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Abstract 

 

Dhaka, one of the most densely populated metropolises in the world, is also facing a jump in motorcycle 

population, a trend like other emerging economies. While a few existing studies target the trend of motorcycle or 

car population discretely, no studies address the interdependence between the motorcycle and car trends. A Vector 

Autoregression (VAR) modeling framework determines Dhaka's dynamic dependency between motorcycle and 

car registrations. Focusing on new registrations, 24 years of annual registration data (1999–2022) were collected 

from the Bangladesh Road Transport Authority and the Bangladesh Bureau of Statistics. Exogenous variables such 

as the emergence of ridesharing services and the COVID-19 pandemic are also incorporated into the model to 

depict the influence of external factors. The findings reveal a significant substitution effect on vehicle ownership, 

suggesting that an increase in motorcycle registrations is associated with a subsequent decline in the growth of car 

registrations. Granger causality results further confirm the findings, uncovering that motorcycle numbers help to 

predict future car registrations but not the reverse. Moreover, compared to motorcycles, car registration is more 

sensitive to external shocks.  
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1 Introduction 

 

The global landscape of motorization is marked by divergent trends, particularly between developed and 

developing nations. While high-income countries have seen moderate growth in car ownership, often due to the 

rise of ridesharing, investments in public transit, and stricter environmental policies, developing regions in Asia 

and Africa have experienced a dramatic increase in motorcycle registrations (Sommer et al., 2007; Clewlow & 

Mishra, 2017). Dhaka, a densely populated megacity, is a prime example of this unique motorization pattern. 

Motorcycles have become the dominant private transport mode, contributing to severe traffic congestion and 

pollution (Hossain, 2019). The simultaneous growth of both car and motorcycle populations, driven by 

affordability and flexibility, poses a significant challenge for sustainable urban planning. 

Despite extensive research into the determinants of vehicle ownership in developing urban contexts, gaps in 

understanding the dynamic interplay between car and motorcycle populations remain limited. Existing studies 

often isolate these vehicle types to develop vehicle ownership models or model a unidirectional dependency 

between motorcycle and car ownership (Sillaparcharn, 2007; Law et al., 2024). An earlier study investigates the 

simultaneous effects of these two vehicle groups in some Asian countries, concerning only income level and 

urbanization (Tuan, 2011). This approach does not capture the whole picture by overlooking the complex, 

bidirectional interdependencies and the outside factors. For example, the rise of ridesharing apps has significantly 

increased the number of motorcycles in some developing countries, including Bangladesh (Wadud, 2020). In 

contrast, some exceptions have also been found in India (Wadud & Namala, 2022). Similarly, the COVID-19 

pandemic had an exogenous shock that dropped the car sales worldwide, but it encouraged more people in places 

like Dhaka to buy motorcycles (Zafri et al., 2021). An integrated analysis considering these external factors has 

become necessary to understand the urban mobility trend better. 

This study aims to determine the dynamic interplay between new registrations of cars and motorcycles in Dhaka 

to explore the bidirectional relationships and the measurement of responses to external shocks like the COVID-19 

pandemic. A deeper understanding of these dynamic interactions can inform the development of data-driven 

transport policies to manage motorization and promote a less congested future for Dhaka. 

 

2. Related Works 

 

Several studies have observed the relationship between economic development and vehicle ownership. According 

to Sommer et al. (2007), an increasing income level drives the global S-curve growth pattern in the case of car 

ownership. However, motorcycles are the preferred mode at the initial motorization stages in low and medium-

file:///C:/Users/Asus/Downloads/annesha@ce.buet.ac.bd


T. I. Tisha & A. Enam 

ICCEI 2025 
 

1106 

income countries as they are affordable and make efficient use of road space (Law et al., 2015). This preference 

also continues in Dhaka, especially among middle-class users, due to the lack of efficient public transportation 

(Ashik et al., 2024). 

The dynamics between motorcycle and car ownership have drawn increasing interest. Chu et al (2024) measure 

the relative growth in motorcycle ownership compared to car ownership for different countries based on the real 

GDP, which indicates a threshold value of GDP before which the relative growth in motorcycle ownership is 

greater, but after that, car ownership prevails. At the same time, Tuan (2011) tried to answer the question of when 

people switch from motorcycles to cars and factors influencing them, which further suggested that in some Asian 

cities, motorcycles may initially encourage car purchase but eventually prevent multiple car ownership due to the 

perceived convenience of using motorcycles for daily trips. However, these analyses mostly focused on vehicle 

ownership trends in the long run without investigating short-run bidirectional causality, which is vital for 

understanding adaptive behavior in rapidly growing cities like Dhaka. 

A few studies also worked on external disruption, but focused on motorcycle and car trends separately. Introducing 

e-ride-hailing in Dhaka has increased motorcycle ownership significantly (Wadud, 2020). Similarly, during the 

post-lockdown of the COVID-19 pandemic, people expressed their interest in using and buying more motorcycles 

to avoid shared transport as a precaution for health safety (Zafri et al., 2021). Methodologically, these studies 

applied regression models mostly to capture the change caused by the external disruption. 

Although individual growth patterns of motorcycle and car ownership have been well documented, no study has 

investigated their interrelation, particularly in cities like Dhaka. Moreover, the potential influence of 

socioeconomic shocks (e.g., the COVID-19 pandemic) and emerging mobility innovations (e.g., ridesharing 

services) on these dynamics remains underexplored. To fill these gaps, a Vector Autoregression (VAR) framework 

is applied to determine the dynamic and causal relationship between motorcycle and car registration by 

incorporating relevant exogenous variables with 24 years of registration data. 

3. Methodology 

 

While past research in Dhaka has typically analyzed the motorcycles and cars in isolation, this study integrates 

both as part of a multivariate time series system using a VAR framework because it is ideal for analyzing the 

multivariate time series variables. This approach allows us to uncover the complex, bidirectional interdependencies 

and dynamic effects between the two vehicle types, which is a key objective of this research. 

 

3.1 Data Collection The yearly new vehicle registration data, categorized by vehicle type, is published by the 

Bangladesh Road Transport Authority (BRTA) annually for Dhaka and Bangladesh separately. For this study, 

Motorcycle and Car registration data from 1999 to 2010 were collected from the Statistical Yearbooks of 

Bangladesh published by the Bangladesh Bureau of Statistics (BBS).  

 
 

Figure 1. Motorcycle registration trend in Dhaka and Bangladesh 

 
 

Figure 2. Passenger car registration trend in Dhaka and Bangladesh 
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Although BBS publishes total vehicle counts in its Statistical Yearbooks, these figures often overestimate the 

number of vehicles in use, as they add up all past new registrations without considering vehicles that are no longer 

operational. For this reason, yearly new registration data is considered more reliable for capturing trends over time. 

Also, the latest registration data from 2011 to 2022 was collected from the Bangladesh Road Transport Authority 

(BRTA). BRTA provides data separately for Dhaka and Bangladesh, categorized by vehicle type, and among all 

categories, motorcycle and Car data remained consistent over the years, making it appropriate for time series 

analysis. As there were issues with the early records of the BRTA data (Wadud, 2020), this study uses the available 

reliable data from 1999 onwards for model estimation. Figures 1 & 2 represent the trend of motorcycle and Car 

registration in Dhaka and Bangladesh (in thousands), respectively. 

 

3.2 Variable Selection and Description 

Motorcycle and car registration are considered the endogenous variables in the model. All the endogenous 

variables should be stationary to provide valid results and to avoid misleading correlations in a VAR framework. 

Stationarity ensures that the mean and variance of the series will be consistent over time. Therefore, the Augmented 

Dickey–Fuller (ADF) test was conducted to check for stationarity, where the null hypothesis assumes the presence 

of a unit root (non-stationary) and the alternative assumes stationarity. The motorcycle registration series in Dhaka 

shows non-stationarity at the level (ADF = –1.109, p = 0.905) and first difference (ADF = –1.928, p = 0.600), but 

attains approximate stationarity after second differencing (ADF = –3.153, p = 0.133), allowing it to be used reliably 

in the VAR model. In contrast, the car registration series was found stationary at level (ADF = –3.811, p = 0.035). 

Based on these results, the VAR model employs the second-differenced motorcycle series (Δ²MCt) and the level 

car registration series (CARt) as endogenous variables. A ridesharing indicator is created where the variable takes 

the value of one from 2017 onward and 0 for the previous years to capture the effect of the emergence of ridesharing 

services. Similarly, a COVID-19 indicator was created with the value 1 for 2020-21 and 0 otherwise to account 

for pandemic-related impacts. 

 

3.3 Model Specification 

Vector Autoregressive (VAR) models are a time series model used to analyze the relationship between multiple 

variables over time. In a VAR model, each variable is modeled as a linear function of its past values and the past 

values of all other endogenous variables in the system. The VAR model used in this study is described in equation 

1 below. 
 

 Yt = c + ∑ AiYt−i
p
i=1 + BXi + εt                                                                                                                              (1)                                    

 

Where, Yt is the vector of endogenous variables and is defined as the time series of the second difference of the 

motorcycle population (Δ2MCt) and the at-level car population (CARt).  

The equation (1) models these variables at time t as a function of a constant vector (c), their past values 

up to a lag p (𝑌𝑡−𝑖), and 𝑋𝑡 represents a set of external shocks represented by the vector of exogenous variables. In 

this model, two variables discussed earlier, i.e., the introduction of ridesharing services (RSt) and the impact of the 

COVID-19 pandemic (COVIDt), are included in Xt. The coefficient matrices Ai and B capture the dynamic 

interdependencies and the effects of these external factors, respectively, while ϵt is the error term assumed to be 

normally distributed. 

 

3.4 Lag Selection and Model Diagnostics 

The analysis proceeded in two stages. At first, a baseline VAR model with six lags was analyzed without exogenous 

variables. Due to superior model fit, a maximum lag of six was selected based on Akaike Information Criterion 

(AIC) and Bayesian Information Criterion (BIC). This model assisted in identifying the inherent relationships and 

autoregressive patterns between the two vehicle populations. Second, a modified VAR model with a lag of four 

was estimated, incorporating the ridesharing and COVID-19 dummies as exogenous variables. This model 

demonstrated the effect of external shocks, where the p-value evaluates the statistical significance of the estimates.  

 

3.5 Granger Causality and Instantaneous Effects 

Granger causality tests were performed to detect the directional influence between the two time series. This test 

determines whether the past values of one variable have predictive power over the future values of another. An F-

test was used to determine the significance of the lagged terms of one variable in the equation of the other. 

Additionally, an instantaneous causality test was conducted to investigate whether the two series are affected 

simultaneously by standard, unobserved contemporaneous shocks.  
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4. Results and Analysis 

 

Table 1 presents Dhaka's Vector Autoregression (VAR) estimation results – the model does not include exogenous 

variables. The model was estimated on 22 effective data points from 2001 to 2022 after discarding the initial two 

observations due to the second differencing of the motorcycle registration series. The adjusted R-square for the 

motorcycle equation (Δ2MCt) was 0.713, demonstrating a good overall fit, while the car registration equation 

(CARt) shows an exceptionally high value of 0.940. The motorcycle registration equation (Δ2MCt) reveals 

statistically significant autoregressive effects at lag 1 (p = 0.092, *), lag 2 (p = 0.034, **), and lag 5 (p = 0.067, *), 

suggesting a dynamic dependency in motorcycle registration over time. Additionally, the negative parameters 

indicate that a significant increase in motorcycle registrations in a given period is often followed by a subsequent 

drop or slower growth in the subsequent period. However, lags of car registrations show no significant influence 

on motorcycle registration. In contrast, the car registration equation (CARt) exhibits strong autoregressive patterns, 

with its past values at lags 1 to 6, where all the coefficients are significant at a 95% confidence level or above. 

Both positive (e.g., at lag one and lag 6) and negative coefficients (e.g., at lag two and lag 5) reveal an oscillating 

pattern around a long-term upward trend. Additionally, motorcycle registrations at lags 1 (p = 0.006, ***), 3 (p = 

0.039, **), and 6 (p = 0.004, ***) exhibit a significant negative impact on current car registrations. This indicates 

a rise in motorcycle registration is followed by a successive drop in car registration, with statistical evidence.  

 

Table 1: VAR Estimation Results for Changes in Motorcycle and Car Registration in Dhaka (Lag = 6, No 

Exogenous Variables) 

 

Variable Estimate (SE)  

on Δ2MCt 

p-value Estimate (SE)  
on 𝐂𝐀𝐑𝐭 

p-value 

Δ2MCt-1 -1.126 (0.460) 0.092 * -0.352 (0.050) 0.006 *** 

CARt−1 1.725 (1.269) 0.267 1.231 (0.137) 0.003 *** 

Δ2MCt-2 -1.128 (0.305) 0.034 ** -0.045 (0.033) 0.267 

CARt−2 -0.839 (1.390) 0.589 -0.609 (0.151) 0.027 ** 

Δ2MCt-3 -1.033 (0.560) 0.162 -0.213 (0.061) 0.039 ** 

CARt−3 -0.051 (1.413) 0.973 -0.486 (0.153) 0.050 ** 

Δ2MCt-4 -0.631 (0.634) 0.393 -0.009 (0.069) 0.899 

CARt−4 -0.109 (1.856) 0.957 0.749 (0.201) 0.034 ** 

Δ2MCt-5 -1.652 (0.589) 0.067 * 0.069 (0.064) 0.358 

CARt−5 -0.095 (1.854) 0.962 -1.015 (0.201) 0.015 ** 

Δ2MCt-6 -1.697 (0.766) 0.113 -0.650 (0.083) 0.004 *** 

CARt−6 0.568 (1.131) 0.650 0.792 (0.123) 0.008 *** 

Constant -11.300 (12.774) 0.442 6.353 (1.384) 0.019 ** 

R² 0.943 - 0.988 - 

Adjusted R² 0.713 - 0.940 - 

F-statistic 4.104 - 20.64 - 

Model p-value 0.136 - 0.015 - 

Residual Standard 

Error 
8.64 

- 
0.94 

- 

*** Statistically significant at 99% (p ≤ 0.01), ** Statistically significant at 95% (p ≤ 0.05) & * Statistically 

significant at 90% (p ≤ 0.10).  

Table 2 presents the VAR model with lag 4, adding two exogenous variables – ridesharing and the COVID-19 

indicator. For the motorcycle equation (Δ2MCt), previous own lags (particularly lag 2) show a statistically 

significant adverse effect, while the exogenous variables do not exhibit significant influence at a 90% level of 

confidence; however, they are significant at an 80 to 85% level of confidence. In contrast, for the car registration 

equation (CARt), both the ridesharing dummy (p = 0.037 **) and the COVID-19 dummy (p = 0.049 **) have 

statistically significant impacts, suggesting these external shocks played an important role in car registration trends. 

GDP per capita was excluded from this specification due to its weak explanatory power and lack of statistical 

significance, as well as to maintain model parsimony. Overall, the results highlight that car registrations were more 

sensitive to external disruptions than motorcycle registrations, while own-lags remained important for both series. 
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Table 2. VAR Estimation Results for Motorcycle and Car Registration in Dhaka (Lag = 4, Exogenous Variables: 

Ridesharing & COVID-19 Dummies) 

Variable 
Estimate (SE) 

on Δ2MCt 
p-value 

Estimate (SE) 

on 𝐂𝐀𝐑𝐭 
p-value 

Δ2MCt-1 -1.300 (0.665) 0.092 * -0.368 (0.161) 0.057 * 

CARt−1 0.814 (1.137) 0.497 1.134 (0.276) 0.005 *** 

Δ2MCt-2 -2.050 (0.643) 0.015 ** -0.314 (0.156) 0.084 * 

CARt−2 -0.309 (1.684) 0.859 -0.497 (0.409) 0.263 

Δ2MCt-3 -1.390 (0.946) 0.185 -0.520 (0.230) 0.058 * 

CARt−3 -0.260 (1.755) 0.886 -0.268 (0.426) 0.550 

Δ2MCt-4 -0.689 (0.720) 0.370 -0.262 (0.175) 0.177 

CARt−4 -0.869 (1.227) 0.502 0.080 (0.298) 0.795 

Constant 6.865 (9.975) 0.514 6.940 (2.421) 0.024 ** 

Ridesharing (RSt) 22.321 (14.996) 0.180 9.353 (3.640) 0.037 ** 

COVID-19 (COVIDt) -40.573 (24.364) 0.140 -14.061 (5.914) 0.049 ** 

R² 0.787 - 0.851 - 

Adjusted R² 0.484 - 0.639 - 

F-statistic 2.591 - 4.012 - 

Model p-value 0.110 - 0.039 - 

Residual SE 10.91 - 2.65 - 

*** Statistically significant at 99% (p ≤ 0.01), ** Statistically significant at 95% (p ≤ 0.05) & * Statistically 

significant at 90% (p ≤ 0.10) 

Table 3 represents the Granger causality test results that examine the directional influence between changes in 

motorcycle registrations and car registrations in Dhaka. The results indicate that car registrations do not Granger-

cause changes in motorcycle registrations (F = 0.849, p = 0.576). However, the reverse holds, i.e., motorcycle 

registration Granger-causes car registrations (F = 13.984, p = 0.0027***), implying that variations in motorcycle 

ownership have predictive power over future car registration. Additionally, both tests reveal statistically significant 

instantaneous causality between the two series (χ² = 4.292, p = 0.038), suggesting that the two types of registrations 

may respond simultaneously to standard contemporaneous shocks or external factors, such as policy changes or 

macroeconomic events. 

Table 3. Granger Causality and Instantaneous Causality Test Results 

 

*** Statistically significant at 99% (p ≤ 0.01), ** Statistically significant at 95% (p ≤ 0.05) & * Statistically 

significant at 90% (p ≤ 0.10) 

 

 

5. Conclusion and Policy Implications 

 

This study investigated how the motorcycle and car populations have evolved in Dhaka and, more specifically, 

how they influence one another. By using a Vector Autoregression (VAR) approach, the analysis shows that an 

apparent substitution effect of rising motorcycle registrations tends to be followed by slower growth in car 

registrations. Granger causality tests further confirm this direction of influence. The results indicate that shifts in 

motorcycle ownership patterns help predict future car registration trends, but not the other way around. These 

findings line up with previous research from other developing countries (Chu et al., 2024), and the substitution 

effect persists even after adding the exogenous variables in this study. Moreover, the exogenous factors like 

Causality Direction Test Type Test Statistic p-value 

CARt→ Δ2MCt Granger (F-test) 0.849             0.576 

Δ2MCt → CARt Granger (F-test) 13.984         0.0027 *** 

CARt ↔ Δ2MCt (both directions) Instantaneous (Chi-sq) 4.292     0.038 ** 
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ridesharing and COVID-19 showed that while car registrations were significantly affected by these disruptions, 

motorcycles remained relatively less sensitive. This demonstrates the motorcycle as a resilient mode of transport 

during times of change. The findings suggest that both economic policies and infrastructure planning should be 

adapted to this growing dependence on motorcycles. Targeted investments in safe motorcycle lanes, organized 

parking facilities, and stricter emission controls can help manage this trend while alleviating congestion and 

environmental pressure. Simultaneously, strengthening safety regulations, such as enforcing helmet laws, and 

promoting cleaner motorcycle technologies could further enhance sustainability outcomes. Recognizing these 

evolving dynamics will enable urban planners and policymakers to design more balanced transport strategies as 

Dhaka continues to urbanize and motorize. Rather than focusing solely on managing car traffic, transport policies 

should address the unique challenges and opportunities associated with two-wheelers. This study contributes to 

the growing work on vehicle ownership trends in rapidly evolving cities and highlights the importance of data-

driven planning in promoting sustainable and equitable mobility futures. 
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