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Abstract

Vehicular traffic congestion is an important public policy issue as it has the
potential to impact fuel consumption and workforce productivity levels. As
such, scholarly works have focused on explaining key drivers and outcomes of
vehicular traffic congestion. Accordingly, this study examines a web of
relationships that involves the individual and joint effects of private car usage
and mass transportation services on vehicular traffic congestion as well as the
impact of vehicular traffic congestion on fuel consumption and workforce
productivity. To examine these relationships primary data is obtained from
public school teachers in a metropolitan city of Kumasi in Ghana, an emerging
Sub-Sahara African economy. The study finds that while private school
teachers’ private car usage is associated with increases in road traffic
congestion, mass transportation usage does not directly impact traffic
congestion levels. A more interesting finding is that high levels of private car
usage and increases in mass transport usage jointly impact increases in
vehicular traffic congestion. In addition, the study finds that whereas private
car usage and vehicular traffic congestion are associated with increases in fuel
energy consumption, mass transportation services is found to be associated
with greater workforce productivity levels. A key public policy implication is
that systematic management of vehicular flow is important for reducing traffic
congestion and energy consumption in urban centers and for increasing
workforce productivity.

Keywords: Transportation, Traffic Congestion, Energy Consumption. Workforce
Productivity

INTRODUCTION
Transportation has a crucial role to play in economic development of any nation as it is has
been recognized as the means by which communities and sectors of an economy fully
participate in a nation’s industrialization efforts [3]. For example, World Bank records show
that by 2007, nearly 20% of World Bank lending activities were for transportation
infrastructure construction projects, which was larger than lending to health and educational
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sectors combined [46]. Thus, the relevance of transportation in an economy cannot be
underestimated [30] as a provision of a high quality transport system is key to national
development and the well-being of the society at large [36]. According to [16], an effective
transportation system is important in sustaining economic growth in contemporary economies
since it provides a linkage between different parts of the country and the global world [22].

In recent times, it has been estimated that more than 80% of the world’s population live in
urban communities [20]. As a result, it is argued that quality public transportation system
plays an important role in the sustenance, and efficient mobility of high quality urban life [50].
According to [53], public transportation helps reduce traffic congestion, parking congestion,
traffic accidents, road and parking infrastructure costs, automobile costs to consumers,
excessive fuel energy consumption and air pollution. In addition, the public transport offers the
means of mobility for pedestrians such as children, disabled and elderly people.

A major issue that remains under-researched and yet is crucial in explaining urban
transportation problems (such as traffic congestion) in less developed nations is the
consequences of private car use for transportation. Arguments have been made that as
people’s disposal income increase there is a greater likelihood of increased private car use
[24], but such an increase in private car use has a corresponding knock-on effect on public
transport use; hence an increase in traffic congestion. An increase in private car usage may also
increase energy demand and reduction in workforce productivity [51, 24].

Intrinsically, policy makers have been concerned about the approaches to reduce congestion in
Municipal areas to boost energy efficiency and workforce productivity [49]. It is argued that
rather than attempt to eliminate traffic congestion in urban centers, policy makers should
formulate public policy initiatives that minimize the levels of traffic congestion and its
undesirable outcomes [52]. The premises for such a policy direction are that while different
regimes have attempted to address the problem in different ways, ranging from road taxes
levied on car usage, toll charges for cars entering central business districts (most recently in
London), a ban on travelling in high traffic areas during the day, as well as controlling the
growth of the vehicle population through possession taxes, none has successfully eliminated
the occurrence of traffic congestion and its associated energy consumption and workforce
productivity consequences, although a point can be made that in some nations such penalties
have helped minimized the incidence and negative outcomes of traffic congestion.

Thus, the central motivation of this research is to contribute to transportation research by
advancing knowledge on the underlying causal mechanisms that link private car usage to
traffic congestion, the contingency factors that amplifies or mute the relationship, as well as
explains energy consumption and workforce productivity consequences of traffic congestion.
More specifically, this study proposes a conceptual model to argue that increases in private car
usage is a major driver of vehicular traffic congestion, and that this relationship between
private usage and traffic congestion is conditioned by levels of mass transport usage. The study
then contends that increases in traffic congestion itself is a driver of energy consumption (or
demand) and reduction in workforce productivity. By examining this conceptual model, this
research seeks to provide valuable contribution to public policy making on road
transportation.

First, a major benefit from this study is that it has the potential to enhance current scholarly
understanding of the drivers and consequences of a major fuel energy consumption human
activity: traffic congestion. In terms of public policy making, findings from the study may help
inform public policy makers and traffic congestion experts on key variables, and cause and
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effect relationships to look at when developing remedial measures to minimize traffic
congestion in metropolitan areas. Second, an additional benefit from the study is that findings
may serve as a source of empirical validation of transportation investment decision making
regarding how fuel reserves could be managed to improve national energy security. The
sustainability of the national environment is a key issue for the health of a nation [52].
However, empirical verification of the consequence of private car usage, the key drivers of fuel
consumption, which is a major indicator of population, is lacking, and yet crucially needed to
determine public health implications of fuel energy consumption. Third, the study sought to
reveal the vital role of public transportation in reducing energy consumption and pollution and
how congestion cost amplifies inefficiencies in the national economy through reduction in
workforce productivity. Findings from this study might inform policy experts regarding
workforce productivity consequences of traffic congestion. The conceptual model backing
these propositions are now explained as follows;

Mass Transport
Usage Propensity

Ha:- H3: Fuel
' Consumption
Private Car v .
Usage
Workforce
productivity

Figure 1: The theoretical background and research hypotheses

LITERATURE REVIEW

Overview of Urban Transportation

Urban transportation refers to a system of transportation that provides access and mobility for
people, goods and services across urban centers [54]. Effective urban transport systems are
essential to economic development and for that matter quality of life in urban areas. Urban
transportation opens up opportunities to inhabitants to access essential services. Business
activities depend on efficient urban transportation systems to ensure mobility of customers,
employees, suppliers and information. According to [54], urban transport services cover a
range of important social and economic activities such as leisure trips, business journeys
(commuting, shopping) trips to places of education and freight distribution.

Effectiveness of Urban Transportation System

Effective urban transportation system therefore helps meet demand for accessibility within
cities [33]. The effectiveness of an urban transportation system rests very much on the quality
and management of transport infrastructure in urban centers including quality of roads,
parking lots, vehicles, transportation terminals and networks. In view of the fact that urban
transportation infrastructure directly affects urban transportation effectiveness and capacity,

URL: http://dx.doi.org/10.14738/abr.34.1281. 42



Archives of Business Research (ABR) Vol.3, Issue 4, August-2015

urban traffic management system becomes an important process for controlling and guiding
distribution of traffic on urban roads. In recent times, there has been an on-going movement
towards urban transportation system planning, which has an impact on cities and urban
settlement development. According to [23], urban transportation system is an essential factor
that may facilitate and limit urban economic development depending on the degree of its
management for effectiveness and efficiency. Along this line, scholars have identified several
factors that may determine the effectiveness and efficiency of transportation systems. Key
among these is adequate transport network, traffic management and control systems, efficient
and reliable mass transit [16]. [55] also indicated that investment in adequate transport
infrastructure improves transport efficiency in terms of increased reliability and productivity.
[38] assert that mass transit is prerequisite for ensuring efficient and effective transportation
system in urban areas in terms of energy conservation and environmental preservation.
Effective traffic management and control system is also noted to enhance transport user
mobility and productivity [7].

In particular, it is argued that efficient road transport management helps lower vehicular
traffic congestion, and subsequently boost travelers’ productivity at work. Productivity is
defined as the ratio of volume of output to the volume of input. In other words, it measures the
extent to which production input is utilized to produce output in the production process [32].
In advancing this argument further, [16] states that an effective transportation network is
therefore key for sustaining economic growth in the contemporary economies. To him,
transportation network links people to job, deliver products to markets where there is
demand, drives supply chain and logistics and enabling domestic and international trade. He
was of the view that improvement in transportation efficiency can influence cost, travel time,
reliability, comfort, safety and security. He argued that the direct benefit of an efficient and
effective transportation system is reduction in travel time, which translate into cost saving and
increase in productivity.

Impact of Transportation on the Economy

Within the context of developing economies such as Ghana, public bus services have been
instrumental for socio-economic mobility [27]. For example, in Ghana the Omnibus Services
Authority has contributed to Ghana’s economy through provision of transport services
nationwide. While vehicular traffic congestion reduction has been one of the key drivers of
investment in mass transportation in Ghana, what we currently do not know is empirical
evidence to support the notion that greater private car usage accounts for greater variation in
traffic congestion in urban centers and that mass transportation helps lower vehicular traffic
congestion. In addition, while a lot has been said with respect to the consequences of vehicular
traffic congestion on the economy, we lack information on its effects on key economic-related
forces: energy consumption and workforce productivity levels. Accordingly, the purpose of the
current study is to investigate the extent to which private car usage impact vehicular traffic
congestion at differential levels of mass transportation usage, and the degree to which
vehicular traffic congestion impact levels of energy consumption and workforce productivity.

Transport and Energy Consumption

Transportation is essential to our economy and quality of life, and currently accounts for 71%
of the nation’s total petroleum use and 33% of our total carbon emissions. Energy-efficient
transportation strategies could reduce both oil consumption and greenhouse gas (GHG)
emissions. Petroleum products constitute around 30 percent of total energy demand in Ghana
[21]. The transport sector is the main consumer of petroleum products, accounting for over 80
percent of total consumption in 2003. Households accounted for 6.2 percent, industry 6.7
percent and agriculture 4.2 percent [46]. According to [19] increasing urban densities will
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reduces energy consumption by transport and in the same way having more people close to
their jobs will also reduce vehicle miles travelled, freeway traffic and tailpipe emissions.

HYPOTHESIS DEVELOPMENT

Private Car Usage and Vehicular Traffic Congestion

A high level of private car usage is positively related with high levels of vehicular traffic
congestion. A lot of studies indicate that mass or public transportation reduces congestion.
According to [37] public transport plays a greater role in reducing congestion. Again [16] notes
public transport interventions reduce congestion. [17] Concludes that one of the policies and
measures to control urban road transportation externalities like congestion is adopting mass
transportation. Finally, [38] demonstrated that, travelling by mass transit per person and per
mile, uses significantly less energy and produces substantially less pollution than comparable
level by private cars as a result of reduction in congestion.

H1: Private car usage is positively associated with vehicular traffic congestion in urban centers

Private Car Usage, Mass transportation Usage and Vehicular Traffic Congestion

The positive effect of Private Car usage on vehicular traffic congestion becomes negative when
levels of mass transportation usage increase in magnitude. This argument is in line with [40]
suggestion that congestion leads to average speeds that are very low making the car engines
consume more fuel than necessary. [38] asserts that public or mass transportation reduces
congestion and as such reduces fuel consumption. [11] explains that fuel consumption
increases unnecessarily when drivers do not drive at optimal speeds on most frequently used
roads. Congestion causes vehicles to more bumper-to-bumper at stop-and-go speeds lower
than optimal speeds.

H2: The effect of private cars usage on vehicular traffic congestion in urban centers is
weakened when levels of mass transportation usage is high.

Vehicular Traffic Congestion and Fuel Energy consumption

Energy plays a vital role in the economic activities of any country. Human activities depend on
the usage of several forms and sources of energy. In the same vein, transport which is
responsible for the mobility of people, goods and services, is also of equal importance to the
growth of every economy. Traffic congestion is mostly observed in economically vibrant cities.
It is therefore important that congestion is managed in order to ease mobility [28]. [28]
explains further that congestion lengthens journey times, disrupts business activities by
holding potential business people in traffic and as a result decrease productivity. Again,
increasing traffic congestion increases inventory holding cost by manufacturers and
wholesalers as a result of travel time unreliability and thereby affecting productivity.

However, the transportation sector worldwide almost entirely depends on fossil energy. While
transports may run on several forms of energy, petroleum oil seems to be the most widely used
energy to power transportation equipment. A key issue is that as transportation services
increase there is a corresponding increase in energy demand. A more interesting issue is that
while increases in transportation activities may increase fuel energy demand and
consumption, we posit that energy demand and consumption may be greater when increased
road transportation cause traffic congestion. Regarding vehicular transportation in particular,
argument can be made that when private (as well as public cars) on the road increase vehicular
traffic congestion can be expected as a consequence, and congestion, we posit may
subsequently cause greater fuel energy consumption by vehicles. While an increased
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petroleum energy demand has become a major issue across the globe in recent times [48], an
empirical test linking vehicular traffic congestion to energy consumption, particularly in less
developed societies, remain limited.

H3: Increases in vehicular traffic congestion is related to greater energy consumption.

Vehicular Traffic Congestion and Workforce Productivity

Traffic congestion is mostly observed in economically vibrant cities. It is therefore important
that congestion is managed in order to ease mobility [28]. [28] explains further that congestion
lengthens journey times, disrupts business activities by holding potential business people in
traffic and as a result decrease productivity. Again, increasing traffic congestion increases
inventory holding cost by manufacturers and wholesalers as a result of travel time unreliability
and thereby negatively affecting productivity levels. [40] argues that for those who are caught
in congested condition outside normal working hours; it is arguable that the time losses
suffered as a result of the congested conditions have impact on the economy. However, one can
argue that time outside working hours does not only have economic impact but also increase
people’s stress level, which subsequently negatively impact productive levels at work. Thus, we
hypothesize that:

H4: Vehicular traffic congestion is negatively related to workforce productivity.

RESEARCH METHODS

Data Collection

To test the study’s proposed hypotheses, we conducted survey and field experiments with
commuters that use private vehicles and mass transportation services in a large metropolitan
city in Ghana. Specifically, public and private school teachers were included in the study. The
study adopted face-to-face interview and questionnaire administration procedures to solicit
information from the key informants (i.e. teachers who own private cars). Field experiments
and the judgmental sampling technique then used to create a sampling frame of 1000 teachers,
from which a sample size of 250 valid responses was obtained.

Measure development

We followed several procedures to measure the study’s key constructs. Specifically, measures
of private car usage, traffic congestion, and workplace productivity were newly developed as
there were no readily available measures in the empirical literature to capture these
constructs. The psychometric procedures suggested by the literature were followed in
designing a questionnaire, which was pre-tested with several teachers and academic experts
in transportation and supply chain management disciplines [12, 14]. Items measuring
workplace productivity were drawn from the literature, as these measures have previously
been validated within the context of teacher’s competence [25]. In addition to the measures
used to estimate the study’s hypotheses, we also controlled for several variables in our model,
in line with the established literature in the transportation literature (See Table 2).

ANALYSES

Assessments

Following [8], we examined the extent to which there were significant differences in the means
of a number of important variables across early and late respondents. We obtained
insignificant differences in the means of the teachers’ age, income, working hours and weekly
expenses on fuel between early and late respondents, indicating that non-response bias is
lacking in our data. Subsequently, we performed the Harman one factor test to assess any
potential common method bias problem [35]. We specifically estimated a Confirmatory Factor
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Analysis (CFA) model by forcing all items measuring our constructs to load on a single bias
factor. We obtained unsatisfactory results for our sample, indicating that common method bias
is not a threat to our dataset.

Reliability and Validity Tests

For measure development and model testing purposes, a two-stage analytical approach was
used whereby the measurement and structural models were tested consecutively, following [5]
recommendation. First, an Exploratory Factor Analysis (EFA) was undertaken to determine the
factor pattern and structure of the indicators used to measure the constructs. Having obtained
a satisfactory factor structure, whereby each observed item loaded expectedly on the
hypothesized factor, a Cronbach alpha was calculated for the set of items measuring each
obtained factor. Each factor returned a satisfactory alpha value (see Table 1), demonstrating
initial evidence of reliability of the measures.

Table 1: Details of Multi-item Measures and Results of Validity Tests

Standardized Average
Factor Alpha Composite Variance

Construct and Item Details Loadingst Reliability Reliability Extracted
Private Car Usage (I = strongly disagree; 5 = strongly agree) .85 .88 .60
I regularly travel on my private car to and from work .87 (fixed)
I prefer to commute to and from work on my private car .84 (15.31)
I find it convenient travelling on my private when it comes to my work .78 (13.76)
It is important that I travel on my private car for work-related activities .52 (8.12)
I use my private car to and from work on every working day .78 (13.64)
Driving my private car to and from work is something that excites me* -

93 95 74
Traffic Congestion (1 = not at all; 5 = to an extreme extent)
I often experience heavy traffic congestion on my way to and from work .84 (fixed)
There is often heavy traffic congestion on the road leading to my workplace .87 (16.63)
I spend lots of time on the road travelling to and from work due to traffic .90 (17.56)
congestion
Driving in a heavy traffic is a normal experience during my working days 77 (13.57)
I need to leave home very early simply to avoid heavy traffic congestion .82 (15.04)
I arrive home late after work due to heavy traffic congestion .82 (14.93)

.86 87 .63
Mass Transportation (I = not at all; 5 = to an extreme extent)
When travelling to and from work, [ am......
happy to use a public mass transport .61(fixed)
open to the idea of using a public mass transport .80 (9.36)
willing to sit on a public mass transport .91 (10.03)
prepared to join a public mass transport .82 (9.56)

78 .80 50
Workplace Productivity (I = strongly disagree; 5 = strongly agree)
During the past four weeks.....
I have been able to finish hard tasks at work .67 (fixed)
I have been able to take pleasure in my work tasks .62 (7.48)
I feel hopeless about finishing certain work tasks* -
I have been able to focus on achieving my goals at work .81 (8.17)
I feel energetic enough to be able to complete all my work tasks .75 (8.38)

.76 78 55
Fuel Consumption (I = not at all; 5 = to an extreme extent)
I use many litres of petrol/diesel every week (Monday to Friday) when school
is in session .70 (fixed)
I spend lots of money on petrol/diesel every week (Monday to Friday) when
school is in session .90 (8.77)
I spend a high percentage of my monthly salary on petrol/diesel every week
(Monday to Friday) when school is in session .59 (7.88)
Fit Indices
Chi-square (DF) P-value RMSEA NNFI CFI SRMR
291.04 (199) .001 .046 .96 .96 .051

+ = T-values are in parentheses * = deleted items due to poor factor loading
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Subsequently, a CFA was performed for each item that passed the EFA and alpha reliability
tests. The purpose for the CFA test was to ensure that the reliability and validity of all
constructs was robust and with measurement error being accounted for. As can be seen from
Table 1, satisfactory factor loadings were obtained for each multi-item construct,
demonstrating evidence of convergent validity. In using [9] model fit assessment criteria,
overall good fitness indices were obtained for the sample: chi-square (x2)/d.f. = 291.04/199 =
1.46; p-value > .05, which is statistically non-significant; Root Mean Square Error of
Approximation (RMSEA) = .046; Non-Normed Fit Index (NNFI) = .96; Comparative Fit Index
(CFI) = .96; and Standardized Root Mean Residual (SRMR) = .051. In addition, the factor
loadings for each indicator on its respective construct were statistically significant at 1% level,
and because no evidence of cross-loadings was observed, it is argued that the constructs
demonstrate unidimensionality in the sample studied.

Additionally, we find that the composite reliability of each construct was larger than .70, which
exceeds [10] .60 recommendations. Similarly, evidence of discriminant validity for each
construct was obtained because the lowest Average Variance Extracted was .51, which is larger
than the highest shared variance between any pair of constructs. In following [5]
recommendation, each possible pair of construct was collapsed into a single factor, and in
comparing their fit indices, it was found that the two-factor models provided superior fit to the
data relative to the single factor models. Details of these statistics are available in Table 1 and
Table 2. Details on the descriptive statistics and inter-construct correlations for the variables
that were included in the model are available in Table 2.

Structural Model Estimation

Having found support for measurement reliability and validity for each construct, we then
estimated the structural relationships between variables. We used moderated structural
equation modeling (MSEM) to test the moderating effect relationships in the study’s theoretical
frame work [13, 18]. Actual estimation of structural models was undertaken using maximum
likelihood estimation method, which was implemented in LISREL 8.5. In following [34], model
complexity was reduced by creating single indicants for each construct involved in
multiplicative interactions (i.e. private car usage and mass transportation usage), while the
remaining variables were estimated with full-information, producing a MIMIC model (Multiple
Indicator Multiple Cause). For the constructs that were used for multiplicative interactive
analysis, the scores were mean-centered, helping to minimize any multicollinearity problem.
Subsequently, a series of three nested models were estimated and compared to test the
hypotheses. Table 3 reports result of the estimated effects of the explanatory variables on the
different dependent variables in the estimated structural model.

Concerning the exact hypotheses tested, hypotheses 1 theorizes that high levels of private car
usage are positively related to high levels of vehicular traffic congestion. Findings from this
study show that high levels of private car usage are positively related to increases in traffic
congestion (t = 2.22; p< .05), in support of H1. In hypothesis 2, it is posited that the positive
effect of private car usage on vehicular traffic congestion becomes negative when levels of
mass transportation usage are high. Findings from the study reveals that when levels of mass
transport usage are high, the increase is not significantly associated with reduction in the
impact of private car usage on traffic congestion (t = -1.01; p> .05), thus, rejecting H2. In
hypothesis 3, it is conjectured that high levels of vehicular traffic congestion is positively
related to high levels of fuel consumption. Evidence from the study indicates that high levels of
traffic congestion is positively associated with greater levels of fuel consumption (t=1.95; p<
.05), providing support for H3. Additionally, evidence from the study shows that increases in
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traffic congestion is not significantly associated with reduction in workforce productivity
contrary to our prediction in hypothesis 4.

Additional interpretation of the study’s findings is appropriate to provide additional insights.
We find that at high levels of private car use, traffic congestion becomes higher (t = 2.21; p<
.05), and high levels of traffic congestion is associated with increases in fuel congestion (t =
1.91; p< .05). Furthermore, it was found that high levels of fuel consumption is negatively
related to workforce productivity, such that as levels of fuel consumption increases there is a
corresponding decreases in workforce productivity, suggesting that high traffic congestion
drives decreases in workforce productivity only through increases in fuel consumption, such
that the negative impact of traffic congestion on workforce productivity is magnified when it is
channeled through increases in fuel consumption. It can, therefore, be inferred that the impact
of traffic congestion on workforce productivity is through increases in fuel consumption.

Similarly, it can be argued from the findings that the impact that private car usage has on fuel
consumption is through the increase in traffic congestion which is also created by the increase
in private car usage. While the propensity to use mass transportation does not affect traffic
congestion levels, however, at high levels of mass transportation usage there is a
corresponding increase in workforce productivity (t = 1.70; p<.05). We discuss the theoretical
and policy implications of the findings in the sections that follow next.

Table 2: Descriptive Statistics and Inter-Construct Correlation

\Variables |1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 |17
1 |Car usage
2 [Traffic 028
congestion
3 [Mass - .100
transportatio | .224
n use
4 . .174 |- .004
Productivity | x 037
5 [Fuel - A51(.197 |-
consumptio |.119 |° - ;%54
n
6 [|Public - - - 049 |-
transport .022 1.069].032 .029
lavailability
7 |Taxi .089 1.068].065 |- - .207
lavailability 004 |.100|™
8 Gender - 072 .136 |- .060 | .041 ].023
.090 .059
9 .096 |.122].013 |- .089(.111 |.040|.176
Aget 150 ¥
10 [Educational | - .053(.085 |- .082(.052 |.079|.323 | .406
attainment 010 087 - -
11 \Working 027 |- .019 [.032 |- .088 |.055].184 |.189 |.210
hours .047 .057 - - -
12 Staft .063 |- - .050 |- - - - .035 |- .068
. .009 | .002 .020(.039 |.015].163 .039
numbert M
13 Student .076 |.086 | - .054 1.003 | - - - - - 022 |.352°
numbert .066 .008 |.0291.040 |.019 |.044 i
14 |Weekly 078 |.158] - - 173 | - - 012 1.020 [.079 [.009 [-.030 |.244"
Litre usef i 006 |.015 |° 056 |.024
15 [Weekly .046 |.150 | - - 136 - - .017 |.113 [.057 |.068 |[.013 |.012 .057
expenses ¥ 042 [.054 037 |.035
(GHC) on
fuelt
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16 % of | - - 110 |- .039 | - .047 | - - - - .007 |.049 .001 |.001
monthly .010 |.078 .016 .030 229 1.160 | 222 |.174
income on > * >
fuel
17 . .034 |.051].089 |.054 |- - .1631.007 |.184 1.053 |.009 |-.072 |.024 .027 [-.058 ].06 |-
Car sizet 066 ] 037 |° o 5
M 430 |13.36|2.65 [4.07 |1.66]- - - 1.82 |- 128.3 | 138.1 | 927.54|136.4 | 109.4 | 6.4 | 8.6
ean
1 3 9 3 3 7
Standard | .88 1.17]1.12 .80 1 - - - .98 - 30.59 1145.6 | 1071.2 | 64.5 11922 |12.6 | 8.4
Deviation 1 3 0 9 3 4

t = Natural log was taken before correlations were estimated
N =202 private car users

Table 3: Results of Hierarchical Moderated Regression Analyses

Dependent  variable: Traffic | Dependent variable: Fuel | Dependent variable: Workforce
Congestion Consumption Productivity
Independent
variables and Model
estimated paths Model I~ Model 2 Model 3 | Model4  Model 5 Model 6 7 Model 8 Model 9
Control paths
-.15
-.09 -.08 -.08 (- -.04 -.05 .09 .06
Staff number (-1.17) (-1.01) (-1.01) 1.94%%) (-1.44%) (-1.47%) (1.09) (79) .06 (.79)
Student 13 13 13 .01 -.01 -.01 .07 .07 .07
population (1.75%%) (1.71%%) (1.70**) (12) (-23) (-.16) (.95 (93) (93)
-.16 -16
13 13 13 .10 .05 .05 -.16 - (-
Age (1.88**) (1.82%%) (1.80**) (1.39%) (1.59%) (1.63%) (2.04)  2.12%%%) 2.11%+%)
12 12 12 .08 .09 .09 .08 .07 .07
Total fuel litre (1.56) (1.57) (1.56) (1.04) (2.95%*%)  (2.96%*%) (97 (.82) 9.82)
Total  expenses .20 .19 .20 .06 -.01 -.01 -.08 -.08 -.08
on fuel (2.59%%)  (2.49%%%)  (2.48%%%) | (.79) (-39) -31) (-98) (-.98) (-98)
Monthly -.09 -.08 -.08 -.09 01 .01 .05 .03 .04
Working Hours (-122) (-1.06) (-1.06) (-.122) (32) (29) (71 (48) (48)
Public transport | -.10 -.10 -.10 -.01 .01 .01 .07 .07 .07
availability (-145 (-1.45%) (-1.44%) (-23) (22) (17 (.86) (.95 (.95
.09 .10 .10 =11 -.06 -.06 -.01 -.03 -.03
Taxi availability | (1.22) (1.33%) (1.33%) (-145%)  (-1.95%%) (-1.90%%) (-.08) (-45) (-45)
10 .10 .10 .07 .05 .05 -.04 -.03 -.03
Gender (1.45) (1.37%) (1.37% (1.02) (1.59%) (1.63%) (-59) (-35) (-34)
05 .04 .04 A1 .04 .04 =02 (- .00 .00
Education (.69) (.56 (.56) (1.51%) (1.24) (1.26) 24) (.03) (.03)
Main effects
paths
Mass  Transport -.03 -.03 -.03 -.03 .16 .16
Usage (-42) (-41) (-96) (-98) (2.12%%%) (2.12%%%)
Private Car .16 .16 .89 .89 -17 -.14
Usage (2.21) (2.22%%%) (30.50) (33.20%**) (-1.16) (-.77)
15 -.01
Traffic Congestion - (1.95*%%) (-.15)
Interaction effect
paths
-42
-
Fuel Consumption - - - 3.97% %)
Private Car Usage
x Mass Transport -.07 (-
Usage 1.01) - - -
Fit statistics:
F-value 3.44%** 2.81*** 2.60%*** 2.01*** 89.73*** 82.48*** 1.18 1.99%** 1.70%*
R’ (%) .16 .17 .16 .10 .86 .89 .06 .12 .15
AR (%) - 01 %* .00 - TGF** .03** - L06*** .03**
Notes:

1: Model 1, Model 2 and Model 3 have Congestion as an outcome variable; Model 4, Model 5
and Model 6 have Consumption as an outcome variable; and Model 7, Model 8 and Model 9
have Productivity as an outcome variable.

Copyright © Society for Science and Education, United Kingdom

49




Annan, J., Mensah, J., & Boso, N. (2015). Traffic congestion Impact on Energy Consumption and Workforce Productivity: Empirical Evidence from a
Developing Country. Archives of Business Research, 3(4), 40-54.

2: Model 1, Model 4 and Model 7 = contains control variables; Model 2, Model 5 and Model 8 =
contains control, and main effect variables; and Model 3, Model 6 and Model 9 = control, main
effect, and interactive paths

3: a = Critical t-value: *10% one-tailed test = 1.28%; 5% one-tailed test = 1.645**; and 1% one-
tailed test = 1.960***; 4: t-values are reported in parenthesis

5. DISCUSSION AND IMPLICATIONS

The primary objective of this research was to examine a web of relationships that involves the
individual and joint effects of private car usage and mass transportation services on vehicular
traffic congestion as well as the impact of vehicular traffic congestion on fuel consumption and
workforce productivity. Using primary data from public school teachers in a metropolitan city
of Kumasi in Ghana, an emerging Sub-Sahara African economy, the study finds that while
private school teachers’ private car usage is associated with increases in road traffic
congestion, mass transportation usage does not directly impact traffic congestion levels. A
more interesting finding is that high levels of private car usage and increases in mass transport
usage jointly impact increases in vehicular traffic congestion. In addition, the study finds that
whereas private car usage and vehicular traffic congestion are associated with increases in
energy consumption, mass transportation services is found to be associated with greater
workforce productivity levels. The following sections discuss the theoretical and public policy
implications of the findings.

Theoretical implications

Policy-making implications

Congestion reduction should be a central element of a regional economic development strategy
in Ghanaian cities. More specifically, policymakers at the urban roads and feeder roads, levels
should:

* Pay more attention to the accessibility of other roads within the various suburb, not just
downtowns or central business districts where traffic is always at its peak.

* Add capacity in the rims of metropolis, where major suburban job and retail centers are
located. Our findings are likely to be productivity-gaining. Not only is access likely to
improve more per dollar invested than in the CBD, but future growth is likely to be
higher.

* The urban roads approach to transportation planning and investment within the
metropolis must have both tactical and strategic dimensions. Tactically, investments
must be made in projects and programs that allow the road networks to operate most
efficiently and to meet existing travel demand. Strategically, the right infrastructure
must be built in the right place at the right time. This is present, Ghana is failing both
tactically and strategically, with congestion rising and mobility declining.

¢ Upgrading freight rail operations is important in reducing road traffic congestions. Lack
of adequate road infrastructure (and CBD routes in particular) contributes significantly
to rising traffic congestion and lower national economic productivity.

Limitations and directions for future research

The aim of the study was to investigate how private car usage and mass transportation
influence traffic congestion as well as fuel congestion and other levels of externalities. The
study used Structural Equation Modelling (SEM) to test the hypotheses of the study developed
and concluded that high levels of private car usage lead to increases in traffic congestion. On
the other hand, when levels of mass transport usage propensity are high, the increase is not
significantly associated with reduction in the impact of private car usage thus rejecting H2. But
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this can be explained. Studies have shown that increase use of public transport reduces the
level of private car usage and as a result, reduction in congestion as found in the literature
reviewed. But [24] explained that people sought to live a more comfortable lifestyle and as a
result will always prefer to use their private cars as a reliable means of transport than public
transport. The public transport systems in developed countries are more comfortable and
reliable. Unfortunately in Ghana, our public transport system is dominated by jitneys (trotro)
which are mostly uncomfortable and unreliable. Hence people still prefer to use their private
cars. Again considering hypothesis 3, the study demonstrated that high levels of traffic
congestion are positively associated with greater levels of fuel consumption in support of H3. It
can therefore be inferred that the impact of traffic congestion on workforce productivity is
through increases in fuel consumption. Similarly, it can be argued from the findings that the
impact that private car usage has on fuel consumption is through the increased traffic
congestion that the increase in private car usage creates while the propensity to use mass
transportation does not affect. Moreover, a number of causes of congestion were observed in
the study. These include pedestrian obstruction, inadequate reserved parking lots,
dysfunctional traffic control devices, recurrent congestion and picking of passengers anywhere
along the roads not necessarily at bus stops. These are mostly due to non-enforcement of
transport laws in the cities. The study is limited to emission of CO2 which is also influenced by
the traffic congestion. The model developed in the study could have included emissions as one
of the dependent variables of congestion. Thus, the theory could have been high levels of
private car usage impacts on traffic congestion and road traffic congestion impacts on
emission, fuel consumption and productivity The study did not include research into emissions
in Ghana since the Environmental Protection Agency (EPA) has no emissions standards in
Ghana [31]. Therefore, research into road traffic emissions and its impact on the environment
will be worth studying. This is supported by the fact that pollution as a result of emissions from
road traffic congestion from the perspective of developing countries is troublesome as
indicated “the spectrum of rapidly growing private vehicle ownership and usage in nations
casts a worrying shadow over the projected course of global greenhouse gas emissions” [47].
Finally, the study concludes that, while the propensity to use mass transportation does not
affect traffic congestion levels, however, at high levels of mass transportation usage propensity,
there is a corresponding increase in workforce productivity.
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