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Airports are often seen as powerful anchors for urban development causing domino effects of 

induced impacts. Business activity caused by airports creates employment and population 

growth, resulting in increased urban development.   

An evaluation of Washington Dulles International Airport is investigated to better understand 

the relationship between airports and urban development.  The research is divided into four 

parts:   

1. Models of urban development clustering; 

2. Analysis of variables influencing urban density; 

3. Temporal analysis of airport urban development dynamics; and 

4. Tests of the causality relationship between airports and urban development. 



 

 

The established urban development clustering models used a diverse set of economic and 

environmental urban density proxy measures. This includes the intensity of night time lights, 

surface temperature, existence of impervious surfaces, property values, and rents.  The proxy 

measures are applied in an Anselin Local Moran I Cluster Analysis and a Geographic Weighted 

Regression (GWR). This investigates and models the airport-urban development relationship.  

The Anselin Local Moran I Analysis detects, delineates, and investigates urban development 

clustering near an airport.  A GWR investigates the impact of explanatory variables including 

distance to the airport, primary roads, and the central business district on urban development. 

The analysis also considers the statistical significance and spatial diffusion of explanatory 

variables in anchoring urban development.  

The results can be summarized in four key findings suggesting that there is an independent 

urban cluster near Dulles Airport and the airport has had a significant influence in the area’s 

urban dynamics:   

1. Dulles Airport has anchored urban development; 

2. Airport operations have affected the magnitude of development; 

3. An independent urban cluster exists near Dulles Airport; and 

4. Several factors in addition to the existence of the airport explain the urban 

development. 

This research advances the science relating to the airport–urbanization relationship in several 

ways.   



 

 

 An empirical model for induced airport impacts on urbanization is developed.  

Previous efforts have focused on direct and indirect impacts such as the relationship 

between airports and employment and property values without addressing the 

induced impacts on urbanization.  Other studies have conceptually identified this 

relationship without testing it empirically. 

 It models urban development at the local level rather than at the regional or 

state/nationwide level.  It examines the influence of the airport and the local spatial 

distribution of urban development using 1200 meter cells.  Previous studies 

examined urban development impacts from airports at a regional scale covering a 

metropolitan area or a larger geographic extent.  

  Remote sensing and GIS are used to model the relationship between the airport 

and urbanization.  Previous studies have used an economic and conceptual analysis 

of airport-anchored development, but did not apply remote sensing data and GIS to 

examine the impacts. 

 It develops a study evaluation for Washington Dulles International Airport that 

models airport-induced urbanization.  Previous studies have conceptually identified 

Dulles Airport as anchoring urbanization, but have not empirically modelled the 

airport’s impacts on urbanization.  

 Urban clusters of development proximate to Dulles Airport are detected and 

delineated.  The development of the Dulles Airport-anchored urban clusters is 

examined using the relationship of airport proximity with other explanatory 



 

 

variables, including distance to primary roads and the central business district.  In 

addition, the spatial diffusion and land use of the urban clusters are analyzed.  

Previous studies have focused on conceptual and direct and indirect models, but 

have not empirically analyzed airport-anchored clusters
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Chapter 1 Introduction 
 

 

“No question I would not have been involved in purchasing the land now occupied by 

Reston if I hadn’t satisfied myself in 1960 that Dulles airport was under construction and 

would be built. Location, location, location.” – Robert E. Simon, developer of Reston, 

Virginia (Simon, 2015) 

1.1 Background 
 

Throughout history, people, businesses, and other institutions have often located near 

transportation hubs.  Historically, waterways were essential for transportation and it is no 

coincidence that the world’s major cities were developed along waterways.  Paris was built 

along the Seine. Cairo would not be the same without the Nile.  London has the Thames River. 

The Danube runs through Vienna and Budapest.  Baghdad was built along the Tigris River.  In the 

United States, Washington, DC is bordered by the Potomac and the Anacostia Rivers, New York 

has the Hudson, Harlem, and East Rivers, and New Orleans and Minneapolis are defined by the 

Mississippi River.   In the 19th century, railroads were key to urbanization, and cities like Chicago 

were anchored by and developed along railroad hubs.  In the 20th century, highways were 

instrumental to urbanization.   Cities such as Los Angeles would have been very different 

without development of highways. 
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In the 21st century, we are seeing signs of airports becoming powerful new anchors for 

urban development (Choa, 2011) Airports are often seen as powerful anchors for urban growth.  

Airports often act as multi-nodal regional anchors and influences in the urban organization in 

ways similar to that of other transportation hubs in the past (Appold & Kasarda, 2006) 

With the globalization of markets and businesses, airports are becoming key catalysts 

for local economic development (Weisbrod, Reed, & Neuwirth, 1993). Airports are generating 

jobs and encouraging business migration.  At the same time, there are bi-directional impacts as 

economic development justifies investments in airport construction and operations (Weisbrod 

et al., 1993). The area within six miles of the 25 busiest airports features 6.5 percent of the 

nation’s employment (Appold & Kasarda, 2006). Research has also shown that there is a 

relationship between air services and regional economic development.  A 50 percent induced 

increase in a city’s air traffic on average increases an area’s real gross domestic product (GDP) 

by 7.4 percent, representing $523.3 million in 1978 dollars (Blonigen & Cristea, 2015).  

The area near Washington Dulles International Airport (Dulles Airport) has seen similar 

changes. The counties where Dulles Airport is located, Fairfax and Loudoun Counties, are among 

the richest in the nation. The area within 5 miles of the airport features over 200,000 jobs and 

there are over 121,000 jobs within 2.5 miles (Appold & Kasarda, 2006).   Dulles Airport has 

impacted 146,122 direct, indirect, and induced jobs in Virginia, while providing $612.9 million in 

state and local taxes and $5.9 billion in labor income (Metropolitan Washington Airports 

Authority, 2016; Metropolitan Washington Council of Governments, 2007). 
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  The airport has also helped attract international economic development with the 

migration of foreign-owned firms.  Loudoun County has 89 foreign firms from 26 different 

countries and Fairfax County has 400 companies from 40 countries(Fairfax County Economic 

Development Authority, n.d.-b; Loudoun Virginia Economic Development Authority, n.d.). In 

2012, Fairfax County had the headquarters for 10 Fortune 500 firms, more than 34 states which 

is in the top 10 for the Nation and half of the fortune 500 companies in the Washington area. 

(Clabaugh, 2012; Fairfax County Economic Development Authority, 2012).  In comparison, 

Montgomery County, another large county in the Washington metropolitan area only has 4 

firms, and Arlington County only has 1. (Fairfax County Economic Development Authority, n.d.-a) 

1.2 Statement of the Problem  
 

This research advances the science relating to the airport–urbanization relationship in 

several ways.  Research has been conducted on airports and urbanization, but there are needs 

for additional research on induced impacts including specific airport area evaluations, studies at 

the local level, applications using remote sensing and GIS, and the detection and delineation of 

urban clusters of development proximate to airports.  There are five specific problems that are 

addressed in this research. 

1. The direct or indirect impacts of airports on urbanization have been studied, but the 

induced impacts have not been modeled.  Previous studies have focused on direct and 

indirect impacts of airports, including the relationship between airports and employment 

and property values without addressing induced impacts, such as the migration of people 
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and services attracted by the airport location.  Other studies have conceptually identified 

this induced relationship without testing it empirically.  An empirical model for induced 

airport impacts on urbanization is developed in this research. 

2. In airport urbanization models, independent clusters of urbanization anchored by airports 

have not been empirically studied.   There is a need to detect and delineate urban clusters 

of development proximate to airports. Previous studies have focused on conceptual and 

direct and indirect models, but have not empirically analyzed airport-anchored clusters.  

This study examines the development of the Dulles Airport-anchored urban clusters using 

the relationship of airport proximity with other explanatory variables, including distance to 

primary roads and the central business district.  In addition, the spatial diffusion and land 

use of the urban clusters are analyzed.   

3. Although there have been economic and conceptual models, models using remote sensing 

to assess the relationship between airports and urbanization have not been developed. In 

this research it uses a range of night time light proxy measure in addition to economic proxy 

measures to support the investigation. The remote sensed proxy measures included night 

time lights, impervious surfaces, and diurnal temperature range data.   

4. Models at regional, state, or nationwide scales have been developed, but models at the 

local cell level have not been used. A model of urban development at the local level rather 

than at the regional or state/nationwide level is needed.  Previous studies examined urban 

development impacts from airports at a regional scale covering a metropolitan area or a 



 

5 

 

larger geographic extent. This research models urban development at the local level.  It 

examines the influence of the airport and the local spatial distribution of urban 

development using 1200 meter cells. 

5. The induced impacts of Washington Dulles International Airport on local urbanization have 

not been studied. An evaluation for Washington Dulles International Airport that models 

airport-induced urbanization is needed.  Previous studies have conceptually identified Dulles 

Airport as anchoring urbanization, but have not empirically modelled the airport’s impacts 

on urbanization.   This study develops an evaluation study for Washington Dulles 

International Airport that models airport-induced urbanization. 

1.3 Research Objective 
 

The research described in this dissertation examines Washington Dulles International 

Airport as a study to model and advance understanding of the spatial-temporal relationship 

between an airport and urban development. The study tests the hypothesis that an airport can 

anchor an urban cluster of higher density development that is independent of the central 

business district.  Urban clusters are economically active areas that feature significant 

concentrations of employment and housing (Metropolitan Washington Council of Governments, 

2007).  The concept builds upon the Urban Realms Model (Vance, 1964)which describes a 

metropolitan area composed of mutually exclusive centers that act as independent suburban 

areas which include their own central commercial areas.  Urban clusters are independent and 

separate from other existing central business districts.   
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The hypothesis suggests that areas closer to the airport will feature a higher influence 

from the airport on urban characteristics resulting in greater urban density.  The null hypothesis 

is that airport proximity is not a significant explanatory variable on urban density and will be 

used to test the model.   

The research focuses on five key research questions outlined below. 

1. How can urban clusters and development near an airport be detected, 

delineated, and described? 

2. What variables strongly influence urban development near an airport and how 

does an airport’s influence compare with that from other explanatory variables? 

3. What is the spatial distribution and diffusion of urban clusters caused by an 

airport? 

4. How does variation in an airport’s operations (passenger and freight) affect 

changes over time in urban density in the area near an airport?  

5. What can we learn about the causality between an airport and nearby urban 

development? 

Four principal research tasks shown below are undertaken to investigate the airport’s 

impacts and to answer the research questions. 

1. Model urban development clustering, including its delineation, detection, and 

description. 

2. Analyze variables that influence urban clusters, including airport proximity and 

other explanatory variables. 

3. Analyze urban development dynamics, including urban cluster development 

change over time and testing correlation of urban development magnitude with 

airport operations (passenger and freight). 

4. Test the causality relationship between airport proximity and urban 

development. 
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1.4 Washington Dulles International Airport Evaluation 
 

The experience of Washington Dulles International Airport is used as a evaluation to 

advance understanding of the spatial-temporal relationship between airports and urban 

development and to provide information to address the research questions. The study area 

features a 25-mile radius buffer around Dulles Airport in the western suburbs of the Washington 

D.C. metropolitan area.  This area contains parts of Northern Virginia, Maryland, and the District 

of Columbia and includes a selection of urban, suburban, exurban, and rural land.  The study 

area is shown in Figure 2.  

Dulles Airport was chosen to investigate airport impacts for several reasons. First, the 

airport is 25 miles away from the central business district (CBD), which is far enough away to 

allow independent urban clusters to develop.  Dulles Airport is also one of the largest airports in 

the country, serving as a large international hub for United Airlines, and including a major focus 

on international travel especially to the Middle East.  Dulles was ranked the 23rd busiest airport 

in the United States in 2012, based on passenger boarding statistics (FAA, 2015).  There is dense 

development surrounding the airport which can be observed from looking at an Landsat image 

from 2015 in Figure 1 (USGS, 2015).  The development of high technology and management 

firms circling and near the airport is visible when driving along the major corridors connecting to 

the airport.  Dulles Airport is highlighted as an operating Aerotropolis, a city built around and 

influenced by an airport (Kasarda, 2006).
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FIGURE 1 - LANDSAT 8 IMAGE OF THE ARE
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Dulles Airport was also chosen because there has been a significant amount of research 

on urban development in the surrounding area (Fuller, 2012).The locational assets of Loudoun 

County, the county that contains Dulles Airport, helped enable the county’s economy to 

transition from being primarily rural to a diversified suburban region quicker than any other 

jurisdiction in the Washington DC area (Fuller, 2012). 

The study area was broken into 11 sub-regions in addition to the entire 25-mile radius 

area to investigate the airport impacts spatially.  The different sub-regions include a 2.5-mile 

buffer radius area around Dulles Airport and a 5-mile buffer radius area. These two sub-regions 

are compared with a selection of additional sub-regions in the Washington metropolitan area 

that includes urban, exurban, and rural areas. The additional sub-regions include a selection of 

eight areas within approximately 20 miles of the airport.  A final sub-region includes the Tysons 

Corner area and is approximately 12 miles east of the airport.  The 11 sub-regions contain areas 

with urban development in the Washington, DC CBD; Rockville, MD; Tysons Corner, VA; 

Woodbridge, VA; Warrenton, VA; as well as a selection of rural areas. The spatial impacts of the 

airport’s influence are evaluated by sub-region, as is urban development clustering based on 

whether the sub-region is near the airport, the CBD, or in a suburban or rural area.  Figure 2 

study area map shows the 11 sub-regions.  



 

 

1
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FIGURE 2- STUDY AREA WITH THE 11 DIFFERENT SUB-REGIONS 
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Chapter 2 Literature Review 
 

 

Research on the impacts of airports on urbanization has evolved over the years from 

being seen initially as a negative factor to more recently being considered as a powerful 

economic anchor for urban development.  The literature can be grouped into three basic 

categories: 1) studies on airports and their impacts; 2) research characterizing urbanization; and 

3) case studies on Dulles Airport and its place in the Washington Metropolitan Area.  There are 

three primary research topics in the airport category: 1) airport impact studies; 2) spatial 

structure and arrangement conceptual models; and 3) research on causality of the airport 

relationships.   There are also three primary topics in the urbanization literature: 1) causes and 

drivers of urbanization; 2) spatial distribution of urban development; and 3) an example land 

use model that is used as a supporting basis of the research, the SLEUTH model.  This literature 

help explain the relationship between airports and urban growth and its resulting spatial 

distribution. 
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2.1 Airport Literature 

2.1.1 Airport Impacts 

 

There is a large literature base on the impacts caused by airports.  Much of the early 

literature focused primarily on the costs of airports to the surrounding area.  These costs include 

noise, pollution, and health concerns.  The literature has evolved to include and emphasize 

benefits from airports including the airport acting as a “growth pole” for urbanization(Hoare, 

1974).  In recent years, it has been observed that when airports are a large enough distance 

from other key activity centers, they can become the anchor for development of employment 

clusters (Appold & Kasarda, 2013). 

The costs from noise and emissions from airport operations were initially seen as 

outweighing any benefits that the airport provides and as a result the value of land close to 

airports was reduced (Nelson, 1979; Uyeno, Hamilton, & Biggs, 1993).   As demand for aviation 

grew, airports started to be seen as providing potential amenities due to their accessibility 

benefits for commercial and industrial services.  Airports started to be viewed as a positive 

resource and a central location for activity, leading to economic and urban growth and 

development in areas surrounding airports. The benefits of accessibility, or the proximity 

variable, began to play a major role in impact studies. More recent literature includes studies 

that show land value increasing due to the benefits of being near an airport and outweighing 

externality costs such as noise. This literature on airport impacts includes cases of airports 

positively influencing employment levels and property levels. Research started to show the 
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airport anchoring higher migration of businesses and higher employment, leading to a domino 

effect on economic and urban development. 

The evolving literature on airport impacts can be categorized by variables affecting both 

positive and negative impacts:  1) location/proximity of the airport; 2) air service/connectivity of 

the airport; 3) noise effects; and 4) other factors.  Studies include assessments of impacts on 

economic (employment, general economic, and property values), socioeconomic (population 

and land use), and environmental effects (pollution and land conversions).    

Early research often modeled and observed noise effects on the surrounding areas in 

terms of economic and environmental impacts(Nelson, 1979; Uyeno et al., 1993).  It was shown 

that a higher decibel noise level often leads to a discount in property values near the airport.  

Later research started to show how newer technology reduced the effects of noise and the 

associated problems of being within close proximity to airports(J. P. Cohen & Coughlin, 2007; 

McMillen, 2004; Tomkins, Topham, Twomey, & Ward, 1998). Recent research has shown that 

the benefits of the amenity, anchoring, and accessibility of being within proximity of an airport 

changes the tradeoff decision and increases property values and positive impacts from airports. 

This supports the idea that airports have now become an anchoring influence for economic and 

urban development.  Noise factors are now outweighed by many of the economic benefits of 

businesses and population that are within the airport vicinity.   

An important early paper addressing noise impact was “Airport Noise, Location Rent, 

and the Market for Residential Amenities” (Nelson, 1979).  Nelson developed a model to assess 
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the effects of airport noise on housing prices in areas close to airports.  He found that people 

were willing to pay more for quieter areas resulting in homes near airports having lower prices 

or a “noise discount.” Nelson’s model includes accessibility and distance factors. It shows the 

costs of noise from airports outweighing accessibility benefits from the airport. Uyeno, 

Hamilton, & Biggsin 1993 took Nelson’s model and added impacts on values of condos and 

vacant land in the Vancouver, British Columbia area (Uyeno et al., 1993). 

The transformation in later years dramatically changed the view of the impact of an 

airport. The idea of the airport acting as an amenity factor started with Tomkins who in 1998 

further developed the airport noise impact idea, by discussing how the costs of airport noise 

could be outweighed with airport accessibility benefits including employment and improvement 

of infrastructure which impacted property values near the Manchester, United Kingdom airport 

(Tomkins et al., 1998). McMillen in 2004 added that aircraft technology has become quieter and 

this changes the impacts and distribution of noise impacts in the surrounding area.  McMillen 

concluded that an airport expansion would potentially not be harmful to the land values of 

nearby areas (McMillen, 2004). 

As aviation technology improved, the role of airports in the literature started to change.  

The tradeoff between costs and benefits started to change as well and being close to an airport 

began to be seen as an advantage in location decisions.  In addition to being proximate to the 

airport, studies started to show how increasing air service and connectivity can play a role in 

supporting economic and urban development.  The airport proximity and air service impacts are 

two significant non-noise topics that highlight the benefits from airports, which began to be 
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seen as an anchoring factor in the surrounding environment. The literature dealing with airport 

proximity considers impacts on property values, employment, general economic conditions, 

land use, population, and environmental variables.  Each of these impacts has often been cited 

as a proxy for or as a consequence of urban development.  Much of the more recent literature 

addresses economic effects including changes in employment and property values from airports.  

Employment has been a major issue in airport activity studies.  Hoare in 1974 developed 

the idea that airports could impact the economic structure of the surrounding area.  Hoare 

conducted a field study of firms to determine the linkages and strength of the relationship 

between airports and employment and firms. His study shows that airports act as a potential 

economic “growth pole”(Hoare, 1974). This is consistent with Robert E Simon’s decision on the 

location of Reston, VA(Simon, 2015). However, quantification of economic benefits and costs 

was not considered until the more recent airport urban impact literature.   

Air service in the literature has been connected recently with an array of economic 

benefits including employment.  Jan Brueckner in 2003 developed a seminal paper that 

identifies air service factors as a significant benefit to the surrounding area.  Brueckner 

discussed the relationship between airline traffic and employment in the metropolitan area 

surrounding the airport using a two-stage least squares regression method. Brueckner 

concluded that airline traffic impacts employment and urban economic development. Brueckner 

suggested that increases in airline service should lower costs for firms for face-to-face 

interactions and business collaboration creating higher demand for businesses closer to the 

airport. This supports the hypothesis that air traffic and proximity to an airport advance 
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development and urban change, supporting the creation of businesses clustering near an airport 

and creating the basis of an urban center.  As airports increase their air service, employment in 

the area surrounding the airport should increase, resulting in a higher demand for land.  

Brueckner’s study also helps determine which employment sectors are specifically impacted by 

the airport as well as the related industries and activities. The study predicted employment 

growth from Chicago O’Hare Airport’s expansion plans (Brueckner, 2003). Brueckner predicted 

that a 10 percent in passenger traffic would lead to approximately a one percent increase in 

employment in service-related industries.  A 50 percent increase in airport traffic was predicted 

to lead to service-related employment growth of 185,000.   

Marco Percoco in 2010 built on Bruckner’s work and evaluated sectorial employment 

based on airline traffic and other explanatory variables and considers the impact spillover 

effects based on airport location.  Percoco’s model quantifies the impact of airline traffic on 

employment, emphasizing the service sector (Percoco, 2010).  

One of the earlier papers suggesting that airports support economic development close 

to the airport was published by Benell and Prentice in 1993.  They developed an econometric 

regression model that predicted and investigated airport impacts on a range of economic 

indicators.   The indicators include direct economic impacts from the airport in terms of 

revenues, expenditures, employment, capital investment, labor income, and tax contributions 

(Benell & Prentice, 1993). This was accomplished by examining the elasticities of direct airport 

employment and revenues.  All of these economic impact indicators can provide evidence of 

migration of economic activity near the airport and resulting in development of dense urban 
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centers. The idea that a hub airport like Dulles Airport increases economic growth and demand 

for migration to the airport surrounding area was addressed in “Economics of Being an Airport 

Hub City” by Kenneth Button and Somik Lall in 1999. Their research explains that hub airports 

(higher air traffic operations) increase the spread of jobs and provides a catalyst for technology-

related jobs.  They developed a model that investigates the benefits of being near a hub airport 

and quantified the benefits by using a multiple-regression model to investigate high technology 

employment levels.  They found that hub airports provide positive and statistically significant 

impact on high technology jobs. The authors concluded that the hub provides an anchor for jobs 

and the surrounding areas have an advantage for economic development compared with places 

without an airport hub (Button & Lall, 1999). This conclusion suggests that the Dulles Airport 

area should have employment and economic advantages since it holds a United Airlines hub. 

The hub status increases the airport’s role as a growth pole or anchor for development. 

 Hart and McCann in 2000 studied the economic impacts from airports and 

examined not just the direct impacts but also indirect and induced impacts from airports.  They 

investigated the employment impacts from the London Stansted airport expansions using 

multipliers to calculate the impact on jobs (Hart & Mccann, 2000). Richard Green in 2007 further 

investigated airport activity with its impacts on population and employment growth. They used 

ordinary least squares and instrument variable regression methods to explain employment and 

population growth to detect airport activity (boardings) impacts(Green, 2007). Banno and 

Redondi in 2014 further investigated the employment and economic impacts from air service by 

studying foreign direct investment impacts from air connectivity.  They suggested the increased 
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foreign investment and the number of multinational firms would create jobs in the area.   They 

developed a model to examine the relationship of the international investments and air service 

by looking at the global airline network and its impact on the inward foreign direct investments 

(FDI).  They hypothesized that an introduction of a new international route will increase the 

probability of increasing FDI exchange between the regions.  While conducting the investigation, 

the found evidence of the contribution of the airport on the local development (Bannò & 

Redondi, 2014).  

The location and proximity factors of the airport have also played a role in impact 

studies. The studies primarily involved employment and land value impacts. Swangjang and 

Iamaram in 2011 conducted a study investigating the change of land use patterns in areas close 

to the airport and detecting the factors influencing the changes.  They investigated whether the 

development of the airport played a significant role in land use pattern changes in areas within 

proximity of the airport.  They looked at the spatial and temporal aspects, using arc GIS and 

statistical correlation tests, and compared the airport proximity factor with a range of other key 

potential land use pattern change factors.  They found that the land use pattern was changed 

significantly and during the short term, urban development increased by 39.97 percent 

(Swangjang & Iamaram, 2011). Cohen in 2013 attempted an exploratory regression analysis 

testing airport investments and their proximity on commercial property values in the area near 

Vancouver International Airport.  Cohen found there was a relationship between airport 

investments and proximity of the airport on property values, and found a possibility of spatial 

autocorrelation the data (J. Cohen & Brown, 2013).  Cidell in 2014 investigated the airport acting 
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as a major job generator.  Cidell modeled the local scale impacts of the airport on employment. 

She looked at the calculation of the total number of jobs based on different radiuses of the 

distance from airports, and the spatial distribution of the professional service jobs.  Cohen and 

Cidell’s studies provide evidence that proximity to an airport plays a significant influence factor 

on economic and employment growth. This supports the idea of using the proximity of an 

airport as an explanatory variable in urban development (Cidell, 2014). 

2.1.2 Airport Influence on Urban Spatial Structure 

 

With economic impacts and increasing amenities being offered from airports, airports 

have been a significant factor in changing the urban spatial structure of the nearby area. 

Recently there have been several papers that have addressed the issue in defining, 

characterizing, and modeling the spatial structure impact of airports. In 2006, Kasarada 

developed a conceptual model that helped explain urban growth patterns surrounding the 

airport, its independent functions, and commercial/residential interaction. Kasarda termed the 

influenced area as the Aertropolis.  The model shows that the Aertropolis will contain an airport 

city that includes the development of aviation dependent and supporting structures, in the 

surrounding areas and corridors along/towards the airport.  It will develop strings and clusters 

of mixed use development that contain aviation-oriented services, supporting services, and 

associated residential development.  This includes business parks, retail space, hotels, industrial 

parks, logistics parks, and residential development. The Aerotropolis model shows that areas 

near airports are becoming a self-sufficient economic activity area where people can live, work, 

and play. This is similar to the urban realm idea.  Kasarada also explains that development at the 



 

20 

 

airport, the airport city will directly support the airport operations and activities, and the area 

within the vicinity of the airport, the Aerotropolis, will feature indirect and induced economic 

activities (Kasarda, 2006). 

Weisbrod in 1993 significantly advanced urban spatial airport studies by developing a 

conceptual framework dividing the impacts by geographical location based on proximity of the 

airport and the type of impacts.  The geographical location of airport impacts developed from 

Weisbrod and et al supports the explanation of the geographical division of urban development 

impacts from the airport. The geographical divisions include:  1) At airports; 2) Adjacent to 

airports; 3)In the vicinity of airports; and 4) Elsewhere in the metropolitan area (Weisbrod et al., 

1993).    

2.1.3 Causality of Airport and Urban Development Influences 

 

The direction of the relationship has been a significant issue in the airport impact 

literature.  Many of the studies investigated whether airports were impacting urban 

development, vice versa, or were in a bidirectional relationship with both the airport and the 

urban development having impacts on each other.  Most of the studies have shown airports and 

urban areas featuring a bidirectional relationship but suggest that airports impacting urban 

development significantly higher than the other way around.  Key papers that include specific 

investigation of the causality of the urban-airport relationship include (Mukkala & Tervo, 

2013)and (Baker, Merkert, & Kamruzzaman, 2015).  
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Baker, Merket, and Kamruzzama published a key paper in 2015 that explains the need 

for and method of causality evaluation in an airport-economic model in Australia.  The study 

tests the causality and direction of the relationship for the airport impact model on economic 

growth.  They found empirical evidence of short and long-run causality between regional 

aviation and economic growth. They determined that there was a bi-directional relationship 

between airports and regional economic growth.  The paper explains the relationship: “airports 

have an impact on regional economic growth and the economy directly impacts regional air 

transport.”  The aim of the paper was to isolate the links and determine the relationship impacts 

from the airport variable on the economic growth.    The authors used various statistical models 

including regression, panel modeling, vector error correction, and granger testing to establish 

the causal links (Baker et al., 2015). 

Mukkala and Tervo in 2013 developed a model that tests and addresses the causality/ 

directional relationship in terms of its spatial existence in an airport and regional growth 

relationship.  They investigate the causality of the relationship of air transportation with 

regional growth in different types of regions.   They use a granger analysis to test the causality. 

The results show that the causality exists more in the peripheral regions of the urban area and is 

less evident in core regions (Mukkala & Tervo, 2013).  The results support the idea of airports 

playing a larger role in urban growth outside of the central business district (CBD). This can be 

related to Dulles Airport which is around 25 miles away from the Washington DC CBD.   

Dulles Airport’s international hub characteristic includes being the number one gateway 

of Middle East flights in the US, provides a greater capability of the surrounding area to be 
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connected to world activities and economies.  It has been visible throughout the Dulles Airport 

surrounding area that migration of world businesses to the Dulles area supports the idea that 

the Dulles area has world/global city factors.  Businesses that have migrated include British Rolls 

Royce moving its North America headquarters to Reston, VA and the European-French Airbus 

company maintaining office space along the Dulles Toll Road. Loudoun County, where Dulles 

Airport is located, houses 89 foreign companies from 26 different countries.   Migration of 

foreign companies supports urban development in the area, providing a range of jobs and 

international economic activity.  This has encouraged additional businesses and it encourages 

directly, indirectly, and induced population to migrate to the area. The access to the world 

economy through the global airport access installs a powerful amenity for the area. It has 

opened the surrounding area to the world’s economy.   

Each of the above factors help explain a part of the development and evolution of the 

area surrounding the airport and the Washington metropolitan region.  The theories provide a 

basis for the airport-induced anchoring urban development in the surrounding areas.  It 

supports the idea that the airport and its direct impacts could play a role as an amenity and 

factor in the decisions of business and population migration.   

2.2 Urbanization Literature 

2.2.1 Causes and Drivers of Urbanization 

 

There are five main theories that address the causes and drivers of urbanization. 

Urbanization factors have been evolving from having local anchors like factory development to 
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globalization of economies impacting urbanization.  Urbanization evolution helps describe urban 

development surrounding the airport, making it anchor an independent urban center that is 

separate from the central business district or other regions (Kasarda & Crenshaw, 1991; Peng, 

Chen, & Cheng, 2010; Reyes, 2001). 

The five factors and drivers of urbanization are:   

1. Self-generated / endogenous urbanization  

2. Modernization  

3. Dependency / world- systems  

4. Distributive coalitions / urban bias  

5. World / global cities  

Self-generated/endogenous urbanization displays industrialization and supply of factory 

jobs acting as a driver for urbanization.  This shows that the creation of factories can anchor 

urban development and economic activity. People will migrate to the area to be near jobs and 

that will create a domino effect of indirect and induced activity and development. This supports 

a rural-urban population shift.  The theory explains that industrial jobs and the area’s surplus of 

products and sustainable activities influence urbanization.  A surplus of products and services 

show that the area is creating an ability to sustain independent and central activities.  The 

migration of population towards factories could result in people staying in the area to work and 

live, creating additional urbanization.  Two prerequisites in the self-generated theory for 

urbanization are: 

1. Development of a surplus of products and services  

2. Socially viable and stable social development 
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The self-generated theory comes from the pre – 1950’s, a period of development of 

countries and industrialization. Urban land changes encourage the population to move closer to 

industrial jobs and their indirect and included impacts.  This shows factories anchoring aspects 

of migration, encouraging people to move from rural areas to live near factory jobs.  It shows 

that entities that provide jobs and economic activity could support anchoring of urban activity 

and development.  This idea can be further developed to replace factories with other major job-

making entities like airports.  Like factories, airports create jobs directly, indirectly, and induce 

impact in the area with socioeconomic factors.  Factories during the pre-1950s encouraged the 

migration in population and created an urbanized area. Dulles Airport and other airports in the 

21st century anchor the migration of population towards a central point, such as the area 

surrounding Dulles Airport(Kasarda & Crenshaw, 1991; Peng et al., 2010; Reyes, 2001). 

Improvements in technology and modernization including improvements of 

transportation infrastructure have helped urbanization evolve creating a higher diffusion and 

magnitude of development.  The modernization and ecology theory supports the idea that 

urbanization is being factored with development of technology and increasingly modern 

societies.  It has encouraged additional areas to be developed by enabling areas to be reached 

faster and more efficiently, and supporting a better living situation.  This theory explains, as the 

area becomes modernized, its productivity increases, with education and societal welfare 

increasing.  This encourages anchoring of urban development in surrounding areas.   It assumes 

that technology is more important than social organization while influencing urbanization.  As 

the area increases its technology like transportation support and life style improvements, it 
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allows the area to move further out and urbanize areas along technology and modern 

centers(Kasarda & Crenshaw, 1991; Peng et al., 2010; Reyes, 2001). 

According to this theory, urbanization will be influenced by the following factors: 

 Technology (including transportation infrastructure)  

 Built environment supporting urban life 

 Market competition  

 Population dynamics  

The theory is consistent with urbanization being anchored by different transportation 

factors like highways in Los Angeles and can even defining roles with airport-influenced growth.  

The urbanization surrounding Dulles Airport can factor its given amenity of fast access to the 

world through jet technology, and in addition, it is a growing hub of indirect and induced 

services that enhance the modernization of the area encouraging migration. The Dulles region 

has been seen as an area with access to modern faculties to support the community.  Another 

major factor of the Dulles region supported by the modernization theory is the transportation 

infrastructure, the highway corridors (including the Metros’ Silver Line), connecting major 

economic areas with the Dulles region and encouraging development. It can be seen that the 

urbanization surrounding an airport is often located along transportation corridors.   

Markets and capital factors have also been seen as factors for development.  This is 

shown by Dependency/World-Systems theories. These explain that markets are supporting 

urban development and markets develop in response to economic factors.  Demand for services 

and businesses have encouraged urban development.  Population and businesses are migrating 

to be closer to other businesses. They want to be near other commercial areas to increase 
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demand.  This is similar also to Hotelling’s Law that explains that the optimal location for a 

business is next to their competitors. Hotelling explained there is an “undue tendency for 

competitors to imitate each other in quality of goods, in location, and in other essential ways” 

(Hotelling, 1929: 41),(Ridley, 2013). This theory explains that urbanization is a factor in 

anchoring economic activity.  An area with economic activity becomes an amenity that 

businesses and the population will benefit from and encourages migration and 

development(Kasarda & Crenshaw, 1991; Peng et al., 2010; Reyes, 2001). 

This supports the idea that an active business market area encourages and anchors 

urban development in its surrounding areas.  Induced urban development and the urban 

domino cycle, where airports direct business development and population migration 

encourages additional businesses and population to migrate to the area is consistent with this 

concept.  The airport acts as an anchor for urban development and economic activity.    

Government policy and coalitions also influence urbanization.  This is the Distributive 

Coalitions/Urban Bias theory. The theory explains political machinery and political institutions 

which help influence urban development.  This can be seen through zoning, tax advantages, and 

government activity anchoring areas.   In the Washington, D.C. Metropolitan Region, it can be 

seen that government policies and activities play a role in urbanization.  These activities include 

the establishment of government offices as well as contractors increasing jobs and services.  

This encourages migration as people move towards jobs. It also supports the demand of 

government support services and government contractors to locate near government entities, 
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creating government offices as an anchoring force.  This is seen with the Pentagon and other key 

federal offices in the DC area(Kasarda & Crenshaw, 1991). 

As the world becomes smaller with increased technology and faster transportation, it 

has seen globalization act as a factor in urbanization. This is urban development encouraged by 

central centers in the world economy.  This theory involves the relationship between 

industrialization, urbanization, and globalization.  World cities include major concentrations of 

capital and individual or a network of cities usually involve producer services.  World cities 

include the services that support the world’s population and businesses. They usually are central 

areas for finance and specialized services and are cities that influence and are being influenced 

by world factors (Kasarda & Crenshaw, 1991; Peng et al., 2010; Reyes, 2001). 

2.2.2 Spatial distribution of urban development 

 

The second class of urbanization theories that constitute the foundation for research 

involves urban spatial distribution and arrangement.  These theories describe the spatial layout 

of urban development and land use allocation.  Spatial distribution theories have evolved, 

changing from monocentric urban development to polycentric development, as have 

urbanization factors (Fujita, 1989; Lin, Allan, Cui, & McLaughlin, 2012; Tobler, 1993).The class is 

divided into two models: 

1. Monocentric Models  

2. Polycentric Models.   

Monocentric models focus on urbanization surrounding a single entity.  This was the 

beginning of urban thinking.  These models establish the idea that a central area or entity can 
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anchor urban development.  The models that support the Monocentric idea are the Rent models 

of the Von Thunen model and the Alonso model, Concentric Model, and the Central Place 

Theory.   

The Von Thunen model provided an early framework on land use spatial arrangement 

and allocation.  It considers a central place as the key to economic activity and land uses are 

anchored surrounding it.  The allocation of land uses is determined based on land rent and 

distance from the central anchor, creating one the first bid-rent functions.  It suggests that land 

uses that have a higher need and demand for being central are located closer to the center.  The 

model shows how different agricultural land uses are allocated based on their yield of profit and 

importance of keeping product quality.  For products that are in danger of losing profit due to 

longer travel, like spoilage of dairy products, they would be placed closer to the center.  

Products that can travel longer without affecting profits or quality are placed further out like 

grazing and wheat uses.  Each of the agricultural land uses are placed in a hierarchy of the 

importance based on their profit ability and quality (Rosenberg, 2013).  

Land rent is a major topic in the spatial arrangement of land uses and urbanization.   

Rent is the highest amount agents are willing to pay for land.  It also represents the value of 

land.  Rent is an inverse function of distance, with agents bidding higher for closer locations, and 

further out locations having lower rent.  Land uses will be decided based on rents determined by 

profit yields.  It is basically connected to the demand for land.  If the agents want land more, 

they will be willing to pay a higher rent.  A rent gradient is the slope of the line that shows the 

rent and distance in an inverse relationship.  As the distance increases from the service center, 
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the rent will fall.  The further the distance increases, the more transportation cost also 

increases. This is the reason for a greater demand for closer areas (Rodrigue, 2013).  Bid rent 

functions show how each of the land uses will be determined, based on the rent and distance of 

the land choices.  It will show that each land use will have a different value based on being 

closer to the service center.  The importance of each land use will be shown with land rents.  

The land use with the greatest preference for being closest to the center will indicate a 

willingness to pay a higher land rent and will beat out other land uses.  The center is the place 

that everyone prefers and due to the low supply of land, the rent is bid up.  The land use with 

the second highest value is often industrial.  It will be located just outside the central 

commercial area. Distance is not as important to residents.  To achieve lower rent values, it is 

located outside the commercial center and industrial (Rodrigue, 2013).  

Alonso in 1964 further developed the Von Thunen model to be able to use it for an 

urban land use application.  The Alonso bid rent function showed how residential agents decide 

to locate based on distance and rent (Watkins, n.d.). The land uses were in a hierarchical order 

of retail, manufacturing, and housing. Retail has a greater need to be closer to the center to 

make a profit, so bidding is higher (Rosenberg, 2013). 

The Concentric model was one of the original urban spatial conceptual models.  It was 

developed by Burgess in 1925 with his The Growth of the City paper.  In the Concentric model, 

the urban area is anchored and centered on the CBD. The model shows as the city grew, it 

extends concentrically from the CBD.   The development surrounding the urban core is displayed 

by a sequence of circles.  The models show that urban expansion extends from the central 
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business district.  The spatial arrangement of the urban area according to the model contains 

five circle parts.  The circles include:  1) “The loop,” which is the CBD;  2)the area in transition – 

business and light manufacturing; 3) Worker homes; 4) Residential area (higher income homes); 

and 5) Commuter zone (suburban areas and the satellite cities).  Burgess further explains that 

the model involves the processes of concentration (Burgess, 1925). The Central Business District 

is the core of the concentric model.  It is the central place of activity and also the place with the 

highest land price.  As distance increases and goes through the different circles, land prices fall 

(Cox, n.d.).As the years have gone by, the urban expansion model of the concentric model has 

become obsolete.  The area is no longer concentric and the power of the central business 

district on urban growth and the surrounding area’s economic activity has decreased.  The 

suburban locations of the urban area has become more powerful leading to a more 

decentralized urban activity/development distribution.   

The hypothesis in this research is that the Washington DC central business district is no 

longer a significant influence in the area around Dulles Airport, but the airport with its anchoring 

amenities and accessibility and other key influencers acts as a powerful influence on urban 

development.  This supports the non-centric models for explaining urban density in the areas 

surrounding Dulles Airport.     

 Urban development surrounding the airport supports the idea that urban development 

evolution has led into a polycentric city model format.  This is where there are multiple entities 

that anchor urban development.  The models that support the polycentric model ideas are the 

Central Place Theory, Urban Realms Model, and Multiple Nuclei Model.  
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Central Place theory developed by Walter Christaller in 1933, explains the spatial 

arrangement of goods and services.  It explains the place of economic activity- goods and 

services will be placed based on the population’s demand for them. The items that are needed 

often, daily, will be located closer to the populations.  Since the population is spread out 

through the metropolitan area, the Central Place Theory shows the services and goods for the 

high demand locations are located throughout the metro area to serve the wide range of 

population.  This creates a set of central locations to house the services and goods for each 

section of the population in the metropolitan area, creating many different central areas for 

each population.  This is similar to the different urban realms and explains the reason for the 

growth of the Dulles Airport area realm.  Since there is a migration of population and businesses 

to the area, the new population will need goods and services for support, which brings services 

that would be near the new migrated population which is the area surrounding the airport 

realm.  The Central Place Theory established by Walter Christaller in 1966 also explains that the 

larger rarely purchased specialized goods and services will be located in the central city; this is 

similar to the Washington DC.  This is where the people can do their daily life activities and 

services near them in the airport region, but when they need to do additional specific tasks like 

contact the headquarters of government agencies, they will leave the realm and head to the 

central city of Washington DC  (Christaller & Baskin, 1966; Institute of Prehistory and Early 

History - Univeristy of Karlovy and Prave, n.d.).The non-centric models started to be considered 

with another key model that revolutionized the urban spatial arrangement models, the Multiple 

Nuclei Model by Harris and Ullman in the Nature of Cities in 1945.   In this model, there is a 

central business district, but there is a land use pattern built around a set of different nuclei, 
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different centers outside the CBD.  It shows the rise of different districts in a metropolitan 

region.  This is where the areas outside the concentric area influence the metropolitan region.  

Harris and Ullman explain that there are a number of smaller areas that have specific functions 

from business centers to industrial areas in the metropolitan region.  They suggest throughout 

the metropolitan region there are a set of districts that hold a specific function for the region.  

Unlike the later Urban Realms Model, these districts are not self-sufficient and independent and 

the central business district is still significantly influences the area, acting as a “growth 

pole”(Harris & Ullman, 1945). 

This hypothesis in the research is that the Washington Metropolitan area has become a 

city similar to Vance’s San Francisco Bay Area model.  The hypothesis is that the Washington 

Metropolitan Region has become an area of independent separate entities. The area contains a 

set of suburban downtowns that are independent entities and are self-sufficient without the 

central business district of Washington D.C.  The hypothesis also suggests that the area around 

Dulles International Airport has become an independent realm of the area.  The realm is being 

anchored and benefited by the proximity of an international airport.  However, it also predicts 

that the growth and spatial pattern of the realm is supported/ factored in by air service at the 

airport, accessibility (inc. mass transit), growing nearby populations, and other urban factors.   

Vance developed an urban spatial arrangement model for the San Francisco area in 

1964 that shows the metropolitan area evolved into a metropolis of separate independent 

centers of growth with his Geography and Urban Evolution in the San Francisco Bay Area book.  

In this model, Urban Realms Model, the metropolitan area is separated by a set of different 
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economic, social, and political entities that are acting as independent suburban areas including 

their own downtowns. Each of these groups/realms are linked together to form a larger metro 

region and are within a sphere of influence of the main central city.  Each of the realms is based 

on the size of the metro area and accessibility for each realm.  A realm will increase its 

magnitude and capability of development with higher accessibility/ better transportation and an 

increase of the metro region (Bouras, 2010).   Vance discusses that the Bay area has become a 

city more of non-centric activity.  Vance defines this as a situation where people neither seek or 

flee from centers.  The people disregard the city center.   Instead the population stays in their 

own realm of the area for work, play, and living most of the time.  Vance puts it as “Mutually 

exclusive realms.” The central core of the area has become a place for service and goods to 

support only the people who live or work near a place featuring highly specialized retail and 

services(Vance, 1964). Figure 3 shows diagrams of the Urban Realms Model.  The left shows a 

conceptual basis of the model displaying the different realms including an airport region realm. 

The right diagram was provided by Vance in his book displaying the San Francisco Bay Area’s 

urban realms. 
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FIGURE 3 A AND B - URBAN REALMS MODEL (BOURAS, 2010; VANCE, 1964) 

 

 

 

The Washington, DC Metropolitan Region, is an area that features a set of regional 

activity centers. The centers range from Washington, DC, Tysons Corner, Reston, Dulles, 

Arlington, and more.  Each of these centers are self-sufficient and allow residents/visitors to live, 

work, and play in one area without the need to visit the other centers of the region.  The picture 

below of Tysons Corner shows offices, homes, a hotel, metro rail, and behind the picture the 

area features malls with restaurants, shopping, and entertainment.  In the photo in Figure 4, 

past the Tysons area is an area that is less built-up and contains more trees. This is an area that 

is still developed but features less economic clustering and more residential areas. These areas 
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are non-self-sufficient areas, and are the supporting residential clusters for the different clusters 

in the region.  Many of the key urban centers in the Washington DC Metropolitan region contain 

the same characteristics.   

 

 

FIGURE 4 - TYSONS CORNER 
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2.2.3 The SLEUTH Model 

 

The SLEUTH model is a cellular automata urban growth simulation model that is 

designed to model, predict, and visualize urban dynamics.  SLEUTH models the relationships 

between environment, space, time, and human involvement in urban development (Chaudhuri 

& Clarke, 2013). It is a cellular automata model that is used to predict urban growth on a region.  

The model predicts and analyzes the urban growth using a set of data that includes topography, 

road networks, and existing settlement/ development centers(K. C. Clarke, Hoppen, & Gaydos, 

1997). SLEUTH’s name is derived from the inputs of its model.  This includes Slope, Land Cover, 

Exclusion, Urbanization, Transportation, and Hillshade (USGS & UCSB, n.d.).  

The SLEUTH model has two main processes: calibration and prediction. The calibration 

process investigates the explanatory variable influences on the growth over time by taking a 

variety of historical data from remotely-sensed images and historical maps to obtain a temporal 

order of urbanization changes to show how land has changed over time (Jantz, Goetz, & Shelley, 

2004).  In the SLEUTH model, a range of statistical tests are used to see how the variables fit the 

relationship. These tests include determination if there is a fit between predicted and observed 

data. This includes running R^2 tests (Keith C. Clarke & Gaydos, 1998). This is where the SLEUTH 

model is determining how each of the growth explanatory variables is impacting the urban 

growth and its influence.  This is establishing how much influence the road variable, existing 

urban development centers, and slope of the land is impacting growth.    The SLEUTH model is 
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similar to the dissertation’s goal of testing and analyzing different explanatory variables on 

urban density over the years.  

The second process in SLUETH is the prediction of growth.  It predicts the urban change 

in a region using a grid of cells representing the region and following a set of behavior growth 

rules for urban development.  The types of growth the model followed includes: Spontaneous 

growth, diffusive/spread growth, organic growth, and road influenced growth (K C Clarke et al., 

1997).This will show the prediction how the urban area will be growing over they years based on 

influences of the above set of explanatory variables that are controlled by the calibrated 

coefficient values from the calibration process. This supports the understanding of how the 

spatial spread of the urban growth will participate in the future and provide a geographical 

visual display of the urban changes and growth. It will also help predict how each of the 

explanatory variables impacts the area’s development and its growth.   

Jantz, Goetz, Donato and Claggett modified the SLEUTH model to support the use of 

economic, cultural, and policy information (Jantz, Goetz, Donato, & Claggett, 2010). The 

modified model is called SLEUTH-3r.  The authors mention that SLEUTH usually involves the 

factors that limit the growth, while the SLEUTH-3r will allow for the involvement of the areas 

that attract the growth.  
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2.3 Dulles Airport and the Washington Metropolitan Area 
 

Growth in Loudoun County, suggested by Fuller, was caused by locational amenities and 

Dulles Airport influenced amenities (Fuller, 2012). Economic and urban impacts of Dulles Airport 

has been observed throughout the history of Dulles. Dulles is a powerful example of an anchor 

of employment clustering, featuring 239,643 jobs within 5 miles of the airport and having a 

$15,994,125,000 total payroll.  (Appold & Kasarda, 2013).  The airport has been observed to 

encourage the urban and economic development, with the number of high tech- firms along the 

corridors connecting Dulles Airport (Kasarda, 2008). The amount of class A office and retail 

space in the Dulles region approximately corresponds with the amount in the nearby central 

business district, Washington DC (Kasarda, 2008). 

A paper, “Northern Virginia’s Economic Transformation” by Stephen Fuller, explains the 

urban and economic growth in Northern Virginia. This shows the growth of the different urban 

realms in the area.  In this paper, Fuller discusses that Northern Virginia has been growing 

rapidly and at a higher magnitude than the rest of the metropolitan area, primarily in Fairfax 

County.  The reasoning behind the growth is Northern Virginia’s access to the national and 

international markets. This includes access to federal contractors’ offices throughout the 

country. This is a result of the high air service of Dulles International Airport. This supports the 

idea of the airport acting as an independent economic center and the development of an airport 

anchored urban realm.  Fuller suggests that the Dulles Airport influence is observed by the large 
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density of federal contractors situated in Tysons Corner, which is between the Pentagon and 

Dulles Airport (Fuller, 2011).   

In 2004, Fuller showed that the Washington region was among the fastest growing 

metro areas in the nation and that the Northern Virginia part of the area had significantly higher 

economic growth then the rest of the parts of the metro area. Employment growth in Northern 

Virginia was two times higher than in  Maryland, 40-50,000 per year in Northern Virginia to 20-

25,000 in Maryland parts of DC metro area (Fuller, 2004).  Fuller further explains that Loudoun 

County and Fairfax County had the highest growth, the counties near Dulles Airport.  Loudoun 

County has expected job growth of 116,500 during the years of 2010 to 2030. This is up from the 

expected job growth of 54,600 from 2000 to 2010.   Fuller showed this county is acting as an 

“anomaly” in the urban development, since the large urban growth compared with the rest of 

the Washington Metro area.  He further explained the reasons of the large growth included:  1.  

home to a large international airport,  2. Attractive landscape, and 3. Part of the technology and 

federal contracting employment center (Fuller, 2004).  

 Fuller in 2004, predicted that Fairfax County would see large predicted employment 

growth from 2000 to 2010 with 122,000 jobs.  Fairfax County is known as the “Growth Engine” 

of the Washington DC area, for the past 30 years.  It  brought in 34% population growth and 30% 

of the job growth of the area over the years, with the Dulles corridor, the area along the road 

connecting Dulles Airport with Washington DC, attracting more than half the growth (Fuller, 

2004).   
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Dulles Airport is a major trip generator, causing people to travel to the area.  When a 

place is a trip generator, it is showing its anchoring economic activity.  Allen, in 2005, explains 

that Dulles Airport sees over 100,000 trips a day, which compares well with Tysons’s 250,000 

and greater than Potomac Mills(90,000), Kings Dominion amusement park (50,000), and the 

Pentagon (36,0000) (Allen, 2005).  

 Allen further explains the general cluster of Dulles Airport’s urban and economic 

influence, with two parts, the “Dulles Neighborhood” and the “Greater Dulles Area”.  The Dulles 

Neighborhood, is the transportation zones within 10-15 minutes of Dulles, while the Greater 

Dulles area is the transportation zones within 15 minutes of the airport. The Dulles 

Neighborhood is located in Braddock Road to the south, Route 7 to the North, Route 659 to the 

west and Old Centerville Road to the east.   Allen’s research showed that 22% of the traffic in 

the Dulles Neighborhood goes to Dulles Airport. Socio-economic characteristics of the Dulles 

Neighborhood were:  100,000 jobs and 40,000 households in 2005.  This will grow to 200,000 

jobs and 127,000 households in 2030, as the demand and migration to the Dulles area is 

growing (Allen, 2005).  Allen defines this area as a “destination within the region”. This showed 

that the Dulles Neighborhood is becoming an independent development center (Allen, 2005).  

The Greater Dulles Area includes areas further west and east.  14.8% of the traffic in the Greater 

Dulles Area is to the airport.  The socio-economic characteristics of the area is:  200,000 jobs and 

86,000 households.  This will grow to 330,000 jobs and 127,000 households in 2030 (Allen, 

2005).    Allen concludes that the above job and household statistics show the desire for the 

employers and their employees to locate where they have good access to the air service.  Thus 
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Dulles Airport is playing an anchoring role in the commercial and residential urban development 

(Allen, 2005).   

Weisbrod, in 1993, described part of the Dulles vicinity as dense development featuring 

high density office development.  He explained that the growth was due to: 1) The creation of 

Dulles Airport Toll Road; 2) Expansion of the Washington, DC area office market in direction of 

the airport; 3) Deregulation and induced congestion at Reagan Washington National Airport; 

and 4) Initiation of active marketing of Dulles Airport to businesses and airlines.  This helps 

describe the list of potential influence factors in the Dulles Urban Realm, for its development 

and spatial spread.  It showed the airport playing a major factor in helping pattern the dense 

development along the Dulles Toll Road and in the Dulles corridor.  This explains the cluster of 

dense development near Dulles Airport, moving away from the airport along the transportation 

routes.  Weisbrod described potential impacts that airport urban development can feature: 

 1) Airport market orientation; 

 2) Transportation access; and 

 3) Urban and development process.   

Weisbrod explained the economic and business/office development growth in each of the 

geographical divisions discussed above (Weisbrod et al., 1993). 
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Chapter 3 Methodology 
 

 

3.1 Conceptual 
 

Airports play a role in anchoring independent clusters of urban development, following 

a cycle that includes population and commercial migration and development.  The cycle of 

migration and development describes a process of induced urban effects.  An airport could bring 

business and employment growth that outweighs the costs to the area of being close to an 

airport. The benefits as well as the costs affect the airport’s impact on locational decisions.   

The hypothesis being developed is that the airport anchors a cycle of migration and 

development, affecting urban dynamics and development in areas near an airport. The first part 

of the cycle involves the airport being established or having its operations change. The airport 

encourages migration of population and businesses toward the airport to reduce transportation 

costs and increase productivity. The migration of business increases the employment level and 

encourages population migration. The additional population increases demand for key 

commercial services, and results in a new central location for commercial development, which 

again increases business migration and employment growth.  With new economic and 

population growth, the airport will change its operations, encouraging the migration cycle to 

continue.    
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Airports have influenced the economic and environmental characteristics of their 

surrounding area.  The influences include direct, indirect, and induced impacts.  The direct 

impact corresponds with airport operations or property.  A direct urban density increase from 

an airport will lead to increased airport development or operations. Indirect influences are 

impacts caused by airport needs and their services, including increases in commercial 

development such as hotels to service airport businesses.   Induced impacts represent the 

biggest effect the airport has on the region.  

This supports the idea that airports anchor an independent urban center, by its direct, 

indirect, and induced urban influences.  

Figure 5 shows the cycle effect of urbanization that the area surrounding an airport goes 

through when there are changes in airport service and location with the Airport Induced 

Influence Conceptual Model.  Business location decisions change, resulting in employment and 

population changes. With population increases, new commercial activity results in induced 

employment and additional population increases.  Increased economic and population growth 

leads to airport operations changes, continuing the impact cycle.  Air travel has become a major 

factor for business location decisions. Businesses can increase productivity, reduce costs, and 

affect other prime amenities when locating within proximity of an airport.  Increases in business 

activity near an airport can increase employment and population. This causes direct, indirect, 

and induced economic and employment growth resulting in urban development.  As more 

people and businesses migrate toward areas surrounding airports, land values increase resulting 

in additional urban change. 
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FIGURE 5 - AIRPORT INDUCED INFLUENCE CONCEPTUAL MODEL 
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3.2 Research Tasks 
 

The research that follows focuses on modeling, prediction, and visualization of the 

airport proximity variable’s influence on nearby urban development.  It examines statistical 

significance, magnitude, and spatial diffusion of the airport’s influence using regression and 

statistical results.  The investigation involves four tasks: 1) Modeling urban development 

clustering; 2) Analyzing variables that influence urban clusters; 3) Analyzing urban development 

dynamics; and 4) Testing the causality relationship between airport proximity and urban 

development.   

The first task, modeling urban development clustering, involves the detection, 

delineation, and modeling of urban development clusters near the airport.  This task has three 

main goals:  1) Identify areas of high urban density clustering; 2) Describe clusters of 

development near the airport; and 3) Analyze clusters to get a better sense of nearby 

development near the airport.  Detection and delineation of urban clustering was accomplished 

by applying an Anselin Local Moran I- cluster analysis. Clusters were modeled and analyzed by 

using a graphical distance-urban cluster relationship analysis.   

The second task, analyzing variables that influence urban clusters, involves analyzing the 

different variables that influence and anchor urban development. It also helps assess how the 

airport variable compares with other key urban development variables.  The two main goals of 

this task are: 1) Determine and analyze the factors influencing urban density; and 2) Compare 
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the airport variable with the other urban variables.  This task was done by running a set of 

geographic weighted regression analyses.   

The third task, analyzing urban development dynamics, analyzes urban development 

cluster changes over time.  It also tests the correlation of the urban development magnitude 

with airport operations.  This is done by running a temporal analysis of the urban development, 

and testing its correlation using the Pearson Correlation Coefficient test.   

The final task, testing causality relationship between airport proximity and urban 

development, analyzes the airport and urban development relationship and detect its direction.  

It looks to see if the airport variable is impacting the urban development, or vice versa, and 

detects which direction has a higher strength in the relationship.  This was done by running a 

spatial causality test. 

In addition there are two preliminary steps and a post analysis step.  The investigation 

starts with a preliminary step of explanatory variable selection. This is where the explanatory 

variables were selected based on their lower probability of featuring correlating and 

multicollinearity problems using Variance Influence Factor (VIF) diagnosis testing.  The next 

preliminary step was to analyze and select potential urban density proxy measures based on 

their R squares by running the geographic weighted regression analysis for each of the proxy 

measures. As conclusion the research was validated using a quantitative evaluation using an 

error matrix and urban cell correspondence technique and a qualitative analysis using visual 

comparison analyses.   
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Figure 6 shows the process of the different processes of the research.  It starts with the 

preliminary steps of the explanatory variable and proxy variable selections. Once the variables 

were selected, the detection, delineation, and analysis of urban clusters were done using the 

Anselin Local Moran I tool.  After the detection of clusters near the airport, the clusters were 

then analyzed regarding its diffusion and land use patterns.  Once the dense urban development 

has cluster have been analyzed, the airport influence was investigated and compared with other 

potential urban density factors using geographic weighted regression.  In addition temporal 

dynamics of the airport was investigated and tested for correlation with the airport operations 

statistics. The investigation also considered the causation and direction of the impacts using a 

spatial causation analysis.  The figure then shows the conclusion of the process using the 

validation testing.   
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FIGURE 6- STUDY METHODOLOGY PROCESS LADDER 
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3.2.0 Preliminary Processing 

The investigation starts with an explanatory variable selection process. The explanatory 

variables that were selected for the model in the dissertation were determined by using a step 

wise Variance Influence Factor (VIF) - analysis.  VIF helps determines each variable’s probability 

of featuring correlating and multicollinearity problems.   In the VIF test it would provide a VIF 

number which showed the correlating potential when combined.  If their number was higher 

than 5 it was deemed unreliable and featuring potential multicollinearity problems the variable 

then was selected to be left out of the model. This is based off Menard 2002 who found that a 

tolerance of less than .20 causes concern. The VIF analysis is the inverse of the tolerance. 

Making .2 a tolerance of 5.(Menard, 2002) –. This was done by a step by step order where the 

variable with the largest VIF number was taken off, then the VIF analysis is redone to find the 

new VIF numbers.  The process was redone until each of the variables had a VIF number lower 

than 5.  The dissertation research selected explanatory variables that had the lowest 

multicollinearity issues in the study area and locally.  The variables that had a VIF correlation 

higher than 5 were seemed unreliable and featuring multicollinearity problems and were 

selected to be left out of the model.  Throughout the regression analysis the variables were 

evaluated for local multicollinearity using the standard of errors in the coefficients, to make sure 

the variables were reliable and not featuring local multicollinearity.  

Multicollinearity in the regression analyses can significantly impact results. 

Multicollinearity is when the explanatory variables are correlated with each other. It acts as 

redundant variables in the analysis and can increase the standard errors of the coefficients 

(Martz, 2013). It can also harm the selection process of choosing the right and optimal variables 
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(Beck, 2013). The paper Confronting Multicollinearity in Ecological Multiple Regressions by 

Graham discussed the importance of the collinearity bias problem by explaining it can cause the 

following significant problems to regressions: (Graham, 2003)Inaccurate model parametrization 

 Decreased statistical power 

 Exclusion of significant predictor values 

Edward Mansfield and Billy Helms (1982) described a list of measures that can help 

determine the correlation and multicollinearity of explanatory variables. Beck in 2013 also 

confirms one technique described by Mansfield, the use of the Variance Influence Factors (VIFs) 

to identify multicollinearity variables (Beck, 2013). Mansfield’s list of processes contains the VIFs 

technique and other potential processes to identify the harmful correlations. This list has helped 

the dissertation to determine the processes that can be taken to choose the optimal 

explanatory variables (Mansfield & Helms, 1982). The list is:  

1. Extreme pairwise correlation between two regression variables 

2. Small determinant of the correlation matrix 

3. One or more small latent roots of correlation matrix 

4. Large variance inflation factors 

5. Large Rj2 – xj predicted using remaining regressor variables 

Martz in 2013 described the process in dealing with the multicollinearity issue once it’s 

determined there is multicollinearity featuring in the datasets (Martz, 2013).  The process he 

described contains three techniques:   

1. Remove highly correlated predictors from the model. 

2. Consider using stepwise regression, best subsets regression, or specialized 

knowledge of the data set to remove these variables 

3. Select the model that has the highest R-squared value 
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In the dissertation, the explanatory variables were chosen under a variable selection 

process to avoid the multicollinearity issues. This makes sure the data is not correlating 

significantly with other variables.  It acts as the identification and diagnosis tool.  This was 

accomplished by testing the Variance Inflation Factor VIF of the different explanatory variables.   

The VIF measure assess how much variance does a coefficient of an explanatory variable 

increases by(Martz, 2013). It measures how much each variable’s variance is inflated (Pardoe, 

2015).  Also with the variance changes it can be analyze how much of the variance are impacted 

by multicollinearity(Mansfield & Helms, 1982). It is used to help determine which of the 

variables are linearly dependent on other explanatory variables (Greene, n.d.) According to Penn 

State’s Pardoe, the equation for VIF is .  Where the R2 is the value obtained by 

regressing the explanatory variables (Pardoe, 2015).  When using the VIF analysis, a result closer 

to 1 is increasing its optimality. When VIF equals to 1 it means there is no multicollinearity 

among the variables and each variable are significantly supporting and accurately representing 

in the model.  The higher the distance the measure is from 1, higher the correlation in variables.   

According to Martz, if a VIF ranges from 5 to 10, there is high correlation and features a 

potential problem in the model.  If the VIF is higher than 10, the regression coefficients are 

clearly poorly estimate due to the multicollinearity(Martz, 2013). The VIF value is according to 

Beck the reciprocal of the inverse of R^2.  This shows the model will not be significant and 

optimal in the representation with a higher VIF and higher multicollinearity(Beck, 2013). 
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During the research the VIF statistics were found by running the Ordinary Least Squares 

(OLS) Tool in ArcGIS for each of the explanatory variables.  After finding the VIF statistics, the 

process then did a selection method by taking out the highest VIF variable if > 5 of the studied 

collection, then it redid the VIF diagnosis test through the OLS GIS analysis.  After the rerun of 

the VIF diagnosis test, the new highest VIF variable (if >5) was taken off the selection and a VIF 

diagnosis test was redone again with the new selection.  This process was repeated until all the 

explanatory variables featured a VIF of less than 5.   

The local multicollinearity of the different explanatory variables was continued to be 

investigated when using the GWR regression techniques. The regression runs resulted in 

standard errors for each of the coefficients.  Analyzing the standard errors for each of the 

variables provided clues on the correlation of the data and the potential multicollinearity 

problems with the data. When coefficients show higher standard errors, reliability of the 

variable is lower. Smaller the standard error results in higher confidence in the data (ESRI, n.d.). 

The next preliminary step was the selection of the proxy measure.  11 different proxy 

measures that were known in literature to represent and symbolize urban development were 

analyzed.   The proxy measures were compared using R squares and adjusted R squares. The 

variable with the highest R square, fitting of the urban development model, the project used for 

the general analysis.  However, throughout the study the selected proxy measure was compared 

with other key proxy measures.  
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3.2.1 Modeling Urban Development Clustering 

 

The first main research task was modeling urban development clustering.  This task 

detects, delineates, and analyzes urban development clusters near the airport. This is done by 

using the Anselin Local Moran I Cluster analysis and urban development-distance graphical 

analysis. 

 The Anselin local Moran analysis finds the areas that are featuring high to high value 

clusters, low value clusters and non-significant clustered areas.  This task detected and identified 

the areas that feature dense urban development by looking at the dense urban development 

clustering in the 25 mile region surrounding the airport and comparing the airport areas with 

the different sub sets in that region.  It confirmed and compared the urban density clustering by 

using quantitative and qualitative analysis of the clustering.  It considered the detection and 

spatial and magnitude extent and diffusion of the urban density clustering.  The goal of this was 

to determine if there is a dense urban development surrounding or near the airport.  

 To test and delineate the dense urban areas, a clustering analysis was done for each of 

the proxy variables, using the Anselin Local Moran I analysis. This analysis helps find the areas 

that are featuring high value clusters, low value clusters and non-significant clustered areas. This 

helped identified and determined the spatial spread of the economic and employment activity 

centers in the region and see how it’s featuring surrounding the airport compared with other 

areas in the Washington metropolitan region.  Areas with higher significance in clusters of the 
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higher urban development proxy measures, shows the higher areas of dense urban 

development.   

The Anselin Local Moran I analysis provided the Z score values of the urban density 

clustering.  Z score is the standard deviation of the cluster index number.   Higher z scores 

suggest a higher Local Moran statistic and it’s more likely for a cluster to be present in the 

sample (ESRI, 2013). Lower the local Moran statistic. A lower Moran statistic represents a 

clustering of dissimilar values, while higher the statistic would be clustering of similar values 

(Wong & Lee, 2005).   

When using the Local Moran I analysis it will look at the individual location of its values 

and compare it with its neighbor values.  When there is a high positive local Moran I value, it 

means the location has similar high or low values as its neighbors.  This results in the area as 

being identified as spatial clusters (Zhang, Luo, Xu, & Ledwith, 2008). 

The Local Moran analysis differs from the next step, the GWR regression by its purpose 

and methods.  The Local Moran and clustering analysis purpose is to identify and define the 

urban activity clusters in the dissertation. It will determine where the high values of the dense 

urban development are clustering and locating, identifying the urban realms. It will also help 

determine the spatial spread and spatial dynamics of the development.  The GWR method 

explains the factors of influence on the urban density dynamics.  It will investigate what is 

causing the development and its influence spatial relationship.   
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The Anselin Local Moran I dataset is used over the Ripley K analysis due to the Local 

Moran’s capability of measuring the magnitude of values instead of just the point locations.  

Ripley K is a tool meant for looking the location of events and it’s clustering of points, while the 

Local Moran I looks at the values.  Ripley K function deals with mapping spatial point process 

data and analyzes the point patterns(Dixon, 2002). The dissertation proxy measure data features 

more than just the point locations, it will feature how the magnitude of the development is 

diffusing, allowing for further analysis of the different explanatory variable’s influences on the 

dynamics. 

After delineation of the urban cluster near the airport, the cluster was analyzed by its 

spatial diffusion and land use patterning.  This is done by using an urban development - distance 

graphical analysis.  The graphical analysis looks at the relationship between the distances from 

the airport and the urban development cluster.  It shows the urban development cluster 

dynamics as the distance increases from the airport overall and along the main airport corridors.  

The graphical analysis shows where the urban development is clustering based on distance from 

the airport and for how long. This enables the research to tell more where and how long the 

cluster of urban development is lasting.  It also tells the magnitude of the urban development as 

the distance grows from the airport. This analysis is done by analyzing the urban development 

proxy measure with the distance.   

The urban development- distance relationship is also considered using land use data. It 

helps understand which land uses are clustering near the airport, their diffusion, and their order 

of development from the airport.  This is using the NAWQA land use data.  It help determines 
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which land uses are being featured near the airport and their order of development clustering 

based on distance from the airport.  For example, it detects the development of industrial land 

uses are clustered closer to the airport then the clusters of residential land.  

The graphical analyses were done using ArcGIS and R.  The graphs were created by 

importing the location of the airport and corridors (Route 28 and Dulles Toll Roads) to ArcGIS.  

Then the corridors were buffered 2 miles to enable analysis of the nearby development along 

the corridors. The proxy measure night time lights and the land use data is connected to the 

cells in the corridors buffer data set.  The process then used the ArcGIS Near tool to create the 

distance numbers for each of the cells in the study area.  Using R, graphs of the distance from 

the airport and night time lights and land uses were created and analyzed.   

3.2.2 Analyzing Variables That Influence Urban Clusters 

 

After the detection of the dense urban developed areas surrounding or near the airport, 

the influences and factors impacting urban density were modeled and investigated how the 

proximity to the airport variable was influencing the urban density and compared with other 

explanatory variables. The task supports the analysis of the influence of the airport proximity 

variable on urban clusters, and comparing the airport influence with other urban explanatory 

variables, that includes distance to primary roads and the central business district.   

The influence investigation was completed by using a Geographic Weighted Regression 

(GWR) analysis. GWR techniques are used to determine the relationship between the airport 

proximity variable and other explanatory variables on urban density, while considering spatial 
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autocorrelation and non-spatial stationarity.  Regression results were used to test and model 

the different variables’ influences, significance, and their resulting magnitude and spatial 

diffusions.  

The GWR technique was ran for each of the proxy measures and regressed against the 

set of selected variables that were determined to be optimal from a VIF multicollinearity 

diagnosis testing.  The regression results then will be qualitatively and quantitatively analyzed 

and compared spatially based on the airport location and other regions in the Washington 

metropolitan region.  The regression analysis helps determine how the different explanatory 

variables including the airport variable is explaining the urban density.  It also helps model how 

the airport variable and other variables are influencing urban density in the area surrounding 

the airport.   

Geographic weighted regression analysis was done since it allows for a regression 

analysis for spatial data that are non-stationary. .  The influence factors and influence 

magnitudes/results should be changing throughout the study area.  This will make a regular 

classic regression method like the Ordinary Least Squares provide inaccurate results and violate 

their assumptions.  Many of the original regression techniques including OLS will not work 

because they assume no autocorrelation and constant variance / homoscedasticity (Tu & Xia, 

2008).  The method of Ordinary least squares regression (OLS) assumes the relationships are 

constant across space (Tu & Xia, 2008). GWR is a spatial statistical technique that allows and 

investigates spatial non-stationarity. This is when the relationships of the variables vary by its 

location (Mennis, 2006). The GWR technique provides local estimates of parameters of spatial 
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variables which enables the researchers to understand the spatial variations of influences of 

variables in the urban growth dynamics (Luo & Wei, 2009). This will enable consideration of the 

local effects and parameters of the data other than just the global effects provided by the OLS 

and other common regression techniques.  The GWR technique will consider the spatial 

assumptions and bring a higher validity to the results.  Lu and Wei in 2009 found that the GWR 

technique significantly improved the global regression model by establishing a better model 

goodness-of-fit and lower level of spatial autocorrelation of residuals(Luo & Wei, 2009).  C.O. Lo 

in 2008 found that using a GWR technique was able to help improve accuracy of a population 

estimation over using a OLS model by 28% (Lo, 2008).  

GWR regression analysis will report the following outputs (Tu, 2011). 

 local parameter estimates 

 values of t-test on local parameter estimates 

 local R^2 values  

 local residuals for each regression point  

An example of the use of the GWR modeling for land use models was done by Jun Tu in 

2011.  Tu modeled the relationship between land use and water quality using a GWR method.  

He analyzed the spatially varying relationships between land use and fourteen water quality 

indicators in Massachusetts.  He has found that relationships between independent and 

dependent variables are not constant over space and the GWR will support the analysis (Tu, 

2011). Luo and Dennis Wei in 2009 developed a model that estimated the probability for land 

conversions using Landsat imagery classification by a GWR technique and classic regression 

models and found the GWR to significantly improve the results(Luo & Wei, 2009).  
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Geographic Weighted Regression gives a different result than the clustering analyses.  It 

will help support the investigation of what is causing the development. GWR is developed from 

the idea of the kernel regression technique (Brunsdon, Fotheringham, & Charlton, 1996). The 

clustering is determining if there is a realm of development, and the GWR regression analysis 

determines the factors affecting it.  This differs from the OLS and other classic regression 

methods by providing the ability of the study area to change the magnitude and types of 

influences on the urban development.  The further from the airport, it should provide a lower 

amount of influence.   

3.2.3 Post Regression Analysis 

 

The GWR regression results were analyzed by using both a quantitative and qualitative 

approach.  The regression results recorded the local and overall model and parameter 

characteristics of the model which helped understand the influences magnitude, direction, and 

spatial spread.  The regression results provided the following parameters and information that 

supported the qualitative and quantitative analysis of the dissertation which are: 

 Overall and local r squares 

 Predicted values (y hat) 

 Estimated coefficient values 

 t- value of the coefficients 

 Standard errors of the coefficients  

The dissertation project started with analyzing the results qualitatively. This was the 

step of analyzing and comparing the maps of the regression results, predicted values and the 

coefficient analyses.  It looked at how the patterning and spatial spread/diffusion of the 
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different values featured throughout the map, to see if there are any clear visual patterns 

surrounding the airport, and any clear differences between the airport area and the other 

regions of the metropolitan Washington region. The regression results were imported into 

ArcGIS to visualize the spread and patterns of urban density. 

The dissertation then took each of the parameters and analyzed them quantitatively.  It 

looked at the magnitude, significance, and identification of the changes of the values. This was 

done by looking at the ranges of the parameters, minimum, maximum, and means of each of 

the parameter.  The dissertation created tables of the statistics and used it to compare with the 

different sub-regions, explanatory variables, and proxy measures.  The tables of the regression 

results for each of the sub-regions investigated how the regression results and the influences 

differed spatially in the different regions, and how the magnitude of the airport influence is 

impacting the results.  The dissertation took the GWR results and considered the R2s, predicted 

values (y hat), and coefficient values of the airport explanatory variable to understand the 

airport’s influence on urban density throughout the region.  

The coefficient of determination- R^2 analysis evaluated how the tested model is 

explaining the variation of the urban density measure.  It was used to verify the model and the 

different variables. It also helps show the diffusion of the different explanatory variables’ 

influence on the model.  It shows where the variable is fitting in the equation with its influence 

more and where it’s losing its strength.  This will be tested by looking at the overall GWR 

resulted r square for the entire region and the local r squares for each cell throughout the 

region. The overall r square results are being used to show how the model is fitting to the urban 
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density measures.  It provides an idea on how much the selection of the explanatory variables 

are explaining the variations in the measures. This helps evaluate how the selected variables are 

explaining the urban density, and confirm variables like the airport are playing an influence in 

the urban density.  It also helps evaluate how the different urban density proxy measures are 

representing the urban density. The local r square analysis shows how the model is dynamically 

fitting throughout the area.  This provides clues on how the airport and other places are playing 

roles in the influences in the model.  Areas with higher local r squares show that the chosen 

explanatory variables are playing a higher defined influence in the urban density.  This helps 

determine where the airport influence is spatially diffused.   

The predicted values (y hat) provides the estimated dependent variable measure values, 

urban density values, from the GWR regression run based on the explanatory variables 

regressed and their characteristics (ESRI, n.d.). This provides an idea on where the expected 

higher values of the urban density are based on the explanatory variables.  This will show the 

influence from the airport and other variables on the area. It also enables the analysis to 

compare the different explanatory variables’ influences on the expected urban density. It also 

was used to validate and evaluate the regression results to confirm the optimality of the 

variables and proxy measures chosen.   It enables a comparison of the predicted results with the 

observed measures, to analyze how the different dependent variable proxies and explanatory 

variables are making sense. 

The regression’s results help evaluate the airport explanatory variable. The following 

parameters and statistics are examined for the airport’s influence:  the estimated coefficient 
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values, the t-statistic of the coefficient, and its standard error.  These values show how the 

airport is influencing the predicted values and urban density, and evaluates how the variable is 

influencing urban density in terms of significance and reliability (ESRI, n.d.). 

Estimated Coefficient values were examined to show how the explanatory variable, the 

airport variable, is impacting the urban density measures. It shows how one factor of the 

variable reacts in the dependent variable measure.  It showed the magnitude and direction of 

the influence.  It enabled investigation of the magnitude and direction of the influences of each 

of the variables. The estimated coefficient value of each of the variables for the overall set and 

each cell were analyzed.  The GWR analysis allows the investigation of the spatial diffusion of 

the spread of the coefficient values, showing the spatial spread of the influences from each of 

the variables.  The coefficients will be analyzed by looking at the overall coefficient values and 

the individual cell analysis.  The individual cell coefficient values support the investigation of 

detecting the spatial spread and diffusion of the influences of the different variables on urban 

density.  It examines the spatial spread of the different variable influences by mapping out with 

ArcGIS the coefficients.   

The coefficient values are additionally evaluated for the variable’s strength and help test 

the hypothesis that the airport variable is significantly influencing the urban density (Matthews 

& Yang, 2012).This was done by using the t- statistic.  This is the ratio of the variable estimated 

coefficient to its standard error (Dallal, 2012). The t statistic helps show the distribution of the 

significance of the explanatory variable. In this dissertation it was used to test and determine 

the areas where the airport variable is significantly influencing the variable in its strength and 
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magnitude. It also determines the spatial diffusion and pattern of the strength of the airport 

variable.   

The final evaluation of the regression results was the standard error of the coefficients.  

Standard errors were analyzed to test for the reliability and confidence of the airport variable as 

an impact in the urban density model.  Smaller the coefficient of standard errors, the variable 

has higher reliability and confidence.  Higher the standard error represents often as a problem 

for the variable and indicating potential local multicollinearity (ESRI, n.d.). 

3.2.4 Analyzing Urban Development Dynamics 

 

The third task for the dissertation is to evaluate the temporal changes of the urban 

density surrounding the airport.  This looks at how the dense urban developed areas have been 

changing over the years, and see how the different areas of the metropolitan region are growing 

compared with the airport areas. This is investigated to show that the airport region is featuring 

higher urban density growth than most of the other regions in the metropolitan area to show 

the airport’s anchoring influence of the urban density. 

In addition to investigating the urban density dynamics in the areas, the changes were 

tested for correlation with the airport operations to further analyze the airport’s influence. This 

was done by looking at time series of airport operations and tests its correlation with the urban 

density measures using the coefficient correlation tests.  It considered the correlation 

coefficient and its p-value to determine the probability and significance of the airport operations 

correlating with the urban density proxy measures. The correlation tests were done using the 
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MatLab function of corrcoef.   Corrcoef function returns a matrix of the correlation coefficients 

and p -values for the series using the Pearson correlation test.  The correlation coefficient is the 

measure of the two temporal series’ linear dependence. Higher the result (closer to 1) 

corresponds to a higher linear dependence and correlation between the two series 

(MathWorks, 2015). 

3.2.5 Causality Testing 

 

The fourth task is the testing the causality relationship between the airport proximity 

variable and urban development.  Addressing the model’s causality is important in 

understanding the airport influences in the development of the urban realm and the 

surrounding dense urban development.  This is done to determine the direction of the 

relationship the airports have on the development.  It tests to see if the airports are impacting 

the urban development, if the urban development is impacting the airports, and if it’s bi-

directional.  Causality will show when there is a relationship between the variables and at least 

one variable is causing the other variable.  Granger in 1988 explains there are two fundamental 

principles in the topic of Causality and of the causation relationship: (Granger, 1988). 

1. Cause occurs before the effect 

2. Casual series contains special information about the series being caused that is 

not available in the other available series  

Baker, Merket, and Kamruzzama in 2015 provided empirical evidence of the short and 

long run causality and cointergration between general aviation and economic growth.  They 

detected a significant bi-directional relationship.  The paper explains the causality relationship 
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between airports and regional economic growth as “airports have an impact on regional 

economic growth and the economy directly impacts regional air transport”.  The aim of the 

paper was to isolate the links and figure the relationship impacts from the airport variable on 

the economic growth.  The authors investigated the catalytic economic impacts from general 

aviation airports to see their direction and length of relationship (Baker et al., 2015). To 

determine the causality and cointergration the authors ran a 3 step process which included:   

 Testing for stationarity 

 Tested for cointergration (if long run relationship exists) 

 Causality tests (VECM or granger-causality test) 

The causality direction was tested in the dissertation using a Matlab script developed by 

Manuel Ruiz Marin.  The script was based off the paper of “Testing Spatial Causality in Cross-

section Data” by Gomez, Marin, and Mur in 2014. The test involved a unilateral non-parametric 

test. It looked at the permutation statistic and test to see if the two spatial processes are 

influencing and providing information to each other, or if they are mutually exclusive.  The 

investigation looked at null hypothesis that the x series does not cause the y series, and the y 

series does not cause the x series.  This was done by looking at the statistic that shows if the 

series are providing influences to each other or not.

is the equation from the statistic.  In this equation, If X or Y series does not contain extra 

support about the other series then the statistic is equal to zero.  If it does have 

information the statistic is greater than zero(M Herera Gomez, 2011; Marcos Herrera Gomez, 

Marin, & Lacambra, 2014) 
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The above statistic provides clues in the strength in the directional relationship since it 

shows what side is providing amount of information and influence to the other process.  If one 

process is providing more influence, it will feature a higher statistic, causing it be featured as a 

higher strength process direction.  The test was further created with a permutation statistic, and 

probability of the significance of the causality direction, with the p –value creation.  Testing the 

p –value shows if the determine causation direction is significant.   

Taking this information, it was figured out what direction the dissertation study’s spatial 

relationship was following (X-Y, Y-X, or Bi-direction). It also considered the strength of the 

relationship based off the statistic.  I edited the script to include the option of the bi-direction 

relationship and report the higher strength selection. In a bi-direction relationship, a variable 

could still have a higher strength in the relationship. For example, in the dissertation study 

results shown below, it was seen that there was a bi-directional relationship detected, with the 

airport influencing the urban density and the urban density measures impacting the airport.  

However, the airport to urban density direction featured a higher test statistic, which resulted in 

saying the direction of the airport to urban density featured a higher strength- and featuring a 

higher impact in the relationship.   

3.2.6 Validation and evaluation 

 

As for the final step, the results were validated.  Validation is the process of confirming 

the models accuracy as a representation of the real world. According to Ahmadi, validation is 

defined as “a demonstration that a model within its domain of applicability possesses a 



 

66 

 

satisfactory range of accuracy consistent with the intended application of the model”(Al-

Ahmadi, See, & Heppenstall, 2013).  Validation looks at a model’s performance (Torrens, 2011). 

Validation is a form of investigating the quality of the model.  According to Rice and et al in 2014 

the general notion for quality in the geospatial industry includes determinations in the 

positional, temporal, and attribute accuracy, completeness and coverage of the data, and the 

data/models’ sufficiency for its application (M. T. Rice et al., 2014). This is similar to the 

validation of the data and model confirming that the model’s result by representing accurately 

with the observed and expected correct results of the situation.  The results from a validation 

process scale can influence the conclusions resulted in the model to examine the validation of 

the model, the researchers can test it by using a qualitative technique (Visual) and quantitative 

method. Al-Ahmadi and et al lists 7 different techniques that will act as validation metrics (Al-

Ahmadi et al., 2013). 

These techniques include: 

 Visual validation 

 Measures of accuracy  

 Urban cell correspondence  

 Lee-Sallee index 

 Spatial pattern measure 

 Spatial district measure 

 Multi-resolution validation   

Dr. Matt Rice and et al also mentioned a range of quality assessment techniques that 

are available and what they used for their crowdsourcing geospatial, data project.  They 

mentioned that one method for quality assessment includes the geographic approach which is 

where the contributions of the model are matched against the known geographic results and 

context.  When comparing the results, the approach will show the inconsistencies and quality 
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information (M. T. Rice et al., 2014). This approach is similar to the validation techniques that 

will be undertaken in the dissertation when comparing the urban development observed data 

with the higher resolution data in the area.  The dissertation attempted two different 

techniques of validation to confirm the model results. It looked at the qualitative and 

quantitative analysis of the validation.  It attempted the visual validation method as the 

qualitative method and the urban cell correspondence and error matrix analysis as the 

quantitative analysis. 

The validation process in the dissertation research was done by comparing the analysis 

with higher resolution remote sensed products. The evaluation included a comparison Landsat 8 

image at with a 30-meter resolution and the Chesapeake Bay Program’s Land cover data set- 

CBLCD.  This is similar to Henderson and Et al methods of validating their DMSP night time light 

image data model against Landsat TM imagery since it was featuring a higher resolution. The 

results from their model were compared against the boundaries of the areas derived from the 

high resolution thematic mapper imagery(Henderson, Yeh, Gong, Elvidge, & Baugh, 2003).  The 

dissertation research also evaluated the predicted results by comparing it against the range of 

the other urban proxy measures. 

The dissertation task first attempted a qualitative analysis of validation using the visual 

validation technique.  The predicted results from the model were compared visually with 

different higher resolution imagery (Landsat 8 and CBLCD) to confirm visually there are urban 

areas surrounding the airport area and it makes sense that it features an urban realm 

development and functions.  Al- Ahmadi and et al in 2013 explained that the visual validation 



 

68 

 

which compares the observed results with the simulated images would be prone to bias and 

problems but it is still an important part of the validation process(Al-Ahmadi et al., 2013).  This  

shows the importance of using both the quantitative and qualitative validation processes 

together.  
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FIGURE 7 - ERROR MATRIX TEMPLATE 

 

 

  

  A quantitative method was then used, by using an error matrix analysis recording the 

agreement percentage and urban cell correspondence.  The error matrix was created using the 

predicted and observed true urban results.   Figure 7 shows the error matrix.  This method was 

explained by Ahmadi as one of the most popular techniques in the validation techniques for 

urban CA models is the through the calculation of an error or confusion matrix (Al-Ahmadi et al., 

2013). This is where there is an error matrix with the rows and columns representing the 

number of categories whose classification accuracies are being investigated. Accuracy was 
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investigated by calculating the proportion of total number of the simulated cells that match the 

observed cells.  It will also consider the agreement and disagreement percentages (Al-Ahmadi et 

al., 2013). The agreement percentage is evaluated using the equation of Agreement = ((TU 

+TNU) / (TU + FU+ FNU+ TNU)) * 100. While the disagreement % is ((FU+ FNU) / (TU + FU + FNU 

+ TNU))*100 (Al-Ahmadi et al., 2013).  The agreement percentage shows the percentage of the 

predicted urban results agrees with the observed dataset urban results.   The Urban Cell 

Correspondence was evaluated since the analysis often contains significantly more non- urban 

cells, the accuracy statistic could lead to overstatement in the model performance. This is 

because the non-urban areas are matching more.   The Urban Cell Correspondence (UCC) 

statistics overcomes this issue by just considering the urban areas.  The UCC equation is:  UCC = 

TU/ (TU+FU) (Al-Ahmadi et al., 2013) 

 Figure 7, shows how the error matrix that was made.  Inside the error matrix, the 

following parameter correspondence is:  TU = True urban, FNU = False Non-Urban, FU = False 

Urban, and TNU = True Non-urban.  While the simulated parameter corresponds with the night 

time lights VIIRS predicted regression results and the Observed parameter corresponds with the 

data that the proxy measure is being compared against with. 

3.3 Software systems 
 

Three main software systems were used to accomplish the analysis and visualization: 

ArcGIS, GWR4, and MatLab. The ArcGIS GIS system was used for the spatial analysis, 

visualization, and data management. GWR4 Geographic Weighted Regression tool was used to 

support the geographic weighted regression analyses. MatLab was used to accomplish the  



 

70 

 

The ArcGIS software is used in the study since the software allows the analysis to 

include a spatial statistical perspective of the relationship. It will also enable the geographic 

weighted regression to be evaluated. ArcGIS will also be used to derive the values from Landsat 

and feature classes including temperature, NDVI, and proximity variable values.  

The GWR4 is used to continue the Geographic Weighted Regression along with ArcGIS. 

This will enable the model to consider and compare each of the explanatory variables.  It is a 

free regression software that can collect a range of variables and personal options to complete a 

range of Geographic weighted regression results.  It computes the results to a csv file, which can 

be imported to the ArcGIS visualization that includes the predated values and coefficients of the 

variables. It also reports the overall regression results in a text file that can be open with 

Microsoft Word.   The software was built by Brunsdon, Fortheringham, and Charlton, the 

authors of the GWR regression (Gross, 2014). 

3.4 Role of GIS 
 

GIS was applied for a number of uses including data management, data analysis, and 

visualization. There are six main parts of a GIS.  The six parts include:  1. network, 2. software, 3. 

hardware, 4. data, 5. procedures, and 6. the people(M. Rice, 2013). In the dissertation the GIS 

supports a range of tasks. First it will collect and manage the wide range of data obtained.  This 

will help to efficiently organize, compare, and analyze the data.  Then it will help in the 

procedure section by providing support in statistical analyses.  First using it as the tool to 

attempt a clustering analysis on the different proxy measure using the local Moran I tool in 

ArcGIS. ArcGIS will also help determine the influences of the clusters and realms by attempting 
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the GWR regressions using the tool in ArcGIS.  Then the GIS will support the proximity analysis- 

providing a proximity variable for each cell from the airport and the different explanatory 

variable.   GIS was also used in the aid of visualization describing the statistical and modeled 

results.  

GIS was used for:  

 Visualization 

 Statistical analysis  

 Comparison 

 Configuration of data 

 Data management   

Since most of the data and its analyses were spatially related, GIS support for data 

management was critical.  The data obtained was converted to GIS shape files or raster format 

later to support analysis and will be stored using GIS.   This enabled the ability to find and 

conduct spatial-related analyses with the data. The GIS was also useful in converting the data to 

consistent formats and configuring them to enable the data to be standardized and comparable 

with all the datasets by changing the projections to coordinate systems and creating consistent 

attributes of data.  GIS enables the capability of the dissertation research to add a range of 

attribute values to the spatial features and cells. This enabled non-spatial information to be 

applied spatially; for example, adding surface temperatures to each of the polygon cells of the 

study area.  The GIS also played a role in the data analysis of my dissertation.  The GIS will 

support spatial analyses of different explanatory proximity variables with the airport factors.  

The GIS will support the dissertation research by providing a spatial understanding of the 

behavior of the urban density pattern and spatial relationships of the explanatory variables.  It 

will also help to show the diffusion, spread and clustering of the urban density influences from 
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the airport and other explanatory variables. GIS provides support and a software base for 

running regressions of the variables to determine significant variables affecting urban density. 

GIS provides the ability to visually interpret the data and determine visible data patterns.   

Another role of GIS in support of my dissertation is the ability to visualize the data and model 

results. The GIS also allowed visual analysis to determine changes of the spatial and magnitude 

over time.  The data can be visualized through the different cells in the geographic space of the 

GIS. This will help users assess the change and distribution or to characterize it.  It was helpful in 

supporting discussion concerning the findings of the model.   

3.5 Temporal and Spatial Scales 

3.5.1 Temporal Scale 

 

In addition to the spatial and regression analysis, a time series analysis of the urban 

density will be investigated. The analysis to data in a series of years will be conducted to analyze 

how the urban density changed over time and tested the correlation of the airport’s influence 

on urban density with the Dulles Airport’s operations.  The temporal range is based on the 

availability of temporal data in the proxy measure. First time series analysis will be conducted to 

the night time lights as a proxy measure due to its agreement with the spatial urban density 

model. However, since night time lights proxy measure did not provide a long temporal history 

of the changes, housing density and the Chesapeake Bay land change dataset created by the 

Chesapeake Bay program and USGS was used to compare with the night time lights urban 

density relationship. For the night time lights, the DMSP-OLS Defense Metrological Satellite was 

used, which provided data from 1992 to 2013.  While the housing density that was used, 
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included data from 1960 to 2010.  The table below, Table 1, shows the years for each of the 

temporal proxy measures used: 

 

 

 

TABLE 1 - PROXY MEASURE TEMPORAL EXTENT 

Proxy Measure Years 

Night Time Lights - DMSP/OLS 1992, 1995, 2000 ,2005, 2010, 2013 

Housing Density – USGS 1960, 1970, 1980, 1990, 2000, 2010 

Chesapeake Bay Land Cover Dataset- 

USGS/ChesBay Program 

1984, 1992, 2001, 2006, 2011 

 

 

 

3.5.2 Spatial Scale 

 

The analysis used a grid of 1,200 meter cells for the spatial scale inside the 25 mile 

buffer around Dulles airport grid.  This leads to 4,547 cells in the study area.  1,200 meter scale 

was chosen because it offered high enough resolution to see the changes, and low enough to 

have capability of running the GWR analysis based on the current availability of computer 

memory.  A higher resolution is also chosen due to its limiting chances of noise that a higher 

resolution dataset might see. Finally, it is large enough to consider the spatial urban density 
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clusters. It is about 0.75 miles, which enables the study not look at specific commercial 

development buildings, but clusters and strings/corridors of development, allowing the datasets 

to detect and test urban density centers similar to the urban realms like the Jim Vance’s Urban 

Realms Model. 
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Chapter 4 Data Description 
 

 

4.1 Key Variables 

4.1.1 Dependent Variable 

 

The dissertation research looked at the clustering and development of high-density 

activity areas surrounding the airport.  It modeled the dependent variable of urban density.  The 

clustering and development of high density activity areas surrounding the airport.   This is the 

clustering of higher commercial, industrial, and residential density.  Urban density was 

measured by a set of remote sensed and socio-economic proxy measure data (including night 

time lights).  It examined the areas featuring higher commercial and residential density and will 

consider the higher economic activity from the commercial, industrial, transportation, and high-

rise residential.   

According to Metropolitan Washington Council of Governments (MWCOG), regional 

activity centers and clusters are economically concentrated areas in the region that feature 

significant concentrations of employment and housing.  The dependent variable builds on the 

conceptual model framework of the Urban Realms Model by James Vance Jr. The research will 

investigate the development and spread of the different realms and the higher development 

density economic activity centers.  The dissertation research considers the Urban Realms Model 

to understand the effect of dense urban development in the region and near the airport.  The 
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proposed research will test to see if there is an independent activity urban center surrounding 

or near the airport. It also looks at how the realm is organized and how that spatial pattern is 

influenced by the airport and other factors like the Dulles corridor, which links the airport and 

nearby activity centers with the Washington, DC Central Business District. 

The Washington Metropolitan Region features a set of regional activity centers. The 

centers range from Washington, Tysons Corner, Reston, Dulles, Arlington, and more.  Each of 

these centers is self-sufficient and allows residents/visitors to live, work, and play in one area 

without the need to visit the other centers of the region (Metropolitan Washington Council of 

Governments, n.d.). The photo of Tysons (Figure 8 below) shows offices, homes, a hotel, metro 

rail, and beyond the photo, the area features malls with restaurants, shopping, and 

entertainment.  In the photo, beyond the Tysons area is an area of less urban density and more 

trees. This is an area that is still developed, but features less commercial clustering and more 

residential land use. This area is not independent, and supports the different clusters in the 

region.  Many of the key urban centers in the Washington, DC metropolitan region contain 

similar characteristics.  The research in the proposed dissertation investigates the highest 

density development areas such as Reston and Tysons, and not those in between.   

James Vance Jr. developed an urban spatial arrangement model for the San Francisco 

area in 1964 that showed that the metropolitan area evolutionized into a metropolis of separate 

independent centers of growth in Geography and Urban Evolution in the San Francisco Bay Area.  

This model is the Urban Realms Model.  In the model, the metropolitan area is separated by a 

set of different economic, social, and political entities that are acting as independent suburban 
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areas including their own downtowns.  Each of these groups/realms are linked together to form 

a larger metro region and are within a sphere of influence of the main central city (Vance, 1964).  

The hypothesis in the dissertation research was that the Washington metropolitan area has 

become a city similar to Vance’s San Francisco Bay Area – Urban Realms model.  The research is 

theorizing that the Washington Metropolitan Region has become an area contains many 

independent separate entities. The area contains a set of suburban downtowns that are 

independent entities and are self-sufficient without the Washington, DC Central Business 

District.  The hypothesis also suggests that the area around Dulles International Airport has 

become an independent realm.  It suggests that the realm is being anchored and benefited by 

the proximity of an international airport.  However, it also predicts that the growth and spatial 

pattern of the realm is being supported/ factored in by the air service at the airport, accessibility 

(including mass transit), growing nearby populations, and other urban factors.   
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FIGURE 8 - TYSONS CORNER PHOTO 2 

 

 

 

4.1.2 Proxy Variables 

 

Since there is more than one way to define and measure urban density, this study will 

use several proxy measures to predict and investigate changes of the study area. The proxy 

measures that are chosen will provide economic, social, and environmental indications of urban 

density.  This will support the evaluation of different impacts of urban density.  Proxy variables 

will also enable the model to be configured for a wide range of airports.  Many of the proxy 

variables will be using remote sensed data enabling the model to be globalized.   The proxy 

variables are described below in the following section. 
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  The following proxy variables for the urban density dependent variable were 

considered: 

 Night Time Lights 

 Property values  

 Diurnal Surface Temperature Range (Urban Heat Island Effect) 

 Impervious Surface (Normalized Difference Vegetation Index or NDVI) 

 Housing Density  

 Rent 

4.1.3 Independent Variables 

 

The main independent variable is the proximity to the airport.  This shows the benefit or 

cost of being close to an airport.  Each cell in the study area records its distance to the airport. 

This was done by running the Near ArcGIS tool.  To further understand airport’s influence on 

urban density, other urban density influencer variables were investigated and compared. It also 

helps investigate to see if there is any spatial autocorrelation of the different variables.  Many of 

the explanatory variables for each of the measured relationships will be similar. This will be the 

reason it will be beneficial to combine different land change indicator sub models together.  The 

explanatory variables were found using GIS analyses including the near analysis to see the 

proximities of variables for each of the gridded cells in the study area.  

The dissertation research compared the airport proximity variable with urban density 

influencer variables.  This helps investigate how the airport is influencing the development and 

spatial spread of the urban realm near the airport and its urban development. It also looked at 

how the airport influence is compared with other key factors in the development and spatial 

spread of the realm.     
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Explanatory variables selected for the study included: 

 Distance to Primary Roads 

 Distance to CBD 

 Distance to  the Dulles Toll Rad 

 Distance to mass transit 

 Slope of land  

 Distance to activity centers  

 Income level 

The distance explanatory variables were established by running the Near ArcGIS tool.  This 

found the distance to the nearest variable shapefile for each of the cells.  The explanatory 

variable data were collected from a range of data sources.  The distance to the primary roads 

and the activity centers was obtained from the US Census tiger files, while the CBD was obtained 

from the DC DOT website and the income was from the National Historical Geographic 

Information System- NHGIS website.  The slope of the land was from the USGS Landsat 8 

imagery and running the Slope ArcGIS tool.  

4.1.4 The CBD and Activity Centers 

 

As the SLEUTH model shows, existing developed area can play a major influence in the 

urban density dynamics.  There are key activity and employment centers throughout the 

Washington Metropolitan Region that could play a major role in urban density development.  

These are areas that are featuring higher density and concentrations of jobs and housing in an 

area.   Washington DC is one aspect of the urban dynamics, but like many of the conceptual 

urban models has shown like the Urban Realms Model and the Multiple Nuclei Model, the area 

can in addition to the main city in a region feature a variety of significant areas that could play a 

role in the urban dynamics.  This includes the economic and employment centers. 
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According to the MWCOG activity, centers are grouped in 5 different groups, 1. DC Core: 

where the central business district of Washington DC, 2. Mixed Use Centers: an area of at least 2 

square miles of an area that contains a mix of retail, employment, and residential activities. 3. 

Employment Centers: are the centers that feature high density area with significant 

employment concentration, greater than 20,000 jobs in the area. 4.   Suburban Employment 

centers.  This is an area that is lower in dense and more dispersed, but still features a significant 

concentration of jobs that includes at least 15,000 jobs and 5.  Emerging Employment Centers:  

This is where the suburbs are having an employment growth and becoming an employment 

center in the future with 50 percent employment growth from period of 2005 and 2030 

(Metropolitan Washington Council of Governments, n.d.)The dissertation research in addition to 

the distance to the airport will have a variety of explanatory variables that could be explaining 

the urban density. The activity areas are a major variable in the selection of additional 

explanatory variables.  Many of the wide range of activity areas as described by the MWCOG, 

could be influencing higher urban density from the Tysons area to Reston Town Center.  This is 

considered by the distance to nearest activity center explanatory variable.   

4.2 Urban Density Proxy Measure Data 

4.2.1 Night Time Lights 

 

The primary urban density proxy measure that was evaluated was the night time lights 

proxy measure. Recent literature has shown great possibility for using night time light remote 

sensed data to determine the economic activity and urban extents.   Night time light images 

provided by DMSP/OLS and the VIIRs have been significantly helpful to a range of urban studies. 

In the past literature it has been used to help extract information from urban population; urban 
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area delineation growth, delineation, and dynamics; energy consumption, economic activity, 

and greenhouse gas emissions(Huang et al., 2015). Most of night time lights seen from the 

satellites are from human settlements (cities and towns) and fires (Elvidge et al., 2007). This 

data supports the dissertation with the power of identifying and delineating the spread of a 

cluster of dense economic activity that could feature an urban realm.  It has shown that it’s 

capable of identifying and analyzing the urban area/clusters and its economic activity.   

There are two main sources of night time light data.   

 Visible Infrared Imaging Radiometer Suite (VIIRS) Day night band – The data is 

available from 2012 and on with a spatial resolution of 750 meters. It can 

provide radiance and reflectance of the area in the night.   

 

 Defense Meteorological Satellite Program –Operational Line Scan (DMSP-OLS) 

night time data is available from 1992 and on with a spatial resolution of 2.7km.   

Urban studies have been done just recently in several papers by using night time light 

data.  A paper by Charlotta Mellander suggested that night time light data of the DMSP/OLS 

could be a good proxy for economic activity that includes: urbanization, density, and economic 

growth.  She also uses the regression techniques we discussed in my defense that includes the 

correlation analysis and the geographic weighted regression to examine the relationship.  She 

found a strong enough correlation between the night time light data and economic activity 

making it a good proxy for population and establishment density.  She explained that the data is 

begin used in research to estimate regional or urban populations and also indirectly capturing 

the economic activity (Mellander, Stolarick, Matheson, & Lobo, 2013). Another seminal paper on 

the night time lights is written by Paul Sutton that found strong correlations between the 

population density and the night time lights.  Paul Sutton explained in the paper that the night 
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time lights have helped create an urban density decay function. He also argued that the night 

time lights allowed for an investigation of the area’s multiple nuclei and urban clustering. Sutton 

developed a model that took the night time lights and population data to model the population 

density within urban areas, it considered the multiple nuclei methods and distance form edges 

which differs from other models considering the core.   Sutton also developed an empirical 

urban population density decay function which was derived for all the urban clusters defined by 

the night time image.  In this idea Sutton is measuring the urban area by looking at the distance 

from the urban edges instead of from the ceder like many of the urban papers. This allows for 

the “multiple nuclei” of urban clustering (Sutton, 1997). This will help show the urban realms 

model basis for the project. Henderson and et al. developed another key model that took night 

time light imagery to delineate the urban boundaries, and validated against Landsat Imagery.  

The authors derived the urban boundaries and identified the urban lands using the DMSP/OLS 

night time light data classified with a supervised classification technique.  The authors concluded 

from their study that using night time lights enables the possibility of using the night time lights 

to monitor growth of cities at comparable levels of development.   (Henderson et al., 2003).  

The urban realm spatial spread and dynamics dissertation investigation was supported 

by the idea that Qingxu Huang and et al developed with their system that looked at the city size 

and distribution overtime with a rank clock method and using the night time light data.  The 

authors extracted the city size measurement from the use of the DMSP/OLS night time light 

images.  The authors concluded that the DMSP/OLS night time lights images are useful for 

representing the city-size dynamics from both a national and city perspective(Huang et al., 

2015). This shows the night time lights data could help benefit the dissertation goal of looking at 
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the dynamics of dense urban development in the Washington DC area. It will help see the 

growth of the area and where is it locating and growing.   Another supporting model was 

developed by Imhoff and et al. They developed a technique that converted night time light data 

into urban area measures using DMSP/OLS and thresholding methods.  Imhoff and the other 

authors main goal in their study was to find accurate estimate of urban areas from using night 

time light data from the DMSP/OLS sensors.  They used a thresholding technique and converted 

city lights into a map of urban areas.   They used the night time light data to determine the 

location and estimate density of population.   They explain that the night time light data shows 

the visible light emissions which provide a picture of the urbanization (Imhoff, Zhang, Wolfe, & 

Bounoua, 2010).  

Figure 9 shows the night time lights proxy measure in the study area. When looking at 

the graphic, you can see that the primary roads and the central business district are featuring 

higher night time lights. 
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FIGURE 9 - VIIRS NIGHT TIME LIGHTS PROXY MEASURE 
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 In addition to these areas the other key area which is not near the primary roads or the 

city, is the airport area. The graphic shows there are significant night time lights surrounding the 

airport especially in the north, east, and south corridors along the airport area.  This brings 

evidence that there are higher urban density surrounding the airport and the airport is likely to 

be influencing the urban density and night time lights.   

In addition with the night time lights proxy measure, a selection of socio-economic and 

environmental proxy measures were considered for the urban density model and evaluated 

against the night time lights proxy measure.   

4.2.2 Surface Temperature 

 

One often cited urban density proxy measure that was considered was the measure of 

surface temperature and occurrence of the urban heat island effect.  As urban density increases, 

the area will be increasing its temperature.  This makes temperature a good indicator measure 

of urban change.  Urban density is correlated with warmer surface temperatures.  As urban 

density increases, the development of the area changes the environment.  This causes the area 

to be featuring increasing impermeable land, often resulting in increasing temperatures.  The 

temperature can increase in the urban developed area’s surface or atmosphere.  On an average 

day, a city with 1 million people can see 1.8-5.4 degrees Fahrenheit higher than the surrounding 

areas. On a clear night it can be up to 22 degrees warmer (US Environmental Protection Agency, 

2014).  This study predicted that the airport will influence and increase land changes from 

permeable to urbanized environment near the airport that will result in higher temperatures.  
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 The data for the urban heat island effect was obtained using a yearly average diurnal 

temperature range from the MODIS temperature data.  Diurnal temperature data range is the 

daily range data. Data from the day time and the night time were taken.   To get a normal range 

of the data and percent any unusual noise, the data took the average April/May data for the 

time range of 2014 and 2015.   

The data obtained was from the Terra MODIS sensor with the MOD11 L2 Temperature 

and Emissivity product.  This data had a temporal granularity of every 5 minutes and the spatial 

resolution of 1,000 meters. This data provided a per pixel temperature value for the day and 

night time(NASA and USGS, 2014).This enabled the creation of the diurnal temperature range 

data creation. This was done by subtracting the night to day temperature raster values in 

ArcGIS.  It will look at the Diurnal Temperature Range of surface temperatures in the 

Washington Metropolitan Region and the yearly averages of surface temperatures. This is where 

it will take the maximum and minimum temperatures of the day.  

 According to Sun,et al, the diurnal temperature range is an important climate change 

index.  Dr. Sun and the other authors have suggested that using a surface temperature by itself, 

would not be useful in an indicator of climate change than looking at a range of daily 

temperatures that look at both the maximum and minimum temperatures of the day.  They also 

suggest that the diurnal, temperature range would be a good urban measure since it would be 

influenced from urban effects and giving a good representation of the surface characteristics 

(Sun, Pinker, & Kafatos, 2006). They developed a model to see the spread of surface 

temperatures across the US in high resolution using satellites.  It looks at the diurnal surface 

temperature range in high resolution using GOES-8 and AVHRR satellites.  Using geostationary 
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satellites will enable the diurnal coverage of the temperature according to Sun and et al (Sun et 

al., 2006). 

Figure 10 below shows the diurnal temperature range observed for the study area.  It 

shows there are higher measures in the airport region towards the north and in addition the 

areas near the Washington dc and western side of Virginia.  This shows there could be an 

increasing urban density at the north of the airport, similar to the areas near the city.  However, 

the high value towards the west can be a result of potential data noise problems. Diurnal 

temperature range can be higher for a range of things in addition to the urban density.  
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FIGURE 10 - MODIS DTR DATA
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4.2.3 Impervious Surface and NDVI 

 

Another proxy measure that was considered was the impervious surfaces and the 

vegetation index, Normalized Difference Vegetation Index or NDVI.  According to a seminal 

review in impervious surfaces from Slonecker et al, impervious surfaces are directly related to 

human activity and habitation. This is done through the urban development.  Impervious 

surfaces include the construction of roofs, roads, parking lots, sidewalks, and more (Slonecker, 

Jennings, & Garofalo, 2001). Slonecker also defined impervious surfaces as: “any material of 

natural or anthropogenic source that prevents the infiltration of water into soil and thereby 

changing the flow dynamics, sedimentation load, and pollution profile of storm water runoff” 

(Slonecker et al., 2001). One way to determine the impervious surfaces according to Slonecker 

and et al is by using a Normalize Difference Vegetation Index NDVI transformation.  This is 

shown by Masek, Lindsay, and Goward that used Landsat and transformed the data to NDVI to 

investigate the urban changes for the Washington DC Metropolitan area (Masek, Lindsay, & 

Goward, 2000). 

NDVI measures the concentrations and density of green leaf vegetation. It looks at the 

wavelengths of the plants to determine the quality and quantification of the vegetation. When 

looking at the wavelengths and reflecting radiation from the environment, if there is a higher 

amount of reflected radiation from the near infrared wavelengths it will mean there is a higher 

amount of healthy vegetation (Weier & Herring, 2000). It will also provide a guide for 

impervious surface locations, since with a low vegetation index in a location there are likely 

impervious surfaces.  This is a good measure of dense urban development, because with 

development the environment is taking out the green vegetation and replacing it with 
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impervious surfaces.  Urbanization generally converts vegetation (high NDVI) with building 

materials (low NDVI)- which changes the NDVI values (Masek et al., 2000). 

The dissertation study took the Landsat imagery and transformed the image data to 

NDVI to measure the amount and quality of vegetation changes and use that to predict the 

measures of urban change. The calculation of the impervious surfaces was done by taking the 

opposite of the NDVI measurements.  This involved taking the NDVI values obtained from the 

Landsat analysis and subtracting them by 1 using the ArcGIS raster calculator.   

In NDVI, the smaller the number of the NDVI readings, the more urban and impervious 

the environment is.  The equation from Masek, Lindsay, and Goward in 2000 for NDVI is the 

normalized difference between near infrared and visible reflectance. The band equations for the 

Landsat are based on the type of sensor.  The equation for Landsat TM is (band4  - band3) / 

(band4 + band3) and the equation for Landsat MSS is (band4  - band2) / (band4 + band2)  

(Masek et al., 2000). The measures of this equation will go from -1 to +1.  A value of +1 means 

the highest amount of green leaf vegetation is apparent in the area and closer to zero means no 

vegetation. (Weier & Herring, 2000).  As there is a higher urban density, the amount of land 

converting from farmland and forest will to an urbanized impervious surface will increase, 

making this a good proxy measure of urban density.   

Figure 11 below shows the observed impervious surface and inverse of NDVI results ( 1- 

NDVI) from the Landsat 8 in the study area.  As you can see from the image, the area 

surrounding the airport is featuring higher impervious surfaces and lower NDVI results, leading 

to the idea that the airport is featuring higher urban density.  
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FIGURE 11 - LANDSAT 8 NDVI DATA
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4.2.4 Housing Density 

 

A socio-economic measure of urban density that was considered was housing density.  

As the demand for the area increases, the more people will want to move to the area. This will 

increase the population numbers of the area and increase the development of homes and 

services. As the amount of population increases, homes will be needed to be built leading to a 

higher housing density. The housing density measures were obtained from the USGS - 

Chesapeake Bay Program (Claggett, 2013) dataset.  The USGS dataset is a raster dataset of the 

estimated housing density per historical census block group for every decade from 1950 to 

2010. This gave an insight on the population and urbanization in each area.  As the urban 

density increases, there will be a higher increase in migration of population to the area and 

increase the development of homes.  This will lead to a higher housing density and a proxy of 

the urban density. Figure 12, below shows the housing density observed in 2010.  It shows that 

there are higher housing density values east and north of the airport.  
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FIGURE 12 - HOUSING DENSITY DATA
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4.2.5 Income, Rent, and Property Values  

 

The proxy measures of income, rent, and property values were investigated as the 

economic measure of urban density. The proxy measures showed the income each of the 

population received and the rent each of the households are paying. This provides clues on the 

spatial spread of the economic activity.  According to the Alonso’s bid – rent function theory, the 

rent based on the distance from urban centers, suggest the land use.  The model suggests that 

the land uses will provide a willing bid (rent) that they feel it’s in their needs. The  areas closer to 

the urban areas will feature a higher rent, and resulting in land uses that is needs and willing to 

pay the higher rent, which includes the commercial/ retail and the manufacturing. These shows 

the areas with higher rent feature a higher urban developed area and higher economic activity 

(Alonso, 1964).  

The income and rent data are based off the US Census bureau’s 2013 American 

community survey that provided the data on a census block scale. It provided a 1 year summary 

file providing estimates of the income and rent for the population area of 65,000 or more. The 

data was obtained from the National Historical Geographic System Website, NHGIS.org.  Below 

in Figure 13, 14, and 15 are the observed measures from the rent, income, and property value 

proxy measures.  It shows that the income and rent is generally higher near the city, primary 

roads and the airport surrounding area.  
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FIGURE 13 - INCOME DATA 
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FIGURE 14 - RENT DATA 
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FIGURE 15 - PROPERTY VALUE DATA
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4.2.6 Airport Operations Data 

 

In addition to looking at the spatial and temporal spread of the airport’s influence on 

urban density, the dissertation investigated how the urban dynamics in the area was being 

influenced and correlated by the airport operations. This was done by creating a correlation 

analysis with the airport operations dataset. The airport operations data will be obtained from 

the Metropolitan Washington Airport Authority website.  This data includes the total number of 

passengers (international and domestic), total cargo (domestic and international), and mail 

(domestic and international). The operations data that is provided ranges for an annual total for 

each of the years of Dulles Operation until 2012.  This will give a good representation how the 

airport is changing and enabling the area access to different parts of the world and 

services(Metropolitan Washington Airports Authority, 2013). 
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Chapter 5 Pre-Analysis 
 

 

5.1 Variable Selection – Multicollinearity 
 

 

TABLE 2 - FIRST VIF DIAGNOSIS RESULTS 

 

 

 

The results from the first run of the VIF diagnosis testing through using the OLS 

regression tool in ArcMap showed there was a large amount of multicollinearity in the datasets. 

At least four different variables were correlating with each other over the VIF base line of 5.  For 

the variable selection, the highest VIF variable was taken out, which was Distance to Dulles Toll 

Road at a VIF of 32.55. (Table 2)Once the highest VIF variable was taken out, a VIF  

Variable VIF 

Intercept ---------- 

Distance to Dulles Airport 11.57 

Distance to nearest primary road 1.73 

Distance to Dulles Toll Road 32.55 

Distance to nearest mass transit station  11.96 

Distance to the CBD 30.07 

Distance to the nearest activity center  6.35 

Slope 1.28 

Distance to the nearest military base  5.47 

Income  1.49 
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TABLE 3 - SECOND VIF DIAGNOSIS RESULTS 

 

 

 

diagnosis test was redone with the left over variables.  The new VIF test results showed there 

were less multicollinearity problems, but still recording three existing high correlating variables 

that could bring problems.  The variable with the highest VIF statistic from the new run was 

determined to be the Distance to Mass Transit at 10.84. (Table 4) This showed the 

multicollinearity has decreased significantly.  However still an issue with the variables showing a 

VIF statistics over double the chosen baseline for correlation.  It was then decided to take out 

the variable Distance to Mass Transit and redo the VIF analysis. The 3rd run of the VIF diagnosis 

testing without the variables of Distance to the Dulles Road and Distance to the nearest mass 

transit resulted in a significantly lower VIF statistic for each of the variables. The variables were 

correlating less and resulting with lower probability of multicollinearity problems.  In the third 

VIF diagnosis run each of the variables reported a VIF statistic lower than the chosen baseline of 

Variable VIF 

Intercept ---------- 

Distance to Dulles Airport 1.66 

Distance to primary roads 1.64 

Distance to nearest mass transit station 10.84 

Distance to the  CBD 4.92 

Distance to the nearest  activity center  6.33 

Slope 1.27 

Distance to the  nearest military base 5.16 

Income  1.44 



   

 102   

 

5.  The variable with the highest VIF is the distance to the central business district, Washington 

DC with a VIF of 4.7. (Table 5)  

TABLE 4 - FINAL VIF DIAGNOSIS RESULTS 

Variable VIF 

Intercept ---------- 

Distance to Dulles Airport 1.66 

Distance to the nearest primary road 1.57 

Distance to the CBD 4.71 

Distance to the nearest activity center 3.89 

Slope 1.27 

Distance to the nearest Military base 3.57 

Income 1.43 

 

 

 

5.2 Proxy Measure Selection 
 

The dissertation project considered 7 different proxy measures for the urban density. 

The proxy measures were compared using R squares and adjusted R squares. Below in Table 5, 

the considered proxy measures were compared. The night time lights and property value proxy 

measures scored the highest in the R square with a recording of 0.91. The next best proxy 

measure’s R square was the Diurnal Temperature Range valued at 0.76, a .15 difference. The 

proxy measure, Housing Density, reported the lowest R square with a 0.424 value. This shows 

the urban density model is fitting highly with the selected explanatory variables and explaining 

the urban density higher than the other proxy measures. 
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TABLE 5 - R SQUARES OF PROXY MEASURES 

 

 

 

Due to the proxy measure of Night Time lights VIIRS data having a significantly higher R 

square result clearly a higher optimal fitting model for the urban density and being a remote 

sensed technique, the dissertation research further investigated the relationship primarily with 

the night time light data as the main proxy measure.   Below in Table 5, each of the proxy 

measures are ranked by their corresponding R squares.  

 

 

 

 

 

 

Proxy Measure R2 Adjusted R2 

Night Time Lights 0.91 0.88 

Property Values 0.91 0.88 

Diurnal Temperature Range 0.76 0.66 

Income 0.68 0.61 

Rent  0.62 0.52 

NDVI Inverse 0.59 0.50 

Housing Density 0.42 0.42 
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Chapter 6 Model Results 

6.1 Detection, Delineation, and Analysis of Urban Clusters 

6.1.1 Detection and Delineation of Urban Clusters 

 

The first task in the research was to test to see if there is dense urban development 

clustering near the airport. This help confirms the hypothesis that there are urban development 

clusters near the airport and the airport is acting as an anchor for dense urban development. 

The process identifies and delineates the areas with dense urban development, areas with 

higher urban density.  This step also determines if there is an urban dense cluster and its spatial 

delineation of dense urban development surrounding or near the airport. This was done by 

using the Anselin Local Moran I analysis in ArcGIS using a qualitative and quantitative analysis.
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FIGURE 16  - LOCAL MORAN I RESULTS - VIIRS NTL
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Looking qualitatively with map of the z scores of the clustering of the urban density 

night time lights proxy measure (Figure 16).  The Z scores show higher standard deviation of the 

clustering statistic in the area, resulting with higher chance of similar value clusters.  Figure 16 

shows visually that there are higher magnitude of high value urban density clustering 

surrounding the airport.  Figure 16 shows the higher Z scores are being featured in the central 

business district, along the highways, but also in addition a clear high z score  surrounding the 

airport, especially in the south, east, and north sides of the airport.  This shows like the key 

Washington DC urban areas and the areas along the highways urban density anchoring, there is 

higher urban density clustering surrounding the airport, especially in the east side of the airport.  

It also shows that if the airport is influencing the urban density, it is likely to be featured in the 

areas of the cluster which is in the south, north, and east directions. Figure 16 shows the Z score  

based on the different magnitudes levels.  This gives the idea of the diffusion of the urban 

density clustering. 
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FIGURE 17 - SIGNIFICANT CLUSTERS OF NIGHT TIME LIGHTS 

 

 

 

 While Figure 17, shows the areas from the test result that are resulting with high to high 

value clusters.  These are areas with higher Z scores and p values of lower than .05.  (ESRI, 2013; 

Wong & Lee, 2005). This gives an idea of the specific area with clear urban density clustering and 

areas that might be able to delineate for the urban density influence.  When only considering 

the cells with the p values lower than .05 near the airport it shows the delineation of the airport 

urban density clustering and potential areas showing airport urban density influence. This gives 

a determination and delineation of an independent dense urban development area anchored by 

the airport.  

Results show there is significant clustering near the airport like the high dense area 

within the Washington Beltway I495.  The bordering south, north, and east areas of the airport 

is showing the significant cluster.  It is also visually seen that the area between the airport and 
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the city, there are significant clusters near the airport but then features a lack of significant 

clusters until the Tysons area, and then the Washington dc dense urban area.  This shows that 

the airport area is independently developed, and not connected physically with the Tysons area 

and the Washington DC downtown urban area.  This shows perhaps the area surrounding the 

airport acting as a separate urban realm.   

Looking at the quantitative stats of the Local Moran I for the maximum and mean Z 

scores for each of the sub-regions in the study in Table 6, it was clear that the airport region is 

featuring significant urban density clustering similar to each of the urban key area areas.  

The entire study area was found to feature a mean Z score of 1.71, while the area 

around the airport, 2.5 mile radius, featured a 2.44 mean and 56.84 max Z score.  This shows 

that the Dulles region is providing higher urban cluster than the overall study area.   

The maximum Z score was compared with a selection of sub areas. The maximum 

number shows the maximum value of the clustering. The higher the number, higher the 

clustering of similar values.  In Table 6, it showed the Dulles area was second and third compare 

to the sub regions in the max Z score with a high value of 56.84.  This was second to the central 

business district sub region- Washington DC (307.63), and higher than the Tysons region (19.66 

and Ro0ckville, 9.76) . The high values of the max Z score conclude there is clustering of high 

value urban density in the area near the airport, similar to other key urban centers.  It also 

shows the airport region acting as a major urban cluster in the metropolitan region.  

 Z scores were also investigated by looking at the  average z score for each of the sub-

regions.  Table 6 shows that similar to the max Z score, of all the sub-regions that were 
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considered, the 2nd and 3rd highest average z score of the sub-regions was the 2.5 mile (2.44) and 

5 mile (1.37) buffer radius area surrounding the airport.  The airport region was second to the 

central business district 5 mile buffer (31.84).  This shows there are significant clustering of 

urban density near the airport and compares well with the other key urban areas and the 

central business district. The airport region is featuring a mean and minimum p –value of the 

significance of urban density clustering less than the entire study area mean p values (Table 6).   

This shows the airport region is characterizing a higher area of urban density clustering than 

most of the region. 

 

TABLE 6  - LOCAL MORAN I RESULTS 

 

 

 

 

 

 

Sub Area Mean Z Score Max Z Score

CBD 31.84 307.63

Dulles Airport (2.5 Mi) 2.44 56.84

Dulles Airport (5 Mi) 1.37 56.84

Tysons 1.17 19.66

Rockville 0.65 9.76

Woodbridge 0.66 7.97

Warrenton 0.33 0.48

West 0.42 0.44

South 0.38 0.43

North 0.35 0.42

North West 0.40 0.46

Entrie Study Area 1.71

Dulles Airport < or > Mean? >
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6.1.2   Analyzing Urban Clusters 

 

After the delineation of the urban development cluster near the airport, the cluster is 

analyzed for its diffusion and land use patterns.  First the relationship of the urban development 

and airport proximity were considered using the graphical analysis.  This was done by using the 

night time lights proxy measure and the distance from the airport.   As Figure 18 below shows, 

there was a cluster of development at the 0 meters from the airport and ~5,000 meters points. 

It is determined that the cluster lasts around 2,000 meters.  From the graph it is evident that as 

you go further from the airport, the night time lights, the urban development, decreases and 

stabilizes at a low number until the next urban cluster like Tysons Corner.  This supports the idea 

that there are independent urban development clusters at the airport and 5,000 meters from 

the airport. 

 

FIGURE 18  - NIGHT TIME LIGHTS VS DISTANCE FROM DULLES AIRPORT 
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The cluster analysis was further done, showing the urban development- distance 

relationship along the airport corridors, Dulles Toll Road and Route 28.   Figures 19 and 20 show 

the relationship.   Figure 19 shows there is a cluster at approximately 2,500 meters along Dulles 

Toll Road, and Figure 20 shows a cluster approximately at 5,000 meters along Route 28   This is 

showing the cluster of urban development is closer to the airport along the Dulles Toll Road 

which is towards the east, while Route 28 is north and west, it’s further out.  This is likely due to 

the airport noise.  Figure 21 shows the noise contours surrounding the airport area from the 

FAA.  As the noise contours show, the majority of the noise is towards the north, south and 

west.  East of the airport is less noise, resulting in increased urban development closer to the 

airport.  All the analyses including the Dulles Toll Road and Route 28 show there is a significant 

cluster in the area near the airport that is independent to the other areas. This is evident by 

looking at the graphs there are the high measures clustering near the airport, and they decrease 

eventually as you get further from the airport until the next activity center.   The Dulles Toll 

Road example is especially supporting, since it’s towards Washington DC, with the entire 

intermediate area in between filled with development, but showing low development in 

between the cluster near the airport and the one near Tysons.  As hypothesized in this research, 

the area near the airport is a cluster of high dense urban development that contains 

commercial, industrial, and residential uses, while the intermediate area is lower density 

development, mostly just residential that is not independent of the area.  This goes until the 

next independent commercial center.    
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FIGURE 19 - NIGHT TIME LIGHTS - DISTANCE RELATIONSHIP - DULLES TOLL ROAD 

 

FIGURE 20 - NIGHT TIME LIGHTS - DISTANCE RELATIONSHIP -ROUTE 28 
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FIGURE 21 -  NOISE CONTOURS OF DULLES AIRPORT FROM FAA DATA (METROPOLITAN WASHINGTON 

AIRPORTS AUTHORITY, 2005) 
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To further explain the cluster near the airport, the land uses were analyzed.  Figure 22 

shows the relationship between the land uses and the distance from the airport along Dulles 

Toll Road.  Looking at the graphical analysis, it is observed that there are evident clusters of 

commercial, industrial, and residential land uses near the airport that are separate from the rest 

of the area.  The commercial land use development was featured showing the highest amount 

of development, then residential, and finally the industrial development.  

  However, is also evident the first main cluster of the land uses were in an order from 

the airport that showed the industrial land use being clustered closest to the airport then the 

commercial land uses, then finally the residential land uses clustering the further of the 

development land uses from the airport.  This concludes there is a land use order in the urban 

cluster near the airport, featuring Industrial – Commercial – Residential land use.  This could 

correlate to the noise, where industrial land are often less bother by the noise, while the 

residential demand is often affected by the noise as often expressed in relevant literature like 

(Nelson, 1979; Tomkins et al., 1998).   

 The graphical analysis displayed in Figure 22 also shows the airport cluster characterizes 

mostly commercial and residential development, with a small amount of industrial uses.  

However it also shows what makes the cluster independent and different from the rest of the 

area is the commercial and industrial land uses which the rest of the area along the Dulles Toll 

Road doesn’t feature until the next activity center.   



   

 115   

 

 

FIGURE 22 - LAND USE - DISTANCE RELATIONSHIP DULLES TOLL ROAD 

 

 

 

6.1.3 Urban Cluster Investigation Using Other Proxy Measures 

 

While comparing urban density proxy measures clusters qualitatively and quantitatively, 

results show the night time lights model fits more accurately for urban density and representing 

the airport surrounding area urban density.  Table 8 below, shows the range of average and 

maximum z scores of high value local Moran I clustering, representing the urban density.    

Looking at the table below it shows that  all seven of the proxy measures feature a higher max 

cluster value in the airport region than the mean study area statistic.   These proxy measures are 

showing the airport region to be featuring higher urban density, as hypothesized in the model 

and shown in the night time lights proxy measure model.  Of the seven proxy measures, the 

night time lights and property values featured the highest mean z score in the airport region.  
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However, only the night time lights had a significant large max Z score in the airport region,  

56.84, while the second highest was property values at 11.88.  This is a 45 point difference..   

 

 

 

TABLE 7 - LOCAL MORAN I - PROXY MEASURE COMPARISON 

Z SCORE – LOCAL MORAN I 

Proxy Measure Study Area Mean IAD 5 Mean IAD 5 MAX 

Night Time Lights 1.71 1.37 56.84 

Property Values 1.76 1.73 11.88 

Diurnal Temperature Range 1.20 0.62 8.88 

Income 1.21 0.82 10.45 

Rent 1.00 0.95 3.91 

NDVI Inverse 0.79 0.62 7.09 

Housing Density 1.33 0.56 8.00 

 

 

 

A quick visual comparison of the proxy variable’s resulting clusters from the analysis also 

shows the same results as the quantitative results.  Below in Figures 23 A,B,C,D,E, and F show 

the different proxy variable’s significant clustered areas, areas featuring <.05 p values.  
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FIGURE 23 A,B,C,D,E, F - SIGNIFICANT CLUSTERS FOR EACH PROXY MEASURE 
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6.2 Model Fitting for Urban Proxy Measure – Night Time Lights 
 

The first regression result that was investigated was the R square, the coefficient of 

determination.  This shows how the model is fitting to the proxy measure dynamics. The overall 

R square results for the Night time lights proxy measure as seen in Table 9 is 0.91  and the local r 

squares for each of the cells in the study area ranged from having an minimum of   -27.36 to a 

maximum of 0.95.   Another key proxy measure, property value featured similar values. With the 

0.91 R square.  The high R Square value of 0.91and adjusted value of 0.88 shows the variables of 

the airport distance, primary roads, activity centers, military bases, slope and the income are 

successfully defining the variation of the urban density measure of night time lights.  The model 

is defining the variation with a 91% determination.   Only 8% of the model is not being 

described.  This clearly shows the variables selected including the airport distance are 

potentially significantly influencing the urban density proxy measure.  

 

 

 

TABLE 8 - R SQUARE STATISTICS 

Overall R Square 0.91 

Overall R Square Adjusted 0.88 

Local Minimum -27.36 

Local Maximum 0.95 
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The dissertation also investigated the Local R square, which is the individual study area 

cell’s R Square.  These shows how each of the cells are describing the model relationship.  This 

can show the spatial spread and diffusion of the model’s success and influence of the variables 

on the urban density proxy measures. It considers the success of the model locally.  This gives an 

idea spatially how well the model is working.  Table 9 describes a sample of sub-regions of the 

local R square results in the study area. The full table analysis of the sub-regions for the Local R 

Squares is located in Appendix #.  The model considered the maximum local R Square value for 

each sub-region (a) and the top area ranking (b) and the Mean R Square value for each sub-

region (a) and it’s ranking (b).   

Looking at the Local R Square results you can see the airport regions both 2.5 and 5 mile 

radius areas are similar to each of the urban area sub-regions.  In both the maximum and mean 

statistics, the ranking of the sub-regions had the airport area feature in the top 4 sub-regions.  

This is similar to the areas of Rockville and Tysons.  This shows the area near the airport is being 

defined successfully near the airport and other urban areas.  The 5 mile radius surrounding 

Dulles Airport is characterizing a Local R Square value of 0.93 as shown in Table 10, is above the 

overall R square of 0.911and the average non ranking sub-region maximum local R square values 

of 0.83  (Table 10). This shows the urban density near the airport is being defined 93% of the 

time, which shows the explanatory variables including the airport are describing the urban 

dynamics well.  This brings to thought that the airport variable is playing a major role in urban 

density, similar to the influences of the central business district and providing effects like the 

other major urban regions in the metropolitan area. This is especially since the airport area is 



   

 125   

 

featuring one the largest R square values in the region, showing that the airport is playing a role 

in the determination of the dynamics.  

 

 

 

TABLE 9  - LOCAL R SQUARE STATS - NTL 

 

 

 

Local R Square

Sub Area Mean Max 

CBD 0.74 0.95

Dulles Airport (2.5 Mi) 0.53 0.87

Dulles Airport (5 Mi) 0.62 0.93

Tysons 0.71 0.93

Rockville 0.65 0.85

Woodbridge 0.62 0.85

Warrenton 0.30 0.83

West 0.11 0.56

South 0.56 0.89

North 0.17 0.87

North West 0.44 0.89

Entrie Study Area 0.50

Dulles Airport < or > Mean? > 

Max Local R2 Ranking Sub-region Value

First CBD 0.95

Second IAD 5 0.93

Third Tysons 0.93

Other Sub-regions: 0.56 - 0.89 Average: 0.83

Mean Local R2 Ranking Sub-region Value

First CBD 0.74

Second Tysons 0.71

Third Rockville 0.65

Fourth IAD 5 0.62

Other Sub-regions: 0.11 – 0.62 Average: 0.39
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 A visual analysis of the Local R Squares, Figure 24, shows that the wide selection of the 

study area features a high local R square. This shows the model is fitting well throughout the 

area, especially in the areas around the airport and east.  It also shows that in the 5 mile radius 

areas surrounding the airport, the south and east direction are featuring higher R squares. This 

brings evidence that the airport area in those directions, might be fitting the model more 

significantly, and resulting in potentially higher airport influence.  
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FIGURE 24 - LOCAL R SQUARES- VIIRS NTL
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6.3 Comparing Proxy Measures on their R squares 
 

When comparing the proxy measures based on the overall R squares and local R square 

mean and maximums (Tables 11 and 12), it shows the night time lights and property values 

proxy measures is significantly fitting and defining the urban density dynamics better in the 

entire study area and in the areas near the airport than the rest of the proxy measures.   In the 

overall study area the night time lights and property values proxy measure was defining the 

variation with a 0.91 R square compare to the next level at .76, the diurnal temperature range. 

(Table 11) Looking at the Local R squares, the top two proxy measures in the area are the rent 

and night time lights proxy measures. However, only one proxy measure significantly had the 

highest mean local R square in the airport area, which is the night time lights with a mean at .61 

and maximum value at .93 compare to the rent proxy measure that featured at a mean value of 

.379 and maximum value at .67.  When looking at the airport influence, it is important to have 

the best explanation of the variation in the airport region in addition to the entire study area, 

resulting in the night time lights being the main use of study. It also showed the explanation of 

the urban density model was fitting well throughout the study area and near the airport since it 

featured around 90% determination with the night time lights. This showed the airport variable 

and the other explanatory variables were explaining the urban density dynamics well.   
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TABLE 10 - LOCAL R SQUARES OF PROXY MEASURES 

Proxy Measure Study Area Mean 
IAD 5  

Mean 

IAD 5 

Max 

Night Time Lights 0.50 0.61 0.92 

Property Values 0.07 0.74 0.92 

Diurnal Temperature Range 0.54 0.57 0.79 

Income -0.62 0.47 0.68 

Rent 0.53 0.38 0.67 

Impervious Surfaces (NDVI Inverse) 0.20 0.19 0.31 

Housing Density -0.33 0.37 0.82 

 

TABLE 11 - R SQUARES OF PROXY MEASURES  

 

 

 

 

Proxy Measure R2 Adjusted R2 

Night Time Lights 0.91 0.88 

Property Values 0.91 0.88 

Diurnal Temperature Range 0.76 0.66 

Income 0.68 0.61 

Rent  0.62 0.52 

NDVI Inverse 0.59 0.50 

Housing Density 0.42 0.42 
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TABLE 12 - GWR PREDICTED VALUES OVERALL STATS 

Mean 9.16 

Local Minimum -2.27 

Local Maximum 239.57 

IAD >< Mean?  > 

 

 

 

The next investigation of the model was to confirm that the model is predicting a high 

dense urban area surrounding the airport. The overall results in Table 13 show that the mean 

value of the urban density is 9.16, and the local maximum value is 239.57.  Considering the 

mean value of the Dulles Airport maximum predicted value is 73.73 in Table 13, it shows that 

the area surrounding the airport is significantly higher than the mean value, resulting in the 

conclusion that the airport is predicted to be featuring an urban area.   

A quantitative analysis in Table 14 compares the predicted values of the night time 

lights proxy measure in terms of the maximum predicted value in the cells and the mean 

predicted value, with a sample selection of sub-regions in the metropolitan region. The 

comparison shows that the airport region is predicted to characterized a dense urban 

center/realm similar to other key dense urban areas in the metropolitan region.  Since the 

airport is second to the CBD areas in the mean and maximum predicted value rankings for the 

sub-regions, it shows that the airport area is home to higher potential urban areas.  This shows 

the model is potentially predicting a higher urban density influence near the airport and central 

business district, then the other sub-regions in the Washington Metropolitan area.  
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A simple visual analysis, looking at the map in Figure 25, which is the predicted values of 

the night time lights proxy measure from the GWR model run that corresponds with the 

different explanatory variable characteristics and parameters, shows that the 5 mile radius area 

surrounding the airport is predicted to be surrounded by a high value of the proxy measure of 

night time lights. The model predicts that the area surrounding the airport especially towards 

the south, north, and east of the airport to feature a higher urban density.  The airport area is 

predicted to be similar to the many highly urban areas in the metropolitan region like the 

Central Business district, Rockville, Tysons, and Woodbridge areas.  The visual results also shows 

that the model predicts that there would be an independent area of the urban density,  in 

between the airport surrounding area and the Tysons and central business district area will 

feature a lower urban density measure, showing the airport is featuring an predicted 

independent dense urban center like an independent realm similar to the model.  
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FIGURE 25 - PREDICTED VALUES FROM GWR RUN (VIIRS )
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TABLE 13 - GWR PREDICTED RESULTS STATS - SUB-REGIONS 

 

 

 

  

 

 

 

 

Predicted Values - Y hat

Sub Area Mean Max 

CBD 68.03 239.57

Dulles Airport (2.5 Mi) 23.07 73.73

Dulles Airport (5 Mi) 17.15 73.73

Tysons 15.67 57.66

Rockville 13.02 42.17

Woodbridge 11.85 47.49

Warrenton 2.12 18.90

West 0.24 1.72

South 0.62 2.17

North 1.25 12.29

North West 0.48 2.13

Entrie Study Area 9.154722

Dulles Airport < or > Mean? >

Max Yhat Ranking Sub Area Value

First CBD 239.57

Second IAD 2.5 & 5 73.73

Third Tysons 57.66

Other Sub-regions: 1.72 - 47.49 Average: 18.12

Mean Yhat Ranking Sub Area Value

First CBD 68.03

Second IAD 2.5 & 5 23.07 & 17.15

Third Tysons 15.67

Other Sub-regions: 0.24 – 13.02 Average: 4.23



   

 134   

 

6.4 Explanatory Variable Tests 
 

When comparing the different explanatory variables to test the influence of the study 

region, it was seen that the airport variable has played a major role in the urban density (using 

the night time lights data) but is only part of the urban density equation.   

Investigating how the different variables fit the urban density model, helps explain how 

the variable is significantly determining the variation in the night time lights urban proxy 

measure.  Table 15 shows the overall R squares for the area and the maximum local R squares 

for each of the variables in the airport region compare with the overall study region. As it is 

shown on the table, the airport variable is playing a major role in the urban density influence, in 

the same time; there are other key roles in the urban density in the equation. Table 16 

compares the minimum and mean coefficient values of the different variables showing the 

influence magnitude with the different variables.  The coefficient values were then connected 

with the standard errors, to create a reliability percent of the coefficient values.  The airport 

minimum coefficient was found to feature 20% in the model of influences. This shows at the 

strongest strength of each variable throughout the region, the airport variable has been 

explaining 20% of the urban dynamics in the study area. This concludes the airport variable is 

acting as a significant variable, but other key variables are also playing a role. This is likely the 

reason why the urban density measures surrounding the airport feature higher values on the 

sides of the airport area that are towards the central business district and primary roads (east 

side- CBD ,  south side- primary roads). 
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 Table 14  - EXPLANATORY VARIABLE COMPARISON - EST. COEFFICIENTS 

  

  

 

   

Ranking Variable Min Coefficient % Min: Standard Error

1 CBD 38% 10.86

2 Military Bases 27% 11.82

3 Dulles Airport 20% 6.48

4 Activity Centers 8% 9.11

5 Primary Roads 6% 7.60

6 Income 2% 0.35

7 Slope 1% 0.66

Study Area - Minimum Estimated Coefficient %

Ranking Variable Min Coefficient % Min: Standard Error

1 CBD 47% 21.10

2 Military Bases 35% 17.32

3 Dulles Airport 11% 8.98

4 Primary Roads 5% 7.65

5 Activity Centers 2% 13.83

6 Slope 1% 2.30

7 Income 0% 1.41

Dulles Airport (5 Mile Radius) - Minimum Estimated Coefficient %
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TABLE 15 - EXPLANATORY VARIABLE COMPARISON - R SQUARES 

 

 

 

 

 

 

Ranking Variable RSquare

1 Slope 0.86

2 Primary Roads 0.84

3 CBD 0.84

4 Activity Centers 0.84

5 Dulles Airport 0.83

6 Income 0.83

7 Military Bases 0.63

GWR Overall RSquare

Ranking Variable RSquare Percent

1 Slope 0.91 16%

2 Income 0.88 15%

3 Activity Centers 0.86 15%

4 CBD 0.84 14%

5 Dulles Airport 0.84 14%

6 Primary Roads 0.82 14%

7 Military Bases 0.68 12%

Study Area- GWR Local RSquare

Ranking Variable RSquare Percent

1 Income 0.86 16%

2 Activity Centers 0.86 16%

3 Dulles Airport 0.84 15%

4 CBD 0.83 15%

5 Primary Roads 0.80 15%

6 Slope 0.79 14%

7 Military Bases 0.51 9%

Dulles Airport (5 Mile Radius) - Max Local RSquare
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6.5 Airport Variable Investigation 
 

The influence and significance of the airport variable was investigated using the 

estimated coefficient, t value, and standard error statistics of the GWR run.  The first analysis is 

the basic estimated coefficient values for the airport variable.  The dissertation model 

hypothesizes that being within the airport; there will be a higher urban density.  This means that 

the distance to the airport variable coefficient should be negative. This data showed the 

direction and magnitude of the influence of the variable.  It confirms that the airport is leading 

to higher urban density near the airport, and it lowers its influence as the distance grows.  

A visual analysis of the estimated coefficients shows that there are large negative 

coefficient values surrounding the airport in the south, north, and little in the east. (Figure 20)  

This confirms the research hypothesis that the airport is playing a role in influencing the urban 

density especially near the airport. It also helps delineate the areas of the airport influence.  

Figure 27 shows an example of the delineation of the resulted influence from the airport. The 

area delineated of the influence included the area south, north and little of the east.  From this 

idea is shown that the airport influence is located in the directions of the negative coefficient, 

and diffused in magnitude based on the negative values. The negative coefficient values are 

consistent with the idea that further from the airport area, the lower the urban density 

influence from the airport.   

The visual analysis also shows the diffusion on the magnitude of the influence.  Figure 

26 shows that the area to the south of the airport features the largest negative coefficient 

values for the airport, leading to the idea that the airport influence is larger in the south, than 
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any direction of the airport.   The coefficient values displayed in the Figure, show that the 

airport is influencing urban density growth in the airport surrounding region.  
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FIGURE 26 - ESTIMATED COEFFICIENT - DISTANCE TO IAD 
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FIGURE 27 - DELINEATION OF AIRPORT INFLUENCE
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A quantitative analysis of the estimate coefficient values of the airport shows a large 

negative coefficient near the airport, -1208 compare with the study area mean of 6.5. This 

shows that the airport is influencing the urban density in a significant manner resulting in higher 

urban density numbers.  This is where closer to the airport, the higher the urban development.  

The large coefficient value shows the higher magnitude of the variable. As Table 16 shows the 

mean and minimum airport region airport variable coefficients are significantly larger than the 

study area mean coefficient value. This shows the airport is influencing higher urban density in 

places near the airport.  The high number signifies a higher significant influence for the airport.   

 

 

 

TABLE 16 - ESTIMATED COEFFICIENT (IAD) STATS 

 

Estimated Coefficient : Dulles

Sub Area Minimum

CBD -152.32

Dulles Airport (2.5 Mi) -1208.85

Dulles Airport (5 Mi) -1208.85

Tysons -1662.11

Rockville -196.29

Woodbridge -266.13

Warrenton -2909.10

West -82.12

South -334.02

North -58.66

North West -355.41

Mean Entrie Study Area 6.52

Dulles Airport < or > Mean? <

Minimum SE Ranking Sub Area Value

First Warrenton -2909.10

Second Tysons -1662.11

Third Dulles 2.5 & 5 -1208.85
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 The airport coefficient strength was investigated using the t statistic. It tests for the 

power of the airport variable.  Looking at the visual analysis of the t statistic in the map in Figure 

28, it shows the areas near the airport in the south and towards the east are significantly higher 

in strength then the rest of the areas for the airport variable.   

It also shows the table of t statistics for a sample of the sub-regions, it shows the airport 

coefficient is having higher strength in the negative direction (closer to the airport, higher the 

urban density measure) near the airport, and the variable significance lowers in other regions – 

other than the central business district.   This is shown on Table 18. 

 

 

 

TABLE 17 - COEFFICIENT T VALUE STATS (IAD) 

t - Statistic

Sub Area Minimum

CBD -18.08

Dulles Airport (2.5 Mi) -13.10

Dulles Airport (5 Mi) -13.10

Tysons -10.11

Rockville -4.91

Woodbridge -2.52

Warrenton 1.82

West -0.06

South -1.30

North -1.33

North West -0.74

Mean Entrie Study Area 0.22

Dulles Airport < or > Mean? <
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FIGURE 28 - COEFFICIENT SIGNIFICANCE (T VALUE)
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 The reliability and confidence of the influence results from the airport coefficient 

parameters was checked by investigating the coefficient standard error.   

Looking at the map, Figure 29, you can see spatially the standard error values are lower 

surrounding the airport, especially north and south, and these values go towards the east 

towards the main city. The main city and the routes along the primary roads also are low.  The 

areas with the low values correspond with the higher reliability in the coefficient.  This shows 

the airport variable in the model is reliably influencing the urban density in the areas of low 

values, especially the low values surrounding the airport.  These shows the values near the 

airport are higher in reliability and near the city and primary roads.  Since the values are low, the 

confidence level is higher and variable’s multicollinearity risk is lower in the areas.  This also 

provides an idea on the spatial diffusion of where there is reliability in where the airport variable 

is influencing the urban density.  In the 5 mile airport sub-region, it is appeared that the 

reliability of the coefficient is higher north and south of the airport. This leads to the idea that 

the airport urban density influence is spatially higher in those areas.   
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TABLE 18 - STANDARD ERROR STATS 

Mean 211.02 

Minimum 6.48 

Maximum 3054.19 

IAD 2.5 Mean 41.48 

IAD 5 Mean  59.80 

IAD < or > Mean? < 

 

 

 

Table 19 shows the overall standard error quantitative stats.  It shows that the airport 

sub-regions are well below the mean standard error for the entire study region. Showing the 

reliability of the airport variable is significantly higher near the airport.   Table 20 compares the 

airport regions with a sample of other sub areas in the Washington metropolitan region.  It 

shows the two lowest values of the coefficient are in the 2.5 mile radius buffer area around the 

airport and the central business district. A complete comparison of the sub-regions in the study 

area is located in the Appendix. The airport region features a mean of 41 while the areas outside 

go up to the values of 751 which is at the rural area 20 miles south west of the airport.  The 

other suburb/urban areas go from 51.84 in the Woodbridge area to 41.5 in the Rockville area 

and the other urban areas other than the central business district go around. This shows the 

airport coefficient is influencing in confidence of the urban areas, and is sharing the strength of 

the urban areas with the airport region- showing the airport area. 
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TABLE 19 - MEAN STANDARD ERRORS FOR SAMPLE SUB-REGIONS 

 

Standard Error

Sub Area Mean 

CBD 15.59

Dulles Airport (2.5 Mi) 41.48

Dulles Airport (5 Mi) 59.80

Tysons 110.71

Rockville 41.49

Woodbridge 51.85

Warrenton 751.87

West 828.50

South 284.10

North 138.90

North West 362.80

Entrie Study Area 211.02

Dulles Airport < or > Mean? <

Mean SE Ranking Sub Area Value

First CBD 15.59

Second IAD 2.5 41.48

Third Rockville 41.49

Other Sub-regions: 51.85 – 828.50 Average: 323.57



   

    

 

1
4

7
 

` 

FIGURE 29 - COEFFICIENT (IAD) STANDARD ERROR 
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6.6 Other proxy measures and the airport variable coefficient 
 

 

TABLE 20 - COEFFICIENT STATS (IAD 

 

 

  

 

 

 

Proxy Measure Study Area Mean Dulles  5 Mile Mean Dulles 5 Mile Mininum 

Night Time Lights 6.52 19.11 -1208.85

Property Values -311416.67 -354125.59 -3432832.31

Diurnal Temperature Range -18.42 -18.42 -86.06

Income -0.03 -0.04 -2.46

Rent -2103.13 -2160.52 -19450.36

Impervious Surfaces (NDVI Inverse) 0.00 0.00 0.00

Housing Density -0.45 -0.47 -78.75

Estimated Coefficient : Dulles Airport

Proxy Measure Study Area Mean Dulles  5 Mile Mean Dulles 5 Mile Mininum 

Night Time Lights 0.22 0.00 -13.10

Property Values -0.91 -1.78 -12.12

Diurnal Temperature Range -0.29 0.14 -3.07

Income -0.21 -0.06 -5.76

Rent -0.24 -1.27 -6.79

Impervious Surfaces (NDVI Inverse) -0.98 0.57 -3.62

Housing Density -0.03 0.12 -4.48

t Stat: Dulles Airport

Proxy Measure Study Area Mean Dulles  5 Mile Mean Dulles 5 Mile Mininum 

Night Time Lights 211.02 56.71 8.98

Property Values 908485.51 282219.89 43905.86

Diurnal Temperature Range 50.20 13.49 2.13

Income 0.94 0.23 0.05

Rent 8560.28 2211.29 471.37

Impervious Surfaces (NDVI Inverse) 0.00 0.00 0.00

Housing Density 19.07 5.25 1.40

Standard Error: Dulles Airport
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Comparing the proxy measures regarding the airport coefficient value in Table 21, 

provides support that the airport variable is influencing the urban density. Three proxy 

measures supported this finding, property values, rent, and night time lights.  This was shown by 

considering the largest minimum estimated coefficient values and t values, with the property 

values at -3432832.31 estimated coefficient, rent featuring an estimated -129450.85 minimum 

and the night time lights proxy measure featuring an -1208.85 minimum.  This significant 

influence was followed by the diurnal temperature range at -86.06. Each of the above proxy 

measures provided a large negative number for the estimated coefficient, showing the airport is 

encouraging the urban density as the distance gets closer to the airport.   

  However, when considering the reliability of the above three primary proxy measures, 

only the night time lights proxy measure held a good reading in reliability.  The mean standard 

errors  in the Dulles region for property values and rent were significantly higher than the night 

time lights at:  282219.89 standard error for property values and 2211.29 for rent, while night 

time lights only had a standard error of 56.71  in the 5 mile radius area surrounding Dulles 

airport.   This clearly shows the night time lights is higher in reliability, while still showing high 

significant influence from the airport in its surrounding areas.   

 The difference between the night time lights and the diurnal temperature range (DTR) 

show clearly there is a drop in the airport influence based on the DTR proxy measure compare 

to the night time lights and rent, brining questions regarding the DTR and other proxy measures 

in their model fitting for the airport density influence project. 
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6.7 Temporal Analysis 

6.7.1 Temporal Changes of Urban Development  

 

Another important aspect of the airport’s urban density influence is the temporal 

dynamics of urban development and the magnitude and spatial correlation of urban dynamics 

with the airport.  It was examined to determine how urban development changed over the years 

and its spatial and magnitude patterns.  It also investigated where urban development growth 

clustering is and its diffusion.  This analysis was done using a night time lights proxy measure, 

housing density measure, and the USGS Chesapeake Bay land cover dataset. 

 

 

 

TABLE 21 - URBAN DEVELOPMENT CHANGE PERCENTAGE 

 

 

Rank Sub Area Change %

1 20 Miles North West 39%

2 Dulles 2.5 Miles 27%

3 Dulles 5 Miles 24%

4 Warrenton 13%

5 20 Miles  South 11%

6 20 Miles West 7%

7 20 Miles North 2%

8 CBD 0%

9 Tysons -1%

10 Rockville -1%

11 Woodbridge -2%

Change Ranking
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The night time lights proxy measure was temporally analyzed using the DMSP OLS night 

time data from the Defense Meteorological Satellite.  The analysis examined the years 1992, 

1995, 2000, 2005, 2010, and 2013.  1992 was chosen since it was the start of the DMSP data 

collection and 2013 was the end.   

The graphs below (Figure 30) show that urban density grew by 27 percent between 

1992 and 2013 using night time lights proxy measure.  However, the data also shows that 

growth slowed down in 2010.  The graph describing sub-region changes shows the airport area 

had some of the highest growth and development changes. Table 22 shows the changes for 

each of the sub-regions using the night time lights. It shows that the airport region featured the 

2nd highest development change at 27% and 24%. This is second to the North West sub-region 

which changed at a 39% pace. The region with the third best (right after the airport region) 

growth was Warrenton with a 13% change. This shows the airport region had some of the 

highest development changes, supporting the idea that airports influence urban development.  
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FIGURE 30 - GRAPHS OF DMSP NIGHT TIME LIGHTS 
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The urban development results from the temporal analysis of the night time lights proxy 

compare well with the USGS Chesapeake Bay Land Cover Datasets.  In the land cover datasets 

from 1984 to 2006, there is significant urban development surrounding the airport.  Figure 31 

show the land changes in the study area and near the airport.   As is easily visible in the images 

near the airport, there has been a lot of high intensity and medium intensity urban 

development, providing additional evidence that airports anchor urban development.   

Table 23 shows the different sub areas with their land cover change.  It shows the area within 

proximity of the airport features higher growth than other study areas in the Washington 

Metropolitan region.  The Dulles 2.5 mile radius area features a change of 298% vs. Tysons’s 

land change of 9% and the CBD’s land change of 1%.   Using the sub area change percentages, 

the conclusion can be made that urban development changes in the Washington Metropolitan 

Region is most pronounced near an airport.  This supports the idea that airports influence urban 

development.   
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TABLE 22  - LAND COVER CHANGE 

Extent 1984 2006 Change Change %

Study Area 1113435 1378640 265205 24%

Dulles 5 Mile 110620 179238 68618 62%

Dulles 2.5 Mile 27122 108069 80947 298%

CBD 5 Mile 237414 239855 2441 1%

Tysons Corner 5 Mile 71766 78101 6335 9%

North 4854 6224 1370 28%

North West 3929 4266 337 9%

North East 65301 77939 12638 19%

South East 39860 54047 14187 36%

South West 10311 12251 1940 19%

West 3013 3135 122 4%
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FIGURE 31 - LAND COVER DATA SETS 
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6.7.2 Airport Urban Development and Airport Operations 

 

The airport operations data and urban proxy measure data were analyzed and 

compared with a visual and quantitative analysis.  The quantitative analysis involves testing the 

correlation coefficient of the two series groups. The operations of the airports have changed 

over time, with growth until 2005, with a slowdown recently. Figure 32 shows the dynamics of 

airport operations from 1992 to 2013.  The temporal changes of airport operations were then 

tested for correlation with night time lights temporal changes from the DMSP satellite.  Table 23 

shows results from the correlation tests.  The results show that as proximity to the airport 

increases, correlation of development with operations also increases.  It also shows airport 

areas correlate higher with passengers than other airport operations numbers.  In addition, the 

overall area correlated higher with the cargo numbers. The correlation coefficient for the 

passengers within the 2.5 mile airport region was 0.755 with a p-value of 0.083 while the overall 

study area passenger’s statistic correlated with a correlation coefficient of .370 and p-value of 

0.470.  
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FIGURE 32  - GRAPHS OF AIRPORT OPERATIONS 

 

TABLE 23 - CORRELATION COEFFICIENT TEST RESULTS WITH AIRPORT OPERATIONS AND NIGHT TIME 

LIGHTS PROXY MEASURE 

 

 

 

 

 

Statistic Coefficent P-Value

Passengers 0.37 0.47

Cargo 0.50 0.31

Total Operations -0.22 0.68

Statistic Coefficent P-Value

Passengers 0.68 0.14

Cargo 0.54 0.27

Total Operations -0.01 0.98

Statistic Coefficent P-Value

Passengers 0.76 0.08

Cargo 0.58 0.23

Total Operations 0.09 0.87

Study Area Correlation

Dulles Airport ( 5 Mile Radius) Correlation

Dulles Airport ( 2.5 Mile Radius) Correlation

Night Time Lights  Correlation Testing
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6.7.3 Airport Operations and Other Proxy Measures 
  

The problem with DMSP OLS night time lights for the temporal analysis was that it went 

only back to 1992.  Housing density proxy measures were investigated also to support the night 

time lights analysis since data was available from 1940.  The study started the correlation of the 

airport statistics from the 1960s as the start of the airport’s operations to 2010 in order to see 

how the airport operations correlate with the housing density development for the life of 

airport operations.  Figure 33 shows, there has been significant growth in airport operations 

similar to the growth in housing density until the 2000’s, when operations began to decrease.  

Figure 33 shows similar growth in housing density from 1960 to 2010.  The tables below (Table 

24) show the correlation coefficient investigation results. It shows that housing density has 

significant correlation with the airport operations statistics, especially with passengers.  It also 

shows passengers statistics featured a 0.986 and 0.983 correlation coefficient with housing 

density, which significantly shows that housing density changes correspond well with airport 

operations.  

With night time lights and housing density temporal correlation testing with airport 

operations, it shows that operations of the airport can significantly influence urban 

development and urban density surrounding the airport.   
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TABLE 24 - CORRELATION COEFFICIENT RESULTS BETWEEN AIRPORT OPERATIONS AND THE HOUSING 

DENSITY PROXY MEASURE 

 

 

Statistic Coefficent P-Value

Passengers 0.96 0.00

Cargo 0.93 0.01

Total Operations 0.86 0.03

Statistic Coefficent P-Value

Passengers 0.99 0.00

Cargo 0.97 0.00

Total Operations 0.85 0.03

Statistic Coefficent P-Value

Passengers 0.98 0.00

Cargo 0.96 0.00

Total Operations 0.83 0.04

Study Area Correlation

Dulles Airport ( 5 Mile Radius) Correlation

Dulles Airport ( 2.5 Mile Radius) Correlation

Housing Density Correlation Testing
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FIGURE 33 - GRAPH OF HOUSING DENSITY PROXY MEASURE OVER THE YEARS 
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FIGURE 34 - GRAPHS OF AIRPORT OPERATIONS 
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The urban density temporal correlations were evaluated with the Chesapeake Bay Land 

Cover Data set classified map (CBLCD) created by that the USGS Chesapeake Bay Program(Irani 

& Claggett, n.d.). The data was compared by examining the temporal range between 1984 and 

2012.  The evaluation considered the number of urban developed land cover cells in the CBLCD 

map.  Figure 35 shows growth in urban development which can correspond with growth in 

urban density.   The tables below (Table 26) show the correlation coefficient tests.  Once again 

each of the tests, show that urban development and urban density have been significantly 

correlating with the airport preparation. However, only with the passengers statistic consistently 

in the airport region is correlating significantly.  The total number of operations did not correlate 

significantly.  This shows when considering the influence of the airport on the urban density, the 

passenger statistic might be a significant factor, more than the other key  airport operation 

statistics. 
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TABLE 25 - CORRELATION COEFFICIENT RESULTS WITH THE AIRPORT OPERATIONS AND THE CBLCD 

DEVELOPED LANDS 

 

 

 

FIGURE 35 - GRAPH OF CBLCD DEVELOPED LAND CELLS OVER THE YEARS 

 

Statistic Coefficent P-Value

Passengers 0.99 0.00

Cargo 0.95 0.02

Total Operations 0.82 0.09

Statistic Coefficent P-Value

Passengers 0.98 0.00

Cargo 0.92 0.03

Total Operations 0.78 0.12

Statistic Coefficent P-Value

Passengers 0.92 0.03

Cargo 0.82 0.09

Total Operations 0.63 0.26

Study Area Correlation

Dulles Airport ( 5 Mile Radius) Correlation

Dulles Airport ( 2.5 Mile Radius) Correlation
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Chapter 7 Causality Testing Results 

7.1 Causality with night time lights proxy measure 
 

 

Running a spatial causality analysis for the direction of the relationship between the 

airport and urban density using the night time lights showed there was a bi-directional 

relationship. The test showed that both directions (airport variable to urban density and urban 

density to the airport variable) resulted with significant influences with p values of both 

featuring 0.000 and test statistics of .0031 and .0025. Since both statistics are above zero, which 

show that both series have information regarding both each other, and providing influences on 

both directions, it is concluded there is a bi-direction causation(M Herera Gomez, 2011). 

However, since the x to y- airport to urban series direction statistic featured a higher test 

statistic value, it shows that direction is offering more information and influence, making the 

direction a higher strength with the test statistic value featuring .0031 to .0025 in the 

relationships.  Below in Figure 36 is the results obtained from the causality analysis.  
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FIGURE 36 - CAUSALITY RESULTS FROM A MATLAB SCRIPT 

 

 

 

7.2 Comparison with other proxy measures 
 

The night time lights causality results were then compared with the other key proxy 

measures that were considered.  Each of the proxy measures were ran through the MatLab 

script and reported the results. The results are listed in Table 27.  The results showed that each 

of the proxy variables showed a bi-direction relationship. Each of the proxy variables also 
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showed an X-Y (airport to urban) direction featuring higher strength except one proxy measure, 

Rent. Rent showed the Y-X (urban to airport) direction feature a higher strength. When 

comparing with the night time lights proxy measure, it was shown that the night time lights has 

a higher strength for the X-Y direction of airport to urban than  any other proxy measure, 

providing more support for the idea that the night time lights provided a better example of the 

urban density impacts from the airport.  

 

 

 

TABLE 26 - CAUSALITY TESTING RESULTS FOR EACH OF THE PROXY MEASURES 

 

 

 

 

 

 

 

 

 

 

Proxy Measure X-Y PV Y-X PV Direction Strength

Night Time Lights 0.0031 0.000 0.0025 0.0000 Bi X-Y

Diurnal Temperature Range 0.0019 0.000 0.0016 0.0000 Bi X-Y

Housing Density 0.0023 0.000 0.0022 0.0000 Bi X-Y

Slope 0.0023 0.000 0.0011 0.0000 Bi X-Y

Income 0.0029 0.000 0.0014 0.0000 Bi X-Y

Impervious Surfaces (Inverse NDVI) 0.0023 0.000 0.0019 0.0000 Bi X-Y

Rent 0.0023 0.000 0.0027 0.0000 Bi Y-X
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Chapter 8   Validation Testing Results 
 

 

The model results were evaluated and validated using the predicted urban density 

results compared with the observed urban classified results and satellite imagery.  A set of 

evaluation testing was done using quantitative and qualitative methods.    

The qualitative method involved the visual comparison of the resulted urban density 

values from the night time lights proxy measure analysis with an higher resolution satellite 

imagery (30 meter satellite image -Landsat 8) and a urban class map (Irani & Claggett, n.d.), 

looking at how the prediction and observed values compared near the airport 

Below are the maps of the predicted urban density results from the night time lights 

proxy measure analysis (Figure 37), the observed satellite image from the Landsat satellite 

(Figure 38) , and a subset of a land cover classified map from the Chesapeake Bay program 

(Figure 39).  As you can see from the predicted urban density values from the VIIRS GWR 

regression model, higher urban density is predicted to be featured surrounding the airport 

especially in the areas south, north and, north east of the airport.  The region to the south and 

little of the east is expected to feature the highest values of the urban density.  It also shows as 

the distance from the airport grows, the lower the urban density is featuring. This is similar to 

the evaluated Landsat imagery and the land use classified map observed results.   Each of these 

images corresponded with a visual urban detection. Both showed like the predicted results that 



   

 169   

 

there is high urban density/ development surrounding the airport, and is acting like an island of 

effect, while further from the airport decreases the urban density measure. The areas near the 

airport featured dense urban development in the images. The high measures were also were 

mostly located inside the 5 mile boundary similar to the predicted results.  The evaluation also 

confirmed that the areas north, north east, and south would feature a higher urban density. This 

provides support that the prediction of the night time lights proxy measure for detecting the 

urban density area is accurate.  It helps the analysis project of using it to detect the airport 

urban density influence.   

 

 

 

 

 

 

FIGURE 37 - PREDICTED URBAN DENSITY - 2.5 MILE DULLES 
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FIGURE 38 -  LANDSAT 8 IMAGERY - 2.5 DULLES 

 

FIGURE 39 - CBLCD LAND USE MAP - 2.5 DULLES 
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For the quantitative analysis of the area, an error matrix, and the following resulting 

statistics were evaluated: accuracy and agreement %, disagreement %, and the Urban Cell 

Correspondence were investigated for the evaluation of the nighttime lights predicted urban 

density measures. The urban density predicted values were compared with the land use 

classified map (CBLCD) and the set of the other key proxy measures.  

Below in Table 28 shows the error matrix and urban cell correspondence results.  The 

night time lights predicted urban cell’s validation results with the CBLCD developed cells saw an 

agreement of 83.94546.  This shows the night time lights model is predicting the urban areas 

using the selection of explanatory variables including the airport with the high accuracy of 84% 

and only 16% of the cells disagreeing. This shows the model is successfully modeling the 

dynamics of the urban density and providing support to the investigation of the airport 

influence.  This brings the idea that the variables including the airport and the proxy measure 

are treating the modeling of the urban density well. 

The night time lights predicted values was then evaluated with the predicted urban 

developed cell values of the other key proxy measures (Table 26).  This tests to see if the other 

urban density models are reporting similar results, showing the urban dynamics are following 

with precision.  The results show that the proxy measures for each of the urban density 

measures have been correlating well with the night time lights proxy measures (from 82% to 

89%) except for the diurnal surface temperature which only agreed with  the night time lights 

55% of the time.  The many agreements between the urban density proxy measures shows the 

urban density can be modeled successfully. This shows the model developed is representing the 

urban density accurately.  
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TABLE 27  - ERROR MATRIXES - VALIDATION PROCESS 

VIIRS- CBLCD11 
Observed 

 

  

Y N Overall 

Simulated 

Y 329 150 479 

N 580 3488 4068 

 

Total 909 3638 4547 

     

 

Accuracy 84% 

  

 

Agreement 83.94546 

  

 

Disagreement 16% 

  

 

UCC 0.361936 

  
 

VIIRS-HD 

 

Observed 

 

  

Y N Overall 

Simulated 

Y 355 124 479 

N 382 3686 4068 

 

Total 737 3810 4547 

     

 

Agreement 89% 

  

 

Disagreement 11% 

  

 

UCC 0.481682 
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VIIRS-DTR <7 

 

Observed 

 

  

Y N Overall 

Simulated 

Y 202 277 479 

N 1764 2304 4068 

 

Total 1966 2581 4547 

 

Agreement 55% 

  

 

Disagreement 45% 

  

 

UCC 0.102747 

  

     
VIIRS-NDVI 

Observed 

 

  

Y N Overall 

Simulated 

Y 337 142 479 

N 583 3485 4068 

 

Total 920 3627 4547 

 

Agreement 84% 

  

 

Disagreement 16% 

  

 

UCC 0.366304 
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Chapter 9 Summary and Conclusions 
 

 

The research described in this dissertation investigates the 21st century phenomenon of 

airports anchoring urban development and examines the impacts of Washington Dulles 

International Airport on urban density.  It identifies and delineates an urban development 

cluster proximate to the airport that is independent of the central business district suggesting 

that Dulles Airport has anchored urban development.  In addition, the analysis suggests that 

airport operations have affected the magnitude of urbanization near the airport and that 

increases in operations metrics such as the number of passengers are expected to increase the 

magnitude of development.  Remote sensing and economic proxy measures are used to model 

and characterize the independent urban cluster.  Several factors in addition to the existence of 

the airport are also used to explain the urban development. 

The modeling of urban clusters near Washington Dulles International Airport supports 

the understanding how urban development is characterizing near airports, with their spatial 

diffusion, land use patterning, and interaction with a variety of urban explanatory variables.  The 

research results support the process of modeling where urban development clusters are located 

within proximity of the airport and their predicted land use patterns and diffusion. 

There are several key advances resulting from this research.   

• An empirical model for induced airport impacts on urbanization is developed.  

Previous studies have focused on direct and indirect impacts such as the relationship 

between airports and employment and property values without addressing the induced 
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impacts on urbanization.  Other studies have conceptually identified this relationship 

without testing it empirically. 

• Urban development is modelled at the local level rather than at the regional or 

state/nationwide level.  The model developed for this research examines the influence 

of the airport and the local spatial distribution of urban development using 1200 meter 

cells.  Previous studies examined urban development impacts from airports at a regional 

scale covering a metropolitan area or a larger geographic extent.   

• Remote sensing and GIS are used to model the relationship between the airport 

and urbanization.  Previous studies have used an economic and conceptual analysis of 

airport-anchored development, but did not apply remote sensing data and GIS to 

examine the impacts. The model for this research uses a range of remote sensing proxy 

measures in addition to socio-economic measures including night time lights and 

impervious surfaces. 

• An evaluation of Washington Dulles International Airport is developed that 

models airport-induced urbanization.  Previous studies have conceptually identified 

Dulles Airport as anchoring urbanization, but have not empirically modelled the airport’s 

impacts on urbanization. 

• Urban clusters of development proximate to Dulles Airport have been detected 

and delineated.  The development of Dulles Airport-anchored urban clusters has been 

examined using the relationship of airport proximity with other explanatory variables, 

including distance to primary roads and the central business district.  In addition, the 

spatial diffusion and land use of the urban clusters are analyzed.  Previous studies have 

focused on conceptual and direct and indirect models, but have not empirically analyzed 

airport-anchored clusters. 

There are four principal findings from the research that advance understanding of the 

airport-urbanization relationship: 

• An independent urban development cluster exists near Dulles Airport.  There 

is independent urban development and activity near the airport, clearly delineating an 

island of higher urban density, surrounded by lower density that continues until the next 

urban development cluster is reached in locations such as Tysons Corner, VA. 

• Dulles Airport has anchored urban development.  Results from the regression 

models suggest that the airport has played a significant factor in urban development.  

Urban development was observed to be higher near the airport, providing evidence of 

airport-anchored development.     

• Dulles Airport operations affected the density of urban development.  Results 

from the regression models suggest that Dulles Airport’s operations have played a role 
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in the magnitude of urbanization near the airport.  Increases in operations measured by 

metrics such as number of passengers increases the magnitude of development. 

• Several factors in addition to the airport help explain urban development.  Key 

variables in addition to the airport variable were also found to explain urbanization.  An 

example is the increased development along transportation corridors such as the Dulles 

Toll Road.  Additional explanatory variables that help explain urban density include 

primary roads, activity centers, the central business district, slope, military bases, and 

personal income. 

This research described in this dissertation addressed five primary research questions: 

1. How can urban clusters and development near an airport be detected, 

delineated, and described?   

This question assesses the delineation of urban density clustering surrounding the 

airport.  Modelling the clustering of urban development showed the spatial pattern diffusion 

using the Anselin Local Moran I analysis.  The analysis shows there is significant clustering of 

urban development surrounding Dulles Airport.  The clusters are featured in the north, south, 

and east areas. They are separated from other clusters in the Washington, DC region and 

directly connected with the airport, providing evidence that they are airport-anchored urban 

developments.  The airport region features a higher urban density similar to the major activity 

centers in the Washington metropolitan region.  The urban development cluster suggests the 

airport can anchor an independent urban center.  The clusters and airport realm delineation 

supports efforts to model spatial patterning and diffusion of the airport’s induced urban density 

influence.   

2.  What variables strongly influence urban development near an airport and how does 

an airport’s influence compare with that from other explanatory variables?   
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This question considers and tests the urban density influences and the significance of 

the airport variable on urban density.  Using a geographic weighted regression analysis on the 

urban density factors, the airport’s influence was investigated.  The results show the airport 

significantly influences urban density.  The airport variable features highly-significant large 

negative estimated coefficient values and t-significance values, supporting the hypothesis that 

urban density increases due to the airport location influence.  The significance of the airport 

variable was considered using the t-statistic test.  There are large negative coefficient values and 

t-statistics near the airport, showing significant negative relationships.  The strong negative 

values for the estimated coefficient and t-values show the high magnitude of airport influence 

on urban density.  It also shows a low standard error, correlating the airport influence 

significance with higher reliability and confidence in the model. 

The airport variable plays a significant role in the Washington Metropolitan Region’s 

urban density, but is only part of the urban density equation, as seen in the direction and 

diffusion of the urban density.  The following explanatory variables are considered: primary 

roads, activity centers, mass transit, slope, and income.   By investigating the minimum 

coefficients for each of the explanatory variables, the airport variable describes 20 percent of 

the influences on urban density and other key variables also play a major role. The 20 percent 

explanation of urban density, shows airports are a significant urban influence. Urban density is 

higher near the airport, but in corridors (such as towards the east) towards other key 

explanatory variables like the central business district and primary roads, showing a relationship 

with the other explanatory variables.  
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3. What is the spatial distribution and diffusion of urban clusters caused by an 

airport? 

This question considers the spatial patterning of the influence of airports using 

geographic weighted regression.  The regression results show that the magnitude of influence is 

highest in the airport region towards the south, but also features a significant influence in the 

east and north, along the corridors connecting the airport and the activity centers. These areas 

correspond with the noise contours of the airport.   Areas to the south, east and north held 

quieter noise contours then the area to the west.   The results also show that the influence is 

diffused as the distance from the airport increases, resulting in the negative coefficient and t-

statistic values. The further the distance from the airport, the lower the urban density influence.  

This supports the idea that the airport anchors influence of a nearby urban cluster.  While the 

south has the highest influence from the airport, the other directions still hold a significant 

airport urban anchoring influence, especially in the east and north.  However, the east and north 

directions share many additional urban influence factors in addition to the airport since it is 

toward the direction of the central business district, and other key activity centers.    Looking at 

the t-statistic and the airport influence significance diffusion, higher strength is shown in the 

south and towards the east.  The results from the regression analysis and clustering analysis 

show the influence spread from the airport is towards the south, east, and north. It anchors the 

urban density around the airport, but also towards the other explanatory variables including the 

central business district and primary roads, which explains the higher urban density towards the 

east being along the Dulles Toll Road, the corridor between the airport and the other activity 

centers including the central business district of Washington, DC.  
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4. How does variation in an airport’s operations (passenger and freight) affect 

changes over time in urban density in the area near an airport?  

This question examines the region’s urban density over time and how the dynamics 

correlate with airport operations.  This was assessed by conducting a temporal analysis of urban 

density which shows the airport region’s urban density has been growing based on each of the 

proxy measures considered.  The correlation of the dynamics of the urban density was tested 

using a correlation coefficient analysis with airport operations.   

The airport region has featured a large growth rate in urban density using the proxy 

measure of night time lights.  The results demonstrate that the airport can be a leading factor in 

urban density growth.  The dynamics of urban density correlate temporally with airport 

operations.  The passenger statistic for Dulles Airport correlates with urban density in the study 

area. The analysis shows the correlation between airport operations and urban density grew in 

strength when getting closer to the airport.  The number of passengers grew during the same 

time that urban density grew.  The operations correlation test results show that the airport 

influences urban density based on its location, spatial proximity, and its operations, and the 

service the airport is providing to the community. 

5. What can we learn about the causality between an airport and nearby urban 

development?  

Assessing the causality of the airport-urban relationship shows that there is a bi-

directional relationship between the location of the airport and urban density. However, the 
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role of the airport influencing urban density was greater.  This supports the idea that the airport 

plays a role in influencing urban density near an airport. 

The results from this research identify several key topics on which additional research 

would be beneficial.   

1. Evaluations of additional airports are needed and would provide support for 

generalizing results on the role of airports in anchoring urban development and the 

creation of independent urban clusters. 

2. Further development of remote sensing tools for evaluating the relationship 

between airports and urban density would facilitate comparisons of multiple airports or 

types of airports.  This research used night-time lights as a proxy for urban 

development, but other remotely-sensed variables could be developed to enhance 

understanding of this relationship. 

3. Further examination of the role of airport operations on urban development 

and the temporal lag, if any, in urban development would be beneficial.  Are 

expectations factored in for development decisions, or does development follow a 

history of increased airport operations? 

4. Do different types of airports have different types of impacts on the airport – 

urbanization relationship?  For instance, how does the level of international versus 

domestic flights affect the relationship?  How does the existence of a hub(s) affect the 

potential for an airport to anchor urban development or to create independent urban 

clusters?       

The research described in this dissertation supports the concept of airports anchoring 

urban development, and suggests that Dulles Airport has anchored an independent urban 

cluster in proximity to the airport that is separate from the central business district.  It has 

provided a way to characterize the urban density clusters within proximity of the airport. 

Remote sensing and economic proxy measures are used to model and characterize the 

independent urban cluster suggesting that remote sensing is a tool that can be used effectively 

in examining the relationship between airports and urbanization.  The use of other factors in 

addition to the airport can help explain specific characteristics of development in proximity to 
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airports.  This evaluation of the area around Dulles Airport supports the use of this type of study 

to better understand the use of induced impacts in order to assess the relationship between 

airports and urbanization. 
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