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Abstract: The once-held wisdom of the supreme efficiency of one-way streets has been gradually
supplanted by the perceived sustainability of two-way streets in the design of livable cities that
prioritizes the safety of pedestrians and thriving of local businesses. However, it is rarely discussed
on whether one-way street conversions have truly improved the long-term traffic efficiencies on
urban street networks, as conflating socioeconomic factors such as vehicular population growth and
induced travel demand may render empirical analysis inconclusive. In this study, microscopic traf-
fic simulations implemented on SUMO platform was performed to analyze the effect of street con-
version in Downtown Brickfields, Kuala Lumpur. This approach can control and standardize travel
demand in both one-way and two-way street networks, and would therefore give a fairer evaluation
by precluding all socioeconomic factors. It was found that one-way streets do not necessarily im-
prove the traffic efficiency of the network, as it is very dependent on the traffic scenario evolution
over time. One-way streets perform better at the onset of traffic congestion due to its higher capacity,
but on average, the 4-fold longer travel times that made it harder to clear traffic by getting vehicles
to their destinations compared to two-way streets. As time progresses, congestion in one-way streets
may become twice as worse compared to two-way streets. This study may contribute to a more
holistic assessment of traffic circulation plan designed for smart and livable cities.
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1. Introduction

Traffic assignment has been an integral part of urban planning ever since the prolif-
eration of motorized vehicles from the 1950s. Prediction of travel demand and then plan-
ning the suitable street configuration is necessary to ensure smooth traffic flow and relieve
congestion. One of the aspects of street configuration is the traffic circulation plan that
governs street directionality. In the past, traffic flow had always been presumed to be
bidirectional, and drivers only needed to adhere to either the left-hand or right-hand traf-
fic rule to avoid collision with the opposing traffic. As the number of vehicles increased
over the years which heightened the stress of traffic densities in urban streets, traffic plan-
ners redesigned traffic circulation plans by implementing additional street rules, one of
them being the conversion of two-way streets into one-way streets. A famous historical
anecdote would be Albemarle Street in London, where conversion into a one-way traffic
was made due to severe traffic congestion caused by people travelling to attend Humphry
Davy’s lectures at the Royal Institution. Since then, it seemed to be common wisdom to
traffic engineers that one-way streets are superior to two-way streets from the argument
of driver safety, traffic capacity and driver convenience [1-5].
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Yet, recently there are growing dissenting opinions with regards to those claims from
the perspective of sustainable and livable cities. The strongest proponents of two-way
streets are from researchers in the humanities and economics, arguing for bidirectional
traffic that significantly slows down traffic speed and hence improves the safety of pedes-
trians and also reinvigorates the businesses along the street [6—-11]. On the other hand,
contemporary traffic engineers have greater access to modern traffic modelling and sim-
ulation tools that allowed study of street configurations with better context and details
compared to empirical data [12-17]. Some of them did not find any positive effect in terms
of traffic capacity between one-way and two-way streets [16,17], while some others
granted that implementing the directionality of traffic would be very context-sensitive
and situation dependent [12,15], for example, two-way streets that banned left-turns could
be more efficient compared to one-way streets [13,14].
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Figure 1. Google Street Maps of Downtown Brickfields, Kuala Lumpur.

In this study, the project team lean towards the contemporary viewpoint that traffic
circulation is complex, is locality and context-dependent, and hence must be evaluated on
a case-by-case basis. Modern traffic simulation tools were applied to evaluate the effi-
ciency and sustainability of the urban street network in Downtown Brickfields, the heart
of Kuala Lumpur city in Malaysia. For context, KL Sentral, which is the central public
transportation hub, is located in Brickfields and along with the high population density
and being a tourist hotspot, led to the traffic being at a constant congestion. In 2010, The
Kuala Lumpur City Hall has implemented a traffic dispersal system to alleviate the con-
gestion, and this has led to Jalan Tun Sambanthan, a street leading towards KL Sentral,
being converted into a one-way street that only permits north-east bound traffic (see Fig-
ure 1) [18]. Jalan Tun Sambanthan is also located in Little India, which is a bustling eco-
nomic center. Five years later in 2015, the residents and businesses in the vicinity of Jalan
Tun Sambanthan and Little India did not see any positive effects of the street conversion
[19,20]. While it may be too early to conclude on the outcomes of the street conversion,
which may be well alluded to vehicle population growth and induced traffic demand, it
may be interesting to conduct a simulation study that is able to study on the network
topology alone and preclude the other conflating socioeconomic factors. For this purpose,
different traffic scenarios of the Downtown Brickfields urban street network were studied,
with Jalan Tun Sambanthan acting as a one-way as well as a two-way street, via micro-
scopic agent-based traffic simulations.
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2. Materials and Methods

The traffic network of Downtown Brickfields will be studied using both the macro-
scopic and microscopic traffic flow model approaches. The macroscopic model allows us
to have the general overview of the traffic flow parameters of the network, while the mi-
croscopic model is used by the traffic simulation software to generate the traffic scenarios
for the flow analysis. For the macroscopic model, we have used the classic Greenshields’
traffic flow continuity equation [21], which simply states that the average vehicle speed
on a street, u, in kilometers per hour (km/hr), the traffic flow rate, g, in vehicles per hour
(veh/hr), and the traffic density, k, in vehicles per kilometers (veh/km), is related by

k.
q=kf-u—[u—;]-u2 (1)

where, ur is the free-flowing traffic speed and kj is the traffic density at congestion. At any
given time throughout the simulation, the traffic flow rate can be obtained by manually
counting the number of vehicles passing through a designated point on the street, while
the traffic density can be obtained by counting the number of vehicles that occupies the
whole stretch of the street, and then divided by the length of the street. The average vehi-
cle speed can then be calculated from the equation using the obtained values of traffic
flow and density.

------------ Jalan Tun Sambanthan (main
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)

Figure 2. Urban street network of Downtown Brickfields, Kuala Lumpur, imported from OSM.

In this study, the open-source traffic simulation package called Simulation of Urban
Mobility (SUMO) was adopted [22]. SUMO is a microscopic, multi-modal traffic simula-
tion software that uses the agent-based model approach, whereby each generated vehicle
is modelled explicitly, has an own route, and moves individually through the network.
The vehicles’ movements are constrained by a modified Krauss car-following model [23].
The traffic network of Downtown Brickfields, as can be seen in Figure 1, can then be im-
ported and subsequently used in simulation using Open Street Map (OSM) Web Wizard,
which is a tool installed alongside with SUMO. The imported urban street network of
Downtown Brickfields is shown in Figure 2.
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Figure 3. Downtown Brickfields urban street network with Jalan Tun Sambanthan as (a) a one-
way street, and (b) a two-way street. The green arrows show the enforced route plan of vehicles
generated along Jalan Rakyat.

After the street network is imported, Jalan Tun Sambanthan was modified into a two-
way street using netedit, a graphical network editor included in SUMO. Netedit also allows
the creation and removal of streets, as well as connection and reconnection of paths at
intersections or junctions. To generate trips for vehicles, the randomtrips function of SUMO
was used to generate vehicles randomly in the network, which follows the algorithm of
the Mersenne Twister [24]. A total of 5000 vehicles will be generated at random positions
on the map at the rate of one vehicle per second, and this will form the baseline traffic
activity for the whole map. In addition to this, in order to analyze the impact of the street
conversion of Jalan Tun Sambanthan on traffic flow, in particular, the south-west bound
traffic coming from KL Sentral, a calibrator function is deliberately set up along Jalan
Rakyat. This calibrator function generates another 5000 vehicles at the same rate of one
vehicle per second, but is also able to enforce a specific route plan for them. For the one-
way street simulation, the vehicles generated by the calibrator function is set to traverse a
long detour along Jalan Rozario and Jalan Sultan Abdul Samad to reach Jalan Tun Sam-
banthan, as shown in Figure 3(a), while for the two-way street simulation, the generated
vehicles can directly enter Jalan Tun Sambanthan, as shown in Figure 3(b).
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Table 1. Dataset of traffic simulation in one-way and two-way street networks in Downtown Brickfields.

One-Way Street Network

Elapsed Time (s) 75 145 220 300 370 450 530 600
Aggregate Traffic Speed 2954 2244 1800 1630  13.36 9.61 6.73 5.76
(km/hr)
Traffic Flow Rate, q 51789 12683 11392 12807 99316 60230 54128  400.81
(veh/hr)

Traffic Density, k (veh/km) 35.60 35.60 56.76 66.56 83.08 117.65 142.93 178.53

Two-Way Street Network

Aggregate Traffic Speed

(km/hr) 27.05 22.31 16.63 12.11 8.05 5.34 3.23 3.16
Traific Flow Rate, q 842.30 960.37 979.25 957.91 1065.5 1068.6 1089.2 635.57
(veh/hr)

Traffic Density, k (veh/km) 76.50 92.90 98.36 87.43 68.31 73.77 84.70 133.88
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Figure 4. Fundamental diagrams of traffic flow, showing (a) traffic speed vs. traffic density, (b)

traffic speed vs. traffic flow rate, and (c) traffic flow rate vs. traffic density. Regression analysis

shows that the both one-way and two-way traffic data fit well to the Greenshields” empirical
model [21].

3. Results and Discussion

Three simulations were performed, each for both one-way street and two-way street
traffic. For each simulation, the macroscopic traffic parameters of traffic flow rate and
density are obtained by manual counting of vehicles at a given elapsed time. The only
quantity that is extracted automatically from SUMO is the Aggregate Traffic Speed of Net-
work, which is aggregated from all the existing vehicles’ movement in the map. These traf-
fic parameters are inspected and recorded at different elapsed times as the simulation
progressed. The results from all three simulations are combined and the average values
are taken, which are tabulated in Table 1.
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In order to verify the validity of the simulations, the time-invariant classic fundamen-
tal diagrams of traffic flow, namely the traffic speed-density, traffic speed-flow rate, and
traffic flow rate-density relationship diagrams has been constructed, as shown in Figure
4. The data points plotted in these diagrams all originate from Table 1, for both one-way
and two-way street networks, and at all points of elapsed time. Regression analysis on
these data shows that the curves fit very well to Greenshields” empirical model of traffic
flow [21], hence proving a concrete link of the microscopic traffic process giving rise to
the macroscopic traffic phenomenon.
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Figure 5. Analysis of traffic situation evolution over time for (a) aggregate traffic speed of the net-
work, (b) traffic flow rate of each route, and (c) traffic density of each route.

Next, performance of one-way and two-way streets by observing the evolution of the
macroscopic traffic parameters over the elapsed time of simulation was evaulated. In Fig-
ure 5(a) the plot of the aggregate traffic speed shows that there is only marginal improve-
ment of one-way streets compared to two-way streets, but in both cases, the traffic speed
decreases over time as traffic congestion builds up. Figures 5(b-c) show a better picture of
the evolving traffic scenario over time for each specific enforced route plan. For one-way
streets, it is evident that the traffic flow rate is initially very high as the traffic density and
number of vehicles on the route are low. One-way streets, true to their nature of having
high traffic capacity due to longer travel distances, can defer traffic congestion by dispers-
ing traffic to neighboring areas. However, longer travel distances also mean that drivers
would also have to take a longer time to arrive at their intended destinations, resulting in
accumulation of traffic that leads to congestion. As can be seen from the graphs, as time
progresses in the simulation, there is a steep decrease in the traffic flow rate, accompanied
by a steep increase in traffic densities. At the 600-second mark, it would seem that the
traffic congestion has become twice as worse compared to two-way streets (traffic flow
rate of one-way is halved, and traffic density is twice that of two-way streets).
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Table 2. Traffic clearance time for one-way and two-way street networks.

One Way Street (0.646km)
Elapsed Time (s) 75 145 220 300 370 450 530 600
Aggregate Traffic Speed .\ )\ 1800 1630 1336 961 673 5.76
(km/hr)

Trip Completion Time (s) 78.7 103.6 1292 1427  174.1 242.0 3455 403.75

Two Way Street (0.122km)

Aggregate Traffic Speed
(km/hr)

Trip Completion Time (s) 16.2 19.7 26.4 36.3 54.6 82.2 136.0 139.0

27.05 2231 16.63 12.11 8.05 5.34 3.23 3.16

Completion Time Ratio 4.86 525 4.89 3.93 3.19 2.94 2.54 29

In contrast, two-way streets, having smaller traffic capacity, start off with a signifi-
cantly lower traffic flow rate, as well as a much higher traffic density. Yet, the shorter
route plan enabled a higher rate of clearing traffic as drivers can reach their destinations
faster. The traffic flow rate and density remain relatively constant as the traffic scenario
evolves over time. In Table 2, we have recorded the trip completion time for vehicles trav-
elling in each route at different elapsed time of the simulation. As expected, the one-way
street network having a longer travel distance of 0.646 kilometers has a consistently longer
travel time, compared to the two-way street network with a shorter travel distance of only
0.122 kilometers. On average, the trip completion time of the one-way street route plan is
about four times longer than the two-way street route plan.

4. Conclusions

In the simulation analysis of the street configuration in Downtown Brickfields, Kuala
Lumpur, it was clearly shown that one-way street networks may not always be more effi-
cient than two-way street networks, but they are dependent on the traffic scenario that
evolves over time. One-way streets do allow higher traffic flow rate and lower traffic den-
sities by spreading out the traffic to neighboring streets, and thus perform better at the
onset of traffic congestion. But this higher traffic capacity also served as a double-edged
sword in prolonging travel times, accumulating traffic which eventually led to congestion.
Two-way streets, on the other hand, have a higher clearance rate for traffic and thus has a
more stable traffic flow rate and density parameters, notwithstanding the lower initial
traffic flow and higher densities. This case study analysis precluded all possible socioeco-
nomic factors like vehicular population growth and induced traffic demand, and hence
would give a fair representation to the actual efficiencies caused by changes in the traffic
circulation plan alone.

In this sense, the results corroborate well with the anecdotal accounts of residents in
Downtown Brickfields, who have complained that the conversion of Jalan Tun Sam-
banthan into a one-way street did little to alleviate traffic congestion on that street [19],
and has instead induced traffic congestion in the neighboring streets, and at worst became
a contributing factor to the dwindling community and decay of the local economy [20].
The unsustainable socioeconomic developments of Downtown Brickfields have eerily
drawn parallels with the series of works by Riggs in his analysis of street conversions in
various cities located in the United States of America [6-8]. This case study may serve as
a cautionary tale of porting over traffic systems that may be incompatible to the local con-
text, and reinforces the notion of complexity in sustainable traffic network design that
must be reviewed on a case-by-case basis, as well as on a periodic basis to account for
changes in traffic scenarios due to urban developments.
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