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Abstract

The research examines the performance measures of dedicated NMV lanes at an urban intersection in terms of
emissions and fuel consumption. Previous studies have confirmed that NMV induces a forced behavior on MV in
a road network, which reduces the overall network performance. For modification and assessment, a three-way
urban intersection was selected which is in Mirpur-2, Dhaka. The micro-simulation software VISSIM was used to
compute and analyze emissions of CO, NOx, VOC, and fuel consumption. Initially, a base model was developed
based on the existing road geometry and signal conditions. Calibration and validation of the model were done by
determining an appropriate set of driving behavior parameters which ensured an accurate representation of field
conditions. After that, a modification of road geometry was done in the model. A 2.5-meter dedicated NMV lane
on each approach side of roads was introduced by reallocating existing road space. The base model and modified
model were simulated for 3600 s, and results were obtained. A comparison between both models showed that
emissions and fuel consumption decreased by 29.13% after adding dedicated NMV lanes. This research may be
used as a reference for policymakers to design roadway intersections that will ensure improved air quality.
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1 Introduction

Traffic congestion and its associated vehicular emissions present a critical challenge to urban sustainability,
particularly in rapidly developing nations (Gurram et al., 2021). In megacities like Dhaka, Bangladesh, this
problem is intensified by mixed traffic conditions, where motorized vehicles (MVs) and non-motorized vehicles
(NMVs) share the same roadway. The slower and unpredictable movements of NMVs often force MVs into
inefficient driving cycles characterized by frequent acceleration, deceleration, and abrupt lane changes, which
significantly increase fuel consumption and emissions of harmful pollutants such as carbon monoxide (CO),
nitrogen oxides (NOx), and volatile organic compounds (VOCs) (Rahman Chowdhury, 2019).Research on this
interaction in Dhaka’s context has confirmed that NMVs contribute substantially to intersection delay and
congestion (Ahsan & Dey, 2018). Consequently, the implementation of dedicated NMV lanes has been proposed
by several researchers as a key strategy to segregate traffic streams, thereby improving overall traffic flow and
safety (Gurram et al., 2021). While the operational benefits are recognized, the environmental implications of such
interventions remain less explored. Microsimulation tools such as VISSIM have become instrumental in assessing
traffic flow and environmental outcomes. Studies have successfully used VISSIM to model intersection emissions
under various geometric configurations (Kutlimuratov et al., 2021) and to integrate it with emission models for
urban air quality assessment (Borrego et al., 2016). Other works have coupled VISSIM with the PHEM model to
estimate traffic-induced emissions (Mastorakis & Corbi, 2015), while optimized signal timing in VISSIM has been
shown to reduce fuel use and emissions (Medapati et al., 2022). The reliability of such simulations hinges on
precise calibration and validation — a necessity emphasized in prior research (Park & Schneeberger, 2003).This is
especially true for heterogeneous traffic, where VISSIM has been validated for conditions in Dhaka
(Muniruzzaman et al., 2016) and its car-following models calibrated for non-lane-based intersections (Mathew &
Radhakrishnan, 2010; Manjunatha et al., 2013), including through advanced methods such as genetic algorithms
(Duong et al., 2010). However, a critical review reveals a pronounced gap. Most of these environmental and
simulation studies are conducted in structured, lane-disciplined traffic environments that do not accurately
represent the chaotic, non-lane-based conditions of South Asian megacities. While previous research has
established the operational benefits of dedicated NMV lanes, these studies have predominantly focused on lane-
based, homogeneous traffic. Therefore, a significant gap exists in quantifying the environmental benefits —
specifically, emissions reduction and fuel savings — of implementing dedicated NMV lanes in the chaotic, non-
lane-based traffic conditions typical of South Asian megacities like Dhaka. The impact of physically separating
NMVs on vehicular exhaust pollutants in such complex environments remains largely unmeasured, leaving
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policymakers without critical data to advocate for sustainable infrastructure investments. This study aims to
address this gap by providing a microsimulation-based assessment of the impact of dedicated NMV lanes on
emissions and fuel consumption at a typical urban intersection in Dhaka.

2 Methodology

This study focuses on observing the change in emission and fuel consumption by assessing NMV lanes in a 3-way
intersection. A VISSIM 2024 model was developed, calibrated and validated with real time data and was used to
observe the hypothetical change. The research methodology was followed as shown in Fig 1.

Study Area Selection

¢ Remodeling with Dedicated Model Run

Data Collection NMWV Lane

+ Road Geometry Data:

Lane No., Lane Width
etc.

«  Traffic Data: Vehicle

¥
Obgerving Result from

Speed. Composition, . Emisziiii -Ego NOx
Routes, Signals etc. vOC : :
) +  Fuel Consumption
Generation of Model in —
T\‘ISSD{(GGOIHGH’iC Model W a].ldahon
Presentation & Traffic No
Presentation) Yes

Model Calibration
&

No
Fig 1: Study Approach

2.1 Site Selection & Data Collection

Traffic engineering relies on real-world data to analyze and improve roadway performance. For this study, a 3-
way intersection in Mirpur-2 area (Fig 2) was selected based on heavy traffic flow, mixed traffic flow, adequate
road width to accommodate NMV lane and some other criteria. A video for 30 minutes at peak hour was recorded
for 2 consecutive days. Traffic data such as vehicle speed, composition, routes, types etc. were collected and road

geometry data such as number of lanes at each side, lane width, island width, shoulder width were measured using
odometer.

Fig 2: Study Area (Mirpur-2 Three-way Intersection)

From the recorded video, vehicle composition, speed, routes and traffic signals were calculated. The study area
consists of 7 types of vehicles (Fig 3). In the motorized section we have cars, buses, trucks, motorcycles, and CNG.
On the other hand, in the non-motorized section, we have cycle and rickshaw only.
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Fig 3: Vehicle Composition

2.2 Model development, Calibration and Validation

A model was developed using internal map of VISSIM 2024 software. Then, model was created according to
existing road geometry data (Fig 4), East and West upstream and downstream having 3 lanes at each side, North
having 2 lanes at each side. All lanes were 3.35m (11ft) in width. Then vehicle routes were added. For traffic input,
vehicle count from 15 minutes video was converted to hourly data and added to simulation according to their
vehicle composition. As rickshaw is a locally used vehicle, the 3D model was manually added to the simulation.
Signal phasing was added by taking the average value of real time data (Fig 4). During this East origin was found
to be always in green time.

Fig 4: Three-way intersection model and its signal group

Calibration was done to adjust parameters to replicate real life scenario as well as satisfy GEH (Geoffrey E.
havers statistic) criteria which is,

2x(simulated volume — observed volume)?
GEH= [2C ) )
(simulated Volume + observed volume)

As general guideline, values of GEH < 5.00 means acceptable fit, 5.00 < GEH < 10.00 meaning further adjustment
required and GEH > 10.00 is unacceptable. As for parameters, car following (Wiedemann 74 model) was adjusted
using Genetic Algorithms while lane changing and lateral aspects parameters were adjusted by visual observation
at site for attaining field conditions (Table 1). Calibration was done by using the data from first day and validation
was done by using the data from the next day. Table 2 and 3 shows the GEH value for both calibration and
validation data. In all cases The GEH value was found to be less than 5 meaning the model was ready to progress
further.
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Table 1: Calibrated value of parameters
Aspect Parameter Default Calibrated
Car Following Average Standstill 2 1.08
Distance (m)
Additive part of the 2 0.36
safety distance (m)
Multiplicative part of the 3 0.88
safety distance (m)
Lane Changing Overtake reduce speed Not Allowed Allowed
areas
Vehicle routing decision  Not Allowed Allowed
Lateral Aspects Overtake on same lane —  Not Allowed Allowed
Left
Overtake on same lane —  Not Allowed Allowed
Right
Desired position at free Middle of lane Any
flow
Observe adjacent lanes Not Allowed Allowed
Consider next turn Not Allowed Allowed
Table 2: GEH Value from Calibration
Origin Observed Simulated Percentage GEH
Volume Volume Difference
North 1724 1564 9.28 3.95
West 1732 1674 3.35 1.40
East 2668 2557 4.16 2.17
Table 3: GEH value from Validation
Origin Observed Simulated Percentage GEH
Volume Volume Difference
North 1632 1484 9.1 3.74
West 1820 1619 11 4.84
East 2388 2295 3.89 1.92

2.3 Modifying Model for Dedicated NMV Lane:

Proceeding from calibration and validation, the model was redesigned for a dedicated NMV lane. A 2.5m (8ft)
lane was created without exceeding the existing road space (Fig 5). As a result, the 3 lanes mixed traffic road (East
and West side) became dual lane for MV and single lane for NMV. Similarly, 2 lane mixed traffic (North side)
became single lane for MV and single lane for NMV. Vehicle composition was kept same but NMV was kept in
NMV lane and MV was kept in MV lane.
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Fig 5: Modified Model having dedicated NMV Lane

2.4 Emission Data Extraction

A node was drawn over intersection to obtain emission data. After the simulation run emission of CO, NOx,
VOC data and fuel consumption data were collected from the node result option. This process was done 2 times,
one after validation and another one after redesigning the model.

3 Result and Discussion

The result of the study is displayed in the table below (Table 4). From the table, it can be observed that the emission
and fuel consumption at the intersection decreased notably after the modification of road geometry. One can easily
understand the effect of dedicated NMV lanes on emissions and fuel consumption by comparing the results of the
base model and modified model. In the base model, emissions of CO, NOx and VOC were 12399.92 grams,
2412.574 grams and 2873.801 grams respectively and total fuel consumption was 177.3951 Liters. After adding
dedicated NMV lane, emission of CO, NOx and VOC were reduced to 8787.3 grams, 1709.688 grams and 2036.54
grams respectively and fuel consumption was reduced to 125.71 Liters. Each of CO, NOx and VOC emissions and
fuel consumption were reduced by 29.13 Percent (%). The reduction percentages of poisonous gases show the
effectiveness of dedicated non-motorized vehicle lanes in improving environmental sustainability. This occurred
because, after the modification of road geometry and separation of motorized and non-motorized vehicles, non-
motorized vehicles could not affect the flow of motorized vehicles.

Table 4: Before and After Analysis of Emissions and Fuel Consumption

NOx Emissions CO Emissions VOC Emissions  Fuel Consumption

Scenario (9 (9) (9 (L)
Base Model 2412.574 12399.92 2873.801 177.3951
After Adding Dedicated

NMV lanes 1709.688 8787.3 2036.54 125.71

4 Conclusions and Recommendations

In this research, the microsimulation software VISSIM was used to model the intersection according to the
collected road geometry and signal data. The correct representation of field conditions was ensured by calibrating
and validating the developed model. The GEH values for all approaches remained below 5 in all cases, ensuring a
high level of accuracy in representing real-world traffic conditions. Overall, the introduction of dedicated NMV
lanes created a positive impact on the air quality at traffic intersections. Emission of different types of harmful
gases such as CO, NOx, VOC and consumption of fuel was reduced due to the introduction of dedicated NMV
lanes.

Since this study used only VISSIM to get simplified emission estimations, further studies can be done by
integrating VISSIM with MOVES, EnViver, CMEM, PHEM and other software tools to measure emission to more
accurately. The developed genetic algorithm was only able to determine the car following model (Wiedeman 74)
parameters. Other lane changing and lateral behavior parameters were determined by visual observation at site.
So, in future, an efficient and complete algorithm which will be able to determine key parameters of driving
behaviors (car following, lane changing, lateral) by sensitivity analysis can be developed.
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