77 0.42 0 1
Standfallbk 0.70 0.46 0 1
Financial
Expenditures 512.05 1,650.06 0.27 17,576.46
Revenue 516.51 1,682.10 0.48 17,937.58
Surplus 4.46 42.99 -115.48 361.12
Expercap 1.44 0.76 0.11 3.63
Homevalu 1.30 0.65 0.48 4.02
Scholbdg 0.43 0.32 0.00 0.94
Restax 0.69 0.18 0.00 0.99
Comlndtax 0.20 0.14 0.00 0.68
AgOstax 0.10 0.13 0.00 0.76

Notes All variables have 125 observations, with a fexeeptions. One outlier
observation is dropped f&esidentigland data is available for only 118 observa-
tions forRestaxComIindtax andAgOstax
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Table 3: Seemingly unrelated regression results for aléHand-use categories

Commercial/ Agricultural/
Residential Industrial Open space
Linear Log-linear Linear Log-linear Linear Log-iar
Geographic
Population 0.012%** 0.010%** -0.011** -0.020* 0.005 0.006
(3.93) (3.77) (2.14) (1.72) (0.82) (0.48)
Density -0.003 -0.003 0.008** 0.020** 0.010%*** 0.020**
(1.46) (1.32) (2.07) (2.32) (2.48) (2.27)
Countyonly -0.019 -0.009 0.064 0.169 0.012 0.074
(0.46) (0.25) (0.94) (1.07) (0.17) (0.48)
Countyall -0.109* -0.081 0.089 0.192 -0.102 -0.144
(1.67) (1.48) (0.82) (0.76) (0.90) (0.57)
Township 0.129%** 0.117** -0.089 -0.239 -0.057 -0.179
(2.74) (2.96) (1.16) (1.35) (0.67) (0.96)
City - - - - - -
Methodology
Scholuse 0.187*** 0.153*** 0.104 0.339 0.082 0.381
(2.66) (2.59) (0.91) (1.29) (0.65) (1.36)
Agres -- -- -- -- 0.267*** 0.600%***
(4.34) (4.47)
Gov 0.090** 0.090*** -0.126* -0.323** -0.048 -0.192
(2.24) (2.67) (1.92) (2.11) (0.67) (1.22)
Academic 0.023 0.034 0.063 0.113 0.010 -0.130
(0.66) (1.16) (1.12) (0.87) (0.16) (0.90)
Org 0.053 0.055 -0.030 -0.025 -0.122 -0.359**
(1.26) (1.56) (0.44) (0.16) (1.47) (1.98)
AFT - - - - - -
Financial
Homevalu 0.025 0.022 -0.130*** -0.252%** -0.091* -0.156
(0.95) (1.01) (3.06) (2.57) (1.88) (1.47)
Scholbdg -0.204** -0.161* -0.372** -0.966*** -0.211 -0.785*
(1.98) (1.85) (2.22) (2.49) (1.14) (1.92)
Restax -0.384*** -0.302%** - - - -
(4.88) (4.53)
Comlndtax - - -0.469**  -1.056*** - -
(2.82) (2.74)
AgOstax - - - - -0.181 -0.299
(0.95) (0.72)
Constant 1.309*** 0.233*** 0.789%*** -0.293 0.601*** -0.611x**
(17.18) (3.62) (9.42) (1.51) (6.30) (2.91)
R-squared 0.32 0.33 0.37 0.34 0.31 0.29
Observations 117 117 117 117 117 117

Notes t-statistics are given in parentheses. One, two,tlarek asterisk(s) indicate(s) statistical sigaifice at
the 90-, 95- and 99-percent levels, respectively.
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Appendix Table: List of cost of community service studies and taoes for all observations included in the metalgsia

Report citation

Study location

American Farmland Trust (1986). The Cost of Commyu8ervices in Hebron, Connecticut. Washington,.D.C

Hebron, CT
Madison Township, OH
Madison Village, OH

American Farmland Trust (1992). Does Farmland Rtime Pay? The Cost of Community Services in Thiviassachusetts

Towns. Northampton, MA.

Agawan, MA
Deerfield, MA
Gill, MA

American Farmland Trust (1994). Farmland and theBi#i: The Cost of Community Services in Three Mésota Cities.
Washington, D.C.

Farmington, MN
Independence, MN
Lake EImo, MN

American Farmland Trust (1997). The Cost of Commyu8ervices in Frederick County, Maryland. WashimgtD.C.

Burkettsville, MD
Frederick City, MD
Frederick County, MD
Walkersville, MD

American Farmland Trust (1998). The Cost of Commyu8ervices in Monmouth County, New Jersey. WashimgD.C.

Freehold Township, NJ
Holmdel Township, NJ
Middletown Township, NJ
Upper Freehold Township, NJ
Wall Township, NJ

American Farmland Trust (1999). Cost of Communigpv&es Study: Northampton County, Virginia. Wasgjtom, D.C.

Northampton County, VA

American Farmland Trust (1999). Cost of Communigpv&es Study: Skagit County, Washington. WashingiC.

Skagit County, WA

American Farmland Trust (1999). The Cost of Commyu8ervices in Lexington-Fayette County Kentuckyashington,
D.C.

Lexington-Fayette County, KY

American Farmland Trust (2002). Finding the Balaf&nching and Rapid Growth in Bandera County, $e&aCost of
Community Services Study. Washington, D.C.

Bandera County, TX

American Farmland Trust (2002). Kent County, MamgaCost of Community Services Study. Washingtoig.D

Kent County, MD

American Farmland Trust (2002). Wimico County, Mand. Cost of Community Services Study. Washingidg,.

Wimico County, MD

American Farmland Trust (2003). The Cost of Commyu8ervices, Oldham County, Kentucky. WashingtorC.D

Oldham County, KY

American Farmland Trust (2004). A Report on thet@dommunity Services in San Juan County, WaghimgWashing-
ton, D.C., w/ Friends of the San Juans.

San Juan County, WA

American Farmland Trust (2005). The Cost of Commyu8ervices. Bedford County, Virginia. WashingténC.

Bedford County, VA

American Farmland Trust (2007). The Cost of Commnyu8ervices. Okanogan County, Washington. Wasbimdd.C.

Okanogan County ,WA

American Farmland Trust Cost of Community Servisesly: The Value of Farmland and Open Space in iBEranty,
Texas. Washington, D.C.

Bexar County, TX
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Annett, S., R. Cooksey, et al. (1993). Cost of Camity Services, Fiscal Impact Analysis, City of @RovDurham, NH, De- Dover, NH
partment of Resource and Economic Development, &sity of New Hampshire.

Auger, P. A. (1996). Does Open Space Pay? Durhain University of New Hampshire, Cooperative Extensi Deerfield, NH
Freemont, NH
Stratham, NH

Bonner, M. and F. Gray (2005). Cost of Communitpvi®es Study. Town of Rochester, New York. Rochedly *

Bowden, M. A. (2000). The Cost of Community Sergige Hays County, TX. Community and Regional PlagriProgram, Hays County, TX
University of Texas at Austin.

Brentwood Open Space Task Force (2002). Does OpaceSPay in Brentwood. Part 1: Housing and Taxes. rent®ood, NH
Bucknall, C. The Real Cost of Development. Poughkix NY, Scenic Hudson, Inc. Amenia, NY
Fishkill, NY
Red Hook, NY
Cecil County Office of Economic Development (19%iscal Impact of Residential, Commercial/Industi@and Agricul- Cecil County, MD

tural Land Uses in Cecil County, Maryland. NorttsEaD.

Citizens for a Better Flathead (1999). The Fisngldct of Different Land Uses on County Governmerat &chool Districts Flathead County, MT
in Flathead County, Montana for the Fiscal year71%@lispell, MT.

Commonwealth Research Group (1995). Cost of Commy@arvices in Southern New England. Southern Nagldhd Becket, MA
Forest Consortium, Inc. Chepachet, RI. Durham, CT

Farmington, CT
Franklin, MA
Hopkinton, RI
Leverett, MA
Litchfield, CT
Pomfret, CT
West Greenwich, Rl
Westford, MA

Cornell Cooperative Extension of Dutchess CountyAamerican Farmland Trust (1989). Cost of CommuBigyvices Beekman, NY
Study: Towns of Beekman and Northeast, Dutchessit@odNew York. Millorook, NY. North East, NY

Costa, F. J. and G. Gordon-Sommers (1999). Casbofmunity Services for 1998 for Auburn TownshipaGga County,  Auburn Township, OH
Ohio, Center for Public Administration and PubliliPy, Kent State University.

Crane, L. P., M. M. Manion, et al. (1996). A CostGmmmunity Services Study of Scio Township. Schafdlatural Re- Scio Township, Ml
sources and the Environment. Ann Arbor, MI, Uniugref Michigan.

Dirt, Inc. (2002). A Revenue/Cost Analysis of Conmity Service Provision in Grand County, Colorado. ra@l County,CO
Dirt, Inc. (2002). A Revenue/Cost Analysis of Conmity Service Provision in Saguache County, Colorado Saguache County, CO
Dirt, Inc. (2002). A Revenue/Cost Analysis of Commity Service Provision in San Juan County, New Mexi San Juan County, NM
Edwards, M., D. Jackson-Smith, et al. (1999). Thet@f Community Services for Three Dane County A®wunn, Perry, Dunn, WI**

and Westport, Wisconsin Land Use Program, UniverdilWisconsin-Madison. Perry, WI**

Westport, WI**
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Fallon, Ed, Office of lowa State Representativ€98). The Cost of Community Services in Three Gantwa Cities.

Altoona, |A
Indianola, 1A
Waukee, |A

Haggerty, M. (1997). Fiscal Impacts of Alternatevelopment Patterns: Broadwater and Gallatin GesnBozeman, MT,
Local Government Center, Montana State University.

Broadwater County, MT
Gallatin County, MT

Haggerty, M. (2000). The Cost of Community Servigce€uster County, Colorado. Sonoran Institute,@oan, MT.

Custer County, CO

Hartmans, M. and N. Meyer (1997). Financing Sewvite Residential, Commercial and Agricultural Rdsc The Cases of
Canyon and Cassia Counties. Moscow, ID, Departwiesgricultural Economics and Rural Sociology, @gje of Agri-
culture, University of Idaho.

Canyon County, ID*
Cassia County, ID*

Innovative Natural Resource Solutions LLC (undateéd$t of Community Services Study. Town of Montnidr, New
Hampshire.

Mont Vernon, NH

Innovative Natural Resource Solutions LLC (2005)stf Community Services Study. Town of Milton,WElampshire.

Milton, NH

Innovative natural Resource Solutions LLC (2005)stbf Community Services Study. Town of JaffregmNHampshire.

Jaffrey, NH

Johnson, R. J. (1997). The Cost of Community Sesvic Portsmouth, Rhode Island. Narragansett, R, Aquidneck Is-
land Partnership, Coastal Resources Center, UitivefsRhode Island.

Portsmouth, RI

Leighton, M. and N. Meyer (1999). Financing Sersifer Residential, Commercial and Agricultural Rdsc The Cases of
Kootenia and Booneville Counties. Moscow, ID, Depeent of Agricultural Economics and Rural SociolpGyllege of
Agriculture, University of Idaho.

Bonneville County, ID*
Kootenia County, ID*

Littleton Planning Board (2002). Littleton MastdafR. Fiscal Impacts.

Littleton, MA

MacFadden, S. (1997). Cost of Community ServicadystTown of Peterborough, New Hampshire, Antio@dwNEngland,
Peterborough Conservation Commission, SPACE:

Peterborough, NH

Murphy, B. (2001). Cost of Community Services iffefson County, Montana. Boulder, MT, Jefferson @tguPlanning
Board.

Jefferson County, MT

Neibling, C. R. (1997). Town of Exeter, New HampshiCost of Community Services Study. Concord, Nidpvative Re-
source Solutions, Submitted to Exeter Conserva@iommission: 17.

Exeter, NH

Nellis, L. (1998). Cost of Community Services Stullsgeemont County, Idaho, Freemont County PlanamijZoning
Commission. Freemont County Planning and Zoning @@sion.

Freemont County, ID

Nelson, N. and J. H. Dorfman (2000). Cost of ComityuBervices for Habersham and Oconee Countiesigige@dthens,
GA., Center for Agribusiness and Economic Developméhe University of Georgia.

Habersham County, GA
Oconee County, GA

Pickard, C. (2000). 1998 Cost of Community Servigasly: Town of Lyme, New Hampshire, The Lyme Hitid Valley
Association

Lyme, NH

Piedmont Environmental Council (1993). Financiablysis of the 1991 Loudoun County Budget. Chartitée, Virginia.

Loudoun County, VA*

Prindle, A. M. (2002). Fairfield County DevelopmeSttategy and Land Use Plan, Fiscal Impacts Chdpaatfield, OH.

Hocking Township, OH
Liberty Township, OH

Prinzing, K. (1999). The Cost of Providing Commuyrtiiervices: Carbon County, Montana. Red Lodge, ®arbon County
Commissioners.

Carbon County, MT
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Renkow, M. (1998). The Cost of Community Serviace€hatham County: A Report to the Chatham Courenfthg De-
partment. Raleigh, NC, Department of Agricultunati&kesource Economics, North Carolina State Unityers

Chatham County, NC

Renkow, M. (2006). The Cost of Community Service®range County. Raleigh, NC, Department of Agtimall and Re-
source Economics, North Carolina State University.

Orange County, NC

San Martin, I. (1998). Town of Gilbert: The Cost@immunity Services. Tempe, AZ, Herberger CentebDiesign Excel-  Gilbert, AZ
lence, College of Architecture and Environmentasige, Arizona State University.
Smith, L. J. and P. Henderson (2001). Cost of Conityservices Study for Truro, Massachusetts: Adtepn the Fiscal  Truro, MA

Implications of Different Land Uses, Associatiom the Preservation of Cape Cod.

Smith, L. J. and P. Henderson. (2001). Cost of Canity Services Study for Brewster Massachuset®Report on the Fis-
cal Implications of Different Land Uses. Associatior the Preservation of Cape Cod.

Brewster, MA

Snyder, D. L. and G. Ferguson (1994). Cost of ConityiBervices Study: Cache, Sevier and Utah Cosintiegan, UT,
Economics Department, Utah State University.

Cache County, UT*
Sevier County, UT*
Utah County, UT*

South Central Assembly for Effective Governanced@0Cost of Community Services: Hopewell Townshprk County
Pennsylvania.

Hopewell Township, PA

South Central Assembly for Effective Governanced@0 Cost of Community Services: Shrewsbury Towns¥iork
County Pennsylvania.

Shrewsbury Township, PA

Sutton Cost of Community Services Study Ad Hoc Catterm (1998). Town of Sutton, New Hampshire: Cds€ommu- Sutton, NH
nity Services Study.
Taylor, D. T. (2000). 1997 Cost of Community SeedStudy: Groton, New Hampshire. Concord, NH, Newngdshire Groton, NH
Wildlife Federation.
Tompkins County Agriculture & Farmland Protectiondd (1996). Study of Tompkins County AgricultuPhase | Tomp- Caroline, NY
kins County Agriculture & Farmland Protection Plan. Danby , NY
Dryden, NY
Enfield, NY
Groton, NY
Ithaca, NY
Lansing, NY
Newfield, NY
Tompkins County, NY
Ulysses, NY

Wintersteen, J. (1996). Economics of Land Cons@waScarbourough, Maine.

Scarborough, ME

Notes:Study locations with one or two asterisk(s) repad or three sets of ratios, respectively. Allatktudy locations report one set of ratios.
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