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Land-use  change  can  significantly  affect the  provision  of  ecosystem  services.  On  a local  scale,  zoning  laws
and other  land-use  regulations  are  commonly  used  to  influence  land-use  change,  but  their  effectiveness
is  often  unclear.  We  evaluate  the effectiveness  of local  land-use  planning  in concentrating  development
and  minimizing  impacts  in  riparian  areas.  We  use  spatially-explicit  land  cover  data  from  the  USGS  Land
Cover  Trends  project  to measure  development  and  disturbance  rates  before  and  after  implementation  of
cosystem services
and-use planning
ifference-in-difference estimator

Oregon’s  land-use  planning  system.  We  apply  a difference-in-difference  estimator  to  address  the  problem
of non-random  assignment  of regulations  on  the  landscape.  We  find  that  land-use  laws  in  Oregon  have
concentrated  development  inside  of UGBs  and  lowered  development  rates  in  riparian  areas.  However,
disturbance  in  riparian  areas  has  increased  inside  of  UGBs.  Overall,  our  findings  suggest  that  local land-use
planning  can  be  an  effective  tool  for  promoting  the provision  of  non-market  ecosystem  services.

©  2016  Published  by Elsevier  Ltd.
. Introduction

Land-use change has large effects on the provision of ecosys-
em services and biodiversity (Lawler et al., 2014; Millennium
cosystem Assessment, 2005). The conversion of land from less to
ore intensive uses, such as the transformation of native grass-

ands into cropland or of forests into development, has greatly
ncreased the production of market goods, including food, fiber,
nd housing. However, these changes often come at the expense of
ther ecosystem services, such as air and water quality and open
pace, and ecosystem functions, such as habitat for wildlife. There
re a number of ways that land-use policy can be used to achieve
ore balance between market and non-market ecosystem services,

ncluding implementing market-based incentives to deter harm-
ul private land-use decisions, establishing conservation areas, and

sing zoning and other land-use regulations to prevent deleteri-
us land-use changes. Of these approaches, zoning and regulatory
pproaches have the potential to most effectively control land-use

∗ Corresponding author.
E-mail address: plantinga@bren.ucsb.edu (A.J. Plantinga).

ttp://dx.doi.org/10.1016/j.landusepol.2016.10.011
264-8377/© 2016 Published by Elsevier Ltd.
decisions, because of the greater control they afford land managers
in targeting protection measures to specific locations and for their
ability to overcome market forces driving land-use change (Lawler
et al., 2014). The provision of important ecosystem services such as
carbon sequestration, pollination, pest control, and water purifica-
tion often depends on how land uses are arranged on a landscape.

At local scales, land-use planning is the primary approach used
to influence the spatial pattern of land use. Zoning has been used
in the U.S. since the early 20th century to specify permitted uses of
land (Mills, 1979). In recent decades, urban containment policies,
such as urban growth boundaries (UGBs), have become a com-
mon  tool used to promote compact development (Wassmer, 2006).
There are many earlier analyses of the effects of land-use regula-
tions on housing and land prices (McMillen and McDonald, 2002;
Quigley and Rosenthal, 2005; Ihlanfeldt, 2007; Lynch, et al., 2007;
Grout et al., 2011), and a smaller number of studies that exam-
ine their effects on the rate of land development (recent examples
include Cunningham, 2007; Boarnet et al., 2011; Dempsey and

Plantinga, 2013). Several of the studies consider land-use regula-
tions in Oregon, which is our focus as well. Knapp (1985) finds that
land values are higher within the Portland Metropolitan Area UGB
in two of three counties. Grout et al. (2011) find land price differ-

dx.doi.org/10.1016/j.landusepol.2016.10.011
http://www.sciencedirect.com/science/journal/02648377
http://www.elsevier.com/locate/landusepol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.landusepol.2016.10.011&domain=pdf
mailto:plantinga@bren.ucsb.edu
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ntials of between $30,000 and $140,000 per acre at the Portland
GB, but also identify sections of the UGB where there is no price
hange. Dempsey and Plantinga (2013) find higher development
ates inside of many of the UGBs in Oregon’s Willamette Valley
ompared to outside, but in some cases find no difference.

The previous literature consider effects of land-use regulations
n property values and development rates, but does not analyze the
ffectiveness of land-use regulations at preventing development of
articular types of land, such as forests or riparian areas. Forests
equester carbon and play a major role in climate change mitigation
nd biodiversity conservation (Dixon et al., 1994), while riparian
egetation protects streams from nonpoint source pollutants and
rovides habitat for wildlife (Dosskey et al., 2010). Understand-

ng how regulations affect different types of land is important for
ssessing effects on ecosystem services because of the variation
mong land uses in the kind and amount of services provided.

Our analysis evaluates zoning and urban growth policies in the
.S. State of Oregon, which is distinctive for its comprehensive
nd coordinated statewide program. Although Oregon’s planning
ystem includes strict land-use controls, such as urban growth
oundaries, it is not designed to prevent all development. In this
tudy, we consider the effectiveness of local land-use planning
t containing development and limiting development and distur-
ance in riparian areas. We  also present some suggestive evidence
n how agricultural and forest lands have been affected under plan-
ing rules. Any effort to measure the effects of land-use planning
ust confront challenges arising from the non-random assign-
ent of zoning and urban growth restrictions to land parcels.

n the recent literature, this problem has been addressed with
nstrumental variables, matching methods, and regression dis-
ontinuity design (e.g., Lynch et al., 2007; Grout et al., 2011). In
his study, we employ a technique from the program evaluation
iterature (Imbens and Wooldridge, 2009) called difference-in-
ifference (DID) estimation. Dempsey and Plantinga (2013) also use

 difference-in-difference estimator to study the effects of UGBs on
evelopment rates in Oregon. Our study differs from Dempsey and
lantinga (2013) in that we distinguish effects on riparian and non-
iparian lands, consider disturbance in addition to development,
nd evaluate a broader set of land-use regulations.

. Background on Oregon’s land-use planning program

The current land-use planning system in Oregon was  created by
enate Bill 100, approved in May  1973, with the goals of protect-
ng farm and forest lands, conserving natural resources, ensuring
rderly and efficient land development, facilitating coordination
mong local governments, and providing for citizen involvement.
t directed the Land Conservation and Development Commission
LCDC) to develop planning goals that must be addressed in all
ocal comprehensive land-use plans. The original set of 14 goals

as adopted in December 1974. We  focused our study on how
ell cities and counties have addressed Planning Goals 3, 4, 5, and

4. Goal 14 seeks “to provide for an orderly and efficient transi-
ion from rural to urban land use” (DLCD 2010). Cities and counties
re required to designate UGBs and consider a variety of factors
hen doing so, such as the need to accommodate projected popu-

ation increases and satisfy demands for housing and employment.
oal 3 requires that agricultural lands be inventoried and then pre-

erved through the designation of exclusive farm use (EFU) zones.
ll agricultural lands that are not contained within a UGB, and not
pecifically designated for nonfarm use, are zoned EFU. Minimum

ot sizes are 32 ha for agricultural land, unless it can be demon-
trated that commercial agricultural enterprises can be maintained
n smaller parcels. Construction within EFU zones is limited to
wellings and buildings that support agricultural activities. Goal 4
Policy 60 (2017) 16–25 17

is similar to Goal 3 except that it applies to forests and requires the
designation of “forest zones” that are typically 80 acres or greater
in size.

Goal 5 requires local governments to “adopt programs that will
protect natural resources and conserve scenic, historic, and open
space resources for present and future generations” (DLCD 2010).
Particular emphasis is given to riparian corridors. The Adminis-
trative Rule for Goal 5 instructs governments to limit permanent
alterations to riparian areas, such as the placement of structures
or impervious surfaces, and removal of native vegetation. For the
most part, locally-adopted Goal 5 ordinances are applied to lands
inside of UGBs, one important exception being land zoned for rural
residential uses. Riparian management on commercial forest lands
outside of UGBs is regulated by the Oregon Forest Practices Act.
The Forest Practices Act was  passed in 1971, but the rules for ripar-
ian management were not developed until the early 1990s, with
the final rule adopted in 1994. The rules give landowners flexibil-
ity in managing lands in riparian areas, as long as progress is made
toward the overarching objective of establishing mature forests.
Agricultural lands outside of UGBs are subject to Oregon’s Agricul-
tural Water Quality Management Act, which was passed in 1993.
This policy requires the development of regional water quality
management plans, but does not contain specific rules for riparian
management.

Despite the requirements of the land-use planning system, there
are a number of ways that development can occur on agricultural
and forest lands and in riparian areas. Under Goal 5 rules, local
governments can decide not to protect certain natural resources
depending on the results of an economic, social, environmental,
and energy analysis. Even if forest and riparian areas are protected,
exceptions can be granted for roadways and paths, water con-
veyance, and water-dependent and water-related uses. In these
cases, local governments may  either grant variances to zoning
rules or modify zoning designations in their comprehensive plans.
Because land-use planning ultimately is carried out by a large num-
ber of local governments, the degree of State oversight is necessarily
limited. For all of these reasons, the effectiveness of Oregon’s land-
use planning system in promoting land conservation has remained
an open question (Pease, 1994).

3. Data

We use USGS Land Cover Trends (LCT) data (Loveland et al.,
2002) to estimate land-use changes in areas with and without land-
use restrictions. The LCT is a publicly-available, national dataset
derived from satellite images, aerial photography, and topographic
maps via manual digitizing. The data represent a stratified (by
ecoregion) random sample of 100-km2 blocks for the years 1973,
1980, 1986, 1992, and 2000. Within each block, land cover is
mapped at 60-m resolution using the Anderson Level I classifi-
cation system. More recent LCT observations are also available at
30-m resolution. However, because our analysis included the ear-
liest (1973) observations, we  use 60-m data throughout our study
period.

We focus our analysis on the Willamette Valley (approximately
30,000 km2), which contains Oregon’s major cities (Bend and Med-
ford being notable exceptions) and over 70 percent of the State’s
population. There are thirty-two LCT blocks in the Willamette Val-
ley ecoregion (Fig. 1); twenty-nine of these blocks are completely
within the Willamette Valley and 3 are partially within the Val-
ley. We  use data for 1973 to measure conditions before land-use

planning was implemented (i.e., the “before” observations). The
enabling legislation for Oregon’s land-use planning system was
passed in 1973, but actual implementation took place in the years
that followed. We use data for 2000 for the “after” observations,
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Fig. 1. LCT Blocks in the Willamette Valley Ecoregion. Areas inside of urban growth
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much in this region since the early 1970s, before the date of the
oundaries are indicated in light blue. (For interpretation of the references to colour
n  this figure legend, the reader is referred to the web  version of this article.)

hich provides us with a sufficiently large window to observe the
ffects of land-use policies.

The Anderson Level I classification system used for the LCT data
onsists of eleven land-cover categories that are suitable prox-
es for land-use categories (Anderson et al., 1976). In the first
art of our riparian area analysis, we consider whether land in
ny non-developed category moves to the development category.
eveloped land is defined as “areas of intensive use with much of

he land covered with structures or anthropogenic impervious sur-
aces . . . or less intensive uses where the land cover matrix includes
oth vegetation and structures . . .,  including any land functionally
elated to urban or built-up environments.” Examples of developed
and include high- and low-density residential, commercial, and
ndustrial developments, roads, parking lots, cemeteries, and golf
ourses. Note that clear-cut forest is not classified as development
nless and until structures (or other built-up features) are erected.

For the second part of the riparian analysis, we consider whether
ands in riparian areas are disturbed. Disturbance is a more com-
rehensive land cover category, which includes development in
ddition to agricultural land and land that otherwise has been
echanically disturbed. The mechanically disturbed category is

efined as, “land in an altered and often unvegetated state that,
ue to disturbances by mechanical means, is in transition from one
over type to another.” Mechanical disturbances can include earth-

oving, scraping, chaining, and reservoir drawdown, but in the
estern U.S. it is most often associated with forest clear-cutting

Sleeter et al., 2012). Thus, in the second case, we  are concerned
Policy 60 (2017) 16–25

with whether land moves from a non-disturbed category to a dis-
turbed category.

Our definition of riparian area is based on existing literature.
Castelle et al. (1994) defined a “buffer” as a vegetated zone that is
located between natural resources and adjacent areas that are sub-
ject to human alteration. There is general consensus about the need
for some buffering of aquatic and riparian resources from human
influences. However, little agreement exists concerning the size
of the buffer that is needed to achieve desired levels of protec-
tion. Based on their review of the literature, Castelle et al. (1994)
suggested that adequate buffer sizes can vary from 15 to 200 m
depending on the management or conservation goal. For the Pacific
Northwest region, it has been suggested that the length of “one
mature tree height” is likely adequate for the protection of salmonid
species (Young, 2000). In old-growth stands in the Pacific North-
west region, mature Douglas-fir trees commonly are 60–75 m tall,
and can reach heights of 100 m or more. Previous studies of ripar-
ian areas in Oregon have employed buffer widths that were similar
to ours (Burnett et al., 2007; Ozawa and Yeakley, 2007). However,
the width of riparian buffers used in practice is often smaller. For
example, the “safe harbor” rules for riparian management in Oregon
require buffers from 15 to 22 m.

Reflecting the range of defensible ways to define riparian areas,
we consider two  alternatives in our analysis – all land within 100 m
or 200 m of a river or stream. The river and stream data were
obtained from the Pacific Northwest Ecosystems Research Con-
sortium (PNERC), which provides a line coverage of the stream
network for the Willamette River Basin (Institute for a Sustainable
Environment, 1999). We  include all rivers and streams in the PNERC
layer, which includes larger rivers and streams but also smaller,
intermittent streams. The river and stream layer did not com-
pletely overlap the LCT data for the Willamette Valley, although
loss of observations was minimal. An LCT pixel was considered to
be within a riparian area if its centroid was  within 100 m (or 200 m)
of a river or stream. The overlap of the PNERC River Layer and the
LCT blocks is shown in Fig. 2.

Although our analysis is focused on riparian areas, we also exam-
ine rates of development for agricultural and forest lands inside
and outside of UGBs. Under the Anderson Level I classification sys-
tem, agricultural land is defined as “land in either a vegetated or
an unvegetated state used for the production of food and fiber”
and includes cropland, pasture, orchards, vineyards, and confined
livestock operations, but not forest plantations. Forests are defined
as “tree-covered land where the tree-cover density is greater than
10%.”

We also obtained digital maps of UGB locations from the Oregon
Department of Land Conservation and Development. We  distin-
guish between riparian areas inside and outside of UGBs because
Goal 5 ordinances mostly apply to the former lands, whereas other
rules regarding forest practices and water quality apply to the
latter. Similarly, rules governing the development of other (non-
agricultural, non-forest, or non-riparian) land differ inside and
outside of UGBs; for the most part, there are fewer development
restrictions inside of UGBs. With minor exceptions, agricultural
and forest land outside of UGBs is designated EFU and forest zone,
whereas agricultural and forest lands within UGBs are not. Finally,
because the land-use planning rules apply only to private lands,
we obtained data on land ownership from 2008 developed by the
Oregon Department of Forestry and available from the Oregon
Geospatial Office. We would have preferred to use land-ownership
data from an earlier period, but only the 2008 data were available.
To our knowledge, public and private ownership has not changed
earliest land-use data we  examined.
Summary statistics for our data set are presented in Table 1. The

largest numbers of pixels are in agriculture, forest, and develop-
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ig. 2. Overlap of LCT blocks and PNERC River Layer in the Willamette Valley Ecor
iver  layer with the 100 m buffer. (For interpretation of the references to colour in t

ent, respectively. Inside of UGBs, there are more developed pixels
han agricultural and forest pixels, but outside of UGBs agricultural
nd forest pixels are more prevalent. Inside of UGBs, there are a
imilar number of agricultural, forest, and developed pixels inside
iparian areas, but outside of UGBs many more agricultural and for-
st pixels are found in riparian areas. In absolute terms, the largest
hange in land use over the 1973–2000 period involved forest land
utside of UGBs, a decrease of approximately 29,000 pixels. How-
ver, this change was mirrored by an increase of almost 21,000
ixels in the mechanically disturbed category, which is associated
ith clear-cut timber harvesting.

. Methods

The non-random assignment of zoning and urban growth con-
rols is a challenge to accurately measuring the effectiveness of

and-use planning. It is not valid to simply compare lands subject
o different rules under the planning system, because those “treat-

ents” were not randomly assigned. For example, suppose that
ne measures how much land is developed within and outside of
. LCT blocks shown in purple, rivers in blue. The red block is enlarged to show the
ure legend, the reader is referred to the web version of this article.)

riparian areas. One might find less development of riparian lands
compared to non-riparian lands. However, this does not necessarily
indicate that regulations are effective at preventing development
in riparian areas. It could be that lands outside of riparian areas
were already highly developed or that there was  development pres-
sure outside but not inside the riparian areas. In other words, lands
inside riparian areas may  have characteristics that make them less
(or more) suitable for development, such that different patterns of
development would have occurred in the absence of zoning reg-
ulations. A simple comparison of riparian and non-riparian areas
would mistakenly attribute the effects of these characteristics to
regulations, in this case overstating the impact of the policy.

For our application, we  measure the effects of land-use planning
on conservation outcomes using the DID estimator. The estimator is
easiest to explain with a simple illustration of development shares
over time for lands inside and outside of riparian areas (Fig. 3). The

initial year is 1973, before the adoption of Goal 5 ordinances regu-
lating development in riparian areas, and the ending year is 2000,
some years after the policies have been in effect. Suppose that data
are available for 1973 and 2000 on the total and developed areas
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Table 1
Summary Statistics for Land Use in Willamette Valley, Oregon, 1973 and 2000.

Land-use class 1973

Inside UGB Outside UGB

Number
of pixels

Number in
riparian area
(100 m)

Proportion in
riparian area
(100 m)

Number in
riparian area
(200 m)

Proportion in
riparian area
(200 m)

Number
of pixels

Number in
riparian area
(100 m)

Proportion in
riparian area
(100 m)

Number in
riparian area
(200 m)

Proportion in
riparian area
(200 m)

Water 1794 837 0.47 1256 0.70 11,003 5155 0.47 6864 0.62
Developed 38,404 3035 0.08 6989 0.18 19,890 2918 0.15 6547 0.33
Mech.
disturbed

58  0 0.00 5 0.09 6345 496 0.08 1054 0.17

Mining 454 47 0.10 107 0.24 906 97 0.11 202 0.22
Barren 33 18 0.55 22 0.67 297 121 0.41 157 0.53
Forest 13,088 3179 0.24 4909 0.38 270,187 42,303 0.16 76,041 0.28
Grass/shrub 309 25 0.08 59 0.19 5936 672 0.11 1389 0.23
Agriculture 22,852 3056 0.13 6539 0.29 365,104 51,707 0.14 108,894 0.30
Wetland 1388 580 0.42 865 0.62 10,518 4850 0.46 7342 0.70
Total  78,380 10,777 0.14 20,751 0.26 690,186 108,319 0.16 208,490 0.30

Land-use class 2000

Inside UGB Outside UGB

Number
of pixels

Number in
riparian area
(100 m)

Proportion in
riparian area
(100 m)

Number in
riparian area
(200 m)

Proportion in
riparian area
(200 m)

Number
of pixels

Number in
riparian area
(100 m)

Proportion in
riparian area
(100 m)

Number in
riparian area
(200 m)

Proportion in
riparian area
(200 m)

Water 1698 805 0.47 1208 0.71 11,787 5387 0.46 7281 0.62
Developed 46,780 3883 0.08 8896 0.19 27,097 3638 0.13 8433 0.31
Mech.
disturbed

556  86 0.15 191 0.34 27,080 1747 0.06 4516 0.17

Mining 409 48 0.12 103 0.25 1182 117 0.10 262 0.22
Barren 41 25 0.61 30 0.73 346 138 0.40 207 0.60
Forest 11,310 2914 0.26 4375 0.39 241,171 40,409 0.17 71,020 0.29
Grass/shrub 341 36 0.11 80 0.23 9407 729 0.08 1619 0.17
Agriculture 15,893 2379 0.15 4975 0.31 361,999 51,329 0.14 108,004 0.30
Wetland 1352 601 0.44 893 0.66 10,117 4825 0.48 7148 0.71
Total  78,380 10,777 0.14 20,751 0.26 690,186 108,319 0.16 208,490 0.30

Fig. 3. Illustration of the difference-in-difference estimator. The green and red lines show how the share of land in development changed inside and outside of riparian
areas,  respectively. In 2000, there is a large difference in the development share for riparian areas and other lands (Difference in 2000). Much of this difference is due to
d  ordin
o f the 

t

o
y
o

ifferences in the shares that existed before 1973, prior to the adoption of the Goal 5
f  pre-existing differences in development shares to give a more accurate estimate o
he  reader is referred to the web  version of this article.)
f land inside and outside of riparian areas. For each category and
ear, one can measure the development share as the ratio of devel-
ped to total land area. A comparison of the development shares
ances. The difference-in-difference estimate (�Riparian − �Other) removes the effects
effects of Goal 5. (For interpretation of the references to colour in this figure legend,
for 2000 only (labeled “Difference in 2000”) is clearly misleading
because in 1973, even before the ordinances were adopted, there
was a sizable difference in the development shares (labeled “Pre-
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coefficient on the TIME ∗ BUFFER variable reveals that less devel-
opment occurred within riparian areas outside of UGBs, although
the effect is relatively small, a −0.5 percentage point reduction.
The effects of planning rules in terms of reducing development of

1 An alternative to heteroscedasticity-robust standard errors are cluster-robust
standard errors, which adjust for potential spatial correlation in the residuals.
J.A. Dempsey et al. / Lan

xisting difference”). The DID estimate is computed as the change
n the development shares for riparian areas (labeled “�Riparian”)

inus the change in the development share for other lands (labeled
Other”). Thus, �Other represents the counterfactual change; that

s, it is an estimate of how the development share would have
ncreased for riparian areas had the Goal 5 ordinances not been
dopted. A comparison of �Other to the actual change (�Riparian)
dentifies how much the policy reduced development in riparian
reas. By comparison, a matching estimator uses untreated obser-
ations with similar characteristics, usually measured at the same
oint in time, to construct the counterfactual (Rosenbaum and
ubin, 1983).

The error in using “Difference in 2000” to measure the effects
f the Goal 5 ordinances is that it includes the “Pre-existing differ-
nce” in the development shares as an effect of the policy. However,
he Goal 5 ordinances could not have been the cause of the lower
evelopment share in riparian areas prior to their adoption. The DID
stimator removes the pre-existing difference from the estimate of
he policy’s effect: �Riparian − �Other is equal to the “Pre-existing
ifference” minus the “Difference in 2000”. To implement the DID
stimator, it is critical that data are available from before and after
he adoption of the regulations. If �Riparian and �Other are measured
fter the adoption of the regulation, the pre-existing difference
etween riparian and other lands cannot be identified. It is also
ecessary that landowners did not anticipate the regulation and
ndertake pre-emptive development prior to 1973. If they had,
hen our estimate of the effects of the regulation could be biased in
ither direction. The legislative history of the land-use planning
ystem helps to alleviate concerns about pre-emptive develop-
ent. The official announcement that UGBs would be required was

ot made until late in 1974 and, even then, no specific information
as provided on how the boundaries would be drawn. This was left

o the cities and counties to determine. While the key legislation
Senate Bills 10 and 100) passed in 1973, the bills only identified
tatewide planning goals and neither specifically mentioned UGBs.

The DID estimate accurately measures the effects of the Goal
 ordinances even if other factors also influenced development
etween 1973 and 2000. For example, suppose that in addition
o the Goal 5 ordinances, an impact fee policy had also been
mplemented during this period that required developers to reim-
urse local governments for the additional costs of public services
rought about by new development. As long as the impact fees
ould have affected lands inside riparian areas in the same way

s lands outside, the DID estimate would still measure only the
ffect of the Goal 5 ordinances. To see this, suppose that �Fee is the
eduction in the development share due to impact fees. Then, the
bserved change in development shares inside riparian areas would
ave been �Riparian − �Fee and the observed change on other lands
ould have been �Other − �Fee. The DID estimate is unchanged

ecause (�Riparian − �Fee) − (�Other − �Fee) = �Riparian − �Other. In
eneral, the DID estimate is robust to any influences on develop-
ent shares during the 1973 to 2000 period, as long as all lands
ere affected in the same way. This would include influential

ocioeconomic factors, such as population growth and in-migration
f new residents.

We implement the DID estimator using a regression model. The
ependent variable is a binary indicator of whether an LCT pixel

s developed (or disturbed), which we denote yit where i indexes
ixels and t indexes the year. The
yit = ˇ0 + ˇ1UGBi + ˇ2TIME + ˇ3BUFFERi + ˇ4TIME ∗ UGBi

+ˇ5TIME ∗ BUFFERi + ˇ6UGBi ∗ BUFFERi + ˇ7

TIME ∗ UGBi ∗ BUFFERi + εit (1)
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where UGBi equals 1 if pixel i is inside of a UGB and 0 other-
wise, TIME equals 1 if t = 2000 and 0 if t = 1973, BUFFERi equals
1 if pixel i is inside of a riparian buffer and 0 otherwise, εit
is a random disturbance term, and the ˇs are model coeffi-
cients. Because it includes three indicator variables, Eq. (1) is a
difference-in-difference-in-difference (or triple difference) model
(Wooldridge, 2000). Compared to the difference-in-difference esti-
mator described above, the triple difference model estimates
separate effects of regulations inside and outside of UGBs. This
allows us to distinguish effects of Goal 5 ordinances from those
of the Forest Practices Act and Agricultural Water Quality Manage-
ment Act.

The coefficients in Eq. (1) have useful interpretations. The coef-
ficient on the TIME ∗ UGB variable (ˇ4) measures the degree to
which planning rules have concentrated development (or distur-
bance) on non-riparian lands inside of UGBs, accounting for any
pre-existing differences in development or disturbance rates. The
coefficient on the TIME ∗ BUFFER variable (ˇ5) measures how much
the planning rules have raised or lowered development or distur-
bance rates in riparian areas outside of UGBs. Finally, the coefficient
on the triple-interaction variable TIME ∗ UGB ∗ BUFFER (ˇ7) mea-
sures the degree to which development or disturbance has been
affected inside riparian areas that are located inside of UGBs.

We  estimate four versions of the model that vary by whether
the dependent variable measures development or disturbance and
whether we define riparian areas using a 100 m or 200 m buffer. For
our basic set of results, we pool the observations for all of the cities
represented in the data. We  also estimate separate models for each
UGB area (pixels inside and outside the UGB) in order to charac-
terize potentially heterogenous effects of regulations. This analysis
requires that each pixel outside of a UGB be assigned to a UGB, and
we assigned pixels to the nearest UGB based on straight-line dis-
tances to the closest edge of a UGB. For each UGB area, we report
estimates of ˇ4, ˇ5, and ˇ7 for the development and disturbance
models and a 100 m buffer. The full set of estimates is available
from the authors upon request.

5. Results

5.1. Development and disturbance of riparian lands

Coefficient estimates and heteroscedasticity-robust standard
errors for Eq. (1) are presented in Table 2.1 All coefficient esti-
mates are significantly different from zero at the 1% level. Model
[1] considers effects on development and uses a 100 m buffer def-
inition. The coefficient on the TIME ∗ UGB variable is equal to 0.10,
indicating that the development rate for non-riparian lands was
10 percentage points higher inside compared to outside of UGBs.
This finding provides evidence that the planning rules concentrated
development near existing cities. Nevertheless, some development
occurred outside of UGBs, as indicated by the coefficient on the TIME
variable. Between 1973 and 2000, the amount of non-riparian land
developed outside of UGBs increased by 1.2 percentage points. The
Implementation of this approach requires that we define the clusters, or groups
of  observations for which we expect residuals to be correlated. One way to cluster is
by  UGBs, which requires that pixels outside of UGBs be assigned to a UGB. We used
the  assignment rule based on distance to the nearest UGB  edge to define clusters
and found that, for the most part, standard error estimates are unaffected.
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Table 2
Development and Disturbance Results for Pooled Model.

Variable 100 m buffer
development

100 m buffer
disturbance

200 m buffer
development

200 m buffer
disturbance

[1]  [2] [3] [4]

UGB 0.492 0.215 0.516 0.233
(0.002)*** (0.002)*** (0.002)*** (0.002)***

Time  0.012 0.044 0.012 0.047
(<0.001)*** (0.001)*** (0.000)*** (0.001)***

Buffer −0.003 −0.077 0.003 −0.019
(0.001)*** (0.002)*** (0.000)*** (0.001)***

Time*UGB 0.100 −0.019 0.101 −0.023
(0.003)*** (0.002)*** (0.003)*** (0.002)***

Time*Buffer −0.005 −0.026 −0.002 −0.023
(0.001)*** (0.002)*** (0.001)*** (0.002)***

UGB*Buffer −0.239 −0.175 −0.212 −0.158
(0.005)*** (0.005)*** (0.004)*** (0.004)***

Time*UGB*Buffer −0.028 0.025 −0.019 0.024
(0.007)*** (0.007)*** (0.006)*** (0.005)***

Constant 0.031 0.603 0.029 0.596
1)***
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these lands were developed before 1973 and use these measures as
the development rates that would have occurred had the planning
rules never been adopted. Second, it is hard to make an argu-
ment that land in non-agricultural (non-forest) uses would have
(<0.001)*** (0.00

otes: Heteroskedasticity-robust standard errors in parentheses. Three asterisks de

iparian lands was larger inside of UGBs. The coefficient on the
IME ∗ UGB ∗ BUFFER variable is −0.028, indicating that develop-
ent rates for riparian lands fell by an additional 2.8 percentage

oints inside of UGBs.
For model [2], the dependent variable is disturbance instead

f development. In contrast to the model [1] results, disturbance
ates on non-riparian lands were lowered inside of UGBs, as evi-
enced by the negative coefficient on the TIME ∗ UGB variable.
his finding likely reflects the fact that the Forest Practices Act,
hich applies outside of UGBs, place fewer restrictions on timber

arvesting in non-riparian areas. However, these regulations did
educe disturbance in riparian areas. The estimated coefficient on
he TIME ∗ BUFFER variable indicates that disturbance rates fell by
.6 percentage points in riparian areas outside of UGBs. Finally, dis-
urbance rates actually rose in riparian areas inside of UGBs. The
stimated coefficient on the TIME ∗ UGB ∗ BUFFER variable reveals
hat under Goal 5 planning rules disturbance rates for riparian lands
ere 2.5 percentage points higher inside of UGBs.

Models [3] and [4] use a 200 m buffer to define riparian areas
nstead of a 100 m buffer. The estimated effects on develop-

ent and disturbance are mostly unchanged under this alternative
efinition.

.2. Riparian results by UGB area

In Table 3, we present coefficient estimates for the key variables
TIME ∗ UGB, TIME ∗ BUFFER, and TIME ∗ UGB ∗ BUFFER) and for each
f the 20 UGB areas. The signs of the coefficient estimates mostly
orrespond to the results in Table 2, although for some of the vari-
bles many of the estimates are not significantly different from
ero. For the development models, the TIME ∗ UGB coefficient is
ositive and significantly different from zero in 16 cases, indicating
hat development was concentrated on non-riparian lands inside
f UGBs. In one case (St. Helens) it is negative and significant and

n the remaining cases the estimate is insignificant. Although the
ign of the effect is the same as in the pooled model, its magnitude
aries from 0.049 in Dundee to 0.437 in Sublimity. This finding sug-
ests that the planning rules are implemented with varying degrees
f stringency across municipalities, or that there are differences in
nderlying socioeconomic and demographic patterns.
The estimated coefficients on the TIME ∗ UGB ∗ BUFFER variable
lso have the same sign in the development models. Nine of the esti-
ates are negative and significantly different from zero, indicating

hat regulations applied inside of UGBs had the effect of reduc-
 (0.000)*** (0.001)***

significance at the 1% confidence level.

ing development rates inside riparian areas. The size of the effect
ranges from −0.056 to −0.172. However, in nine cities no effect was
found.2 The results for the TIME ∗ BUFFER effect were more varied.
Five of the coefficient estimates are negative and significantly dif-
ferent from zero, as in the pooled model, but three estimates are
positive and significant and 12 estimates are insignificant. These
results indicate widely varying effects of planning rules in terms of
influencing development in riparian areas outside of UGBs.

In the disturbance models, the estimated coefficients on the
TIME ∗ UGB variables are negative and significant in nine cities and
insignificant in the rest. This finding of lower disturbance rates
inside of UGBs was  also found with the pooled model, although the
estimated effects for individual cities are larger (-0.024 to −0.088
compared to −0.005). The TIME ∗ BUFFER coefficient estimates are
negative and significant in five cases, positive and significant in
one case, and insignificant in the remaining cases. These findings
indicate that planning rules in effect outside of UGBs reduced dis-
turbance in some riparian areas, but for the most part had no effect.
Finally, Lowell and Portland Metro appear to be responsible for the
positive and significant coefficient on the TIME ∗ UGB ∗ BUFFER vari-
able in the pooled model. The coefficient estimates for these two
cities are relatively large (0.084 and 0.089, respectively) and signif-
icantly different from zero, whereas the coefficient estimates for
the remaining cities are insignificant. As such, we find that plan-
ning rules increase disturbance in riparian areas inside of UGBs in
two cities, but elsewhere have no effect.

5.3. Agricultural and forest lands

We  examine data on agricultural and forest lands to provide
some suggestive evidence on how the land-use planning program
has differentially affected these types of lands. We  are unable to
implement a DID estimator in this case because we lack the data to
construct a suitable counterfactual. First, we do not observe devel-
opment rates for agricultural and forest lands in the absence of
the planning program. Ideally, we  could measure the rate at which
2 For two  cities (Donald and Sublimity), the coefficient on the triple interaction
term could not be estimated because of a lack of data.
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Table  3
UGB-specific Development and Disturbance Results for a 100 m Riparian Buffer.

UGB Development Disturbance

Time * UGB Time * Buffer Time * UGB * Buffer Time * UGB Time * Buffer Time * UGB * Buffer
[1]  [2] [3] [4] [5] [6]

Brownsville −0.004 0.005** −0.005 −0.084*** −0.038*** 0.038
Carlton 0.008 0.010** 0.016 0.006 0.005 −0.005
Corvallis 0.092*** −0.003 −0.047 −0.025*** −0.018* 0.010
Dallas 0.063*** 0.002 −0.012 −0.087*** −0.028*** 0.018
Dayton 0.090*** −0.005*** −0.079** 0.001 0.003 0.004
Donald 0.252*** −0.005 0.015 −0.001
Dundee 0.049** −0.006 −0.066** −0.024** −0.023 0.023
Estacada −0.018 −0.015*** 0.015 −0.020 −0.011 0.013
Harrisburg 0.100*** −0.002 −0.014 0.002 −0.001 0.058
Lafayette 0.185*** 0.001 −0.172*** 0.006 −0.010 −0.001
Lebanon 0.066*** 0.003*** 0.034 −0.008 0.014** −0.014
Lowell 0.136*** −0.001 −0.137*** −0.088*** −0.086*** 0.084***
Portland Metro 0.058*** −0.035*** 0.039*** −0.066*** −0.065*** 0.089***
McMinnville 0.184*** −0.001 −0.163*** 0.005 0.005 0.003
Newberg 0.065*** −0.023*** −0.072** −0.024*** −0.006 0.001
Philomath 0.121*** −0.005 −0.056* −0.033*** −0.019 −0.030
Sheridan 0.278*** −0.001 −0.137** −0.024*** −0.016 0.016
St.  Helens −0.050** −0.071*** 0.051 0.007 −0.003 −0.004
Stayton 0.093*** −0.003 −0.062** 0.004 −0.004 −0.009
Sublimity 0.437*** −0.002 < 0.001 −0.000

Notes: The asterisks, ***, **, and *, denote significance at the 1%, 5%, and 10% significance levels, respectively. A table entry of >−0.001 indicates a negative estimate contained
in  the (−0.001, 0) interval. A table entry of <0.001 indicates a positive estimate contained in the (0, 0.001) interval.

Table  4
Development Rates for Agricultural and Forest Lands.

Category Sample Proportions (Development) Number of Developed Pixels Total Pixels

1973 2000 Difference 1973 2000

Agricultural land, inside UGB 0.00 0.28 0.28 0 6484 22,843
Non-agricultural land, inside UGB 0.00 0.11 0.11 0 1884 17,020
Difference 0.17
Agricultural land, outside UGB 0.00 0.02 0.02 0 5741 359,701
Non-agricultural land, outside UGB 0.00 0.01 0.01 0 1377 270,385
Difference 0.01
Forest land, inside UGB 0.00 0.13 0.13 0 1676 12,988
Non-forest land, inside UGB 0.00 0.25 0.25 0 6692 26,875
Difference −0.12
Forest land, outside UGB 0.00 0.01 0.01 0 1271 243,646
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Non-forest land, outside UGB 0.00 0.02 

Difference 

een developed at the same rate as agricultural (forest) lands but
or the planning rules. For example, the costs of developing agri-
ultural lands are likely to be lower than the costs of developing
on-agricultural lands, such as forests.

As an alternative to formal estimation, we compute develop-
ent rates for agricultural and forest lands over the 1973–2000

eriod, inside and outside of UGBs (Table 4). Twenty-eight per-
ent of agricultural land inside of UGBs was developed between
973 and 2000, compared to only 11% of non-agricultural land.
utside of UGBs more agricultural pixels moved into the develop-
ent category by 2000, but rates of development were similar for

gricultural and non-agricultural lands. In contrast, development
ates were higher for non-forest land inside of UGBs than for forest
and (25% compared to 13%). In large part, the non-forest category is
omprised of agricultural land. Outside of UGBs, development rates
or forest and non-forest lands were similar. These results show
hat agricultural lands were developed at a greater rate than forest
ands, especially inside of UGBs, during the period when planning
ules were adopted in Oregon. Whether the planning rules were

he cause of this difference is unclear since there could be other
haracteristics of agricultural land that make is more economical
o develop than forest land, such as flatness and good drainage.
0.02 0 5847 386,440
−0.01

6. Discussion and conclusions

Land-use policies have the potential to deter development in
areas that are important for the provision of non-market ecosystem
services. However, not all policies are effective (Lewis et al., 2011;
Lawler et al., 2014). Our results show that Oregon’s land-use plan-
ning program has concentrated development inside of UGBs, while
at the same time deterring development inside of riparian areas.
Development rates were 10 percentage points higher inside UGBs
compared to outside and rates were almost 3 percentage points
lower inside of riparian areas. The decrease in riparian area devel-
opment occurred inside of UGBs. Outside of UGBs, the decline was
a smaller 0.5 percentage points. We  observe that most of the land
developed inside the UGB was agricultural land, rather than forest
or other lands, although we cannot necessarily attribute this differ-
ence to the land-use planning program since agricultural land may
be less costly to develop. Outside of UGBs, agricultural and forest
land were developed at similar rates.

We also examined disturbance in riparian areas, which includes

development as well as conversion to agriculture and mechanical
disturbances, which are often associated with timber harvesting.
Our results suggest that land-use planning reduced disturbance
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ates on non-riparian lands inside of UGBs, but increased them
nside of riparian areas. Although the changes are not large, these
ndings indicate that planning policies may  not always be effec-

ive in promoting ecosystem services. Although disturbance rates
ose inside of UGBs, outside of UGBs they declined by a similar

agnitude.
We estimate separate models by UGB area to explore geographic

ifferences in the effects of land-use planning. Overall, we find
hat the directional effects on development and disturbance rates
re consistent with the results obtained for the pooled model.
owever, in many UGB areas we find effects that are not signifi-

antly different from zero. In the most extreme case, we  find large
ncreases in disturbance rates in riparian areas for two  UGB areas,
ut no effect in the other 18 areas. In contrast, the finding that
evelopment was concentrated on non-riparian lands inside of
GBs held for almost all of the UGB areas, although there were

arge differences in the magnitude of the effects. These results may
e explained by the fact that municipalities in Oregon have some

atitude in how they implement statewide planning goals.
Our results highlight the importance of accounting for the

on-random assignment of zoning and other land-use regulations.
nside of UGBs, much greater percentages of non-riparian lands

ere developed in 2000 compared to riparian lands (63% compared
o 36%). However, from 1973 to 2000, there were only small differ-
nces in the changes in these percentages (although a large number
f non-riparian pixels were developed). The sample proportions for
973 showed that the large differences between non-riparian and
iparian lands existed prior to the implementation of the planning
ystem and other riparian management policies (inside of UGBs,
he difference is 52% compared to 28%). The DID estimator removes
his pre-existing difference from the estimate of the effects of the
olicy. This approach requires data prior to the adoption of land-
se planning laws. Although time-series information on land use is

ncreasingly common, when these data are unavailable matching
nd regression discontinuity design (Grout et al., 2011) provide an
lternative approach to controlling for non-random assignment of
and-use policies.

Our results have important ramifications for the provision of
cosystem services elsewhere. Currently, there is great interest
n increasing the ecosystem services provided on private land
Sanchirico and Siikamäki, 2007) and in schemes involving pay-

ents for ecosystem services (Jack et al., 2008). A fundamental
hallenge is to design policies that will be both politically feasible
nd effective. Private landowners are likely to prefer payments for
cosystem services over traditional regulatory approaches because
hey receive compensation and can participate on a voluntary
asis (Jack et al., 2008). However, voluntary payment schemes may
chieve only a small share of the potential gains in ecosystem ser-
ices, in part because conservation agencies have little control over
hich lands are conserved (Nelson et al., 2008; Lewis et al., 2011).

n theory, regulatory approaches such as zoning give an agency
ore control over which lands are protected, because they are

ble to specify permissible uses at particular locations. In practice,
owever, even regulatory approaches must have some degree of
exibility to strike a balance among competing objectives, and this
eed for flexibility may  reduce overall effectiveness. Our results
how that while zoning and other land-use regulations do not
ompletely prevent land development and disturbance, they can
revent land-use changes that would likely have negative impacts
n important ecosystem services.

Land use planning evaluations, such as ours, could be used to
xamine to what extent land-use planning programs aimed to con-

erve land, such as Oregon’s, have resulted in the protection of
cosystem services. The relationships between land protection and
cosystem service provisioning are often non-linear, and where
hat is the case ecosystem services may  still decline even when land
Policy 60 (2017) 16–25

protection is successful (Butsic et al., 2010). A number of models
based on geospatial interactions provide opportunities for quan-
tifying the ecosystem services provided by different land uses at a
variety of spatial scales (Waage et al., 2008). Applications of the spa-
tially explicit InVEST modeling tool, for example, have been used
to evaluate changes in the supply and value of ecosystem services
resulting from land use change (e.g., Nelson et al., 2010; Polasky
et al., 2011; Kovacs et al., 2013. Similar applications could aug-
ment land use policy analyses such as ours to quantify associated
policy effects on ecosystem services. Although such analysis was
beyond the scope of our study, our results enable such analyses in
the future. Ultimately, we suggest that the most relevant metric of
success of any land use planning programs is not just by how much
of a given type of land has been protected, but also by the degree to
which protected lands provide the ecosystem services that society
values and that motivated the land-use planning efforts.
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