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Abstract

:

Bus Rapid Transit (BRT) has shown significant growth in recent years, particularly in developing countries because of its cost-effectiveness. However, empirical evidence on land-use and economic impacts of BRT is limited. This study measures the sustainable land-use transformation, urban density, and economic impact witnessed after the development of BRT. Spatial analysis shows that BRT has the potential to simulate land-use transformation, however, the extent of transformation is context-dependent. Population density has increased from 268 persons/acre to 299 persons/acre. Besides land-use transformations, inward investments and extension of the labor market were also evident in areas served by BRT. The amount almost equal to US $140 million of inward investment was detected after implementation of BRT, which ultimately brought around 800 new employees from remote areas. An efficient land-use policy, streamlining these land-use transformations, and inward investments, can benefit from developing compact and sustainable neighborhoods. This study will help in the performance evaluation of BRT systems in developing countries for sustainable development.
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1. Introduction


Public transport investment is generally perceived by planners as a pure and exclusive mobility investment strategy. However, recently, a new paradigm has emerged, which focuses on the ability of mass transit to shape urban areas and to constrain urban sprawl. Public transit services act as a counterforce to reduce urban sprawl through dense urban development [1,2,3]. Hence, investment in transit services can play a crucial role in the application of compact urban development. However, until now, research has predominantly focused on the impact of heavy and light rail systems [2,4]. Investments in these kinds of transport systems are perceived to be an effective measure to bring additional investments in an area by new investors. Moreover, the improvement in accessibility could also lead to an increase in employment by bringing labor from a wider catchment area to the city center [5,6,7]. The association between transport and labor market is an important factor to evaluate, however, little research has been done in developing countries [8,9]. Nevertheless, the evidence regarding compact urban development and economic impacts of Bus Rapid Transit (BRT) is limited [10]. Until now, it has mostly focused on the spatial impacts of BRT and not on the underlying socio-economic and financial forces. To enhance our knowledge in this respect and to opt for the most viable transit option for the problem and context at hand, there is a need to explore more predominantly BRT as well. The rise of BRT in various developing countries and the number of daily riders indicates its importance in comparison to, for instance, light and heavy rail. Thus, this paper attempts to explore various kinds of spatial and socio-economic impacts that can be expected from BRT. Since the answer to this question is highly situational in time and place, we will focus on the case of the extensions of a BRT-system in Lahore, Pakistan from 2012 onwards. However, in the end, we will also try to deduce some general conclusions from this case for other developing countries.



The structure of this paper is therewith as follows: The next Section 2 entails a review of the literature and recent debates on land-use and the economic transformation of BRT. Section 3 explains the methodology and the introduction of the case study. Subsequently, we will present the findings of this research and discussion in Section 4. Applied and general conclusions are covered in Section 5 and Section 6.




2. Literature Review


It is well-acknowledged that investments in transport could have positive impacts on land development. Cities like Copenhagen (Denmark) and Stockholm (Sweden) have actively utilized rail investments to transform land-use and stimulate compact urban development [11]. Hence, other municipalities also apply similar investment strategies to regenerate and revitalize major inner-city centers [12]. New growth resulting from investment into light rail was, for instance, witnessed in Portland, Oregon (US) [2]. Furthermore, in Manchester (UK), recovery of Central Business District (CBD) was coordinated by Metrolink and Central Manchester Development Corporation [13]. These kinds of interactions were also evident in France [14]. However, concerning BRT, similar effects were also recognized, for instance in Curitiba, Brazil [15,16], Bogota, Colombia [17,18] and Seoul, South-Korea [19,20]. Positive impacts of BRT on land-use were witnessed in Brisbane, Australia, and Ottawa, Canada [21]. These examples indicate that land development due to mass transport is not limited to rail. BRT can also trigger property development. The Studies in Quito (Ecuador) and Bogota show, nevertheless, that impacts of BRT on property development are context-dependent; some stations indicated much more land development activities than others [22]. In Bogota, for instance, impacts on urban densification were only observed in specific areas served by Transmilenio. Similarly, scattered impacts of BRT on urban density were observed in urban centers of Seoul (South-Korea) [20]. In addition, real estate experts and planners in Beijing (China) perceived positive impacts of BRT on real estate activities and high-density residential developments [23]. Next to that, Bogota’s Transmilenio has also contributed towards the renovation of areas in its vicinity, which ultimately improved the public realm [17]. Therewith, all these studies indicate that the city structuring and shaping role of BRT is highly context-dependent [24]. They serve various improvements in economic performance [12,25,26]. Banister and Thurstain-Goodwin [25], for instance, classify non-transport economic benefits from rail investment into macro-, meso-, and micro-economic impacts. Macro-economic effects correspond to transport investment impacts on labor productivity, private capital, and GDP. Meso-economic impacts correspond to the agglomeration effects of economic activities and micro-economic effects of transport investment relate to the impacts on property values. At micro-scale, businesses can benefit from the arrival of additional visitors and shoppers potentially spending their money in the area [27]. In this respect, the evidence from Strasbourg (France) indicated that large chain stores moved into the vicinity of transit service [14]. Findings from Manchester, Copenhagen, Vancouver, and London show that investment in light rail increases the accessibility to main employment centers, thus helping extension of the labor market [2]. According to Fan and Guthrie [5], accessibility improvement to employment appended by Hiawatha light rail in Minneapolis (USA), helps to create additional 7000 jobs. Similar effects were observed in Lima, Peru, where BRT significantly influences the opportunities of formal jobs [28]. The study by Salon and Wu [29] depicts the view of real estate agents and decision-makers according to which BRT line brought additional customers and sales to the business along the BRT corridor.



However, several scholars also question the potential of BRT to induce urban development [30,31,32], because compared to rail operation BRT is less accessible [33] and less permanent [34]. Consequently, property developers and entrepreneurs (e.g., retail operators) are likely to move to places served by rail lines rather than BRT. Hence, there is not an agreement between researchers on how BRT will impact surrounding areas and under which conditions these impacts are likely to occur. A few researchers even indicate that the impact of public transit cannot be fully capitalized without public policies encouraging high-density development and appropriate conditions for the real estate market [35,36]. Moreover, higher density development around transit service depends on existing land-use, the growth rate in the region, public sector involvement [1], land regulation, and land availability [22], as seen in Bogota and Ahmadabad (India).



However, empirical evidence on city-shaping and economic impacts of BRT is still very limited. There remains a need to more specifically identify the land-use transformation that results from BRT, especially in developing countries since most BRT systems are implemented in these countries (see Brtdata.org) because of its cost-effectiveness [37]. This identification of land-use transformation and economic impacts of BRT should help to devise land-use and economic policies to support BRT too. These deliberations have mostly been ignored in the decision strategies to implement BRT. This restrains the success of any transport project (like also BRT) and diminishes the possibilities to fully capitalize on the external benefits of a transport investment strategy. This paper will contribute to that. It will mainly focus on the macroeconomic impacts of BRT investment. The microeconomic impacts of BRT are a comprehensive topic and need to be discussed in future studies.



Hence, this paper is an attempt to study the impact of BRT on investment strategies through land-use transformations and its impact on socio-economic activities. Therewith, this paper could serve as a way forward for policymakers on how they can integrate BRT investment with flanking and supporting strategies. It could also help to identify and (re)capitalize additional benefits associated with the development of the BRT-system. In addition to the central question formulated in Section 1, this research, therewith, explores more specifically the transformation in land-use and change in urban density after the development of BRT. Besides these, this research also focuses on the new economic activities generated along the corridor more explicitly concentrating on inward investment which also brings new labor force from a wide range of areas of the city.




3. Materials and Methods


3.1. Study Area


As mentioned before, the impacts of BRT are highly situational and context-dependent. Therewith, these questions cannot be answered in a generic way, but have to be researched through cases. In this research, BRT Lahore, Pakistan has been selected as a case study. The impacts of BRT around every node of the system were deeply examined in multiple ways (GIS-data, spatial formation, inquiries, interviews, etc.). Moreover, Pakistan is a developing country, which makes its BRT-systems highly representational for other developing countries. Last but not least, the BRT Lahore, Pakistan, was inaugurated in recent times (2012), long ago enough to discover some additional impacts, but not too long ago to make the investigation outdated. Moreover, the BRT system in Lahore is the first of its kind in Pakistan. Authorities have planned to implement new transit systems in Lahore under the guidelines of the Lahore Urban Transport Master Plan-2012. Therefore, this study can help policymakers, investors, urban and transport planners to gain deeper insight into the urban transformation and economic impacts of the BRT system as such in Lahore. The findings of this study can help policymakers to envision the potential impacts of future projects, which can be incorporated at an earlier stage of project planning.



Lahore is the capital of the most populous province of Pakistan, i.e., Punjab, with a population of 11.13 million. It covers an area of 1772 square kilometers. Lahore is the hub of economic activities in Punjab (Province). In 2013, the first branch (BRT) of an intended more elaborated public transportation system was implemented, spanning over a length of 27 km (from Gajjumata station in the north towards Shahdara Station in the south). The BRT route connects important commercial centers and fulfills the mobility needs of commuters: Workers, students, businessmen, and shoppers. Sixty-four buses are running on the BRT route with a headway of three minutes and an average daily ridership of over 133,000 [38]. There are 27 stations along the route of Lahore’s BRT. Figure 1 shows the route alignment of the BRT in Lahore, including the location of the selected station areas in green. To identify land-use transformation after the development of BRT, 10 stations with specific characteristics of all nodes and true representatives of all stations were selected. This selection was made through a preliminary field survey to include all income and social groups, various stakeholders around the node (e.g., landowner, businessmen, government). These areas around transit nodes are expected to experience significant impacts. Although the influence could spread beyond the so-called catchment areas of the nodes (circa 500 meters, five minute walking), these areas attract more interests of developers [39,40,41]. In this research, we have, therefore, studied the impacts within these catchment areas around each of the selected BRT stations.




3.2. Methodology


For each of the selected nodes, a similar research methodology was adopted (see Figure 2). On every station, field surveys were executed to analyze the transformation in land-use from 2012 to 2019. Land-use data were collected in 2012 by students of the City and Regional Planning Department, University of Engineering and Technology, Lahore. These could serve as a reference situation. In order to obtain the latest land-use data, field surveys were executed on each of the selected station and information were collected regarding land-use and height of the building. Transformations were captured through additional surveys concerning (1) land-use change (2) new development (new buildings developed on vacant land), (3) redevelopment (change in building structure or reconstruction), (4) addition of story (redevelopment with extensions such as additional floor/story), (5) redevelopment plus story addition (include buildings having both 3 and 4) and (6) no change.



Furthermore, additional data were also gathered regarding the added number of stories for each property to calculate any change in property/cover area (e.g., area of the property multiplied by number of stories). Land-use transformations between 2012 and 2019 were investigated through a spatial analysis technique in ArcGIS 10.6.1. Increase/decrease in land-use was calculated and presented through maps. This also helped to illustrate the spatial location of each property with corresponding land-use transformation. Data from the Bureau of Statistics Punjab were used to analyze any change in population density from 2011 to 2016. Besides, population density and building density were estimated by building height x property size, which is directly related to the number of persons residing in an area.



Furthermore, to examine the economic impacts along the BRT route, inward investments (e.g., for commercial use) were identified through field surveys and data from local development authorities (e.g., Lahore Development Authority and Town Municipal Administration). These data helped to identify the new developments along the BRT corridor. Additionally, interviews from new/renovated businesses along the BRT route were executed to explore the amount of inward investment and growth in the labor market. Table 1 demonstrates the description of the data used in this study.



Finally, we focused on the transformation in land-use after the development of BRT in Lahore in two moments in time: 2012 and 2019. As BRT Lahore started its operation in February 2013, 2012 could be regarded as the reference year. The change in the area of different land-uses between these two moments is also presented in two ways. Simple area calculation shows the change in a land area of different land-use while neglecting building heights. Whereas area height depicts the area of different land-uses when building height is taken into account (calculated by multiplying number of stories with area of each property). This measure gives an exact account of area added/reduced for different land-uses. All the outcomes are presented in a similar way for each of the 10 selected stations. Contrary to common social-economic analysis methodology [2,3,19,20,42,43], the applied methodology here does not cover all social and economic factors comprehensively. However, the applied method focuses on socio-economic features specifically relevant for transit-related developments, and particularly for spatial impacts on land-use.





4. Results and Discussion


4.1. Land-Use Change Transformation


4.1.1. Station-1: Shahdara Station


Shahdara station is one of the terminals of BRT Lahore characterized by commercial and industrial activities. At this station, a significant increase in commercial activities after operation of BRT is observed. This increase in land area for commercial use is recorded to be 0.99 hectares.



These numbers even add up when the number of additional stories is taken into account. Including these, it makes the overall increase in land area under commercial use to be 10.77 hectares during the time span from 2012 to 2019. Figure 3 shows that the addition of a story is, by far, the prime activity around the station in terms of transformation and only a few properties show land-use change and new development activities.



Figure 4 shows there is indeed significant densification in the vicinity of Shahdara station. Moreover, there is also an increase in covered area for residential and mixed-use with 0.38 and 1.47 hectares, respectively. Although this is not as much as compared to commercial use, it signifies the multifunctional scope of the station area. On the other hand, industrial use shows a decline in its covered area.



Despite the ongoing densification trend, as of the year 2019, there is still an around 16-hectare area laying vacant within a 500-m buffer of BRT station. This indicates the station’s potential for further development.




4.1.2. Station-2: Timber Market


Timber Market station area is characterized by dense residential and commercial activities. The timber (i.e., wood) market is in close vicinity to the historical landmarks of Lahore (e.g., Greater Iqbal Park, Lahore Fort, and Badshahi Mosque). As compared to Shahdara station, few land-use changes are observed around Timber Market station. A total of 2.43-hectare area is being converted to commercial use, besides an evident mixed land-use transformation (Figure 5). The station area shows a minor increase in commercial activities, whereas residential and residential/commercial areas are declining (Figure 6). However, an increase in the height of buildings of commercial use are evident in this area.




4.1.3. Sration-3: Qartaba Chowk


Qartaba Chowk serves as a hub of commercial activities and provides links to important places and commercial centers in Lahore. Similar to Timber Market station, Qartaba Chowk entails different types of land-use transformation. Although major commercial development occurred on the southern side. On the other hand, hardly any story addition is observed over here (see Figure 7). The land-use map of 2012 shows very limited potential for new development in the form of available vacant land. However, we discovered a conversion from residential to commercial and residential/commercial activities during the studied period. This conversion adds 2.74 hectares and a 0.51-hectare area to commercial and residential/commercial use, respectively, when compared to 2012 (see Figure 8).




4.1.4. Station-4: Shama Chowk


Mixed-use development is witnessed around Shama Chowk station. Residential uses are growing but mainly by the increase in building heights. Figure 9 illustrates that change in building height is the major transformation observed around Shama Chowk station. The change in land coverage for residential use is less than 0.04 hectares. However, land-use conversion is more prominent for commercial use, with an evident increase of 0.45 hectares (see Figure 10). Moreover, commercial use is also showing an increase in building heights.




4.1.5. Station-5: Ichra


Ichra is a famous area of Lahore for its retail and can be characterized by its commercial and residential/commercial activities. Land area for residential use is declining as a result of conversion to commercial or residential/commercial use. However, a positive change is recorded in the heights of residential buildings. Similarly, commercial and residential/commercial use density is also increasing. Overall, we can observe in Ichra a trend toward high-rise development for several functions (e.g., residential, commercial, residential/commercial, public buildings, industry, and office), as shown in Figure 11 and Figure 12. Apart from the increase in building heights, redevelopment activities are also evident but mainly for properties abutting the BRT corridor.




4.1.6. Station-6: Kalma Chowk


Kalma Chowk is one of the main commercial centers of the city (e.g., Liberty Market). Moreover, the only cricket stadium in Lahore is located nearby station area. Story addition is the major land-use transformation evident on Kalma Chowk station, as shown in Figure 13. A significant transformation is evident in commercial use, for which the covered area is increased by 4.20 hectares but mainly by adding stories (see Figure 14).




4.1.7. Station-7: Ghazi Chowk


Residential and commercial use represent the dominant land-uses around Ghazi Chowk station. Between 2012 and 2019, land area under residential use declined, however, when building heights are taken into account, an overall increase in coverage area for residential use is evident. The land area, as well as building heights for commercial use, are also increasing. Similarly, for residential/commercial and public buildings, land area and building heights are increasing. A decline can be observed in vacant land due to an increase in development activities around the station. Land-use transformation is evident from Figure 15 and Figure 16, which shows a variety of land-use changes.




4.1.8. Station-8: Chungi Amar Sidhu


Chungi Amar Sidhu is a predominantly residential area. Commercial use is concentrated around the main roads towards the station. Around the station, there is a major expansion in commercial, residential/commercial, and public building use. For commercial and residential/commercial use, an increase in building height is the main transformation type (Figure 17). Moreover, new development activities can be observed, although still 2.05 hectares are available for new developments (Figure 18).




4.1.9. Station-9: Yohanabad


Yohanabad is similar to Chungi Amar Sidhu catchment area, a predominantly residential area, wherein an increase in density for residential and commercial use is observed. An increase in building heights is also observed along with a decline in available vacant land (Figure 19). However, around 2-hectare vacant land is still available for new development, posing potential and opportunity for further transformation in the area (Figure 20). Interviews with local development authorities (Lahore Development Authority) also indicated Yohanabad and Gajjumata as hotspots for land-use transformation in the coming years, mainly in multifunctional ways.




4.1.10. Station-10: Gajjumata


Gajjumata is the south terminal station with predominantly industrial activity in its catchment area. All types of land-use transformations are evident, new developments, story addition, and redevelopment are the most dominant ones (Figure 21). Along with an increase in industrial use, new commercial development is also observed in the area (See Figure 22).





4.2. Impact Categories (Typology)


Above, we briefly described the transformations around each of the BRT-stations. We tried to cluster these into exemplary typologies of the BRT corridor. Major distinctive criteria include densification at parcels (addition of story), new development at vacant spaces, transformations within the functions of properties, redevelopment with addition of stories, and no change. This resulted in the following exemplary typologies.



Functional Change


This typology includes all those areas for which land-use change can be observed without much change in the structure of the properties or new developments. Only around 0.7% of them have undergone some type of land-use transformation. Shahdhara is the station witnessing maximum transformation activities in this respect. Moreover, our study shows that the demand for commercial activities is the most prominent driver, especially in downtown areas like Timber Market, Qartaba Chowk, and Ichra. Therefore, most of the properties in these catchment areas have converted land-use either from residential to commercial or from residential to mixed land-use. These transformations along the BRT corridor provide new possibilities for business development. We observed these transformations to commercial use mostly along the BRT corridor.




Structural Change


The catchment areas are predominantly experiencing structural changes of buildings (e.g., redevelopment or story addition) that fall under this typology. The results show that 6.5% of all the properties along the BRT corridor experience these structural changes (1.2% redevelopment, 5.3% addition of story). Story addition is especially witnessed in the catchment area of Ichra Station because this area is a hub of business activities and an ideal place for businessmen and residents. In contrast, stations like Ghazi Chowk, Shama Chowk, and Timber Market are observing predominantly redevelopment activities. These redevelopment activities are due to the dilapidated condition of the former housing and their proximity to BRT stations. The availability of limited space for new development is the reason for the trend to story addition in downtown areas.




New Development


This typology deals with original vacant properties, which are transformed into urban areas mainly to accommodate the growing demand for housing and new businesses. The analysis reveals that 0.5% of properties within the studied catchment areas are developed after the implementation of BRT. Most of these developments are evident in catchment areas further away from downtown areas, like Yohanabad and Gajjumata, because of land availability. BRT stations in downtown areas are already congested, and the unavailability of vacant land around these stations has encouraged people to build higher.




Mix Transformation


This typology includes redevelopment activities as a result of the addition of stories to existing properties. The results indicate that some 1.3% properties of all the properties in the respective catchment areas have gone through mixed transformation. These kinds of transformations are predominant in catchment areas like Timber station, Gajjumata, and Ghazi Chowk station. Some areas around Ichra station have also gone through such a mix transformation.




No Change in Urban Development


Within this typology, the areas have not experienced any change after the inauguration of BRT. There are around 91% properties in the study area, which account for this kind of development. This is partly due to the fact that BRT has only been in service for seven years, and the fact that it was not possible given the existing (planning) conditions in these spots. All the transformations, which account for 9% of the properties in the study area, have happened in the absence of a land-use policy. Moreover, field study reveals that, if given appropriate conditions by changing building by-laws and financial support, people would like to make land-use transformations on these 91% properties and they have not seen any transformation so far.





4.3. Urban Density


Next to this typology in build-up areas and as densification is the prevailing trend in study areas, it is further important to know how the population density has changed after BRT implementation. Besides population density, change in building density is also an essential aspect to explore given the land-use transformations in the studied catchment areas. To measure the change in population density, we have used data from the Bureau of Statistics Punjab. However, these are available on the Union Council level, to get more detail, additionally filled in survey data have been used to calculate any change in population density on building level.



Based on these insights, Figure 23 presents the change in population density from 2011 to 2016 in the studied areas. Population density (pop/acre) for high-density areas changed from 268 to 299 between 2011 and 2016. All the analyzed stations are experiencing an increase in population density. The catchment areas toward downtown, such as the Timber market, Qartaba Chowk, Shama Chowk, and Ichra experienced a greater change in population density compared to BRT stations laying towards the urban fringe. Consequently, the aforementioned areas are becoming more congested after the implementation of BRT.



In addition to that, we explored ways in which urban density has changed for specific land-use on a given location. Analysis of land-use change from 2012 to 2019 shows that urban density for residential use increased the most around the BRT stations, in general. However, at the same time, a few stations (e.g., Timber, Qartaba) also witnessed a decline in urban density for residential use, which is due to land-use transformation (e.g., from residential to other uses). The demand for commercial use on these stations escalated land-use transformation converting them to major commercial nodes. Concerning commercial use, however, urban density generally escalated throughout the study area. This illustrates a trend towards commercialization along the BRT route. Moreover, intensification of residential/commercial use is also evident around the majority of BRT stations except for Timber and Kalma Chowk stations. It is important to mention here that Table 2 only depicts variation in urban density, it does not show the actual residential or commercial use in an area. For example, Ichra Station has shown more increase in urban density of residential use than commercial, but this does not mean that residential use is predominant in Ichra Station area. In fact, this station is a predominantly commercial area. An increase in urban density/covered area for residential use is either due to the conversion of other land-use or increase in building height of residential properties.




4.4. Inward Investment and Expansion of Labor Market


Through the above discussion, it becomes clear that commercialization has increased in all the studied catchment areas throughout the corridor. However, to gain more insight, we further investigated how much money has been invested by the investors in the areas and if this has also influenced the labor rate in the studied area. Through this, the external benefits of BRT can be measured more precisely.



In this respect, our field surveys and interviews from commercial properties along the BRT corridor in Lahore show that areas served by BRT are able to perceive an inward investment of approximately 22,000 million rupees (US $140 million).



Most of these investments correspond to the upgrade of existing commercial properties (addition of stories or redevelopment) or development of new commercial plazas. Station-wise breakdown of inward investments is given in Figure 24. This shows that inward investment is not limited to specific areas/stations and that every station was able to attract inward investment. However, Kalma Chowk and Chungi Amar Sidhu catchment areas have managed to attract higher inward investment due to the development of some multi-story commercial centers on available vacant land. The BRT station located toward the north near “Walled City” have not experienced many new investments since these catchment areas are limited to the upgrade of existing commercial businesses. The unavailability of vacant land is one of the constraints for new development activities. Secondly, as outlined by building by-laws for commercial properties, a setback of 30 feet, irrespective of the property size, is required, which is indeed difficult to attain on small size plots. Hence, it further hinders businesses to invest in such properties in already dense areas. Therefore, few multi-story developments are observed on stations with small plot/property sizes. Stations like Kalma Chowk (see Figure 13) have large parcels in the form of more developable land, ultimately attracting more investors. This inward investment also helps to generate additional jobs in the vicinity of BRT. The field surveys from commercial properties indicate that approximately 800 additional jobs are added on these stations after the development of BRT. This is expected to be further increased in the near future as a few commercial projects are still under construction.





5. Conclusions


This paper builds on the external benefits of BRT in Lahore and attempts to quantify the land-use transformation and economic benefits that emerged after the implementation of BRT. The analysis of the data indicates that BRT, Lahore has the potential to stimulate land-use transformation, however, the extent of transformation is context-dependent. All the assessed BRT stations have shown an increase in commercial activities due to land-use conversion. The results indicate that all the areas have gone through land-use transformation, however, the extent of transition varies across the entire corridor. Change in population and building density is also evident in the study area. Population density has increased from 268 persons/acre to 299 persons/acre. An increase in building density for residential and commercial uses is observed majorly for all stations. In comparison to general development patterns in Lahore, areas around BRT have become increasingly appealing for residential and commercial activities. People living in the vicinity of BRT stations are fulfilling their housing needs by densifying vertically in cases where less or no land is available for new development. Next to that, the accessibility benefits provided by BRT and boosted land market has also encouraged people to build higher, resulting in higher vertical density.



At the same time and along with land-use transformations, an increase in economic activities is also witnessed along the corridor. Almost 22,000 million rupees (US $140 million) inward investment is detected after implementation of BRT, which ultimately brought around 800 new employees from remote areas. Thus, the observed land-use transformations and new activities indicate that BRT in Lahore is somehow successful in encouraging land-use transformation and economic activities in its vicinity and these benefits can be catered in an efficient way for the creation of a compact urban neighborhood. The review of building regulation indicates that there is no special land-use policy to steer development in BRT catchment areas, hence, all these transformations are shaped by the market.



Lastly, it can also be observed that areas around BRT station in Lahore have the potential for further land-use transformation. However, the present urban transformation policies in Lahore show the absence of an integrated land-use policy. As a result, developments along the corridor may turn chaotic. There is a need to proactively integrate the external benefits of mobility investment.




6. Future Recommendations


Consequently, we recommend outlining zoning and land-use plan for integrated urban development. Building by-laws should be amended to encourage high rise development. Higher density can accommodate new dwellings, which would help to counter urban sprawl in Lahore. Mobility nodes can be promoted as places for higher rise development. However, this would also need more elaborated analysis in situational opportunities. Stations like Ichra, Kalma Chowk, and Timber Market can be encouraged as multifunctional nodes. Whereas, a station like Yohanabad can be promoted for high rise residential development. Such policies could enable BRT investment to stimulate Transit-Oriented Development (TOD). TOD has been recognized as an efficient urban policy to enhance accessibility and urban development patterns by establishing a strong affiliation between transport and urban development [44,45].



Secondly, although BRT investments are relatively low, they also require high ridership. Following the famous saying “mass transit needs mass”, there is a need for density bonuses and an increase in floor-area ratio to generate high ridership for BRT. It might enhance the potential of urban development. Nevertheless, besides density bonuses, local development authorities need to upgrade supportive infrastructure, including sewerage and water, to serve more businesses and households.



In the case of BRT Lahore, its external benefits have not yet been catered throughout the corridor. Therefore, it is highly recommended that its external benefits ought to be assessed in more detail and predominantly. Moreover, it has to be included in the overall planning process to fully capitalize on added investments. Besides, areas with low developmental potential could be promoted more intensively to abstain from regional disparity. For instance, depressed areas like Gajjumata could be encouraged by relaxing building by-laws or through tax reliefs. These areas, which are yet underdeveloped, could gain potential for new developments and include more substantial impacts in the mainstream BRT development.



Similar to BRT, no land-use policy has been devised for the next phase of the project, i.e., Orange Line (LRT), which is under-construction, while it is the time for local authorities to act proactively. The findings of this study should be considered before implementing other transit systems in Lahore that are delineated in the Lahore Urban Transport Master Plan. Integration between transport investment and land-use policies can play a decisive role in realizing compact and sustainable neighborhoods.




7. Limitation of the Study


This study only explores the impacts of BRT specifically related to land-use transformation and urban density, whereas other socio-economic impacts, such as social exclusion, travel time savings, travel cost savings, and environmental benefits, etc., have not been discussed in this study. Moreover, economic impacts concerning inward investment and extension of the labor market are the main focus of this investigation.
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Figure 1. BRT route in Lahore: The case study area. 
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Figure 2. Research methodology. 






Figure 2. Research methodology.
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Figure 3. Land-use transformation at Shahdara station. 
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Figure 4. Shahdara land-use 2012, 2019. 
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Figure 5. Land-use transformation at Timber Market station. 






Figure 5. Land-use transformation at Timber Market station.



[image: Sustainability 12 03376 g005]







[image: Sustainability 12 03376 g006 550] 





Figure 6. Timber market land-use 2012, 2019. 
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Figure 7. Land-use transformation at Qartaba Chowk station. 
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Figure 8. Qartaba Chowk land-use 2012, 2019. 
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Figure 9. Land-use transformation at Shama Chowk station. 
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Figure 10. Shama Chowk land-use 2012, 2019. 
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Figure 11. Land-use transformation at Ichra station. 
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Figure 12. Ichra land-use 2012, 2019. 
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Figure 13. Land-use transformation at Kalma Chowk station. 
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Figure 14. Kalma Chowk land-use 2012, 2019. 
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Figure 15. Land-use change at Ghazi Chowk station. 
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Figure 16. Ghazi Chowk land-use 2012, 2019. 
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Figure 17. Land-use transformation at Chungi Amar Sidhu station. 
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Figure 18. Chungi Amar Sidhu land-use 2012, 2019. 
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Figure 19. Land-use transformation at Yohanabad station 
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Figure 20. Yohanabad land-use 2012, 2019. 
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Figure 21. Land-use transformation at Gajjumata station. Source: Authors own, 2019. 
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Figure 22. Gajuumata land-use 2012, 2019. 
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Figure 23. Change in population density (pop/acre). 
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Figure 24. Inward investments. 
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Table 1. Data description.






Table 1. Data description.





	Data
	Years
	Values
	Source





	Urban density
	2011, 2016
	Persons per acre
	Bureau of statistics Punjab



	Land-use

Height of buildings
	2012
	Shapefile (GIS format)
	Department of City and Regional Planning, UET Lahore



	Land-use

Height of buildings
	2019
	Shapefile (GIS format)
	Land-use surveys and Lahore Development authority



	Inward investment
	2019
	US $
	Field surveys



	Labor market
	2012, 2019
	−
	Field surveys



	Building/cover area
	2012, 2019
	Hectare
	Calculated using ArcGIS
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Table 2. Change in building density 2012–2019.
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Land-Use

	
Area (Hectare)




	
Shahdhra

	
Timber

	
Qartaba

	
Shama

	
Ichra

	
Kalma

	
Ghazi

	
Chungi

	
Yohanabad

	
Gajjumata






	
Residential

	
0.38

	
−0.25

	
−0.67

	
2.54

	
5.69

	
0.11

	
1.58

	
1.33

	
1.52

	
−0.01




	
Commercial

	
10.77

	
7.95

	
2.74

	
1.55

	
0.82

	
4.20

	
1.30

	
4.01

	
1.56

	
1.85




	
R/C *

	
1.47

	
−3.11

	
0.51

	
0.33

	
1.59

	
−0.43

	
0.89

	
4.03

	
0.99

	
0.23




	
Public Building

	
0.09

	
0.82

	
0.00

	
0.32

	
0.53

	
1.18

	
0.44

	
2.13

	
0.00

	
5.07




	
Industry

	
−0.08

	
0.00

	
0.00

	
0.00

	
0.29

	
0.00

	
0.00

	
0.02

	
0.00

	
3.86




	
Hospital

	
0.00

	
0.00

	
0.00

	
0.00

	
0.11

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00




	
Office

	
0.00

	
0.00

	
0.00

	
0.09

	
0.24

	
1.31

	
0.00

	
0.00

	
0.00

	
0.00








* Residential/Commercial (both lands uses on same property).
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