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There has been much debate regarding the nature of the relationship between 
transportation and land use. Numerous studies have examined the impact of 
transportation on land use by studying the economic impacts of transportation 
investments (for examples, see: Harmatuck 1996; Rietveld 1994; Baird and Lips
man 1990; Forkenbrock and Foster 1990). Many others have examined the impact 
of land use on transportation by studying the impact of urban form on travel 
pattems (for examples, see: Kockelman 1997; McNally and Kulkarni 1997; Handy 
1993). While other approaches have also been taken, the results continue to raise 
questions regarding the direction and strength of this relationship. Despite the 
plethora of research, no prior study has attempted to isolate and quantify the 
direction or strength ofthe transportation-land use relationship as this study does. 

The goal of the research is to quantify the strength of both directions of the 
transportation-land use relationship to determine if the relationship is uni-direc
tional or bi-directional. The objectives ofthis paper are two-foid. First, the paper 
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examines the impact of road development on residentialland development. Sec
ond, in order to test for bi-directional causality between transportation develop
ment and land development, the paper examines the impact of residential land 
development on road deve!opment. 

The conceptual underpinnings of the first objective are based on the hypothe
sis that road development influences land development by changing the spatial 
pattern of accessibility. Changes to the road network lead ta changes in accessibil
ity. In simple terms, accessibility is the potential for interaction. Most measures 
define accessibility as a function ofa measure of attractiveness and the transporta
tion system. The measure of attractiveness reflects the spatial distribution of 
activities. The transportation system reflects the ease of travel between different 
locations. This ease oftravel is typically measured by travel distance, time, or cost. 
Both the structure and capacity of the road network influence the accessibility of 
different locations. Thus, the construction of a new road or the widening of an 
existing road will increase accessibility because of the resultant changes in travel 
distances, times, or costs. 

Increases in accessibility may then influence land development. Given the 
transportation and attractiveness elements of the accessibility measure, locations 
with high accessibility are easier to get to and more attractive as destinations 
relative to other locations. Theory suggests that as the ease of travel between 
different locations increases, the propensity for interaction increases. Because of 
the increased propensity for interaction, locations with higher accessibility are 
more attractive to land developers. Thus, changes in accessibility may affect land 
development. 

We test two hypotheses regarding the impact of road development on land 
development at different scales. The first hypothesis, testing the impact at a 
regional scale, is that the probability a given location will be developed is greater 
if the accessibility ofthat location increases. We devise a measure to capture the 
effect that road development has on accessibility at ail points throughout the 
region. The second hypothesis, testing the impact at a local scale, is that the 
probability that a given location will be developed is greater if it is close ta a high
speed road. We use network distance to a high-speed road to measure local im
pacts of road development on residential land development. 

The second objective of the paper is to examine the other direction of the 
relationship; i.e., the impact of residentialland development on road development. 
We conceptualize this direction of the transportation-land use relationship where 
land development results in the establishment of trip-generating acti vities. When 
land is undeveloped, it does not generate traffic. However, when land is devel
oped, it then has an associated land use such as residential, commercial, or indus
trial. These land uses do generate trips, which can affect the road network. Trip 
generating activities lead to increased traffic on the road network. In response to 
this traffic, the network may be expanded. New roads will be built or existing 
roads will be expanded to accommodate the increased traffic. If land development 
occurs in the absence ofroad development, there may be political pressure to build 
more roads. However, if the network is not expanded and the increased traffic is 
greater than the capacity of the network, the result is a deterioration of travel 
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conditions due to traffic congestion. 
We test a third hypothesis that land development creates trip generating 

activities, which affect the expansion of the road network by formulating a base 
model that represents the relationship between land development and road devel
opment. Specifically, we use data pertaining to the development of the road net
work in the calculation of an accessibility measure, while we measure land devel
opment in terms of residential land development. 

The conceptual framework ofthis research highlights the two possible direc
tions ofthe transportation-land use relationship. However, the framework gives no 
indication of the strength of the relationship. Does the road network have a stron
gel' impact on land development or does land development have a stronger impact 
on the road network? The models offered in this paper address these questions. 
The results ofthis research have important policy implications. Given the numer
ous environmental impacts of both road and land development, there is an in
creased urgency for policy makers to make informed decisions. With a better 
understanding of the relationship between road development and land develop
ment, the impacts of such development may be addressed. 

The Study Area 

The Halifax Regional Municipality covers a 6200 square ki]ometre area along the 
southern shore of the Province ofNova Scotia. Located within the municipality are 
the cities of Halifax and Dartmouth, and the town of Bedford. Because Halifax 
serves as the provincial capital and regional service centre, the regions' unemploy
ment rate is low at 8.6 % compared to the provincial rate of 13.3 %. The region 
experienced a 6.4 % population growth rate (armual average) over the period 1971 
to 1996. The region had a population ofapproximately 356,000 in 2000. Figure 1 
provides a map ofthe study area showing the locations of Halifax, Dartmouth, and 
Bedford. The map also spatially defines an urban core and an urban development 
boundary (UDB), both of which we discuss later in the paper. The urban core 
shown in the map corresponds to the urban core defined by the 1971 Census of 
Canada. An urban core is a large urban area around which a CMA (Cens us Metro
politan Area) is delineated, which by definition must have a population of at [east 
100,000. 

The Models 

To examine the impact ofroad development on land development, we developed 
a base model from which several variations were derived. This base model is 
described as: 

6.Pi/ =/(7j,Xi ) (1) 
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FIGURE 1 The Sludy Area 

where 

!JP i, the number of new parcels developed in grid cell i during time 
period t 

T, a measure of transportation development in grid cell i (accessi
bility or distance) 

x; a vector of other explanatory variables 

We also formulated a base mode 1to represent the impact ofland development on 
road development. From this base model, we derived several variations. The base 
model is described as: 

tlA'l = I( P;, XJ (2) 

where 

the change in accessibility in grid cell i over time period tM" 
Pi a vector of land development variables in grid cell i (aggregate, 

cUITent, previous) 
x; a vector of other explanatory variables 

With the specification of the base models, we now examine the data employed in 
the 1110dels. 

.'
 

The Data Set 

Transportation 

We collected data regarding the evolution of the arterial and collector road net
work from provincial transportation reports and regional planning documents for 
the period 1971 to 1996. Over the time period, numerous projects were completed. 
However, the nature and scale ofthe transportation projects changed. In the 1970s, 
the majority of the projects involved new road construction, particularly the 
construction of regional expressways and highways in the periphery. In the 1980s 
and 1990s, new road construction was much more Jimited and sm aller in scale. 
The majority of the construction projects involved the widening of existing roads. 
For each of the projects, the year of completion is known. 

Although information pertaining to the evolution of the road network is 
available in hardcopy for al! years between 1971 and 1996, only the 1996 network 
was available in a digital format. The digital network file contains anribute infor
mation for every link in the network. We used speed limit data and length of link 
data to calculate travel times for each lin!< in the 1996 road network. 

Because the digital network file contained no information regarding lin!< 
capacity, we adjusted speed limits to capture the effect ofnetwork improvements 
such as road widening. For example, if a highway was expanded from 2 lanes to 
4 lanes in 1995, the links would be assigned 80 km in 1995 and 1996, and only 60 
km in ail years prior to the expansion. Ii is plausible that travel speeds on links are 
less than the posted speed limit because of congestion. Once the link is widened, 
travel speeds would increase. While this method of capturing the effect of road 
widening may not be optimal, it was the most consistent method given the avail
able data. 

Using the digital 1996 network and the road construction data obtained from 
the transp0l1ation repol1s, a digital copy of the road network was created for each 
year over the time period. Starting with the 1996 network, we altered the network 
for each year. For example, if a new road was built in 1995, the 1995 and 1996 
networks would include the new road but the road was deleted from the 1994 
network. For each year, every alteration (deletion ofnew roads and road widening) 
that we made to the network was carried back to the previous years. The result is 
that the 1971 road network has none of the 43 improvements, while the 1996 
network has all of the improvements. 

Given the evolution of the road network, we required a way to measure the 
impact of the road improvements. To accomplish this, we calculated two different 
measures. First, we calculated an accessibility measure to capture the regional 
impact of road improvements. Several studies support the use of accessibility 
measures in examining the transp0l1ation-land use relationship (for examples see 
Geurs and van Wee 2004; Suxia and Xuan Shu 2004). Second, we used the net
work distance from given locations to a high-speed road to capture the local 
impact of road improvements. 

A methodological issue in examining the reJationship between road develop
ment and land development is the fact that we are dealing with both line and point 



54 CUTHBERT, ANDERSON AND HALL AN EMPIRlCAL ANALYSIS OF ROAD AND RESIDENTIAL LAJ'.JD DEYELOPMENT 55 

~ 

~,~m 

Meter' 

~ 

+ 
6000 0 6000 12000 

FIGURE 2 The Grid Cell Approach 

features. To reconcile this, we adopted a grid cell approach. We overlaid a lattice 
of 1km by 1km grid ceIls on a map of the road network. Grid cells ofthis size are 
small enough that each cell captures the homogeneity of the underlying transporta
tion, land use, and population characteristics. We used the grid cell as the spatial 
unit of analysis. Figure 2 illustrates this grid cell approach. 

Accessibility is a function of the extent of the road network and a measure of 
attractiveness. We calculated a gravity-type accessibility measure as follows 
(Hansen 1959): 

A,=I~ (3)
j dij 

where: 

Ai = the accessibility of location i 
wi = a measure of attractiveness 
d,; = the distance or travel time between location i and j 

Unlike other measures, this integral accessibility measure allows for the calcula
tion of accessibility at numerous points throughout the region rather than focusing 
on one point such as the central business district. 

We used distance or travel time to represent the friction of distance and 
employment density and population density as measures ofattractiveness. Because 
the impact ofroad improvements is of interest, it is the change in accessibility over 
a time period that is required rather than the absolute value of accessibility. In 

a) ACCesSlDiilty 1971 D) Acc""bdll'} 1996 
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FIGURE 3a-b Spatial Pattern of Accessibility 

order to capture only changes in the road network rather than changes in popula
tion or employment density, we he Id the measure of attractiveness constant when 
calculating the change in accessibility. For example, we computed the change in 
accessibility between 1991 and 1996 as follows: 

Wi 1991 W I 1991L 
MI991-1996= L d - d'i1991 (4) 

l996.i 'I .1. 

Because the employment density and population density data used in the accessi
bility measure were obtained from cens us data, we calculated the change in acces
sibility over each of the 5 inter-censa\ time periods: /971-1976, 1976-1981, 1981
1986, /986-1991 and 1991-1996. 

Figures 3a-b show the spatial pattern of accessibility in /971 and 1996, 
respectively. Figure 4 shows the percent change in accessibility over the time 
period /971-1996. The accessibility measure does not have an intuitive unit of 
measurement; it is the relative values of accessibility that are of interest. Figures 
3a-b clearly illustrate that the area with the highest level of accessibility is the 
urban core. However, the area that experienced the greatest change in accessibility 
is the periphery. 

The change in accessibility is employed as the dependent variable in the 
model that examines the impact of land deveJopment On road development. We 
use the change in accessibility as the dependent variable because there were no 
data available regarding trip generation. We hypothesize a positive relationship 
between the number of parcels developed in the grid cell and the change in acces
sibility. We expect grid cells that have greater changes in accessibil ity to be more 
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desirable for land development. 
The second transportation measure is the network distance from the centroid 

of a grid cell to a high-speed road. We define high-speed roads as roads with 
speeds greater than or equal to 80 km/hr. In ArcView, we overlaid the centroids 
of each grid cel! on the digital road network maps for the years 1971, 1976, 1981, 
1986, 1991, and 1996 and calculated the network distance from each centroid to 
the closest high-speed road. Through time, these distances ref1ect improvements 
to the road network such as the construction of new expressways and highways, 
and the widening of existing highways (recall that the effect of widening was 
captured by changing the speed limit oflinks). We hypothesize a negative relation
ship between the distance to a high-speed road and land development. We expect 
grid celis that are closer to a high-speed road to be more desirable for development 
as they provide better access in terms of shorter travel times to other locations. 

We use both the accessibility measure and the distance to a high-speed road 
measure to capture the impact of road improvements on land development at 
different spatial scales. The inclusion ofthese two types ofmeasures will provide 
more detailed insight into the relationship between road development and land 
development. We will be able to determine if the proximity to a high-speed road 
is more important in deciding where to develop land than the overall accessibility 
of different locations. 

Land Development 

We employ time series data on residentialland parcel development in the region 
between 1971 and 1996 to represent land development. Each individualland parcel 
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is defined by geographic coordinates representing the centroid of the parce!. For 
each year, the data precisely indicate where land is being developed. Unfortu
nately, the size of each parcel is not known. We computed a count of the number 
of parcels that were developed in each grid cell during 5 time periods and em
ployed the counts in the derivation of both dependent and independent variables 
used in the models. 

To test the hypotheses regarding the impact of road development on land 
development, we use the land parcel counts as the dependent variable. As an 
explanatory variable, we measure the total amount of development as the aggre
gate number of developed parcels in the grid cell. We expect an inverted U-shaped 
effect where initially there is a positive relationship between the aggregate number 
of parcels and the number of parcels developed in the current time period. Grid 
cells that are already developed are likely to experience more development, as 
there is a contagious effect. However, there may be a point when a grid cell can110t 
sustain any more development; the cell is built out, because ail available land has 
been consumed. To capture the fact that the total amount of development could 
have a negative effect on CUITent development, i.e., there is no more space left, we 
also include the aggregate number of parcels squared as an explanatory variable. 
The two aggregate parcel variables represent a quadratic function, i.e., the inverted 
U-shaped effect. Another explanatory variable in the model is previous land 
development, which is measured by the number of parcels developed in a grid cell 
during the previous time period. Again, we hypothesize a positive relationship due 
to a contagious effect. 

To test the third hypothesis regarding the impact of land development on road 
development, we also employ several explanatory variables derived from the 
parcel data. We hypothesize a negative relationship between the aggregate number 
of parcels and the change in accessibility. Grid cells with a higher aggregate 
number of land parcels are most likely to be located in the core area. However, we 
expect that grid cells located in the periphery will experience greater relative 
changes in accessibility. We hypothesize that previous land development will have 
a positive impact on the change in accessibility. We expect grid cells that experi
ence land development in the previous time period to experience an increase in 
accessibility in the subsequent time period resulting from the changes to the road 
nerwork. Similarly, we hypothesize that current land development will have a 
positive impact on the change in accessibility. In this way, grid cells that gain a 
large number of parcels will experience a greater increàse in accessibility. 

Other Explanatory Variables 

We also define a number of other explanatory variables for each grid cel!. We 
represent the amount ofdevelopable land in a grid cell as the proportion of the grid 
cell that is available for development. We hypothesize a positive relationship 
between the number ofparcels developed and the amount ofdevelopable land. We 
also hypothesize a positive relationship between the change in accessibility and the 
amollnt ofdevelopable land because road improvements may occur in anticipation 
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of land development. 
The availability of sewer and water service is an important consideration for 

land development. The Metropolitan Area Planning Commission established an 
urban development boundary (UDB) in 1976 (Figure 1). Ali land contained within 
the boundary has access ta sewer/water service, while areas outside of the UDB 
are not part of the municipal sewer/water system and do not have such service. 
While the UDB has expanded since 1976, time series data pertaining to boundary 
expansions are not available. Thus, the 1976 urban development boundary is used 
for all time periods. We represent data pertaining to sewer and water service by a 
dummy variable. Grid cells are assigned a 1 ifthey are within the urban develop
ment boundary and 0 otherwise. We hypothesize a positive relationship between 
the sewer/water dummy variable and land development. We also hypothesize a 
positive relationship between the change in accessibility and the sewer/water 
dummy variable, again because these improvements may occur in anticipation of 
development. 

We employ several socio-economic variables to account for demographic 
variations that may influence land development and reflect where developers will 
develop. Ail of the data are from the Census of Canada. Data such as average 
family income, average household income, median family income, median house
hold income, average monthly housing payment, and average household size are 
defined by grid cell. We hypothesize a positive relationship between all of the 
census variables and land development. 

We also hypothesize a positive relationship between the census variables and 
change in accessibility. Higher income households tend to have a greater demand 
for transportation as they make more trips than low income households (Hanson 
and Schwab 1995) and may also have greater political influence. For these rea
sons, higher income areas tend to receive more investments than low income areas 
(Hodge 1995). 

The Results 

Impact of Road Development on Land Development 

Using the base model specified ear!ierto represent the impact of road development 
on land development, we derived several variations. Because the dependent 
variable, the number of residentialland parcels developed in a grid cell, is not a 
continuous variable, standard regression analysis cou Id not be used to estimate the 
mode!. Poisson regression is commonly used for count data, but the nature of the 
parce! data violates the assumptions of the mode!. A more appropriate approach 
is to estimate a discrete choice mode!. Other studies have used a similar approach 
(Sanchez 2004; McDonald and McMillen 2000). For complete model specifica
tion, see the technical appendix. 

Specifically, the ordered probit model is used when the dependent variable is 
ordinal in nature and when there are 3 or more alternative choices_ To transform 
the land parcel data into an ordinal variable, we classified each grid cell depending 
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TABLE 1 Classification Schemes for Land Parcel Connts 

Number of parcels developed in time period 

Category Code 1 Code 2 Code 3 

0 0 0 0 

1-50 1-19 1-4 

2 51-100 20-99 5-10 

3 101-300 100-300 11-50 

4 - - 51-300 

on the number of parcels that were developed in the grid cell during the time 
period. The initial classification, Code 1, was established by creating histograms 
ofthe land parcel counts by grid cell for each time period. The frequency distribu
tions of the number ofparcels per grid cell were very similar for each time period. 
Given this similarity, we used the natural breaks apparent in the 1991-1996 histo
gram to create ranges for the classification categories. From the initial classifica
tion scheme of Code 1, we created and tested other classification schemes as 
outlined in Table 1. 

Table 2 provides the results for the models that include the change in accessi
bility as the transportation measure. As the table indicates, there is consistency 
over time in the nature of the relationships between the dependent variable and 
many of the explanatory variables. The most inconsistent variable in tenns of the 
direction of the relationship with the dependent variable is the change in accessi
bility measure. 

For several time periods, the results indicate a negative relationship between 
change in accessibility and land development. The results suggest that grid cells 
that experience smaller changes in accessibility experience more land develop
ment. However, the change in accessibility coefficients are not significant for two 
of those time periods. Two other time periods show a positive and significant 
relationship between the change in accessibility and land parcel development. Grid 
cel!s with a larger change in accessibility experience more land parcel develop
ment. 

For all time periods except the first, for which the number of parcels devel
oped in the previous time period is unknown, there- is a positive relationship 
between the number of parcels developed in the previous time period and land 
development in the CUITent time period. These results are intuitive given the nature 
of land development process. Residential land development usually occurs in 
phases. Once development is initiated in an area, further development is likely, 
given the availability of developable land. Grid cells with a higher number of 
parcels developed in the previous time period are more attractive for future devel
opment. 

A negative relationship between the amount of developable land and land 
parcel development is apparent for al! time periods. The results suggest that grid 
cel!s with less developable land experience more land development. These results 
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TABLE 2 Results of Ordered Pro bit Model (accessibility measure)
 

Coefficient
 

Variable 1971-76 1976·81 1981-86 1986-91 1991-96
 

Constant -1.37105" -1.06212" -1.23221" -1.80089" -0.53070"
 

Change in accessibility -54.0454 .. -39.74440 712606" -142.762 15.6146"
 

# of parcels developed in previous time period .. 0.00528" 001768" 000385" 0.00937"
 

Amount of developable land -0.58359" -0.55584" -065009" -073150" -0.33058'
 

Aggregate number of parcels in cell 0.10371" 0.07502" 007877" 0.05137" 0.03264"
 

Aggregate nllmber of parcels in cell squared ·0.00069" -0.00043" -0.00043" -000023" -000011
 

Sewer/wa!er service in cell (dummy) 1.20581" 1.02936" 0.79480" 1.22497" 0.87012"
 

Sewer/water internct. tenn on aggregate # parcels ·009303" -006594" -0.06594" -0.04997" -0.02841"
 

(Sewer/wa!er interact. lenn on aggregate # parcels)' 0.00068" 0.00042" 0.00042" 0.00025" 0.00011"
 

Change in average household income 0.00001"
 

Change in avg. household size over lime period 032789"
 

Change in avg. major 1110l11hly hOllsing payment -- -- 0.00220"
 

Average household size al begimlÎng of lime period -- -- -. 041005"
 

Cul points
 

À, 2.20654" 1.24516" 359072" 2.02516" 2.10953" 

À, 3.67837"" 1.87751" 4.38381" 3.33663" 3.12226" 

-- 3.21802" -- -
Code 2 Code 3 Code 1 Code 2 Code 2
 

À .• --

Number of observations 1144 1144 1144 1144 1144
 

Chi-sqllare
 806.96 741.55 88149 74032 61247
 

9 8 9 9 8
Deko'ees of freedom 

Prob> chi-square 0.00000 0.00000 0.00000 0.00000 0.00000 

Log likelihood (constallt) -1099.06 -1003.744 ·1012.01 ·1199.02 -1114.68 

Log likelihood (beta) ·695.58 -632.9694 -571.269 ·828.857 -80844 

pselldOS' 017 017 044 Ol! 0?7 

Note: • = P<O.I," = P<O.OI 

are counterintuitive as the hypothesis was that grid ce Ils with more developable 
land would experience more land parcel development. The availability ofdevelop
able land is a prerequisite for land development. This counterintuitive result may 
be due to the nature of the amount ofdevelopable land variable. We calculated the 
variable by removing areas from the grid ceUs that were considered undevelopable. 
Such areas included water bodies and parks, both ofwhich could be considered 
amenities. Grid cells that have less developable land may have more water bodies 
and parks. Such grid ceUs wou Id be desirable in terms of residentialland develop
ment. 

For ail time periods, there is a positive relationship between the aggregate 
number ofparcels developed in the grid cell and land development in the current 
time period. Alternatively, there is a negative relationship between the aggregate 
number of parcels squared and the dependent variable. These two variables con-
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TABLE 3 Results of Ordered Probit Model (distance measure) 
Coefficient 

Variable 1971-76 1976-81 1981-86 1986-91 1991·96
 

Constant -000244 -0.23240" -041518" -081055' -002500
 

Distance to a high-speed road -0.00001 -000006' -000005 -000007" -0.00003
 

# of parcels developed in previous lime period -. 0.00852" 001819" 0.00388" 0.00702"
 

Amollnt of developable land -097465" -086745" -0.88395" -0.98348" ·065614"
 

Ag.'I"egate lIumber of parcels ill cell 001239" 0.01098" -0.01337 0.00162" 0.00766"
 

Aggregale number of parcels in cell squared -000001" -0.00001" -0.00001" 0.00003" -000001"
 

Change in avg. household size 032420"
 

Change in avg. major monlhly hOllsing paymenl -. _. 0.00188"
 

Avg. household size al beginning oftime period -- .. -- 037002"
 

CIII points
 

À, 1.56740" 095256" 3.02832" 1.59497" 1.86464"
 

À , 2.99503" 1.49114" 3.97990" 2.91346" 2.90498"
 

À , .- 2.86013" -- -- -
Code 2 Code 3 Code 1 Code 2 Code 2
 

Nlimber of observations 1144 1144 1144 1144 1144
 

Chi·square 43292 560.35 654.94 437.63 419.41
 

Degrees of freedom 5 5 6 6 5
 

Prob> chi-square 0.00000 0.00000 0.00000 0.00000 0.00000
 

Log likelihood (constant) -1099.06 -1281.59 -1012.01 -1199.02 -1114.68
 

Log likelihood (beta) -882.06 -1001.42 -684.54 -980.20 -904.98
 

P,,"do R' 020 022 032 o 18 o19
 

NOie: '= P<O.I, ., =P<O.OI 

firm the hypothesis of an inverted U-shaped effect, 
There is a positive relationship between the sewer/water dUIlUl1Y variable and 

land development. Grid cells with sewer and water service experience more land 
development, after controlling for other factors. The values of the sewer/water 
interaction terms suggest that the effect of the aggregate number of land parcels 
on new land development is stronger outside the UDB than inside the UDB. The 
results in Table 2 show other explanatory variables that have significant impacts 
on land development. 

Table 3 provides the results for models that include the distance to a high
speed road variable. As expected, the results indicate a negative relationship 
between the distance to a high-speed road and land development. Grid cells that 
are closer to a high-speed road experience more land development. However, the 
distance coefficients are only significant for two time periods. The behaviour of 
the other explanatory variables is, in most cases, consistent with the previous 
models and the interpretations remain the same. However, sorne ofthe explanatory 
variables did drop out of the models 
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TABLE 4 Spatial Lag Model Results 

Coefficient 

Variable 1971-76 1976-811981-86 1986-91 1991-96 

Constant 000028" 000079" 000005 000005' -0.00127'
 

Sewer/water service in cell (dummy) 0.00059" 000028" 000012' 000008*
 

Aggregate number of parcels in cell -00000013' -00000008' -- 0000007 r'
 
Amount of developable land -- -0.00426"
 

Change in average hOllsehold income -000000007'
 

Spatial autoregressive coefficient 0.58886" 0.61162"085572" 072385" -067201"
 

Number of observations 1144 1144 1144 1144 1144 

R2 0!6 OIS 049 02S 025 

NOle: * =p < 0.1," = P < 0.001 

Impact of Land Development on Road Development 

We formulated a base model to represent the impact of land developmellt on road 
development. From this base model, we derived several variations. To de al with 
spatial autocorrelation, we estimated a spatiallag model for each time period. For 
complete model specification, see the technical appendix. The results of the spatial 
lag model are summarized in Table 4. The most important result is the variables 
that are not significant. We forced the land developmellt variables (aggregate, 
previous and cUITent) into the models but the variables are not significant, the 
signs of the coefficients are not as expected, or the signs are inconsistent between 
time periods. Of particular interest is the previous land development variable. If 
residential land development has an impact on the change in accessibility, land 
parcels developed in the previous time period should be a significant variable in 
the models. However, it is not significant in any time period. 

ln ail models, the spatial autoregressive coefficient is highly significant, 
indicatingspatial clustering ofthe accessibility variable. We expect such clustering 
given the nature of the accessibility variable. Figure 4 clearly illustrates the spatial 
clustering of grid cells with similar changes in accessibility. 

As Table 4 indicates, the aggregate number of parcels variable is significant 
in three time periods. However, the direction of the relationship is not consistent. 
For the two earliest time periods, a negative relationship between the aggregate 
number of parcels and the change in accessibility is apparent. ln the final time 
period, the results indicate a positive relationship. During this til11e period, the 
amount of developable land is also a signjficant variable. A negative relationship 
is apparent between the change in accessibility and the amount of developable 
land. The significance and signs ofthese two variables suggest that grid cells that 
are more developed experience more road development as retlected in greater 
changes in accessibility. Ali of the road impl'Ovements during this time period 
were located in either the core area or in areas just adjacent to the core. 

AN EMPIRJCAL ANALYSIS OF ROAD AND RESIDENTIAL LAND DEVELOPtvlENT 

The results suggest that both the time period and the location of the road 
improvement influence the relative impact ofthe change in accessibility. Given the 
nature of the road improvements over time (new road construction versus expan
sion), the relative impact over time is not consistent. With new road construction 
in the periphery in early time periods, the greatest relative change in accessibility 
is in peripheral grid cells where accessibility was initially low. Because grid cells 
with the highest aggregate number of parcels are located in the core, a negative 
relationship with the change in accessibility is apparent. 

As accessibility increases over time due to subsequent road improvements, the 
relative difference between accessibility in the core and in the periphery decreases. 
In later time periods, road improvements consist mainly of capacity expansions to 
existing roads in both the core and areas directly adjacent to the core. Although 
accessibility is still the highest in the core, the relative difference between accessi
bility in the core and periphery has decreased. ln the final time period, the greatest 
change in accessibility resulting from the capacity expansions to existing roads is 
to grid cells in the core and adjacent to the core. Because grid cells with the 
highest aggregate number ofparcels are located in the core, a positive relationship 
is apparent. 

For the first four time periods, there is a positive relationship between the 
sewer/water dummy variable and the change in accessibility. Even with the chang
ing scale and location of road improvements over time, the results indicate that 
grid cells with sewer/water service experience greater changes in accessibility. The 
1991-\996 results are interesting in that the sewer/water dummy variable drops out 
of the mode!. Consider also that the aggregate number of parcels is once again 
significant but with a positive sign on the coefficient, and the amount of develop
able land enters the model with a negative sign on the coefficient. An examination 
of the sewerlwater dummy variable and the location of road improvements that 
occurred during this time period help to explain this result. 

The results for the earlier time periods suggest that grid cells located within 
the UDS experience the greatest change in accessibility. However, as Figure 5 
illustrates, these grid cells are not necessarily located in the urban core. The UDS 
actually extends beyond the urban core and into the periphery. There are grid cells 
with sewer/water service located in the periphery. However, grid ce Ils with the 
highest aggregate number of parcels are located in the core. In the early time 
periods, most of the road improvements were located in peripheral areas, panicu
larly the areas Iying between the UDB and the urban core. Thus, a negative rela
tionship between the change in accessibility and the aggregate number ofparcels, 
and a positive relationship between the change in accessibility and the sewerlwater 
dummy variable are explained for the two earliest time periods. 
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A comparison of the ordered probit model results indicates inconsistencies in the 
behaviour of the two transportation measures. While the signs of the change in 
accessibility coefficient vary between time periods, the signs for the coefficients 
on the distance measure are consistently negative. However, the significance ofthe 
coefficients for both measures is not consistent for ail time periods. Despite these 
inconsistencies, an interesting pattern emerges. 

With the exception of 1971-1976, for time periods when the coefficients of 
the change in accessibility are positive and significant, the coefficients of the 
distance measure are not significant. Altematively, when the coefficients of the 
distance measure are significant, the coefficients of the change in accessibility 
variable are negative and not significant. Given the nature of the transportation 
variables in terms ofspatial scale, these results suggest that through time, the scale 
of the impact of road development on land development may vary. 

For the time periods 1981-1986 and 1991-1996, the results indicate a signifi
cant and positive relationship between the change in accessibility and land devel
opment. These results suggest that the impact of road development on land devel
opment is at a regional scale. The coefficients of the change in accessibility are 
positive and significant and the distance coefficients are not significant. For the 
time periods 1976-1981 and 1986-199], the results suggest that the impact of road 
development on land development is at a local scale. The coefficients for the 
distance to a high-speed road variable are significant while the coefficients for the 
change in accessibility are not significant. 

FIGURE 5: Grid Cells Loeated Outside of the Urban Core but within the UBD 

Discussion 

Impact of Road Development on Land Development 

AN EMPIRJCAL ANALYSIS Of ROAD AND RESIDENTIAL LAND DEVELOPMENT 

TABLE 5 5 Year Averagcs of the Annual % Change in Numbcr ofResidential Land Parecls 

T ime period Percent change 

1971-1976 16 

1976-1981 I.J 

1981-1986 118.0 

1986-1991 -46.0 

1991-1996 28.4 

The results for the earliest time period indicate a negative and significant 
relationship between the change in accessibility and land development, suggesting 
that grid cells with a smaller change in accessibility experience more land develop
ment. There is also a negative relationship between the distance to a high-speed 
road and land development but the relationship is not significant. 

The results of the four most recent time periods show that road development 
has a significant impact on land development. However, the scale of the impact 
varies between time periods. A possible explanation ofthis variation is related to 
the intensity of land development. Table 5 shows the average, over five years, of 
the an nuai percent change in the number of residential land parcels. The annual 
number of residential land parcels developed over those time periods is signifi
cantly higher when the change in accessibility coefficient is positive. Over the 
period 1981- ]986, the annual number of residential land parcels developed in
creased by 118 % while over the period 1991-1996, the annual number increased 
by 28.4 %. Alternatively, the annual number of residentialland parcels developed 
increased only marginally between 1976-1981 and decreased between ]986-1991 
when the distance to a high-speed road coefficients are significant. 

This potential relationship between the type of transportation measure and 
intensity of annual residential land development suggests that road development 
has a local impact on land development when land development was less intense. 
Alternatively, road development has a regional impact on land development when 
land development was more intense. A possible explanation ofthese relationships 
is based on the spatial pattern of land development. 

When land development is intense, it is more spatially extensive; that is, there 
are more grid ce Ils ttu'oughout the region with a higher number of parcels being 
developed. Because ofthis spatial pattern, the change in the accessibility measure, 
which is regional in nature, is more effective in capturing the impact of road 
development on land development. However, when land development is less 
intense, the development is less spatially extensive and much more localized. 
Thus, for time periods of less intense land development, the local transportation 
variable - the distance to a high-speed road - is more effective in capturing the 
impact of road development on land development. 

The effectiveness of the two transportation variables for different time periods 
may also be influenced by the nature of the road improvements completed in the 
associated time period. When the local transportation measure is effective in 
capturing the impact ofroad development on land development, the l11ajority ofthe 
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road improvements were located in the periphery. When the regional transporta
tion measure is effective, the majority of the road improvements were located in 
the core or adjacent to the core. While this pattern may seem counterintuitive, an 
explanation of the relative impact of the road improvements will show otherwise. 

An examination of Fï"gure 2 clearly illustrates that the road network is much 
more dense and weil developed in the core area. In terms ofaccessibility, the core 
has a much higher level of accessibility than the periphery. When roads are im
proved in the periphery, a greater relative impact will be felt in peripherallocations 
where accessibility is lower. Although the improvement will affect locations 
through out the region, the local impact will be much stronger. Because this impact 
is more localized, the local transportation measure is more effective in capturing 
the impact of road development on land development. Alternatively, when roads 
are improved in and around the core area, the impact will be felt on a regional 
scale. Because the road network is well developed in the core, the relative impact 
of an improvement will not be as strong. However, given the nature of the accessi
bility measure, a road improvement in the core will also have an impact in the 
periphery. This improvement will have a greater relative impact in the periphery 
because the accessibility is lower compared to the core. Thus, the regional trans
portation measure is more effective when the road improvements are in the core 
area. 

Given all of these possible relationships (spatial scale of the transportation 
measure, intensity of land development, location of road improvements), is there 
a direct relationship between road development and residentialland development? 
The data suggest that when road development is directed to the periphery, land 
development is less intense. On the other hand, when road development is directed 
to the core, land development is more intense. Table 6 shows the percent of 
residential parcels developed in the core and the periphery for each time period. 
While the majority of the parcels are developed in the periphery, in those time 
periods when road improvements were directed to the core, the percent of land 
parcels developed in the core did increase slightly. 

More important however, is the effectiveness of the models in capturing the 
impact at both a local and a regional scale, for different locations ofroad develop
ment, and fol' different intensities of land development. When land development 
is intense and road development occurs in the core, the change in accessibility 
measure captures the impact of road development on land development. When 
land development is less intense and road development occurs in the periphery, the 
distance to a high-speed road variable is more effective. For every time period, 
with the exception of the earliest, the results indicate that road development does 
influence residential land development. 

Impact of Land Development on Road Development 

The objective of the spatiallag model is to quantify the impact ofresidentialland 
development on road development. If land development does drive road develop
ment, it follows that a sign ificant relationship should exist between the change in 

AN EMPIRlCAL AJ'IAL YSIS OF ROAD AND RESIDENTIAL LAJ'ID DEvELOPMENT 

TABLE 6 Percent of Residential Land Parcels Develop_e<! in Core and Periphery 

Time period Core Periphery 

1971-1976 24.5 755 

1976-1981 253 74.7 

1981-1986 33.4 66.6 

1986-1991 27.5 72.5 

1991-1996 28.2 71.8 

accessibility and the land development variables, particularly the number of 
parcels developed in previous time period. As the results indicate, this relationship 
is not apparent. 

The change in accessibility does not appear to be a function of actual land 
development. There is no significant relationship in any time period between the 
change in accessibility and the number of residentialland parcels developed in the 
previous time period or current time period. Three of the time periods do have a 
significant land development variable in tenns of the aggregate number ofparcels 
but the direction of the relationship is not consistent. Given the negative relation
ship between the aggregate number of parcels and the change in accessibility in 
the early time periods, road improvements were not occurring in areas of existing 
developed land. Given the nature of the plaru1ing process, the possibility exists that 
ioad development is occurring in anticipation of land development. 

Given the absence and inconsistency of the various land development vari
ables, the results do not support the hypothesis that residential land development 
drives road development. However, the inclusion and significance of the 
sewer/water dummy variable suggests that road development may actually lead 
residential land development. The availability of sewer and water service as 
captured by the dummy variable represents the potential or conditions for develop
ment. The results indicate a positive relationship between the change in accessibil
ity and sewer/water service. Grid cells with the potential or conditions for land 
development experience the greatest change in accessibility. This suggests that 
road development leads land development as confirmed by the reslllts of the 
ordered probit mode\. 

A possible explanation of the absence and inconsistency of the various land 
development variables in the models is the possibility that road improvements are 
occurring in anticipation ofresidentialland development that is expected to occur 
in the future. Because the planning process can take time, there may be a lag 
between the date of planning approval and actual land development. However, it 
is importantto note that approval does not necessarily imply development; projects 
may be approved but for whatever reason, development does not occur. The model 
in this paper tests the hypothesis that road development is influenced by contem
poraneous or lagged residentialland development. Although we do not have data 
pertaining to dates of planning approvals, we believe that data on land parcels 
better represents land development given the fact that approval does not imply 
development. 



68 69 CUTHBERT, ANDERSON AND HALL 

Implications 

Collectively, the results of the models provide extremely important insight into the 
transportation-land use relationship. Numerous studies have examined this rela
tionship but the results have been inconclusive. However, no prior study has 
examined both directions ofthe transportation-land use relationship by examining 
the spatial pattern of development as this one has. By quantifying both directions 
ofthe transportation-land use relationship, the results ofthis study fi Il an important 
gap in the literature. The results support the hypothesis that in the case of the 
Halifax-Dartmouth region, road development has an impact on residential land 
development, but not the hypothesis that residential land development has an 
impact ofroad development. Moreover, the results suggest that road development 
leads land development. 

More important are the policy implications of the research. Many govern
ments iovest in transportation infrastructure to address a variety ofconcerns. Some 
governments use transportation investments as a method to stimulate economic 
activity, while others use investments to deal with traffic congestion problems. 
Such investments may have little success without fully understanding the relation
ship between transportation and land use. 

The continued expansion ofroad networks has several rami fications. Wegener 
(1986) argues that the location and capacity of transportation infrastructure have 
very long-term implications with respect to urban form. The literature suggests that 
the expansion of transportation infrastructure contributes to the decentralization 
of urban areas (Ding 2004; Muller 1986; Adams 1970). Decentralized develop
ment encourages travel by private automobile. Because of the increased depend
ency on automobiles, many urban areas are facing severe traffic congestion prob
lems. A common response to these problems is new road construction or capacity 
expansions. 

EnvirolUnental implications of automobi le dependence and decentralization 
include increased energy consumption and air emissiol1s. Miller and Ibrahim 
(1998) note that energy cOl1sumed by the transportation sector depends directly on 
the level and spatial distribution of activities within the urban area. Thus, under
standing the relationship between transportation and land use is imperative. Be
cause the spatial distribution of activities has become more dispersed, the total 
number of vehicle kilometres traveled is increasing (Miller and Ibrahim 1998). 
Increased energy use and vehicle kilometres traveled translates into increased air 
emissions. Highway vehicles account for nearly three-quarters of total transporta
tion energy lise and are the largest source of transport related pollutants for nearly 
every type of pollutant (Transportation Research Board 1995). 

Understanding the transportation-land use relationship is essential for effec
tive policy fonnulation. This research provides important insight by quantifying 
the strength of both directions of the relationship. The results provide much 
stronger evidence that road development has an impact on residentialland devel
opment than residentialland development has on road development. Thus, policies 
related to the provision of transportation infrastructure may be more effective in 
deal ing with several issues cllrrently facing urban centres. 

AN EMPIRJCAL ANALYSIS OF ROAD AND RESIDENTJAL LAND DEvELOPMENT 

Technical Appendix 

Ordered Probit Madel 

Discrete choice models calculate the probability that a decision-maker will choose 
a particular alternative from a set of alternatives. In this paper, we consider the 
decision-maker the land developers, while the set of alternatives is the number of 
land parcels to develop. The land developers, modeled as a group with a common 
utility function, select the alternative with the highest utility. Utility is defined as 
follows: 

Un=V:,+E:n (5) 

where 

Un = totallitility that decision-maker n (land developers) derives 
Vn = the systematic or observed utility 
é n = a random component 

The observed utility, V" is defined as a linear function of attributes that influence 
the choice decision: 

v:, = f3Xn (6) 

where 

fJ = a vector of parameters associated with the explanatory variables 
X" = a vector of explanatory variables 

In tenns of examining the impact ofroad development on land development, we 
used an ordered response mode!. In general terms, the ordered response model 
estimates the probability that a given number of land parcels,}, are developed in 
a grid cel!. The utility of choosing a certain number of parcels is assumed to be a 
linear function of the explanatory variables that are related to each grid cel!. 

The ordered response model assumes local utility maximization as opposed 
to global utility maximization. Global utility maximization occurs when ail alter
natives in the choice set are considered simultaneously. Local utility maximization 
reflects a choice situation where each binary decision consists ofwhether to accept 
the CUITent value or "take one more" (Ben Akiva and Lerman, 1985). For example, 
the land developers must decide whether to develop zero parcels or to develop the 
number of parcels in the next range. The decision to "take one more" is based on 
the definition of several "cut points" that represent each of the possible outcomes, 
O,I,2,3 .. .j. These cut points, À, are defined such that no parcels will be developed 
in a given grid cell if U<À/, or: 

~,o = Pr (fJ X n + en ~ /cl) (7) 
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where 

P"o is the probability of zero parcels being developed 

The probability of one or"more parcels being developed in a grid cell is defined as 
the probability that U,,>À, but less than a second cut point À" or: 

Pnl = Pr (ÀI <j3X/1 +&n::; ~)	 (8) 

In general, 

~7j = Pr(,{j <j3X/1 +"n::; ,{,+I) for )=1, ... ,)-1 (9) 

and 

~1.l = 1- Pr (j3Xn +"/1 ::;,{J)	 (10) 

For an ordered probit mode l, the assumption is that the random components are 
normally distributed. The functional form of the distribution is as follows: 

p . = 1 u
/1' z (J dl{;: <p( Z)	 (1 1)L", fi; exp 2 

2 

where 

Z =	 J;jJX" 
<l>	 = standardized cumulative normal distribution (Aldrich and Nelson 

1984). 

Given these assumptions, the choice probabilities are as follows: 

P/10 = (J)(j3X/1 -,{I )	 (12) 

~1l = (J)(j3X/1 - À2 ) - C!l(j3X/1 - ÀI )	 ( 13) 

Pni =C!l(j3X/1-,{/+1 )-<P(!1'(I1-,{,) for al!) = 0, l, ... , J-1 ( 14) 

P/1i = 1- <P(j3Xn - ,{J )	 (15) 

Estimates of jJand À" ... ,À
j 

were obtained using Maximum Likelihood Estimation 
in an econometrics software package called LIMDEP. Unlike the multinomial 
probit, the ordered probit model does not require alternate specific parameters for 
each possible outcome. Because each outcome is essentially the same (i.e. number 
of land parcels to develop) but of a different magnitude (i.e. develop 0 parcels, 1

Al'J EMPIRlCAL ANALYSIS OF ROAD Al'JD RESIDENTIAL LAND DEVELOPMENT 

50 parcels etc.), only conunon parameters plus cut points are estimated. 

Spatial Lag Model 

The spatiallag model, also referred to as a mixed regressive spatial autoregressive 
mode l, includes a spatially lagged dependent variable, Wy, as one of the explana
tory variables. W is a spatial weights matrix based on either a rook (common 
boundaries) or queen (common boundaries and common corners) contiguity 
structure. Following the notation of Anselin (1992), the form of the spatial lag 
model is as follows: 

y=pWy+Xj3+"	 (\ 6) 

where 

y N by 1 vector of observations on the dependent variable 
Wy N by 1 vector of spatial lags for the dependent variable 

spatial autoregressive coefficient P 
X N by K matrix of observations on the explanatory variables 
jJ K by 1 vector of regression coefficients 
r:	 N by 1 vector of normally distributed random error terms 

Anselin (1992) compares the presence of the spatial lag coefficient to the inclusion 
of endogenous variables on the right hand side in systems of simultaneous equa
tions. The spatial lag model is estimated by maximum Iikelihood because the 
inclusion of the spatial lag causes OLS results to be inconsistent. Because the 
spatial autoregressive coefficient is unknown, it is estimated simultaneously with 
the regression coefficients. The inclusion of the spatially lagged dependent vari
able allows for the assessment of the significance of the other explanatory vari
ables while controlling for spatial dependence. 
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