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THESIS SUMMARY 
 

The thesis on the topic “Impact of metro railway network expansion on residential land prices 

in the National Capital Territory of Delhi” estimates the effect of metro railway expansion in 

Delhi on house prices and residential land prices. The thesis also assesses the value capture 

finance amount from the estimated effect of metro railway expansion on residential land price 

increase between 1992 – 2018. The thesis is divided into eight chapters and six appendixes. 

 
Chapter 1 of the thesis explains the motivation behind this research. The lack of empirical 

economic research on estimating the value capture from the residential land price increase is 

the motivation to carry out this research. Chapter 1 also provides the research hypothesis and 

research questions and public policy relevance of the study. 

 
Chapter 2 provides the literature about the Metro Policies in India and the researches on the 

effect of the metro railway network on the residential properties. Section 1 is dedicated to the 

metro policies and the studies on the impact of the rail transit network in India. Section 2 gives 

an overview of the researches about the effects of the transit network in the cities of the world. 

Section 3 explains the research settings and the effect of infrastructure on the welfare and 

economic development. This chapter also describes how this thesis differs from previous 

researches and its contribution to the literature. 

 
Chapter 3 gives a brief detail of the study area that is National Capital Territory of Delhi and 

the Delhi Metro Railway project executed in Delhi under Phase-I, II, and III. Chapter 4 explains 

the research methodology for the empirical investigation of the research questions. This chapter 

provides details about the primary, secondary, and instrument variables generated for the 

research. This chapter also explains the use of Google Earth Pro used to create the primary and 

instrument variable of metro station length in districts of Delhi. 

 
Chapter 5 of this thesis explains the econometrics models used under Research Design 1, 2, 

and 3. The research design 1 uses Dummy variable GLS regression to estimate the effect of the 

metro network within and outside the influence zone. Research Design 2 uses the difference in 

difference and 2SLS IV Fixed Effect regression model to estimate the effect of the variable 

metro station and other control variables on the residential land price. Research Design 3 

explains the correlation analysis of the house prices and residential land prices within and 

outside the influence zone in the urban area of Delhi. 
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Chapter 6 gives the details of the regression results of research design 1, 2, and 3 and interprets 

the result outcomes. The research design outcomes have been compared with the outcome of 

similar researches in different cities. The outcomes of the research designs find a significant 

effect of distance from the metro network on average house prices and a significant difference 

of 48.96% on average house prices within and outside the metro influence zone. Research 

design 2 estimates that there is no significant difference in residential land price change 

between treatment and control groups of districts. The 2SLS IV Fixed Effect regression result 

suggests that the expansion of the metro network causes 7.87% increase in the residential land 

price in Delhi. The correlation analysis of research design 3 finds a higher premium on low 

land value houses situated within the metro influence zone. The average house price of the high 

property value within the metro influence zone is lower than the houses located outside the 

metro influence zone. 

 

Chapter 7 uses the outcome of research design 2  to estimate the Value Capture Finance (VCF) 

amount from the property tax and stamp duty revenue of the Municipal Corporations of Delhi 

and State Government of Delhi. Chapter 7 also provides policy implications of the value 

capture financing (VCF) amount in financing 5% of project cost of ongoing Phase-IV of Delhi 

Metro. The estimate suggests that the transfer of an annual VCF amount can turn the net loss 

of Delhi metro into profit. This chapter also estimates the potential of VCF to reduce the 

sovereign and subordinate debt burden of Delhi Metro Rail Corporation. The final section of 

this chapter explains the research outcome by answering the research questions and review the 

validity of the research hypotheses. 

 

Chapter 8 provides the conclusion of the thesis research by summarising the research methods, 

research findings, and its public policy implications. The appendix 1 to 6 provide details on the 

concepts and theory of econometrics models (Appendix1); Google Earth Pro map plots and 

geodata of the plots (Appendix 2); details of sources of primary and secondary variables used 

in this research (Appendix 3); sources of the house prices in cities of Delhi (Appendix 4); 

sources of residential land price in Delhi from 1987 to 2018 (Appendix 5); and STATA do file, 

results, graphs, and tables under Appendix 6. 
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ABSTRACT 
 

The Central and the State governments of India are discussing policy provisions to transfer a 

certain amount of the revenue generated from the increase in residential land value to part 

finance mass rapid transit system in India. The lack of empirical researches on the impact of 

the metro network on residential land prices is a constraint to arrive at the Value Capture 

Finance amount. This research got motivation from these policy discussions and estimated the 

impact of the metro railway network on house prices and residential land prices in Delhi. The 

primary data of district wise metro length and distance of urban area centroid from the metro 

network are created using Google Earth Pro. The secondary data of variables such as 

population density, number of business establishments, and workers generated from the Census 

reports. The research design 1, 2 of this thesis uses Dummy variable GLS regression, 

Difference in Difference (DiD) regression, and 2SLS IV Fixed effect econometrics models to 

estimate the effect on metro network expansion in Delhi on house prices and residential land 

prices. The research design 3 presents a correlation analysis of house prices and residential 

land prices within and outside the metro influence zone. The estimated influence zone of the 

metro network in Delhi is  0.73 kilometers. An identification strategy of metro rail density has 

been used to divide nine districts of Delhi into treatment and control groups of districts. This 

research estimates 48.96% higher house prices within the metro influence zone than the houses 

situated beyond 0.73 kilometers to 4 kilometers. The DiD regression of research design 2 not 

find significant differences in residential land price changes in treatment and control group 

districts. The 2SLS IV Fixed effect regression model instrumented the variable stations with 

metro route length and trips. The 2SLS IV Fixed Effect regression result predicts that the 

addition of stations has caused 7.87% increase in the residential land price in Delhi's districts 

from 1992 to 2018. The public policy implication of this finding has been assessed by 

estimating the Value Capturing Finance (VCF) amount. The VCF amount has been estimated 

as 7.87% of the revenue of the property tax and stamp duty revue of Municipal Corporations 

and State Government of Delhi. The research estimates that the estimated Value Capture 

Finance (VCF) amount has the potential to finance 5% of the project cost of ongoing Phase-IV 

of Delhi MRTS Project and reduce the subordinate and sovereign debt requirement by 9.71%. 

The transfer of Value VCF amount can turn net losses of Delhi Metro into profit and help Delhi 

Metro Rail Corporation to keep the travel fare minimum to attract more ridership and ensure a 

sustainable metro railway operation. 
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CHAPTER-1 
 

INTRODUCTION  
 

1.1 Motivation 
 

The search for innovative financing mechanisms has been under discussion in India to 

generate additional capital to finance Mass Rapid Transit Projects (MRTS). One of the 

measures identified by Metro Policy 2017 is Value Capture Finance (VCF) of the metro 

railway projects. The policy suggests that the state government should transfer the benefit 

accrued due to the escalation of land prices to the project implementing agency. The Metro 

Policy 2017 does not mention the method for estimating the VCF amount. It is one of the 

research motivation to assess the effect of metro railway expansion on the residential land 

price increase in the National Capital Territory of  Delhi and estimate the VCF amount for 

the financing of Metro railway projects in Delhi. The lack of empirical researches in India 

on the effect of the metro station on residential and house prices in Delhi is another 

motivation to estimate the quantitative share of the metro railway network on the house 

price within the influence zone and the residential land price. The Government of India is 

also promoting Transit Oriented Development (TOD) policy in cities which have 

implemented the Metro Railway Projects. The government suggests that the state 

government should levy an additional FAR  charge on the house and residential properties 

falling within influence zone; however, the TOD policy does not mention the tax levied 

on properties situated within influence zone. The thesis research has first estimated the 

influence zone distance of metro stations in Delhi and estimated its effect on the mean 

house prices. The National capital territory of Delhi is chosen as the study area because 

the metro network of Delhi has the most extensive metro route length and the largest 

number of stations in India. 

 
1.2 Research Background 

The metro cities of India have seen rapid population growth, the outward expansion of the 

city, and emergence of new central business districts (CBD). It has also caused traffic 

congestion on the existing road network and increased air pollution due to automobile 

emissions. It necessitated those metro cities prepare a mobility plan and implement the 

Mass Rapid Transit System (MRTS) to cater mobility need of the city dwellers. The 

Government of the National Capital Territory of Delhi and the Ministry of Housing and 

Urban Affairs, Government of India, proposed 413 kilometers of metro network in Delhi 
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to provide a viable public transportation system by implementing Delhi MRTS Project in 

four phases by 2021. Implementation of the MRTS project in Delhi has led to the escalation 

of the residential land in Delhi. The people’s preference to seek houses and offices near 

the metro railway network also contributed to an increase in the house prices of the urban 

areas. The thesis report has studied this impact of metro railway expansion in the National 

Capital Territory of Delhi on the increase in the residential land prices while keeping other 

factors constant. The panel data of these variables have been created by collecting the data 

for the years 1992, 1998, 2005, 2012 and 2018. The selection of panel years are closely 

related to the inception of the construction work of Delhi Metro in 1998 and the completion 

of three phases of Delhi Metro Projects in the years 2005, 2012, and 2018. Data for the 

year 1992 has been selected to analyze the trend of the residential price movement from 

the year 1992 to the year 1998 and comparing this trend with respect to residential land 

price movement in the year 2005, 2012, and 2018 after operationalization of Delhi Metro 

Network under Phase 1, Phase 2 and Phase 3 respectively. 

 
Delhi revenue districts  have been chosen as a unit of analysis. The primary and secondary 

data of the variables have been generated for nine revenue districts of Delhi to undertake 

the research. The difference in difference regression method estimates the variation of the 

residential land price trend in the control and the treatment group of districts of Delhi. The 

years after 1998  are the treatment years for the analysis when the metro stations became 

operational in all nine revenue districts of Delhi under different phases. The unique 

identification strategy of metro rail density groups the nine revenue districts under the 

treatment and control group. The Two Stage Least Square Instrument Variable (2SLS IV) 

Fixed Effect econometrics model has been used to estimate the unbiased and consistent 

effect of metro stations on the residential land price in Delhi. The other factors that 

contributed to an increase in residential land prices are the number of  hospitals, colleges, 

population density, number of business establishments, workers employed in such 

business establishments in each district of Delhi during 1992 to 2018. The 2SLS IV Fixed 

Effect regression model also estimates the individual effect of these variables on the 

residential land price increase. In addition to the above analysis, the thesis assesses the 

influence zone distance of the metro network and estimates the effect of distance from 

metro stations on the house prices in Delhi's urban area. 
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1.3 Research Objective: 

The objective of this thesis research is to empirically investigate the effect of metro stations 

on the mean residential land price from 1992 to 2018. The findings of the study will 

provide necessary input to the policymakers and Delhi Metro Rail Corporation to discuss 

the Value Capture Financing of the Delhi MRTS project by sharing the gain of residential 

land price increase in Delhi due to the expansion of metro railway network. The research 

aims to estimate the potential benefit of value capture financing (VCF) to project 

implementing authority in terms of reduced debt burden and sustainable metro operations.  

The thesis report will compile the empirical findings of the impact of distance from the 

metro network on the house prices of Delhi. The empirical findings will help the 

policymakers to discuss and determine the additional premium on the property taxes and 

stamp duty for the properties falling within the influence zone.  

 
1.4 Research Hypothesis and Research Questions:  

The thesis research is perhaps the first empirical study in India to estimate the impact of 

the metro railway network on the land price over 26 years. The thesis is also the first 

academic research to empirically estimate the influence zone of the metro network and 

estimate its effect on the house prices in Delhi. The thesis hypothesis is that the residential 

land price in Delhi has increased many folds in the last three decades due to the 

development of infrastructure and associated economic development. The following 

hypothesis will be tested empirically through three research designs: 

1. The metro network expansion in Delhi has increased the land value and the house 

prices in the districts of Delhi.  

2. The average house price in Delhi is higher within the influence zone of the metro 

network as compared to the residential properties situated beyond the influence 

Zone. 

3. The residential land price is affected by the demographic changes,  the number of 

educational and health institutions, and business establishments in the city. 

 
Three research design has been proposed in this thesis to examine these hypotheses 

through the following research questions:  

1. Estimate the effect of metro railway network expansion in Delhi on the residential 

land value and house price of Delhi? 
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2. What is the influence zone distance of the metro network and estimate the effect of 

the influence zone on house prices of the urban area of Delhi? 

3. Estimate difference in residential price trend in the treatment and control group of 

districts after the policy treatment of the introduction of the metro railway in Delhi? 

4. Does social infrastructure, demographical and economic factors affect residential 

land prices of Delhi's districts from 1992 to 2018? 

5. Assess the effect of the expansion of the metro network in Delhi on value capturing 

from increased land price and examine public policy relevance of the research 

findings? 

 
The thesis research has searched answers of research questions by collecting the residential 

house price data from the real estate property websites for period the 2012 to 2018 and the 

residential land price data from the Department of Land Office, Ministry of Housing and 

Urban Affairs, Government of India and Delhi Development Authority. The Google Earth 

Pro is used to measure the distance of urban area centroid from the metro network. The 

thesis research answered the research questions through econometric models using the 

GLS regression model with a dummy variable to estimate the effect of the influence zone 

on average house prices in the urban area of Delhi. The difference in difference method 

calculates the change in the residential price trend in treatment and control group districts, 

and the 2SLS IV Fixed Effect regression model estimates the effect of metro stations and 

other control variables on the mean residential land price. The research also estimated the 

amount of value capture financing from the outcome of the effect of metro stations on the 

residential land price. It assesses the relevance of the value capture finance (VCF) on the 

upcoming Delhi MRTS Phase-IV Project, and how VCF can lead to passenger welfare if 

transferred to supplement the operational revenue of project implementing agency Delhi 

Metro Rail Corporation Limited. 

 
1.5  Public Policy Relevance of the Study: 

The research findings will help policymakers to decide on financing of Mass Rapid Transit 

System (MRTS) Project from Value Capture Finance (VCF). The Value Capture Finance 

amount depends on the land value capturing of increased residential and commercial 

properties because of the introduction of the metro network in Delhi. The Metro Policy of 

India 2017 suggests that the government should impose additional Floor Area Ratio (FAR) 

charges on lands to generate revenue for the financing MRTS Projects in Delhi and other 
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cities of India. However, there is no empirical evidence available on the quantitative effect 

of the metro station on residential land prices. The findings of the thesis research will be 

useful for public policy decision-makers to enforce land value capturing in Delhi. Further, 

this research will encourage academics and professionals of India and other countries of 

the world to undertake similar research to estimate the effect of the metro railway on 

residential land prices in other metropolitan cities.  
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CHAPTER-2 

LITERATURE REVIEW 

 
The thesis research has taken inspiration from the available literature to frame the research 

designs. Most available researches use the hedonic price model regression analysis to 

estimate the effect of railway transit on house prices. The thesis research has also taken 

inspiration from the research model used in analyzing the impact of infrastructure on the 

welfare and economic development. This chapter is divided into three sections to provide 

an overview of the existing literature. Section 1  of this chapter provides an overview of 

the exiting policy for planning metro railways in the metro cities of India, followed by 

research on the effect of the metro railway in Chennai Bengaluru, Mumbai city of India. 

This section also included research on the impact of railway construction on the real 

income of the Indian districts during pre-independence British India. Section 2 of this 

chapter explains the research findings of the effect of the metro railway, LRT, and railway 

on the real estate price in other cities. Section 3 provides literature on the impact of 

infrastructure and policy treatment on welfare and regional development.   The theoretical 

concept of econometrics models used to analyze the effect of policy treatment is covered 

separately under Appendix 1.   

 
Section1 : Literatures on Metro Railway Policy and Effect of Rail Transit in India  

 

2.1  Metro Railway Policy of India and Researches on Effect of Metro Railway and Rail 

Transit in India: 

 
Transit Oriented Development (TOD) Policy 2019 for Delhi:   

Transit Oriented Development (TOD) Policy for Delhi was notified by the Ministry of 

Housing and Urban Affairs Government of India on December 24, 2019, as an amendment 

to the Master Plan of Delhi 2021. The TOD policy has defined the transit-oriented 

development node as a mass transit station where the TOD policy will be applicable. The 

TOD policy also describes ‘Influence Zone’ as a notional area of 800 meter radius from 

the point of alighting at the station. The objective of the TOD policy for Delhi is to 

intensify the development around the mass rapid transit corridor by allowing additional 

FAR (Floor Area Ratio) that is 1.5 times the allowable FAR or 300 whichever is higher. 

The maximum permissible FAR in the TOD influence zone is 500 on the plot of 4 Hectare 

subject to feasibility of the development. The TOD Policy provides that residential 
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development on a minimum of 50% of the total FAR in the Residential Use zone. The 

minimum FAR utilization for residential development will be 30% in other land use zones 

such as Commercial, Transportation, Government and Mixed land Use zone. The TOD 

policy aims to intensify the residential development in the influence zone of the metro 

railway network to promote public transportation and reduce the use of the motorized 

vehicle that causes congestion in the city. A separate chapter of TOD policy in the Master 

Plan of Delhi 2020 provides enabling regulation for development within the influence 

zone. 

 
Metro Railway Policy 2017 

Metro Railway Policy 2017 notified by Ministry of Housing and Urban Affairs provides 

detailed guidelines for the state governments to plan for mass rapid transit system (MRTS) 

in the urban area of states with a population more than one million. The Metro Policy 2017 

recognizes the importance of Mass Rapid Transit System (MRTS) in providing a reliable 

public transportation system in the urban area, which helps to reduce traffic congestion, 

road accidents, greenhouse gas emissions and air pollutants. Metro Policy classifies the 

Mass Rapid Transit System (MRTS) as Bus Rapid Transit System (BRTS), Metro 

Railway, Tramway, Light Railway Transit (LRT), and Regional Railway. The selection of 

a type of MRTS depend upon the passenger volume on the road measured in terms of 

passenger per hour per direction of traffic (PPHPD) for example the metro railway system 

is a preferable option for high passenger volume of 40000 – 80000 PPHPD and BRTS is 

suitable for 10000 – 150000 PPHPD. 

 
Metro Policy 2107 provides detailed information about the financing model of existing 

metro companies and proposes a systematic approach for the planning of a new metro 

railway system for the city. Metro Policy 2017 suggests that a Comprehensive Mobility 

Plan and Multi-Modal Integration plan should be part of the Detailed Project Report (DPR) 

for considering any proposal of a new metro project for approval by the Central 

Government. Metro Policy 2017 also requires that a new project proposal should contain 

a chapter on Transit Oriented Development and Value Capture Financing (VCF). Metro 

Policy 2017 makes the inclusion of the mandatory section in the Detailed Project Report 

to outline the ways to increase the non-fare box revenue, such as revenue from 

advertisement and leasing of spaces. 

 



  11 

Prof. D. Karthigeyan and Dr. Sheeba Chander (2020), Hindustan Institute of Science 

and Technology, Chennai, March 2020, studied the impact of metro stations in its 

immediate neighborhood. They analyzed the various parameters surrounding the metro 

stations of the Chennai Metro Phase-I Rail Network. They ranked the metro stations to 

help authorities to facilitate development regulation surrounding the metro stations. The 

study area consists of 33 metro stations of the Chennai Metro Network. All the stations 

were operational at the time of their study. They used eight parameters to estimate the 

effect of metro stations on nearby localities. The source of population density and land use 

were Greater Chennai Disaster Management Plan 2017 and Chennai Second Master Plan 

2026, respectively.  The Other six parameters were sourced from Google maps to collect 

data for proximity to transport network, accessibility, nearest to CBD, social facilities, and 

land for future development. The researchers collected land value data from real estate 

websites, such as 99acres, Makan, Magicbricks, and Sulekha.  

 
They ranked the metro stations based on the score obtained by 20 metro stations on seven 

parameters. They collected the data within 800 meters of influence area of the metro 

stations and then ranked these metro stations based on their ranking. The research 

concluded the final scores of 20 stations range between 43 to 70 points, and they find that 

12 stations achieve 50 to 60 points with moderate impact on immediate surroundings. 

Researchers find that only two stations have the highest impact on the immediate 

surrounding. The Overall impact on land price on immediate surroundings was 10 basis 

points. 

 
Rohit Sharma (2018), Curtin University Sustainability Policy Institute, Australia, in 

his Ph.D. Thesis titled “Financing Urban Rail Projects through Land Value Capture – The 

Indian Case” used hedonic price model for Bangalore Metro and Mumbai Metro network 

to estimate the impact of the metro railway network on land markets. Sharma (2018) used 

the panel data of 458 condominiums (apartment/flat projects) prices over 2012 to 2016 on 

a half annual basis. The researcher also collected the prices of the 898 condominiums of 

Bangalore city in 2016.  He also used data from 333 homes between 2014 to 2015 of 

Mumbai city to regress the Hedonic price model with the dependent variable as land value 

and independent variable as the factors influencing land value such as distance from CBD, 

neighborhood, workplace.. 
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Sharma (2018) estimated that the land value of condominiums of Bangalore city located 

within 500 meters to 1.1 kilometers is 25% higher than 11% price uplift within 500 meters 

from a metro railway station and 8% price uplift within 1 km to 2 km. from metro station. 

Sharma observed that the area within 500 meters is characterized by noise and traffic 

congestion due to paratransit mode of transport. It is the reason for a lower premium on 

the land value within 500 meters of a metro station as compared to the properties situated 

between 0.5 to 1 kilometer. Sharma (2018)  also observed that increase in the property 

value across Bangalore city was 1.8% before one year of the construction of the metro 

project, 4.5% during the development phase of the metro project (4 years), and 1.8% after 

operation of the metro stations. However, his thesis does not mention about the general 

trend of increase of property value in Bangalore. 

 
Sharma (2018) estimated a similar effect for the catchment area of the Mumbai Metro 

network that metro network impact is beyond 500 meters and statistically significant after 

1 km to 2 km catchment from the metro station. He reported an increase of 14% in property 

value in the Mumbai metro network catchment area. 

 
Dave Donaldson(2018), MIT, Department of Economics research on “Railroads of 

the Raj: Estimating the impact of transportation infrastructure, American Economic 

Review, 2018, investigated the impact of vast railroad network built in colonial India 

(India, Pakistan and Bangladesh) and estimated the effect of railroad network on India’s 

trading environment, welfare gain in terms of increase in per capita income. 

Donaldson(2018) collected economic data from British government records and started 

his empirical analysis by developing the Ricardian trade model with many regions, many 

commodities, where trade occurs at a cost.   

 
Donaldson(2018) used these data to construct a district dataset on prices, output, rainfall, 

and interregional and international trades in India. He also prepared digital railroad 

network maps of India with a segment of 20km each and coded each segment with its year 

of opening. The coding based on the year of railway network operation used to analyze 

India’s district economy before, during, and after the expansion of the railway network in 

India. The empirical strategy of Donaldson (2018) is used in this thesis to estimate the 

effect of the metro railway network on the residential land price. Donaldson (2018) 

estimated that the trading cost parameter governing the trader’s route decision on road, 

coasts, and railroad network significantly reduced the cost of trading in India. His research 
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also estimated that a district railroad network contributes 16 % increase in district real 

income.  

 
Section 2: Literatures on Impact of Metro Railway, LRT and Railways on Real 

Estate Prices in other Cities  of the World 
 
2.2 Researches on Effect of metro railway network on the Real Estate Price in other 

metro cities of the world: 

 
Oskari Harjunen (2018), Working Paper on Metro Investment and the Housing 

market Anticipation Effect,  used the Hedonic price model to analyze the residential 

housing market in the Helsinki Metropolitan Area.  Harjunen (2018) used the decision to 

build West Metro as a quasi-experimental setting to examine its effect on the house price 

market's variation through before and after analysis. The plan for underground West Metro 

was ready in 2005, but the construction began in 2009 and targeted to be operational from 

2014. However, the opening of metro stations postponed and eight stations – two in 

Helsinki and two in Espoo, became functional from the year 2017. The West metro 

network became operation in 2014.  Harjunen (2018), used the difference in difference 

model to estimate the effect of treatment of metro station on house price by using the 

following regression model equation: 

 
Where the interaction term of treatment and after period indicator estimates the 

anticipation price effect. The housing market data of Helsinki and Espoo from 2003 to 

2016 was used to determine the effect of metro construction on housing prices.  

 
Harjunen divided the data into an equal interval of 400 meters up to a distance of 2000 

meters of the metro station. The Year 2009 was the treatment year to compare the house 

price trend.  The regression model estimated the significant difference in price trend up to 

800 meters distanc. Oskari Harjunen estimated that the average treatment effect on house 

prices from 2010 to 2016 is 4.2% within 400 meters and 3.6% within 400 – 800 meters 

with statistical significance at 1% level. However, the treatment effect on prices after 800 

meters was not statistically significant. Harjunen (2018) strategy of the difference in 

difference method to estimate the impact of the metro station has been adopted in the 

research design 2 of this thesis. 
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Qisheng Pan (2018), Tongji University Texas Southern University, studied the impact 

of the Houston Rail transit light rail (LRT) line on residential property value in the non-

zoning city.  Qinsheng Pan used the traditional OLS model and multilevel regression 

model to examine the effect of rail transit on residential real estate at two levels, one at the 

individual property level and another at the zonal level. The data used for the regression 

model include residential house price data, Consumer Price Index (CPI), and other 

variables between 1982 to 2010. The dependent variable was the logarithm of house sales 

prices in 2010. Qishan Pan plotted house sale price trend between 1982 – 2010 into two 

categories: property located within Harris County region, and property situated 3 miles 

from the light rail transit. The individual property level analysis includes variables like 

home size, age, access to the station, workplace access, and dummy variable about home 

transactions before and after opening the line. The zonal level analysis includes median 

income, population density, job density, percentage of minority, etc. as the explanatory 

variable. Qisheng Pan estimated that the combination of explanatory variables of the 

physical, neighborhood, and accessibility contributed 43.60% variance in the natural log 

of house price than the prices in Harris county region. Pan (2018) also concluded that the 

immediate proximity to stations within a quarter-mile has a negative impact on property 

value. Overall the opening of stations has a significant positive effect on house price value. 

 
Dube, Theriault and Rosiers (2013) study on Commuter rail accessibility and house price 

in Montreal, Canada used the Hedonic Price model using GLS and DiD method of 

estimation. The data source was the sample report from 1992 to 2009. Dube et al. found 

that Nearness to station account for 11% price premium of mean house price, and an 

overall market premium is 2.6% on mean house price of the entire region. 

 

Zhang, D, and Jingjuan Jia (2013) studied how Does Urban Rail Transit Influence 

Residential Property Values in Beijing. The research method used was the hedonic price 

model with OLS and Spatial lag error model. They collected house price data from the 

online sources and estimated that LRT in Beijing has a significant positive effect on land 

development and value premium for nearby properties. 

 
Seo, Kihwan, Golub, Aaron, Kuby, Michael(2014) studied the combined impacts of 

highways and light rail transit on residential property values using spatial hedonic price 

model for Phoenix, Arizona. The method used for research was a combined lag and error 
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model and 2SLS GLS model to estimate the coefficient of distance from Highway and 

LRT exits. The researchers collected neighborhood characteristics data for median 

household income, and population density from census data. The neighborhood amenities 

data was generated from the GIS data source to create a proximity measure. The distance 

from highway and LRT was bundled into bands of 350 meters up to 3000 meters.   Seo et 

al. (2014) observed an inverted U type pattern of the coefficient from distance from the 

transit exists.. 

 
Amir Forouhar (2016) estimated the impact of metro stations on residential property 

values in Tehran. The researcher collected data on housing characteristics from 1800 sales 

transactions. The treated properties were the properties situated within 0.4 kilometers, and 

the control properties were the properties located more than 1.6 kilometers away from the 

stations. Amir (2016) did trend analysis and estimated the effect of metro stations on the 

slope of housing sales values. The DiD model estimated an increase in the value of 46% 

for residential properties within 0.4 km of Shemiran station.. 

 
Wagner, Gary A. and Komarek, Timothy, Martin, Julia (2016) studies the impact of 

light rail transit on the residential houses in Hampton Road, Virginia Norfolk.  They 

observed that the Tide LRT began operation from 2011 and experience disappointing 

ridership compared to other metro corridors. Wagner et al. used the difference in difference 

(DiD) method and considered several outcomes, including house price sales, sale list price 

spread. Wagner et al. found that properties within 1500 meters experienced an 8% decline 

in sale price 

 
Michael R Ransom (2017) studied the effect of light rail transit services on nearby 

property values in his paper titled ‘Quasi-experimental evidence from Seattle’. Ransom 

studied the sale of homes in areas around the seven stations in the Rainier Valley using 

Difference in Difference regression method.  Ransom estimated that the impact of LRT 

was positive for only one station and negative for two stations, and the impact was 

negligible and statistically insignificant for the remaining four stations.  

 
Jacob Camins Esako (2018) researched the  Impact of a Light Rail Extension on 

Residential Property Values in his Ph.D. thesis. Camins used repeat sales analysis of 

Bayonne, New Jersey before 2008, and after the opening of the stations in 2011. The DiD 

regression method of estimation was employed to conclude that a one minute decrease in 
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walking distance to LRT station causes 0.21% to 0.25% decline in annual price 

appreciation. Camins also observed reciprocal relation between distance and house prices 

and found that property value appreciation disappeared after 12 minutes walk or 0.6 miles 

(1 Kilometre) to the station.  

 
Mulley, C., Tsai, C., & Ma, L. (2018) in their paper “Does residential property price 

benefit from light rail in Sydney?” researched the hypothesis that public transportation 

increases accessibility that increases the land values in Sydney. The outcome variable of 

their research was house prices from 2011. They used Geographically Weight Regression 

(GWR) model to identify the price uplift. Mulley et al. observed that the LRT has more 

impact on residential value outside the city center and near to the stations. 

 
Diao, M., Leonard, D., & Sing, T. F. (2017) studied the opening of the new Circle Line 

(CCL) in Singapore on private housing values. Diao et al. used the local polynomial 

regression approach to identify the CCL impact zone that shows a discontinuity in the 

house price gradient between the treatment and control zone. Diao et al. used the Spatial 

Difference in Difference (SDiD) regression method that accounts for autocorrelation in 

house price change before and after the opening of the new Circle Line in Singapore 

between 2009 to 2011. Diao et al. used data from ‘Realis’ covering database of house price 

transaction value, date, postal location, etc. from 2007 to 2013. Diao et al. found a 7.8% 

increase in the house prices situated within 600 meters of the CCL network. They also 

observed anticipation effect appear one year before the opening of the new CCL line. 

 
Freddie Mac Report (2019) on ‘Proximity to metro station and its impact on Washington 

DC Metropolitan House Price: Amenity or not ?’ used Hedonic price model based OLS 

regression using the data of house property sold during 2015 – 2018. The finding of the 

study suggests that the house price premium is 13% for the median price of houses. A 

house within quarter mile sold at 8.6% higher premium than the houses located over 1 mile 

away. The houses situated quarter to half-mile sold at 7.5% higher than the houses located 

1 mile away. The report finds that the proximity to the metro station has the smallest effect 

on the most expensive house because more expensive house buyers do not value proximity 

to the metro station as much as others. 

 
The literature suggests the positive and negative effects of the introduction of a new transit 

system such as LRT, metro railway on the housing price value. The magnitude of the 
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impact of the transit system is different for each city. Pan(2013) estimated that immediate 

proximity to the station has a negative effect on the house price value in Houston. In 

contrast Dubey et al. (2013) estimated that nearness to station increased 11% of the house 

price. Estimates of Camins Esakov Vandedrift (2018) in Bayonn, New Jersey, and Ransom 

(2018) study on Washington, D.C. did not find the impact of LRT on the house price 

premium. Zheng and Wang (2013) estimated a positive effect of LRT on house prices in 

Beijing city. Seo (2014) assessed a positive impact of LRT on the house prices in Phoenix, 

Arizona, with a U type curve of the coefficient of effect to the distance from the transit 

exits. Diao (2015 and 2017) assessed the positive effect of heavy rail transit on house 

prices in Boston and Singapore. Dion (2017) also estimated that the housing value of 

properties located within 600 meters of stations in Singapore increased by 7.8%. 

  
Section 3: Literature on Effect of Infrastructure on Regional Development 

 
2.3 Research Findings of Infrastructure on Regional Development and Welfare:  

 
Naoyuki Yoshino and Umid Abidhadjaev (2015) in the paper ‘An Impact Analysis of 

Investment in Infrastructure: The case of the Railway Connection in Uzbekistan’ examined 

the impact of railway connection in Southern Uzbekistan. The positive effect reflected in 

the increase in industrial output and aggregate services, with estimates of 5% and 7% 

respectively, and positive changes in a neighboring regional area in anticipation of the 

railway connection. It also caused 2% of GDP growth due to the spill over effect.. 

 
Alfredo M Pereira and Jorge M. Andraz (2013) in their paper ‘The economic effects on 

public infrastructure investment: A survey of the international evidence’, present a 

comprehensive discussion of empirical researches regarding the impact of public 

infrastructure investment on the economic performance. The paper also included a 

discussion on methodological developments, output elasticity estimation based on the 

production function, and vector autoregressive models.. 

 
Marta Santamaria (2019) paper on ‘The Gains from Reshaping Infrastructure: Evidence 

from the division of Germany’, found that half of the highway kilometer built after the 

division of Germany deviated from initial pre-war Highway plan and relocation of the 

investment increased 1.08% of welfare and 0.64% of real income annually. She solved the 

equilibrium expected utility of infrastructure investment to predict the optimal highway 
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construction from the pre-war highway plan and estimated welfare gain from reshaping of 

the Highway plan after the division of Germany..  

 
Esther Duflo and Rohini Pande (2017) paper ‘Dam’ studied the productivity and 

distributive effects of large irrigation dams in India. They choose economic outcomes at 

the district level. They used the nonmonotonic relationship between river gradient and the 

likelihood of dam construction as a basis for identification strategy. Duflo et al. used 

Generalised Least Square (GLS) and 2SLS IV regression model to estimate the effect of 

Dam construction on the poverty gap, agriculture production, headcount ratio, and rural 

welfare using annual data of 271 districts of India for years 1971 – 1999.  

 
Nathaniel Baum-Snow et al. (2017) paper on ‘Roads Railroad and Decentralization of 

Chinese Cities’ investigated how the construction of radial highways in Chinese cities 

since 1990 has displaced 4% of central city populations and each radial railroad reduces 

central city industrial GDP by about 20%. Their econometric model uses urban land use 

theory to estimate the change in GDP. They used instrument variable (IV) of change in the 

labor migration to estimate the result. 

 
Cellini, Ferreira, and Rothstein. (2010), in their paper ‘The Value of School Facility 

Investments: Evidence from Dynamic Regression Discontinuity Design’ used RD design 

to show that bond passage on school investment increased the housing price over time for 

treated districts. 

 
Gonzalez-Navarro and Quintana-Domeque. (2016) ‘Paving Streets for the Poor: 

Experiment analysis of Infrastructure Effects’ is the first experimental paper that estimates 

the effects of street pavement on property values in urban Mexico. Their model used 

reduced form 2SLS estimates. They used instrument variable (IV) of intent to treat in 

reduced form equation to estimate the fitted value of outcome in the year 2009. The effect 

on property value was then estimated by 2SLS regression. This empirical strategy is used 

in this thesis to find the fitted value of the metro station in the first stage of 2SLS IV Fixed 

Effect regression to estimate the effect of the metro station on the residential land price in 

NCT of Delhi. 

 
Kenneth Button (2017) paper ‘High Speed Railway: Do They Produce Economic 

Growth’ argued that the extension of the Washington DC to  New York High Speed 



  19 

Railway beyond New York is overly optimistic and anticipated economic growth in 

minimal or negative. 

 
Li Zhong-min and Liu Yu-Hong of International Business school, Shaanxi Normal 

University, Xian, China, focused their research on spatial econometrics analysis of panel 

data in their paper titled ‘Transportation Infrastructure Facilities and Total Factor 

Productivity of the New Silk Road’. The researchers observed that transportation 

infrastructure facilities have a significant positive impact on Total Factor Productivity 

(TFP), and this project has a spillover effect on TFP to the extent of 74.59%. 

        
 Most of the literature of sections 1 and 2 have focused either on the effect of distance from 

the metro station or the policy treatment of opening of the metro station on change in house 

prices using the difference in difference, GLS, and OLS regression models. However, 

these researchers did not investigate the causal effect of metro stations on residential land 

prices in the cities, which changes slowly and often fixed by the government. In contrast, 

house prices in the city fluctuated due to demand in the market, and the house price 

movement is often linked with economic growth and real estate boom. Further, these 

researchers did not estimate the influence zone of the metro stations; instead, these studies 

selected distance intervals from the metro station to estimate its effect on house prices. 

 
2.4 Contribution to the literature 

This thesis's research designs aim to estimate the effect of metro stations on residential land 

price and house price increase. First, the thesis calculates the influence zone distance of the 

metro station from the house price trend. Research design 1 uses the metro influence zone 

as dummy variable identification criteria to represent the district's urban area nearness to 

the metro station. Research design 1 estimates the effect of distance on average house 

prices, and the average house prices difference within and outside the influence zone of the 

metro network. 

 
Second, this thesis research also controlled the endogeneity and district level fixed effect 

by using the 2SLS IV Fixed Effect regression model. New identification criteria of metro 

railway density used to bifurcate the districts into the treatment and control group of 

districts. Researches in the effect of infrastructure on welfare employ 2SLS IV regression 

model to control endogeneity, and eliminate the fixed effect to estimate the impact of policy 

treatment on welfare and economic gains. Research design 2 has adopted this empirical 



  20 

strategy by using Difference in Difference method (DiD), and 2SLS IV Fixed Effect 

regression model to estimate the effect of policy treatment of the introduction of the metro 

railway in Delhi on the residential land price in districts of Delhi..  

 
Third, the primary data of district-wise metro length is created using Google Earth Pro. The 

primary data of trips attracted and generated in each district also calculated for nine revenue 

districts. These two variables are used as instrument variable in the research design 2 to 

estimate the causal effect of the metro station on the mean residential land prices of 

districts. The thesis also finds the correlation between house price and residential land 

prices within and outside of influence zone for the period 2012 – 2018 to investigate the 

effect of the metro station on change in the residential and house price trends.  

 
This research provides an opportunity for future researchers to utilize the technique used 

in this thesis to quantify the spatial data to estimate the effect of metro stations on real 

estate property values in other cities 

 
The existing literature on the effect of the metro network on house price uses the Hedonic 

price model with OLS, GLS, and Difference in Difference (DiD) regression models to 

estimate the effect of transit system on the residential property value. The literature on the 

effect of infrastructure uses the 2SLS IV regression method to estimate its impact on the 

welfare and the policy outcome. This thesis adopts the Difference in Difference (DiD), and 

2SLS IV Fixed Effect regression models based on the learning from the literature on the 

effect of infrastructures. The number of observations in research design 2 is small; 

however, the dataset has a considerable panel period for investigating the impact of metro 

stations on the residential land price objectively. The thesis has enriched the literature by 

providing a method to estimate the land value capture amount from the residential land 

value appreciation. It has an important public policy implication for project financing 

through land value capturing. 
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CHAPTER- 3 

STUDY AREA 

 
3.1 National Capital Territory of Delhi 

 Delhi is the national capital of India, and all the national policy decisions are made from 

Delhi. The Parliament of India and the headquarters of most Central government 

organizations are situated in New Delhi. The National capital territory of Delhi is the 

second most populated city of India, with a city population of 11 million (2011 census) 

and the largest city of India spreading over 1483 Sq. kilometers. Delhi was the second 

most productive metro area of India in 2016. The city administration is divided into 11 

districts, 9 revenue districts, 33 subdivisions, 59 census towns, and 300 villages. The local 

administration is divided into five Municipal corporations, namely East, North, South 

Delhi Municipal Corporations, New Delhi Municipal Council and Delhi Cantonment 

Board. Besides this, Delhi has legislative assembly having 70 constituencies. The 

administrative division of the National Capital Territory of Delhi is given under Fig.3.1. 
 

 
Fig.3.1: Administrative Division of National Capital Territory of Delhi (Source: 

Department of Revenue, Government of NCT of Delhi, 2012) 
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The National capital territory of Delhi has recorded high population growth during the 

20th Century after the declaration as the Capital of British administered India in 1912. The 

population of Delhi metropolitan area was 214,115 in 1901 which rose to 1,437,134 in 

1951, 12,791,458 in 2001, and 16,349,831 in 2011. The projected population of Delhi for 

the year 2021 is 19,570,374. The city offers vast economic and employment opportunities, 

which creates a strong pull effect to attract the migration not only from the neighboring 

regions but also the far-off places in the country. This large scale immigration in Delhi has 

put pressure on the resources and infrastructure of the city. 

 
Delhi was declared as a State in the year 1992 under the National Capital Territory Act 

1991.  National Capital Territory of Delhi shares boundary with  Faridabad, Gurugram, 

Ghaziabad and Noida megacities. It makes Delhi as one of the most populated urban 

agglomerations of the World. Delhi is a prosperous state with the second largest per capita 

income of INR 365,529 (US$5100) in India. According to the Sixth Economic Census of 

Delhi 2013, the total number of business establishments in Delhi is 875,000. Total 98.58% 

business establishments are operating from urban areas, while the remaining 1.42% are 

operating in the rural area. 

 
Fig.3.2: Delhi Business Establishments and Number of Workers (By Author) 

The sixth economic census 2013 reports an annual growth of business establishment at the 

rate of 1.94% over the number of business establishments recorded in the fifth Economic 

Census 2005. 

 
The population density of 11320 persons per sq.km. in Delhi is highest in India as per the 

Census of India 2011 because 98% of the total population resides in the urban area. The 

population density in the urban area recorded as 14698 as per Census 2011. However, 

about one-third of the urban population of Delhi lives in substandard housing such as slums 
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and unauthorized colonies. The decadal growth of population in Delhi from 2001 to 2011 

was 21.2 percent. The number of the working population in Delhi grows at a rate of 0.46%. 

The ratio of female workers to the total working population is 14%. 

 
Fig.3.3: Delhi Population and Population Density from 1971-2011 (By Author) 

 
The Gross State Domestic Product (GSDP) of Delhi at the current price during 2018-19 is 

INR 77965.2 million, with a growth of 12.98% over the GSDP level of 2017-18. The per 

capita income of Delhi on the current price is INR 365529 in 2018-19, which is 11.11% 

higher than the per capita income of INR 328985 during 2017-18. Delhi's per capita 

income is almost three times larger than the average per capita income of India. According 

to the Economic Survey of Delhi 2018-19, the service sector's economic contribution is 

84.12% of Delhi's total income. The share of primary and secondary sectors on the total 

income of Delhi on the current price estimate is 1.88% and 14%. The revenue receipt of 

Delhi during 2017-18 is INR 3866.7 million. The revenue from Goods and Services (GST) 

Tax was INR 1362 million followed by Value Added Tax (VAT) (INR 1114.9 million), 

State excise (INR 445.3 million), stamp and registration including land revenue (INR 

411.85 million), Grants and receipts from central Government (INR 218.4 million) and 

taxes on vehicles (INR 211.5 million).  

 
Fig.3.4: Tax Revenue of Delhi Government 2017-18  

(Source: Chart 4.3, Economic Survey of Delhi 2018-19, 1 Crore = 10 Million) 
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The tax receipt from the stamp and registration, including land revenues, recorded the 

highest growth at 30.92% in the year 2017-18, followed by revenue receipt by taxes on 

vehicles with a growth of 16.97% over revenue receipt in the year 2016-17. Overall the 

share of VAT and GST on total revenue receipts of Delhi is 69.35%, followed by State 

Excise (12.47%), Stamp and Registration including land revenue (11.53%), and Taxes on 

Vehicle contributed 5.92% of total revenue during 2017-18. 

 
The district area taken for analysis is nine revenue districts of Delhi, which is different 

from the eleven administrative districts of Delhi. The nine revenue districts have been 

selected as the unit of analysis because two districts Shahdara and South East Delhi, are 

created recently out of North East Delhi and South Delhi districts. The segregation of data 

for these two districts from their previous districts may invite potential measurement errors 

due to the bifurcation of data. Further, the Economic Census Reports have published the 

number of establishment and number of workers data as per nine revenue districts hence 

nine revenue district has been taken as the unit of analysis to minimize the measurement 

errors in data. The district areas of nine revenue districts are the sum of the Tehsil area 

under their jurisdiction. The jurisdiction of revenue districts of North Delhi, North West, 

New Delhi, and South West Delhi is different from their administrative boundaries. The 

difference in revenue district and administrative district can be depicted from the Fig.3.5 

given below: 

 
Fig. 3.5:  Administrative and Revenue District  Division of Delhi  

(Source: Census of India 2011,  Revenue Geo Portal Khasra Information, Geospatial 
Delhi Limited, http://gsdl.org.in/revenue/) 
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It is necessary to explain the jurisdiction area of each district of revenue districts. A brief 

detail of the revenue districts and its population, area (in Sq.KM.) and tehsil under the 

jurisdictions of nine districts of Delhi are as follows: 

Table 3.1: Population Trend of Revenue Districts of Delhi (By Author) 
Revenue 
District 

Tehsil 1992 1998 2005 2012 2018 Area 
(Sqkm) 

North 
Delhi 

Narela,  
Model 
Town 

762671 985779 1232585 1427371 1630538 289 

North 
West 
Delhi 

Rohini 
Khanjwala 1779837 1785575 2019474 2287801 2613206 151 

North 
East Delhi 

North East 
Shahdara 1220940 1628040 2002680 2277600 2601600 60 

East Delhi 
Mayur 
Vihar, Preet 
Vihar 

1108224 1363648 1579072 1736768 1983808 64 

Central 
Delhi 

Central 
Delhi 
Karol Bagh 
Civil Lines, 
Kotwali 

1360595 1408025 1447040 1493875 1706375 85 

West 
Delhi 

Punjabi 
Bagh, 
Patel Nagar, 
Rajouri 
Garden 

1571091 1982472 2331417 2584128 2951649 129 

New 
Delhi 

Chanakyap
uri, Delhi 
Cant, 
Vasant 
Vihar 

206181 318711 344379 337776 385764 93 

South 
Delhi 

South Delhi 
& South 
East Delhi 

1653250 2107000 2495250 2775750 3170500 250 

South 
West 
Delhi 

Dwarka, 
Najafgarh, 
Kapasheda 

1183016 1469720 1833892 2136162 2440242 362 

Total = 10845805 13048970 15285789 1427371 19483682 1483 
 

The state of Delhi has recorded high literacy percentage of 86.2%,  fourth-highest among 

states of India. Delhi is also known for good quality schools, colleges, universities, and 

research institutes, which attracts students from other parts of India to pursue their studies 

in Delhi. Delhi government has about 1227 government schools, which is 21.30% of the 

total schools in Delhi. Recently, the Government of Delhi has introduced 'happiness 
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curriculum and digital classrooms'  in their schools to include moral education and impart 

quality education among the students. Other state governments are replicating this 

education model of Delhi in their schools. There are 218 higher educational institutions in 

Delhi in 2018-19, which include 100 professional colleges and institutes, 90 general 

education colleges, 4 institutes of national importance, 11 deemed universities, and 13 

Universities. Total enrollment in the higher institutions is 1.027 million students, whereas 

the number of women enrollment is 496 thousand students during 2016-17. 

 
Delhi has a total 1279 numbers of health institutions with a sanctioned bed of 57194. The 

health infrastructure in Delhi includes the Hospitals funded by Delhi Government, 

Municipal Corporations of Delhi, Government of India, other autonomous bodies, 

charitable trusts, and other private institutions. Seventeen medical colleges in Delhi 

provide undergraduate courses in Allopathy, Ayurveda, Unani & Homeopathy. Delhi 

government expenditure on public health schemes in 2017-18 was INR 19124 million, 

which is 13.28% of total spending in all government programs of the Delhi Government. 

The per capita expenditure on medical and public health in Delhi was INR 2492.58 during 

2017-18. 

 
The transportation infrastructure of Delhi is well developed. The city is known for the most 

number of motor car ownership in India. The number of vehicles in Delhi was 10.38 

million in 2016-17, which increased to 10.98 million in 2017-18. The outward expansion 

of urban areas around Delhi has led to the substantial increase in vehicles in the National 

Capital Region cities of Gurugram, Faridabad, Ghaziabad, and Noida. The maintenance of 

Delhi's road network is the responsibility of multiple agencies such as four Municipal 

Corporations of Delhi, the Public Works Department of State Government, and the Delhi 

Development Authority. The public transportation operation in Delhi is the responsibility 

of Delhi Transport Corporation (DTC), Indian Railways Ring Rail Service, and Delhi 

Metro Rail Corporation Limited (DMRC) - a Special Purpose Vehicle (SPV), a Joint 

Venture of Government of NCT of Delhi and Government of India. Delhi's public 

transportation system is the lifeline of Delhi, as both DTC and DMRC carry more than 4 

million passengers every day within Delhi and from the neighboring cities of Delhi. The 

ring rail services in Delhi is the most economical in Delhi. The ring rail system is used by 

the people of adjoining cities to commute daily to their workplaces in Delhi. 
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3.2 Phase- I, II and III of Delhi Metro Railway Network: 

Delhi Metro Rail Corporation operates the metro railway network in Delhi. The total 

length of the metro railway network in Delhi is 389 kilometers, which carries an average 

of 4.7 million ridership per day. The physical construction of Phase-I of Delhi Metro was 

began on October 1, 1998, and the first line commenced operation from December 25, 

2002. Phase-I of Delhi metro consists of three metro Lines with 59 stations with a route 

length of 65 km. Phase-I of Delhi MRTS project completed in November 2006. 

 
Fig. 3.6: Delhi Metro Phase-1 Network (Courtesy: Planning Department, Delhi Metro Rail 

Corporation Limited) 
 
The Phase-II of Delhi Metro Network consists of 124.90 km of route length with 86 

stations. The existing three lines extended and 4 new metro lines constructed, including 

Airport Express Line. The Phase-II of the Delhi Metro network expanded to neighboring 

city Ghaziabad, Noida, and Gurugram during Phase-II. The stations of the Phase-II 

network became operational from June 4, 2008, to August 27, 2011. Fig. 3.7 explains the 

index map of the Delhi Metro network after completion of the Phase-II network. 
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Fig. 3.7: Delhi Metro Phase-I & II Network (Courtesy: Planning Department, Delhi Metro 

Rail Corporation Limited) 
 

The construction of Phase-III of Delhi Metro Network started soon after completion of 

Phase-II. The Phase-III of Delhi Metro project was completed in the year 2019, and the 

metro lines became operational in stages from 2015 to 2019. Table 3.2 provides the detail 

of commencement of the operation of sections of the metro network of Phase-I, II, and  III. 

Table 3.2: Commercial Operations of Delhi Metro Phase-I, II & III Network 
 (By Author, Source: Delhi Metro Rail Corporation Limited and Wikipedia Page) 

Corridor No. of 
Stations 

Districts Covered Date of 
Commencement 

Phase- I : 59 stations, 65 Km. 
Red Line (Line-1) 

Shahdara – Tis Hazari 6 North East Delhi, 
Central Delhi 25 December 2002 

Tis Hazari - Inderlok 4 Central Delhi, 
North West Delhi 4 October 2002 

Inderlok -  Rithala 8 North West Delhi 1 April 2004 
Yellow Line (Line-2) 
Vishvavidyalaya -  Kashmere 
Gate 4 Central Delhi 20 December 2004 

Kashmere Gate - Central 
Secretariat 6 Central Delhi, 

New Delhi 3 July 2005 

Blue Line (Line-3) 
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Barakhamba Road - Dwarka 22 
New Delhi,  
West Delhi,  
South West Delhi 

31 December 2005 / 1 
January 2006 (for 
passenger) 

Dwarka – Dwarka Sector 9 6 South West Delhi 1 April 2006 
Barakhamba - Indraprastha 3 New Delhi 11 November 2006 

Phase- II: 85 Stations, 124.93 KM 
Red Line (Line-1) 
Shahdara - Dilshan Garden 3 North East Delhi 3 June 2008 
Yellow Line (Line-2) 

Vishvavidyalaya - Jahangirpuri 5 Central Delhi, 
North Delhi 

3 February 2009 

HUDA City Centre to Qutub 
Minar 9 

South Delhi, 
Gurugram 
(Haryana) 

21 June 2010 

Central Secretariat – Qutub 
Minar 10 

New Delhi, 
South Delhi 3 September 2010 

Blue Line (Line-3 & 4) 

Indraprastha – Yamuna Bank 1 
New Delhi, 
East Delhi 10 May 2009 

Yamuna Bank – Noida City 
Centre 

10 
East Delhi, 
Noida (Uttar 
Pradesh) 

13 November 2009 

Dwarka Sector 9 – Dwarka 
Sector 21 2 South West Delhi 30 October 2010 

Yamuna Bank – Anand Vihar 5 East Delhi 27 January 2010 

Anand Vihar - Vaishali 2 
East Delhi, 
Ghaziabad (Uttar 
Pradesh) 

27 January 2010 

Green Line (Line 5) 
Inderlok - Mundka 14 West Delhi 2 April 2010 

Kirti Nagar – Ashok Park Main 2 West Delhi, 
North West Delhi 27 August 2011 

Violet Line (Line 6) 

Central Secretariat – Sarita Vihar 13 New Delhi, 
South Delhi 3 October 2010 

Sarita Vihar - Badarpur 3 South Delhi 14 January 2011 
Airport Metro Express Line (Orange Line) 

New Delhi – Dwarka Sector 21 6 New Delhi 
South West Delhi 23 February 2011 

Phase- III: 108 Stations, 159 KM 
Red Line (Line-1) 

Dilshad garden – Shaheed Sthal 
(Ghaziabad Bus Adda) 8 

North East Delhi, 
Ghaziabad  
(Uttar Pradesh) 

9 March 2019 

Yellow Line (Line 2) 
Jahangirpuri – Samaypur Badli 3 North Delhi 10 November 2015 
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Blue Line (Line-3 & 4) 
Noida City Centre – Noida 
Electronic City 6 Noida (Uttar 

Pradesh) 9 March 2019 

Green Line (Line 5) 

Mundka – Bahadurgarh -  7 Bahadurgarh 
(Haryana) 24 June 2018 

Violet Line (Line 6) 
Central Secretariat – Kashmere 
Gate  
(Heritage Line) 

7 New Delhi, 
Central Delhi 

28 May 2017 

Badarpur – Escort Mujesar 9 Faridabad 
(Haryana) 6 September 2015 

Escort Mujesar – Ballabhgarh 2 Faridabad 
(Haryana) 

19 November 2018 

Pink Line (Line 7) , New Line on inner ring road 

Majlish Park – Durgabai 
Deshmukh South Campus 12 

North Delhi 
North West Delhi 
West Delhi 
New Delhi 

14 March 2018 

Durgabai Deshmukh – Lajpat 
Nagar 6 New Delhi, 

South Delhi 6 August 2018 

Trilokpuri – Shiv Vihar 15 

East Delhi 
North East Delhi 
Ghaziabad (Uttar 
Pradesh) 

31 October 2018 

Lajpat Nagar – Mayur Vihar 
Pocket 1 5 

South Delhi, 
East Delhi 31 December 2018 

Magenta Line (Line 8), New Line on outer ring road 

Kalkaji Mandir – Botanical 
Garden 9 

South Delhi, 
Noida(Uttar 
Pradesh) 

25 December 2017 

Janakpuri West – Kalkaji Mandir 16 
West Delhi, 
New Delhi, 
South Delhi 

29 May 2018 

Grey Line (Line 9), New Line 
Dwarka - Najafgarh 3 South West Delhi 4 October 2019 

Najafgarh – Dhasna Bus Stand 1 South West Delhi December 2020 
(Expected) 

Airport Express Line (Orange Line) 
Dwarka Sector 21 – ECC Centre 
(Dwarka Sector 25) 1 South West Delhi December 2020 

(Expected) 
 

The Phase-III network consists of 108 stations with a route length of 159 km. Out of this 

159 km, a total of 103.05 kilometers metro lies within Delhi's state boundary is 103.05 km, 

with 67 stations. The Phase III project extended the existing 6 lines, and 2 new lines 
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constructed on the inner ring road and outer ring road of Delhi. One new line constructed 

to connect Najafgarh in South West Delhi. The total kilometer length and the number of 

stations increased significantly from the planned length of 103 KM due to the extension 

of the Delhi Metro network to Ghaziabad, Noida, Gurugram, and Faridabad. After 

completion of Phase -III, the Delhi Metro network consists of 285 stations with a total 

route length of 389 km. Fig. 3.8 shows the index map of the Delhi Metro Phase-3 corridor. 

 
Fig. 3.8: Delhi Metro Phase-1, 2 & 3 Network (Courtesy: Planning Department, Delhi 

Metro Rail Corporation Limited) 
The Phase-IV of Delhi Metro Network will further increase access to the most reliable 

high-speed public transportation system to the citizen of Delhi living away from the 

existing metro network. The Phase-IV of Delhi Metro network will add 103.93 km of route 

length and 79 number of stations in the existing Delhi Metro network by 2026. Phase-IV 

of Delhi Metro Project execution started with the commencement of construction on the 

three priority corridors. The Government has approved the First stage of Phase-IV to 

construct three priority corridors with 45 stations by 2024. The work of the remaining three 

corridors will be taken up by Delhi Metro Rail Corporation after the approval of the 

Government of India. The second stage of Phase-IV scheduled to be completed by the year 

2026. 
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CHAPTER - 4 

RESEARCH METHODOLOGY AND DATA 

 
4.1 Research Methodology 

The research objective of the study is to estimate the effect of the metro station on house 

prices and residential land prices in the National Capital Territory of Delhi. The research 

method has employed econometric models under research design 1, 2, and 3 to estimate 

the effect of chosen explanatory variables on the dependent variable of house price and 

residential price in Delhi. The research outline has been drawn under Fig.4.1 to show the 

methods used to generate primary and secondary data and empirical investigation of the 

effect of the expansion of the metro network in Delhi and its policy implications. 

 
Fig.4.1: Flow Chart describing Research Methodology (By Author) 
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The unit of analysis for research question no. 1 is the urban areas of 9 districts for which 

house price data for the years  2012, 2014, 2015,  and 2018 collected from the real estate 

website. The unit of analysis for research question no. 2 is districts of the National Capital 

Territory of Delhi. The data of dependent variable of residential land price and 

explanatory variables representing number of stations, colleges, hospitals, business 

establishments, workers, population density collected as secondary data from the Annual 

Economic Survey Reports, Economic Census of Delhi, Economic Census of India, 

Census Reports, and Notifications issued by Government of Delhi and Government of 

India. The Google Earth Pro and My Google Map have been used to generate primary 

data for the distance of urban area centroid from the metro station, and length of the 

metro route in each revenue district. The primary data of total trips (including generation 

and attraction)  generated with the help of  Ex-Traffic Expert of Delhi Metro Rail 

Corporation. These primary and secondary data are tabulated for the panel years 1992, 

1998, 2005, 2012, and 2018 to carry out research investigation using econometrics 

models. 

  
Cut-off Date for the inclusion of data in Panel Year: Thesis research has used the 

dependent variable of house prices and residential land prices. The house price data 

corresponds to panel the year 2012, 2015, and 2018, while the residential land price data 

correspond to the panel years 1992, 1998, 2005, 2012, and 2018. Data for explanatory 

variables consist of population density, the number of metro stations, business 

establishment, workers, colleges, and hospitals during panel years 1992, 1998, 2005, 

2012, and 2018. The primary variable data represents the distance of urban area centroid 

from the metro railway network during the years 2012, 2015, and 2018. The data of 

instrument variables are represented by metro route length and total trips in each district 

of Delhi during the panel years 1992, 1998, 2005, 2012, and 2018. The cut-off month for 

the inclusion of the primary data, secondary data, and instrument variables are described 

below with reasons for their inclusion for a particular year: 

 
Variable representing Variable Type Cut Off 

Month and 
Year 

Remarks 

House Price Dependent Variable 
(Research Design 1) 

June - 
December of 

corresponding  
year 

Mid-year data   
Residential Land Price Dependent Variable 

(Research Design 2) 
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Population Density Explanatory variable 

March of 
corresponding 

Year 

Last month of 
Financial Year   

Number of Business 
Establishments Explanatory variable 

Number of Workers Explanatory variable 
Number of colleges Explanatory variable 
Number of Hospitals Explanatory variable 

Distance from metro 
station 

Explanatory variable 
(Variable of interest in 
Research Design 1) 

December of 
corresponding 

Year 

Commencement of 
operation of metro 
system takes 6 to 9 
months after 
construction to carry 
out safety trials and get 
a safety certificate 
from the 
Commissioner Metro 
Railway Safety 
(CMRS). The price of 
residential property 
already increases in 
anticipation of opening 
of metro station after 
construction of metro 
physical infrastructure 
and before the start of 
commercial operation 
of the metro station.  

Number of metro station 
Explanatory variable 
(Variable of interest in 
Research Design 2) 

Metro route length Instrument Variable 

Total Trips Instrument Variable 
March of 

corresponding 
Year 

Last month of 
Financial Year   

  
 
4.2  Primary Data: 

The primary data of the explanatory variable of metro route length in each district of 

Delhi and distance of urban area from the metro network have been created by using 

Google Earth Pro by plotting the metro network in nine districts of Delhi. The centroids 

of the urban area, chosen for house price analysis, are place-marked on the Google Earth 

Pro map. The distance between the urban area centroids and the metro rail network is 

measured using the measurement tool on Google Earth Pro. Fig. 4.2 shows the Google 

Earth Pro plot of the district-wise metro rail network and the distance of urban area 

centroids in a different color for each district. 
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Fig.4.2: Metro Network and Urban Places plotted on Google Earth Pro (By Author, 

Google Earth Image Landsat/Copernicus ©2020 Google image © 2020 Maxar 
Technologies) 

 
The accuracy of the plot has been checked by superimposing Google Earth Pro Plot (Fig. 

4.2) on My Google Map to ensure that the distance measured on Google Earth is the same 

as measured from My Google map. The superimposed plot has perfectly matched on 

Google Map plot shown in Fig.4.3. The deviation in the metro route network is observed 

at some places because of modification in the Delhi Metro network alignment. Appendix 

2 details the Google Earth Pro and My Google Map plots, and its district wise bifurcation 

and layer details with latitude and longitude. 

 
Fig.4.3: Metro Network and Place marks superimposed on Google My Map (By Author, 

Map Data ©2020) 
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Metro Rote Length and Distance from the Metro Network: The distance of the metro 

route length and the distance of urban places centroid from the nearby metro network 

measured from the Google Earth distance measurement tool. Appendix 2 details the 

geodata layer of distance measurement of the route length and urban area centroid from 

the metro network. Appendix 3 tabulates the distance of metro route length in kilometers 

for each district during the years 1992, 1998, 2005, 2012, and 2018.  It is to mention that 

the Barakhamba – Dwarka section of Phase-I network inaugurated on December 31, 

2005, but open for passengers from January 1, 2006, hence this section is not included in 

the panel year 2005. Each panel year represents the cumulative metro network length of 

each district up to December of the corresponding year. Table 4.1 provides district wise 

length of the metro railway network in different panel years. 
Table.4.1.: District Wise Metro Route Length in kilometres (cumulative) 

Districts 1992 1998 2005 2012 2018 

North Delhi 0 0 0 6.36 15.09 

North West Delhi 0 0 8.82 12.45 17.19 

North East Delhi 0 0 6.36 9.51 18.68 

East Delhi 0 0 0 11.97 25.57 

Central Delhi 0 0 12.06 12.06 15.44 

West Delhi 0 0 0 29.4 48.15 

New Delhi 0 0 3.65 33.55 64.38 

South Delhi 0 0 0 37.1 58.28 

South West Delhi 0 0 0 14.18 14.18 

Total (kilometre) 0 0 30.89 166.58 276.96 

 
Number of Colleges and Hospitals: Other primary variables representing the number 

of colleges and the number of hospitals in each district of Delhi have been created by 

searching their location on Google Maps. Then the year of their establishment was 

confirmed from the webpage of these institutions. The criteria for selection of the data 

are campus area in case of colleges and the universities, and the number of beds in case 

of hospitals. For example, a hospital with at least 50 beds qualifies for inclusion in the 

district level panel data. Similarly, engineering, medical, law, and other reputed 

educational institutions with large campus areas have qualified as representative data 

because the educational institution campus size may affect the house price and residential 

land price. Data representing the number of hospitals and colleges are tabulated for the 
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panel years 1992, 1998, 2005, 2012, and 2018  based on their year of establishment, as 

shown in Table 4.2 & 4.3. Appendix 3 provides the details of colleges and hospitals 

selected for creating the panel data.  
      Table.4.2: District Wise Number of Colleges established before Panel Year(Cumulative) 

Districts of Delhi  
Number of Colleges Established before Panel Years 

Before 
1992 

1992-
1998 1998-2005 2005-

2012 2012-2018 

North Delhi 1 1 3 3 3 
North West Delhi 8 12 16 22 23 
North East Delhi 2 3 5 6 6 
East Delhi 4 6 8 8 8 
Central Delhi 15 15 15 15 16 
West Delhi 8 11 14 16 17 
New Delhi 29 30 32 34 34 
South Delhi 15 15 16 17 17 
South West Delhi 3 7 8 16 18 

 
Table.4.3: District Wise Cumulative Number of Hospitals with more than 50 beds and Area 

>1 acre 
Districts of Delhi Before 

1992 
1992-
1998 1998-2005 2005-

2012 2012-2018 

North  3 4 6 7 10 
North West  3 12 15 18 19 
North East 3 4 7 10 12 
East 4 8 11 15 15 
Central 3 5 6 6 6 
West 6 8 10 13 14 
New Delhi 14 16 17 19 19 
South 8 14 19 24 26 
South West 2 3 4 11 13 

 Total = 46 74 95 123 134 
 
Trips Generated and Attracted in District: A trip may be defined as one way 

movement of a person by mechanized means of transportation. The transportation 

researchers classify trip under ‘trip generation’ and ‘trip attraction’ to describe the 

number of the trips a region generates and trips a region attracts from the other regions 

of the city. A place with high residential colonies will produce a large number of trips, 

whereas the commercial centre (CBD) attracts trips toward the CBD. The mixed land use 

zone with residential and commercial activity produces as well as attracts the trips. The 

trip generation and attraction model is an important criteria for the planning of transit 

system. The transportation planners split the total trips in terms of mode of use such as 



  38 

bus, train, car, etc., and the share of each mode of transportation is estimated to plan a 

public transportation system.  
Table 4.4: District Wise Trip Generation and Attraction (D. Mukhopadhyay, 2020) 

 

 
The variable of the number of stations has instrumented by the variable of log of total 

trips in each district. Research design 2 uses the instrumental variable of log of total trips 

for the number of metro stations because trips are exogenous to the residential land price, 

a dependent variable, and variable trips have a high correlation with the number of metro 

stations. The total number of trips for each district is the summation of the trip generation 

and trip attraction for each district as shown below: 

Districts 1992 1998 2005 2012 2018 

North Delhi 978987 1212158 1556408 2002441 2491603 
North West Delhi 827549 1033171 1338194 1734764 2170359 
North East Delhi 590198 773261 1062844 1466720 1940496 
East Delhi 795776 1038011 1418735 1945935 2560178 
Central Delhi 1184457 1452075 1854095 2386820 2985145 
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West Delhi 822428 1035208 1355419 1778789 2251725 
New Delhi 1829854 2306870 3031090 3999602 5094846 
South Delhi 1106318 1429216 1932299 2622978 3421942 
South West Delhi 775527 960041 1233260 1588717 1980375 

 

Table 4.4 and Appendix 3 shows the detail of trip generation and trip attraction in each 

district of Delhi. D. Mukhopadhyay, Ex. Scientist Central Road Research Institute 

(CRRI) India and Ex. Traffic Expert/DMRC, prepared this trip generation and trip 

attraction data of each district of Delhi for the panel year 1992, 1998, 2005, 2012, and 

2018 to facilitate this thesis research. 

 
4.3    Secondary Data: 

 
Population Census of Delhi, Economic Survey of Delhi, and Economic Census of Delhi 

published between 1990 to 2018 are the source of the data for the variables representing 

population density, number of business establishments, and number of workers in each 

district. The Population data for the years 1992 and 1998 is estimated from the annual 

population growth rate between  1991 to 2001. Similarly, the population in the year 2005 

is estimated by the annual growth rate between 2001 and 2011. Population data for years 

2012 and 2018 are estimated from the 2011 population data and projected population 

data for the year 2018. The district population of each district for the years 1992, 1998, 

2005, 2012, and 2018 is divide by the district area to estimate the population density 

(person / Sq.km) data, as shown below: 
Table 4.5: District wise population density (person/Sq.km.) in Delhi 

Districts Area 
(Sq.km.) 1992 1998 2005 2012 2018 

North  289 2639 3411 4265 4939 5642 
North West  151 11787 11825 13374 15151 17306 
North East 60 20349 27134 33378 37960 43360 
East 64 17316 21307 24673 27137 30997 
Central 85 16007 16565 17024 17575 20075 
West 129 12179 15368 18073 20032 22881 
New Delhi 93 2217 3427 3703 3632 4148 
South 250 6613 8428 9981 11103 12682 
South West 362 3268 4060 5066 5901 6741 

 
Economic Census of India Report 1990 and Fourth, Fifth and Sixth Economic Census of 

Delhi published in the years 1998, 2005, and 2013 are the source of data for the number 

of business establishments and the number of workers in each district of Delhi.  The 
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district-wise number of business establishment and workers data was not available before 

the year 1995. Hence, the data representing the number of business establishments and 

workers in each district during 1992 estimated from the Economic Census of India 1990 

Report data. The data for the panel year 1992 projected from 1990 data based on the 

district's proportional share of business establishment and workers during 1998. 

Similarly, data of these two variables for the year 2018 is estimated using the growth rate 

observed between 2005 and 2012 in each district. Table 4.6 and 4.7 describe the panel 

data of the number of establishments and the number of workers. 
 

Table 4.6 District wise number of business establishments in Delhi 
Districts wise 

Establishments 1990 1998 2005 2012 2018 

North Delhi 21263 64819 71785 73724 75715 
North West Delhi 38825 98925 131075 93297 66407 
North East Delhi 28885 84511 97518 158335 257080 
East Delhi 28281 71688 95479 80061 67133 
Central Delhi 23870 67213 80587 150671 281705 
West Delhi 30017 98925 101339 106726 112399 
New Delhi 4044 35478 13654 38153 106610 
South Delhi 31042 109735 104800 57126 31139 
South West Delhi 18218 54557 61506 117215 223382 

Total = 224446 685852 757743 875308 1221571 
 

Table 4.7 District wise number of workers in Delhi 
District wise 

Workers 1990 1998 2005 2012 2018 

North Delhi 167396 330863 347531 318960 529162 
North West Delhi 255475 504952 530390 286189 807589 
North East Delhi 218253 431381 453113 412976 689924 
East Delhi 185135 365923 384357 215979 585234 
Central Delhi 173580 343085 360369 599058 548709 
West Delhi 255475 504952 530390 313574 807589 
New Delhi 91624 181097 190220 269225 289635 
South Delhi 283394 560135 588353 145304 895845 
South West Delhi 140896 278484 292513 458516 445390 

Total = 1771227 3500872 3677236 3019781 5599077 
 

The number of metro stations of each district of Delhi during the panel year 1992, 1998, 

2005, 2012, and 2018 counted from the Delhi Metro Phase network based on the start of 

passenger services of metro stations. The number of stations is nil for the panel years 

1992 and 1998 because no metro stations were operational during these two years. The 

first metro corridor became operational for passenger service on December 25, 2002. The 
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variable of the metro station is the variable of interest in research design 2, which 

estimates the causal effect of the metro stations on the residential land price in the district 

of Delhi. Table 4.8 provides the data of the number of metro stations operational during 

the panel year 1992, 1998, 2005, 2012, and 2018.   
Table 4.8: Number of metro stations in districts of Delhi 

Districts Number  of Metro Station (Cumulative) 
1992 1998 2005 2012 2018 

North Delhi 0 0 0 5 10 
North West Delhi 0 0 8 11 12 
North East Delhi 0 0 4 7 14 
East Delhi 0 0 0 10 19 
Central Delhi 0 0 12 12 16 
West Delhi 0 0 0 27 39 
New Delhi 0 0 4 20 38 
South Delhi 0 0 0 27 43 
South West Delhi 0 0 0 11 11 

TOTAL = 0 0 28 130 202 
 

The dependent variable of research design 1 is the house price in the selected urban area 

of Delhi. Four to six urban areas of each district of Delhi chosen for the research based 

on the following criteria: 

1. Each district should represent the dominant residential land use form of the district. 

For example, Zone D residential land use should be selected for the analysis of 

movement in house prices if most of the residential urban areas of that district have 

zone D type land category. 

2. The urban area selected within a district should have the same land category type. 

It helps to make a valid comparison of house price movement in the urban area of 

districts.  

3. The urban area situated adjacent to each other should be preferred for study. The 

urban area selected in the district should not be situated far away from each other 

because the house prices within the same district may fluctuate due to the location 

of the urban area and its distance from CBD. 

 
The above criteria helped to choose urban areas in all nine districts of Delhi; however, in 

some districts such as Central Delhi and New Delhi, the selected urban area situated away 

from each other. The selected area in these two districts represents similar characteristics 

and the same land use category, making these urban areas comparable.  The average 
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house price of selected urban locations has been taken from 99acre.com for the years 

2012, 2014, 2015, and 2018. Appendix 4  tabulates the average house price and distance 

of these urban areas centroid from the metro network. 

 
The source of the residential land price data is the Government records disclosed by the 

Land and Development Office, Delhi Division, Ministry of Urban and Housing Affairs, 

Government of India, and Delhi Development Authority for the year from 1987 to 2018. 

Appendix 5 has tabulated the residential land price data of the dominant residential land 

category of each district for panel period 1992, 1998, 2005, 2012, and 2018. Table 4.9 

gives detail about the district-wise urban areas selected for data collection and their 

dominant residential land use category. 

 
Table 4.9 District wise urban area selected for study and dominant land category 

District Selected Urban Area Residential 
Land Category 

North Delhi Outram Line, Model Town Phase II, Model Town 
Phase III, Rana Pratap Bagh 

Category ‘D’ 

North West Delhi Shalimar Bagh, Pitampura, Rohini Sector 23, Rohini 
Sector 24 

Category ‘D’ 

North East Delhi Dilshad Garden, Shahdara, Mandawali, Sonia Vihar Category ‘F’ 

East Delhi Preet Vihar, Mayur Vihar Phase I, Patpadganj, 
Mayur Vihar Phase III New Kondli 

Category ‘D’ 

Central Delhi 
Chandni Chowk, Darya Gunj, Sadar Bazar, Pahad 
Gunj 

Category ‘E’ 

West Delhi Punjabi Bagh, Janakpuri West, Paschim Vihar, 
Vikaspuri, Sunder Vihar 

Category ‘D’ 

New Delhi Vasant Vihar, Moti Bagh, Anand Niketan, Vasant 
Enclave 

Category ‘B’ 

South Delhi C R Park, Kalkaji, Kalkaji Ext., Alaknanda Category ‘C’ 
South West Delhi Dwarka Secto 10, Dwarka Sector 6, Dwarka Sector 

7, Dwarka Sector 19B. 
Category ‘D’ 

 
 
In addition to the above, the data for revenue earning of four municipal corporations of 

Delhi taken from their annual revenue statement records. The revenue earning data will 

help to estimate the share and value of revenue attributed to property tax earned by the 

Municipal Corporation, which depends the existing residential land prices. Table 4.10 

provides a statement of the revenue income received by four Municipal Corporations 

of Delhi and the Government of NCT of Delhi with the percentage share attributed to 

revenue from property tax and stamp duty. 
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Table 4.10: Revenue share of property tax and stamp duty 

(Actual receipts audited values in million INR) 
Government and Local Authority Total Own Tax 

Revenue  
2016-2017 

Revenue Share of 
Property Tax# & 
Stamp Duty* 

Revenue 
from 
Property 

Delhi Government 311480 6.14% 19130 
New Delhi Municipal Corporation 6431 84.5% 5437 
North Delhi Municipal Corporation 15056 40.7% 6132 
South Delhi Municipal Corporation 21773 41.4% 9010 
East Delhi Municipal Corporation 6213 29.4% 182.8 

Total = 360953 11.05% 39891.8 
(Source: Fifth Delhi Finance Commission 2016-2021,table 5.6, page 57 & Table 6.4 page 90) 
*Delhi government earn revenue from stamp duty  
#Municipal Corporations earn revenue from property tax 

 
The data suggest that the total revenue earning from property tax and stamp duty was 

INR 39891.8 million out of total tax revenue of INR 360,953 million collected in Delhi 

during 2016-2017. 

 
4.4        Data for Dummy Variable Identification: 

The distance from the metro station of urban area centroids of each district is used to 

estimate the influence zone distance of the metro network for each district. The study 

of available literature suggests that the slope of the house price trend changes abruptly 

after the influence area of the metro network. This change in slope has been captured 

by plotting the house price trend in each district with respect to distance from the metro 

network. The influence zone distance of the metro network is the distance where the 

house price slope changes.  Figure 4.4 describes the graphs plotted to determine 

influence zone distance of nine districts of Delhi. 
 

Fig 4.4: House Price Trend in districts and influence zone distance 
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 The influence zone distance of the metro network for each district observed in each 

district of Delhi. The pattern suggests that the house price falls after a certain distance 

from the metro station in seven districts, namely North Delhi, North West Delhi, North 

East Delhi, East Delhi, West Delhi, New Delhi, and South West Delhi. In other words, 

the distance from the metro station affects the average house price of the urban area. 

The average house price near the metro network is lower in North Delhi, North East 

Delhi, Central Delhi, New Delhi, and South Delhi districts. High average house price 

near the metro network observed in North West Delhi, East Delhi, West Delhi, and 

South West Delhi district.  

 
The influence area distance of the metro network is the distance where the change in 

the slope of the average house price trend observed. The influence area distance for 

each district tabulated below based on the above graphical analysis. Table 4.12 
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estimates the median distance of 0.730 kilometers for nine districts of Delhi. This 

median influence zone distance is the identification criteria for dividing the urban areas 

into two categories, that is the urban areas situated within and outside the influence 

zone distance of the metro station.  
Table. 4.11: Influence Zone distance of metro network 

District Influence area distance 
(kilometres) 

Median Distance 
(kilometres) 

North Delhi 0.48 

0.73 

North West Delhi 1.1 
North East Delhi 1.29 
East Delhi 1.1 
Central Delhi 0.39 
West Delhi 0.73 
New Delhi 0.68 
South Delhi 0.69 
South West Delhi 1.9 

 

The binary value of the dummy variable depends on the median value of the influence 

zone distance. If the distance of urban area centroid from the metro station is less than 

0.73 kilometers, then the binary value of the dummy variable will take the binary value 

1, otherwise  0 for urban areas whose centroid situated beyond 0.73 kilometers. The 

dummy variable of nearness to the metro will provide a comparison of house price 

movement in the area situated within influence zone distance with those urban areas 

situated beyond that distance.  

 
Two dummy variables introduced in research design 2.  Treatment year dummy will 

take the value of 1 for the panel year 2005, 2012 and 2018, and binary value 0 for the 

years 1992 and 1998 because there was no metro network during these panel years. 

Another dummy variable in research design 2 represents metro rail density estimated 

as the metro route kilometers per square kilometer of the district area.  The median 

value of the metro rail density of nine districts has taken as the identification criteria to 

divide the nine districts into treatment and control groups of districts. The Median value 

of the percentage area covered within the influence zone of each district ( 2 x influence 

zone distance x metro route length) gives another identification strategy to divide nine 

districts into treatment and control groups of districts. Table 4.12 gives the median 

value of the metro rail density and the percentage of influence area of the metro railway 

in each district: 
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Table. 4.12: Metro Density and Percent Metro Influence Area 

District name 

District 
Area 

 (Sq.km) 

Influence 
Area 

Distance 
(km) 

Metro 
Route 

Length 
2018 (km) 

Percentage 
Metro Influence 

Area 

Metro 
Density 
(km./Sq. 

km.) 

1 2 3 4 = 
(2*2*3)*100/(1) 6 = 3/1 

North Delhi 289 0.48 15.09 5.01% 0.05 
North West Delhi 151 1.1 17.19 25.05% 0.11 
North East Delhi 60 1.29 18.68 80.32% 0.31 
East Delhi 64 1.1 25.57 87.90% 0.40 
Central Delhi 85 0.39 15.44 14.17% 0.18 
West Delhi 129 0.73 48.15 54.50% 0.37 
New Delhi 93 0.68 64.38 94.18% 0.69 
South Delhi 250 0.69 58.28 32.17% 0.23 
South West Delhi 362 1.9 14.18 14.89% 0.04 

Median Value = 32.17% 0.23 
  
The treatment group of districts and control groups of districts has been grouped based 

on the median values of Metro Railway Density. North Delhi, North West Delhi, 

Central Delhi, and South West Delhi have grouped under Control Group districts 

because metro rail density in these districts is less than the median value of metro rail 

density. The remaining five districts, North East Delhi, East Delhi, New Delhi, West 

Delhi, and South Delhi, have grouped under Treatment Group Districts. This grouping 

of these districts will help us to estimate the difference in residential price trends in the 

treatment and control group districts using Difference in Difference (DiD) regression 

model. 
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CHAPTER-5 
RESEARCH DESIGN  

 
The research design will use the two-panel dataset created from the primary and 

secondary data collected to enquire the research questions. The first dataset of the 

research design is ‘house_price_thesis.dta’, which is used to estimate the effect of 

distance from the metro station on the house prices of urban areas. The second dataset 

‘res_land_price_thesis.dta’ comprises data of dependent variable residential land 

price for the panel years 1992, 1998, 2005, 2012, and 2018 and explanatory variables 

of the number of metro stations, population density, business establishment, workers, 

colleges, hospitals, metro length, and trips in each district..  

 
Research design 1 used learning from the literature on the Hedonic price model for 

estimating the effect of metro stations on the house prices. Research design 1 employs 

the dummy variable of nearness to the metro station to analyze the difference in 

percentage change in average house prices of the urban area located within influence 

zone distance of 0.73 kilometers with those located between 0.73 to 4 kilometers. 

Research design 2 took inspiration from the literature on empirical strategies used for 

estimating policy treatment of infrastructure projects on welfare and economic gain.  

Research design 2 uses the Difference in Difference (DiD) with Generalized Least 

Square (GLS) regression model to estimate the difference in residential land price 

trends in the treatment and control group districts due to policy treatment of the 

introduction of the metro railway system in Delhi. Research design 2 also estimates the 

effect of metro stations and other control variables on the percentage change in mean 

residential land price from 1992 to 2018 using the Two Stage Least Square Instrument 

Variable (2SLS IV) Fixed Effect Regression model. Research design 3  is a graphical 

analysis method to estimate the correlation between the house price movement and the 

residential land price trends in the urban areas. Appendix 6 details the programming 

codes of the research models on STATA and the regression results of three research 

designs. 

 
5.1 Research Design 1: Effect of distance from metro network on the house price  

This research design aims to estimate the effect of distance from the metro network on 

the average housing price of urban areas of the districts. Research design 1 uses house 

price movement from the years 2012, 2015, and 2018. The effect of the distance from 
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the metro network on the average house prices of urban areas of a Delhi falling within 

the influence distance of metro network and those situated away from the influence 

distance can be estimated simultaneously from the following regression equations: 

log (house_Price)it  =  b0 + b1 station_distanceit +  uit   ( if di, near_metro  = 0) 

log (house_Price)it  =  b0 + b1 station_distanceit +  uit   ( if di, near_metro  = 1) 

The coefficient b1 will give two estimates of the effect of increasing distance from the 

metro station on average house price change in urban areas situated within influence 

zone when  di, near_metro  = 1, and effect on average house price of the urban area situated 

outside of influence zone between  0.730 kilometers to 4 kilometers when  di, near_metro  

= 0. 

The above model will estimate the coefficients to explain the impact of distance on the 

percentage change in average house prices. It does not provide differences in the 

average house price of the urban areas situated within the influence zone (0.730 

kilometers) and beyond the influence zone distance. This difference can be estimated 

by introducing a dummy variable ‘nearness to metro’. The intercept shift due to the 

dummy variable is given by d0.  The coefficient of  interaction term of station distance 

d1 will estimate the percentage difference in the house prices of the urban areas within 

influence area distance and between 0.73 kilometers to 4 kilometers. The following 

equation gives the GLS regression model for estimating the percent difference in 

average house price: 

log (house_Price)it  =  b0 + d0 * di,near_station + d1 * di,near_station station_distance it 

+ b1 station_distance it +  uit 

Where subscript ‘i’ represents the urban area of the urban area, ‘t’ represents the year 

2012, 2015, and 2018.  log(house price) is the change in house prices recorded during 

2012, 2015, and 2018 for urban areas, and station_distance corresponds to the distance 

from the metro station during the year 2012, 2015, and 2018. The distance from metro 

stations varies according to year as some metro stations became operation between 2015 

to 2018 in the urban areas of South Delhi and New Delhi districts. It resulted in a 

reduction of distance from metro networks in urban areas of these districts. The dummy 

variable di, near_metro  represents the binary value such that it takes   di, near_metro   = 1 if 

urban area centroid is within 0.730 kilometers, and takes a value of 0 otherwise. Term 

uit represents the other extraneous variables and error term in the equation.  
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5.2 Research Design 2: Effect of metro railway expansion on change in residential 
land price  
 
DID Method of Estimation: The difference in difference (DiD) regression model 

estimates the effect of the introduction of the metro railway network on the residential 

land prices in treatment and control group districts. The treatment year dummy divide 

the panel data years 1992, 1998, 2005, 2012 and 2018  into two categories such that: 

 
d1treated year (2005-2018)  = 1, (If the year corresponds to treatment years 2005, 2012 

and 2018 when metro stations became operational in 

districts.) 

 d1treated year (2005-2018)  = 0,  (If the year corresponds to the year 1992 and 1998  

when there was no metro stations in districts.) 

 
The 9 districts of Delhi are further into grouped as treatment group districts and the 

control group of districts based on the metro railway density in a district. A dummy 

variable has been introduced to differentiate between the treatment and control group 

districts. The dummy variable representing treated districts takes a binary value equal 

to 1 if the district's metro rail density is more than 0.23 kilometers / Sq. kilometer area 

of the district, otherwise 0 as given below: 

 
d2treated _district = 1, (If metro railway density is more than 0.23 km/ Sqkm) 

 d2treated _district  = 0,  (If railway density is less than 0.23 km/ Sqkm) 
 
The median metro railway density of 0.23 km/Sq. KM. is the identification criteria for 

selection of 5 districts under Treatment Group of districts, and 4 districts under Control 

group of districts. The GLS DiD regression equation with explanatory variables takes 

the following form:  

log (residential_land_price)it = b0 + d0t  * d1treated year + d0d * d2treated _district + d1 

* d1treatedyear * d2treated _district + b1 stations it + b2 log(Population_density) it + b3 

log(business_estb)it +  b4 log(workers)it +  b5 log(Hospitals)it + b6 log(colleges)it 

+  uit 

Where, subscript ‘i’ represents the district ID of district of Delhi; ‘t’ represents the panel 

year 1992, 1998, 2005, 2012 and 2018; b0  is the intercept of the regression model and 

d0t  and  d0d   are the intercept shift caused by dummy for treatment year d1treated year  and 

treatment group district dummy d2treated _district.  The Dependent variable of log of 
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residential land price for year ‘t’ and district ‘i’ is given by 

log(residential_land_price)it. The variable of the interest in the regression equation is 

‘stations it’ which represents the number of metro stations in a district during the years 

1992, 1998, 2005, 2012, and 2018. The other control variables in the equations are in 

logarithm form, which represents population density of the districts, number of business 

establishment, number of workers, number of hospitals, number of colleges in the 

districts recorded during the panel years 1992, 1998, 2005, 2012, and 2018.  

 
The extraneous variable and the error term in the equation is represented by  uit. The 

coefficients b1  ,  b2  , b3 , b4  b5,  b6  represent the individual effect of explanatory variables 

on the log of residential land price while controlling for other variables in the equation. 

The variable of interest of the regression model is the number of metro stations in 

districts represented by variable ‘stations’. The coefficient b1  estimates the effect of 

variable ‘stations’ on the conditional mean of log of residential land prices. The 

coefficient of the dummy variables interaction term in the equation is d1  which 

estimates the difference in difference of percentage change of mean residential price 

between the treatment group districts and control group districts.  

 
The residential land price of Delhi notified by the government periodically by revising 

the circle rate of the different land categories of Delhi. Therefore the difference in log 

of residential land price in the treatment and the control group of districts may not show 

a significant difference. The data of the control group districts correspond to land 

category D and E, whereas the data of treatment group district correspond to the land 

category B, C, D, and G. It is interesting to see if there is any significant difference in 

log residential land prices due to the metro network expansion in the treatment and 

control group districts. 

 
2SLS IV Regression Method combined with Fixed Effect Model:   

The DiD regression estimates the difference in difference of the percentage change in 

residential land price between treatment and control groups of the district. However, 

the estimated coefficients of the explanatory variables may be biased and inconsistent 

due to district level fixed effect and endogeneity caused by the residential land price on 

the number of stations. Some districts with high land value land categories B and C 

have location advantage due to nearness to the CBD. It may be a potential cause of 
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endogeneity because these districts are situated adjacent to the CBD hence generating 

and attracting more traffic, and therefore creating demand for new metro stations. The 

endogeneity may be controlled by introducing instrument variables of ‘metro route 

length’ and the ‘trips’ of districts observed during the panel years 1992, 1998, 2005, 

2012, and 2018. Further, the fixed district effect may also cause biased and inconsistent 

estimation of the regression coefficients, which may be overcome by combining the 

Fixed Effect model with the 2SLS IV regression model. The Hausman test will check 

the relative efficiency of the estimates of the Random effect Model and Fixed Effect 

model. The following equation gives the regression equation of the GLS regression 

model: 

log (residential_land_price)it = b0 + b1 * stations it + b2 * 

log(Population_density) it + b3 * log(business_estb)it +  b4 * log(workers)it +  b5 

* log(Hospitals)it + b6 *  log(colleges)it +  uit 

2SLS IV regression model of Research design 2 involves three stages to estimate the 

unbiased and consistent effect of the number of stations on log of residential land prices. 

These stages are: 

1. GLS Estimation of the coefficients of the explanatory variables that explain the 

effect of each variable on the log residential land price. 

2. The explanatory variable will be checked for endogeneity and fixed effect by 

conducting the Hausman test. 

3. 2SLS IV Fixed effect regression model estimation with the variables ‘metro length’ 

and ‘trips’ as instrument variables of the variable ‘station’. 

 
The endogeneity caused by the explanatory variable of interest poses a threat to an 

unbiased and consistent estimation of the effect of the mero station on the log of 

residential land price. The research design 2 will first estimate the individual effect of 

the variables on log residential land price.  The endogeneity caused by the explanatory 

variable will be checked by regressing the variable of interest ‘stations’ on other 

explanatory variables. The predicted residual will be obtained from this regression, 

which will be included as a variable in the GLS regression equation. The z value of 

predicted residual on log residential land price will suggest about the significance of 

the endogeneity caused by the variables. The explanatory variable suffers from 

endogeneity if the coefficient of residual suggests a significant effect on the log of 

residential land price. Two-Stage Least Square (2SLS) IV regression model can control 
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the endogeneity in the regression equation. The Hausman test will be conducted to test 

the hypothesis H0: that the Random Effect estimates are more efficient with an alternate 

hypothesis H1: that the Fixed Effect model is more efficient. If the fixed effect model 

is more efficient than the Random Effect model, then 2SLS IV regression model 

combined with the Fixed Effect model will give unbiased and consistent estimates of 

the effect of the metro station on the percentage change in residential land prices.  

 
The first stage of the IV regression model with the instrument variables of 

‘metro_length’ and ‘trips’ instrumented for variable of interest ’stations’ can be written 

in the following form:   

stationsit  =  p0 + p1 * (metro_length)it + p2 * log(trips)it +  p3 *  

log(population_density)It + p4 * log(business_estb)It + p5 * log(workers)It + p6 

log(Hospitals)It  + p7 log(colleges)It  + vit   

Where, metro_lengthit  is the first Instrument Variable represents the length of the 

metro network in the districts for the panel years 1992, 1998, 2005, 2012, and 2018. 

The second instrument variable  log(trips)it represents the log change of total trips in 

districts during the panel years 1992, 1998, 2005, 2012, and 2018.  

 
Second Stage IV Regression Equation Form: The fitted value of the variable 

"#$#%&'"(   and other variables will be estimated from equation of first stage of 2SLS 

IV regression. The fitted values of variable ‘stations’ will be substituted in the main 

equation to derive the 2SLS IV regression equation. The 2SLS IV regression equation 

can be written as: 

log(residential_land_price)it = ¡0 +  ¡1 * ("#$#%&'"( )It  + ¡2 * 

log(population_density)it + ¡3 * log(business_estb)it +  ¡4 * log(workers)it +  ¡5 

* log(Hospitals)it + ¡6 *  log(colleges)it  + eit   

 

Where, 
)*+*,-.)(  Fitted value of variable station estimated 

from the reduced form of equation.. 

e it Error term 

¡0, ¡1, ¡2, ¡3 , ¡4  ¡5,  ¡6   Estimators of the 2SLS IV regression model 

represents the effect of explanatory variables 

on log of residential land price 
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The 2SLS Instrument Variable regression model will estimate the effect of the addition 

of metro station on the percentage increase in the residential land price in the National 

Capital Territory of Delhi for the period between 1992 to 2018. The model will also 

state the statistical significance of the variable involved in the equation on the 

percentage increase in the residential land prices in Delhi. These estimate may suffer 

district fixed effect because the error term eit may contain district fixed effect ai. 

Therefore, the fixed effect model will be combined with 2SLS IV regression model to 

overcome the effect of district fixed effect.  

 
First Stage of IV regression equation (FE Model): The time demeaned equation for 

fixed effect regression model can be written as : 

 
/010234/̈ it = p0 + p1 * 67#8&_:7';#<̈ it + p2 * :&;(#8%>")̈ it +  p3 *  

:&;(>&>@:$#%&'_A7'"%#B)̈ it + p4 * :&;(C@"%'7""_7"#C)̈ it + p5 * 

:&;(D&8E78")̈ it + p6 *  log(<&">%#$:")̈ it + p7 *  :&;(F&::7;7")̈ it + vit   

 
Second Stage of IV regression equation (FE Model): The time demeaned equation 

of  second stage of 2SLS IV regression equation can be written as : 

 
	:&;(HI/2JI4021K_K14J_LH2MI)̈ it = ¡0 +¡1*("#$̈ #%&'"( )It + ¡2 

*	:&;(>&>@:$#%&'_A7'"%#B)̈ it + ¡3 * :&;(C@"%'7""_7"#C)̈ it +  ¡4 * 

:&;(D&8E78")̈ it +  ¡5 * log(<&">%#$:")̈ it + ¡6 *  :&;(F&::7;7")̈ it + eit   

 
The Fixed Effect with 2SLS IV Regression will estimate intercept ¡0 and coefficients 

of the regressor ¡1, that is effect of fitted value of stations on the percentage change in 

residential land price. Other coefficients ¡2, ¡3 , ¡4  ¡5,  ¡6  are the estimates of the 

individual effect of the control variables on the percentage change in residential land 

price after eliminating district fixed effect using time demeaned data of the variables 

for panel period between 1992 and 2018. 

 
5.3 Research Design 3 : Correlation analysis of Housing price in urban area of a 

district and Residential Land price: 
 

Research design 3 analyses the trend of the house price movement of the urban areas 

of districts with the residential land prices of the same land category during the years 
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2012, 2015, and 2018. The trend analysis of house price movement and the residential 

land prices between 2012, 2015, and 2018 will suggest the similarity between the house 

price change and the residential land price change from 2012 to 2018.  Research design 

3 will also estimate the correlation coefficient of the average house price of urban area 

within and outside of the influence zone by using dataset ‘rd3_thesis.dta’. The aim of 

research design 3 is to analyze how residential price movement correlation with average 

house price movement from 2012 to 2018 within and outside the influence zone of the 

metro network. The plot of average house prices and the residential land prices will 

suggest the average house buyer preferences within and outside influence zone distance 

of the metro network. A high average house price within the influence zone means that 

a buyer will give a higher premium to the houses located within the influence zone. In 

contrast, a lower house price within the influence zone means the buyer does not value 

nearness to the metro station in making his house buying preference. 
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CHAPTER-6 

RESULTS AND INTERPRETATION 

 
Research design 1, 2, and 3 uses the spatial data of infrastructure such as metro 

networks, hospitals, colleges in each district of Delhi, trips generated and attracted in 

districts, and secondary data such as house prices in the urban area, residential land 

prices in districts, population density,  number of business establishments and workers 

in each district.  This chapter explains the results of research designs 1, 2, and 3 and 

compares the research findings with the findings of similar studies mentioned under the 

literature review chapter. 

 
6.1 Regression Result of Research Design Model 1: 

The regression design 1 uses the variable of the house prices as the dependent variable 

and distance from the mero network as an explanatory variable to estimate the effect of 

distance on average house prices within and outside of the influence zone. Research 

design 1 uses data of 40 urban areas of nine revenue districts for the periods 2012, 2015, 

and 2018. The house price data of urban areas is the average house price corresponding 

to the second quarter, which is June to September of the financial year, available in the 

price trend page of real estate website 99acre.com. The total number of house price 

observations is 94, with the mean value of INR 106,000 / Sq. Meter and standard 

deviation of INR 50800/Sqm. The station distance data from the metro network has 120 

observations with the mean value of 1.3573 kilometers with a standard deviation of 

0.8185 kilometers as described below:  

 

The GLS regression model has been used to estimate the effect of distance from the 

metro on house prices in the urban areas.  The influence zone of the metro network is 

the median distance of 0.73 km estimated under table 4.11 for nine districts of Delhi. 

This estimated influence zone distance of  730 meters is less than the influence zone 

distance of 800 meters, as suggested in the Transit-Oriented Development Policy of 

Delhi notified by the Ministry of Housing and Urban Affairs in December 2019.  The 

urban areas of Delhi grouped under two categories based on the influence zone distance.  
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The centroid of one group of the urban areas situated within 0.730 kilometers represents 

the houses situated near metro stations. The other group of house price data represents 

the urban areas whose centroid located between 0.730 kilometers to 4 kilometers. The 

regression model estimates the effect of distance from the metro network on the 

dependent variable of log house prices described in table 6.1. Colom 1 of the regression 

result suggests with 99% confidence that on average per kilometer movement within 

the influence zone increases the mean house price by 24.57% or each 100 meters 

movement within the influence zone of 730 meters explains the 2.457% increase of 

mean house price. Colom 2 of the model estimates the effect of distance from the metro 

station in the zone beyond 0.730 kilometers to 4 kilometers. The estimated coefficient 

(-) 0.1730 can be interpreted as each kilometer movement away from the metro network 

outside influence zone up to 4 kilometers causes 17.30% decrease in mean house prices 

in the urban area of Delhi but this estimate lacks statistical significance. 
Table 6.1: Estimates from Regression of Research Model 1 

 
Colom 4 represents the robust estimate of the regression model with variables 

representing nearness to metro station and interaction term to estimate the percent 

difference in average house prices within and outside the metro influence zone. The 

effect of distance can be interpreted as a one kilometer movement away from the metro 

network causes 17.52% decrease in mean house price with statistical significance of 

95% confidence level. The coefficient of dummy variable ‘d_near_station’ representing 

the urban area within the influence zone suggests 21.90% lesser average house price, 

but this result lacks statistical significance. The difference in percentage house price 

change between the urban area within and outside influence zone captured by the 

coefficient of dummy variable ‘diff_near_station’. It suggests with very high 
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confidence that 48.96% difference in mean house price of urban area within the 

influence zone distance of 0.73 km as compared to the mean house price of the urban 

area situated outside the influence zone.  
 
The average house price movement in the urban area (fig. 6.1)  of residential land zone 

category D plotted with respect to distance from the metro network (plot1). It explains 

that the mean house price within the influence zone drops up to 500 meters from the 

metro network and increases to influence zone distance of 0.730 kilometers. After the 

influence zone, the mean house price declines up to 1.5 kilometers at a constant rate, 

and after that rate of average house price decline follows ‘inverted U type’ pattern up 

to 2.5 kilometers. The mean house price remains constant after the distance of 2.5 

kilometers in residential land category type D. This inverted U type price drop within 

1.5 to 2 kilometers zone is opposite to the finding of Seo et al. (2014). They found U 

type pattern of house price change with increasing distance from Light Railway and 

Highway in Phoenix, Arizona. 
Fig.6.1 Average House Price in Residential land category D with distance and Year  
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Plot 2 of fig. 6.1 explains the house price trend in the urban area in residential land 

category D. Mean house price in the influence zone shows an increasing trend up to the 

year 2015. After that, the mean house price is constant between 2015 to 2018. Mean 

house prices outside the metro influence zone recorded a decline in price up to the year 

2015 and after that increases to achieve price level of 2012. 
 
Plot 3 of fig. 6.1 explains that the average house price declining trend within influence 

zone between 2012 to 2015. However, this declining house price trend reversed 

between 2015 -2018 in the houses located outside the influence zone, whereas the 

average house price shows a continuous declining trend for properties within the 

influence zone.  The regression result in plot1 (fig. 6.1) is similar to Sharma (2018) 

findings that premium on the houses within 500 meters of metro stations is lower than 

the premium on the houses recorded between 500 meters to 1000 meters. Sharma (2018) 

also observed that noise, traffic congestion, crowding of paratransit mode of 

transportation causes lower property premium within 500 meters of Metro Station in 

Bengaluru city. The same assertion may be used for Delhi because of the traffic 

congestion near the metro station caused by the paratransit mode of transportation. Pan 

(2013) study on the impact of light Rail Transit (LRT) in Houston, Texas, also found a 

negative effect of immediate proximity to station up to a quarter-mile  (400 meters) on 

properties.  

 
The estimate of research design 1 found that the mean house price within 0.73 

kilometers influence zone is 48.96% higher than the mean house price outside of the 

influence zone. This percentage difference in house price is very high as compared to 

Dubey et al. (2013) observation for Montreal city, where community railway caused 

11% high premium of mean house price near the station. The 48.96% average house 

prices difference within and outside influence zone is similar to Pan (2018) study on 

the impact of LRT in Houston city wherein average house prices within 3 miles of LRT 

corridor is 43.60% higher than the mean house price of Harris county region. 

 
6.2 Regression Result of Research Design Model 2: 

The second research design investigates the effect of metro stations on residential prices 

from 1992 to 2018. The regression model is GLS regression based on difference in 

difference (DiD) method and Two-Stage Lease Square Instrument Variable regression 

(2SLS IV) Fixed Effect model to evaluate the treatment of the introduction of the metro 
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station on the percent change in the residential land prices. The instrument variable 

selected for variable 'stations' is 'metro_length' and 'trips'. Control variables of the 

research design 2 represent population density, number of the business establishments, 

workers, colleges, and hospitals in the districts during the analysis period. The summary 

statistics of the dependent variable and explanatory and instrument variables are 

detailed below:   

 
The research begins with the test of endogeneity of the explanatory variable and 

Hausman test to select the efficient model for the estimation of the regression model. 

The test of endogeneity suggests that the residual ‘e1’ obtained from the regression of 

variable of interest ‘stations’ on the other control variable (Table 6.2, Colom 1) does 

not have a statistically significant effect on dependent variable log residential land price 

(Table. 6.2, Colom 2).  
Table 6.2: Result of Endogeneity test and Hausman Test for Model Efficiency 
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The Hausman test rejects the null hypothesis that the Random Effect is an efficient 

model in favor of an alternate hypothesis that the Fixed Effect model is more efficient 

for estimating the regression model. The Fixed Effect model is the preferred regression 

model because the p-value obtain from the Hausman test is less than 0.05 (Table 6.2). 

The result suggests the existence of a time-invariant effect on the error term. The fixed 

effect model is therefore combined with the 2SLS IV regression model to estimate an 

unbiased and consistent coefficient of the explanatory variable.  

 
Columns 1, 2, 3 of table 6.3 describe the result of the difference in difference GLS 

estimation due to the treatment effect of metro rail expansion in treatment and control 

group districts. The treatment group consists of five districts, namely North East Delhi, 

East Delhi, West Delhi, New Delhi, and South Delhi, which have metro rail density 

more than 0.23 kilometer / Sq. Kilometer district area.  The Control group districts are 

represented by North Delhi, North West Delhi, Central Delhi, and South West Delhi, 

where metro rail density is less than 0.23 km/Sq.km. Fig. 6.2 plots the residential land 

price trend in the treatment and control group districts between 1992 to 2018 with 

treatment year as 2005. The plot suggests a similar residential land price trend in both 

treatment and control group districts before and after the treatment year, the year after 

1998, when the metro network construction began, and operation of metro stations 

started from December 2002 (fig. 6.2).  
Fig.6.2: Residential land price trend in Treatment and Control group districts 

 
 

The GLS estimates of  DiD regression are reported under Colom 1 to 3 of table 6.3. 

Colom 1 of Table 6.3 presents the result of DiD regression without control variables. 
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The coefficient of treatment year dummy can be interpreted as the mean residential land 

price in control group districts increased by 178.46% or 1.78 times after the year 1998 

to 2018 than the average residential land price observed during the panel years 1992 

and 1998 when no metro network exist in the districts of Delhi. The coefficient of 

dummy variable treated_district suggests that the mean residential land price of the 

treatment group district is 26.69% less than the mean residential price of the control 

group in the absence of policy treatment from 1992 to 1998. The interaction term in 

first regression (Colom 1) explains difference in difference (DiD) of change in the mean 

residential price between treatment and control group district due to the treatment effect 

of high metro rail density. The policy treatment of metro network expansion has caused 

33.19% change in residential land prices in the treatment group district as compared to 

control group districts. However, the estimate does not have statistical significance.  
 

Table 6.3: Results of Regression Models of Research Design 2 

 
The effect of policy treatment of metro railway expansion does not have statistical 

significance when we introduce control variables in the regression model (Colom 3 ). 

The treatment year resulted in 42.51% increase in the mean residential price in the 

control group district before and after the treatment year 1998.  The estimate of treated 

districts suggests that the mean residential land price of the treatment group district is 
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70.84% less than the control group district between 1992 to 1998. The coefficient of 

‘interaction’ estimates the difference in difference of the percentage change in the 

mean residential land price. It explains 24.53% differences in the mean residential land 

price between the treatment and control group districts before and after the onset of 

treatment of metro network expansion. However, these three estimates did not have 

statistical significance. The negative sign of interaction term suggests that the 

percentage change of residential land price in the control group district is larger than 

treatment group districts. 

 
Colom 4 checks the robustness of the estimates of the regression model. The regression 

result of Colom 4 suggests that only three variables have effects on the log of residential 

land price. The regression estimate of Colom 4 reports with 99% confidence that the 

addition of the metro station in a district causes 8.84% change in the mean of residential 

land price. Also, a one percent increase in the number of workers in districts causes a 

reduction in the mean residential land prices by 0.49% with the statistical significance 

of 99%. A 1% increase in the mean number of hospitals in districts suggests 0.71% 

increase in mean residential land price with 90% confidence. However, these estimates 

of variables may be inconsistent due to district level fixed effect, the correlation among 

the variable (Table 6.4), and endogeneity suggested by Hausman test statistics.. 

 
The instrument variable regression strategy has been combined with the Fixed Effect 

model to overcome the issue of endogeneity and eliminate the district level fixed effect. 

Two instrument variables, namely ‘metro_length’ and ‘l_trip’  used for the variable of 

interest ‘stations’. The High correlation between variable stations and instrument 

variables metro_length and l_trips (table 6.4) satisfy the condition of instrument 

relevance. The condition of instrument exogeneity is also satisfied because trips and 

metro routes do not affect the residential land price. The total trips of a district measure 

movement from one district to another, and it is neutral to the residential land price. 

The residential land price does not relate with the metro network length because the 
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length of a metro line depends on the underground geology and road width available 

for the construction of the underground and elevated metro line.  The IV regression 

model and  2SLS IV Regression models estimate the coefficients of explanatory 

variables under Colom 5 and 6 of Table 6.3. Table 6.5 reports the regression result of 

the first stage of 2SLS IV regression. The fitted value of station_hat estimated from 

the first stage of 2SLS IV Fixed Effect regression model.  This fitted value station_hat 

is used in the second stage of the regression model to estimates the regression 

coefficients of the explanatory variables. 
Table 6.5 First Stage of 2SLS IV regression with Fixed Effect 

 
 
The instrument variable ‘metro_length’ has a significant effect on the variable of 

interest ‘stations’. The Fitted value of variable  ‘station_hat’ estimates unbiased and 

consistent estimates of explanatory variables in Colom 6 of table 6.3. The fitted value 

of variable ‘stations’  is represented by ‘station_hat’ in Fig.6.3. It suggests a minor 

deviation between the fitted and the actual value of the mean number of metro stations 

for the period of analysis between 1992 to 2018.. 

Fig.6.3: Trend Analysis of fitted Station_hat and Selected Variables 
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The IV regression and 2SLS IV Fixed Effect regression model estimates the same 

average effect of the explanatory variables; however, the standard error of estimated 

coefficients are less in 2SLS IV Fixed Effect regression results. Both models have found 

that the number of stations has a significant effect on the mean residential land price in 

districts of Delhi (Colom 5 & 6, Table 6.3). The coefficient of variable stations suggests 

that the addition of station from 1992 to 2018 caused 7.87% increase in the mean 

residential land prices with a statistical significance of more than 99%. 

 
The variables population density, number of colleges, and number of hospitals have the 

positive effect on the residential land price as 1% increase in the mean value of these 

variable explain 1.69%, 0.48% and 0.66% increase in mean residential price 

respectively; however, the estimates of these variable lack statistical significance. The 

variable of the number of business establishments and the number of workers in districts 

has a negative effect on the mean residential land as 1% increase in the mean number 

of these variables explains 0.07% and 0.53% decrease in the mean residential land price, 

but the estimates lack statistical significance (Colom 5 & 6, Table 6.3). 

 
The main objective of research Design 2 is to estimate the effect of the expansion of 

the metro network on residential land prices in Delhi. The DiD regression (Colom 4) 

found no significant difference in mean residential prices in the treatment and control 

group districts of Delhi before and after the introduction of the metro railway. The 

residential land prices in both treatment and control groups of districts have a similar 

residential land price trend from 1992 to 2018 (Fig.6.2). The 2SLS IV Fixed Effect 

regression model (Colom 6) found the significant effect of metro stations in the 

National Capital Territory of Delhi on the mean residential land price increase from 

1992 to 2018 as metro station addition in districts can explain 7.87% increase in mean 

residential land price with statistical significance of more than 99%. 

 
6.3 Result of Research Design 3: Correlation Analysis of House Price and Residential 

Land Price 

Trend of house price and residential land prices of urban area of Delhi has been plotted 

for period 2012 to 2018. The data of house price and residential land price of same land 

category corresponds to year 2012, 2014, 2015 and 2018. The graphical representation 

of house price and residential land  price trend are represented under Fig.6.4. 
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Fig.6.4 Trend of House Price and Residential Land Price in Districts of Delhi 

 

 

 

 

Figure 6.4 is the plot of the house price data and residential land price data of the same 

land category for the years 2012, 2014, 2015, and 2018. The house price trend is 

relatively flat and remains unaffected with residential land price movement in Central 

Delhi district because a significant portion of Central Delhi district falls under the fort 

city where construction regulations are strict. The house price and residential land price 

trend is not identical for most districts. However, similar average house prices and 

residential land prices observed in the urban area of Mukherjee Nagar (North Delhi), 

Shalimar Bagh (North West Delhi), Dilshad Garden (North East Delhi), Mayur Vihar 

Phase III New Kondli (East Delhi), Punjabi Bagh (West Delhi), Jor Bagh (New Delhi), 

C.R. Park (South Delhi) and Dwarka Sector 7 (South West Delhi). These urban 

locations have one similarity that the centroid of these urban areas falls within the metro 
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influence zone. More convincing interpretation about house price and residential land 

price correlation can be made from the correlation coefficient estimate of the average 

house price trend and residential land price trend within and outside influence zone for 

the years 2012, 2015, and 2018 (Fig.6.5). 
Fig. 6.5 Correlation Between House Price and Residential Land Price 

 
The correlation analysis suggests that the mean house price of the urban area situated 

outside the influence zone has high correlation of 63.98% with the mean residential 

land price. In contrast, the low correlation score of 41.62% estimated between the 

average house prices and residential land price within influence zone distance. The 

correlation estimates suggest that the average house price of the properties of high 

residential land is lower if situated within the influence zone of the metro network. It 

also suggests that the average house price is higher within the influence zone for low 

land value properties up to the residential land price value of INR 20000 / Sq. Meter. A 

similar finding was observed in Freddie Mac Report (2019) on the effect of metro 

stations in the house prices in Washington, D.C. The Report suggests that the proximity 

to the metro station has the smallest effect on the high-value properties and high 

premium observed for the low-value properties in the proximity of the metro station in 

the Washington DC metropolitan. The correlation analysis also suggests that the 

average house price outside the influence zone shows a linear increase in average house 

prices with the increase in residential land prices in Delhi. We can infer the house 

buying preferences from the plot of housing and residential land price. The plot in Fig. 

6.5 suggests that the house buyers of high property value do not value nearness to metro 

station, whereas the house buyers of low property value prefer to pay a higher price if 

the house is located within the influence zone of the metro network because they prefer 

metro network over private vehicles for commuting to their workplaces, business 

establishments, and other destinations. 
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CHAPTER 7 

POLICY IMPLICATIONS AND RESEARCH OUTCOME 

 
The motivation of this research thesis is to estimate the effect of metro railway 

expansion on the residential land price in the National Capital Territory of Delhi and 

propose value capture finance (VCF) amount that can be utilized to finance Metro 

projects of Delhi.  Metro Policy 2017 has a provision that the state government should 

adhere to the adoption of Value Capture Financing (VCF) guidelines, and the financial 

benefits accrue due to VCF should be transferred directly to the Special Purpose 

Vehicle (SPV) agencies implementing the metro railway projects. This thesis research 

has estimated that the expansion of the metro network in Delhi has caused 7.87% 

increase in the mean residential land price in Delhi from 1992 to 2018 while controlling 

for other variables. The primary beneficiaries of this increase in land prices are the 

Government of National Capital Territory (NCT) of Delhi and Municipal Corporations 

of Delhi as they receive a large portion of their tax revenue from stamp duty on the 

transaction of the properties and the property tax. The residential land prices are the 

basis for the assessment of the property tax and stamp duty value. This chapter has 

assessed the amount of VCF that should be transferred to Delhi Metro Rail Corporation 

Limited because of additional land revenue due to the expansion of the metro network 

in Delhi.  

 
7.1  Public Policy Implications:  

 The regression estimates of research design 1, 2, and 3 have implied that the State 

Government and Delhi Division of Ministry of Housing and Urban Affairs, 

Government of India should make provisions regarding the following: 

1. The additional surcharge of 48.96% should be levied on the stamp duty and 

property tax of houses of the urban area situated within 0.730 kilometers influence 

zone of the metro network. The levy of 48.96% surcharge on stamp duty and 

property tax of urban area houses situated within the influence zone will capture 

the increased house price value within the influence zone. 

2. Planning of traffic decongestion, noise reduction, and passenger-friendly 

movement should be priorities within 500 meters of the influence zone to improve 

the surrounding environment of metro stations and to enhance the property value 

of the nearby area. 
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3. Transfer of 7.87% revenue receipt of annual property tax and stamp duty collection 

of Municipal Corporations and Government of NCT of Delhi on Value Capture 

Finance (VCF) account to finance upcoming metro projects or supplement the 

annual revenue of Delhi Metro Rail Corporation Limited.  

 
The additional amount from the VCF will help Delhi Metro Rail Corporation (DMRC) 

to finance the Phase-IV of Delhi Metro Project or supplement the revenue of Delhi for 

sustainable metro operation by keeping the metro railway travel fare as low as possible. 

 
7.2 Assessment of Value Capture Finance (VCF) Amount: 

 The Value Capture Finance (VCF) amount has been assessed based on research design 

2 findings that metro railway expansion has caused an average 7.87% increase in 

residential land price from 1992 to 2018. The VCF amount is derived from taking 

7.87% of actual audited revenue receipts from the property tax and stamp duty 

collections of Municipal Corporations of Delhi and Government of NCT of Delhi 

during the financial Year 2016-17 as detailed under Table.7.1.  
Table.7.1: Assessment of Value Capture Finance Amount 

(Values in million INR, US$ value in parenthesis) 
Tax Collection 
Authorities of 

Delhi 

Total Own 
Tax Revenue  

2016-2017 

Revenue from 
Property Tax 

and Stamp Duty 
2016-17 

Value 
Capturing 

Finance 
Rate  

Annual Value 
Capturing 

Finance 
Amount 

(1) (2) (3) (4) (5) = (3) X (4) 
Government of 
NCT of Delhi, 
Municipal 
Corporations of 
New Delhi, North 
Delhi,  South Delhi 
and East Delhi  

360,953 
($4759.97 
million) 

3,9891.8 
($526.06 million) 

7.87% 
 

3139.48 
($41.40 million) 

 (*1US$ = 75.83 Indian Rupees as on May 2, 2020) 

  
The base year of 2016-17 has been taken for assessment of value capture amount 

because the revenue data of the year 2016-17 is the latest audited actual revenue data 

of the Government of Delhi and Municipal Corporation of Delhi. The assessment of 

value capture finance in Table 7.1. suggest that the Government of Delhi and Municipal 

corporation of Delhi should collectively transfer INR 3139.48 million annually for 

Value Capture Finance of upcoming metro railway projects in Delhi. 
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7.3      Value Capture Financing (VCF) effect on Project Financing and Metro 

Operations 

The Government of Delhi and Government of India is implementing 103.94 kilometers 

route length with 76 metro stations under Phase-IV of Delhi MRTS Project at the 

estimated cost of INR 468,450 million. Out of this total 103.94 kilometers route length, 

three priority corridors of 61.68 kilometers with 45 metro stations have been approved 

by the Government of India, with the total cost of INR 249,486.5 million. Table 7.2 

provides the assessment of the potential contribution of the VCF amount to the Delhi 

Metro Phase IV project cost.   
Table.7.2: Assessment of Percentage Share of VCF on Phase-IV Project Cost 

DMRC Phase 
IV Project 

Total Cost 
(INR 

Million) 

Completion 
Period* 
(Years) 

 

Annual 
VGF 

Amount 

Total VCF 
Amount 

(INR, 
Million) 

VCF 
Contribution 
(Percent of 
Total Cost) 

(1) (2) (3) (4) (5) = (3) X(4) (6) = 100X 
(5)/(2) 

Three Priority 
Corridor 
( 61.68KM) 

249486.5 4 
(Year 2024) 

3139.48 12557.92 5.03% 

Six Corridor 
(103.94 KM) 468450 6 

(Year 2026) 3139.48 18836.88 4.02% 

• Completion period counted from Year 2020-2021. 

 
The financing structure of the approved phase-IV project has a provision that 51.83% 

of the project cost will be financed through the sovereign debt from the multilateral 

agency and subordinate debt of Government of Delhi and Government of India. The 

VCF amount reduces the sovereign and subordinate debt burden as estimated below: 

 
DMRC Phase IV 

Project 
Total Cost 

(INR 
Million) 

Loan Amount 
 (@ 51.83% of 
Total Cost) 

Total VCF 
Amount 

(INR 
Million) 

VCF to 
Sovereign and 
Subordinate 
Loan Ratio 

(1) (2) (3) ((4) (5) = 100(4)/(3) 

Three Priority 
Corridor(61.68KM) 

249486.5 129309.14 12557.92 9.71% 

Six Corridor 
(103.94 KM) 468450 242798.17 18836.88 7.75% 

 
The assessment of Value Capturing Financing suggests that the transfer of 7.87% of 

total property tax and stamp duty collection on account of increased residential land 
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value can finance 5.0% of Delhi Metro Phase-IV project cost with three priority 

corridors. This additional VCF amount has the potential to reduce the sovereign and 

subordinate debt burden of Delhi Metro Rail Corporation by 9.71% and 7.75% for the 

phase-IV project with three priority corridors and six corridors respectively.  

 
 The profit and loss statement of Delhi Metro Rail Corporation Limited (DMRC) 

suggests continuous loss during 2016-17, 2017-18, and 2018-19.  Delhi Metro Rail 

Corporation increased the fare of metro travel to recover these losses in the year 2017-

18. The maximum fare was increased from INR 30 to INR 60 from May 2017. It 

resulted in the reduction of the daily passenger ridership of Delhi Metro during 2017-

18 and 2018-19. An alternate mechanism to recover the operational loss of Delhi Metro 

Rail Corporation is to use the VCF amount and to keep the travel fare amount at a 

minimum. It will make the operation of metro railway sustainable in the long run as the 

revenue loss of Delhi Metro will be compensated by the VCF amount transfer by the 

Government of NCT of Delhi and Municipal Corporation of Delhi.  
Table 7.3: Estimate of Net Profit /Loss of DMRC after transfer of VCF Amount  

 (Values in million Indian Rupees) 

Year DMRC Total 
Income  

DMRC 
Total 

Expenses 

Profit / Loss 
(After Tax)# 

Annual 
VCF 

Amount* 

Net Profit / Loss 
after VCF 

2016-17 53879.85 57361.39 (-)2293.54 3139.48 (+) 845.94 
2017-18 62110.52 63560.35 (- )949.88 3139.48 (+) 2189.60 
2018-19 64615.22 72258.45 (-) 4640.39 3139.48 (-) 1500.91 

# Profit / loss After Tax is calculated as = Total Income – Total Expense + Deferred Tax 
 *VGF amount is corresponding to estimate of year 2016-17, considered same for 2017-19. 
 

The profit / Loss estimate at table 7.3 suggests that fixed annual VCF amount of INR 

3139.48 million has turned the losses of DMRC into the profit of INR 846 million and 

INR 2190 million during 2016-17 and 2017-18, while the loss during the year 2018-19 

is manageable due to previous years surplus. The outbreak of COVID-19 disease will 

further discourage the use of public transportation in Delhi. It is expected that the 

ridership of Delhi Metro will remain lower in the coming years. The annual VGF 

amount transfer equal to  7.87% of property tax and stamp duty collections of Municipal 

Corporations of Delhi and Government of NCT of Delhi should be transferred to Delhi 

Metro Rail Corporation to make the metro operation sustainable in the long run. 
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7.4  Research Outcome 

The outcomes of the research have been summarised against the research questions put 

forwarded in Chapter-1. The findings of the research design 1, 2, and 3 are summarised 

below in the form of answers to the research questions: 

Research Questions Research Findings 

1. Estimate the effect of 

metro railway network 

expansion in Delhi on the 

residential land value and 

house price of Delhi? 

The expansion of the metro network in Delhi has a 

significant impact on the mean residential land price 

increase. It explains 7.87% increase in mean 

residential land price from 1992 to 2018 with very 

high statistical significance while controlling other 

variables. 

Research design 1 estimated 48.96% difference in 

mean house prices of the urban areas situated within 

the influence zone of the metro network than the 

urban areas situated between 0.730 kilometers to 4 

kilometers.. 

2. What is the influence zone 

distance of the metro 

network and estimate the 

effect of the influence zone 

on house prices of the 

urban area of Delhi?  

The estimated influence zone distance of the metro 

network is 0.730 kilometers. This estimated 

influence zone distance is lower than the 0.8 

kilometers influence zone mentioned in the TOD 

Policy of Delhi, 2019.  

In the residential land category D, the average house 

price decline from the metro network to 0.5 

kilometers. After that, the average house price 

increases to the outer limit of the influence zone that 

is 0.730 kilometers.  

Overall, the distance from the metro network causes 

an increase in the average house price at the rate of 

24.57% per kilometer. The average house price 

decreases at the rate of (minus) 17.30% per kilometer 

outside the influence zone between 0.730 to 4 

kilometers.  
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3. Estimate difference in 

residential price trend in 

the treatment and control 

group of districts after the 

policy treatment of the 

introduction of the metro 

railway in Delhi?  

The difference in difference estimate of before and 

after analysis of Research Design 2 did not find a 

statistically significant difference in land price 

increase trend in the treatment and control group of 

districts.  

4. Does social infrastructure, 

demographical and 

economic factors affect 

residential land prices of 

Delhi's districts from 1992 

to 2018? 

Research design 2 estimates do not suggest any 

statistically significant effect of these variables on 

the percentage change of mean residential land price 

from 1992 to 2018. The social infrastructure and 

demographic variables have a positive effect on the 

percentage change of mean residential land prices. 

The economic variables represented by the number 

of business establishments and workers in districts 

have a small negative effect on the percentage 

change in the mean residential land price. 

5. Assess the effect of the 

expansion of the metro 

network in Delhi on value 

capturing from increased 

land price and examine 

public policy relevance of 

the research findings? 

The addition of metro stations explains 7.87% 

increase in residential land prices in districts from 

1992 to 2018. The Government assesses the property 

tax and the stamp duty value based on the prevailing 

residential land price. Hence, 7.87% amount of the 

annual property tax revenue receipt and stamp duty 

can be transferred to Value Capture Finance account 

by the Municipal Corporation of Delhi and 

Government of Delhi to support the upcoming metro 

projects of  Delhi..  

This is also in line with the Metro policy 2017 of 

Government of India, which makes it mandatory for 

the state government to accrue the benefit of value 

capturing of land to metro project implementing 

agencies such as Delhi Metro Rail Corporation 

Limited. 
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In addition to the above outcomes, the findings of research design 1, and 2 validate the 

first research hypothesis that expansion of the metro network has a significant positive 

effect on the residential land price increase and the average house prices in Delhi. 

However, The findings of Research design 3 provide partial support in favor of the 

research hypothesis because the higher house price within the influence zone observed 

for houses with a low land value up to INR 200000/Sq. Meter. The average house price 

of high property land value has lower house prices within the metro influence zone.  

 
The findings of research design 2 do not find a significant effect of demography, social 

infrastructures, and business establishments on the residential land price increase from 

1992 to 2018.  The findings do not provide support in favor of research hypothesis no. 

3  that states residential land price is affected by the demographic changes, number of 

educational and health institutions, and business establishments in a city. 
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Delhi Metro Phase-IV approved corridor and the Network map is included here for 

reference. 

 
                    (Source: Delhi Metro Rail Corporation Limited website) 
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CHAPTER-8 

CONCLUSION 

 
This thesis report is probably the first empirical research on Delhi and perhaps first city-

level empirical research in India to analyze the impact of the metro railway network on 

the mean residential land price in districts.  The before and after analysis in this research 

finds no significant difference in the residential land price increase between the 

treatment and control group districts. This thesis also investigates the effect of distance 

from the metro network on the average housing price in Delhi's urban area. The primary 

data for the research was created using Google Earth Pro to measure the distance of 

metro route length and distance of urban area centroid from the metro network using 

the measurement tool of Google Earth Pro.  

 
The house prices data for years 2012, 2014, 2015, and 2018 was collected from the real 

estate website 99acre.com.  The research estimated the influence zone distance as 

median distance from the metro stations where changes in the house price trend 

observed in districts of Delhi. This thesis estimates that the influence zone limit of the 

metro network is 0.730 kilometers, which is lesser than the distance of 0.800 kilometers 

mentioned in the Transit Oriented Development Policy for Delhi notified in December 

2019. The regression model of research design 1 uses GLS regression with the dummy 

variable representing the centroid of urban area within 0.730 kilometer to estimate the 

difference in mean house price within and outside influence zone. The regression model 

finds 48.96% higher mean house prices within the influence zone than those situated 

outside influence zone up to 4 kilometers from the metro network. The research also 

finds a trend of mean house prices in residential land category D. It observes that the 

mean house price decreases up to 500 meters within the influence zone and then a sharp 

increase in mean house price observed up to the influence zone limit. The decline in 

mean house prices within the influence zone can be attributed to noise and traffic 

congestion near the metro station. An increasing trend of the mean house price is 

observed within the influence zone distance 0.730 kilometers for residential land 

category D, whereas a declining mean house price trend observed outside the influence 

zone up to 3 kilometers from the metro network. Overall,  the mean house price of the 

properties is higher near the metro network. The mean house price declines by 17.52% 

after every kilometer from the metro network. 
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Research design 2 of this thesis used unique identification criteria of metro rail density 

to divide the districts of Delhi into the treatment and control group districts. The 

treatment group districts have five revenue districts with metro railway density higher 

than 0.23km/Sq. kilometers district area, namely North East Delhi, East Delhi, West 

Delhi, New Delhi, and South Delhi. The control group of districts consists of four 

revenue districts, namely North Delhi, North West Delhi, Central Delhi, and South 

West Delhi, where metro rail density is less than 0.23km/Sq.km. Research design 2 uses 

the difference in difference (DiD) method and found that that there is no significant 

difference in the residential price trend between the treatment and control group of 

districts of Delhi between 1992 to 2018.  The empirical analysis using the 2SLS IV 

regression Fixed Effect Model predicts that the addition of metro stations in the districts 

caused 7.87% increase in the mean residential land price between 1992 to 2018. The 

instrument variables of 2SLS IV regression are metro route length and total trips in each 

district to control endogeneity. The Fixed Effect model is used to eliminate district-

level fixed effects. The research did not find a statistically significant effect of other 

demographic and social infrastructure variables on the mean residential land price from 

1992 to 2018. The other variables in the regression model represent population density 

of district, number of colleges, hospitals, number of business establishment, and 

number of workers in nine revenue districts of Delhi. The empirical analysis under 

research design 3 found a high correlation between residential land price and house 

price outside the influence zone. The correlation between the residential land price and 

average house price within the influence zone is lower than that of the estimated outside 

the metro influence zone. The findings of Research design 3 suggest house buyer 

preference that high property value buyers do not value nearness to metro stations. In 

contrast,  the house buyers of low property value pay high average house prices if the 

property is located within the influence zone of the metro network because they use the 

metro railway over private transportation mode. 

 
The Metro Policy 2017 encourages state governments to adopt Value Capturing 

Financing (VCF) by transferring the financial benefits of increased land prices to the 

authorities implementing the metro projects. The thesis proposes a levy of additional 

surcharge 48.96% on stamp duty and property tax of the house property falling within 

the influence zone of the metro network. The thesis estimated the annual Value Capture 
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Finance (VCF) amount equal to 7.87% of the total revenue accrue by the Government 

of NCT of Delhi and four Municipal Corporations from stamp duty and property tax 

revenue. The VCF amount transfer to Delhi Metro Rail Corporation Limited (DMRC), 

project implementation agency, can finance 5% of the Delhi Metro Phase IV Project 

cost with three priority corridors and reduce 9.71 % sovereign and subordinate debt 

requirement. The research also estimates that the annual VCF amount transfer can turn 

DMRC net annual loss into profit. It will provide DMRC adequate cushion to keep the 

metro travel fare and make the metro operation sustainable in the long run. 
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Appendix 1 

Concepts and Theory of Econometric Methods for Policy Evaluation 

 
This appendix presents a compilation of the concepts,  theory, methods, and program 

evaluation techniques to estimates the effect of the independent variable on the dependent 

variables in the field settings. 

 
Concepts and Theory of Econometric Methods of Time Series Data: 

The time-series data have both the cross-section and time dimensions that are widely used 

in empirical researches. The data set contains time series, and cross-section dimensions 

are called the Panel data set. Panel data sets are relatively easy to collect for the city, 

districts, states, and a country based on the scale of the analysis. If the scale of analysis is 

country or prefecture, then we may call it macroeconomic analysis, whereas the regional 

studies often use microeconomic analysis. The microdata of a region or firm is collected 

through surveys with caution to reduce the measurement error and biases in collecting the 

data during sample data collection. The unbiased data that is free from measurement error 

gives an unbiased estimate and helps the policy researchers to interpret the causal effect 

using these data in various econometric and statistical models. 

 
Criteria for data quality for policy research:  

The data of the variables should meet six criteria, namely consistency, validity, 

uniqueness, accuracy, timeliness, and completeness. A brief description of these properties 

are as under: 

1. Consistency: The data should be representative of the real-world situation, and it 

should not contain an element of arbitrariness while collecting the data for policy 

research. In other words, data should have a high degree of reliability. 

2. Validity: The data should come from the legitimate source and should meet the 

definition of the variable for which the data is collected.  

3. Accuracy: The effort should be made to record the data with a high degree of 

accuracy. Errors in recording or measuring elements of data such as route length, 

population density, etc. will lead to inconsistent estimation of the results. 

4. Timeliness: The data should correctly represent the time when it was first recorded. 

The care should be taken while collecting data from the government published 

reports. These reports often use provisional data or projected data for a particular 

year, which may not correctly represent the data with a particular time in question. 
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5. Uniqueness: The data recorded for a variable for a specific period of time should be 

unique, and there should be no two values for the same data for the same variable in 

the same period of time. 

6. Completeness: The data recorded should be complete, and it should avoid the gaps 

in the data recording. The researcher may increase the number of observations to 

overcome the problem of data incompleteness or overcome the issue of missing 

value in the data set. 

 
Selection of Econometric Model for Policy Analysis:  

The effect of certain events on the outcome variable is contingent upon the experimental 

design chosen to make causal inferences. Some experiments prefer natural settings where 

an event occurs naturally in isolation and without any control of other variables. The 

experiment research carried on such natural conditions is the example of natural 

experiments. The natural experiments have a control group, exogenous to the effect of 

policy change or event of interest, and a treatment group affected by the event of policy 

change. Another form of experiment design is the quasi-experimental design to ensure 

exogeneity among the variables by employing sample selection techniques and 

econometrics methods to get unbiased and consistent estimates to predict causal relations 

among dependent and independent variables. 

 
The policy analysis of pooling cross-section data across time may employ the following 

econometrics method to set quasi-experimental settings to find a causal relationship among 

the dependent and independent variables. These are: 

1) Dummy variable Regression model: It is the simplest form of econometrics model 

used to estimate the causal relationship among dependent and independent variables 

in case of the presence of an event. The dummy variable takes binary value zero or 

one based on without or with the occurrence of the event.  The dummy variable 

regression measures qualitative change over the outcome effect by comparing the 

results in case of the presence of the event and the absence of it. The dummy variable 

may represent a particular year e.g. year 2005 or particular space that is “Tokyo City’ 

if year or location are considered to affect the policy outcome. Let any outcome event 

is described by variable Y , and the independent variables are explain by X1, and X2. 

The simple regression equation can be written in the form as 

Yit  =  b0 + b1 X it + uit              
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Suppose if we want to measure the occurrence of a certain event after the year 2005, 

then we may introduce a year dummy variable D1, year 2005 to measure the effect due 

to year 2005 from the following equation: 

Yit  =  b0 +  ¡1  D1, year 2005  +  b1 X it + uit  

Where, coefficient of dummy variable ¡1 will estimate the effect of policy Xit  on 

variable Yit due after the year 2005. The statistical significance of this estimate will 

be derived from the z value if it is more than 1.96 and the p value is more than 0.05 

at 95% significance level or 0.10 at 90% significance level. 

 
2) Difference in Difference method of Policy Evaluation:  

Difference in Difference (DiD) method is also known as Before and After analysis 

of a policy outcome. The group of the variables where the policy is applied is divided 

into the Control group and Treatment group. The treatment group receives the policy 

treatment, whereas no policy intervention is applicable in the control group. The 

treatment in the DiD approach represented by a dummy variable, a binary variable 

that takes value either 1 or zero. The sample group is broken down into four groups 

to estimate their effects: 

1. Control group before the policy treatment year  

2. Control group after the policy treatment year  

3. Treatment group before the policy treatment year 

4. Treatment group after the policy treatment year 

 
The difference in difference estimate method takes the difference between changes 

in the averages over time between the control group (N2,C - N1,C) and average changes 

over the period between the treatment group (N2,T - N1,T). The difference between the 

two differences will give  the measurement effect of policy treatment as represented 

by the following equation: 

dOP = (Q2,T - Q1,T) - (Q2,C - Q1,C) 

The difference in difference method can be explained graphically as the change in 

the slope and intercept observed for Control and Treatment group between two 

periods that is before the treatment and after the treatment year. The difference 

between the regression line slope of the Control and Treatment group will be the 

treatment effect dO.  
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Let the coefficient estimated from a regression model on outcome variable Yit of the 
control group before treatment year is given by b0,  and the coefficient for treatment 
group is given by b0 +  b1.  
 

Let consider that the policy treatment is given to treatment group after the period T. 
At this period the average change in coefficient of the Control group will be b0 + d0 

+ b1 + d1. Then the estimator d1 will represent the changes due to policy treatment 
effect.   

      
The following equation gives the general form of the equation for estimation of 

difference in difference estimator: 

Yit =  b0 + d0 d2 + b1 dT + d1 d2 dT +  other factors, 

Where, dT is the dummy variable for treatment effect = 1 if the treatment is given or 

zero otherwise, and d2 is the dummy variable for the time period ( in years or 

months) when the treatment started. 

 
The DiD method of estimation of the treatment effect is a very popular tool in 

development economics where quasi-experiments are set up to estimate the effect of 

policy interventions on the desired outcome through Randomized Control Trial 

(RCT) methods. 

 
3) Fixed Effect (FE) or Unobserved Effect Model for controlling time invariant 

errors: 

The panel data may view the unobserved factors that affect the dependent variable 

due to the time-invariant constant and constants varies with the time for a particular 

variable. This time-invariant constant is also called the fixed effect of the variables 

such as city, schools, hospitals, colleges, universities, etc. These unobserved fixed 

effects are idiosyncratic errors of the variables. The errors caused by the fixed 

effect are taken care of by the Fixed Effect (FE) regression model by creating an 

individual dummy for each of the variables to compute the average effect of each 

variable before and after the treatment year to eliminate the heterogeneity bias from 

the estimates. The fixed effect regression model can be written in the form of linear 

equation with a single observed variable as: 

 
Yit  =  b0 +  d0 d2 +  b1 X it + ai  +  uit ,     t = 1, 2 
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Where notation Yit  denotes the dependent variable such as residential land price in 

district,  X it denotes the independent variable which is variable of interest, t denotes 

the time period, and d2 is the dummy variable when treatment was introduced in the 

sample variable. The time invariant constant is given by notation  ai, which is the 

fixed effect that affects the dependent variable such as residential land price; the time 

variant constant is denoted by term uit, which varies with time. The intercept for the 

time period t =1 is b0, and the intercept for period t = 2 is given by b0 +  d0  (because 

d2 =1 when t=2).  

 
The fixed effect model introduces n-1 dummy in the regression equation; for 

example, a set of dataset of 9 districts will have 8 dummy variable, one each for two 

observation of each variable. We are essentially estimating the following equation 

form: 

 
Yit = b0 + d0d2t + b1xit1 +…+ b9 x9tk + a1d(i=1) + a2d(i=2) + … + a9 d(i=9) +  uit 

 
Where, âi is the fitted value of term  a1d(i=1) + a2d(i=2) + … + a9 d(i=9). The estimate 

âi  is the slope coefficients on these dummy variables which is the estimated fixed 

effect.  

 
The Fixed Effect model estimates by demeaning the data of the explanatory variable 

if time period T > 2. The demeaning process involves taking an average of the 

sample data and subtracting it from the individual data of interest. The derivation of 

the demeaned form of regression equation for more than two time period is given 

below: 

Yit – Ri = b1 (xit1 -  S it1  )+…+ b9 (xitk - S itk)+ uit -  T i 
 

      è Q̈it     = b1  Üit  + @̈it    , 
    (where, N̈it  =    Yit – YI ;  Üit  = xitk - S itk   and @̈it = uit -  T i) 

 
The estimates obtained from the demeaning form of the equation is also called 

‘within estimator’ because it uses the variation within the individual entity over 

time. The within estimator is different than between estimator because later is just 

the means of the variation over time and given by equation Yi = b1 X i1 +u i. 
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4) First Difference  (FD) Model for controlling time invariant errors: 

We can also eliminate the effect of fixed effect by differencing the data across two 

years. The equation derived from subtracting of the equation of t=1 from t=2 will 

give us the first difference equation as illustrated below: 

Yi2  =  b0 +  d0 d2 +  b1 X i2 + ai  +  uit     ( t = 2) 

Yi1  =  b0 +  b1 X i1 + ai  +  uit     ( t = 1) 

If we subtract the second equation from the first equation,  then we get 

 
DŶi  = d0 +b1 Dxi + D ui 

 
This equation represents the first difference equation of single cross section with 

each variable are differenced over time. The estimator b1 obtained from the 

regression of this equation is called the first differenced estimator.  When the time 

period T > 2 then the first linear equation may be written in the following form: 

 
Yit  = d1 + d2 d2t + d3 d3t +…….+ dk dkt + b1 xit1 +………..+b1 Dxitk + ai  +  ui 

 
Where, T = k i.e. t = 1,2……k, and number of observation for the model will be NT 

or kT.  The above equation includes k-1 numbers of the dummy in addition to an 

intercept  d1. The base period for the above equation is t = 1, and the intercept for 

the second time period will be d1 + d2. The first difference equation may be obtained 

by differentiating two adjacent time periods such that when t =3, then data will be 

deducted for time period t = 3 and t =2 . The first difference equation of more than 

two time period may be written as: 

 
DŶit  = d2 Dd2t + d3 Dd3t + b1 Dxitk + D uit 

 
However, the value of change in dummy for t=2, i.e. Dd2t  Dd3t  will be 1 and 0 

whereas  for  t=3  the changes in dummy  Dd2t  Dd3t  will be -1and 1 respectively. 

  
5) Random Effect (RE) Regression Model 

The Random effect model takes the form of the Fixed Effect model equation with 

an additional assumption that the fixed effect ai is independent of all explanatory 

variable xit. However, this fixed effect ai may be serially correlated with the error 

term uit, and therefore our estimate from the regression may be biased and 
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inconsistent. If we define the summation of fixed effect error and time variant error 

uit as composite error eit  = ai + uit,  then the regression equation can be written as : 

Yit = b0 + b1xit1 +…+ bk xitk + eit 
 
Since ai is part of composite error eit in each time period, the composite error may 

be serially correlated. This serial correlation in two time period t and s can be written 

as 

Corr (eit , eis) = s2 a / (s2 a + s2 u)   , when t ¹ s. 

Where, s2 a = Var (ai), and s2 u = Var (ui). We can use the Generalized Lease Square 

(GLS) transformation to solve the serial correlation problem of the composite error 

term; however, this procedure is effective when we have a large number of 

observations (N) and less panel year period (T). The GLS  transformation is defined 

as q and given by the following equation : 

q = 1 – [ s2 a / (s2 a + T s2 u)]1/2  ,   

Where q is between 0 and 1. 

The transformed equation of Random effect model can be written as: 

Yit – q Ri = b0 (1- q) + b1 (Xit1 - q S it1 )+…+ bk (Xitk - q  Sitk)+ eit - q Ii 

 
The random effect subtract the fraction of the time average, which depends upon the  

s2 a and  s2 u and number of time period T. The estimators estimated from the above 

equation are called the random effect estimators. The random effect estimates will 

be close to the Fixed Effect estimator when q = 1, the equation become the same as 

the Fixed Effect equation. When q = 0, that is the equation become pooled OLS 

estimates. As the number of time period T goes large then the value of q become 

closer to 1. However, in practice the value of q never become zero or one. 

 
6)  Fixed Effect (FE) Model Vs. First Difference (FD) Model: 

The Fixed Effect estimation is more common than First Differences because it is 

easier to do, and it can be easily implemented for unbalanced panels. Fixed Effect 

estimations are more efficient than the First Differencing method if there is no serial 

correlation in the error term uit. If there exist serial correlation in the error term over 

time Duit then First Difference model will be more efficient.  
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The estimates from the Fixed Effect model and the First Difference model are the 

same when time period T = 2. The relative efficiency of the estimates will be high 

for the Fixed Effect model if T>2; however, the estimates from both the FE and FD 

will be unbiased and consistent with T fixed and N -> ∞.  If uit follows the random 

walk and stochastic process, then it is the First Difference model that become more 

efficient than the Fixed Effect model. 

7) Fixed Effect Model Vs. Random Effect Model and Hausman Test: 

Random Effect model is more appropriate to use when there is no correlation among 

the independent variables or all variables are exogenous. Random Effect model is 

also more effective for a random sample of individuals. In contrast, the Fixed effect 

model is more appropriate when observations corresponds to mutually exhaustive 

set of units, such as 47 prefectures of Japan. If a dataset contains all 47 prefecture 

values, then it is not a random sample; in such cases, the Fixed effect model will be 

more appropriate for the estimation of the regression model. 

 

We can choose the appropriateness of the Fixed Effect model and the Random Effect 

model by conducting the Hausman Test. The Hausman test in econometrics is also 

known as the Durbin-Wu-Hausman test. This test is named after James Durbi, De 

Min Wu, and Jerry A Hausman. The Hausman test proposes a null hypothesis H0: 

that the Random Effect estimator is an appropriate model with alternative hypothesis 

H1: in favor of the Fixed Effect estimator. If the p-value derived from the Hausman 

test is small than 0.05 then we reject the null hypothesis H0  in favor of H1 and say 

that the Fixed Effect is an appropriate model for estimates to be unbiased and 

consistent. 

 
8) Testing for Endogeneity: 

The endogeneity in any regression model can be defined as the condition in which 

the independent variables Xit  are correlated with the error term uit . The endogeneity 

is serious threat to the exogeneity assumption of the variable Cov (xit, uit) = 0, if this 

condition is violated, then the estimates from the regression model will become 

biased and inconsistent. The statistical significance of endogeneity caused by 

correlation of explanatory variables with error term may be estimated by adopting 

the following procedure: 
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i. Regress the explanatory variable and find the residual by executing predict 

residual command in STATA. 

ii. Regress the dependent variable on the explanatory variables and the 

predicted residual to find estimators and the z- statistics. 

iii. If the estimated coefficient of residual ¹ 0 and z statistic is significant and 

the p-value is less than 0.05, then we conclude that there is significant 

correlation between Xit, uit. 

The endogeneity in the regression  model can be overcome by introducing an omitted 

variable in the equation or by choosing appropriate instrument variable (IV) for the 

variable of interest and estimating the regression model in 2 Stages through Two 

Stage Instrument Variable (IV) Regression model.  

 
9) Two Stage Least Squares (2SLS) Instrument Variable Regression Model: 

The Instrument Variable (IV) Regression should be used when there is a correlation 

between the explanatory variable (xit,) and the error term(uit). The consistent 

estimation of intercept b0 and slope coefficient b1 is possible by introducing a new 

variable z which satisfy the following properties: 

a) Instrument exogeneity : Cov (z, u) = 0;   

The new variable z is uncorrelated with error term u. In other words, z is 

exogenous in the regression equation. The concept of instrument exogeneity 

states that variable z has no partial effect on y after x and omitted variables are 

controlled, and z should be uncorrelated with the omitted variables. Generally, 

it is not possible to test the covariance between z and u,  because u is 

unobservable. Therefore, we must maintain that Cov (z, u) = 0 in most of cases 

by providing economic intuition. 

b) Instrument Relevance: Cov (z, x) ¹ 0;  

The explanatory variable x is correlated with instrument variable z. The weak 

correlation between z and x is not desired because the estimate from such 

regression is biased and inconsistent.  

The method for executing 2SLS Instrumental Variable Regressions are as under: 

i) A common form of standard regression equation can be represented by the 

following equation: 

y1it = b0 + b1 y2it + b2 z1 it + b3 z2it  +    uit 
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ii) 1SLS Equation with two instrumental variable z3 and z4 not present in the 
standard equation can be written as: 

 
y2it =  p0 + p1 z1 it + p2 z2it  +  p3 z3 it + p4 z4it  +  vit 

Where, 
z3 it Instrument variable no.1 for endogenous variable y2it 
z4it Instrument variable no.2 for endogenous variable y2it 
p0 , p1, p2 , p3,  Estimators of the reduced form of equation 

 
iii) 2sls IV Regression Equation can be derived after substituting the fitted value of 

the variable BY2it in the standard form of the equation as: 
 

y1it = ¡0 +  ¡1 (BY)2It  + ¡2 z1 it +¡3 z2it +  + eit 

  Where,  ¡1 , ¡2, and ¡3  are the regression estimates from the 2sls IV regression 

model. However, the IV regression estimates may differ from the GLS 

estimates,  and the standard error may be high. If there is no much difference 

between the GLS and IV estimate, and if the estimates are statistically 

significant then we may conclude that the difference in the estimate may be due 

to the sampling error. 

 
10) Regression Discontinuity (RD)  Design in Econometrics Model: 

Regression discontinuity (RD) design is another example of natural experiment 

setting. The RD design was first proposed by Donald L. Thistlethwaite and Donald 

T Campbell (1960), as a method to measure the treatment effect in a 

nonexperimental setting. The RD design exploits the precise knowledge of the 

treatment and control status. The RD design regression is generally used when the 

treatment status is a deterministic and discontinuous function of covariate Xi.  RD 

design can be represented graphically to represent the change in the slope of 

regression and effect of the treatment  ‘t’ once the running variable reaches the cut 

off value ‘c’ . 

 
RD design is a deterministic function because once we know the running variable Xi 

then we know when the cut off  X0 such that: 

di  = 1 if Xi > Xo, otherwise 0 if Xi < Xo. 
 
RD design is a discontinuous function of Xi, because no matter how close Xi gets 
to Xo, the treatment is not administered or remain unchanged. 
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APPENDIX 2 

Google Earth Pro Google Map Plots and Measurement of Plot Layers 

 
Google Earth Pro of Delhi Metro Phase-I, II, III Network and Selected Urban Area  

 
Delhi Metro Network and the selected urban area have been plotted on Google Earth Pro to 

measure the distance of corridors in each district of Delhi. The Google Earth Pro map of Delhi 

and district wise bifurcation are shown in this appendix. The corridors of each district are 

plotted in different colours. 
Fig. A2.1: Google Earth Plot of Metro Network  

 
District wise plot of Delhi Metro Network and  urban area selected for research are described below: 

  

North Delhi North West Delhi 
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South Delhi 

West Delhi 

Central  Delhi 

North East Delhi 

South West Delhi 

New  Delhi 

East Delhi 
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The distances measured on Google Earth Pro are tabulated to show the district wise distances 

of metro network corridors and distance of selected urban areas centroid from the metro 

network. The distance of the layers can also be measured from Google Map using the following 

steps: 

1. Create layers for corridors using the tool ‘ruler’ and save layers under My Places folder.  

2. Mark the placemark at the centroid of the selected urban area of districts and from the 

‘ruler’ tool to create a line to connect it with the nearest metro network. 

3. Measure the distance of each layer from the ‘get Info’ tab by clicking on the layer. 

4. Merge all corridors and places under My Place and save it as .kmz file. I have saved it 

as My Places-kaushal.kmz. 

5. Open My Google Map and import Google Earth ‘MyPlaces.kmz’ file. Then, open the 

data table to add or edit the layer information. I have entered the corridor information 

as ‘metro line’ and urban area centroid as ‘centroid'. The distance from the metro 

distance are mentioned as ‘metro dist’. The new Colom of ‘distance in km’ describes 

the measured distance in kilometer.  

6. The file was downloaded as .kmz file and converted to excel file using the online source 

of MyGeodata Converterwebsite https://mygeodata.cloud/converter/ 

 
My Google Earth Map provides details of the plotted metro line layers, urban places centroids, 

and its distance from the metro network. These layers can be depicted from the  screenshot of 

the My Google Map as shown here:  
Fig. A2.2: My Google Map with layer details 
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The geodata details of the layers are saved in the ‘My_Places-Kaushal.xlsx’ file. The geodata 

details of the metro lines, selected urban areas, and its distance from the metro network are 

described below:  

x y gid Name description tessellate Distance_in_
km 

77.22181949 28.6317425 1 Rajendra Palace to Indraprastha (New Delhi 
District) metro line 1 8.31 

77.25553151 28.55195446 2 Khan Market - Badarpur metro line 1 15.8 

77.206245 28.54641343 3 Udyog Bhawan - Guru Dronacharya (South Delhi) metro line 1 21.4 

77.2162205 28.620785 4 Mandi House - Central Secretariat (New Delhi 
District) metro line 1 2.89 

77.22685397 28.66981007 5 VV - Chawdi Bazar metro line 1 6.14 

77.21886801 28.63045303 6 New Delhi - C Secretariat metro line 1 3.66 

77.18563552 28.6698635 7 Kashmere Gate - Inderlok (Central Delhi) metro line 1 5.94 

77.14199403 28.69752849 8 Inderlok to Rithala (NW Delhi) metro line 1 8.84 

77.26961443 28.67023703 9 Kashmere Gate - Shahdara (NE Delhi) metro line 1 6.36 

77.0962275 28.7241115 51 Rohini Sec 24 Distance metro dist. 1 2.11 

77.29749548 28.67478199 10 Shahdara - Dilshan Garden (NE Delhi) metro line 1 3.15 

77.174684 28.711566 11 VV-Jahangirpuri (North Delhi) metro line 1 6.37 

77.16619652 28.59677056 12 Airport Express (New Delhi District) metro line 1 19 

77.2202675 28.608666 13 Central Secretariat - Khan Market (New Delhi 
District) metro line 1 2.11 

77.14225297 28.56404651 14 Hauz Khas - Palam (New Delhi District) metro line 1 12.8 

77.2119835 28.6128525 15 Central Secretariat - Udyog Bhawan (New Delhi 
District) metro line 1 0.533 

77.26197251 28.552919 16 Hauz Khas - Kalindi Kunj (South Delhi) metro line 1 12.5 

77.260275 28.58339449 17 INA - H Nizamuddin (South Delhi) metro line 1 8.69 

77.139264 28.737711 18 Jahangirpuri - Badli (North Delhi) metro line 1 5.17 

77.181808 28.72098158 19 Azadpur - Mukundpur (North Delhi) metro line 1 3.58 

77.1543115 28.6937345 20 Shakurpur-Azadpur (North West Delhi) metro line 1 4.75 

77.16428601 28.66762596 21 SRS Marg - Inderlok metro line 1 3.63 

77.240963 28.633164 22 Mandi House - Delhi Gate metro line 1 2.27 

77.236827 28.65490601 23 Kasmere Gate - Delhi Gate (Central Delhi) metro line 1 3.39 

77.27937202 28.69135304 24 Krishna Nagar - Shiv Vihar (North East Delhi) metro line 1 9.20 

77.31162 28.629967 25 Mayur Vihar - Krishna Nagar (East Delhi) metro line 1 13.7 

77.28780801 28.60755348 26 Indraprastha-New Ashok Nagar (East Delhi) metro line 1 7.27 

77.28702047 28.63660799 27 Yamuna Bank - Anand Vihar (East Delhi) metro line 1 4.72 

77.05 28.5860785 28 Dwarka Mor - Dwarka Sector 21 (South West 
Delhi) metro line 1 10.7 

77.06241641 28.55619986 29 Dwarka Sector 21 - IGI Airport metro line 1 3.48 

77.0226235 28.61690347 30 Dwarka - Nangli metro line 1 1.63 

77.0052275 28.615343 31 Nangli - Najafgarh metro line 1 2.85 

77.101602 28.639132 32 Rajendra Palace - Dwarka Mor (West Delhi) metro line 1 15.8 

77.111651 28.677417 33 Punjabi Bagh East - Mundka (West Delhi) metro line 1 13.5 

76.982385 28.6864385 34 Mundka - Tikri Border metro line 1 6.69 

77.15373 28.65785449 35 Kirti Nagar - SRS Marg (West Delhi) metro line 1 1.06 

77.0870825 28.60646452 36 Palam-Janakpuri West (West Delhi) metro line 1 5.52 

77.12378999 28.65295506 37 Narain Vihar - Shakurpur (West Delhi) metro line 1 6.58 

77.16255101 28.59892899 38 INA - Naraina Vihar (New Delhi District) metro line 1 11.5 

77.2062555 28.7001555 39 Outram Line Distance metro line 1 0.403 

77.206771 28.7019791 40 Outram Line centroid  -1  

77.18910951 28.70809782 41 Model Town Distance metro dist. 1 0.727 

77.190241 28.7111471 42 Model Town Phase 2 centroid -1  
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77.184309 28.708342 43 Model Town Phase 3 distance metro dist. 1 0.481 

77.184951 28.7106151 44 Model Town Phase 3 centroid -1  

77.1998315 28.6921855 45 Rana Pratap Bagh Dist metro dist. 1 1.81 

77.193782 28.6860081 46 Rana Pratap Bagh centroid -1  

77.1622515 28.706462 47 Shalimar Bagh Dist metro dist. 1 1.09 

77.159363 28.7106271 48 Shalimar Bagh centroid -1  

77.142798 28.701448 49 Peetampura Distance metro dist. 1 0.891 

77.145991 28.7045111 50 Peetampura centroid -1  

77.085998 28.7270751 52 Rohini Sector 24 centroid -1  

77.0940585 28.721967 53 Rohini Sec 23 Distance metro dist. 1 2.46 

77.081557 28.7227081 54 Rohini Sector 23 centroid -1  

77.128471 28.6659985 55 Punjabi Bagh Distance metro dist. 1 0.680 

77.125437 28.6676881 56 Punjabi Bagh centroid -1  

77.103778 28.6734835 57 Paschim Vihar Distance metro dist. 1 1.10 

77.102499 28.6693051 58 Paschim Vihar centroid -1  

77.0901445 28.671341 59 Sunder Vihar Distance metro dist. 1 1.93 

77.088488 28.6615531 60 Sunder Vihar centroid -1  

77.0580835 28.583709 61 Sec 10 Dwarka Distance metro dist. 1 0.532 

77.059523 28.5854911 62 Sector 10 Dwarka centroid -1  

77.0590795 28.589123 63 Sector 6 Dwarka metro dist. 1 1.57 

77.064265 28.5949311 64 Sector 6 Dwarka centroid -1  

77.065365 28.58266 65 Sector 7 Dwarka metro dist. 1 1.20 

77.069346 28.5868761 66 Sector 7 Dwarka centroid -1  

77.0504715 28.575456 67 Sec 19B Dwarka Distance metro dist. 1 1.83 

77.044512 28.5696641 68 Sector 19B Dwarka centroid -1  

77.2144685 28.587763 69 Jor Bagh Distance metro dist. 1 0.340 

77.216243 28.5878171 70 Jor Bagh centroid -1  

77.07222 28.634381 71 Vikaspuri Distance metro dist. 1 1.43 

77.069233 28.6400691 72 Vikaspuri centroid -1  

77.0882685 28.630029 73 Janakpuri Distance metro dist. 1 0.737 

77.090281 28.6272471 74 Janakpuri centroid -1  

77.170062 28.5820935 75 Moti Bagh Distance metro dist. 1 0.685 

77.167157 28.5805601 76 Moti Bagh centroid -1  

77.168934 28.5778375 77 Anand Niketan Distance metro dist. 1 1.27 

77.163259 28.5753101 78 Anand Niketan centroid -1  

77.1674695 28.575871 79 Vasant Enclave Distance metro dist. 1 1.69 

77.159695 28.5726661 80 Vasant Enclave centroid -1  

77.1615655 28.564254 81 Vasant Vihar Distance metro dist. 1 0.414 

77.161864 28.5658821 82 Vasant Vihar centroid -1  

77.247644 28.542101 83 C R Park Distance metro dist. 1 0.688 

77.249597 28.5396681 84 C R Park centroid -1  

77.2550185 28.545733 85 Kalkaji Distance metro dist. 1 0.449 

77.256618 28.5443091 86 Kalkaji centroid -1  

77.2650715 28.5353685 87 Kalkaji Ext Distance metro dist. 1 1.24 

77.26338 28.5299761 88 Kalkaji Ext centroid -1  

77.2473525 28.5370165 89 Alaknanda metro dist. 1 1.77 

77.252402 28.5304171 90 Alaknanda centroid -1  

77.228885 28.6510605 91 Chandni Chowk dist metro dist. 1 0.277 

77.230365 28.6506191 92 Chandni Chowk centroid -1  

77.2424145 28.6447135 93 Darya Gunj Distance metro dist. 1 0.387 
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77.244406 28.6447341 94 Darya gunj centroid -1  

77.2108245 28.6437275 95 Pahadgunj Distance metro dist. 1 1.07 

77.212602 28.6482961 96 Pahadgunj centroid -1  

77.208562 28.663498 97 Sadar Bazar Distance metro dist. 1 0.731 

77.209231 28.6603381 98 Sadar Bazar centroid -1  

77.314742 28.6801655 99 Dilshad Garden Distance metro dist 1 0.973 

77.315309 28.6849741 100 Dilshad Garden centroid -1  

77.2834055 28.674551 101 Shahdara metro dist. 1 0.389 

77.283137 28.6762861 102 Shahdara centroid -1  

77.302523 28.708243 103 Mandoli Distance metro dist. 1 2.37 

77.314268 28.7065391 104 Mandoli centroid -1  

77.2690245 28.718368 105 Sonia Vihar Distance metro dist. 1 4.03 

77.248395 28.7184321 106 Sonia Vihar centroid -1  

77.2941365 28.5999625 107 Mayur Vihar Phase 1 Distance metro dist. 1 0.426 

77.295989 28.6006741 108 Mayur Vihar Phase 1 Ext. centroid -1  

77.294072 28.6388475 109 Preet Vihar Distance metro dist 1 0.300 

77.295201 28.6379591 110 Preet Vihar centroid -1  

77.3125445 28.6047875 111 Mayur Vihar Phase 3 New Kondli Distance metro dist. 1 1.22 

77.316819 28.6007511 112 Mayur Vihar Phase 3 New Kondli centroid -1  

77.3003095 28.6808635 113 Jagatpuri Distance metro dist. 1 1.21 

77.300034 28.6861521 114 Jagatpuri centroid -1  

77.286655 28.6180905 115 Patparganj metro dist. 1 1.15 

77.292476 28.6203951 116 Patpadganj centroid -1  
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APPENDIX 3 

Data Source and Data Generation for Research  

A 3.1 District-wise Number of metro stations and metro route length for the years 1992, 1998, 

2005, 2012 and 2018 are counted by considering the completed corridor during the 

corresponding year. 
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A 3.2   District wise list of major hospitals of Delhi  
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A 3.3   District wise list of Universities and major colleges and educational institutes of 

Delhi   
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A 3.4   District wise Trips Attracted and Generated in Delhi 
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A 3.5  Data of Variables used in Research Design 1 & 3 – Estimation of the effect of 

distance from  metro railway network on average house  Prices of the urban area 

of Delhi 
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A 3.6 Data of Variables used in Research Design 2 – Estimation of Effect of Metro 

Railway Expansion on Residential Land Price 
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APPENDIX 4 

A 4.1   House Price and Residential Prices with Land Category between 2012 -2018:  

 The house price of the urban area is taken from the real estate website www.99acre.com 

price trend page for the period 2012, 2014, 2015, and 2018. The mid-year average house 

price in the urban area (June – September) is taken for analysis. Some urban areas do 

not have data for June-September, hence the data corresponding to September – 

December has been considered as the average house price of that urban area.. 

   ( Ref: https://www.99acres.com/property-rates-and-price-trends-in-delhi-ncr) 

 



  110 

APPENDIX 5 

Source of Residential Land Price in Delhi from 1987 to 2018 

 
The government notifies the residential land prices in Delhi from time to time, based on 

the increase in the property value of urban areas. The residential land price before 2007 

was based on the prevailing market rate of the urban area of Delhi. In 2007, the urban 

area of Delhi was bifurcated into the land category zone A, B, C, D, E, F, G, and H. The 

Department of Revenue, Government of NCT of Delhi,  published the circle rate of these 

land categories. The circle rate of the properties is the minimum rate for the valuation of 

lands and properties in Delhi. The tax collecting authorities assesses the Stamp duty and 

the property tax based on the land's prevailing circle rate. This appendix has provided a 

copy of the Government notifications of the land rate applicable in Delhi.  

 

A5.1 Market Rate of lands in Delhi applicable from 1.4.1987 to 31.03.2000  

 
 

 
Source: Delhi Development Authority, Schedule of Market Rates of Land from 1987-2000, 
from https://ldo.gov.in/WriteReadData/userfiles/file/land_rates/LANDRATE-1.PDF (Reference 
No.10) 
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Source: Delhi Development Authority, Schedule of Market Rates of Land from 1987-2000, 
from https://ldo.gov.in/WriteReadData/userfiles/file/land_rates/LANDRATE-1.PDF (Reference 
No.10) 
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Source: Delhi Development Authority, Schedule of Market Rates of Land from 1987-2000, 
from https://ldo.gov.in/WriteReadData/userfiles/file/land_rates/LANDRATE-1.PDF (Reference 
No.10) 
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A5.2 Market Rate of lands in Delhi applicable from 1.04.2000 to 14.02.2006 on the land 

under the jurisdiction of Delhi Development Authority (DDA) 
 

 

 
 

 

Source: Delhi Development Authority, Trnscription of Annexure-B A)Schedule of Market Rates of Land from 
01-04-2000, downloaded from PDF4PRO website page link https://pdf4pro.com/view/annexure-b-a-shedule-
of-market-rates-of-243250.html 
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Source: Delhi Development Authority, Trnscription of Annexure-B A)Schedule of Market Rates of Land from 
01-04-2000, downloaded from PDF4PRO website page link https://pdf4pro.com/view/annexure-b-a-shedule-
of-market-rates-of-243250.html 
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 Source: Delhi Development Authority, Trnscription of Annexure-B A)Schedule of Market Rates of Land from 
01-04-2000, downloaded from PDF4PRO website page link https://pdf4pro.com/view/annexure-b-a-shedule-
of-market-rates-of-243250.html 
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A 5.3 Market Rate of lands in Delhi applicable from 1.04.2000 to 14.11.2012  

 

Source: Government of India, Ministry of Urban Development, Land and Development Office, 
retrieved from https///ldo.gov.in/WriteReadData/userfiles/file/land_rates/Residential-
LandRates-02052017  (Reference No.31)



  117 

 

 
 

 

Source: Government of India, Ministry of Urban Development, Land and Development Office, 
retrieved from https///ldo.gov.in/WriteReadData/userfiles/file/land_rates/Residential-
LandRates-02052017  (Reference No.31)
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Source: Government of India, Ministry of Urban Development, Land and Development Office, 
retrieved from https///ldo.gov.in/WriteReadData/userfiles/file/land_rates/Residential-
LandRates-02052017  (Reference No.31)
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Source: Government of India, Ministry of Urban Development, Land and Development Office, 
retrieved from https///ldo.gov.in/WriteReadData/userfiles/file/land_rates/Residential-
LandRates-02052017  (Reference No.31)

Source: Government of NCT of Delhi, Department of Revenue, Extracted From Delhi Development Authority 
Document Upload from the link http://delhi-masterplan.com/wp-content/uploads/2009/07/circle+rate+041220121

Source: Government of NCT of Delhi, Depaerment of Revenue, Extracted from Delhi 
Development Authority document upload from http://delhi-masterplan.com/wp-content/
uploads/2009/07/circle+rate+041220121
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Source: Government of NCT of Delhi, Department of Revenue, Extracted From Delhi Development Authority Document 
Upload from the link http://delhi-masterplan.com/wp-content/uploads/2009/07/circle+rate+041220121
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A5.4  Circle Rate of lands in Delhi applicable from 15.11.2012 and revisions  

 (Ref: https://www.mapsofindia.com/delhi/information/mcd-circle-rates.html) 

All areas of Delhi have been categorized into eight land type – A, B, C, D, E, F, G, and 

H. 

December 2015 MCD Circle rate:  

Category Minimum Land Rate INR / Sq. Meter 
A-1 Rs.1,000,000 
A Rs.700,000 
B Rs.420,000 
C Rs.250,000 
D Rs.150,000 
E Rs.90,000 
F Rs.63,000 
G Rs.45,000 
H Rs.30,000 

 

 September 2014 MCD Circle Rate: 

Category Minimum Land Rate INR / Sq. Meter 
A Rs.775,000 
B Rs.245,520 
C Rs.159,840 
D Rs.127,680 
E Rs.70,070 
F Rs.56,640 
G Rs.46,200 
H Rs.23,280 

 

November 2012 MCD Circle Rate: 

Category Minimum Land Rate INR / Sq. Meter 
A Rs.645,000 
B Rs.204,600 
C Rs.133,224 
D Rs.106,384 
E Rs.58,365 
F Rs.47,140 
G Rs.38,442 
H Rs.19,361 

 

 

 

Source: mapsofindia website on circle rate of Delhi and Government of NCT of Delhi Notifications on 
Circle Rate of Delhi (Summarized by Author).
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APPENDIX 6 

STATA Programming Codes and Results 

 

The STATA programming code of research design 1, 2, and 3 along with the results, data editor 

file, graphs, and regression result tables are enclosed in this appendix. 
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Final_RD1_house_price 26/05/20, 5:06 PM

4   ******Research Design 1 - Effect of Distance from Metro Network 
on Average House prices in Delhi**********

5   
6   use "/Users/kaushal/Desktop/Final Thesis 

Work/data_file/house_price_thesis.dta"
7    
8    
9   * egen urban_area_id = group(urban_area)

10   *(Already existed in Data Editor)
11   
12   
13   
14   global id urban_area_id
15   global t year
16   
17   
18   global ylist house_price
19   global xlist station_dist d_near_station
20   sort $id $t
21   xtset $id $t, delta(3)
22   
23   
24   asdoc summarize house_price station_dist year, stat(N mean sd min

 max), dec(4)font(Times New Roman) ///
25   fs(11) save(summary_hp_dist.doc) title(Summary of House Price of 

Urban Area and Distance from Metro Network),replace
26   
27   
28   asdoc xtsum $id $t $ylist $xlist, stat(N mean sd min max), dec(4)

font(Times New Roman) ///
29   fs(11) save(summary_hp_dist.doc) title(Summary of House Price of 

Urban Area and Distance from Metro Network)
30   
31   xtsum $id $t $ylist $xlist
32   
33   
34   * 1 DID-Estimation
35   *drop did_near_station
36   
37   *Regression Result of Research Design 1  (Logrithm form of 

variable already existed in Data Editor)
38   
39   *gen l_house_price = ln(house_price)
40   
41   *gen diff_near_metro = d_near_station*station_dist
42   
43   
44   set level 90
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46   asdoc xtreg l_house_price station_dist if d_near_station == 1,  dec(4)font(Times 
New Roman) ///

47   fs(11) save(hp_inf_dist.doc) nest title(Research Design 1 : Effect of Distance From
 Metro on House Price) ///

48   cnames(Within_Metro_influence), replace
49   
50   asdoc xtreg l_house_price station_dist if d_near_station == 0, dec(4)font(Times New

 Roman) ///
51   fs(11) save(hp_inf_dist.doc) nest title(Research Design 1 : Effect of Distance From

 Metro on House Price) ///
52   cnames(Away Influ_zone)
53   
54   asdoc xtreg l_house_price station_dist d_near_station diff_near_metro, dec(4)font(

Times New Roman) ///
55   fs(11) save(hp_inf_dist.doc) nest title(Research Design 1 : Effect of Distance From

 Metro on House Price) ///
56   cnames(Difference_metro_influence)
57   
58   asdoc xtreg l_house_price station_dist d_near_station diff_near_metro, robust, dec(

4)font(Times New Roman) ///
59    fs(11) save(hp_inf_dist.doc) nest title(Research Design 1 : Effect of Distance 

From Metro on House Price) ///
60    cnames(Difference_robust)
61   
62   
63   *2 Graphs for Regression Results:
64   
65   
66   *2A - Average House Price Trend with Distance from Metro Network in Residential 

Land Category D 
67   
68   
69   twoway (lpoly house_price station_dist if d_near_station == 1 & D_res_zone_D == 1) 

///
70   (lpoly house_price station_dist if d_near_station == 0 & D_res_zone_D == 1), ///
71   xline(0.73, lcolor(green)) xlabel(0.73 "Metro Influence Zone")
72   
73   
74   *2B- Average House Price Treand within and outside influence zone in all urban area
75   
76   twoway (qfit house_price year if d_near_station == 1, lcolor(blue)) ///
77   (qfit house_price year if d_near_station == 0, lcolor(yellow)), xline(2015, lcolor(

green)) ///
78   xlabel(2015 "Mid Year 2015")
79   
80   *2C - Average House Price Trend within and outside influence Zone in Residential 

Land Category D
81   
82   twoway (qfit house_price year if d_near_station == 1 & D_res_zone_D == 1, lcolor(

blue)) ///
83   (qfit house_price year if d_near_station == 0 & D_res_zone_D == 1, lcolor(yellow)),

 ///
84   xline(2015, lcolor(green)) xlabel(2015 "Mid Year 2015")
85   
86   
87   ******************************* End of Research Design 1 Command 

***********************************************
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2   **********************Reserach Design 2***********************
3   
4   use "/Users/kaushal/Desktop/Final Thesis Work/data_file/res_land_price_thesis.dta" 
5   
6   
7   **"District ID already existed in the Data Editor" 
8   *egen district_id = group(district_name)
9   

10   global id district_id
11   global t year
12   
13   sort $id $t
14   xtset $id $t, delta(6) 
15   
16   
17   ** "Variables already existed in Data Editor" 
18   *gen l_res_land_price = ln(res_land_price)
19   *gen l_population_density = ln(population_density)
20   *gen l_business_est = ln(business_est)
21   *gen l_workers = ln(workers)
22   *gen l_hospitals = ln(hospitals)
23   *gen l_colleges = ln(college)
24   *gen l_trips = ln(trips)
25   
26   
27   *xtdescribe
28   
29   asdoc summarize res_land_price stations metro_length trips population_density ///
30   business_est workers hospitals college year, ///
31   stat(N mean sd min max), dec(4)font(Times New Roman) fs(11) save(summary_RD_2.doc) 

///
32    title(Summary of Variables of Research Design 2),replace
33   
34   
35   
36   global ylist l_res_land_price
37   global xlist metro_length stations l_population_density l_business_est l_workers ///
38   l_hospitals l_college l_trips
39   
40   asdoc xtsum $id $t $ylist $xlist, stat(N mean sd min max), dec(4)font(Times New 

Roman) ///
41    fs(11) save(summary_RD_2.doc) title(Summary of Variables of Research Design 2)
42   
43   
44   **1 Creation of Year Dummy (Already Generated in Data Editor)
45   
46   
47   *gen y1992=0
48   *replace y1992=1 if year==1992
49   
50   *gen y1998=0
51   *replace y1998=1 if year==1998
52   
53   *gen y2005=0
54   *replace y2005=1 if year==2005
55   
56   *gen y2012=0
57   *replace y2012=1 if year==2012
58   
59   *gen y2018=0
60   *replace y2018=1 if year==2018
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62   /*2-Defining Treatment and Control Groups (Treatment Group = District are North East 
Delhi,

63   *East Delhi, West Delhi,New Delhi and South Delhi) and 
64   (Control groups are North Delhi, North West Delhi,  Central Delhi, South West Delhi) */
65   
66   
67   /* 3 - Define treatment year as year after 1998 that is year 2005, 2012 and 2018 
68   (Already Generated in Data Editor)*/
69   
70   *gen treated_year = (year>1998)
71   
72   *4 - generate interaction term for treatment of metro (Already Existed in Data Editor)
73   *gen  interection = treated_year*treated_district
74   
75   
76   *5 - Test For Endogeneity *****************
77   
78   asdoc xtreg stations l_population_density l_business_est l_workers l_hospitals 

l_colleges, ///
79   dec(4) font(Times New Roman) fs(11) save(endogeneity_test.doc) nest title(Result of 

Endogeneity Test) ///
80   cnames(Reg_Stations ), replace
81   
82   predict e1
83   
84   asdoc xtreg l_res_land_price stations e1 l_population_density l_business_est l_workers 

l_hospitals l_colleges, ///
85   dec(4) font(Times New Roman) fs(11) save(endogeneity_test.doc) nest title(Result of 

Endogeneity Test) ///
86   cnames(Endogen_est)
87   
88   /*asdoc xtreg l_res_land_price stations e1 l_population_density l_business_est 

l_workers l_hospitals l_colleges,
89    dec(4) font(Times New Roman) fs(11) save(endogeneity_test.doc) title(Statistics of 

Endogeneity Test*/
90   
91   
92   *6 -  Hausman Test for testing Efficiency of RE and FE Model **************
93   
94   /*H0 is that re is preferred model. Since p value is 0.014 < 0.05 hence we reject null 

and 
95   hence fixed effect model is prefereed model.*/
96   
97   
98   asdoc xtreg l_res_land_price stations l_population_density l_business_est l_workers 

l_college l_hospitals,re, ///
99   dec(4) font(Times New Roman) fs(11) save(hausman_test.doc) ///

100   nest title(Result of Hausman Test to check  Random Effect and Fixed Effect Model 
Efficiency) cnames(Random effect ), replace

101   
102   estimate store re
103   
104   asdoc xtreg l_res_land_price stations l_population_density l_business_est l_workers 

l_college l_hospitals,fe, ///
105   dec(4) font(Times New Roman) fs(11) save(hausman_test.doc) ///
106   nest title(Result of Hausman Test to check  Random Effect and Fixed Effect Model 

Efficiency) cnames(Fixed effect )
107   
108   estimate store fe
109   
110   asdoc hausman fe re, dec(4) font(Times New Roman) fs(11) save(hausman_test.doc) ///
111   title(Result of Hausman Test to check  Random Effect and Fixed Effect Model Efficiency)
112   
113   
114   drop e1
115   drop _est_fe
116   drop _est_re
117   drop station_hat
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119   /*7 - Regression Models with 1. GLS, 2. DID, 3. DiD Robust  4. IV Regression FE 
Model , 

120   5. 2SLS IV with Fixed Effect *********************/
121   
122   asdoc xtreg stations metro_length l_trips l_population_density l_business_est 

l_workers l_college l_hospitals, ///
123   dec(4) font(Times New Roman) fs(11) save(research_design2.doc) ///
124   title( First Stage of Two Stage Instrument Variable Regression ) cnames(First Stage

 IV), fe, replace
125   
126   predict station_hat
127   
128   asdoc xtreg l_res_land_price treated_year treated_district interection, dec(4) font

(Times New Roman) ///
129   fs(11) save(research_design2.doc) nest title(Results of Second Research Design, DiD

 method have treatment Year after 1998 ) ///
130   cnames(Dummy Only )
131   
132   asdoc xtreg l_res_land_price treated_year treated_district  interection stations, 

dec(4) ///
133   font(Times New Roman) fs(11) save(research_design2.doc) ///
134   nest title(Results of Second Research Design, DiD method have treatment Year after 

1998) cnames(DiD_Var_of_Interest)
135   
136   
137   asdoc xtreg l_res_land_price treated_year treated_district  interection stations 

l_population_density ///
138   l_business_est l_workers l_college l_hospitals,  dec(4) font(Times New Roman) fs(11

) save(research_design2.doc) ///
139   nest title(Results of Second Research Design, DiD method have treatment Year after 

1998) cnames(DiD_All_Var)
140   
141   asdoc xtreg l_res_land_price treated_year treated_district  interection stations 

l_population_density l_business_est ///
142   l_workers l_college l_hospitals, robust,  dec(4) font(Times New Roman) fs(11) save(

research_design2.doc) ///
143   nest title(Results of Second Research Design, DiD method have treatment Year after 

1998) cnames(DiD_robust)
144   
145   asdoc xtivreg l_res_land_price l_population_density l_business_est l_workers 

l_college l_hospitals ///
146   (stations = metro_length l_trips), fe, dec(4) font(Times New Roman) fs(11) ///
147   save(research_design2.doc) nest title( Results of Second Research Design, DiD 

method have treatment Year after 1998) ///
148   cnames(IV+Fixed Effect)
149   
150   
151   asdoc xtreg l_res_land_price station_hat l_population_density l_business_est 

l_workers l_college l_hospitals, fe, ///
152   dec(4) font(Times New Roman) fs(11) save(research_design2.doc) nest title( Results 

of Second Research Design, ///
153   DiD method have treatment Year after 1998) cnames(2SLS IV+Fixed Effect)
154   
155   asdoc corr stations metro_length l_trips l_population_density l_business_est 

l_workers l_college l_hospitals,  ///
156   dec(4) font(Times New Roman) fs(11) save(corr_design2.doc) ///
157   title(Table 6.4 Correlation among Explanatary and Instrument Variables )
158   
159   *********************
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161   *8 Graphical Representation of the results:
162   
163   * 8A - Diffference of residential land price trend in treatment and control group 

districts
164   
165   twoway (lpoly res_land_price year if treated_district == 1, lcolor(blue)) ///
166   (lpoly res_land_price year if treated_district == 0, lcolor(yellow)), xline(2005, 

lcolor(green)) ///
167    xlabel(2005 "Treatment Year 2005")
168   
169   
170   *8B - Trend of selected variables with year and best fit for  predicted station_hat 
171   
172   twoway  (lpoly l_res_land_price year, lcolor(red))  (lpoly stations year, lcolor(

blue)) ///
173   (lpoly station_hat year, lcolor(green)) (lpoly metro_length year, lcolor(yellow)) 

///
174   (lpoly l_trips year, lcolor(orange)), xline(2005, lcolor(black)) xlabel(2005 

"Treatment Year")
175   
176   twoway  (lfit res_land_price stations, lcolor(red))  (lfit res_land_price 

station_hat, lcolor(blue))
177   
178   ***************************End of RD 2 Command ********************************
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3   /* Research Design 3 - Correlation Between Average House Price and Residential 
Land Price in Urban Area of Delhi */

4   
5    use "/Users/kaushal/Desktop/Final Thesis Work/data_file/rd3.dta"
6    
7    ** "ID already generated and existed in the Data Editor"
8   *egen urban_area_id = group(urban_area)
9   

10   global id urban_area_id
11   global t year
12   
13   global ylist house_price
14   global xlist station_dist d_near_station
15   sort $id $t
16   xtset $id $t, delta(3)
17   
18   
19   * 1 - Correaltion Between Average House Price and Residential Land Price Within 

Influence Zone
20   
21   
22   asdoc corr res_land_price house_price if d_near_metro ==1, stat(N mean sd min max),

 ///
23   dec(4)font(Times New Roman) fs(11) save(summary_RD_3.doc) ///
24   title(Correlation of Residentail Land Price and House Price Witin Inflence Zone ),

replace
25   
26   
27   * 2 - Correlation between Average House Price and Residential Land Price Outside 

Influence Zone
28   asdoc corr res_land_price house_price if d_near_metro ==0, stat(N mean sd min max),

 ///
29   dec(4)font(Times New Roman) fs(11) save(summary_RD_3.doc) ///
30   title(Correlation of Residentail Land Price and House Price Outside Inflence Zone )
31   
32   
33   /*3 Graphical Representation of the  Correlation between Average House Price and 

Residential 
34   Land Price Within and Outside Influence Zone */
35   
36   twoway (qfit house_price  res_land_price  if d_near_metro ==1, lcolor(blue)) ///
37    (qfit house_price  res_land_price  if d_near_metro ==0, lcolor(red))
38   
39   ***************************** End of RD 3 Commands 

************************************
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Summary of House Price of Urban Area and Distance from Metro Network  

     N   Mean   St.Dev   min   max 
 house price 94 106000 50800 11300 413000 
 station dist 120 1.3573 .8185 .28 4 
 year 120 2015 2.4598 2012 2018 
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Summary of Variables of Research Design 2  

     N   Mean   St.Dev   min   max 
 res land price 45 61500 84900 2550 420000 
 stations 45 8 11.4515 0 43 
 metro length 45 10.5429 15.9847 0 64.38 
 trips 45 1760000 913000 590198 5094846 
 population density 45 14200 10100 2217 43360 
 business est 45 83700 59200 4044 281705 
 workers 45 390000 190000 91624 895845 
 hospitals 45 10.4889 6.1297 2 26 
 college 45 12.9111 8.9235 1 34 
 year 45 2005 9.4436 1992 2018 
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Result of Endogeneity Test  

      (1)   (2) 
       

Reg_Statio
ns 

   
Endogen_

est 
 l_population_~y 0.5024 -0.3996* 
   (2.2061) (0.2250) 
 l_business_est 0.4130 0.4348* 
   (2.7811) (0.2629) 
 l_workers 3.1603 -0.7477 
   (4.4375) (0.7094) 
 l_hospitals 7.7903** -0.6969 
   (3.1601) (1.7502) 
 l_colleges 1.0353  
   (2.2679)  
 stations  0.0909*** 
    (0.0145) 
 e1  0.1371 
    (0.1990) 
 _cons -60.6684 18.0970 
   (39.2198) (11.9498) 
 Obs. 45 45 
 Pseudo R2  .z .z 
 
Standard errors are in parenthesis  
*** p<0.01, ** p<0.05, * p<0.1  
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Result of Hausman Test to check Random Effect 
 And Fixed Effect Model Efficiency  

      (1)   (2) 
       

Random_ef
fect 

   
Fixed_effe

ct 
 stations 0.0909*** 0.0722*** 
   (0.0145) (0.0163) 
 l_population_~y -0.3307* 2.0107 
   (0.2000) (1.4253) 
 l_business_est 0.4914* -0.0875 
   (0.2520) (0.2592) 
 l_workers -0.3146 -0.5381 
   (0.4046) (0.3835) 
 l_colleges 0.1419 0.3610 
   (0.2060) (0.7493) 
 l_hospitals 0.3708 0.7178 
   (0.3078) (0.5814) 
 _cons 9.7819*** -3.7859 
   (3.6602) (11.0116) 
 Obs. 45 45 
 R-squared  .z 0.8139 
 
Standard errors are in parenthesis  
*** p<0.01, ** p<0.05, * p<0.1  
 
Result of Hausman Test to check Random Effect 
 and Fixed Effect Model Efficiency  

     Coef. 
 Chi-square test value 19.7337 
 P-value .0031 
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Research Design 1 : Effect of Distance From Metro on House Price  

      (1)   (2)   (3)   (4) 
       

Within_Met
ro_inf~e 

   
Away_Infl

u_zone 

   
Difference
_metro~e 

   
Difference

_robust 
 station_dist 0.2457*** -0.1730 -0.1752* -0.1752** 
   (0.0644) (0.1176) (0.1063) (0.0768) 
 d_near_station   -0.2190 -0.2190 
     (0.2225) (0.1878) 
 diff_near_metro   0.4896*** 0.4896*** 
     (0.1597) (0.0832) 
 _cons 11.5317*** 11.6664*** 11.6778*** 11.6778*** 
   (0.0832) (0.2107) (0.1905) (0.1600) 
 Obs. 34 60 94 94 
 Pseudo R2  .z .z .z .z 
 
Standard errors are in parenthesis  
*** p<0.01, ** p<0.05, * p<0.1  
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First Stage of Two Stage Instrument Variable Regression  
 stations  Coef.  St.Err.  t-value  p-value  [95% Conf  Interval]  

Sig 
 metro_length 0.6525 0.0355 18.39 0.000 0.592 0.713 *** 
 l_trips 3.8936 3.2369 1.20 0.239 -1.606 9.393  
 l_population_density -0.8217 4.4327 -0.19 0.854 -8.354 6.710  
 l_business_est -0.7763 0.6161 -1.26 0.218 -1.823 0.270  
 l_workers -0.6573 0.9164 -0.72 0.479 -2.214 0.900  
 l_colleges -1.1103 1.8071 -0.61 0.544 -4.181 1.960  
 l_hospitals 1.4022 1.5998 0.88 0.388 -1.316 4.120  
 Constant -30.3397 30.9717 -0.98 0.335 -82.965 22.285  
 
Mean dependent var 8.0000 SD dependent var  11.4515 
R-squared  0.9808 Number of obs   45.0000 
F-test   211.8062 Prob > F  0.0000 
Akaike crit. (AIC) 178.5029 Bayesian crit. (BIC) 192.9562 
 
*** p<0.01, ** p<0.05, * p<0.1  
 
Results of Second Research Design, DiD method have treatment Year after 1998  

      (1)   (2)   (3)   (4)   (5)   (6) 
       

Dummy_Only 
   

DiD_Var_
of_Inter~t 

   
DiD_All_V

ar 

   
DiD_robust 

   
IV+Fixed_

Effect 

   
2SLS_IV+F
ixed_Ef~t 

 treated_year 1.7846*** 0.9112** 0.4251 0.4251   
   (0.5643) (0.4186) (0.4859) (0.5015)   
 treated_distr~t -0.2669 -0.2669 -0.7084 -0.7084   
   (0.5864) (0.4124) (0.4699) (0.5746)   
 interection 0.3319 -0.4251 -0.2453 -0.2453   
   (0.7571) (0.5447) (0.5367) (0.4788)   
 stations  0.0970*** 0.0884*** 0.0884*** 0.0787***  
    (0.0148) (0.0152) (0.0115) (0.0167)  
 l_population_~y   -0.0257 -0.0257 1.6918 1.6918 
     (0.2227) (0.1337) (1.4393) (1.3703) 
 l_business_est   0.2059 0.2059 -0.0713 -0.0713 
     (0.2605) (0.1844) (0.2600) (0.2475) 
 l_workers   -0.4897 -0.4897*** -0.5319 -0.5319 
     (0.3895) (0.1793) (0.3845) (0.3661) 
 l_colleges   0.0481 0.0481 0.4861 0.4861 
     (0.2002) (0.1620) (0.7542) (0.7181) 
 l_hospitals   0.7062* 0.7062* 0.6580 0.6580 
     (0.3717) (0.4180) (0.5838) (0.5558) 
 station_hat      0.0787*** 
        (0.0159) 
 _cons 8.9547*** 8.9547*** 12.0744*** 12.0744*** -1.2875 -1.2875 
   (0.4371) (0.3074) (3.5468) (1.3273) (11.1222) (10.5886) 
 Obs. 45 45 45 45 45 45 
 R-squared  .z .z .z .z .z 0.8304 
 
Standard errors are in parenthesis  
*** p<0.01, ** p<0.05, * p<0.1  
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1 

 
 
Correlation of Residential Land Price and House Price 
 Within Influence Zone 0.73 Kilometer from metro 
  Variables   (1)   (2) 
 (1) res_land_price 1.0000 
 (2) house_price 0.4162 1.0000 
 
 
Correlation of Residential Land Price and House Price 
Outside Influence Zone 0.73 – 4.0 Kilometer from metro 
  Variables   (1)   (2) 
 (1) res_land_price 1.0000 
 (2) house_price 0.6398 1.0000 
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graph6 17/05/20, 12:37 AM
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house_price_thesis.dta 09/06/20, 5:41 PM

1

urban_area

                           Alaknanda

year

2012

house_price

  137244

station_dist

    2.22

d_near_sta~n

       0

D_res_zone_D

       0

urban_area~d

        1

l_house_pr~e

 11.82952

diff_near_~o

        0

2                            Alaknanda 2015   152336     2.22        0        0         1  11.93384         0

3                            Alaknanda 2018   122142     1.76        0        0         1  11.71294         0

4                        Anand Niketan 2012        .     1.87        0        0         2         .         0

5                        Anand Niketan 2015        .     1.87        0        0         2         .         0

6                        Anand Niketan 2018   239203     1.27        0        0         2  12.38507         0

7                        Chandni Chowk 2012        .      .28        1        0         3         .       .28

8                        Chandni Chowk 2015        .      .28        1        0         3         .       .28

9                        Chandni Chowk 2018   119602      .28        1        0         3  11.69192       .28

10                           Darya Gunj 2012        .      .39        1        0         4         .       .39

11                           Darya Gunj 2015        .      .39        1        0         4         .       .39

12                           Darya Gunj 2018   124941      .39        1        0         4   11.7356       .39

13                       Dilshad Garden 2012        .      .97        1        0         5         .       .97

14                       Dilshad Garden 2015    72605      .97        0        0         5  11.19279         0

15                       Dilshad Garden 2018  69989.2      .97        0        0         5   11.1561         0

16                     Dwarka Sector 10 2012  83261.6      1.1        0        1         6  11.32974         0

17                     Dwarka Sector 10 2015  83713.7      1.1        0        1         6  11.33516         0

18                     Dwarka Sector 10 2018  84176.5      1.1        0        1         6  11.34067         0

19                    Dwarka Sector 19B 2012        .      2.6        0        1         7         .         0

20                    Dwarka Sector 19B 2015        .      2.6        0        1         7         .         0

21                    Dwarka Sector 19B 2018  84176.5      2.6        0        1         7  11.34067         0

22                      Dwarka Sector 6 2012  82346.6      2.3        0        1         8  11.31869         0

23                      Dwarka Sector 6 2015  83261.6      2.3        0        1         8  11.32974         0

24                      Dwarka Sector 6 2018  82798.7      2.3        0        1         8  11.32417         0

25                      Dwarka Sector 7 2012  80516.7      1.9        0        1         9  11.29622         0

26                      Dwarka Sector 7 2015  86006.5      1.9        0        1         9  11.36218         0

27                      Dwarka Sector 7 2018  80516.7      1.9        0        1         9  11.29622         0

28                         Geeta Colony 2012  57050.6      1.8        0        0        10  10.95169         0

29                         Geeta Colony 2015  62432.7      1.8        0        0        10  11.04184         0

30                         Geeta Colony 2018    65662      1.8        0        0        10  11.09228         0

31                            Jagatpuri 2012        .      1.1        0        0        11         .         0

32                            Jagatpuri 2015        .      1.1        0        0        11         .         0

33                            Jagatpuri 2018  48439.2      1.1        0        0        11  10.78806         0

34                       Janakpuri West 2012   107503      .73        1        1        12  11.58527       .73

35                       Janakpuri West 2015   102013      .73        1        1        12  11.53286       .73

36                       Janakpuri West 2018  98353.1      .73        1        1        12  11.49632       .73

37                             Kalkaji 2012   116200      .66        1        0        13  11.66307       .66

38                             Kalkaji 2015   118407      .66        1        0        13  11.68188       .66

39                             Kalkaji 2018    76394      .45        1        0        13  11.24366       .45

40                          Kalkaji Ext 2012        .     1.23        0        0        14         .         0

41                          Kalkaji Ext 2015   104306     1.23        0        0        14  11.55508         0

42                          Kalkaji Ext 2018  90118.4     1.23        0        0        14  11.40888         0

43                          Laxmi Nagar 2012  45748.1      1.5        0        0        15  10.73091         0

44                          Laxmi Nagar 2015  60839.6      1.5        0        0        15    11.016         0

45                          Laxmi Nagar 2018  56727.7      1.5        0        0        15  10.94602         0

46                            Mandawali 2012        .     2.37        0        0        16         .         0

47                            Mandawali 2015        .     2.37        0        0        16         .         0

48                            Mandawali 2018  51991.4     2.37        0        0        16  10.85883         0

49                  Mayur Vihar Phase I 2012  91496.2      .43        1        1        17  11.42405       .43

50                  Mayur Vihar Phase I 2015   118482      .43        1        1        17  11.68252       .43

51                  Mayur Vihar Phase I 2018   112078      .43        1        1        17  11.62695       .43

52                  Model Town Phase II 2012        .      .72        1        1        18         .       .72

53                  Model Town Phase II 2015   120312      .72        1        1        18  11.69785       .72

54                  Model Town Phase II 2018   139989      .72        1        1        18  11.84932       .72

55                 Model Town Phase III 2012   121690      .48        1        1        19  11.70923       .48

56                 Model Town Phase III 2015   110248      .48        1        1        19  11.61048       .48

57                 Model Town Phase III 2018   101561      .48        1        1        19  11.52841       .48

58                            Moti Bagh 2012        .     1.37        1        0        20         .      1.37

59                            Moti Bagh 2015        .     1.37        1        0        20         .      1.37

60                            Moti Bagh 2018  99668.7      .68        1        0        20  11.50961       .68

61        Mukherjee Nagar (Outram Line) 2012   132400       .4        1        1        21  11.79359        .4

62        Mukherjee Nagar (Outram Line) 2015   123789       .4        1        1        21  11.72633        .4

63        Mukherjee Nagar (Outram Line) 2018   131755       .4        1        1        21   11.7887        .4

64            Nehru Enclave ( C R Park) 2012   147761     1.42        0        0        22  11.90335         0

65            Nehru Enclave ( C R Park) 2015   166975     1.42        0        0        22   12.0256         0

66            Nehru Enclave ( C R Park) 2018   132207      .69        1        0        22  11.79212       .69

67                           Pahar Gunj 2012        .      1.1        0        0        23         .         0

68                           Pahar Gunj 2015  69967.7      1.1        0        0        23  11.15579         0

69                           Pahar Gunj 2018  71582.3      1.1        0        0        23   11.1786         0

70                        Paschim Vihar 2012   118482      1.1        0        1        24  11.68252         0

71                        Paschim Vihar 2015   111625      1.1        0        1        24   11.6229         0

72                        Paschim Vihar 2018   114370      1.1        0        1        24   11.6472         0

73                           Patpadganj 2012  87836.4      1.1        0        1        25  11.38323         0

74                           Patpadganj 2015   113455      1.1        0        1        25  11.63916         0

75                           Patpadganj 2018   102013      1.1        0        1        25  11.53286         0
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76

urban_area

                           Pitampura

year

2012

house_price

  133122

station_dist

     .89

d_near_sta~n

       0

D_res_zone_D

       1

urban_area~d

       26

l_house_pr~e

 11.79902

diff_near_~o

        0

77                            Pitampura 2015   114822      .89        0        1        26  11.65114         0

78                            Pitampura 2018   139526      .89        0        1        26  11.84601         0

79                          Preet Vihar 2012   118407       .3        1        1        27  11.68188        .3

80                          Preet Vihar 2015   138159       .3        1        1        27  11.83616        .3

81                          Preet Vihar 2018   122605       .3        1        1        27  11.71672        .3

82                         Punjabi Bagh 2012   129462      .68        1        1        28  11.77114       .68

83                         Punjabi Bagh 2015   133585      .68        1        1        28  11.80249       .68

84                         Punjabi Bagh 2018   142271      .68        1        1        28  11.86549       .68

85          Rana Pratap Bagh Asok Vihar 2012   129117     1.81        0        1        29  11.76848         0

86          Rana Pratap Bagh Asok Vihar 2015    11254     1.81        0        1        29  9.328482         0

87          Rana Pratap Bagh Asok Vihar 2018   117869     1.81        0        1        29  11.67733         0

88                     Rohini Sector 23 2012        .     2.47        0        1        30         .         0

89                     Rohini Sector 23 2015  59472.6     2.47        0        1        30  10.99327         0

90                     Rohini Sector 23 2018  66329.4     2.47        0        1        30  11.10239         0

91                     Rohini Sector 24 2012  79138.9     2.11        0        1        31  11.27896         0

92                     Rohini Sector 24 2015    73197     2.11        0        1        31  11.20091         0

93                     Rohini Sector 24 2018  73649.1     2.11        0        1        31  11.20707         0

94 SFS New Kondli Mayur Vihar Phase III 2012    76394     1.93        0        1        32  11.24366         0

95 SFS New Kondli Mayur Vihar Phase III 2015  88288.5     1.93        0        1        32  11.38836         0

96 SFS New Kondli Mayur Vihar Phase III 2018  81883.7     1.22        0        1        32  11.31306         0

97                          Sadar Bazar 2012        .      .73        1        0        33         .       .73

98                          Sadar Bazar 2015        .      .73        1        0        33         .       .73

99                          Sadar Bazar 2018   152487      .73        1        0        33  11.93483       .73

100                             Shahdara 2012  46663.1      .39        1        0        34  10.75071       .39

101                             Shahdara 2015    50775      .39        1        0        34  10.83516       .39

102                             Shahdara 2018  49860.1      .39        1        0        34  10.81698       .39

103                        Shalimar Bagh 2012   101561     1.75        0        1        35  11.52841         0

104                        Shalimar Bagh 2015  92863.3     1.75        0        1        35  11.43888         0

105                        Shalimar Bagh 2018  91496.2     1.29        0        1        35  11.42405         0

106                          Sonia Vihar 2012        .        4        0        0        36         .         0

107                          Sonia Vihar 2015        .        4        0        0        36         .         0

108                          Sonia Vihar 2018  49429.5        4        0        0        36   10.8083         0

109                         Sunder Vihar 2012        .     1.92        0        1        37         .         0

110                         Sunder Vihar 2015   114370     1.92        0        1        37   11.6472         0

111                         Sunder Vihar 2018   129462     1.92        0        1        37  11.77114         0

112                       Vasant Enclave 2012        .     2.14        0        0        38         .         0

113                       Vasant Enclave 2015        .     2.14        0        0        38         .         0

114                       Vasant Enclave 2018   195705     1.69        0        0        38  12.18436         0

115                         Vasant Vihar 2012   412777     2.87        1        0        39  12.93066      2.87

116                         Vasant Vihar 2015   254812     2.87        1        0        39  12.44828      2.87

117                         Vasant Vihar 2018   209064      .41        1        0        39  12.25039       .41

118                            Vikaspuri 2012  84628.6     1.42        0        1        40  11.34603         0

119                            Vikaspuri 2015  91496.2     1.42        0        1        40  11.42405         0

120                            Vikaspuri 2018  82798.7     1.42        0        1        40  11.32417         0
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1

urban_area

                           Alaknanda

year

2012

house_price

  137244

res_land_p~e

  133224

dist_metro

    2.22

d_near_metro

       0

urban_area~d

        1

2                            Alaknanda 2015   152336   250000     2.22        0         1

3                            Alaknanda 2018   122142   250000     1.76        0         1

4                        Anand Niketan 2012        .   204600     1.87        0         2

5                        Anand Niketan 2015        .   420000     1.87        0         2

6                        Anand Niketan 2018   239203   420000     1.27        0         2

7                        Chandni Chowk 2012        .    58365      .28        1         3

8                        Chandni Chowk 2015        .    70070      .28        1         3

9                        Chandni Chowk 2018   119602    90000      .28        1         3

10                           Darya Gunj 2012        .    58365      .39        1         4

11                           Darya Gunj 2015        .    70070      .39        1         4

12                           Darya Gunj 2018   124941    90000      .39        1         4

13                       Dilshad Garden 2012        .    47140      .97        0         5

14                       Dilshad Garden 2015    72605    63000      .97        0         5

15                       Dilshad Garden 2018  69989.2    63000      .97        0         5

16                     Dwarka Sector 10 2012  83261.6   106384      1.1        0         6

17                     Dwarka Sector 10 2015  83713.7   150000      1.1        0         6

18                     Dwarka Sector 10 2018  84176.5   150000      1.1        0         6

19                    Dwarka Sector 19B 2012        .   106384      2.6        0         7

20                    Dwarka Sector 19B 2015        .   150000      2.6        0         7

21                    Dwarka Sector 19B 2018  84176.5   150000      2.6        0         7

22                      Dwarka Sector 6 2012  82346.6   106384      2.3        0         8

23                      Dwarka Sector 6 2015  83261.6   150000      2.3        0         8

24                      Dwarka Sector 6 2018  82798.7   150000      2.3        0         8

25                      Dwarka Sector 7 2012  80516.7   106384      1.9        0         9

26                      Dwarka Sector 7 2015  86006.5   150000      1.9        0         9

27                      Dwarka Sector 7 2018  80516.7   150000      1.9        0         9

28                         Geeta Colony 2012  57050.6    58365      1.8        0        10

29                         Geeta Colony 2015  62432.7    70070      1.8        0        10

30                         Geeta Colony 2018    65662    90000      1.8        0        10

31                            Jagatpuri 2012        .    47140      1.1        0        11

32                            Jagatpuri 2015        .    63000      1.1        0        11

33                            Jagatpuri 2018  48439.2    63000      1.1        0        11

34                       Janakpuri West 2012   107503   106384      .73        1        12

35                       Janakpuri West 2015   102013   150000      .73        1        12

36                       Janakpuri West 2018  98353.1   150000      .73        1        12

37                             Kalkaji 2012   116200   133224      .66        1        13

38                             Kalkaji 2015   118407   250000      .66        1        13

39                             Kalkaji 2018    76394   250000      .45        1        13

40                          Kalkaji Ext 2012        .   133224     1.23        0        14

41                          Kalkaji Ext 2015   104306   250000     1.23        0        14

42                          Kalkaji Ext 2018  90118.4   250000     1.23        0        14

43                          Laxmi Nagar 2012  45748.1    58365      1.5        0        15

44                          Laxmi Nagar 2015  60839.6    70070      1.5        0        15

45                          Laxmi Nagar 2018  56727.7    90000      1.5        0        15

46                            Mandawali 2012        .    47140     2.37        0        16

47                            Mandawali 2015        .    63000     2.37        0        16

48                            Mandawali 2018  51991.4    63000     2.37        0        16

49                  Mayur Vihar Phase I 2012  91496.2   106384      .43        1        17

50                  Mayur Vihar Phase I 2015   118482   150000      .43        1        17

51                  Mayur Vihar Phase I 2018   112078   150000      .43        1        17

52                  Model Town Phase II 2012        .   106384      .72        1        18

53                  Model Town Phase II 2015   120312   150000      .72        1        18

54                  Model Town Phase II 2018   139989   150000      .72        1        18

55                 Model Town Phase III 2012   121690   106384      .48        1        19

56                 Model Town Phase III 2015   110248   150000      .48        1        19

57                 Model Town Phase III 2018   101561   150000      .48        1        19

58                            Moti Bagh 2012        .   204600     1.37        0        20

59                            Moti Bagh 2015        .   420000     1.37        0        20

60                            Moti Bagh 2018  99668.7   420000      .68        1        20

61        Mukherjee Nagar (Outram Line) 2012   132400   106384       .4        1        21

62        Mukherjee Nagar (Outram Line) 2015   123789   150000       .4        1        21

63        Mukherjee Nagar (Outram Line) 2018   131755   150000       .4        1        21

64            Nehru Enclave ( C R Park) 2012   147761   133224     1.42        0        22

65            Nehru Enclave ( C R Park) 2015   166975   250000     1.42        0        22

66            Nehru Enclave ( C R Park) 2018   132207   250000      .69        1        22

67                           Pahar Gunj 2012        .    58365      1.1        0        23

68                           Pahar Gunj 2015  69967.7    70070      1.1        0        23

69                           Pahar Gunj 2018  71582.3    90000      1.1        0        23

70                        Paschim Vihar 2012   118482   106384      1.1        0        24

71                        Paschim Vihar 2015   111625   150000      1.1        0        24

72                        Paschim Vihar 2018   114370   150000      1.1        0        24

73                           Patpadganj 2012  87836.4   106384      1.1        0        25

74                           Patpadganj 2015   113455   150000      1.1        0        25

75                           Patpadganj 2018   102013   150000      1.1        0        25
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76

urban_area

                           Pitampura

year

2012

house_price

  133122

res_land_p~e

  106384

dist_metro

     .89

d_near_metro

       0

urban_area~d

       26

77                            Pitampura 2015   114822   150000      .89        0        26

78                            Pitampura 2018   139526   150000      .89        0        26

79                          Preet Vihar 2012   118407   106384       .3        1        27

80                          Preet Vihar 2015   138159   150000       .3        1        27

81                          Preet Vihar 2018   122605   150000       .3        1        27

82                         Punjabi Bagh 2012   129462   106384      .68        1        28

83                         Punjabi Bagh 2015   133585   150000      .68        1        28

84                         Punjabi Bagh 2018   142271   150000      .68        1        28

85          Rana Pratap Bagh Asok Vihar 2012   129117   106384     1.81        0        29

86          Rana Pratap Bagh Asok Vihar 2015    11254   150000     1.81        0        29

87          Rana Pratap Bagh Asok Vihar 2018   117869   150000     1.81        0        29

88                     Rohini Sector 23 2012        .   106384     2.47        0        30

89                     Rohini Sector 23 2015  59472.6   150000     2.47        0        30

90                     Rohini Sector 23 2018  66329.4   150000     2.47        0        30

91                     Rohini Sector 24 2012  79138.9   106384     2.11        0        31

92                     Rohini Sector 24 2015    73197   150000     2.11        0        31

93                     Rohini Sector 24 2018  73649.1   150000     2.11        0        31

94 SFS New Kondli Mayur Vihar Phase III 2012    76394   106384     1.93        0        32

95 SFS New Kondli Mayur Vihar Phase III 2015  88288.5   150000     1.93        0        32

96 SFS New Kondli Mayur Vihar Phase III 2018  81883.7   150000     1.22        0        32

97                          Sadar Bazar 2012        .    58365      .73        1        33

98                          Sadar Bazar 2015        .    70070      .73        1        33

99                          Sadar Bazar 2018   152487    90000      .73        1        33

100                             Shahdara 2012  46663.1    47140      .39        1        34

101                             Shahdara 2015    50775    63000      .39        1        34

102                             Shahdara 2018  49860.1    63000      .39        1        34

103                        Shalimar Bagh 2012   101561   106384     1.75        0        35

104                        Shalimar Bagh 2015  92863.3   150000     1.75        0        35

105                        Shalimar Bagh 2018  91496.2   150000     1.29        0        35

106                          Sonia Vihar 2012        .    47140        4        0        36

107                          Sonia Vihar 2015        .    63000        4        0        36

108                          Sonia Vihar 2018  49429.5    63000        4        0        36

109                         Sunder Vihar 2012        .   106384     1.92        0        37

110                         Sunder Vihar 2015   114370   150000     1.92        0        37

111                         Sunder Vihar 2018   129462   150000     1.92        0        37

112                       Vasant Enclave 2012        .   204600     2.14        0        38

113                       Vasant Enclave 2015        .   420000     2.14        0        38

114                       Vasant Enclave 2018   195705   420000     1.69        0        38

115                         Vasant Vihar 2012   412777   204600     2.87        0        39

116                         Vasant Vihar 2015   254812   420000     2.87        0        39

117                         Vasant Vihar 2018   209064   420000      .41        1        39

118                            Vikaspuri 2012  84628.6   106384     1.42        0        40

119                            Vikaspuri 2015  91496.2   150000     1.42        0        40

120                            Vikaspuri 2018  82798.7   150000     1.42        0        40
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