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ABSTRACT 

 
There exists a large literature of transportation impacts on economic and demographic change. Prior 
studies have focused on single modes of transportation individually rather than integrating these modes. 
Yet, little work has been undertaken to study the economic and demographic impacts of intermodal 
transportation systems. This study fills the gap in the literature by examining intermodal passenger 
transportation on demographic change. Specifically, this research investigates the effects of highways and 
airports on population change in the minor civil divisions of Wisconsin by adopting an integrated spatial 
approach. The results show that overall, airport 







2.3 Intermodal Impacts on Population Change 

 
There exists a small literature examining the impacts of highways and airports as a whole rather than 
individually on population and employment change. This literature sees highways and airways as 
passenger intermodal transportation, in which passengers optimize the use the highways and airways to 
reach their destination. This literature often measures the intermodal impacts by calculating the 
accessibility that highways and airways can collectively best provide. For example, Paez (2004) examined 
the relationship between intermodal network accessibility and the spatial distribution of economic 
activities in East Asian countries. The findings suggest that the impact of intermodal accessibility is 
negligible when contextual factors are considered. Further, Combes and Linnemer (2000) found that the 
addition of airports promotes relocation of firms, which in turn leads to population flows.  
 

3. DATA 

 
The research case for this study is the state of Wisconsin. This study investigates the effects of highway 
expansion, highways, and airports on population change at the minor civil division (MCD) level. 
Population data are from decennial censuses 1970-2000 (Figure 1).  
 

Figure 1. Population Growth from 1980-2000 at the MCD Level in Wisconsin 

 
 
 
The Wisconsin Department of Transportation (WDOT) provided major highways in Wisconsin (Figure 2). 
The WDOT also provided the highway expansion data from 1970 to 1990 at five-year intervals, and the 
data are restricted to highway expansion of two lanes to four or more lanes (Figure 2).  
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Figure 2. Highways and Expansions from 1970-1990 in Wisconsin 

 
 
Major airport location and enplanement data (Figure 3) come from the Wisconsin Bureau of Aeronautics 
of Department of Transportation, the National Atlas of the United Sates, Iowa Office of Aviation of the 
Department of Transportation, the Michigan Bureau of Aeronautics and Freight Services of the 
Department of Transportation, the Minnesota Office of Aeronautics of the Department of Transportation, 
the O'Hare International Airport, and the Duluth International Airport.  
 

Figure 3. Major airports in Wisconsin and neighboring states 



In addition, an extensive review of the pertinent literature results in more than 70 variables that are 
believed to significantly affect population redistribution theoretically or empirically. Thirty-seven 
influential variables are selected for this study based on: 1) theoretical or empirical relationships judged to 
be important to this study, and 2) the availability of data. The variable categories include demographic 
characteristics, socioeconomic conditions, physical infrastructure, environmental and geophysical factors, 
cultural resources, and potential legal constraints. See Chi (2009) and Chi (2010) for a review of the 
variables. The data are quantified by a variety of datasets. Demographic and socioeconomic data are 
obtained from the U.S. Census Bureau, the Wisconsin Department of Public Instruction, the Federal 
Bureau of Investigation, and the State of Wisconsin Blue Books. The data of geophysical factors and 
natural amenity characteristics are provided by the Wisconsin Department of Natural Resources, the U.S. 
Geological Survey, and the Environmental Remote Sensing Center and the Land Information and 
Computer Graphics Facility of the University of Wisconsin-Madison. 
 
The unit of analysis is MCD. Wisconsin is a “strong MCD” state and its MCDs are functioning 
governmental units (with towns, cities, and villages that have elected officials who provide services and 
raise revenues). The MCD geography is comprised of non-nested, mutually exclusive and extensive 
political territories. The primary advantage of using MCDs is their relevance to public policy-making and 
planning1. Another advantage in using MCDs as units of analysis is that transportation planners often 
forecast traffic demands at the level of city, village, and town.  
 
MCD boundaries are not static over time:  boundaries change, new MCDs emerge, old MCDs disappear, 
names change, and status in the geographic hierarchy shifts (e.g., towns become villages and villages 
become cities). Three rules are applied to modify the data to account for these changes: 1) new MCDs 
must be merged back into their original MCDs from which they emerge; 2) the difficulty of disappearing 
MCDs can be resolved by dissolving the original MCDs into their current “home” MCDs; and 3) 
occasionally, several individual MCDs must be merged into one super-MCD to establish a consistent data 





The Optimal Spatial Weight Matrix 
 
To account for spatial dependence in spatial regression models, it is essential to create a neighborhood 
structure for each location by specifying those locations on a lattice that are considered as its neighbors 
(Anselin 1988). Specifically, we need to designate a spatial weight matrix corresponding to the 
neighborhood structure such that the resulting variance-covariance matrix can be expressed as a function 
of a small number of estimable parameters relative to the sample size (Anselin 2002). However, many 
studies select a spatial weight matrix without sound justification or evaluating the selected spatial weight 
matrix to others. While a spatial weight matrix is needed for spatial regression modeling, the selection of 
neighborhood structure usually receives little theoretical guidance in practice. A spatial weight matrix 
often is defined exogenously, and comparison of several spatial weight matrices should be done before 
choosing a justifiable one. For example, we can develop and compare several spatial weight matrices, and 
choose the one that achieves a high coefficient of spatial autocorrelation in combination with a high level 
of statistical significance, although currently there is little theoretical support for this method (Chi and 
Zhu 2008; Voss and Chi 2006).  
 
In this study, the magnitudes and significance of Moran’s I for each model are independently examined 
and tested by using 40 different spatial weight matrices. The optimal weight matrix to select is the one 
that achieves the highest coefficient of spatial autocorrelation in combination with a high level of 
statistical significance. The spatial weight matrices include the rook’s case and queen’s case contiguity 
weight matrices with order 1 and order 2, the k-nearest neighbor weight matrices with k ranging from 3 to 
8 neighbors, and the general distance weight matrices and the inverse-distance weight matrices with 
power 1 or power 2, from 0 to 100 miles at 10-mile increments based on the distance between the 
centroids of MCD. 
 
The optimal weight matrix for running the spatial lag model is chosen by comparing Moran’s I of 
population growth rate. The optimal weight matrix for running the spatial error model is selected on the 
basis of Moran’s I of the OLS residuals. The SARMA needs two spatial weight matrices, one based on 
Moran’s I of population growth which is the spatial lag term, and the other based on the Moran’s I of the 
SEM residuals which is the spatial error term. In addition, a z-score (the test statistic for the significance 
of the Moran’s I statistic) is computed as the ratio of Moran’s I and the corresponding standard error. The 
p-values are calculated using a normal approximation. 
 
For Set 1 models, the 5-nearest neighbor weight matrix, which encompasses the highest spatial 
autocorrelation of the response variable, is chosen for running the spatial lag model. The 5-nearest 
neighbor weight matrix, which encompasses the highest spatial autocorrelation of the residuals, is also 
chosen for running the spatial error model. The SARMA model has both a spatial lag term and a spatial 
error term. The 5-nearest neighbor weight matrix is chosen to account for the spatial lag term, and the 
squared inverse distance (distance decay) within 10 miles weight matrix is chosen to control for the 
spatial error term as this matrix encompasses the ma



4.2 Examining Highway Expansion Impacts on Population Change 

 
When examining highway impacts only on population change, I focus on expanded highway segments 
rather than existing highways. Presently most highway and interstate highway systems have been 
completed. Current highway construction activities primarily focus on expanding or improving existing 
highways instead of building new highways. According to the executive director of the National 
Academies’ Transportation Research Board, “[m]uch of the existing highway systems, particularly 
interstates and primary arterial highways, must be reconstructed in the coming years” (Skinner 2002, p. 
34). It is essential to know the impacts of highway expansion on population redistribution as well as 
economic growth and development. In this part of the analysis, highway expansion refers to added travel 
lanes based on existing highway segments, for example, expanding a highway from 2 lanes to 4 or more 
lanes. 
 
This analysis investigates the effects of highway expansion on population redistribution from 1980-2000 





accessibility incorporate spatial effects: they consider the spatial effects from neighboring states 
(Michigan, Minnesota, Iowa, Illinois, and Indiana). Thus, spatial lag models, spatial error models, and 
spatial error models with lag dependence as used in the previous section are not used for this part of 
analysis. Instead, basic OLS models and spatial regime models are used to examine and compare the 
impacts of highways and airports on population change.  
 
A number of variables are controlled for in examining highway and airport accessibility and improvement 
on population change. These variables are retained from Section 4.2 in examining highway expansion 
impacts on population change, and they are: population density (persons/kilometers squared), young 
(percent young population [aged 12-18]), Bachelor’s degree (percent population [age≥25] with bachelor’s 
degree), female-headed families (percent female-headed families with children under 18 years old), 
unemployment (unemployment rate), income (median household income), public water (percent housing 
units using public water), seasonal housing (percent seasonal housing units), agriculture (percent workers 
in agricultural industry), commute time to work (percent workers traveling>30 minutes to work), and land 
developability (percent lands available for development). 
 

5. RESULTS 

 
This section reports the findings on 1) the impacts of highway expansions on population change, 2) the 
spatial variations of highway expansion impacts, 3) the impacts of highways and airports on population 
change, and 4) the spatial variations of the impacts of highways and airports. 
 

5.1 Highway Expansion Impacts on Population Change 

 
Highway expansion segments completed from 1975-80 have a significant positive impact on population 
change from 1980-1990 when only population change in the previous decade is controlled (OLS 1; the 
first panel of Table 1). However, the significant impact disappears after controlling other influential 
factors of population change in OLS 2 model (the second panel of Table 1), which offers a better model 
fitting balanced with model parsimony. It suggests that it is essential to control other influential factors in 
examining the effects of highway expansion on population change. Among the three spatial regression 
models, the SEMLD model is the most appropriate model to interpret the regression coefficients, judging 
from the AIC and BIC values. Highway expansion segments completed from 1975-1980 gain slightly 
statistically significant negative effects on population change for MCDs within 10 miles of the expansion 



accessibility to connect the MCDs together. Improved transportation infrastructure provides people 
additional autonomy in choosing their residency MCDs. When population growth in a MCD’s neighbors 
leads to an increase of housing prices, it drives residents of neighbor MCDs and in-migrants to the MCD 
where housing prices are lower until an equilibrium is reached. In contrast, when population decline in a 
MCD’s neighbors leads to a decrease of housing prices, it drive people out of the MCD to its neighbor 
MCDs until an equilibrium is reached. Thus, highway expansion is best regarded as a facilitator in 
strengthening the spatial lag effects of population redistribution. The significant spatial error term reveals 
spatial dependence in errors, which may be caused by not including important explanatory variables in the 
model. The inclusion of the spatial error effects assist in controlling those variables. 

 
Table 1. Regressions of Highway Expansion on Population Growth from 1980-1990 

 
 OLS 1 OLS2 SLM SEM SEMLD 
Explanatory variables      
Within 10 miles of highway expansion, finished 5-
9 years before population change period 

0.010 
 

0.012 
 

0.009 
 

0.012 
 

0.003 
 

At a range of 10-20 miles from highway 
expansion, finished 5-9 years before population 
change period 

0.002 
 

0.005 
 

0.004 
 

0.003 
 

0.001 
 



In the 1990-2000 models, highway expansion segments completed from 1985-1990 have a significant 
positive impact on population change from 1990-2000 no matter if population change’s other influential 
factors are controlled (Table 2). These two explanatory variables remain significant in the spatial lag 
model and spatial error model, although the regression coefficients and significance are lesser in 
magnitude. However, none of the four highway expansion variables are significant in the SEMLD model. 
Similar as in the 1980-90 models, the most appropriate model to interpret the regression coefficients is the 
SEMLD model. 

 
Table 2. Regressions of Highway Expansion on Population Growth from 1990-2000 

 
 OLS 1 OLS2 SLM SEM SEMLD 
Explanatory variables       



as a facilitator, influences population redistribution indirectly by strengthening the spatial lag effects. The 
spatial lag effects are much greater than the temporal effects. 
 
The comparison across the five models in each decade suggests that it is essential to holistically consider 
population change’s influential factors and simultaneously incorporate spatial lag and spatial error 
dependence. Highway expansion appears to influence population change as a facilitator of population 
redistribution directly and indirectly. But, is the influence uniform over the whole Wisconsin?  Previous 
studies suggest that highway effects differ across principal cities, suburbs, and rural areas. The effects of 
highway expansion may follow the similar patterns. Thus, the SEMLD, the best model among the five 
regression models, is applied in a spatial regime context to re-analyze the impacts across principal cities, 
suburbs, and rural areas. 

 

5.2 Spatial Variations of Highway Expansion Impacts on Population Change 

 
The results suggest that both direct and indirect effects of highway expansion differ across urban, 
suburban, and rural areas – no statistically significant effects in urban areas, but direct and indirect effects 
in suburbs, and indirect effects in rural areas. 
 
First, highway expansion has both direct and indirect effects on population change in suburbs. Highway 
expansion completed from 1975-1980 had direct effects on population change in the 1980s for suburban 
MCDs within 10 miles of expansion segments. Suburban population change in the 1990s was also 
directly affected by two highway expansion variables. However, the effects were negative in the 1980s 
but positive in the 1990s. This phenomenon can be explained by the “spread” and “backwash” effects of 
the growth pole theory. The 1980s was the slowest growth period in Wisconsin history and was remarked 
with economic disruptions such as farm debt crisis, de-industralization, and urban revival (Johnson 1999). 
The metropolitan areas grew while the nonmetropolitan areas declined – a characteristic of backwash 
effects. Here highway expansion acts as a facilitator of population flows. The suburbs with highway 
expansion have lost residents to principal cities. The 1990s has experienced rural rebound and spread 
effects. Natural amenities attracted retirees into the recreational counties (Johnson 1999). Again, highway 
expansion acts as a facilitator of population flows. Given the locational advantages to access both job 
opportunities in urbanized areas and natural amenities in rural areas, the suburban areas benefited from 
highway expansion. 
 
Highway expansion also has indirect effects on population change in suburbs, and the effects are positive 
in both decades. As discussed in the previous section, the indirect effects can be understood as population 
growth gained from neighbors. A suburban MCD will likely gain (or lose) population if its neighbors do. 
Highway expansion can still be understood as a facilitator of population flows in suburban areas. 
 
Second, highway expansion has indirect but no direct effects on population change in rural areas. The 
effects are positive in both decades. A rural MCD will likely gain (or lose) population if its neighbors do. 
Again, highway expansion can still be understood as a facilitator of population flows in rural areas. 
However, highway expansion has no direct effects in rural areas in any decade. One possible reason is 
that the direct effects occur at the regional level rather than the MCD level – the scale effect of the 
modifiable areal unit problem (citation). Growth and development in rural areas more relies on the 
regional growth and development. This explanation can be implicitly supported by the comparison of 
indirect effects across rural areas, suburbs, and principal cities. The indirect effects are the strongest in 
rural areas in both metropolitan growth and rural rebound. Rural MCDs benefit the most from its 
neighbors’ growth. Thus, highway expansion plays a more important role in facilitating population flows 
in rural areas, and tends to unit rural MCDs into a region. 
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Table 5. Descriptive statistics of highway and airport measures 
 

  All Rural Suburban Urban 
Highway accessibility 0.822 

(0.527) 
0.753 

(0.475) 
0.874 

(0.468) 
1.644 

(0.786) 
Highway improvement -5.781 

(1.931) 
-6.088 
(1.732) 

-5.281 
(1.975) 

-3.443 
(2.482) 

Airport accessibility 5.043 
(1.866) 

4.426 
(1.451) 

6.330 
(1.666) 

8.378 
(1.807) 

Airport improvement -6.665 
(1.148) 

-7.002 
(0.841) 

-5.998 
(1.205) 

-4.671 
(1.511) 

Note: Each cell contains a mean followed by a standard error in parentheses. 
 
In rural areas, both highway improvement and airport accessibility are associated with population growth 
from 1980-1990. Highway improvement acts as an investment to promote rural population growth. The 
neoclassical growth theory considers highway improvement as an input into the production process via a 
production function. Many recent literature (e.g., Boarnet 1997; Eberts 1990) uses the production function 
to examine the linkage between public capital and economic productivity. As the level of highway 
investment increases, outputs also increase. Airport accessibility is associated with population growth in 
rural areas: the rural areas that are closer to airports have locational advantages to access airports, and are 
often argued to be preferred residential areas in the residential preference literature (e.g., Fuguitt and 
Brown 1990; Fuguitt and Zuiches 1975). 
 
In suburban areas, highway accessibility is negatively but airport accessibility is positively associated 
with population growth. Wisconsin has experienced the slowest growth in history from 1980-1990. It 
seems that highways act as a facilitator of out-migration. Location theory see highways as a facilitator for 
the flows of raw materials, capital, finished goods, consumers, and ideas among central places and their 
neighborhoods, and a limitation on these flows (Thompson and Bawden 1992). Highways are further 
argued as a facilitator of population flows (Chi 2010): highways can not only be associated with 
population growth, but also with population decline. Highways itself does not promote or hinder 
population change, but only promote population flows.  
 
Airport accessibility is positively associated with suburban population growth. Suburban areas have 
locational advantages to access both urban amenities and rural amenities, and also have relatively lower 
housing prices than urban areas. Thus, suburban areas that are closer to airports are more attractive. 
 
In urban areas, none of the four accessibility measures are associated with population change from 1970-
1980 due to four possible reasons. First, highway and airport impacts on population change in urban areas 
are complex— highways and airports can either help or hinder the development of urban areas depending 
upon many other factors as well as the net effects of spread and backwash. Second, the findings may be 
limited due to the scale effect—highways are seen as a noise and pollution producer for immediate 
neighborhoods, but are seen to provide accessibility to neighborhoods just a few blocks away; airport 
impacts may be larger geographically. Third, population change in urban areas is mot volatile to land use 
planning and regulations. Fourth, the impacts may be at the later stage of the cycle in which highways and 
airports do not produce substantial impacts comparing to other factors (Thompson and Bawden 1992). 
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Table 6. Spatial regime regressions by rural, suburban, and urban areas 

 

Model 1 Model 2 Model 3 
  R 
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mary 

here exists a large literature of transportation impacts on economic and demographic change. Prior 
odes of transportation individually rather than integrating these modes. 

to study the economic and demographic impacts of intermodal 
stems. This study fills the gap in the literature by examining intermodal passenger
demographic change. Specifically, this research investigates the effects of highways, 

y expansions, and airports on population change in the minor civil divisions of Wisconsin by 
ntegrated spatial approach. The findings suggest that the impacts of highway expansion on

on change differ across rural, suburban, and urban areas: there are only indirect effects in rural 
 both direct and indirect effects in suburban areas, and no statistically significant effects in urban
Overall, highway expansion serves as a facilitator of population change within the framework of 

theory and location theory. Furthermore, the results show that airport accessibility and 
y improvement affect population change, but highway accessibility and airport improvement do 



transportation. The addition of public transportation could generate more useful and interesting 
information to transportation planner. 
 
Future Research 3: Measuring the Accessibility of Intermodal Transportation System 
 
Some studies examine transportation effects on population and employment growth through accessibility 
(e.g., Paez [2004]). However, most studies assess the accessibility of single modes of transportation. 
Considering the importance of intermodal transportation systems in facilitating passenger travel, 
evacuation, and disaster relief delivery, it is essential to create an accessibility measure of intermodal 
transportation systems in which passengers optimize the choice of transportation modes. 
 
There are three types of accessibility measures—cumulative opportunities measures, utility-based 
measures, and gravity-based or economic opportunities measures (Handy and Niemeier 1997). The 
gravity-based measure is preferred because it allows flows between counties while accounting for 
economic opportunities in destination counties. The general formula for estimating accessibility is 


j ij

j
i C

W
A 



 

where  is the measure of accessibility in county i, j is the potential destination county,  represents 

the economic opportunities in county j and is represented by population size in this study,  is the cost 

of commuting between county i and county j, and α and β are parameters for commuting costs and 
economic opportunities, respectively. 

iA jW

ijC

 
The cost via highways is measured as 

iji
j

ij
h
ij tVTulC    

where  is the total highway length from county i to county j, u  is the unitary transport cost,  is the 

value of time for residents of county i, and  is the total highway travel time from county i to county j. 

ijl iVT

ijt

 
The cost via airways is measured as 

ultVTCC iaijiij
a
ij   

where  is the total airfare between county i and county j and  is the length from county i to its 

nearest airport. 
ijC ial

 
The cost via the intermodal transportation system is the smaller of highway cost and airway cost: 

 a
ij

h
ij

i
ij CCC ,min  

 
Table 7. Accessibility Effects on Population and Employment Growth  

 
 Model 1 Model 2 Model 3 
Highway accessibility X ― ― 
Airport accessibility ― X ― 
Intermodal accessibility ― ― X 
Control variables X X X 
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