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Abstract 

 

Transportation has an important role in the economics of a country. Transportation is vital to the way one lead his 

life and eventually the success of national economy. Also, it has important interactions with environment. 

Transportation facilities sometimes even shapes the attitudes of people. In other words, transportation investments 

result in sequence effects on many factors. Therefore, transportation investments and their certain and uncertain 

effects have been a very popular area of study in the literature.  Many studies have revealed that transportation 

investments affect productivity of countries through the level of public investment, the rate of private capital 
formation, employment, use of labor by production firms, real wages, rate of return, accessibility and so on. On 

the other hand, transportation investments have also some effects on socio-economic features such as happiness 

and wellbeing, improvement and preservation of environment, the noise caused by traffic, air quality, 

noncommercial travel time, greenhouse gases, and journey quality. Transportation investments also affect the 

economic growth and output, prices of residential and commercial properties, land uses, location and output 

decisions, option values, labor market participation. Many different models such as spatial hedonic models, semi 

log hedonic model, vector error correction model, spatial regression model, difference in difference model (DID), 

spatial pricing model, linear pricing model are used to understand the relation between transportation investments 

and the factors mentioned above. In order to analyze these models, DID estimator, multiple linear regression, 

ordinary least square (OLS), Spatial Autoregressive Regression (SARR) and Geographical Weighted Regression 

(GWR) are some of the methods used by the researchers. This article reviews the literature and aims to perform a 

comprehensive evaluation of the studies concerning the effects of transportation investments. 
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1. Introduction 

 

Over the last 60 years, time has become a very critical parameter for every sector. Therefore, transportation has 

started to be seen as a very useful tool for time management. Transportation services are desired to be fast and 

safe. Especially, developed countries have fast and stabilized transportation systems and they are spending higher 

budget on transportation investments. However, spending higher budget alone is not always enough. This budget 

should be well managed and distributed to areas which need urgent development. There is a continuous need for 
transportation investments because of the rapid increase in population causing more and more vehicles in traffic. 

Up to some certain level, this problem might be maintained by educating people and directing people to use 

alternative transportation modes. However, capacity of the modes cannot be increased limitlessly. Hence, 

developed countries altered their attitudes from “the concept of increasing capacity” to “sustainable transportation 

systems”. 

 

Transportation investments provide many benefits to regions such as mobility, increased accessibility, and 

environmental protection and public well-being. Since governments have started to spend large amounts of money 

on transportation projects, it has been a burden for any budget. Various methodologies used to create sources for 

transportation investments. Funding of transportation investments is still a popular topic currently. This condition 

may keep going because of the fact that transportation systems need continuous development. In this study, there 
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is a detailed discussions of previously used analysis methods to reveal the known and unknown effects of 

transportation investments. 

 

 

2. Analysis Method 

 

The method used in this paper is meta-analysis approach where critical evaluation of the literature focusing on a 

spectacular problem is carried out. This yields a process of systematical review of the literature for a particular 

extraction. Meta-analysis can provide an objective perspective of the differences in results. Meta-analysis term is 

firstly announced by Glass in 1976. It became very popular because it has provided to researchers an alternative 

way instead of traditional literature review. Researchers have gained the possibility of connecting the results of 

many studies by using meta-analysis. It is also possible to obtain numerical results of many studies and to make 
assumptions about the general effect. The word “Meta” is used because it might be considered as the research 

process of the previous research. Briefly, it is a quantitative systematic research in order to see the big picture 

about a specific topic (Figure 1 and Figure 2). 

 

In order to perform a logical meta-analysis, there are several exact rules. At first, in order to allow for comparisons 

between estimates the dependent variable should be selected properly (Decoster, 2004).  Within this study the 

main objective is searching for the effects of transportation investments and the analysis methods used in previous 

studies. 

 

 

 
 

Figure 1. Meta-Analysis Diagram 

 

 

 
 

Figure 2. Meta-analysis vs Traditional Literature review 
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3. Overview of Applied Analysis Methods 

 

3.1 Production Functions 

Production function approach is a quite old method which is used to find out the effects of the traffic investments 

on economic features.  In 1982, Blum used production functions for regions. The impact of input potentials on 

regional income was identified. By using the production functions, the change of productivities over time is 

observed. In 2015, Kalan used production functions in order to measure the impact of the capital stocks on the 

economic growth. There are three types of production functions which are shown in Figure 1. In Kalan´s study, 

Cobb-Douglas production function is preferred because of its feasibility. Cobb-Douglas function makes a log 

linear transformation possible and it is a homogenous production function. 

 

 
 

Figure 3. Types of production functions (Gökaşar et al, 2015) 

 

 

3.2 Hedonic Models 

In 1993, Rephann reviewed the previous studies and concluded that the regional development could be related to 

some factors. The regional development potential index is explained as below within his study. Rephann’s regional 

development potential index is: 

i i

c i

P wX=   

where P is regional development potential, Xi = standardised indicator variable, wi =weight for variable Xi, c = 
region. 

 

Rephann’s study was very impressive but it was not quite satisfying because of the fact that the methodology that 

Rephann used was not a comprehensive one and it required too many assumptions. Hedonic model has been 

criticized by researchers many times, because it has a low objectivity. In 2001, Bowes et. al., preferred a hedonic 

model for their analysis and searched for the relation between transportation investments and social wealth upon 

the parameters that they identified. According to their study, transportation investments increase social well-being 

by reducing commuting costs or by attracting retail activity. Cervero, in 2003, preferred to use a hedonic model in 

order to find out the reasons causing the need for new transportation investments. This reverse point of view also 

helped to find out the factors affected by transportation investments. Cervero needed further tests and models 

because in order to be more generalized, hedonic model was not sufficient alone.  Hedonic models mostly used 

for price analysis yet the effect of transportation investments cannot be directly and solely derived from the price 
changes. 

 

 
 

Figure 4. Hedonic price model Graph Santos, 2016 
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In 2006, Debrezion found out the effect of transportation investments by using a hedonic price model. It was a 

spatial model; hence, the conclusion was interesting. The results of the study showed that transportation 

investments effect the surrounding areas both positively and negatively at the same time. The positive effect was 

an increase in property values, commercial ones and residential ones. On the other hand, the negative effect was 

that the lower sales rate of the properties due to noise effects causing from transportation systems. The general 

structure of Debrezion’s model is represented by the equation given below. The general structure of Debrezion’s 

Hedonic price model (2007): 

0 1 1 2 2( ) ' ' .... 'i i i n in iLn P B B X B X B X = + + + + +  

where Pi = house price, Xi = vectors of explanatory variables for the price of house. 

 

Another major group of researchers used spatial econometric models. Since the transportation systems connects 

regions, cities even countries have space dependency. Therefore, many researchers utilized spatial models in order 

to explain the effects of transportation systems. When the effects of the transportation systems derived locally, it 

might be generalized to the zones with similar properties. The most frequently used analysis methods are Ordinary 

Least Square Regression (OLS), Spatial Autoregression (SAR), and Geographically Weighted Regression (GWR). 

 

3.3 Ordinary Least Square Regression  

OLS is a standart regression method which is used to find out the relationship between variables. In other words, 
OLS is used for obtaining a function graph passing very close to the actual data points.  In general, in order to 

model the relationship between dependent and independent variables regression analysis is preferred by 

researchers. The general form of a regression model is given as y = Xβ + ε.   Y is a vector of observations, X is a 

matrix of independent variables, β is a vector of regression parameters and ε is vector of errors. By making 

necessary assumptions the generalized for of OLS is provided below. The general structure of OLS (Vichiensan, 

2011) is: 
1ˆ ( ' )X X X y − =  

 

3.4 Spatial Autoregression 

The basic idea of spatial econometrics is to provide a formal representation of space into the statistical framework 

for regression analysis. That’s possible in many ways; space dependent predictors can be included into the equation 

or the datasets can be rearranged considering geographical regions. Spatial autoregressive model (SAR) can be 

generalized by adding spatially lagged term to general regression equation. Mathematical Expression for Spatial 

Autoregression (Anselin & Rey, 2015) is: 

ln( )i i j i i

j

P X wi X   = + + +  

 

3.5 Geographically Weighted Regression 

Geographically weighted regression is a regression type providing researchers the possibility of estimating the 

local parameters rather than global ones. Instead of a single regression for whole region, GWR is the process of 

running a regression for each location in the study zone. Observations are weighted according to their proximity 

to a specified point. Therefore, the observations closer to specified point have a stronger impact by introducing the 

spatial lag. Geographically weighted regression model (Charlton & Brunsdon, 1997) is given below: 

0( , ) ( , )i i i k i i ik i

k

y a u v a u v x = + +  

There are many studies in the literature considering the spatial terms while searching for the effects of 

transportation. A detailed list of these studies presented in the table below. The table consists of the date of the 
study, the study zone (city or county), the name of the methodology and briefly summarized outputs. 
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Table 1. The summary of the studies aimed to find out the effects of transportation investments 

 

Researchers Years  Mode 
 Case Area 

(Country) 
Model 

Effects Related to Transportation 

Investments 

Kawamura and 

Mahajan 
1924 Highway 

Chicago, 

USA 

Spatial Price 

Model 

Better land use and Higher property 

values 

Miller & 

Haider 
2000 Highway 

Toronto, 

Canada 

Spatial Auto 

regressive 
Model 

Housing markets and Bigher 

accessibility 

Bowes & 

Ihlanfeldt 
2001 Railway Atlanta, USA 

Hedonic Model 

and OLS Model 

Reduced commuting time, Less stressful 
commuters, Higher property values, 

More crime in station zones 

Weinberger 2001 Highway 
Santa Clara, 

USA 

Spatial 

Economic 

Model 

Higher accessibility, Less travel time, 

increased house prices 

Cervero & 

Duncan 
2002 BRT 

Los Angeles, 

USA 

Hedonic 

Pricing Model 
Land use, Real estate prices 

Cervero 2003 Railway 
San Diego, 

USA 

Hedonic 

Pricing Model 

Healty economy, Traffic congestion, 

Land values and Land uses 

Targa & 

Rodriguez 
2003 BRT 

Bogota, 

Colombia 
OLS Model 

Real estate prices, accessibility, better 

economy and happier commuters 
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Table 2. The summary of the studies aimed to find out the effects of transportation investments (continued) 

Researchers Years  Mode 
 Case Area 

(Country) 
Model 

Effects Related to 

Transportation Investments 

Debrezion 2006 Railway Netherlands 
Hedonic Pricing 

Model 

Accessibility, labour market, 

retail employment, better 

commuter services, housing 

prices 

Cohen & Paul 2007 Highway USA 
Spatial Pricing 

Model 
Accessibility and home prices 

Hess & Almeida 2007 Railway Buffalo, USA OLS Model 
Less travel time and travel 

cost, increased property prices 

Pan & Zang 2008 Railway Shangai, China OLS Model Property Values 

Martinez and 

Viegas 
2009 Railway Lisbon, Portugal 

OLS and Spatical 

Hedonic Model 

Commercial Property Prices 

Uplift 

Munoz & 

Raskin 
2010 

Bus Rapid 

Transit 

Bogota, 

Colombia 

Spatial Hedonic 

Model 

Reduced transportation costs, 

higher accessibility, less 

social segregation, property 

values 

An, Qui, Liu 2010 All Jilin, China 
Hedonic Price 

Model 

Profitability, travel time and 

travel costs, housing market 

Pagliara & Papa 2011 Railway Naples, Italy Linear Price Model 

Modern and dynamic city 

image, attractiveness of 

locations near the stations, 

housing prices, improved 
accessibility 

Duncan 2011 TOD San Diego, USA 
Hedonic Price 

Model 
Housing prices, more bike 

using 

Efthymiou & 

Antoniou 
2013 

Railway 

(Metro 

Line) 

 Thessaloniki, 

Greece 

Spatial Econometric 

Model 

Land use, commuter travel 

cost decrease, real estate 

prices sustainability 

Efthymiou & 

Antoniou 
2014 Railway Athens, Greece 

Hedonic Price 

Model based on 

OLS and Spatial 

Econometric Model  

Purchase prices and rent, 

integrated land use, attraction 

of retail businesses, 

Dube, Theriault, 

Rosiers 
2013 Railway 

Montreal, 

Canada 

DID estimator in 

Hedonic Price 

model 

Real estate market, rents, 

raised property tax values, 

reduction in greenhouse gas 

GHG emissions,  

Hurst & West 2014 

Railway 

(Metro 

Line) 

Minneapolis, 

USA 
OLS Models 

Housing prices, Land use, 

travel time 

Seo, Golup, 

Kuby 
2014 

Highway 

& Railway 
Phoenix, USA 

Spatial Hedonic 

Price Model 

Real estate prices, higher 
accessibility, more links of 

transportation, better travel 

time 

Chiarazzo, 

Dell'olio, Ibeas, 

Ottomanelli 

2014 Railway Taranto, Italy 

Hedonic Multiple 

Linear Regression 

Model 

Real estate prices, changing 

environmental and 

accessibility conditions 
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Table 3. The summary of the studies aimed to find out the effects of transportation investments (continued) 

 

Researchers Years  Mode 
 Case Area 

(Country) 
Model 

Effects Related to 

Transportation Investments 

Eggermond, 

Lehner, 

Erath 

2015 All Singapore Hedonic Pricing Model Land use and property values 

Mulley, Ma, 

Clifton, 

Yen, Burke 

2016 
BRT and 

Railway 

Brisbane, 

Australia 

Spatial Modelling and 

Geographical Weighted 

Regression 

Better accessibility, Land value 

uplift 

Bohman & 

Nilsson 
2016 Railway 

Malmo, 

Sweden 

Hedonic Price Model and 

OLS regression 

Improved accessibility, more 

attractive lands, Housing 

market 

Yang, Quan, 

Yan, He 
2016 Railway 

Beijing, 

China 
Hedonic Price Model 

Improved transit service, social 

service and infrastructure 

quality in suburbs, Reduced 

dependence on automobiles, 

Better accessibility, Increased 

house prices 

Xu, Zhang, 

Aditjandra 
2016 Railway 

Wuhan, 

China 

Spatial Autoregressive 

Model (SAR) and Spatial 

Economic Model (SEM) 

and Multiple Linear 

Regression Model (MLR) 

Commercial property prices, 

resolved traffic congestion 

problem and Reduced 

environmental pollution 

Cao & 

Porter-

Nelson 

2016 Railway 
 Minnesota, 

USA  

Difference-in-difference 

model (DID) 

Re-use of old buildings, Real 

estate prices, Land uses 

Altun & 

Turgut 
2016 All Istanbul None 

Ecological effects, socio-

economic and cultural 

transformation, industrial 
development, 

Mulley & 

Tsai 
2016 

Bus 

Rapid 

Transit 

Sydney, 

Australia 

Hedonic Regression model   

and                                     

Multilevel Hedonic Model 

Land value uplift, sales price of 
residantial properties, better 

timing for transportation 

systems 

Zhong & 

Lei 
2016 Railway 

Los Angeles, 

USA 

Spatial Regression Model 

and OLS model, Spatial 

Durbin Model. 

Housing Markets, Railway 

transit technologies, near-

station land uses and transit 

development phases 

Glaeser & 

Ponzetto 
2017 All USA 

Spatial Economic Model 

(SEM) 
Increased geographic mobility 

Cohen & 

Brown 
2017 Railway 

Vancouver, 

Canada 
OLS Model 

Greater business activity, 

agglomeration economies, 

higher taxes, property values 

Beimer & 

Maennig 
2017 

All 

Types 

Berlin, 

Germany 
Semi Log Hedonic Model Noise levels, Housing prices 
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Table 4. The summary of the studies aimed to find out the effects of transportation investments (continued) 

 

Researchers Years  Mode 
 Case Area 

(Country) 
Model 

Effects Related to 

Transportation Investments 

Gabrieli, 

Pilbeam, 

Wang 

2017 
All 

Types 
China 

Vector Error Correction 

Model,  

State space model 

Real estate prices, travel times 

Wagner, 

Komarek, 

Martin 

2017 Railway 
Virginia, 

USA 

Hedonic Model & DID 

Model 

Residential housing market, 

reducing traffic congestion and 

emissions, increasing 

accessibility to jobs ad 

amenities, providing an 

affordable and sustainable 

mode of transport,spurring 

economic activity 

Pilgram & 

West 
2018 Railway 

Minnesota. 

USA 
OLS Model 

Home prices, reduced 

congestion and pollution 

 
 
5. Conclusion 

 

This study focused on the effects of transportation effects by reviewing the previous studies in the literature. There 

are many different methods used. The most frequent and effective ones are selected and presented in this study. 

 

Among the methodologies used in the previous studies, hedonic models have a subjective manner but the 

researchers still prefer to use hedonic models because some benefits cannot be gathered by all public. Yet, there is 

a benefit. In order to reveal these subjective benefits, hedonic models are still very favorable methods.  

 

Location is one of the most important parameters when the transportation systems are considered. The effect of 

the location should be included into the analysis methods where the spatial lagged term emerges in equations. By 
the help of spatial terms, it is possible to reach local outcomes than global ones. By the help of spatial regression, 

the effect of transportation investments in neighborhood could be observed. Sometimes the local effects of 

transportation systems could be totally different from the global ones.  

 

Meta-analysis helps to focus on a specific topic, therefore; the meta-analysis technique is used within this study. 

Main focus here is to present the different effects of transportation investments and how those effects are identified. 

As demonstrated in the study, mostly economic terms are directly and indirectly affected by the transportation 

systems. They increase the socio-economic level of people by providing accessibility. Many researchers connected 

the economical upgrade to commercial and residential property prices where some of them related the 

transportation investments to “the accessibility to CBDs” which increases the job opportunity. Employees are the 

fundamental part of a country’s economic image. Therefore, by decreasing the travel time of commuters and 

providing them better ways of accessibility to their jobs, their happiness and well-being increases.  Also, some of 
the studies showed the environmental effect of transportation investments, which might create some noise 

pollution especially for very close regions to the railways.  

 

For further studies, the zones which have transportation development should be identified and observations should 

be performed before the implementation of transportation systems and for the time the transportation system is 

providing service. The changes and effects can be determined easily and more clearly. 
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