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INTRODUCTION
Investment in light-rail transit (LRT) systems is often regarded in planning policy and empirical literature as one of the most effective measures to improve the performance and quality of public transport provision within urban areas. They are often assumed to help local authorities achieve various desirable transport policy objectives as the design and operational features provide advantages over more conventional forms of public transport investment. These advantages frequently include but are not limited to: faster and more reliable journey times; higher capacities, improved ride comfort, greater operational efficiency and reductions in localised air pollution (Vuchic, 2007; Dabinett, 1998). 

Policy makers and planners alike advocate the ability of light-rail to drive improvements in accessibility to jobs and key services, in turn increasing the attractiveness of land in the areas around stations and route corridors (Vuchic, 2007; Dabinett, 1998). This increase in attractiveness can encourage gentrification to occur in the form of an inward migration of a higher socio-economic class of resident, attracting greater inward investment that revitalises and regenerates an area (PTEG, 2005; Knowles and Ferbrache, 2015). However, despite the viability of urban public transport schemes often being justified based on the evaluation of potential wider economic growth, the extent of the relationship between light-rail investment and land use in practice remains a highly-contested area of the literature. Empirical studies are often found to produce highly variable results across a range of different approaches (Mohammed et al, 2013; RICS, 2002). 

This research identifies the crucial importance of developing an improved understanding of the relationship between light rail investment and urban gentrification as a crucial element of determining a future for light-rail investment in the UK (RICS, 2002; Knowles, 2007). If increases in the attractiveness of property and land around stations are evident through a growth in value, is this growth enough to encourage the socio-economic shifts associated with gentrification to take place? If so, light-rail and rapid transit investment could have a substantially greater impact on the economic and social prosperity of urban areas that is likely to have been neglected from the overall scheme appraisal. Improving the recognition of wider socio-economic changes that may arise as a result of light-rail investment will be crucial to develop mechanisms for funding and securing the future financial viability and feasibility of light-rail investment. 

METHODOLOGY
There exists a consensus across the literature that gentrification has shaped social and physical aspects of neighbourhoods, but academics and researchers have yet to come to an agreement on how gentrified neighbourhoods should be identified (Hackworth, 2007). The adopted methodological approach was therefore devised taking account of recommendations from Hamnett (1984) regarding the need to account for physical, economic, social and cultural changes evident within the urban environment. The methodology was also devised following an assessment of the relevant strengths and weaknesses from a range of empirical investigations as well as the associated level of complexity and intensity of resource/data requirements (Mohammed et al, 2013; Atkinson and Bridge, 2005; Nesbitt, 2005).
Identifying Eligible Census Zones
It was necessary to determine the location and density of neighbourhoods with the potential to be gentrified over the ten-year period. Census zones were tested throughout the urban area based on their eligibility in the base scenario (2001). This would help determine the extent to which a change in indicators by zone or by stop on the N.E.T system could potentially indicate instances of on-going gentrification. Based on recommendations from Freeman (2005) and Hammel (1996) the decision was taken to identify eligible LSOA zones based on those that are within the lower quartiles for housing value and the upper quartiles for the proportion of lower level occupations, helping to quantify the extent of likely neighbourhood socio-economic status, income and the level of disinvestment experienced (Freeman, 2005). The census zones were then mapped based on their eligibility to gentrify and identified for further analysis (Figure 2.1).
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Figure 2.1 – Nottingham City Eligible Gentrification Zones (LSOA)
Measuring Gentrification
The lack of a consensual definition of gentrification (Smith, 1996), as identified in the literature review makes measuring gentrification difficult, and the need to develop a comprehensive understanding of these opposing definitions is important in devising a good methodological approach. One of the most prominent aspects of the gentrification process is the importance of capital values (production-side) and how accessibility changes the ‘rent-gap’ often reflected in the value of land/property prices (Smith, 1979). This is the more conventional understanding, and links strongly into the analysis of how light-rail influences the value of land through creating new accessibility constructs within the urban environment through faster and more reliable journey times. Data on median house prices by LSOA zone, price paid transaction data by postcode and rates of property turnover (transactions) were obtained and processed for the City of Nottingham to account for manifestations of gentrification in capital/production-based changes to the housing stock.  

There was also the need to consider more demographic aspects associated with gentrification that can be indicated through changes in the socio-economic composition reflecting the changing preferences and tastes of consumers over time (Ley, 1980). Data was obtained from the census points that included the level of higher educational attainment (level 4), the proportion of higher and lower managerial occupations (NS-Sec) and the degree of owner-occupied housing (OCC). A list of all of the capital and socio-economic variables used are outlined in Table 2.1 below. All of these datasets were obtained for each census point 2001 and 2011 allowing a value of relative or percentage change (%) to be calculated. The median house price and land-registry data was available for every consecutive year between the census dates which provided a considerable level of additional clarity to some of the shorter-term impacts of the tram and significantly changed the overall conclusions of this study. 

Gentrification was determined to be occurring when the percentage growth figure for most indicators within the census zone were higher than the total percentage change figure for the wider urban area over the same period (Nesbitt, 2005). The full impact of light rail in regenerating deprived areas could take several years to achieve (NAO, 2004). Therefore, accounting for time-based constraints was a crucial part of developing a robust methodology. Several key points in the N.E.T scheme lifecycle were covered in order to monitor changes. Through using data from the two census points, the study accounts for a time period that covers any likely land speculation that may occur in the three years prior to the scheme’s introduction as a result of land owners and property developers responding to potential future changes in demand (Hamnett, 1991; Knowles and Ferbrache, 2015). The timeframe also covers the scheme opening (2004) as well as a continual seven-year operational period up to 2011. The importance of these time-based considerations was adopted from on methodological recommendations from RICS (2002) and NAO (2004) based on analysis of the validity of results from previous empirical research. 

	Variable
	Literature

	Physical/Infrastructural
	

	Empirical observations of shop units/new developments
	Hammel (1996)

	Capital
	

	Changes in land values and house prices
	Smith (1979)

	Rates of property turnover
	Smith (1979)

	Socio-Economic
	

	Educational Attainment (Level 4)
	Freeman (2005)

	Owner-Occupied Housing
	Freeman (2005)

	Higher/Lower Managerial Occupations
	Freeman (2005)


Table 2.1 – Study Gentrification Indicators

Devising a Suitable Control Area 
This study adopted a comparative methodology using spatial buffer analysis within GIS software allowing data obtaining to land use to be easily captured within relative walking accessibility of both the LRT corridor, and the devised control corridor. The method was adopted following recommendations from a recent report by UKTram that highlighted how future impact studies could devise similar control areas to isolate light rail’s impacts from other factors and temporal trends (Knowles and Ferbrache, 2015; Du and Mulley, 2007). In order to devise a suitable control area, it was necessary to select a corridor that had a similar proportion of what were deemed as: ‘gentrification attractors’ as a means of controlling for differing degrees of susceptibility of areas to gentrify (Chapple, 2009; Nesbitt, 2005; Freeman, 2005). This allows the methodology to better ‘control’ for the existence of light-rail establishing the transport mode operating along each corridor as the only potentially ‘attractor’ variable that is different. In order to quickly and efficiently compare the similarities between potential control corridors in the city, a small testing model was built within GIS. 

There were several key area attractors that were identified from the literature and have been summarised in Table 2.2 along with the method used to account for them. These included the historical characteristics of an area which often found to make neighborhoods more attractive to potential gentrifiers (Nesbitt, 2005). The proximity to the city centre which links into classic gentrification theories of accessibility (bid rent theory) (Ley, 1980; Smith, 1979) and how gentrifiers have greater demand to be closer to cultural events and locations of jobs and other amenities in the city centre. The location to proximity to transport corridor acts as the control variable in this case, where each corridor will have suitable degree of transport provision (including proximity to major road corridors) with the only difference being that of the mode that is operated (LRT vs Bus). Finally, the proximity to schools (catchment areas) and healthcare services also helps to increase the attractiveness of an area as individuals value the greater proximity to these facilities, often making their use easier. Although less of a factor, previous research has found that proximity to green open space is also directly correlated with the likely demand for housing (Luttik, 2000). 


	Variable
	Method used
	Literature

	Historical Value
	Spatial buffer to measure the average % of housing built pre 1950 in each corridor.
	Nesbitt, 2005

	Proximity to the City Centre
	The route length of the N.E.T corridor and the control corridor are of similar length and both originate from the same point in relation to the city centre
	Nesbitt, 2005; Smith, 1979; Ley, 1980

	Control Variable: Transport Accessibility
	Focal point of the study. N.E.T corridor is dominated by light-rail, while the other is a conventional bus route operating at a similar frequency
	Nesbitt, 2005

	Proximity to other facilities
	Spatial buffer to measure the total number of schools and healthcare facilities within relative accessibility of each route (e.g GPs, Doctors Surgeries)
	Florida, 2015

	Proximity to green/open space
	Spatial buffer to measure total instances of parks/green space
	Luttik, 2000; Wu et al, 2014


[bookmark: _Toc445239506]Table 2.2 – Gentrification Attractors

It was also necessary to choose a control corridor that also contained broadly similar geo-demographic characteristics to that of the tram corridor (Figure 2.2). This was achieved through mapping each zone in the city region to the eight output area classifications (OACs) from the census (ONS, 2011). Although the OACs of each zone did not account as a direct gentrification attractor, the classifications helped to account for differences in the socio-economic status, level of ethnic mixing and level of deprivation extent in each corridor. OACs were compared between the N.E.T corridor and the control corridor as a total % proportion of coverage. Table 2.3 shows the results from the model of the control route and the two next best alternatives that were identified. The routes were considered on the number of indicators that were the closest match to that of the tram corridor. 
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[bookmark: _Toc445239486]Figure 2.2 - 2011 Nottingham City Output Area Classification by LSOA

	Indicators
	N.E.T Route
	Control
	Next Best Alternative 1
	Next Best Alternative 2

	
	N.E.T Tram
	NCT 15/16
	NCT 89
	NCT 17

	% Cosmopolitans (2)
	9%
	14%
	19%
	15%

	% Ethnicity Central (3)
	12%
	8%
	8%
	9%

	% Multicultural Metropolitans (4)
	64%
	52%
	38%
	51%

	% Urbanites (5)
	6%
	6%
	10%
	8%

	% Suburbanites (6)
	3%
	2%
	1%
	4%

	% Constrained City Dwellers (7)
	2%
	5%
	10%
	2%

	% Hard-pressed living (8)
	4%
	12%
	13%
	12%

	% of housing built pre 1950
	58%
	49%
	49%
	58%

	Further/Higher Education
	8
	5
	7
	6

	Secondary Education
	2
	3
	2
	4

	Primary Education
	14
	19
	13
	15

	Healthcare/Medical
	11
	12
	15
	13

	Park/Woodland
	57
	68
	57
	74

	Similarity
	-
	6/14
	4/14
	3/14


Table 2.3 - Route model characteristic comparisons
DISCUSSION
Objective 1
The results from the spatial analysis of gentrification indicators for the tram corridor and the wider urban area are summarised in Table 3.1 below. It was found that the N.E.T corridor in aggregate underperformed against the wider urban area on all of the capital and socio-economic gentrification indicators measured. However, disaggregating the results for each individual stop helped to identify how the growth in these variables varied spatially along the route, highlighting the importance of the assessment of locality when analysing the potential economic impacts of transport investment (Du and Mulley, 2007). The fields highlighted in green represent the use of the governing method, determined where specific indicators have increased at a greater rate than that of the wider urban area over the same period, often used as a measure for pre-determining instances of gentrification through differing rates of urban change (Freeman, 2005; Atkinson, 2000). 

The highest growth in capital indicators, based on average price paid for housing (Smith, 1979) was focused between The Forest and Basford with increases ranging from 82% to 95% between 2001 and 2011 that were in some cases considerably higher than the average observed for the city over the same period. This indicates at the potential for gentrification to occur within these neighbourhoods in the future, particularly as these were identified as areas that were eligible (Laska et al, 1982; Smith, 1979). However, upon analysis of other socio-economic variables that would be indicative of a migration of the more affluent ‘gentry’ into these areas, it was found that the tram corridor underperformed on nearly all accounts including changes in educational attainment, occupations and the proportion of self-owned properties. The results suggest that although there is notable evidence of stronger growth in housing value, this is not necessarily causing gentrification to occur. 

	Tram Stop
	Average Price Paid
	Educational Attainment (L4)
	Higher Level Occupation
	Lower Managerial Occupation
	Self-owned housing 

	Trent University
	46%
	+4.6%
	-0.5%
	-2.4%
	+2%

	High School
	47%
	-4.9%
	-0.3%
	-2.9%
	-2%

	The Forest
	89%
	-1.2%
	-0.2%
	-1.8%
	-1.9%

	Hyson Green Market
	87%
	-0.6%
	-0.1%
	-1.4%
	-1.6%

	Noel Street
	86%
	-1.4%
	-0.5%
	-1.8%
	-1.8%

	Radford Road 
	88%
	+0.1%
	+0.1%
	-1.2%
	-2.3%

	Beaconsfield Street
	95%
	-0.3%
	+0.1%
	-1.3%
	-2.3%

	Shipstone Street
	82%
	+1.2%
	+0.8%
	-1.3%
	-2%

	Wilkinson Street
	84%
	+1.4%
	+0.7%
	-1.0%
	-1.8%

	Basford
	92%
	+4.4%
	+2.3%
	-0.1%
	-2.4%

	David Lane
	72%
	+4.5%
	+2.8%
	+0.8%
	-0.8%

	Highbury Vale
	70%
	+5.2%
	+2.6%
	+2.6%
	+2%

	Cinderhill
	66%
	+5.7%
	+2.6%
	+2.7%
	+1%

	Phoenix Park (P&R)
	57%
	+5.7%
	+2.6%
	+2.7%
	+1%

	N.E.T All Stops 
	65%
	+2.5%
	+1.2%
	-0.5%
	-0.8%

	City of Nottingham
	73%
	+4.2%
	+2.5%
	+1.2%
	+0.8%


[bookmark: _Toc445239509]Table 3.1 - Change in Gentrification Indicators by N.E.T Stop (2001 – 2011)
Average Price Paid
The strongest growth in average price paid was between The Forest and Basford for which growth figures of between 86%-95% over the monitored period were observed, indicating a potential premium paid on properties in these areas. The stops are located in the adjacent inner-city neighbourhoods of Forest Fields and Hyson Green, an area identified as eligible for gentrification to occur. These are areas that have previously suffered from areas of long-standing unemployment, increased poverty, social exclusion and a persistent negative social image (JR, 1999). These areas have the largest ethnic minority population in the city and have a varied range of different cultures. Hyson Green is second largest area of the city for retail after the city centre and has a thriving local economy. It is important to consider these external aspects when considering the impact on the influences behind observed increases in house prices (Mohammed et al, 2013). 

Figure 2.1 represents the other areas of strong growth in housing value that have taken place across the city. The map shows that a lot of the growth has occurred within the inner city although the distribution is very fragmented with an equal number of high growth zones (138-218%) and low growth zones (-30-50%). Other clusters of growth are located in the western suburban areas of the city (Wollaton and Beechdale) and also in the south of the city (Clifton and Beeston). The emerging themes from these findings link to production-based theories of gentrification which state that the process is more likely to occur within the inner city based on the previous conditions of the housing stock and the proximity to the city centre. Originally, many researchers would have regarded changes in housing value as one of the strongest indicators that gentrification is occurring, but since the field and debate has developed, we now understand that the existence and correlation with other socio-economic indicators are just as important and that a combination of factors are often needed (Hamnett, 1991). 
Educational Attainment
The highest increases in the level of educational attainment (level 4) were more focused in areas close to or within the city centre itself, particularly in areas surrounding the University of Nottingham, indicating that the socio-economic classification of these neighborhoods has been changing gradually over the monitoring period due to a residing student population. There was weak evidence however to suggest this has occurred within gentrifiable areas of the inner city along the N.E.T route with observed changes of between +1.4 and -4.9% across these stops. This is further highlighted in Figure 3.2 which represents where these changes have been clustered. Most of the change is concentrated towards the south of the city in Beeston and Clifton, as well as the suburban areas in the east and north of the of the city. Major increases in educational attainment are an excellent indicator of gentrification as they often directly correlate to socio-economic status meaning these results show little evidence of social change and displacement of existing communities (Ley, 1980). 

Higher/Lower Managerial Occupations
LSOA zones closer to the city centre experienced a decline in the proportion employed in higher managerial occupations. Trent University to Noel Street experienced minor decreases in the proportion of people employed in this classification of between -0.5% and -0.1% over the 10-year period. Analysis revealed that from areas around Noel Street, the higher managerial occupations increased almost progressively with distance from the city centre. Areas surrounding Radford Road and Wilkinson Street saw modest increases of between +0.1% and +0.8%, however in more suburban and affluent areas of the city such as Highbury Vale and Cinderhill occupations grew by as much as 2.6% and 2.7% which were significantly higher than the city wide average. The level of lower managerial occupations showed a similar pattern, although the decline in these types of occupations were more spread along the route. All stops within the inner city between Trent University and Basford experience declines ranging from -2.4% to -0.1%. After which point the occupation proportions in accessible zones increase dramatically to around 2.1-2.6%. The growth of occupational proportions was also considerably varied across the urban area with substantial increases in the southern areas of the city in Beeston and Clifton as well as pockets in the north of the city to the west of Bulwell which are reflected in the results for Phoenix Park, Cinderhill and Highbury Vale stops on the N.E.T (Figure 3.3). The concentration of these changes across the urban area show a similar spatial distribution to that of the level of educational attainment highlighting the correlation that often exists between the level of education and income. Occupation is a key gentrification indictor in this study as it acts as a determinant of how household incomes are likely to have changed over the period, replacing the lack of readily-available income datasets that are not available in the UK, but have been used widely by similar gentrification studies in the US (Chapple, 2009). 
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Figure 3.1 - % Change in Median Housing Value by LSOA Zone (2001 - 2011)
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[bookmark: _Toc445239492]Figure 3.2 - % Change in Level 4 Educational Attainment by LSOA Zone (2001 - 2011)


[image: ]
[bookmark: _Toc445239493]Figure 3.3 - % Change in higher and lower professional occupations by LSOA zone (2001 – 2011)

Objective 2
[bookmark: _Toc445239551]Comparison of Capital Indicators of Gentrification
The results from comparing the changes in average price paid data and rates of property turnover for the tram corridor against the control corridor between 2001 and 2011 are included in the summary table below (Table 3.2). It was found that in aggregate, the light-rail corridor significantly underperformed against the control corridor and the wider urban area on all of the capital indicators measured. Average prices in the control corridor increased by 75%, higher than the city average of 73% while prices in the tram corridor increased by just 65%. In addition to this, although all areas experienced a decline in the rate of property turnover (number of recorded annual transactions) the tram corridor decreased at a faster rate (-62%) to that of the control corridor (-41%) and the wider urban area (-53%). This highlights that there is a considerably lower amount of people moving into areas along the tram corridor. 

	
	N.E.T Corridor (LRT)
	Control Corridor (Non-LRT)
	City of Nottingham

	Average Price Paid (£)

	2001
	62380
	73509
	68026

	2011
	102677
	128366
	118018

	% Change
	64.60%
	74.63%
	73.07%

	Rate of Property Turnover (transactions per annum)

	2001
	1,175
	445
	5,627

	2011
	441
	263
	2,637

	% Change
	-62%
	-41%
	-53%


[bookmark: _Toc445239510]Table 3.2 – Change in capital indicators of gentrification by study area

Analysing the change in these capital indicators to an index to measure growth annually between 2001 and 2011 revealed a different picture however (Figure 3.4). It was discovered that the relative growth in housing value in the N.E.T corridor rose slightly greater than that of the comparator areas during the pre-scheme phase between 2001 and 2004, potentially indicating how land values and speculation by property developers helped to drive up prices before the scheme’s opening (CTOD, 2008). After the introduction of N.E.T in 2004, housing value in the corridor grew at an even more substantial rate, potentially indicating how the property market responds to the introduction of the tram in the shorter term. However, from 2006/7 onwards, the value of housing in the N.E.T corridor fell at a considerably greater rate than the other comparator areas, which appeared to remain more buoyant during the economic recession. Due to the declines in growth over this period, the N.E.T corridor actually ended up being the lowest performer in terms of overall growth over the ten-year period. Although the change in the rate of property turnover varied yearly in each of the corridors, there was an overall decreasing trend for each corridor (Figure 3.5). Property turnover in the N.E.T corridor decreased marginally between 2002 and 2004 possible due to the disruption caused by the scheme’s construction, while the control area increased rapidly. Interestingly, after the beginning of operation in 2004, there was a sharp decline in the rate of property turnover, but from 2005 onwards this grew rapidly to almost draw in-line with that of the control area for the same period. As to be expected, the economic recession in the post-2007 phase caused the rate of transactions to decline further for both corridors, although this again was more substantial in the light-rail corridor.  


[bookmark: _Toc445239494]Figure 3.4 - Change in Average Price Paid 2001 - 2011 (Index = 100)


[bookmark: _Toc445239495]Figure 3.5  Change in Property Turnover/Transactions 2001 - 2011 (Index = 100)
Comparison of Social Indicators of Gentrification
The analysis of the change in social indicators of gentrification revealed that there was evidence to suggest that the tram corridor had underperformed on all accounts. Table 3.3 highlights how the growth in the number of residents along the control corridor increased by 7.22% in the control corridor and 7.10% in the wider urban area, almost 5% higher than that of the tram corridor. Similar results were found for all of the other indicators including changes in socio-economic occupations, where the tram corridor increased by 1.22% comparable against the control corridor of 2.25% and the wider city of Nottingham at 2.52%. Lower managerial occupations increased in comparator areas, but decreased by -0.48% in the tram corridor, with a similar pattern observed for the change in the number of residents who directly own their property.

	Change 2001 – 2011 (%)
	N.E.T Corridor
	Control Corridor
	City of Nottingham

	Educational Attainment (Level 4)
	2.54%
	7.22%
	7.10%

	Higher Level Occupations
	1.22%
	2.25%
	2.52%

	Lower Managerial Occupations
	-0.48%
	1.91%
	1.17%

	Self-Owned Housing
	-0.77%
	1.82%
	1.67%


[bookmark: _Toc445239511]Table 3.3 - Change in socio-economic indicators by study area

These findings are a major component of answering the overall research aim of this study. Although stronger evidence exists that is suggestive of gentrification in the analysis of capital variables, defining these changes can only be done when a combination of both capital and socio-economic variables are observed on all accounts (Hamnett, 1991). However, unlike the capital variables analysed in section 3.2.1 the socio-economic data was not available on an annual basis, meaning that short-term trends may have yielded different results. 
Comparison by N.E.T Stop
To increase the detail of the comparison, individual stops were compared between the control corridor and the tram corridor based on the similarity of gentrification precursors and distance from the city centre. As gentrification is more likely to occur within inner-city areas, it is important to ensure that both stops within each corridor have a similar competitive position to each other. Four different stops with different land use characteristics were compared along each corridor, which are outlined in Table 3.4.  

	Stop Name/s
	Area Description
	OA Classification

	Trent University (LRT)
Huntingdon St (Control)
	High density townhouses – city centre neighbourhood
	Cosmopolitans

	Beaconsfield Street (N.E.T)
Bernard Street (Control)
	High density terrace housing – inner city neighbourhood
	Multicultural Metropolitans

	Basford (N.E.T)
Ring Road (Control)
	Medium density semi-detached housing – inner city neighbourhood
	Multicultural Metropolitans

	Cinderhill (N.E.T)
Gala Way (Control)
	Medium density detached housing - suburban neighbourhood
	Urbanites/Suburbanites


[bookmark: _Toc445239512]Table 3.4 – N.E.T/Control corridor locality characteristics

The results found that in two out of the four localities compared, the control area significantly outperformed the tram corridor on nearly all of the gentrification indicators measured (Table 3.5). The control area stops within the inner city seemed to have greater competitive position over the tram with nearly all of the gentrification indicators showing greater levels of positive change. Comparisons in more residential suburban areas of the city (i.e. Basford and Cinderhill) it was observed that the two corridors seemed to have similar levels of competitive growth across the measured gentrification indicators. The score for each stop has been highlighted in the final column. The results further highlight how the existence of the tram has a limited influence on encouraging positive socio-economic changes associated with the urban gentrification process.

	
	Average Price Paid
	Property Turnover Rate
	Educational Attainment (L4)
	Higher Level Occupations
	Lower Managerial Occupations
	Self-Owned Housing
	

	Trent University (N.E.T)
	46.5%
	-66%
	+4.6%
	-0.5%
	-2.4%
	+2%
	1

	Huntingdon Street (Control)
	78.2%
	-5.6%
	+8.5%
	-1.0%
	-1.9%
	+5.5%
	5

	
	
	
	
	
	
	
	

	Beaconsfield Street (N.E.T)
	95.2%
	-70%
	-0.3%
	+0.1%
	-1.3%
	-2.2%
	0

	Bernard Street (Control)
	107.8%
	-39%
	+2%
	+2.4%
	+2.6%
	+1%
	6

	
	
	
	
	
	
	
	

	Basford (N.E.T)
	92%
	-60%
	+4.4%
	+2.3%
	-0.1%
	-2.4%
	3

	Ring Road (Control)
	70%
	-42%
	+1.8%
	+1.4%
	0.5%
	+5%
	3

	
	
	
	
	
	
	
	

	Cinderhill (N.E.T)
	66%
	-50%
	+5.7%
	+2.6%
	+2.7%
	+1%
	3

	Gala Way (Control)
	53%
	-58%
	+6.7%
	+2.7%
	+1.6%
	+3%
	3


[bookmark: _Toc445239513]Table 3.5 - Change in Gentrification Indicators by locality
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[bookmark: _Toc445239556]Positive/Negative Characteristics of Light Rail
The online survey of property developers in the Nottingham city region revealed that the most attractive aspects of LRT that will drive positive price increases is the mode’s ability to bypass traffic congestion (8/9 respondents) and provide good levels of accessibility (7/9 respondents). Studies have highlighted that due to the growth in road traffic in recent times many city centres have become increasingly less accessible, particularly during peak times due to traffic congestion. The ability of light-rail to bypass congestion through providing dedicated rights of way (ROW) and priority at junctions helps greater levels of accessibility to key services make LRT considerably more attractive than competing modes, particularly for travel within urban areas (Docherty et al, 2009; Bowes and Ihlanfeldt, 2001). This links into how improvements in access to jobs and services creates a ‘rent gap’ within the urban environment (Smith, 1979). Despite this, faster and more reliable journey times were less of a factor than greater accessibility with just 5 out of 9 respondents stating this as a factor, highlighting how in some cases (particularly in off-peak periods) that the tram may not offer any competitive journey time savings or additional levels of reliability. 


[bookmark: _Toc445239503]Figure 3.6 - Estate Agency Survey: LRT characteristics in determining land value increase

Contrastingly, negative issues associated with light-rail operation can also have a predominantly negative effect on properties located directly along the tram route (Bollinger et al, 1998). It was found that the impact of noise and vibrations from trams was a dominant factor in determining any likely decreases in value along the tram corridor (5/6 respondents) as well as the visual intrusion (4/6 respondents) imposed by the overhead catenary, the tram units and station/stop infrastructure. The reduction in provision for car travel was also a significant factor as tram infrastructure may often reduce the number of available lanes and make travelling by private car considerably more challenging.  


[bookmark: _Toc445239504]Figure 3.7 - Estate Agency Survey: Negative characteristics of LRT in determining land value
[bookmark: _Toc445239557]Modal Perspectives
Further results from the online survey highlight how the facilities for the private car play a greater role in determining property value than the existence of any other transport mode (Table 3.6). The weighted average of responses was 8.13 for car parking availability and 7.73 for good road connections. Proximity to the tram was highlighted as the third most important attribute however (5.60) this was considerably lower than the car-based attributes. 

	
	Not Important
	Slightly Important
	Moderately Important
	Highly Important
	Most Important
	Weighted Average

	Proximity to a tram stop
	7%
	27%
	47%
	20%
	0%
	5.60

	Proximity to a bus stop
	13%
	40%
	47%
	0%
	0%
	4.67

	Car parking availability
	0%
	7%
	13%
	47%
	33%
	8.13

	Good road connections
	0%
	0.00%
	33%
	47%
	20%
	7.73

	Good walking/cycling facilities
	20%
	27%
	53%
	0%
	0%
	4.67

	Proximity to a train station
	13%
	33%
	40%
	13%
	0%
	5.07


[bookmark: _Toc445239514]Table 3.6 - Importance of transport attributes in determining property value

Further analysis of the change in modal split for journey to work from the 2011 census in each corridor further revealed evidence about the competitive position of each mode in the city relative to LRT (Table 3.7). Despite evidence of car use in the N.E.T corridor decreasing by -7.53% comparable to more modest increases in the control corridor and wider urban area between 2001 and 2011, the average share of private car for trips in 2011 still remains high (21.55%). Interestingly, the statistics suggest that the bus remains more competitive than the tram, even along the tram corridor, accounting for 9.82% of trips, comparable to just 3.33% for the tram. These results highlight that the tram may have a limited attractiveness and competitive position against more conventional modes, even directly within the corridor itself. These findings run counter to research that has identified that perceptions of LRT are significantly greater than bus, which are likely to encourage a ‘step-change’ in patronage over time (PTEG, 2005). Comments made by respondents in the survey emphasised how the limited coverage of the route actually reduces its use and spatial coverage, highlighting why positive modal shifts may have been limited. 

	Mode
	N.E.T Route
	Control Route
	City of Nottingham

	2001

	Av % tram
	0.03%
	0.02%
	0.05%

	Av % bus
	7.65%
	7.56%
	5.14%

	Av % car
	29.08%
	26.64%
	23.09%

	Av % walk
	5.88%
	4.98%
	4.80%

	2011

	Av % tram
	3.33%
	0.92%
	1.15%

	Av % bus
	9.82%
	12.93%
	11.19%

	Av % car
	21.55%
	26.46%
	25.97%

	Av % walk
	9.33%
	9.16%
	8.31%

	Change 2001 - 2011

	Av % tram
	3.30%
	0.90%
	1.10%

	Av % bus
	2.17%
	5.37%
	6.05%

	Av % car
	-7.53%
	-0.18%
	2.88%

	Av % walk
	3.45%
	4.18%
	3.51%


[bookmark: _Toc445239515]Table 3.7 - Change in journey to work by mode (2001 - 2011)


CONCLUSIONS
This investigation has attempted to determine the impact that the operation of a light-rail system has had on urban regeneration in Nottingham through conducting a comparative spatial analysis methodology that measures changes to capital and socio-economic-based indicators of gentrification occurring within walking accessibility of the tram corridor, a devised control corridor and the wider urban area.  

The analysis revealed evidence to suggest that light-rail in Nottingham has little impact on the emergence of wider demographic and socio-economic shifts often associated with urban gentrification, despite operating through areas of the city previously identified as eligible (Hammel and Wyly, 1996). The tram corridor significantly underperformed against the control area and the wider urban area on nearly all of the demographic and socio-economic indicators measured making theoretical ties between LRT and urban regeneration questionable (Young, 2007). It is controversial to suggest whether these are positive or negative findings. On the one hand, gentrification can help regenerate and revitalise areas of the inner city helping to drive greater economic growth, reduce localised crime and improve the standard of living (Freeman, 2005). However, on the other hand these results suggest that LRT investment does not exacerbate social inequality by causing existing residents to relocate (Knowles and Ferbrache, 2015; Vandergrift, 2006). Evidence from empirical observation of the type and extent of local amenities, businesses and new housing developments also mirrored these findings, with evidence of investment in the control corridor and significant underinvestment in the N.E.T corridor. 

This study did however find evidence to suggest that the existence of light-rail helps to marginally increase the attractiveness of housing around particular stops, reflected in the rate of housing price growth over a seven-year monitoring period between 2001 and 2008 (5-10%). This is probably caused by the benefits of improved levels of accessibility to jobs and services located within the CBD which broadly mirroring findings found in other similar empirical studies (Ovenell, 2007; Weinstein and Clower, 1999). These increases were not distributed evenly along the corridor however and instead were found to be clustered around high density residential areas within the inner-city including The Forest, Hyson Green and Basford. The variability of findings by locality are similar to those found in Sunderland in a study by Du and Mulley (2007) on the Tyne and Wear metro, further strengthening the requirement to greater assess locality when appraising the economic benefits from these types of transport investments. 

Further analysis into the cause of these results suggest that despite the tram encouraging a reduction in car use within the immediate corridor, the N.E.T system still remains under strong competition from the private car even for most urban journeys, severely limiting its attractiveness and ability to encourage these wider socio-economic changes over time (Lee and Senior, 2013). It was found that facilities for the private car including the availability of parking and proximity to major road corridors remained the most important attributes in determining the attractiveness of property, potentially indicating why the control corridor outperformed the tram corridor in this study.  
Policy Recommendations and Further Research
Despite the results from this study suggesting that light-rail has a minimal impact on urban gentrification and regeneration, there still remains a need to continue to develop and strengthen this area of research, particularly in the context of UK light-rail investment. Some of the findings from this study and other similar studies suggest how investment in light-rail helps to marginally increase the value of land within certain areas of the corridor which could potentially form an economic base upon which socio-economic changes could take place at later stages in the scheme lifecycle (Waine, 2015; Du and Mulley, 2007). This recommendation is especially relevant as effects from LRT investment may not always be immediate and may take several years of well-established operation to come to fruition (Ovenell, 2007; RICS, 2002). Larger metropolitan areas in the UK are progressively moving towards higher population densities and greater levels of city living, for which the private car may become less attractive for urban-based trips due to lack of access and issues with traffic congestion, potentially causing a shift in travel behaviour (Litman, 2015). 

The results from this study also highlight how light-rail has potential to create land value uplift that may not be reflected accurately in the existing WebTAG guidance. Developing a better understanding of the level of this interaction in the UK could permit development of alternative sources for funding including local developer subsidies, betterment tax and accessibility contributions (Medda, 2012; Knowles, 2007). These funding mechanisms could be used as a means of making light-rail a more financially viable option in the short-term for local authorities to invest. Government and local authorities need to establish better ex-post monitoring and assessment of not only the economic but also social changes that arise from light-rail schemes operating in the UK (Atkins, 2014). There is a need to identify certain datasets that highlight potentially regenerative changes within the urban environment and to collect and maintain these datasets on a continual basis at a finer spatial scale. Developing a detailed picture of short and longer term patterns of socio-economic change from existing systems is a vital way of improving the accuracy of ex-ante appraisal of transport options for the future.
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Change in Average Price Paid 2001 - 2011 (Index = 100)
N.E.T (720m)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	100.0	132.005706	165.056979	177.893952	197.929939	203.091313	202.822221	186.637812	172.388919	170.981861	166.498079	Control (400m)	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	100.0	127.729261	157.72422	168.697121	181.537896	194.330985	186.104715	173.486015	180.442513	166.906906	172.269377	City of Nottingham	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	100.0	124.891953	156.063858	174.958104	185.052774	189.205598	190.230206	183.782671	182.489048	178.400906	173.489548	
Index = 100


Change in Property Turnover/Total Recorded Transactions 2001 - 2011 (Index = 100)
N.E.T Index	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	100.0	113.840195	107.453941	105.105031	74.32586799999984	106.088295	116.184139	57.401798	33.629637	37.627253	35.516711	Control Index	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	100.0	121.385504	133.252085	168.261706	118.191148	141.706222	132.828736	64.939064	59.474022	57.39576700000001	54.868505	
Index = 100


What aspects of the tram system do you feel drive this price increase? 
Untitled 1	Faster journey times	Avoiding traffic congestion	Better access to city centre	More reliable journey times	Avoiding the need to park	Easier interchange with national rail	Environmental benefits	Positive modern city image associated with trams	Improved safety	Other (please specify) 	0.5556	0.8889	0.7778	0.5556	0.5556	0.3333	0.1111	0.2222	0.1111	0.0	

What negative effects of the tram do you feel drives this price decrease the most? (please tick more than one if applicable)
Noise and vibrations	Low attractiveness of tram (i.e. overcrowding, high fares)	Increased pedestrian throughput	Anti-social behaviour	Visual intrusion	Reduced provision for car travel	Other (please specify)	0.833333333333333	0.0	0.0	0.166666666666667	0.666666666666667	0.333333333333333	0.166666666666667	
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