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Abstract An exclusive mass rapid transit (MRT) system is planned to connect 
Dehradun, Rishikesh, and Haridwar cities. A detailed project report (DPR) was 
prepared to estimate the ridership for different corridors of the proposed metro 
routes for the base year (2017) and horizon years. In the last few years, a few 
developments have been proposed in the region; they are a ring road in Harid-
war and an up-gradation of National Highway connectivity between Haridwar 
and Rishikesh. The Haridwar Rishikesh metro line coincides with the National 
Highway between the two cities. In this case study, an assessment of the im-
pacts of these developments on the metro ridership for the horizon year 2021 is 
performed. A model is developed using the available Origin-Destination (OD) 
matrix data and scenarios are developed for both base and horizon years. In ad-
dition to model development, a questionnaire survey was carried out to assess 
the current situation (i.e., choices post-up-gradation of the National Highway 
between Haridwar and Rishikesh). The results show that the introduction of the 
ring road is likely to reduce the metro share in the range of 0.1% to 1.4%, which 
is only marginal, and NH up-gradation is expected to reduce the metro share in 
the range of 3.5% to 5.0%, which is minor yet expected based on the input OD 
matrix. 
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1. Introduction 

India is witnessing rapid urbanization due to the enhancement of the infrastructure 
development sector under various urban development schemes contributing to growth 
and development across the country. The state of Uttarakhand is in the stage of plan-
ning a Mass Rapid Transit (MRT) system to connect the major cities to promote sus-
tainable transport connectivity and improve overall economic development. In a re-
cent Traffic and Transportation Study for preparation of the Detailed Project Report 
(DPR) [1], a metro neo system is proposed, which is an articulated or bi-articulated 
trolley bus system with overhead electric traction. The proposed metro neo system 
will connect Dehradun, Rishikesh, and Haridwar cities, which see huge tourist footfall 
several times every year. These cities are not only witnessing rapid urban develop-
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ment but are also the key economic centers for the state. Looking at the forecasted 
passenger demand, instead of an MRT system, a fully elevated bus rapid transit sys-
tem is proposed, which is named metro-neo. The project is being undertaken by Utta-
rakhand Metro Rail Urban Infrastructure & Building Construction Corporation 
(UKMRC). In the DPR, the year 2017 is considered the base year, and ridership esti-
mation is carried out for different corridors of the proposed metro routes for different 
horizon years (2021, 2031, 2041, and 2051). An increase in population, tourism, and 
per capita trip rate is considered for estimating the ridership and future growth in trips 
for all the horizon year.  

Any infrastructure project may affect the overall vehicular composition, trip pat-
terns, travel behavior, etc., in the region. Two major developments are proposed for 
the Dehradun metropolitan region, which may affect the overall metro ridership esti-
mated in the DPR. These two developments are: (i) Ring Road in Haridwar and (ii) 
Upgradation of National Highway (NH) connectivity between Haridwar and 
Rishikesh. The idea behind the proposal for a ring road in Haridwar and the up-
gradation of NH between Haridwar and Rishikesh is to reduce the congestion levels 
on the streets by avoiding through traffic in the city. The proposed alignment for the 
metro is along the NH connecting Haridwar, Rishikesh, and Dehradun. Clearly, such 
developments in a region are likely to impact travel behavior and thus affect the over-
all modal share. 

This paper presents a case study that focuses on assessing the impact of these two 
developments on estimated overall ridership on the Haridwar-Rishikesh line for the 
horizon year 2021. For this, a model is developed using the Origin-Destination (OD) 
matrix, and two scenarios are calibrated to estimate the metro share for both base 
(2017) and horizon year (2021). This study uses a multi-agent transport simulation 
framework (MATSim) for scenario development, calibration, and Graphhopper Rout-
ing Engine to estimate the change in metro share due to recent developments in the 
region. The novelty of the case study lies in 
the following tasks: (a) use of a multinomial 
logit model to estimate the mode-specific 
constant (b) use of the Graphhoper routing 
engine to estimate the travel time for a new 
road (in addition to the existing road net-
work) (c) use of a framework which inte-
grates the real-time congestion pattern with 
the Graphhopper routing engine to evaluate 
the real-time travel times for given OD pairs. 

The rest of the paper is structured as fol-
lows: The study area is demonstrated in Sec-
tion 2, where an overview of the study area is 
presented, followed by details related to 
available data, OD matrix, and modal share. 
The methodology is described in Section 3, 
where calibration for the base year and hori-
zon year is discussed. Model for the year 

Figure 1: Zones in the study area 
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2021 with ring road and NH up-gradation is also described in Section 3. Results are 
discussed in Section 4, and the study is concluded in Section 5. 

2. Study Area and Data 

2.1 Overview of the study area 
The study area of the reference study [1] is Dehradun, Rishikesh, and Haridwar. The 
same has been taken in the present study; however, as per the requirement, the in-
sights are focused on the Haridwar-Rishikesh metro line only. Both cities witness 
major tourist footfall a couple of times a year to take the dip in the holy river Ganga. 

A Coordinate Reference System (CRS) was missing from the zonal shapefile, 
which is aligned on the map using AutoCAD. For this, a few potential reference 
points from the zonal shapefile are matched with the map (see Figure 1). These points 
are chosen based on the understanding of the zones and road network. After this, all 
points in the zonal shapefile are adjusted to match the reference points. This process 
provides a CRS, which is used in the present study. 

2.2 Availability and source of the data 
The study utilizes the already available data from DPR [1]. The data includes: 

1. Zone shapefile 
2. OD matrix for 2017, 2021 
3. Traffic volume count 
4. Alignment of Haridwar Ring Road. 

 
2.3 Modal Share 
The modal share for the Dehradun, Rishikesh, and Haridwar regions is taken from 
DPR [1]. The modal share is for motorized trips only. In the absence of any other 
additional information, it is assumed that the OD matrices comprise motorized trips 
only and, therefore, included in the scenario. Due to ambiguity in usages of auto and 
Intermediate Public Transport (IPT) modes, it is excluded, and the share of auto mode 
(i.e., 5%) is redistributed in the remaining modes. The modal share for the base year 
(2017) is shown in Table 1. 

Table 1. Derived modal share for the base year 
Travel modes Motorized 

two-wheeler 
Car Shared IPT Bus 

Share (%) 38 21 22 19 
 

2.4 Utility parameters 
The utility parameters of various modes are available from DPR [1]. These can be 
written as follows: 
                      𝑈 = 𝐴𝑆𝐶 + 12.38 ∙ 𝑑𝑖𝑠𝑡 + 53.17 ∙ 𝑡𝑖𝑚𝑒                    (1) 
                       𝑈 = 𝐴𝑆𝐶 + 9.09 ∙ 𝑑𝑖𝑠𝑡 + 95.18 ∙ 𝑡𝑖𝑚𝑒                              (2) 
                      𝑈 = 𝐴𝑆𝐶 + 16.30 ∙ 𝑑𝑖𝑠𝑡 + 38.50 ∙ 𝑡𝑖𝑚𝑒                             (3) 
                     𝑈 = 𝐴𝑆𝐶 + 18.37 ∙ 𝑑𝑖𝑠𝑡 + 44.14 ∙ 𝑡𝑖𝑚𝑒                                (4) 
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                   𝑈 = 𝐴𝑆𝐶 + 5.12 ∙ 𝑑𝑖𝑠𝑡 + 45.27 ∙ 𝑡𝑖𝑚𝑒                    (5) 

where, 𝑈 is utility and different travel modes are subscribed for each parameter. 𝐴𝑆𝐶 
is an alternative (or mode) specific constant, 𝑑𝑖𝑠𝑡, 𝑡𝑖𝑚𝑒 are travel distance and travel 
time between origin and destination.  

However, alternative specific constant of any travel mode is not available; these 
are required to study the impact of any transport infrastructure-related changes/ de-
velopments on the metro ridership (i.e., modal share). 

3. Methodology 
The work is split into the following steps: 

 Calibration for the base year (2017) 
 Calibration for horizon year (2021) 
 Scenario development for ring road in Haridwar and up-gradation of NH 
 Comparison of metro shares for the two developments 

3.1 Calibration for the base year (2017) 
The modal share and utility parameters for the base year (2017) are given. The Alter-
native Specific Constants (ASCs) are not available, which are required to study the 
shift from one transport mode to another. To determine the ASCs, a Dynamic Traffic 
Assignment (DTA) based model is set up. In this work, a Multi-Agent Transport Sim-
ulation (MATSim) framework is used [2]. This tool is previously used for calibration 
purposes in the Indian context [3, 4] and embeds the multinomial logit model. Typi-
cally, it is an activity-based model, i.e., trips are surrounded by activities performed 
by a person. However, in the absence of the activity information for the persons, type 
of activities, location of activities, etc., the MATSim is used as a trip-based model by 
making the scoring (utility computation) for activities zero. This means that only the 
trip-based utility function will be used in the MATSim controller. The following steps 
are taken for the scenario calibration. 
1. Road Network: A road network is required to model the trips. A road network is 

extracted from the OpenStreetMap1 (OSM). The road network is further cleaned 
based on the various manual checks. The same OSM network is also used to add 
the ring road in Haridwar and further evaluation (see Section 3.3). 

2. Trips: Typically, a MATSim person plan consists of the location of activities, 
their end times, and travel mode between each pair of activities. Since MATSim 
is used as a trip-based model, a plan is created by drawing points (as per random 
uniform distribution) for origins and destinations. To accelerate the process, the 
number of points is taken as 10% of the total trips between each OD pair. For 
each trip, a mode is assigned in a way that the resulting modal share turns out to 
be the actual modal share (see Table 1). A departure time is required for each 
trip. For this, the traffic volume counts data is used to determine the mean and 
standard deviation of morning and evening peaks and the share of trips in the 

 
1 https://www.openstreetmap.org/  
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morning and evening. The analysis of the traffic counts data shows that 54% of 
the trips are made in the morning and the rest in the evening. The mean and 
standard deviations are (09:00, 2h) and (18:00, 2h) for morning and evening 
peaks, respectively. Thus, the trip start times are drawn as per these time distribu-
tions. 

3. Configuration parameters: The network loading algorithm in MATSim is suit-
able for Indian traffic conditions [4]. The embedded link dynamics resemble the 
simplified kinematic wave model. For this scenario, a simulation run requires 
about 100 iterations to converge. For the initial 80% of the iterations, innovation 
is switched on (i.e., mode choice, route choice, and time choice are permitted). 
This is required to assign the appropriate travel modes to the trips. For the rest of 
the iterations, a MATSim plan is selected randomly from the choice set based on 
a probability distribution that converges to a multinomial logit model. A different 
variation of alternative specific constants can be attempted in each run so that the 
modal share after convergence is close to the modal share in Table 1. Thus, after 
about 175 runs (each with 100 iterations), the resulting modal share is close to the 
original (actual) modal share, as shown in Table 2.  

Table 2. Original and calibrated modal share for the base year 
Travel modes Motorized 

two-wheeler 
Car 

Shared 
IPT 

Bus 

Original modal share 38 21 22 19 
Calibrated modal share 

38.28 20.18 21.91 
19.6
3 

3.2 Calibration for the year 2021 
To determine the change in the metro ridership, the alternative specific constant for 
the metro is also required. However, similar to ASCs for travel modes in the base 
year, it is also unavailable. The ASCs for all modes except the metro are known from 
Section 3.1. However, the same methodology cannot be adapted to determine the 
ASC for metro because the modal share for the year 2021 is unavailable, i.e., the cali-
bration cannot be performed. 
Therefore, a different approach is adopted for this purpose. The steps are explained 
next. 
1. Total trips, as well as metro trips for the year 2021, are known. This provides the 

share of metro trips (i.e., 𝑝 ). 
2. Equation (5) can be re-written as Equation (6), in which 𝑉  is already known. 

Further, the application of the multinomial logit model to determine metro share 
can be given by Equation (7). Here, ∑ 𝑒  is the sum of the exponential of 
utilities of all travel modes (except metro). Rearranging the equation results in 
Equation (9), in which the right side can be determined if travel distance and 
travel times are known for a given OD pair 

              𝑈 = 𝐴𝑆𝐶 + 𝑉                                          (6) 

                𝑝 =  
 ∑

                                              (7) 
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               𝑈 = ln(
∗ ∑  

( )
)                                           (8) 

             𝐴𝑆𝐶 =  ln(
∗ ∑  

( )
) − 𝑉                         (9) 

where, 𝑉  is the time and distance component of the utility for the metro (see 
Equation (5)). 𝑝  is the share of the metro, i.e., the probability of opting for 
metro in the given choice set. 𝑈  is the utility of the travel modes other than 
the metro. 

3. To calculate the utility of all modes (see Equations (1) to (5)), travel distance and 
travel times are required. Therefore, a novel tool is used. The tool is developed 
by [5]2 and can be used in the web browser as well as an Application Program-
ming Interface (API). In the present study, it is referred to as "GHC Router." The 
process is briefly explained here.  

4. The GHC Router uses Graphhopper Routing Engine3, in which the shortest/ fast-
est path is suggested for a given OD pair. Therefore, for each OD pair, fifty ran-
dom origins and destinations are identified, which represent fifty trips. Some of 
the zones are big and cover the forest, hills, rivers, etc. Therefore, to avoid the il-
logical points, forests, hills, etc., are excluded from these zones, and thus, a pos-
sible location of origin or destination is used. Hence, the configured Graphhopper 
API [5] estimates travel distances for each trip using different travel modes.  

5. Since this stage is for the base year, the travel time for each trip is estimated us-
ing the average speeds given in the DPR [1]. This way, utilities of all modes are 
known, and using Equation (9), ASC for metro can be estimated for each trip in 
each OD pair.  

6. The average ASC of fifty trips is stored for each OD pair. This ASC is further 
used in the next stage. The number fifty appears to be enough to have random 
points from all over a zone to capture enough spatial context. An increase in 
these random points will increase the computation time. 

3.3 Modelling for the year 2021 with Ring Road and NH up-gradation 
This is the stage in which the impact on the ridership will be estimated. For this, the 
utility equations of all travel modes can be used. However, the road network needs to 
be updated, i.e., it should have a ring road. Therefore, the following approach is 
adopted. 
 
1. The Graphhopper-based routing 

tool (GHC Router) is used, and 
the road network from Open-
StreetMap) is updated by adding 
the ring road. For this, the JOSM 
tool4  

 
2 https://github.com/teg-iitr/congestion-emission-routing-system  
3 https://github.com/graphhopper/graphhopper 
4 https://josm.openstreetmap.de/) Figure 2: Haridwar Ring Road in JOSM 
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is used (see Figure 2 for the alignment of the ring road in Haridwar). The updated 
network (existing + ring road) is used with the GHC Router [5]. For instance, the 
right side of Figure 3 confirms that in the real world, the ring road does not exist 
(i.e., the map layer does not show the ring road). However, the left side of Figure 
3 shows a route including the ring road for a given origin and destination, i.e., all 
the calculation is processed on the digital road network on the back-end. Thus, 
the impact of Ring Road in Haridwar can be included in the model. 

 
Figure 3: Map showing a possible route using Ring Road (left) and absence of ring road in 

real-world (right) 

2. In the next step, the impact of up-gradation of the NH between Haridwar and 
Rishikesh is required. For this, during the estimation of travel distances and travel 
times, the impact of the real-time con-
gestion should be included (i.e., the 
evaluation year is the same as the 
horizon year (2021)). Therefore, Here 
Maps Traffic Flow Information API5 
is integrated with the GHC Router. It 
is a real-time, crowdsourced API that 
can provide the real-time average 
speeds on most of the arterials and 
major roads for a given area (bound-
ing box). These average speeds are in-
tegrated into the GHC router such that 
the routes suggested by the GHC rout-
er include the impact of real-time 
congestion patterns. Since the up-
gradation of the NH between Harid-
war and Rishikesh was completed be-

 
5 https://developer.here.com/documentation/traffic/dev_guide/topics/what-is.html 

Figure 4: Haridwar zones showing trip 
productions (red is close to zero and blue is 
highest) 
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fore this study, the impact of the up-gradation of the NH between Haridwar and 
Rishikesh can be included in the model with the help of real-time crowdsourced 
API. 

3. Though the GHC router supports multi-modal routing (e.g., car, motorcycle, 
etc.), the metro support is not present. Therefore, the following approach is 
adopted.  
a. A QuadTree data structure of all metro stops is created. This will provide a 

metro stop close to any given coordinate. 
b. Whenever a request to find a metro route is placed, the nearest metro sta-

tions close to origin and destinations are identified.  
c. Since the metro alignment is along the NH, a car route is identified from the 

origin metro stop (access) to the destination metro stop (egress).  
d. Thus, the travel distance for the metro route is the sum of access distance, 

travel distance by metro, and egress distance. 
e. The proposed metro ("metro neo") alignment is assumed as fully access 

controlled. Therefore, to estimate the travel time, the average speed is taken 
from the DPR [1]. 

f. In the absence of details about the access/ egress mode share, access/ egress 
travel is assumed by walk, and travel time is estimated using an average 
walk speed of 5 km/h. 

4. In this work, the study area is only Haridwar-Rishikesh; therefore, the metro line 
in Combination 3 (in Table 6-14 of DPR [1]) is used. The trips beyond the study 
area are excluded post-calibration step. 

5. As shown in Figure 4, many zones close to metro alignment were having zero 
metro trip production, which appears to be an error in the input data. The produc-
tion value from the neighboring zone is taken to fix this issue.  

6. After step 5, the utilities of all modes can be estimated. Thus, similar to the cali-
bration for the year 2021 (Section 3.2), fifty random trips are drawn for each OD- 
pair, utilities of all travel modes are estimated, and new metro trips are estimated 
using the multinomial logit model (Equation (7)). 

 
3.4 Estimation of metro ridership for the year 2021 with Ring Road and NH up-

gradation 
In order to determine the ridership at each stop, the nearest metro stop is required for 
each zone so that the OD trips can be aggregated to metro stops on Haridwar-
Rishikesh and Rishikesh-Haridwar lines. This process is to be performed for the OD 
Matrix for metro trips in the year 2021. 

The QuadTree data structure for metro stations is used again in the next step. In 
other words, the nearest metro stop is identified from each zone, and boarding/ alight-
ing numbers are aggregated for both cases (see Section 4) on both Haridwar to 
Rishikesh and Rishikesh to Haridwar lines. This provides the percent change in the 
metro ridership from each stop. 
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3.5 Findings from the survey 
A questionnaire survey was planned to assess the willingness to shift to the metro in 
the current scenario, which includes the impact of the development of the NH be-
tween Haridwar and Rishikesh. Additionally, the survey includes the question related 
to the metro usage after Ring Road in Haridwar. The data was collected using Pen-
and-Paper Personal Interviews (PAPI) in various parts of Haridwar. The survey ques-
tionnaire has different sections to capture the effect of recent developments in the 
area. The development of the NH gets embedded in the form of new travel times and 
travel costs, which is already known to the respondents as they are using the system 
for their travel. In total, 1099 records were collected. A few survey records were ex-
cluded during the data cleaning process. Finally, 658 records were analyzed. The 
modal share from cleaned responses is shown in Figure 6. This modal share is a result 
of the recent up-gradation of NH connectivity between Haridwar and Rishikesh. 

 

 
Figure 6: Modal share from survey responses 

It was observed that out of total cleaned responses, only 0.9% of persons reported 
that they would start using the ring road. These users reported that most likely, they 
will use the metro, or they may use the metro. This number is well within the estimat-
ed range from the model (see Section 4.1). 

4. Results 
As per the objective of this case study, the following two policy scenarios are consid-
ered: 

 Impact of Ring Road only on the metro ridership 
 Impact of NH up-gradation on the metro ridership 

To estimate the changes in the metro shares for the two policy scenarios, the OD 
matrix is first flattened, where each row represents one OD relation. For each OD 
relation, the methodology described in Sections 3.3 and 3.4 is used. The results are 
presented in the following two sections. 

4.1 Impact of Ring Road on change in metro share  
As an impact of the ring road in Haridwar, the joint metro share on Haridwar-
Rishikesh and Rishikesh-Haridwar lines are likely to decrease in the range of 0.1% to 

Motorcycle/ Scooter, 
36.2

Car, 4.7
Bus, 16.7

Vikram/ E-richshaw/ 
Auto-Rickshaw, 35.1

Bicycle, 2.1
Walk, 1.2 Taxi, 1.8 Others, 2.2
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1.4%, which is only marginal and as per the general intuition given the different 
alignments of the ring road and metro alignment. 

4.2 Impact of NH up-gradation between Haridwar-Rishikesh on change in metro 
share 

As an impact of the up-gradation of NH connectivity between Haridwar and 
Rishikesh, the joint metro share on Haridwar-Rishikesh and Rishikesh-Haridwar lines 
is likely to decrease in the range of 3.5% to 5.0%, which is minor yet expected. How-
ever, in the future, with an increase in congestion, this effect is likely to diminish, i.e., 
the metro share may further increase. 

5. Conclusion 
This work was carried out to assess the impact of Ring Road in Haridwar and the up-
gradation of the National Highway between Haridwar and Rishikesh on the metro 
ridership, which was estimated in the DPR [1]. Firstly, a model was developed using 
the OD matrix from the DPR [1], and two policy scenarios were developed. In addi-
tion to this, to assess the current situation (i.e., choices post-up-gradation of the Na-
tional Highway between Haridwar and Rishikesh), a questionnaire survey was 
planned. The questionnaire also included the question about the choice after Ring 
Road in Haridwar. The results from the model indicated that the introduction of the 
ring road is likely to reduce the metro share in the range of 0.1% to 1.4%, and NH up-
gradation is likely to reduce the metro share in the range of 3.5% to 5.0%. The former 
is also confirmed by the survey results.  

The impact of both developments in the Haridwar-Rishikesh region is minor, and 
the decrease in the metro share may diminish as the congestion increases in the re-
gion. Overall, the change in the metro ridership may be attributed to the prediction 
variability inherited in the modeling and may be considered an insignificant variation 
in the metro ridership on the whole. 

This work uses open-source tools and thus is useful to study the impact of transpor-
tation infrastructure in other cities based on the available data. 

The present study has a few limitations. The first limitation is that auto and IPT 
modes are not included in the modal share due to the ambiguity in the usage provided, 
because based on the PAPI survey more than 30% of people use these modes. There-
fore, it signifies that a large portion of the population uses IPT modes for daily travel 
which is significantly different from the reported share of auto mode, i.e., 5%, in the 
DPR. Therefore, it is redistributed in the remaining modes. In the future study, a ra-
tional modal share should be obtained and used in the model for better results. The 
second limitation is that the impact assessment is done only for the horizon year 2021. 
Third, similar to the calibration, the impact may be assessed for the whole Dehradun 
Metropolitan Region. Future work for the same or different areas may overcome these 
limitations using the proposed methodology. 
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