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Abstract: Using the City of Corvallis, Oregon, a small to medium sized American city, as a test-bed,
this paper examines the City’s urban growth in relation to urban accessibility. This relationship
is explored in an anatomic spatial-temporal fashion, taking account of: the number and size of
developed land use parcels over time; urban accessibility from residential to non-residential land use
areas; and the statistical relationships between urban form and urban accessibility. This investigation
of land use is structured around use-classification and examined within a range of dimensional
and demographic measurements over 5-year time periods from 1853 to 2014; concurrently, urban
accessibility is measured by the least-cost path distance as calculated through the OD cost matrix
analysis in GIS. The results indicate that the city grew spatially at different rates and its urban
accessibility experienced both ups and downs over time. The city’s population growth corresponded
closely with urban growth and its decreasing population density negatively impacted on the city’s
urban accessibility to commerce, industry, and office for most time periods. Significantly, while
the urban density increased steadily after 1950s concurrent with an increase in urban sprawl, in
contrast to previous studies on the metropolitan condition, the urban density had no evident impact
on urban accessibility in Corvallis. Instead, increasing the land-use mix was a more effective and
feasible approach to reduce urban travel path distance and enhance accessibility than increasing
population density or urban development density. Accordingly, this research provides evidence-based
policy recommendations for planning sustainable urban mobility and urban form in small to
medium-sized cities.

Keywords: urban form; urban growth; accessibility; land use and parcel; space and time; scatterplot
matrix and correlation

1. Introduction

Urbanization has been altering human settlements drastically since the beginning of the 20th
century [1]. Urban transportation and land use are two important components of urbanization and
play major roles in urban physical expansion, economic development, and social lifestyle change [2,3].
By 2011, about 3% of the earth’s surface had been urbanized, with 50% of the world’s population
living in cities, and 10 billion urban trips per day made worldwide [4]. It is predicted that the urban
travel distances (UTD) in 2020 will be three times of that in 2000 as urban growth continues [5].
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The substantial increase of travel distances in cities is largely attributed to sprawling urban residential
land uses, hence accessibility to non-residential land uses is decreasing [6]. Studies have also indicated
that urban form, characterized by urban size, density, and land-use mix, influences accessibility to
urban facilities significantly, especially in megacities [7–9].

However, the spatial-temporal dynamic nature of urban growth, urban form, urban accessibility,
and their relationships is worthy of further studies [10], especially for small to medium-sized cities as
self-standing municipalities outside major urban agglomerations and playing an important role in
urban and regional systems [11–14]. Using the City of Corvallis, Oregon, ranked as the third best small
to medium-sized city to live in U.S. [2] as the test-bed, this study analyzes Corvallis’s urban form (urban
density and diversity), growth (population, size and real estate’s value), and accessibility (measured
by least-cost path travel distance), and identifies their patterns and relationships. The objective of this
research is to answer the following two questions on the spatiality of Corvallis with respect to the
City’s current boundary and in time through the City’s history between 1853 and 2014: (1) What are
the City’s growth patterns and accessibility changes by land use at the parcel level? (2) How are urban
growth, urban accessibility, and urban form statistically related?

Urbanization is characterized by population growth, economic growth [15], suburban
development [16,17], and social differentiation [18]. Associated with the process of urbanization,
urban growth, form and accessibility to non-residential urban facilities have posed planning and
development challenges for many cities [19]. Urban growth refers to the social-demographic growth,
such as population and economic development. Urban form refers to the overall spatial representation
of various land use distributions across space and over time. It can be regarded as an aggregate spatial
response to human activities or needs in a city [20]. For example, residential activities call for residential
homes and neighborhoods, which together constitute residential land use. Similarly, non-residential
activities, such as manufacturing, shopping, and business activities require industrial, commercial,
and office land uses. Urban form is often described by urban size (urbanized area), urban density, and
land-uses mix, which is regarded as relevant to urban trips, travel distance or accessibility to some
degree [21]. Urban density is typically represented by a certain measure per unit space [22], such as
population (population density [23]), building square footage (floor area ratio [24]), or housing unit
(urban development density [25]), People living in high urban density areas enjoy significantly shorter
commuting distances than those living in low urban density areas [19,26]. High urban residential
density neighborhoods are mostly located closer to jobs, shops, parks, schools and other urban facilities
or amenities [27]. Urban land-use mix, often referred to as the degree of residential and non-residential
land use combination, is measured as the number or share of diverse land-uses per unit of land
area [19]. Land-use mix is considered as an essential principle in sustainable growth policies [28].
People living in higher land-use mix districts have shorter travel distances, higher accessibility from
residential land use to non-residential land use and more sustainable travel behaviors [29,30]. Previous
studies and practices indicate that good urban form with proper density, balanced accessibility for
shorter commuting, and optimized mix of land uses are crucial for good urban growth [31,32].

Urban accessibility is a fundamental spatial connection measure of urban activities for various
parts of a city [33]. It can be used to examine spatial distributions of urban land uses, and hence urban
form [9]. Trips made by people between urban land uses are often classified into various types, such as
home-based trips between residential and non-residential land uses. For example, commuting trips
are home-based work trips by people traveling between homes and their work places. The commuting
trip is one major and perhaps the most important urban travel type, which helps explain jobs-housing
balance, urban spatial structure, and spatial mis-match issues [34]. Urban trips and urban accessibilities
are often and simplest measured by distance or time [35–37]. In general, the larger a city is, the longer
the average trip traveling across the land use parcels in the city, and hence, the smaller the urban
accessibility [38].

The above features of the urban built environment and their mutual influences and impacts have
been studied quantitatively [39–44]. However most of them focus on megacities and very little research
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explores how the urban form develops and accessibility changes through a city’s history and how the
urban form features are related to accessibility for the small to medium-sized cities.

With the detailed parcel data on the developed land of Corvallis, a typical small to medium-sized
city in the United States, this paper studies the City’s urban form, growth, accessibility in time (from
its birth to its present day) and in space (with respect to its current urban growth boundary). This is
advanced by investigating urban growth and urban form at the land-use and parcel levels, calculating
accessibilities from residence to other land-uses for all historical periods, and establishing strong
statistical relationships for these built urban features; these parameters are the focus here as each
contributes to the improvement of the urban accessibility and the sustainable planning and design of
the urban spatial-temporal structures in the small to medium-sized cities.

2. Material and Methodology

Using the City of Corvallis, Oregon, as a test-bed, this study provides an exploratory and anatomic
analysis of the City’s urban form, growth and accessibility from residential to nonresidential land use
parcels through the spatial analysis and origin-destination (OD) cost matrix analysis in GIS. Then this
study identifies the relationships between the urban form variables with urban accessibility through
the Pearson correlation model.

2.1. Study Area

The City of Corvallis is the county seat of Benton County, State of Oregon, U.S. It is located near
the middle of the Willamette Valley. The City is within 90 mins drive of the Portland Metropolitan
area, and it is located in a basin of 42 square miles [45]. It is ranked as the third best small to medium
suburban city to live in the U.S. in 2018 by Livability [2]. The State and City’s planning system is
considered to be very successful in the U.S. by policy-makers and planners in terms of directing urban
growth into urban growth boundaries and conserving more ecological values [40,46]. The first parcel
in the City was established in 1853, and by 2014, there had been nearly fourteen thousand parcels
supporting 55,298 people [47]. According to the Corvallis Comprehensive Plan, the area circumscribed
by the City’s current Urban Growth Boundary (UGB) is 28 square miles [48], which is the focus of
this study. 35% of the land within the UGB had been urbanized by 2014, within which parcels for
residential, commercial, industrial, office, and open space land occupy 77%, 1%, 7%, 3% and 12%,
respectively (see Figure 1) [49]. The first modern transportation lines in Corvallis was constructed in
1889; and about 73 percent of workers commuted by the private automobile in 2013 [50].

The Planning Division in the City of Corvallis provided an open-access tax-lot parcel database.
It documents each parcel within the UGB, including attributes such as the year built (urbanization
year), land use category, building finished size (square footage), parcel size (land acreage), land
value, improved value [49]. Using the year built attribute, this study sliced the City urban land
use spatial distribution and growth history from 1853 to 2014 into 5-year intervals and grouped the
land parcels accordingly. Given that the City’s first land use classification started in 1897, we further
grouped the land parcels by six major land uses (residence, commerce, industry, office, open space,
and undeveloped).
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Figure 1. Urban Growth Boundary and Land Parcels and Land Uses in Corvallis.

2.2. Urban Form and Growth Model

Let r ∈ R, c ∈ C, i ∈ I, f ∈ F, o ∈ O, u ∈ U denote indices for residential, commercial,
industrial, office, open space, undeveloped parcels, respectively. Let t ∈ T denote time intervals for
Corvallis’s urban history from 1853–2014. For each time period t, denote POt as the City’s population
(population data before 1883 are not available), Pt as the number of urbanized parcels; denote At

r, as
the residential to non-residential parcel accessibility measures (least-cost path distance); BSt as the
building square footage; PDt as population density; UDt as building square footage based density
(floor area ratio) and DUt as urbanization development density. Denote TSt as the total city size
in acreage; USt, St, RSt, CSt, ISt, FSt, OSt, or ASt as undeveloped, total urbanized, urbanized
residential, commercial, industrial, office, open space, or average urbanized parcel size in acreage,
respectively. Similarly, denote TPt as the total parcels numbers; UPt, Pt, RPt, CPt, IPt, FPt, or OPt

as the total undeveloped, urbanized, residential, commercial, industrial, office, or open space parcels
numbers, respectively. Let CM, IM, FM, OM, LM denote the residential-commercial parcels mix
degree, residential-industrial parcels mix degree, residential-office parcels mix degree, residential-open
space parcels mix degree and residential-nonresidential parcels mix degree, respectively. For each
parcel, denote LVt, IVt, AVt, and MVt as its land, improved, assessed, and market value, respectively.
The abbreviations for variables are listed in Appendix A.
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With the notation above, we can derive the following relationships for urban form and growth
measures as: TSt = USt + St; TPt = UPt + Pt; RS = ∑t RSt, RSt = ∑r RSt

r; CS = ∑t CSt, CSt =

∑c CSt
c; OS = ∑t OSt, OSt = ∑o OSt

o; IS = ∑t ISt, ISt = ∑i ISt
i . Also, we can derive urban land parcel

numbers as RP = ∑t RPt, RPt = ∑r RPt
r ; CP = ∑t CPt, CPt = ∑c CPt

c ; FP = ∑t FPt, FPt = ∑ f FPt
f ;

OP = ∑t OPt, OPt = ∑o OPt
o; IP = ∑t IPt, IPt = ∑i IPt

i . In a similar fashion, we can define urban
accessibility measures for different land uses as CAt

r = ∑c CAt
rc, CAt = ∑r CAt

r; FAt
r = ∑ f FAt

r f , FAt =

∑r FAt
r; IAt

r = ∑i IAt
ri, IAt = ∑r IAt

r; OAt
r = ∑o OAt

ro, OAt = ∑r OAt
r. Finally, we can define land use

mix measure LMt, which includes four parts: commercial mix CMt =
(
CSt ∗ CPt)/

(
St ∗ Pt), office

mix FMt =
(

FSt ∗ FPt)/
(
St ∗ Pt), industrial mix IMt =

(
ISt ∗ IPt)/

(
St ∗ Pt), and open space mix

OMt =
(
OSt ∗OPt)/

(
St ∗ Pt).

Based on the concept and measurement of urban form [22–25,36], the urbanized area or size,
population density, urban density, and the land-use mix are calculated in Equations (1)–(5) respectively.

St = RSt + CSt + ISt + FSt + OSt (1)

PDt = POt/St (2)

UDt = BSt/St (3)

DUt = BSt/Pt (4)

LMt = CMt + IMt + FMt + OMt (5)

2.3. Urban Accessibility Model

The urban accessibility is measured by the average of the least-cost path distances [36,37] between
origins and destinations (OD). OD distance matrixes were built in GIS via direct distances between
centroids of residential land use parcels to all non-residence land use parcels [51]. The total of the
average travel distances from residence to non-residence was used to indicate overall accessibility in
the City.

2.4. Correlation and Regression Models for Urban Form and Accessibility

To identify the relationships of urban form characteristics with urban accessibility from residence
to non-residential land-uses for Corvallis through the urban growth history, we constructed the Pearson
correlation model as follows:(

TAt, POt, BSt, Pt, St, PDt, UDt, LMt, MVt)
vs.

(
TAt, POt, BSt, Pt, St, PDt, UDt, LMt, MVt) (6)

3. Results and Discussions

3.1. Urban Growth Patterns and Accessibility Changes

Figure 2 shows the urban form and growth for the six land-uses by 5-year period from 1893 to
2014. The data from 1853 to 1892 were omitted since office parcels only started in 1893. Clearly, the
total urbanized parcels generally grew, though not strictly increasing, from 18 parcels by 1, 897 to 373
by 1942, to 1189 by 1992, and with a peak of 1323 parcels by 1997.
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Table 1 and Figure 3a–h describe the growth of land parcel number, parcel acreage, building
square footage, population, and their relative percentages in each historical period. The results show
that the growth of land use parcels vary with highs and lows over time. However, several general
features can be observed: (1) the growth of the total urbanized parcel, the residential parcel, and the
building size have very similar trends, beginning to increase from 1898 to 1902, soaring from 1933 to
1982 and 1988 to 2008, and significantly descending from 1983 to 1987 and 2008 to 2014. This could
be attributed to impacts of modern American industrialization and urbanization since the later 19th
century [52] and the major economic booms and recessions (i.e., great recession in 1929, early 1980s
economy recession [53] and real estate bubble in 2008 [54]). (2) Over these periods, residential land-use
consistently accounted for a larger proportion of urbanized lands than any other non-residential land
uses. (3) Also, although land parcels vary in sizes, the overall growth patterns in land parcel number
and acreage are compatible. (4) Non-residential land uses had some peaks over time, for example,
for commercial around 1913–1922 and 2003–2007, industrial in 1898–1902 and 1923–1927, office in
1923–1927, 1933–1937, and 1988–992, and open spaces in 1923–1927.

Table 2 lists 32 variables, which are generally grouped into urban land use and growth (P, S, RP,
CP, IP, FP, OP, RS, CS, IS, FS, and OS), social-economic features (LV, IV, AV, MV, BS, PO), urban form
characteristics (PD, UD, AS, CM, IM, FM, OM, and LM), and urban accessibility indicators (CA, IA,
FA, OA). Figure 4 summarizes important cumulative urban growth, land use mix, and value patterns
over time periods. These variables, together with their important correlations and regressions, provide
good anatomic views of the growth, form, and accessibility of Corvallis.

The average Urban Travel Distance (UTD) from residential land use to office and commercial
land uses was growing in a similar pattern from 1918 to 2014 (Figure 4a). This might be attributed to
the promotion of retail-office development and construction with concentration in the U.S since the
early 20th century [55]. The average UTD from residential land use to industrial land use started to
grow from 1938 and was steadily maintained after 1973. The average UTD from residential to open
space decreased from 1853 to 1947 and kept increasing from 1948 to 2014, which could be partially
explained by the impacts of the City’s Beautiful Movement in the early part of the 20th century [56]
and the residential suburbanization from the urban core since the middle of 20th century when fast
highway expansion and car adoption occurred [57]. The travel distance from residential to industrial
and open space were evidently longer than the average accessibility from residential to commercial
and office through all time periods. This suggests that the sustainable zoning and development
policies in Corvallis have been spatially sound by recognizing the importance of most people living in
closer proximity to more frequent destinations, such as workplaces and shops, than to less frequent or
specialized areas, such as natural amenities or industrial parks.
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Table 1. Land Use, Size, Urban Form Characteristics by Time Period.

t P S RP CP IP FP OP RS CS IS FS OS BS PO PD UD BS/P BS/PO S/PO P/PO P/P S/S BS/BS RS/RS CS/CS IS/IS FS/FS OS/OS

1853–1857 2 3.27 1 0 1 0 0 0.49 0.00 2.78 0.00 0.00 5483 NA NA 1672 2728 NA NA NA 0.01% 0.05% 0.02% 0.01% 0.00% 0.65% 0.00% 0.00%
1858–1862 1 0.10 1 0 0 0 0 0.10 0.00 0.00 0.00 0.00 1602 NA NA 14,564 1586 NA NA NA 0.01% 0.00% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00%
1862–1867 0 0.00 0 0 0 0 0 0.00 0.00 0.00 0.00 0.00 0 NA NA 0 0 NA NA NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1868–1872 2 10.31 1 0 0 0 1 0.31 0.00 0.00 0.00 10.00 5334 NA NA 517 2654 NA NA NA 0.01% 0.16% 0.02% 0.01% 0.00% 0.00% 0.00% 1.31%
1873–1877 2 0.85 2 0 0 0 0 0.85 0.00 0.00 0.00 0.00 4341 NA NA 5048 2160 NA NA NA 0.01% 0.01% 0.02% 0.02% 0.00% 0.00% 0.00% 0.00%
1878–1882 4 0.60 3 0 1 0 0 0.49 0.00 0.11 0.00 0.00 6214 NA NA 10,187 1550 NA NA NA 0.03% 0.01% 0.02% 0.01% 0.00% 0.03% 0.00% 0.00%
1883–1887 1 0.08 0 1 0 0 0 0.00 0.08 0.00 0.00 0.00 1280 199 2487.50 14,222 1267 6 0.00 0.01 0.01% 0.00% 0.01% 0.00% 0.20% 0.00% 0.00% 0.00%
1888–1892 11 2.00 9 2 0 0 0 1.73 0.27 0.00 0.00 0.00 18,943 178 89.00 9424 1721 106 0.01 0.06 0.08% 0.03% 0.07% 0.03% 0.68% 0.00% 0.00% 0.00%
1893–1897 18 29.49 17 0 0 1 0 29.09 0.00 0.00 0.40 0.00 31,659 146 4.95 1073 1758 217 0.20 0.12 0.13% 0.46% 0.12% 0.58% 0.00% 0.00% 0.24% 0.00%
1898–1902 96 401.90 83 10 1 0 2 135.20 2.38 186.01 0.00 78.31 169,675 635 1.58 422 1767 267 0.63 0.15 0.69% 6.29% 0.67% 2.71% 6.03% 43.54% 0.00% 10.29%
1903–1907 90 23.88 79 8 3 0 0 22.02 1.15 0.71 0.00 0.00 158,264 1366 57.20 6625 1758 116 0.02 0.07 0.65% 0.37% 0.62% 0.44% 2.91% 0.17% 0.00% 0.00%
1908–1912 163 67.04 150 10 0 2 1 51.31 1.17 0.00 9.56 5.00 302,132 1060 15.81 4506 1853 285 0.06 0.15 1.17% 1.05% 1.19% 1.03% 2.96% 0.00% 5.76% 0.66%
1913–1917 173 60.56 152 16 1 3 1 34.62 1.94 0.11 7.42 16.47 302,168 598 9.87 4989 1747 505 0.10 0.29 1.25% 0.95% 1.19% 0.69% 4.91% 0.03% 4.47% 2.16%
1918–1922 205 75.31 185 12 3 4 1 59.26 6.89 4.25 1.64 3.27 346,814 729 9.68 4605 1692 476 0.10 0.28 1.48% 1.18% 1.36% 1.19% 17.45% 0.99% 0.99% 0.43%
1923–1927 232 683.30 216 8 1 3 4 50.91 1.45 85.43 51.61 493.90 382,044 916 1.34 559 1647 417 0.75 0.25 1.67% 10.70% 1.50% 1.02% 3.67% 20.00% 31.10% 64.88%
1928–1932 118 55.72 104 9 0 2 3 40.42 1.43 0.00 0.46 13.41 210,204 711 12.76 3772 1781 296 0.08 0.17 0.85% 0.87% 0.82% 0.81% 3.62% 0.00% 0.28% 1.76%
1933–1937 116 67.76 111 3 0 1 1 33.73 0.32 0.00 33.12 0.59 203,651 404 5.96 3005 1755 504 0.17 0.29 0.84% 1.06% 0.80% 0.68% 0.81% 0.00% 19.96% 0.08%
1938–1942 373 126.76 352 8 3 5 5 112.53 3.45 1.32 1.76 7.70 617,630 1805 14.24 4872 1656 342 0.07 0.21 2.69% 1.98% 2.42% 2.25% 8.74% 0.31% 1.06% 1.01%
1943–1947 419 191.78 397 6 3 6 7 170.01 6.66 4.33 1.93 8.85 614,020 3908 20.38 3202 1465 157 0.05 0.11 3.02% 3.00% 2.41% 3.40% 16.87% 1.01% 1.16% 1.16%
1948–1952 890 442.74 866 3 13 3 5 373.77 0.68 48.58 0.85 18.86 1,457,062 3236 7.31 3291 1637 450 0.14 0.28 6.41% 6.93% 5.72% 7.48% 1.72% 11.37% 0.51% 2.48%
1953–1957 757 372.08 751 3 2 0 1 327.19 1.42 41.38 0.00 2.09 1,333,219 2231 6.00 3583 1761 598 0.17 0.34 5.45% 5.82% 5.23% 6.55% 3.60% 9.69% 0.00% 0.27%
1958–1962 1156 353.28 1139 2 8 3 4 333.58 1.00 4.49 3.88 10.33 1,924,598 4216 11.93 5448 1665 456 0.08 0.27 8.33% 5.53% 7.55% 6.68% 2.53% 1.05% 2.34% 1.36%
1963–1967 1045 588.69 1023 3 16 1 2 581.68 1.64 4.43 0.11 0.83 1,821,600 7194 12.22 3094 1743 253 0.08 0.15 7.53% 9.21% 7.15% 11.65% 4.15% 1.04% 0.07% 0.11%
1968–1972 1091 328.42 1077 3 8 0 3 306.86 3.86 3.88 0.00 13.82 1,857,830 5497 16.74 5657 1703 338 0.06 0.20 7.86% 5.14% 7.29% 6.14% 9.77% 0.91% 0.00% 1.82%
1973–1977 1323 462.77 1316 0 2 4 1 434.11 0.00 13.62 12.62 2.42 2,302,500 2952 6.38 4975 1740 780 0.16 0.45 9.53% 7.24% 9.03% 8.69% 0.00% 3.19% 7.60% 0.32%
1978–1982 1298 392.80 1295 1 1 1 0 383.15 1.94 4.99 2.72 0.00 2,121,095 2540 6.47 5400 1634 835 0.15 0.51 9.35% 6.15% 8.32% 7.67% 4.91% 1.17% 1.64% 0.00%
1983–1987 245 181.35 245 0 0 0 0 181.35 0.00 0.00 0.00 0.00 507,445 1922 10.60 2798 2071 264 0.09 0.13 1.77% 2.84% 1.99% 3.63% 0.00% 0.00% 0.00% 0.00%
1988–1992 606 321.04 602 0 0 2 2 299.34 0.00 0.00 20.31 1.39 1,317,994 2055 6.40 4105 2175 641 0.16 0.29 4.37% 5.02% 5.17% 5.99% 0.00% 0.00% 12.24% 0.18%
1993–1997 1066 411.97 1063 0 1 1 1 372.59 0.00 9.54 6.15 23.69 2,161,783 2254 5.47 5247 2028 959 0.18 0.47 7.68% 6.45% 8.48% 7.46% 0.00% 2.23% 3.71% 3.11%
1998–2002 888 257.16 886 1 1 0 0 246.77 0.11 10.28 0.00 0.00 1,955,827 1728 6.72 7605 2202 1132 0.15 0.51 6.40% 4.03% 7.67% 4.94% 0.28% 2.41% 0.00% 0.00%
2003–2007 1189 301.54 1155 30 0 2 2 285.36 1.19 0.00 6.37 8.62 2,594,679 2159 7.16 8604 2182 1202 0.14 0.55 8.57% 4.72% 10.18% 5.71% 3.01% 0.00% 3.84% 1.13%
2008–2012 207 135.26 193 1 1 11 1 89.76 0.46 1.00 2.31 41.73 511,014 2861 21.15 3778 2469 179 0.05 0.07 1.49% 2.12% 2.00% 1.80% 1.16% 0.23% 1.39% 5.48%
2013–2014 93 39.09 79 0 0 14 0 36.34 0.00 0.00 2.75 0.00 240,975 245 6.27 6163 2591 984 0.16 0.38 0.67% 0.61% 0.95% 0.73% 0.00% 0.00% 1.66% 0.00%

Total 13,880 6388.90 13,553 140 70 69 48 4994.92 39.49 427.24 165.97 761.28 25,489,079 53,745 8.41 3990 1836 474 0.12 0.26 100% 100% 100% 100% 100% 100% 100% 100%
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Table 2. Cumulative Urban Growth, Form, Socio-Economic, and Accessibility Values.

Urban Land Uses and Growth Social Economics Features Urban Form Characteristics Urban Accessibility Measure

Period Parcel Size Land Use Parcel No. Land Use Parcel Size Value Bldg Population Density Land Use Mix Urban Travel Distance (UTD)

t P S RP CP IP FP OP RS CS IS FS OS LV IV AV MV BS PO PD UD AS CM IM FM OM LM CA IA FA OA TA

1853–1897 41 47 34 3 2 1 1 33 0.4 2.9 0.4 10.0 6 5 7 10 7 1,731 37.07 0.16 1.14 1.9 × 10−3 2.2 × 10−3 7.2 × 10−4 7.2 × 10−4 5.5 × 10−3 6.2 16.2 5.1 37.4 65.0
1853–1902 137 449 117 13 3 1 3 168 2.7 188.9 0.4 88.3 22 15 26 37 24 2366 5.27 0.05 3.27 2.5 × 10−4 8.1 × 10−4 6.2 × 10−5 1.9 × 10−4 1.3 × 10−3 13.0 19.0 5.5 23.6 61.0
1853–1907 227 472 196 21 6 1 3 190 3.9 189.6 0.4 88.3 34 24 39 58 40 3732 7.90 0.09 2.08 2.3 × 10−4 4.7 × 10−4 2.2 × 10−5 6.7 × 10−5 7.9 × 10−4 11.4 16.6 5.1 23.5 56.5
1853–1912 390 540 346 31 6 3 4 242 5.1 189.6 10.0 93.3 61 51 80 112 70 4792 8.88 0.13 1.38 1.7 × 10−4 2.3 × 10−4 2.2 × 10−5 3.0 × 10−5 4.5 × 10−4 9.9 16.4 5.6 21.1 53.0
1853–1917 563 600 498 47 7 6 5 276 7.0 189.7 17.4 109.8 86 75 111 161 101 5390 8.98 0.17 1.07 1.6 × 10−4 1.6 × 10−4 2.1 × 10−5 1.8 × 10−5 3.6 × 10−4 8.3 14.6 7.8 21.2 51.8
1853–1922 768 675 683 59 10 10 6 335 13.9 194.0 19.0 113.1 116 97 144 214 135 6119 9.06 0.20 0.88 1.3 × 10−4 1.1 × 10−4 1.9 × 10−5 1.1 × 10−5 2.7 × 10−4 8.9 15.2 8.2 19.0 51.2
1853–1927 1000 1359 899 67 11 13 10 386 15.3 279.4 70.6 607.0 238 124 249 361 174 7035 5.18 0.13 1.36 5.5 × 10−5 7.5 × 10−5 1.4 × 10−5 1.1 × 10−5 1.5 × 10−4 9.1 14.7 9.0 17.0 49.9
1853–1932 1118 1414 1003 76 11 15 13 427 16.8 279.4 71.1 620.4 254 137 269 391 195 7746 5.48 0.14 1.27 5.4 × 10−5 6.8 × 10−5 1.3 × 10−5 1.2 × 10−5 1.5 × 10−4 9.6 14.9 9.3 15.3 49.1
1853–1937 1234 1482 1114 79 11 16 14 461 17.1 279.4 104.2 621.0 270 154 292 424 215 8150 5.50 0.15 1.20 4.8 × 10−5 5.7 × 10−5 1.2 × 10−5 1.0 × 10−5 1.3 × 10−4 9.6 15.0 10.3 15.3 50.2
1853–1942 1607 1609 1466 87 14 21 19 573 20.5 280.7 106.0 628.7 322 192 355 514 277 9955 6.19 0.17 1.00 3.7 × 10−5 3.7 × 10−5 8.9 × 10−6 8.1 × 10−6 9.1 × 10−5 10.7 16.4 10.3 15.2 52.6
1853–1947 2026 1801 1863 93 17 27 26 743 27.2 285.1 107.9 637.5 378 228 422 607 338 13,863 7.70 0.19 0.89 2.8 × 10−5 2.5 × 10−5 7.2 × 10−6 6.9 × 10−6 6.6 × 10−5 12.3 17.8 11.2 14.5 55.7
1853–1952 2916 2243 2729 96 30 30 31 1117 27.9 333.6 108.8 656.4 499 319 582 818 484 17,099 7.62 0.22 0.77 1.6 × 10−5 1.2 × 10−5 3.8 × 10−6 3.9 × 10−6 3.5 × 10−5 12.7 20.0 11.6 14.9 59.2
1853–1957 3673 2616 3480 99 32 30 32 1444 29.3 375.0 108.8 658.5 606 407 737 1012 617 19,330 7.39 0.24 0.71 1.1 × 10−5 7.7 × 10−6 2.3 × 10−6 2.5 × 10−6 2.3 × 10−5 12.7 20.6 12.1 15.0 60.4
1853–1962 4829 2969 4619 101 40 33 36 1778 30.3 379.5 112.6 668.8 761 528 962 1289 810 23,546 7.93 0.27 0.61 7.4 × 10−6 4.5 × 10−6 1.5 × 10−6 1.6 × 10−6 1.5 × 10−5 13.6 21.5 12.8 16.0 64.0
1853–1967 5874 3558 5642 104 56 34 38 2359 31.9 383.9 112.7 669.6 903 647 1180 1550 992 30,740 8.64 0.28 0.61 5.2 × 10−6 3.1 × 10−6 1.0 × 10−6 1.1 × 10−6 1.0 × 10−5 14.3 20.6 13.6 16.6 65.1
1853–1972 6965 3886 6719 107 64 34 41 2666 35.8 387.8 112.7 683.4 1040 769 1395 1809 1178 36,237 9.33 0.30 0.56 4.1 × 10−6 2.3 × 10−6 7.3 × 10−7 8.8 × 10−7 8.0 × 10−6 15.0 20.3 14.4 17.4 67.1
1853–1977 8288 4349 8035 107 66 38 42 3100 35.8 401.4 125.4 685.9 1215 926 1681 2141 1408 39,189 9.01 0.32 0.52 3.1 × 10−6 1.6 × 10−6 5.7 × 10−7 6.3 × 10−7 5.9 × 10−6 15.5 20.7 15.1 18.3 69.6
1853–1982 9586 4741 9330 108 67 39 42 3483 37.7 406.4 128.1 685.9 1359 1087 1943 2446 1620 41,729 8.80 0.34 0.49 2.4 × 10−6 1.2 × 10−6 4.4 × 10−7 4.7 × 10−7 4.6 × 10−6 16.1 21.1 15.7 18.6 71.6
1853–1987 9831 4923 9575 108 67 39 42 3665 37.7 406.4 128.1 685.9 1396 1125 2009 2521 1671 43,651 8.87 0.34 0.50 2.3 × 10−6 1.1 × 10−6 4.1 × 10−7 4.5 × 10−7 4.3 × 10−6 16.2 21.2 15.8 18.7 71.9
1853–1992 10,437 5244 10,177 108 67 41 44 3964 37.7 406.4 148.4 687.2 1488 1229 2183 2717 1802 45,706 8.72 0.34 0.50 2.0 × 10−6 1.0 × 10−6 3.9 × 10−7 4.1 × 10−7 3.8 × 10−6 16.4 21.4 16.3 18.8 72.9
1853–1997 11,503 5656 11,240 108 68 42 45 4337 37.7 416.0 154.5 710.9 1641 1399 2465 3040 2019 47,960 8.48 0.36 0.49 1.7 × 10−6 8.4 × 10−7 3.2 × 10−7 3.5 × 10−7 3.2 × 10−6 16.8 21.6 16.9 19.0 74.3
1853–2002 12,391 5913 12,126 109 69 42 45 4583 37.8 426.2 154.5 710.9 1773 1570 2730 3343 2214 49,688 8.40 0.37 0.48 1.5 × 10−6 7.3 × 10−7 2.8 × 10−7 3.0 × 10−7 2.8 × 10−6 17.1 22.1 17.1 19.2 75.4
1853–2007 13,580 6215 13,281 139 69 44 47 4869 39.0 426.2 160.9 719.6 1928 1826 3063 3754 2474 51,847 8.34 0.40 0.46 1.7 × 10−6 7.7 × 10−7 2.4 × 10−7 2.6 × 10−7 3.0 × 10−6 17.5 22.4 17.4 19.1 76.4
1853–2012 13,787 6350 13,474 140 70 55 48 4959 39.5 427.2 163.2 761.3 1957 1875 3127 3833 2525 54,708 8.62 0.40 0.46 1.6 × 10−6 7.5 × 10−7 3.0 × 10−7 2.6 × 10−7 2.9 × 10−6 17.8 22.6 17.7 19.1 77.3
1853–2014 13,880 6389 13,553 140 70 69 48 4995 39.5 427.2 166.0 761.3 1969 1885 3144 3854 2549 54,953 8.60 0.40 0.46 1.6 × 10−6 7.4 × 10−7 3.7 × 10−7 2.6 × 10−7 3.0 × 10−6 17.8 22.6 17.8 19.1 77.4
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Figure 4a also shows that accessibilities indicated by urban travel distances to commercial,
industrial, office, and open space land (CA, IA, FA, OA) experienced both ups and downs until 1967,
indicating a few new parcels would change the accessibility significantly early on. However, the urban
travel distances stabilized and steadily increased (accessibility decreased) over time, especially after
1932. These could be explained by the facts that people resided in isolation in the 19th century and
since the beginning of the 20th century industrialization and urbanization, especially the auto use and
highway network, had expedited the shift from agricultural activities to urban lifestyles and formed
the infrastructure of modern American cities [52,58,59]. Figure 4b indicates the population as a slight
S-curve, 1853–1937 and 1972–2012 are two large periods with steady increase, but at a rate lower than
the period of 1937–1972, in which the United States entered two world wars and enjoyed subsequent
post-war economic prosperity. These slow, moderate, and fast growth periods in population were
reflected in land parcel, land size, and building space growth in the same periods. This might be due
to the fact that population increases require more residential lands and residential land-use accounts
for a larger proportion of urban land than any non-residential land-uses throughout history [60].
The average land size is generally decreasing with sharp increases during the 1897–1902 and 1922–1927
periods. Figure 4c shows an ever-increasing property value trend, regardless land value, improved
value (building value), assessed value, and market value, indicating Corvallis is attractive for real
estate investment. Also, although an assessed value (by government) and its corresponding market
value (by the market) both include a building and land value for a property, the assessed value is
always lower than the market value and the difference has been increasing in Corvallis. Since the
property tax and homestead reduction are all based upon assessed value in Oregon, residents in
Corvallis are better off if the market value is higher than the assessed value. However, the land value
(LV) being consistently higher than the improved value (IV), even if they have been converging since
2007, indicates that Corvallis’s land market is more active and expensive than its housing market.

3.2. Relationships between Urban Growth, Accessibility and Form

Figure 5 is a14 ×14 scatterplot matrix showing the correlations among variables of urban form
and growth by land use (i.e., parcel, size, and population) over the historical time periods. Scatterplot
matrix is a useful visualization tool for quick exploratory analysis of common statistical relationships.
Most variables are not correlated with points out-spreading (i.e., OP vs. all others) or seemingly
linear yet non-corresponding (i.e., OS vs. all others) or concentrated with outliers (i.e., IP vs. all
others). Only a few strong correlations and linear relationships exist between P, S, RP, RS, BS, PO
(i.e., ranging from R2 = 0.64 for S vs. RS to R2 = 0.995 for P vs. RP). There are positive correlations
between the population growth and the total urbanized parcel number (R2 = 0.58), the total residential
land acreage (R2 = 0.71), and the total building square footage (R2 = 0.52). These indicate and confirm
that population growth and the residential housing needs are the primary reasons for the overall
urbanization in this city.

The number of the residential parcels developed in each period is highly and positively
linear-correlated with the total residential parcel size (R2 = 0.86), but this kind of parcel number
vs. parcel size correlation is not clear for commercial, industrial, office, and open space parcels.
This suggests that in Corvallis, the demand for residential land use is relatively stable and responsive
to the population growth without many highs and lows while the land demand for other social,
economic, or technological needs is less responsive to population growth. In other words, commercial,
office, or industrial land uses such as shopping malls, office complex, and the industrial parks are
often for a longer-term and more cyclical and variant in development [61,62].

Does this mean that Corvallis’s urban growth in non-residential land uses was random or not
coordinated in public urban planning and private land development? The sizes and parcels for
non-residential land uses themselves seems to suggest so. Yet, a closer look at all of them together over
the time periods yields a quite different view. Figure 6 shows the percentages of different land use
development with respect to their cumulative totals by 2014 at different time periods. Apparently,
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different land uses were developed during similar time periods. For example, 1898–1902 and 1923–1927
periods saw all five land uses. Other periods had at least some different land uses, with the rest either
ahead of or falling behind a couple of time periods.
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Figure 7a,b are two scatterplot matrixes showing the correlations between the 32 variables.
Visually, it is clear that most correlations are strong and apparent with only a few weak or no
correlations. Specifically, five strong correlations exist:

(1) linear or close to linear relationship (i.e., BS or PO vs. P, S, and RP; BS vs. LV, IV, and AV in
Figure 7a; P, S, and RP vs. LV, IV, AV, and MV, and between LV, IV, AV, and MV in Figure 7b).

(2) exponential or power relationship (i.e., CA, LV, IV, AV, MV vs. UD, IM, FM, and SM or vs. P, S,
RP in Figure 7a and P, S vs. AS, CM, IM, FM in Figure 7b).

(3) logarithmic relationship (i.e., FA or UD vs. P, S, and RP, or vs. LV, IV, AV, and MV in Figure 7a
and CP, IP, FP, and OP vs. LV, IV, AV, and MV and CP vs. IP, FP, OP, and RS in Figure 7b).

(4) moving average relationship (i.e., CA, IA, FA, and OA vs. all other variables except OS in Figure 7a
and OA, TA vs. P, S, CM, FM, OM, LM in Figure 7b).

(5) no relationship (i.e., OS or PD vs. all other variables in Figure 7a and PD vs. UD, AS, CM, IM,
FM, OM, LM, IA, FA, OA, and TA in Figure 7b). It is interesting to see that some correlations seem
to be bi-modal (i.e., OS vs. all accessibility or IS or FS vs. some accessibility in Figure 7a and OS
vs. parcels and OS vs. all values in Figure 7b). Some representative strong correlation patterns
are illustrated as enlarged charts in Figure 8, labeled with linear or non-linear R-square values.
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Figure 7. Correlations for 32 Urban Growth, Form, Accessibility, and Socio-Economic Variables.
(a) scatterplot matrix of (BS, PO, PD, UD, AS, CM, IM, FM, OM, LM, CA, IA, FA, OA, TA, MA) vs. (P, S,
RP, CP, IP, FP, OP, RS, CS, IS, FS, OS, LV, IV, AV, MV); (b) scatterplot matrix between (BS, PO, PD, UD,
AS, CM, IM, FM, OM, LM, CA, IA, FA, OA, TA, MA) and (P, S, RP, CP, IP, FP, OP, RS, CS, IS, FS, OS, LV,
IV, AV, MV).

In Figure 8a, the urbanized parcel number is strictly linearly correlated with the population
(R2 = 0.99), which confirms that the urban development in Corvallis corresponds sensitively with
the population growth through the City’s history. As the City grows with more urbanized parcels,
the building square footage density increases correspondingly (R2 = 0.68, R2 = 0.91 respectively) in
Figure 8b. The commercial parcel numbers increase with the growing of the total residential parcel
size (R2 = 0.85) in Figure 8c. The UTD to commercial linearly increases along with the building space
density in Figure 8d. However, the average UTD from residential parcels to commerce office, and
industrial parcels show strong non-linear relationships with the land-use mixes, decreasing quickly
then slowing down through most of the City’s history, in Figure 8e–h. This indicates that increasing
the land uses mix degree is more effective for reducing urban travel distance and thus improving
accessibility than increasing urban density.
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Figure 8. Sample Strong Linear and Non-Linear Relationships. (a) Correlation between PO and P;
(b) Correlation between UD and P; (c) Correlation between CP and RS; (d) Correlation between CA and
UD; (e) Correlation between CA and CM; (f) Correlation between FA and FM; (g) Correlation between
IA and IM; (h) Correlation between TA and LM; (i) Correlation between CA and PO; (j) Correlation
between IA and PO; (k) Correlation between FA and PO; (l) Correlation between CA and PD after 1923;
(m) Correlation between IA and PD after 1923; (n) Correlation between OA and OM; (o) Correlation
between FA and UDD before 1952; (p) Correlation between FA and UDD after 1952.

Also, the UTD to commercial and industrial parcels is positively linear-correlated with the
population (Figure 8i–j), which is positively power-correlated with the average UTD to office
(Figure 8k). No clear correlation is found between the population density and the development density
throughout the City’s history. This confirms the general observation that small to medium-sized cities
typically have a flat density curve [63].

Some correlations changed with time. For example in the historical periods after 1923, the average
UTD to commerce, industry and the average UTD to office are all negatively linear-correlated with the
population density (Figure 8l–m), which indicates theoretically that increasing population density is an
effective measure to reducing urban travel distances, in practice, however, increasing the population
density in the suburban area is difficult due to the cultural and demographic characteristics [64].
The UTD from residential parcels to open space is highly negatively correlated with the land-uses
mixed degree from 1908 to 2014 with R2 as high as 0.79 (Figure 8n). But these correlations are not clear
in the City’s early historical development periods (before the early of the 20th century) and this could
be explained by the fact that during a city’s early historical development periods, urbanized areas
were typically more scattered around and their spatial interactions were relatively low [1,65].

Prior to 1952, the average UTD to office was negatively linear-correlated with the urbanization
density (Figure 8o). However, after 1952, this correlation turned into positive (Figure 8p). This indicated
that increasing urban development density and floor area ratio does not necessarily mean to change
people’s travel mode in this small to medium-sized American city. This might be attributed to the
high automobile ownership in the small to medium-sized city and the fact that people prefer to live in
low-rise housing estates with more private space on the edge of the city rather than the apartments at
the urban core [66,67]. Also, the individual property size has been increasing over the past century on
the sprawling land parcels, and some urban facilities have been shifting to larger scales but with less
quantities [68,69].

4. Conclusions

This research applies three quantitative models—growth, urban travel distance, and correlation
to provide important anatomic insights into Corvallis, a small-to-medium sized American city, on its
historical urban growth patterns and urban form-urban travel distance relationships in space and time.
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The model is based on a detailed citywide tax-lot parcel database containing necessary data on land
use, year of built, building square footage, parcel acreage, and property value, which are further linked
to socio-economic data to yield urban density, accessibility, and growth, and form.

This study could be improved in several ways. First, urban form, growth, and density measured
over building square footage and land use parcel acreage, separately or cumulatively by time period,
may not be accurate enough since some buildings are multi-story and some large parcels are only
partially urbanized. Second, the average distance from all residential parcels to other land use parcels
was used to indicate urban accessibility. However, more realistic accessibility measures based on
individual homes to urban facilities may be needed. Such accessibility can also be enhanced by using real
urban street networks and transportation modes, and investigating how people’s activities influenced
their social democratic attributes. Third, due to the minimum number of subject requirements [70], we
could not carry out multiple variate analysis in this research. Statistical relationships through simple
correlation and linear regression, while not able to reveal causality, may be enhanced by additional
qualitative research, such as historical, content, or phenomenological studies, especially for drastic
changes in population flows, urban growth, form, and accessibility in space and time. Last but not least,
the analysis based on one city in the USA and so is not widely representative, and there is a need to
carry similar tests in comparable cities. All of these issues or limitations call for further investigations.

The results in Corvallis indicate that the growth of the total urbanized parcel and the building size
had very similar trends. Residential and commercial areas have always been growing with different
rates throughout history, and residential land-use consistently accounted for a larger proportion of
urbanized lands than any other non-residential land uses. The industrial, office and open space
grew rapidly during a few historical periods, but had little growth during other historical periods.
Due to the zoning and development policy in the City, the average travel distance from residential
to commercial and office were evidently shorter than the average travel distance from residential to
industrial through the City’s growth periods. The average travel distance from residential land use
to office and commercial land uses were growing in a very similar pattern due to the retail-office
development and construction [55]. Through the correlation and regression analysis, it is found that
different from previous studies on metropolitan areas [19], the urban density increases steadily after
the middle part of the 20th century in Corvallis. But the increasing of urban development density and
floor area ratio does not necessarily lead to a change in people’s travel mode and accessibility in this
typical American city, which is possibly due to the popularity of the automobile, the lack of urban
facilities in nearby neighborhoods such as groceries, parks and schools [67] and preferences to live in
low-rise housing estates with more private space on the edge of the city rather than the apartments at
the urban core [68].

From this study we would suggest that there is a primary outcome that might be advisable
for urban authorities to consider, subject to further testing and verification in other, similar cities.
This is notably the promotion of mixed-use neighborhoods in small to medium-sized cities to alter
the commuting pattern; this is based on the finding that increasing the level of land-uses mixture, for
example mixed use neighborhoods development [29], is more effective and feasible in reducing urban
travel distances; in Corvallis this concurrently improved urban accessibility and was fundamental to
achieving sustainable urban growth and form for small-to-medium sized urban cities. Indeed, the
findings showed that in Corvallis land-use mix was a more effective and feasible approach in reducing
urban travel path distance and enhance accessibility than increasing population density or urban
development density. Such a finding has potentially significant implications for our understanding of
urban development and planning.
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Appendix A

Abbreviations for Variables
AS Average Urbanized Parcel Size IV Improved Value
AV Assessed Value LM Residential-Nonresidential Parcels Mix Degree
BS Building Square Footage LV Land Value
CA Accessibility of Residential Parcel to Commercial Parcels MA Mean Accessibility from Residential to Non-residential Parcels
CM Residential-Commercial Parcels Mix Degree MV Market Value
CP Commercial Parcel Number OA Accessibility of Residential Parcel to Open Space Parcels
CS Commercial Parcel Size OM Residential-Open Space Parcels Mix Degree
FA Accessibility of Residential Parcel to Office Parcels OP Open Space Parcel Number
FM Residential-Office Parcels Mix Degree OS Open Space Parcel Size
FP Office Parcel Number P Total Urbanized Parcels Numbers
FS Office Parcel Size PD Population Density
IA Accessibility of Residential Parcel to Industrial Parcels PO Population
IM Residential-Industrial Parcels Mix Degree RP Residential Parcel Number
IP Industrial Parcel Number RS Residential Parcel Size
IS Industrial Parcel Size S Total Urbanized Parcels Sizes
IV Improved Value TA Accessibility of Residential Parcel to Non-residential Parcels
LM Residential-Nonresidential Parcels Mix Degree UD Floor Area Ratio
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