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Abstract: Bus Rapid Transit (BRT) has advantages over rail-based systems as a public
transportation system. The ease of implementation and low investment costs attract
many cities to develop BRT systems, including Banjarmasin, Indonesia. Banjarmasin
currently has eight BRT stop points that reach only two sub-districts out of five. The
limited range of BRT stops within the city can affect the level of accessibility of the BRT
system. The accessibility of the transit system itself can be seen from the number of
daily passengers. This study aims to analyze the criteria that affect the level of
accessibility of the BRT stops in the study area and then compile a model based on
significant criteria. Previous literature on accessibility modeling shows varied methods
and approaches. In this study, the system accessibility was measured using the
composite method and modeled using Geographically Weighted Regression (GWR),
which is a relatively new approach. The results show that seven criteria affect the level
of accessibility of the BRT stops. The model was first built mathematically using OLS.
Then, GWR analysis was accomplished on spatial variables, resulting in a higher
significance model. Furthermore, the GWR produces a visual-spatial model and
performs simulation and sensitivity tests to make the research purpose more
informative. The spatial criteria for the accessibility of the BRT stop locations in the
model include the distance of stops to the road intersection, mix-use entropy index,
population density, and land value.
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1. Review:
Introduction: Two Research Questions are listed. Please list out the objectives of the
study explicitly.
Response:
Thank you for pointing this out. We agree that the introduction has not explicitly stated
the research objectives. Therefore we add it (Ln. 98 Page 3). Furthermore, we explain
the paper's outline at the end of the introduction paragraph (Ln. 100 Page 3).

2. Review:
GWR is mentioned for the first time in the manuscript (other than Abstract). Please
spell the full form.
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2, not figure 2.
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the previous round. Few more issues to be further addressed; then the paper can be
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1. Review:
Waiting time and O-D data were obtained from the questionnaire survey by directly
interviewing passengers onboard, which are supposed to vary across individuals.
However, the dependent variable (Y) is the total number of passengers boarding and
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questionnaire survey) and aggregate data (at the stop level) related? For example, for
waiting time (X1), is the average value (over all boarding passengers) used for each
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passengers boarding, and passengers alighting, and ensured that no one was missed
(not a random sampling questionnaire) as we described in the revised methodology
(Ln. 363 Page 10). This method is possible because we realize that the number of
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passengers is relatively small and the headway of the bus is very long (> 2 hours) so
that when the bus arrives, all the passengers at the stop will get on the bus (the stop
has become empty). Thus, the total number of respondents to our questionnaire is the
same as the total number of passengers on the day we conducted the on-board
survey, which was 137 people.

2. Review:
In the added discussion about mix-used entropy, the authors claim that "the positive
sign described its influence direction is linear as if we increased the X4 value, it will
increase the accessibility and vice versa." Is it certain that the effect from Y back to X4
also holds?
Response:
Thank you for pointing this out. We were negligent in writing the discussion and forgot
that the regression does not work that way. In this paper, we do not observe the
influence of the independent variable (Y) on the dependent variable (X). So we do not
know the certain effect from Y to the X4, and we should not explain it (by vice versa).
Therefore we revised it (Ln. 497 Page 14).

3. Review:
"Data" is a plural noun, while the authors mis-used it as a singular noun at several
locations, for example, Ln. 295, Page 8 and Ln. 341, Page 9.
Response:
Thank you for pointing this out. We agree that we mis-used "Data” in singular nouns at
several locations. Therefore we revised it.
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Abstract 28 
 29 

Bus Rapid Transit (BRT) has advantages over rail-based systems as a public transportation system. 30 

The ease of implementation and low investment costs attract many cities to develop BRT systems, 31 

including Banjarmasin, Indonesia. Banjarmasin currently has eight BRT stop points that reach only 32 

two sub-districts out of five. The limited range of BRT stops within the city can affect the level of 33 

accessibility of the BRT system. The accessibility of the transit system itself can be seen from the 34 

number of daily passengers. This study aims to analyze the criteria that affect the level of 35 

accessibility of the BRT stops in the study area and then compile a model based on significant 36 

criteria. Previous literature on accessibility modeling shows varied methods and approaches. In 37 

this study, the system accessibility was measured using the composite method and modeled using 38 

Geographically Weighted Regression (GWR), which is a relatively new approach. The results 39 

show that seven criteria affect the level of accessibility of the BRT stops. The model was first built 40 

mathematically using OLS. Then, GWR analysis was accomplished on spatial variables, resulting 41 

in a higher significance model. Furthermore, the GWR produces a visual-spatial model and 42 

performs simulation and sensitivity tests to make the research purpose more informative. The 43 

spatial criteria for the accessibility of the BRT stop locations in the model include the distance of 44 

stops to the road intersection, mix-use entropy index, population density, and land value. 45 

 46 

Keywords: BRT; GWR; Accessibility model; Transit accessibility; System accessibility 47 

 48 

Highlights 49 
 50 

 Composite measurement of accessibility can perform more effectively with GWR. 51 

 GWR performance on spatial variables results in a higher significance model. 52 

 The Mix-used entropy index criteria have the most significant influence on BRT accessibility. 53 

 Network Dataset can overcome the high demand for data on accessibility modeling. 54 

 GWR Simulation produces a visual-spatial model that easy-to-understand.  55 



3 

 

1. Introduction 56 
 57 

Accessibility plays an essential role in a public transportation system. There is awareness 58 

of big cities facing the problem of limited provision of transportation infrastructure. However, the 59 

demand growth for transportation is continuously increasing to infinity. Hence, cities were 60 

challenged to develop public transportation systems with high accessibility, including Mass Rapid 61 

Transit (MRT), Light Rail Transit (LRT), and Bus Rapid Transit. (BRT). BRT has advantages in 62 

faster implementation, lower costs, and greater strategic effect than rail-based systems (ITDP-63 

Indonesia, 2018). 64 

The existence of public transportation in Banjarmasin such as the minibus taxi or "angkot" 65 

experienced a drastic decline both in terms of the number of passengers and fleet. Angkot in its 66 

operational service does not have a fixed stop. Their system is confusing because we can get on 67 

and get off whenever or wherever we want. To get in the angkot, we just need to stand at the 68 

roadside and wave our hands to the driver. Furthermore, private transportation has increased by 69 

10 % yearly and is not proportional to road capacity growth. Existing public transportation only 70 

has a percentage of 3.12 % of the total traffic movement in Banjarmasin. One of the causes of this 71 

condition is that the existing public transportation conditions are uncomfortable and unattractive 72 

(Radam, 2018). 73 

The ineffectiveness of the previous system has led to the Government's initiation to develop 74 

a BRT system with an advantage in lower cost and faster implementation. The Banjarbakula BRT 75 

system is planned to serve at a metropolitan scale across two cities and three districts. The 76 

operation of Banjarbakula BRT in Banjarmasin area currently serves Banjarmasin-Banjarbaru 77 

round trips with eights BRT stops within Banjarmasin. In terms of spatial distribution, the locations 78 

of BRT stops in Banjarmasin are only in the districts of East Banjarmasin and Central Banjarmasin. 79 

The BRT stops are not reached the activity centers in the northern, western, and southern parts of 80 

Banjarmasin. 81 

Recognizing the BRT limitation, The Trans-Banjarmasin feeder under different 82 

management initiated to connect areas that the Banjarbakula BRT had not reached. However, this 83 

feeder uses the existing stop points belonging to the angkot. The problem is that the stop points 84 

belonging to angkot are already abandoned because users can get on and off whenever or wherever 85 

they want. There is a question about the accessibility of the angkot stop point that is not yet known, 86 

and no further study to integrate it into the BRT system. 87 

For reference, the TransJakarta BRT system allows feeder buses to pick up passengers 88 

without stopping at designated stops and has many flexible routes. However, the area of activity 89 

centers is still supported by the trunk system of TransJakarta (Fitriati, 2010). In the case of 90 

TransMilenio Bogota, one of the accessibility criteria is travel time by walking to stops affects the 91 

quality of the BRT system, which can increase the value of an area in urban (Munoz-Raskin, 2010). 92 

Based on the background above, the main problem is that the development of BRT systems 93 

in the study area has not yet considered accessibility a critical factor in the transit system. The re-94 

use stop location of previous public transportation that in fact failed to attract users needs 95 

evaluation and further study of its accessibility. Two research questions can be formulated. First, 96 

what are the criteria that affected the accessibility of the BRT stop locations. Second, where is the 97 

BRT stop's location that meets the criteria of accessibility to develop in the study area. The research 98 

objectives are to know the criteria that affect the accessibility of the BRT stop location and develop 99 

models and simulations of BRT stop locations with high accessibility criteria in the study area. In 100 

the first section, the background and objectives of the research will be explained. The second 101 
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section contains related literature references, and the third section will explain the methodology 102 

used. The fourth section describes the results and discussion, which closes with the conclusion in 103 

the fifth section. Furthermore, Geographically Weighted Regression (GWR) was expected to 104 

produce a more significant and informative model to answer the research questions. 105 

 106 

2. Literature Review 107 
 108 

2.1.  The Measurement of Transit Accessibility 109 
 110 

 In public transportation, there is a definition of accessibility which includes the choice of 111 

modes. Transit accessibility is an accessibility approach that is more specific in measuring the 112 

level of accessibility of the urban transportation system, especially the public transportation system 113 

to the pedestrian system. Transit accessibility emphasizes the point of view of service users (transit 114 

users) in utilizing the existing transit system. These users generally have their own considerations 115 

of accessibility parameters that they think are in accordance with their wishes, such as travel time, 116 

number of transfers, costs/fares, etc. Transit accessibility modeling can be divided into system 117 

accessibility, system-facilitated accessibility, and integral accessibility (Malekzadeh and Chung, 118 

2019). The illustrations can be seen in Figure 1. 119 

 120 

 121 
 122 

Fig. 1. (a) system accessibility, (b) system-facilitated accessibility, (c) integral accessibility 123 

 124 

Systems accessibility deals with physical access to the public transit network, estimating 125 

how easy it is for a person to reach public transit stops using different travel modes or first-mile. 126 

Systems-facilitated accessibility measures a traveler's ability to reach an opportunity by 127 

incorporating the travel time or cost spent in the transit network. Integral accessibility is associated 128 

with measuring overall access to a number of possible destinations, revealing how easy it is for 129 

the resident to travel from an origin to opportunities using public transit (Lei and Church, 2010) 130 

and (Mavoa et al., 2012) as cited in (Malekzadeh and Chung, 2019). In this study, as the BRT 131 

system is in an earlier stage, the output model is optimized for planning the system accessibility. 132 

In planning a public transportation system, access to the transit system is one of the main factors 133 

as important as the quality of the transit system (Mavoa et al., 2012).  134 

There are challenges in developing transit accessibility models, and a review of previous 135 

studies from (Malekzadeh and Chung, 2019) shows varied methods and approaches. In terms of 136 

measurement of system accessibility, there are distance-based, gravity-based, and utility-based 137 

models (Malekzadeh and Chung, 2019). The distance-based model is the simplest method in transit 138 

accessibility as it simply incorporates the distance from a given origin to different opportunities 139 

into the model. Some studies have proposed simple straight-line (Euclidean) distances, while 140 
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others have proposed complicated impedance formulations for weighting the distance to 141 

opportunities (Geurs and van Wee, 2004) and (Makrí and Folkesson, 1999), as cited in 142 

(Malekzadeh and Chung, 2019). The gravity-based models propose a weight to opportunities 143 

representing their attraction and apply an impedance value (decay function) to reflect their distance 144 

from the origin (El-Geneidy and Levinson, 2006). The utility-based models are defined based on 145 

the "logsum" expression of a random utility model, in which the probability of an individual 146 

making a particular choice is related to the utility of all available choices (Ben-Akiva et al., 1985) 147 

as cited in (Malekzadeh and Chung, 2019). However, the model with distance-based measurement 148 

can not capture the subjectivity in travel behavior. The gravity-based has some points of weakness 149 

that are similar to the distance-based. These models have difficulty calibrating their decay 150 

functions to capture traveler behavior for accessing transit services (Malekzadeh and Chung, 2019).  151 

The utility-based is incorporated individual traveler preferences as part of the accessibility 152 

measure. This measure imitates human choice since the attractiveness of each destination is 153 

included. It is based on the economic benefits that people derive from accessing certain activities. 154 

This measure has several advantages, yet its complexity and data intensity are the main barriers to 155 

implementing it (El-Geneidy and Levinson, 2006). Therefore, applying utility models which 156 

consider all the benefits that travelers can gain from the choice of destination or land-use supply 157 

can provide a more accurate estimation of transit accessibility from the transit user's perspective 158 

(Malekzadeh and Chung, 2019). The BRT system in the study area is at an earlier stage and only 159 

has eight stop locations, we doubt the distance-based or gravity-based model is enough to simulate 160 

further development. Instead, we noticed the advantage of the utility-based model that can help 161 

explain the "subjective choice" of the users on their first transit system. It is supported by the fact 162 

that the previous public transportation angkot has been abandoned because conditions are 163 

uncomfortable and unattractive, although angkot has an advantage in terms of flexibility of stop 164 

locations. 165 

Composite Accessibility Measure (Miller, 1999) as cited in (El-Geneidy and Levinson, 166 

2006) is the combined distance-based and utility-based measures in one measure. However, this 167 

approach introduces a higher level of complexity where time constraints are superimposed and 168 

requires more data that utility-based and accordingly generalizing it for usage is not an easy task. 169 

To get the advantage both of an objective view of distance-based and a subjective view of utility-170 

based measure, we realize the composite measurement is the most suitable in the study area. To 171 

help the complexity measurement of composite models, we found that GWR is suitable for dealing 172 

with the complex correlation of accessibility criteria on spatial-based data. 173 

The shortcomings in measuring accessibility are indications of influential criteria that can 174 

cover all aspects of spatial to urban socio-economic, which require quite a lot of data and high 175 

computing in the modeling (Liu and Zhu, 2004). To overcome this combined data collection 176 

method is used. First, an on-board survey was conducted to get detailed field data. The survey 177 

begins with a surveyor boarding a BRT at the origin. While the BRT is traversing its route, the 178 

surveyor records the time of movement. The surveyor also records the number of passengers 179 

boarding or alighting the BRT at certain points along the route. Therefore, it would comprise the 180 

time the BRT moved or stopped and the number of passengers who boarded and alighted the 181 

vehicle at a point along the route. The survey terminates once the BRT reaches its end destination 182 

(Abad and Fillone, 2014).  183 

Field data are verified and combined using crowdsourced data such as Openstreetmap 184 

(OSM). The use of crowdsourcing data in the field of transportation engineering could help with 185 

complex modeling that requires temporal and spatial data (Kumarage, 2018). Several studies have 186 
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found that, compared to data from sources such as NMAs, OSM has attained a very high and 187 

mature level of completeness and spatial accuracy for various regions of the world (Dorn et al., 188 

2015) as cited in (Antoniou, 2017).  189 

Data collection results are managed in the form of the Road Network Dataset or Network 190 

Dataset. A network dataset is an abstract representation of the components and characteristics of 191 

transportation networks in the real world. One of the technological developments in modeling 192 

objects spatially is the GIS which has a spatial analysis approach to transportation networks called 193 

network analysis. In carrying out the network analysis, data in the form of an accurate road network 194 

dataset is needed (Sadeghi-Niaraki et al., 2011). ArcGIS is one of several software tools that can 195 

build, analyze and manage network datasets through network analysis tools. There are several 196 

preparing protocols to convert OSM data into ArcGIS Network Dataset. We can not import OSM 197 

data directly into ArcMap or convert OSM format (.osm) to ESRI Shapefile (.shp). Importing OSM 198 

data directly into a network dataset without preparation can reduce the data quality. This 199 

conversion process results in data loss, which leads to an incorrect representation of road networks, 200 

particularly at intersections (Masoud and Idris, 2018). 201 

 Several previous studies attempted to construct a system accessibility model. (Malekzadeh 202 

and Chung, 2019) conducted a review of research on modeling the accessibility of modern public 203 

transportation, including BRT. Several models of accessibility of transit systems, such as Public 204 

Transport Accessibility Level (PTAL) by (Hammersmith and Fulham, 1992), Ideal Stop 205 

Accessibility Index (ISAI) and Actual Stop Accessibility Index (ASAI), Stop Coverage Ratio 206 

Index (SCRI) by (Foda and Osman, 2010, 2008) for example, has the same objective to capture 207 

system accessibility using a distance measurement. Another different approach in system 208 

accessibility modeling using utility-based measurement is the Environmental Transit Accessibility 209 

Index (ETAI) developed by (Rastogi and Krishna Rao, 2003) and (Rastogi and Rao, 2002), which 210 

is based on the subjective choice of stops by passengers. However, most previous studies in system 211 

accessibility modeling attempt to evaluate the existing system already developed in their study 212 

area. This study had a different purpose as the model was obtained for planning a new optimized 213 

system. Besides, GWR had an advantage in the enormous scope of criteria measurement in 214 

composite method, visual-spatial model output, and simulation, which is a relatively new approach. 215 

 216 

2.2. Geographically Weighted Regression (GWR) in transportation-related studies 217 
 218 

GWR was the development of a regression model in which each parameter was calculated 219 

at each location point, so each geographic location point had a different regression parameter value. 220 

The GWR model was a development of the global regression model where the basic idea was taken 221 

from non-parametric regression (Mei et al., 2006). The GWR mathematical model can be seen in 222 

Equation (1). 223 

 224 
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 226 

Where (ui, vi) are the coordinates of the i point and βk(ui, vi) is the result of the continuous 227 

function βk(ui, vi)xik at the point i, making a surface of the parameter estimates showing any spatial 228 

variability. GWR can perform using a fixed and adaptive kernel approach and bandwidth 229 

optimization using Cross-Validation (CV) and Akaike Information Criterion Corrected (AICc) 230 
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methods. The output significance values can compare to finding optimum models (da Silva and 231 

Mendes, 2018). 232 

 Before performing the GWR regression analysis, a global regression model must be built first. 233 

According to ESRI (https://desktop.arcgis.com), a simple Ordinary Least Square (OLS) is 234 

recommended to be built first. Previous research using GWR (Zhou et al., 2019) performed OLS 235 

to remove any outliers and compared their significance. The significant model for OLS can be 236 

determined using several methods. One of them is using best subset regression by comparing 237 

adjusted R2 and Cp-Mallows values. Mallows proposed the Cp-Mallows criterion in 1972, where 238 

Cp minimum statistics are considered the best model (Hocking and Leslie, 1967). Another 239 

reference is that the best model based on Cp was the model with the closest Cp value to the number 240 

of variables in the model (Hanum, 2011). The Cp-Mallows value was calculated by Equation (2). 241 

 242 
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Where p is the number of variables in the regression, RSS is the residual sum of squares for 245 

the particular p-variate regression being considered, and ά2 is an estimate of α2, frequently the 246 

residual mean square from the complete regression. Moreover, the spatial autocorrelation (Global 247 

Moran's I) for each spatial criteria needs to check to see a spatial dependency using Equation (3). 248 
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 251 

Where zi is the deviation of an attribute for feature i from its mean (xi – x̄), wi,j is the spatial 252 

weight between feature i and j, n is equal to the total number of features, and S0 is the aggregate 253 

of all the spatial weights. Several previous studies applied GWR in transportation-related studies, 254 

specifically in the accessibility of the BRT-related system. For reference, (Yang et al., 2020) 255 

researched accessibility and proximity effects of the BRT corridor on housing prices in Xiamen 256 

Island, China, resulting in BRT accessibility premiums and proximity penalties simultaneously 257 

exist in the housing market, and the BRT effect on housing prices is spatially heterogeneous. 258 

Furthermore, the output of GWR has more significant results than global regression. A similar 259 

approach on hedonic price models (Zhang et al., 2020) investigated the connection between the 260 

accessibility of the open-system BRT network and property values in Brisbane, Australia. Using 261 

an improved model of GWR called the Geographically Weighted Generalized Linear model 262 

(GWGLM) that specifically justifies the calibration for individual variables. However, although 263 

using a similar method and objective, the purpose of their study is different as it finds the 264 

connectivity of BRT accessibility and land/property value or hedonic price models. 265 

 266 

2.3. The Accessibility Criteria of BRT Stop locations 267 
 268 

The accessibility criteria of BRT stop locations or system accessibility can extend from the 269 

measurement method. In this study, the composite measurement method is used. Thus, the criteria 270 

with an objective view from distance-based measurement and a subjective view from utility-based 271 

measurement can be involved. In the distance-based system accessibility modeling, several factors 272 
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influence the location of the bus stop, including the travel time by walking to the bus stop (Foda 273 

and Osman, 2010, 2008), waiting time at the bus stop, and population density around the bus (Zhao 274 

et al., 2003), (Polzin et al., 2002) as cited in (Malekzadeh and Chung, 2019). In the urban scale 275 

and using a GIS environment (Stewart, 2014) identify these factors of accessibility, such as travel 276 

time, reliability, availability of mode interconnection, and cost. 277 

 Accessibility of BRT is generally defined physically and can be measured globally as a 278 

person's travel time from origin to destination using the BRT system. Accessibility criteria 279 

themselves globally can include costs or fees, passenger comfort, security, convenience, etc. 280 

However, physical accessibility criteria are essential, although they do not describe globally. The 281 

criteria for physical accessibility are walking time, which is measured by calculating the walking 282 

speed assumption of 4.39 km/h (National Research Council (U.S.). Transportation Research 283 

Board., 2000) as cited in (Rodriguez and Targa, 2004). 284 

 Institute for Transportation and Development Policy (ITDP) published on The BRT 285 

Standard 2016 indicates the exact location of a station is highly site-specific. The goal is to make 286 

the station as easy to access as possible and close to nearby origins and destinations as possible 287 

(Wright and Hook, 2007). Another criteria for the stop is waiting time, which is influenced by the 288 

headway in the design of the BRT system. Waiting time is an important factor that determines the 289 

overall quality of BRT. In developed countries, the ideal waiting time for buses is 5 – 10 minutes, 290 

with a maximum tolerance in the range of 10 – 20 minutes (Meakin, 2004). In some literature 291 

regarding the evaluation of BRT shelter locations, land price or land value is one of the indicators. 292 

For example, Transmilenio Bogota, with a walking distance of > 5 minutes from the BRT stop, 293 

can reduce land values (Rodriguez and Targa, 2004). 294 

 Mix-used entropy index is a method that quantifies the land-use model, which is that the 295 

more mixed types of land-use in one area can improve active transport viability (Handy, 2005) as 296 

cited in (Gehrke and Clifton, 2019). Mix-used entropy has a close relationship with accessibility, 297 

which is an interaction that occurs between the components of land-use and transportation. An 298 

area where the mix-use entropy index is high logically will also have a high accessibility value. 299 

Mix-use entropy index calculated using Equation (4). 300 

 301 
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 303 
 Where Ei is the mix-used entropy index, Aij is a comparison between land-use area i and 304 

total land-use area (j). N is the number of types of land-use in j. Another reference for accessibility 305 

criteria that is quite detailed in setting the position of the stop is The BRT Standard issued by ITDP. 306 

The minimum location of the bus stop is 26 m and ideally 40 m from the intersection. The distance 307 

between stops is not too far between 300 m to 800 m, with the most optimal distance between 308 

stops being 450 m (ITDP, 2016). We try to incorporate these site-specific criteria from the BRT 309 

standard, as it distance-based measurement and has a development impact on planning the new 310 

location of BRT stops. 311 

Some references in utility-based criteria (Hsiao et al., 1997) analyze transit pedestrian 312 

accessibility using GIS and highlight a strong relationship between transit service ridership and 313 

walking access to transit services. Another reference is (Gan et al., 2005) proposed a system 314 

accessibility model using the Florida Transit Geographic Information System (FTGIS). 315 

Accessibility in this model is defined by the number of people served in the transit catchment area, 316 

a three-quarter mile buffer zone around the transit stops. A composite measurement method of 317 
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accessibility conducted by (Irmawandari and KDME Handayeni, 2019) using a walk and ride 318 

accessibility index on a rail-based local train in Surabaya, Indonesia, resulted in a high positive 319 

correlation of 0.99 between the number of passengers and accessibility index. These previous 320 

studies concluded that the number of passengers in utility-based measurement is the closest 321 

indicator to capturing transit accessibility. Another reason is that the output of the regression model 322 

can easily understand if the number of passengers becomes the dependent variable. This study 323 

aims to plan a new transit system that we hope can maximize the users of the transit system. Based 324 

on the literature review and previous studies related to the accessibility criteria for the location of 325 

the BRT stop, several variables synthesized can be seen in Table 1. 326 

 327 

Table 1 328 

Synthesized Variables 329 

 330 
Literature Variables Measurement  Symbol 

(Hsiao et al., 1997), (Gan et al., 2005), (Irmawandari 

and KDME Handayeni, 2019) 
Number of passenger (people) Utility-based Y 

(Polzin et al., 2002), (Meakin, 2004), (Stewart, 2014) Waiting time (minutes) Utility-based X1 

(ITDP, 2016) 
Distance of stops to the road 

intersection (m) 
Distance-based X2 

(ITDP, 2016) Distance between stops (m) Distance-based X3 
(Handy, 2005), (Gehrke and Clifton, 2019) Mix-used entropy index (index) Utility-based X4 
(Rodriguez and Targa, 2004), (Stewart, 2014), (Foda 

and Osman, 2010, 2008), (Malekzadeh and Chung, 

2019) 

Travel time by walking to 

stops/first mile (minutes) 
Distance-based X5 

(Malekzadeh and Chung, 2019) 
Total travel distance/origin to 

destination (km) 
Distance-based X6 

(Polzin et al., 2002), (Zhao et al., 2003), (Gan et al., 

2005), (Malekzadeh and Chung, 2019) 
Population density (people/km2) Utility-based X7 

(Rodriguez and Targa, 2004), (Stewart, 2014), 

(Malekzadeh and Chung, 2019) 
Travel cost (IDR) Utility-based X8 

(Wright and Hook, 2007), (ITDP, 2016) 
Potential trip generation/ADT 

(vehicle/day) 
Utility-based X9 

(Rodriguez and Targa, 2004), (Yang et al., 2020), 

(Zhang et al., 2020) 
Land value (IDR/m2) Distance-based X10 

 331 

3. Research Methodology and Data 332 
 333 

3.1. On-board survey 334 

   335 
The daily passenger data of BRT in the study area is not officially available. The BRT 336 

system is at an early stage and still uses manual ticketing as this research was conducted. The on-337 

board survey was performed to calculate the number of daily passengers at each BRT stop, as the 338 

data are needed for dependent variables in this study. The survey took the bus from the initial stop 339 

to the last stop in the study area and recorded the number of passengers on the bus, descending 340 

passengers, and boarding passengers. 341 

There are two round-trip BRT routes in the study area, with each stop having four arrivals 342 

scheduled daily. The number of passengers used for analysis is the total of boarding and alighting 343 

passengers at each stop. The survey begins within the first schedule at the initial Nol-kilometer 344 

BRT stop. As scheduled, the bus will arrive at 7:30 a.m. After passing within four bus stops, the 345 

first route ends at Km.6 bus stop. In the last stops of the first route, the surveyor transit to go back 346 

to Nol-kilometer and wait until the first bus arrived at the second route. After passing six bus stops, 347 



10 

 

the second route ends at the Nol-kilometer stop. The survey continued on the following bus 348 

schedule until the last schedule, estimated at 4:00 p.m. However, there is no reliable bus schedule 349 

at each stop. The officially published schedule is just the first and last departing time at the initial 350 

bus stop. The on-board survey is the initial data collection used to find the number of passengers 351 

variables. The route of the on-board survey can be seen in Figure 2. 352 

 353 

 354 
 355 

Fig. 2. On-board survey route 356 

 357 

3.2. Questionnaire 358 
 359 

Questionnaires were distributed to passengers during the on-board survey on the bus. 360 

However, it is quite difficult for passengers to fill out questionnaire forms during the trip, 361 

especially for passengers with short distances. So we do more direct interviews and help fill out 362 

the questionnaire form. We ensure the bus passengers get the questionnaires before descending 363 

and after boarding. Thus, the number of passengers within the on-board survey is the same as the 364 

number of respondents. This method is possible because the number of passengers is relatively 365 

small and the headway of the bus is very long (> 2 hours) so that when the bus arrives, all the 366 

passengers at the stop will get on the bus (the stop has become empty). Data from the questionnaire 367 

included passenger gender, job, age range, and travel purpose with anonymous identity for an 368 

overview. However, the essence of the questionnaire question is to answer the variable conditions. 369 

The questionnaire is used to find the waiting time (X1), the passenger's origin point before 370 

boarding to BRT stop, and the destination (O-D). Another question is the mode that passengers 371 

used to BRT stop (first-mile) and leaving BRT stop (last-mile) and their travel cost (X8). However, 372 

because the BRT cost is flat, we notice the key difference in cost is at their first-mile and last-mile. 373 

The origin and destination (O-D) point of passengers can be converted into a spatial database that 374 

is used to draw other variables like travel time (X5) and travel distance (X6) using a network dataset. 375 

Other variables such as the Mix-used entropy index (X4), Population density (X7), Land value 376 

(X10), and Potential trip generation (X9) are compiled using combined O-D and secondary data. 377 

 378 

3.3. Secondary and crowdsourced data 379 
 380 

 Secondary data were previously available data collected from indirect sources. Several 381 

secondary data were obtained in this study, including from government agencies such as land-use 382 

data, road classes, and related regulations. In addition to compiling road network datasets and 383 

verifying variables such as travel time, data sourced from passive crowdsourcing was also used in 384 

this study, including OpenStreetMap (OSM). ArcGIS Editor for OpenStreetMap is an ArcMap 385 

tool that supports using OpenStreetMap data inside ArcGIS. The tools can load .osm files, apply 386 

symbology, contribute data back to OSM, and create a network dataset from OSM data.  387 

From a network dataset, variables such as distance of stops to the road intersection (X2) and 388 

distance between stops (X3) can be drawn. The O-D data of passengers can be converted into a 389 

point using geolocation services such as Google Maps API and validated data variables from 390 

questionnaires such as travel time (X5) and travel distance (X6). Another variable validated from a 391 
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network dataset is travel cost (X8) by assumed distance and mode used. An overlay of a network 392 

dataset with land-use characteristics such as land value, potential trip generation, and the mix-used 393 

entropy index can give robust data. 394 

 395 

3.4. Data preparation 396 

  397 
  This paper uses OLS to get significance criteria and perform the classical assumption test 398 

to obtain a significant mathematical model. The significant model for OLS is determined using 399 

best subset regression by comparing adjusted R2 and Cp-Mallows values.  400 

Classical assumption tests were conducted on the model, such as the heteroscedasticity test, 401 

autocorrelation test, multicollinearity test, and the normal distributed test for residuals. The global 402 

model result possibly contains non-spatial variables. The non-spatial variables were variables that 403 

do not have geolocation information in their data and can not include in spatial analysis, such as 404 

GWR. As for getting the spatial analysis unit, the study area within the administrative boundaries 405 

was divided into a grid of 100 m x 100 m. The grid division resulted in 10246 units with a total 406 

area of 10246 x (100 m x 100 m) = 102.46 km2. The OLS performed again on spatial variables and 407 

the classical assumption test to get a global regression model.  408 

The simulation of the GWR model in the study area was performed by considering the 409 

parameters in the GWR output, such as the condition value, standard error, local R2, and the 410 

resulting predicted Y value. Furthermore, the sensitivity test was conducted by configuring 411 

variables spatially to see changes in the model, especially variables directly related to the operation 412 

of the BRT. The flowchart of this research methodology can be seen in Figure 3. 413 

 414 

 415 
 416 

Fig. 3. Research flowchart 417 

 418 

4. Results and discussion 419 
 420 

4.1.  The global regression model 421 

 422 
The on-board survey counted boarding and alighting passengers from eight BRT stops, 423 

resulting in total 137 passengers using BRT in a day within the study area. Nol-kilometer stop as 424 

the initial stop located downtown and surrounded by the commercial, office complex, and 425 

recreation land-use has the highest number of passengers. However, the lowest usage is at 426 

Sudimampir stops, although it is located in downtown and commercial area. This phenomenon 427 

slightly shows the influence of criteria that are quite broad and interesting to be analyzed further. 428 

The number of passengers at each stop can be seen in Figure 4. 429 

 430 
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 431 
 432 

Fig. 4. The number of passengers (On-board survey on February 27, 2021) 433 

 434 

Using ArcGIS, a network dataset is built based on downloaded OSM data. As we compared 435 

the OSM, local government road data, and satellite imagery, OSM has more detail and reached 436 

1091.86 km total road length compared to 790.13 km of local government data. We check the 437 

validity of network attributes such as one-way protocols, speed limit, intersection signal, U-turn 438 

restriction, etc. It will impact the calculation of travel distance and time. The O-D data of 439 

passengers from the questionnaire were converted into geolocation and plotted into a network 440 

dataset. We can see the distribution of passengers for each bus stop and plot the possible route 441 

passengers take to go to BRT stops using the combined fastest and shortest route method.  442 

From the geolocation O-D, we can see that the distribution of passengers in the study area 443 

can reach far, with the farthest distance being 6 km. However, there is diversity in the mode 444 

passengers use to reach or leave BRT stops, as the farthest passengers use a car and motorcycle, 445 

and the shortest distance is just by walking. To equalize this, we convert the distance to walking 446 

time using a 4.39 km/h standardized walking speed (National Research Council (U.S.). 447 

Transportation Research Board., 2000). The plotted O-D data can be seen in Figure 5. 448 

 449 

 450 
 451 

Fig. 5. The passenger's O-D and BRT stop locations. 452 

 453 

The distance-based variables such as distance of stops to the road intersection (X2) and 454 

distance between stops (X3), and land-use characteristic variables such as Mix-used entropy index 455 

(X4), Population density (X7), Potential trip generation (X9), and Land value (X10) can be 456 

calculated based on grid unit. Then variables condition at each bus stop and passenger's O-D point 457 
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can be extracted for OLS analysis. Spatial variables can be calculated based on grid units, as shown 458 

in Figure 6. 459 

 460 

 461 
 462 

Fig. 6. Spatial Variables (From left to right: X2, X4, X7, X9, X10) 463 

 464 

The results of OLS regression simultaneously on all variables showed that only three 465 

variables rejected the null hypothesis with a p-value > alpha 0.05 out of a total of 10 predictive 466 

variables. In addition, several variables with high Pearson correlation values (> 0.5) also failed to 467 

reject the null hypothesis. Thus, optimizing the model using the best subset regression by 468 

comparing the adjusted R2 and Cp-Mallows values on all possible paired variables was necessary. 469 

The model selection results with the best subset regression can be seen in Table 2 (selected models 470 

in bold and italic). 471 

 472 

Table 2  473 

Best Subset Regression Results 474 

 475 
Variables Adjusted R² Cp-Mallows 

X9 0.383 167.363 

X9 / X10 0.632 89.252 

X6 / X9 / X10 0.848 29.821 

X1 / X6 / X9 / X10 0.869 23.853 

X2 / X3 / X7 / X8 / X10 0.919 12.764 

X1 / X2 / X3 / X6 / X7 / X10 0.942 8.907 

X1 / X2 / X3 / X4 / X6 / X7 / X10 0.964 6.018 

X1 / X2 / X3 / X4 / X5 / X6 / X7 / X10 0.963 7.449 

X1 / X2 / X3 / X4 / X5 / X6 / X7 / X9 / X10 0.959 9.150 

X1 / X2 / X3 / X4 / X5 / X6 / X7 / X8 / X9 / X10 0.952 11.000 

 476 

As the rule of best subset, the maximum adjusted R2 and the minimum Cp-Mallows value 477 

were selected as the best model. Three variables were eliminated in the selected model as it failed 478 

to reject the null hypothesis (p-value < alpha 0.05). However, the selected variables in the best 479 

subset need to be statistically validated using the classical assumption test. The results of the 480 

assumption test can be seen in Table 3. 481 

 482 

Table 3  483 

Classical Assumption Test Result 484 

 485 
Test Output Interpretation 

Heteroscedasticity p-value = 0.231 or > 0.05 Residuals were homoscedastic 

Autocorrelation p-value = 0.523 or > 0.05 No autocorrelation in the residual 

Multicollinearity VIF value < 10 No multicollinearity between independent variables 

Normality p-value = 0.623 or > 0.05 Residuals were normally distributed 
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Based on the OLS and classical assumption test results, the criteria for the accessibility 486 

model of BRT stop locations in the study area include waiting time (X1), the distance of stops to 487 

the road intersection (X2), the distance between stops (X3), mix-use entropy index (X4), travel time 488 

by walking to stops/first mile (X6), population density (X7) and land value (X10). The global 489 

regression model can be seen in Equation (5). 490 

 491 

1 2 3 4 6 7 10Y –20.198 0.229X – 0.040X 0.005X 5.292X – 0.159X 0.00045187X 0.00000893X       (5) 492 

 493 

 As we can see from the mathematical model, the mix-used entropy index (X4) has the 494 

highest coefficient with a positive sign. It can be interpreted that the mix-used entropy index has 495 

the most significant influence in describing the number of passengers as it means the BRT stop 496 

locations accessibility. The positive sign described its influence direction as linear; if we increased 497 

the X4 value, it would increase accessibility. We can look back to the data, as the location of the 498 

Nol-kilometer stop is surrounded by multiple land-use at downtown, with the highest number of 499 

passengers. The lowest coefficient is the land value (X10). Although it has a positive sign, we can 500 

assume that as the BRT development in the study area is at an earlier stage, it has not yet had a 501 

strong impact on land values.  502 

 The variable with a negative coefficient is the distance of stops to the road intersection (X2). 503 

As we do not expect it, this phenomenon can explain the nature of the utility-based variable. The 504 

passengers are more prefer the stop location near the road intersection. Theoretically, the 505 

intersection is the nodes of the road network that have more accessibility, although it had a negative 506 

impact on BRT's operations. The negative sign for total travel distance/origin to destination (X6) 507 

is reasonable. As far as the travel distance, the accessibility decreased. This result explains that the 508 

passenger prefers short-distance travel using BRT. 509 

The potential trip generation (X9) is failed to reject the null hypothesis and not included in 510 

the model. As the data are based on the assumption of average daily traffic of land-use 511 

characteristics, we do not expect it to be rejected. However, we assumed that the land-use 512 

characteristic in the study area has a weak relationship with the traffic generation assumption. 513 

 514 

4.2.  The GWR model 515 
 516 

The spatial model of BRT stop locations was built using GWR. However, the global 517 

model's OLS result includes non-spatial variables that could not be arranged into grid cells, such 518 

as the waiting time (X1) and the distance between stops (X3). The GWR model was built based on 519 

spatial variables, including the number of passengers (Y), the distance of stops to the road 520 

intersection (X2), mix-use entropy index (X4), population density (X7), potential trip generation 521 

(X9) and land value (X10). The OLS was performed on the spatial variables to get the global model. 522 

The output was relatively similar to non-spatial included OLS, where the X9 variable failed to 523 

reject the null hypothesis. However, the global model significance or adjusted R2 decreased to 524 

0.861 from 0.964 because of the missing non-spatial explanatory variables. The global model of 525 

spatial variables can be seen in Equation (6). 526 

 527 

2 4 7 10Y –9.688 – 0.016X 27.088X 0.00028X 0.0000048X     (6) 528 

 529 

Before GWR was performed, the spatial autocorrelation (Global Moran's I) was conducted 530 

to see each variable's spatial dependency. Using ArcGIS, the test results showed the index value 531 
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of each of these variables > 0.05, p-value < 0.01. The critical value (z-score) of each variable was 532 

greater than 2.58. There is less than a one percent likelihood that the clustered pattern results from 533 

random chance, which indicates a spatial dependency for all variables. Tobler's first law of 534 

geography can interpret these results, "Everything is related to everything else, but near things are 535 

more related than distant things."  536 

GWR analysis was performed using ArcGIS and considering the parameters in the GWR 537 

output, such as the condition value, standard error, local R2, and the resulting predicted Y value. 538 

There are several kernel approaches and bandwidth optimization in GWR, as we compare fixed 539 

and adaptive kernel and bandwidth optimization with AICc and CV. Based on the global model, 540 

we assumed the adaptive kernel has more advantage in maximizing their model significance by 541 

looking at high variance in data variable and distance location of each BRT stop. However, 542 

comparing the parameter's output is the best approach to selecting the model. The parameters 543 

output of GWR can be seen in Table 4. 544 

 545 

Table 4  546 

Parameter of Output GWR 547 

 548 
Parameter Fixed AICc Fixed CV Adaptive AICc 

Bandwidth 2711.97 52,94 - 

Residual Squares 11.683 32.56 6.432 

Effective Number 6.504 5.005 7.107 

Sigma 2.795 3.297 2.684 

AICc -7,631,30 130.2 -133.70 

R2 0.978 0.939 0.988 

R2 Adjusted 0.897 0.857 0.905 

 549 

The bandwidth used in Fixed AICc is 2711.97 m and based on the distance of each BRT 550 

stop location, it can reach the location of the neighboring BRT stop. However, in Fixed CV the 551 

bandwidth distance is relatively small at 52.94 m, and it could not reach the neighboring location. 552 

The adaptive AICc has no bandwidth output information as the bandwidth value is adjusted in 553 

every stop location until it reaches its neighbor. Based on the adjusted R2 value, the AICc 554 

bandwidth optimization has better significance, and as the AICc finds the optimum AIC value, it 555 

has the smallest AICc output over CV. The adaptive kernel resulted in the highest adjusted R2, 556 

although Fixed AICc has the smallest AICc output. The chosen model is the adaptive AICc as it 557 

has more advantages of simulation in the study area with an adjusted bandwidth value. The chosen 558 

GWR model can be compared with a global model of the spatial variable before, resulting in GWR 559 

having a significant value that can be seen in Table 5. 560 

 561 

Table 5  562 

Significance of global model and GWR model 563 

 564 
Parameter  OLS Regression (Best subset) GWR (Adaptive AICc) 

R2 0.940 0.988 

Adjusted R2 0.861 0.905 

AIC 21.017 -133.700 

 565 

Based on key output parameters, the GWR has a higher adjusted R2 and smallest AIC. This 566 

result explains that the accessibility model of BRT stop locations has spatial influence that can be 567 

better explained in GWR than in the global model. Furthermore, GWR produced a local regression 568 
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model at each BRT stop location with different values that consider each location's variable 569 

conditions, as seen in Table 6. 570 

 571 

Table 6 572 

A local model of GWR 573 

 574 
BRT Stop Locations Local Model of GWR 

Nol-Kilometer Y = -10.189 - 0.024 X2 + 19.531 X4 + 0.0007 X7 + 0.000002 X10 

RS-Ulin Y = -9.607 - 0.024 X2 + 18.533 X4 + 0.0007 X7 + 0.000002 X10 

Golden-Tulip Y = -9.487 - 0.024 X2 + 18.344 X4 + 0.0007 X7 + 0.000002 X10 

Sudimampir Y = -9.947 - 0.024 X2 + 19.038 X4 + 0.0007 X7 + 0.000002 X10 

Polresta Y = -5.94 - 0.021 X2 + 14.882 X4 + 0.0007 X7 + 0.000001 X10 

Jasa-Raharja Y = -4.346 - 0.02 X2 + 16.039 X4 + 0.0003 X7 + 0.000005 X10 

KFC-A.Yani Y = -4.458 - 0.02 X2 + 16.129 X4 + 0.0003 X7 + 0.000005 X10 

Km.6 Y = -3.676 - 0.021 X2 + 13.636 X4 + 0.0003 X7 + 0.000006 X10 

 575 

4.3.  Model simulation and sensitivity 576 
 577 

The advantage of the GWR model is that it can be simulated through the study area and 578 

results in a visual-spatial model rather than only a mathematical model. The visual-spatial model 579 

can be better understood, and the location information is helpful in decision making, planning, and 580 

development of the new BRT corridor. Simulation performed using ArcGIS and chosen GWR 581 

model with adaptive kernel and AICc Bandwidth optimization. 582 

The simulation output has a parameter to consider. The output has 66 grid cells with 583 

condition values > 30. As a rule of thumb of GWR simulation, do not trust results for features with 584 

a condition number larger than 30, equal to Null or for shapefiles, equal to -585 

1.7976931348623158e+308 (https://desktop.arcgis.com). We eliminate that 66 grid cells from the 586 

output simulation. The standard error value tended to be greater in urban-periphery areas, as the 587 

location of BRT stops only in the downtown area. The model has low adaptation to variable 588 

conditions in urban-periphery areas. The local R2 value was in the range 0.84 – 0.99, where this 589 

value was above the average and significant (> 0.5). There was a predicted value in the negative 590 

range (-), so adjustments were made by eliminating the cells as the negative predicted value mean 591 

predicted number of passengers (Y). We considered that area had no accessibility value for BRT 592 

stop locations. The GWR simulation parameter output can be seen in Figure 7. 593 

 594 

 595 
  596 

Fig. 7. Simulation Output (from left to right: condition, std. Error, Local R2, and pred. value) 597 

 598 

For more informative results, the level of accessibility measured by the number of 599 

passengers or predicted Y could be classified into five classes: very low, low, moderate, high, and 600 
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very high. The classification was calculated using a natural breaks (Jenks) approach, as shown in 601 

Figure 8. 602 
 603 

 604 
 605 

Fig. 8. Accessibility Level of BRT Stop Locations 606 

 607 

From the model, we can see the BRT stop location with very high accessibility widespread 608 

on the arterial road of the study area. We can divide an area with very high accessibility into two 609 

clusters for corridor development. First is an area with a high potential for corridor development 610 

but lacks the main infrastructure such as pedestrian connectivity. The eastern part Sungai-Lulut is 611 

a suburban area growing rapidly due to low-priced housing development. On the main road 612 

corridor, there is also a supporting commercial area. However, as land-use grows rapidly, the 613 

development of transportation is inadequate. Where almost every peak hour, there is congestion 614 

due to private vehicles. The western part has potential through the HKSN road corridor. An 615 

alternate is through the Teluk-Dalam road corridor as it is connected with the port of Trisakti. 616 

However, the western corridor had a natural barrier development of the Barito River. The southern 617 

part has potential through a new ring road corridor, Basirih, and connected to Gubernur Soebardjo 618 

Ring-road. However, the ring road connection is still developing and has limited service. 619 

The second cluster is an area with a high potential for corridor development and has the 620 

main infrastructure such as pedestrian connectivity. The area in this cluster is the northern part 621 

through the Kayu-Tangi road corridor or Brigjen H.Basri road and the central area through the 622 

Gatot-Subroto road corridor. The northern area had high potential passengers from schools, 623 

universities, and office-complex and the Gatot-Subroto road corridor is a high-density commercial 624 

corridor. 625 

The sensitivity test of the model was performed by gradually intervening on variables. In 626 

this case, the distance of stops to the road intersection (X2) was chosen as it is directly related to 627 

BRT operations and is most realistic for spatial intervention. The simulation is performed by 628 

gradually increasing the distance of the BRT stop location from the road intersection. Based on 629 

the BRT standard, the minimum distance was 26 m, and the ideal was 40 m from the intersection. 630 

We choose three BRT stops: Golden-tulip, Sudimampir, and Polresta, as their existing location is 631 

below 26 m from the intersection. The sensitivity test parameters are in Table 7. 632 

 633 
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Table 7  634 

Sensitivity Test Parameters 635 

 636 
Parameter test Distance of X2 (m)  Grid Cell 

1st parameter 0 - 25 m No shift 

2nd parameter 25 - 50 m No shift 

3rd parameter 50 - 100 m Shift by 1 cell 

4th parameter 100 - 150 m Shift by 2 cells 

nth parameter +50 m Shift by n - 2 cells 

 637 

The output of this sensitivity test can be broadly seen in the predicted Y value. There has 638 

not been a significant change in the first and second parameters as the new location is still in the 639 

same grid cells and only the value of X2 changes. However, in the third parameter, there is an 640 

increase in accessibility at the three stops, but in the fourth parameter, there was a decrease in 641 

value at two BRT stops. The comparison of values at each bus stop can be seen in Figure 9. 642 

 643 

 644 
 645 

Fig. 9. Sensitivity test 646 

 647 

In the model before, the X2 variable has a negative coefficient value which means it has 648 

the opposite value to accessibility. However, in this sensitivity test, increasing the distance of the 649 

BRT stop with the intersection at specific parameters (50 - 100 m) could increase the value of its 650 

accessibility. Although, the predicted Y value dropped at the last parameter above 100 m. Besides 651 

the changes in mathematical value, we can see the changes in the spatial pattern of each parameter 652 

in Figure 10. 653 

 654 

 655 
 656 

Fig. 10. Sensitivity Test Spatial Pattern (from left to right: Parameters 1, 2, 3, and 4) 657 

 658 
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As discussed in the mathematical model before, there was no significant change in the first 659 

and second parameters. However, in the GWR spatial pattern, we can see changes in the southern 660 

area, specifically in the intersections of the south ring road, one of which was caused by the 661 

increasing value of the criteria range for the X2 variable. It can be concluded that the areas with 662 

the main intersection are become overestimated in the model. 663 

In the third parameter model of the sensitivity test, there was a widespread area in the 664 

intersection node of the main roads even though the value was in relatively low classes. However, 665 

the periphery of the southern area was drastically becoming an area with vast potential for BRT 666 

accessibility. This phenomenon can explain the urban growth of the study area represented by the 667 

variable of this research has a potential development direction to the southern area. The southern 668 

area had fewer natural barriers, such as large rivers like the Alalak River in the north, the Martapura 669 

River in the east, and the Barito River in the west. The existence of a ring road (Gubernur 670 

Soebardjo road) and the railroad development plan in the southern area are other supporting facts 671 

that the southern area had the highest potential. 672 

Furthermore, this result can be a consideration for developing the city and its transit system 673 

in the study area. Meanwhile, in the fourth parameter, the widespread area becomes unnatural, as 674 

the accessibility is only based on the distance radius of the road intersection. The high range of X2 675 

variables leads to underestimating other variables in the model.  676 

 677 

5. Conclusions 678 
 679 

 From the results, it can be concluded the spatial criteria which affected the accessibility of 680 

BRT stop locations in the study area were the distance of stops to the road intersection (X2), mix-681 

used entropy index (X4), population density (X7), and land value (X10). The global regression 682 

model using OLS resulted in 0.861 of R2. The spatial autocorrelation (Global Moran's I) test reports 683 

spatial dependency on all spatial variables. Using the adaptive kernel and AICc bandwidth 684 

optimization, the GWR model resulted in a higher significance R2 value of 0.905. Furthermore, 685 

the AIC of GWR has a smaller value of -133.700 than 21.017 in the OLS model. The results can 686 

be evidence of strong consideration that the GWR is better in modeling accessibility of BRT stop 687 

location in the study area with spatial dependency in its criteria. We found that the most influential 688 

criteria from the model are the mix-used entropy index (X4). GWR simulation produces a visual-689 

spatial model and shows that the new BRT corridor development in the study area can be divided 690 

into two clusters. 691 

The concept of accessibility itself continues to evolve and produce new measurement and 692 

modeling methods. In this paper, we found that the complexity in composite accessibility 693 

measurement can be solved by the regression equation of GWR with easy-to-understand output. 694 

The model can incorporate both the objective view of urban variables and the subjective view of 695 

passengers. Furthermore, instead of just measuring and modeling the existing accessibility of 696 

transit systems, GWR had an advantage in simulation to forecast optimized future transit systems. 697 

The method and output in this paper can help the early-stage development of transit 698 

systems, specifically the BRT system. Although the BRT system is the easiest to implement, it 699 

also has many failure factors that make it abandoned by passengers. BRT's nature that uses existing 700 

infrastructure requires a solid study of accessibility in determining new corridors. The accessible 701 

and effective transit corridor will reduce the usage of private transportation. Hence, this study can 702 

become an alternative reference to help policymakers plan sustainable transportation. 703 
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However, this paper still needs a lot of improvement. The independent variables crucial to 704 

the results can be improved using time-series data, especially if the BRT ticketing has used an 705 

electronic system to automatically count the number of passengers at each stop. Furthermore, the 706 

non-spatial variable can transform into the spatial variable if sufficient geolocation data are 707 

included in the GWR model. 708 
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