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Abstract 

The worsening traffic congestion in Metro Manila highlights the need 
for well implemented and integrated public mass transport. This study 
demonstrates the application of the Extended-Node-Place Model as a 
means of characterizing and classifying the selected 10 stations of the 
Metro Rail Transit Line 7 (MRT-7) project in order to aid city and 
transportation planners to create, utilize or enhance the Transport-
Oriented Development (TOD) attributes for each of the stations. With 
scores largely derived from geospatial processing using Geographic 
Information System (GIS), results show that three stations scored 
highly under Node and Place indices, one station is average across all 
three indices (i.e., Node, Place, and ‘Orientedness’), one station is an 
unsustained node, while the rest have a variation of low-average-
average result for the three indices. With these results, a diagnostic is 
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produced that highlights areas of improvement and areas of strength. 
Planners can then provide measures based on desired outcomes for 
each index. 
 
Keywords: Transport-Oriented Development, Geographic Information 
System, Urban Planning, MRT-7, Node-Place Model, Metro Manila 
 

 

1. INTRODUCTION 

The Philippines, with its rapidly growing population and urbanization, faces 

significant challenges in transportation and traffic management. Rather than 
providing convenient means of transportation, the current state of public 

transportation in the country is a challenge to negotiate within daily routines, 

hindering people from reaching their destinations efficiently.  This issue hampers 
public access to essential services such as education, healthcare, and employment 

opportunities, especially in underserved areas where mass transit is limited. 
 

Public transportation system holds a vital position in addressing the persistent issue 

of traffic congestion while offering accessible and affordable mobility to the general 
public. However, the sprawling area of Metro Manila is assessed to have the world’s 

fifth worst transportation system encapsulating the challenges faced by commuters 
in the Philippines’ capital region [13]. Furthermore, according to the 2019 Global 

Competitiveness Report, the Philippines has the lowest efficiency score among other 
Asian countries in terms of train services [11]. This can be traced to the piece-meal 

implementation of railway projects that has issues in integrating with other train 

lines and even other public transport modes [1]. 
 

The focus of the study is on the MRT-7 line, a significant infrastructure project in 
Metro Manila that is currently under construction. The MRT-7 line is a 23 kilometer-

long rapid transit line with a total of 14 stations connecting the areas from North 

Avenue in Quezon City to San Jose del Monte, Bulacan [7] composed of a mix of 
elevated, at-ground, and underground segments. The project is designed to alleviate 

traffic congestion, reduce travel time, and provide a more efficient mode of 
transportation for commuters in densely populated areas of Quezon City, Caloocan 

City, and San Jose del Monte in Bulacan. 

 
This study covers the first 10 stations along the MRT-7 line, these are: North Avenue, 

Quezon Memorial Circle, University Avenue, Tandang Sora, Don Antonio, Batasan, 
Manggahan, Doña Carmen, Regalado, and Mindanao Avenue stations (Figure 1). The 

remaining 4 stations from the Quirino Highway Station up to San Jose Del Monte are 
excluded from the analysis because the finalized locations have not been made 

publicly available as of the conduct of this study, and characterization of the last 4 

station areas would not be as definite as the rest of the MRT-7 stations.  
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Fig. 1 MRT-7 railway alignment and the stations included in this study 

The paper aims to determine the Transit-Oriented Development (TOD) 

characteristics of each station within the study area along the MRT-7 line. This 
involves evaluating various factors such as land use patterns, connectivity, 

accessibility, pedestrian infrastructure, and integration with other modes of 
transportation. By understanding the TOD characteristics of each station, a 

comprehensive analysis can be conducted to assess their impact on transit-oriented 
development in the area. 

Additionally, the paper aims to develop a typology based on the TOD characteristics 

of each station. The typology will categorize the stations into different groups based 

on the level of their transit-orientedness by providing a structured framework for 
understanding the varying degrees of integration between transportation and land 

use at each station. By evaluating each station’s TOD characteristics and their 
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relative strengths and weaknesses, an assessment can be made regarding their 
contribution to sustainable urban development.  

Furthermore, the developed TOD typology can be a valuable tool for policymakers, 

urban planners, and transportation authorities in making informed decisions 
regarding future development plans. The recommendations based on the findings 

and analysis of the study can be applied for future infrastructure and land use 
planning which can lead towards the improvement of the overall transportation 

system, urban planning, and a more efficient and sustainable urban environment for 

residents and commuters. Lastly, the study can analyze potential areas for job 
creation, increased property values, and business opportunities that can lead to 

economic benefits. 

2. REVIEW OF RELATED LITERATURE 

The literature reviewed in this study concerns works on TOD classification and 
characterization, and spatial analysis using Geographic Information System (GIS). 

In many cities, a Transit-Oriented Development (TOD) strategy is considered a 

practical solution for tackling the challenges embedded in metro system construction 
by improving the interaction between transit and surrounding land use, as is the 

case of Shenzhen and Guangzhou cities in China [17]. 
 

A way to characterize train stations is the node-place model by Bertolini [2], as 

shown in Figure 2. Obtaining the performance of each station as a node and place 
based on a set of indicators, it is possible to evaluate their urban role. If the node 

and place role are equally strong, it is considered to be a balanced location. When 
both values are very high, a station finds itself in a “stress” situation. If both node 

and place index scores are low, the station is “dependent” on other areas. If one 
component is much stronger than the other, a station are considered either an 

“unbalanced node” or an “unbalanced place”. 

 

Fig. 2 The Node-Place model and Five Ideal-Typical Situations for a Location [2] 
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Lyu, et al. [5] used the Node-Place Model to generate a typology of Beijing metro 
station areas to provide urban planners and policymakers a summary of station area 

characteristics and more efficiently identify types of interventions to implement, as 
well as the allocation of resources. The addition of the ‘oriented’ index, thus 

‘extending’ the node-place model, is a means of determining whether a station is a 

Transport-Adjacent or a Transport-Oriented development. The resulting modification 
to the node-place model for this study is later visualized in Figure 7. 

 
In the case of Hefei City where population is reportedly increasing at a rapid pace, 

Transit Oriented Development along the city's railway lines is evaluated in order to 
efficiently allocate resources. The silhouette method was combined with the node-

place model in order to identify which of the 77 TODs were unbalanced and in need 

of development efforts in order to achieve a more balanced state [16]. 
 

Vecchio [14] explores the urban role of railway stations in Santiago, analyzing the 
relationship that active stations establish with the metropolitan mobility system, and 

with their immediate urban surroundings. The paper evaluates the Metrotren-Nos 

suburban train stations by applying the node-place model, that examines each one 
based on its role as a node – that is to say, how many destinations it can reach – 

and as a place – considering the diversity and intensity of activities that take place 
in its surroundings. 

 
Beyond the node-place model, there is a range of other approaches that investigate 

spatial and TOD characteristics of train stations. A few examples are to be briefly 

discussed in this literature review. Sakanishi [10] is one such example that uses a 
different method to spatially analyze railways and station areas. To identify factors 

in the declining rail service demand in the Osaka Metropolitan area, small-area 
statistics or a 1x1km grid was used to enable characterization of areas both near 

and away stations. In contrast, studies that use the node-place model typically 

applies a buffer around a train station and limits the scope of analysis to only within 
the immediate vicinity of stations. Sakanishi’s findings indicate that changes in 

economic activities and locations have more to do with the decreased rail service 
demand over slow population growth. Employment opportunities became more 

decentralized, reducing need for rail travel and encouraging car and bicycle use. 

 
Galelo, et al. [4] analyzed spatial characteristics of train stations of the Azambuja 

train line based on the definition and variables of TOD in their literature review 
furthered by conducting a correlation amongst their selected variables. Their findings 

showed a weaking correlation between population and train connections over time 
amidst a lack in TOD strategies from either local or national government. 

   

GIS and spatial multi-criteria assessment (SMCA) were combined by Singh et al  [12] 
to measure TOD levels in the Arnhem Nijmegen City Region. The push for TOD in 

the City Region is aimed at inducing a modal shift from car to public transit as car 
use was observed to be increasing for longer trips. A potential TOD Index was 

obtained that showed that urban areas having higher index values and identified 

“hot spots” or areas of high index values that are 800m away from a train 
connection.  
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TOD evaluation on the Ankeng Line in New Taipei City used the fuzzy Delphi method 
to select an evaluation criteria followed by a fuzzy analytic network process (FANP) 

to set weights for the established criteria. GIS was then used to conduct analysis of 
each station area based on the previously obtained weighted evaluation criteria, 

resulting in a classification for each station of the railway line [15]. 

  
There are several studies concerning railways and rail station area spatial analysis 

in Metro Manila. Damian and Mabazza [3] investigated the parallel evolution of 
Manila City’s settlements and the tranvia street car system covering the period 

between 1895 and 1945. Their study utilized GIS and graph-theoretic analysis that 
revealed a correlation between district population and built-up areas. Pacheco-

Raguz’s [6] analysis of the Light Rail Transit Line-1 (LRT-1) looks into the impact of 

the railway line on land values, land uses, and population densities. Using GIS, the 
study covered a 2000m buffer around an LRT-1 station to cover both adjacent and 

relatively distant areas. The study [6] identified only residential land values being 
consistently influenced by accessibility and distance brought about by the 

construction of the LRT-1  

 

3. METHODOLOGY 

3.1 Identification of Indicators and Data Collection  

Based on existing literature [2,5], indicators pertaining to node, place, and 

‘orientedness’ were selected in order to assess each of the ten MRT-7 stations in the 
study area as potential sites for TOD. The selection of indicators was based on the 

availability and reliability of secondary data sources. The study used open data 

sources including Points of Interests (POIs) and other shapefiles extracted from 
OpenStreetMap and information from government websites (Figure 3).  

 

Fig. 3 Methodological Framework 

3.2 Node indicator data 

Selected indicators pertaining to a transit-oriented development’s node 

characteristics include:  
a) public transport count which refers to the number of jeeps and buses that ply 

alongside station area 
b) distance to central business districts which is quantified by the geographic 
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distance of identified central business districts from each of the MRT-7 stations 
c) travel time to central business districts 

d) number of bus stops within the catchment area established within a 700 meter 
buffer, and  

e) bike path length within 2 kilometers around each of the stations. 

 
3.3 Place indicator data  

 
In order to calculate for the stations’ respective place index scores, the study utilized 

available data on: 
a) working-age population 

b) number of commercial facilities with area sizes of 1,000 square meters and over 

c) number of green or open spaces 
d) number of public facilities such as hospitals, schools, public markets, and 

churches  
e) retail and services establishments  

f) size and density of residential areas within the buffer zone, and  

g) land use mix.  
 

3.4 “Oriented” indicator data 
 

To generate scores for each of the stations’ orientedness index, the study assigned 
indicators based on: 

a) number of cul-de-sacs within buffer zones 

b) number of intersections within buffer zones 
c) average block size within buffer zones 

d) sidewalks and bikeways characterized by their length 
e) average distance of each of the stations to commercial areas and identified 

places with job opportunities 

f) total length of bikeways within two kilometers of each of the stations 
g) average distance of each of the stations to residential areas 

h) average walking distance from station to a block. 
 

3.5 Data Processing 

 
Open-source data and shapefiles from reliable secondary sources were utilized with 

further geoprocessing work done in ArcGIS and QGIS to calculate and refine 
indicator data (Table 1). The values obtained for each station area is then rescaled 

from zero to one [5, 8], with zero being the lowest desirable score and one being 
the highest. Two equations were used, taken from Lyu et al [5]: 

 

𝑋𝑖𝑛𝑑𝑒𝑥 = (𝑋 − 𝑀𝑖𝑛(𝑋))/ (𝑀𝑎𝑥(𝑋) − 𝑀𝑖𝑛(𝑋)) (1) 

𝑋𝑖𝑛𝑑𝑒𝑥 = (𝑀𝑎𝑥(𝑋) − 𝑋)) / (𝑀𝑎𝑥(𝑋) − 𝑀𝑖𝑛(𝑋)) (2) 

Use of Equation (1) was for indicators where high numerical values are desirable 

such as the number of other public transport modes and stations, working 
population, and land use mix within 700m of a station. Equation (1) assigns the 

value zero to those with the lowest numerical value while 1 is assigned to the highest 

numerical value. Equation (2) was used for indicators where lower numerical values 
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are desirable, such as distance and travel time to places from a station. Thus, 0 is 
assigned to the highest numerical values (e.g., longer travel times) while 1 is 

assigned to the lowest numerical value. 
 

Each station was then given an average score based on the rescaled zero to one 

range for each indicator per index. With an average score obtained for each station, 
these averages per index was then standardized further with a z-score [8,9] shown 

in Tables 2 to 4. These standardized scores allow the visualization of a station’s 
performance relative to another based on “the number of standard deviations an 

observation is” [9] with respect to the mean.  
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Node 
Indicator

s 
PT Count 

Average 
distance of 
station to 

CBD 

Average 
travel time 

to a CBD 

Number of 

Bus stops 

Total bike 
path 

length 
within 2km 

around 

station 

Average of 
Station 
Node 

indicators 

Z- Score 

Station (T1) (T2) (T3) (T4) (T5) 

Batasan 0.545 0.524 0.523 0.455 0.120 0.433 -0.150 

Dona 
Carmen 0.000 0.313 0.313 0.000 0.094 0.144 -1.112 

Don 
Antonio 0.409 0.631 0.631 0.227 0.226 0.425 -0.178 

Manggaha
n 0.318 0.375 0.375 0.182 0.123 0.275 -0.678 

Mindanao 
Avenue 0.136 0.000 0.000 0.091 0.000 0.045 -1.441 

North 
Avenue 0.682 0.932 0.932 0.818 0.835 0.840 1.203 

Quezon 
Memorial 
Circle 1.000 1.000 1.000 0.364 1.000 0.873 1.312 

Regalado 0.000 0.320 0.320 0.273 0.012 0.185 -0.977 

Tandang 
Sora 0.636 0.841 0.841 1.000 0.499 0.763 0.948 

University 
Avenue 0.909 0.965 0.965 0.409 0.756 0.801 1.072 

Overall average of all 10 stations node indicators: 0.478 
Standard Deviation (STDEV.P): 0.300  

Table 2 Z-scores for the Node index 
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3.6 Limitations of Data Collection Method 
There were several limitations encountered during the data 

gathering process of the study. Data gathering was restricted to the 
information and public documents readily available on the Internet. This 

reliance on existing data sources may have limited the depth and 

comprehensiveness of the information collected. The pandemic also posed 
limitations on data gathering efforts for primary data. The restrictions, safety 

measures and procedures to access certain data sources, and to conduct 
interviews and fieldwork would entail applications for approval that would 

consume a significant amount of time for data collection, processing, and 
analysis. As a result, the study relied heavily on secondary data sources 

which affected the selection of indicators for the study.  

 

4. FINDINGS & ANALYSIS 

4.1 Findings 

The Node and Place chart in Figure 4 shows roughly two groups, 

one characterized by high Node and Place indices composed of North 

Avenue, Quezon Memorial Circle, and Tandang Sora stations, and the other 
group of average node and low place index consisting of Doña Carmen, 

Mindanao Avenue, and Regalado Stations. The rest are somewhat dispersed 

along the “unbalanced node” area of the graph. 

 

 

Fig. 4 Plotted Node-Place Indices 

 

“Oriented” index points to Tandang Sora and Batasan stations as 
areas with good indicators while Quezon Memorial Circle has the lowest-
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scoring indicators. The rest of the stations have average values (i.e., within 
one standard deviation) 

 

 

Fig. 5 Plotted ‘Oriented’ and Place Indices 

 

Fig. 6 Plotted ‘Oriented’ and Node Indices 
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The final output for this process is a three-dimensional graph with 
the Place index on the x-axis (parallel to the red cutting plane), Node index 

on the y-axis (parallel to the green cutting plane) and the “Oriented” index 
on the z-axis (Figure 7). 

 

Fig. 7 3D Plot for all 3 Indices 

 

4.2 Analysis 
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Based from the findings of the study, the 10 stations of the MRT-7 
line can be generalized into the following: 

 
Group 1: High Node and Place index 

Group 2: Average Node index, low Place index, and average Oriented index 

Group 3: Low Node index, average Place and Oriented index 
Group 4: Average Node, Place, and Oriented index 

Group 5: High Node index, low Place index, average Oriented index 

 

Group 
Sub- 

group 

Indices 

Stations 
Node 

(Transit) 

Place 

(Develop
ment) 

"Oriented

" 

1 

A High High High Tandang Sora 

B High High Average North Avenue 

C High High Low 
Quezon 

Memorial Circle 

2   Average Low Average 
Batasan, 

Manggahan 

3  Low Average Average 

Doña Carmen, 

Regalado, 
Mindanao 

Avenue 

4   Average Average Average Don Antonio 

5   High Low Average 
University 

Avenue 

Table 5 Summary of Findings 

 

Group 1 features good Node and Place characteristics indicating that there 

is “intensity and diversity of transportation modes” [2] and as a place, it is 
host to a variety of activities facilitating “physical human interaction” [2]. 

Station areas with high Node and Place index scores are defined by Bertolini 

[2] as “stressed” where there is a “great chance of conflicts between 
multiple, extensive claims on a limited space”.  These areas need to balance 

“intensity of land use” as well as a responsive transportation system to 
maintain intense use.  

 
The three stations differ in their ‘Oriented’ scores. Tandang Sora station 

scored well in distance-related indicators (i.e., being closer to places of 
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interest) and in bike and pedestrian lengths compared to the other stations. 
On the other end, Quezon Memorial Circle station has the lowest score. This 

can be explained by the physical layout around the station being largely 
limited by the land use, block arrangement, and street network. North 

Avenue station has an average score, positioned between the two 

aforementioned stations.  
 

Given a low score on the ‘Oriented’ index, Quezon Memorial Circle station 
has characteristics of a Transit-Adjacent Development (TAD) rather than a 

TOD in that transport and place activities develop independent of each other 
rather than being coordinated. To redress this poor performance, 

improvements to Quezon Memorial Circle station may be in creating more 

direct and comfortable pedestrian corridors connecting to points of interest.  
 

Group 2 are stations with average Node and ‘Oriented’ indices and low Place 
index. According to the Node- Place model, Batasan and Manggahan stations 

are referred to as “unsustained nodes”  in which “transportation facilities are 

relatively much more developed than urban activities” [2], where the Node 
index is higher than the Place index. An average ‘Oriented’ index points to 

features around that station area that are encouraging for TOD.  
 

Possible interventions within Group 2 station areas are measures that 
improve place features that promote increased activities, either or both in 

intensity and diversity, and that these areas are easily accessible from the 

MRT-7 stations to capitalize on the ‘Oriented’ features. 
 

Group 3 stations of Doña Carmen, Mindanao Avenue, and Regalado are the 
opposite of Group 2 where the Place index is higher than the Node index. 

These stations are referred to as “unsustained places” and feature a decent 

level of activities and places of interest but having weak public transportation 
characteristics. As with most of the MRT-7 stations, Group 3 stations have 

average ‘Oriented’ index scores. 
 

A possible explanation for good place features is that activities are 

patronized by and reliant on local residents, thus minimizing the need to 
expand transportation services. Only when these activities begin to attract 

more customers outside the station area are interventions to be acted upon 
public transportation arrangements, leading to a more balanced situation 

between place and node. The average ‘Oriented’ score implies that these 
areas are reasonably navigable on foot or on active transport.  

 

Don Antonio station is in its own unique category. Group 4 is characterized 
by an average performance in all three indices. This indicates a balance of 

transportation services with surrounding activities and complemented by 
decent ‘Oriented’ features. It is not yet at a level of competition for limited 

space nor is the area in need for more transportation options. 

 
Despite being referred to as a ‘balanced’ station, this does not imply that 

the area has already maximized its potential or that further improvements 
cannot be made to the area. The status of a station is subject to change 
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because the extended Node-Place model is not static. Any changes in the 
level of transportation services, variety of activities, or active transport 

features may change or enhance the ‘balanced’ status of Don Antonio 
station.  

 

Group 5 refers to an example of an extreme unsustained node. The 
University Avenue station rates highly in the Node index but low in the Place 

index with the station area having an average ‘Oriented’ index.  
 

This outcome may be partly explained by the presence of several transport 
modes that stop within the vicinity of Philippine Coconut Authority 

(PHILCOA) for the Node index, while Place index may be attributable to the 

station area including lands under the University of the Philippines (UP) 
which limits the diversity of land uses, such as dense residential zones. The 

current placement of University Avenue station on the enhanced Node- Place 
model is appropriate, reflecting that it is a transportation stop and transfer 

point to other destinations, particularly UP.  

 
Interventions may be limited, given the nature of allowing more UP spaces 

being opened to commercial, office, and private residential use is politically 
contentious. Redressing the imbalance may be in the form of intensifying 

land uses outside university grounds to provide additional residential and 
office units, and commercial spaces in pursuit of TOD.  

 

These groupings have been mapped in Figure 8 and show that Group 1 
stations are towards the southern end of the line close to busy areas while 

stations that are unsustained Node and unsustained Places (Group 2 and 3) 
tend to be at the northern end where there are more residential areas.  

 

A limitation in the application of the extended Node-Place model in this study 
is that the scoring is based on the relative performance of each station to 

others within the same line. The methods in classifying spatial attributes 
within station areas would also have considerable implications in the ranking 

of one station relative to another.  

 
To illustrate the drawback of relative scoring of stations to one another, an 

example would be that a future operational MRT-7 North Avenue station 
would be a ‘stressed’ point as part of an interchange with future LRT-1, 

MRT-3, and Metro Manila Subway operations. This scenario would result in 
high Node and Place indices relative to other MRT-7 stations. However, if 

one were to put data in a dummy station with characteristics similar to that 

of Tokyo Station in Japan, then the North Avenue station may give a 
different result, possibly more ‘balanced’. Results of the extended Node-

Place model are applicable only within the sampled railway line or network 
within a particular locale. 



19 

 

 

Fig. 8 MRT-7 TOD Indices Rating 

5. CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

Public transportation in the Philippines faces significant challenges, including 

traffic congestion and limited access to basic services in underserved areas. 

The study used the Extended Node-Place Model to assess the MRT-7 railway 
stations based on the developed Transit-Oriented Development (TOD) 

indices. The findings revealed that the ten selected stations exhibited a 
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variety of outcomes, highlighting the diverse characteristics and 
performances of each station.  

 
The application of the Extended Node-Place Model showcased its 

effectiveness in producing a typology of the transportation stations and 

providing a diagnostic of their performance in comparison to one another. 
This model serves as a valuable tool for transportation and city planners as 

it enables them to analyze and classify stations based on desired outcomes 
for each index. With accurate and updated information, planners can tailor 

specific interventions and strategies to improve the performance of 
individual stations and enhance the overall transit-oriented development 

within the system. The Extended Node-Place Model’s flexibility and 

systematic classification methodology make it adaptable to different 
geographic contexts, making it applicable not only to the MRT-7 line but also 

to other transportation systems in the Philippines or even other countries. 
By utilizing this model, policymakers and planners can make informed 

decisions and implement targeted interventions that address the specific 

challenges and opportunities presented by different transportation stations. 
 

The utilization of the Extended Node-Place Model in this paper has provided 
valuable insights into the performance and characteristics of the MRT-7 rail 

stations. This model can be used to improve land use planning and 
infrastructure around each station which can lead to transit-oriented 

development, sustainable urban development, and economic benefits.  

 

5.2 Recommendations 

Future studies and research on Transit-Oriented Development should 

diversify data sources and utilize primary data collection methods when 
possible. Different sets of indicators can also be used specifically for the 

geographic context of the chosen study area for more accurate findings and 

analysis. 
 

Incorporating a pedestrian service area (such as in Figure 9) may also be 
helpful in the TOD typology analysis and decision-making process of TOD 

implementation whereby the visualization of these areas may better pinpoint 

priority locations for investment or intervention. 
 

 
Statements and Declarations 

 
Rosemarie Goltiao is employed by the private proponent of the MRT-7 project as 

this study was conducted. However, this research received no specific grant from 

any funding agency in the public, commercial, or not-for-profit sectors. The 
authors declare that they have no conflict of interest.  

 

Figure 7 was generated using the ‘Excel 3D Scatter Plot’ programmed by Gabor 

Doka. https://www.doka.ch/Excel3Dscatterplot.htm 
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Fig. 9 MRT-7 TOD Indices Rating and Pedestrian Service Area 
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