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Evaluation of Traffic Congestion and Level of
Service at Major Intersections in Lefkosa,
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Abstract: Among the problems, facing urban areas at the level of
arterial roads is the high volume of traffic volumes, which lead to
difficulties in operating traffic and thus the emergence of
so-called congestion or traffic congestion. Through this study, we
have collected spatial data on traffic volumes using the peak hour
imaging method, and by applying the service level scale, which is
a real indicator of congestion, as well as the SIDRA software as a
tool for accurate assessment of road intersections, Roads and
intersections are the mirrors of civilization in any country. The
quality, the number of roads, and the flow of traffic at
intersections measure the development in countries. The
intersection is defined as the area resulting from the confluence of
two or more roads with each other used to facilitate changes in
traffic direction. In this study, Level of Service (LOS) and
Measures of Effectiveness (MOEs) of the three major
intersections in Lefkosa, Northern Cyprus was evaluated using
SIDRA software. The proposed intersections could be used as a
viable alternative to cut down vehicular emissions, making
intersections more environmentally friendly and reducing traffic
issues. It is found that It is observed that Cangar roundabout has
the highest number of vehicles passing it compared to other
roundabout and intersection. Moreover, the results indicate that It
is noticed that the fuel consumptions have reduced rapidly with an
average percentage of about 75% for all roundabouts. Overall, it
can be concluded that the possible solutions can be used to solve
the traffic congestion in Lefkosa, Northern Cyprus..

Keywords: Level of Service (LOS); Measures of Effectiveness
(MOEs), SIDRA Software, Traffic Congestion.

I. INTRODUCTION

The activities and functions that the city provides to its
inhabitants are as the container carrying these activities in the
form of the uses of different lands with all the types of patterns
and the focus of urban studies at all levels on the achievement
of the structure of urban integrated aspects and dimensions,
both in terms of housing and places of entertainment in
addition to different areas of work [1, 2]. The city's road
network represents the arteries that link these functions and
activities to each other in a way that achieves the highest
traffic efficiency, record time for trips, and the highest energy
of comfort and security in motion and in an economical
manner, that suits the characteristics of the city's population.
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From the common expression that the city is a living organism
that grows and develops, the roads represent the arteries in
that object. Traffic represents the flowing blood [3-6]. To
ensure the safety of road traffic, standard specifications must
be available for the elements of the integrated group, the road,
the vehicle, and the human element [7-9]. Moreover, the
development of the network of roads and traffic imposed on
the sector could be improved the levels of service and comfort
for the users of the road [10-12]. Workings on the
development of urban roads are among the challenges faced
by cities in the world because of its important role in linking
the various urban areas [13]. In addition, the volumes of
traffic in different locations on the road network is important
for the planning and operation of traffic as each road has a
specific capacity to absorb a certain traffic volume [14,15].
The importance of this study comes because the city of
Lefkosa is the link between the major cities in Northern
Cyprus so it has become of cultural and economic importance
and civilization that the importance of increased the humber
of trips through the roads and intersection. Therefore, the
study decided to analyze these three intersections in order to
upgrade the level of service and thus provide the necessary
flow in the passage of users. A flowchart is given in Figure 1
to illustrate the analysis procedure of this study.
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Figure 1.Analysis procedure of this study.

Il. STUDY AREA

Figure 2 presents the major intersections; namely, Cangar and
Terminal and YeniSehir intersections in Lefkosa in Northern
Cyprus .In this study, video camera with high stage capacity
an long-life battery was used to collect the data .Groups
of people distributed in the selected areas were recorded in the
field data. The time of recording started from off-peak (7:30
am — 8:30 am) until another off-peak(4:30 pm - 5:30 pm) and
is evaluated every
15 minutes.  Moreover,
Figure 3 shows the major
intersection in the capital
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city in Northern Cyprus. The data collection is the primary
and most important step for research. Therefore, the following
steps describes the procedure for collected the data from each
roundabout.

1). Recording the geometric of the connected roads such
as width, road length, roundabout diameter for each
intersection.

2). Calculating the volume of the traffic during the peak
periods in the morning and in the evening.

3). Monitoring the flow for each line connected with

the roundabout.

O

' %

Figure 2. Locations of the major intersections

111. DATA ANALYSIS

The SIDRA program is specialized in the analysis of the
road intersections, the program deals with the road
sections individually and analyzes it as the given data.the
input data for each intersection are

1). Movement definition

2).Lane geometry

3). Lane movements

4). Roundabout if any

5). Pedestrians

6). Volumes

7). Vehicle movement data

3.1 Intersection

The intersection is the site of a network to be analyzed. In this
stage we define:

a). The road names

b). The section direction

c). Lane geometry

d). Lane length as an approach distance
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Figure 3. Roundabout; (a) Gangar) ,b (Terminal and (c)
YeniSehir intersection

3.2 Movement definition

The type of vehicle can be selected or a compound as the user
defines it. In this project, we will consider the light vehicle as
our relative. In this work, all vehicles have been changed into
the light vehicle bymultiplying the

1). car with factor 1

2).van with factor 2.5

3).bus and truck with factor 3

4). motorcycle with factor 1.25
In addition, the allowed movement for each lane should
be defined.

3.3 Lane geometry and Lane movement

The geometric properties for the roads are assigned in lane
geometry. The lane width, median width, the type of lane, and
the movement of the lane as giveaway can be assigned.The
movement of the vehicle throws the intersection from the
entry lane to the intersection and the lane which the vehicle
goes throw it after it leaves the section is defined in lane.

3.4 Roundabout, volume and vehicle movement data

The parameter for the roundabout is shown in Figure 4.
generally, the volume of the traffic is changed to be in
means of light vehicle firstly, by using the factors. The
volume of the traffic after factorizing is assigned in each lane
and for each movement whether the direction to left, straight,
right or U-turn. In this study, the data for volume is selected to
be during the peak flow
period, which is 15 min. For
vehicle movement data, the
most important data in this
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phase are the vehicles speed at the moment of entering the
intersection and the speed of vehicles when they leave the
intersection.
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Figure 4. Parameter for the roundabout.

IV. RESULT AND DISCUSSION

The output results of SIDRA for the most congested
intersections are discussed in this section. Figure 2 shows the
layout of the most three congested intersections in Lefkosa
obtained by SIDRA computer program. The geometries of
each roundabout before improvement using SIDRA program
are shown in Figures 5-7.
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Figure 6. The geometry of the Terminal roundabout.
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Figure 7. The geometry of the YeniSehir intersection.

As mention previously, the data were collected in the morning
and evening period. Tables 1-3 summarize the number of the
vehicle for each roundabout. It is observed that Cangar
roundabout has the highest number of vehicles passing it
compared to other roundabout and intersection. Furthermore,
it found that the highest number of vehicles occurred in the
morning time at Cangar roundabout expects in Sahit Mustafa
Ahmet Resa Caddasi lane. Furthermore, it is noticed that the
maximum vehicles number of 1422 vehicles occurred in the
morning time at Terminal roundabout as shown in Table 2.
While, at Yeni Sechir intersection, the maximum vehicles
number occurred in the evening time.

Table 1. Number of veichles in Cangar roundabout.

Morning Period Evening Period
NORTH: SAHIT MUSTAFA AHMET RESA CADDASI

Phaze  Cars Van  Motoreyeles ?::i Phasze Cars Van  Mbotoreyeles ?:ii

Left 14 3 0 1 Left 3 4 0 ]

Right 9 11 0 ] Right 32 7 0 3
Straight 134 2 1 10 Straight 93 19 ] 16
U-Turn 3 2 0 1 U-Turn 12 2 0 3
% Total 82.00% 1220% 0.30% 34%% % Total 7043% 1391% 262% 13.04%

EAST: OZKER. OZGUR CADDASI

Phaze  Cars Van  Motorcycles ]'Ia"::i Phaze Cars Van  Mbtorcycles 22&

Left 30 7 1 4 Left kS 3 1 0

Right 21 10 0 5 Right 20 4 1 3
Straight 38 19 2 11 Straight 70 10 2 7
U-Turn 0 0 0 0 U-Turn 1 0 0 0
0% Total T7260% 1667% 1.39% 9.26% % Total 80.13% 10.90% 256% 641%

SOUTH: SAHIT MURTAFA AHMET RESA CADDAST

Phaze  Carz Van  Motoreyeles l—:::i Phaze Cars Van  Mbotoreyeles 2:‘;&

Left 17 5 0 4 Left 12 4 0 2

Right 4 12 1 2 Right 7 7 3 2
Straight T3 20 & ] Straight 101 12 3 8
U-Turn 1 2 1 1 U-Turn 17 2 1 0
% Total £9.23% 20.00% 410% 6.67% % Total 78.11% 1244% 348% 387%

WEST: OZEER. OZGUR. CADDASI

Phaze  Carz Van  Motorcyeles ]'Ia'::i Phaze Cars Van  Motoreyeles ¥:i

Left 4 1 1 2 Left 33 5 1 2

Risht 38 2 2 2 Right 18 5 [ 1
Straight 68 1 1 7 Straight 43 7 2 7
U-Turn 1 0 0 0 U-Turn 0 0 [ 1
% Total 885% 0023 0.023 0.064 % Total 0760 0132 0.023 0.085

Table 2. Number of veichles in Terminal roundabout.
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Morning Period Evening Pariod
NORTH: $AHIT MUSTAFA AHMET RESA CADDASI
Phasze Carz Van  Motorcyeles g:i Phaze Cars  Van  Motorcycles ¥ﬁi
Left 3 2 1 1 Left 14 1 0 1
Right 17 3 2 3 Right 61 3 b 1
Straisht 138 8 1 7 Straight 84 5 3 9
TU-Turn 3 0 0 0 UTurn 19 1 0 0
% Total 20.71% 4.01% 1.24% 402% Y% Total B83.24% 35.24% 381% iM%
EAST: ATATURK CADDESL
Bu: & Buz &

Phaze Carz  Vam  Motorcyeles Truck Phaze Carz  Van

Left 48 0 7 1 Left 36 4 3 1
Right 73 3 0 2 Right 38 1 2 1
Straight 46 1 3 2 Straight 43 4 3 0
U-Turn 0 0 0 0 U-Tarn 4 1 0 0
% Total B8BE3% 31%% 331% 166% % Total B7.04% 6.17% 454% 183%
SOUTH: CAZETCT KAMAL ASIK CADDESL
FPhase Carz Van  Motorcycles Bus & Phaze Cars  Van  Motorcycles Bus &
! Truck Truck
Left 4 9 1 4 Left kx} 4 1 0
Right b 1 0 0 Right 3 1 4 0
Straight 103 11 3 14 Straight 113 1 H]
U-Turn 3 2 0 0 U-Turn 0 0 0 1
% Total 79.33% 1043% 152% BI13% % Total B87.24% 3.37% 6.63% 1%
WEST: ATATURK CADDESL
Phaze Cars  Vam  Motorcycles ¥:§1 Phaze  Cars  Van  Motorcycles ¥ﬁi
Left 16 0 0 1 Left 10 1 3 0
Right 17 0 0 1 Right 21 1 2 3
Straight 21 2 0 3 Straight 18 0 2 1
U-Turn 0 0 0 0 U-Turn 0 0 0 0
% Total B8832% 328% 0 820% Y% Total 7903% 323% 11.29% 645%

Table 3. Number of veichles in YeniSehir intersection.

IMorming Period Evening Period
MNORTH: $EHIT ECVET YUSUF CADDESL

. Buz & . Buz &

Phaze  Care  Van  Motorcycles Truck Phaze Cars  Van  Motorcycles Truck
Left 49 5 1 2 Left 0 T 4 0
Right 7 0 0 1 Right 11 | 1 0
Straight ¥4 13 5 2 Straight 35 4 7 7
U-Turn 0 0 ] 0 TU-Turn 0 0 0 0

% Total 30.00% 1029% 6.86% 186% % Total 73.04% 1043% 1043% 6.08%

EAST: ATATURK CADDESL

Phaze Cars  Van  Motorcycles ?:‘i Phaze Cars  Van  Mbtoreyeles ¥::§
Left kx} 4 2 1 Left 13 2 1 1
Rkt 26 2 2 1 Rigt 22 3 4 4
Straight 46 7 ] 2 Straight 44 3 1 7
U-Turn 0 0 ] 0 TU-Turn 0 0 0 0

% Total 3333% 1032% 117% 31M% % Total B0.74% 3.53% 444% B.85%

SOUTH: $EHIT ECVET YUSUF CADDESL

. Buz & N Buz &

Phaze  Carz  Van  Motorcycles Truck Phaze Cars  Van  Motorcycles Truck
Left g 0 1 0 Left 7 0 2 0
Right 3 1 2 1 Rigt 322 1 2 2
Straight 94 ] 7 6 Straight 93 [ 7 [
U-Turn 0 0 ] 0 TU-Turn 0 0 0 0

%Toml $481% 443%  633% 443%  %Tetal B334% 443%  696% 506%

WEST: ATATURK CADDESL

Phaze  Carz  Van  Motorcycles g:‘i Phaze Cars  Van  Motorcycles 2::5;
Left 8 2 0 0 Left 13 0 2 2
Riht 6 0 1 1 Rigt 14 14 3 0
Staight T 5 3 § Straight 63 7 2 8
U-Turn 0 0 ] 0 TU-Turn 0 0 0 0

Yo Total 316%% 6.73% 185% 6.73% % Total 70.77%0 16.13% 338% T.65%

Level of Service (LOS) Method is described based on US
highway capacity manual (HCM) a subjective measure used
to relate the efficiency of traffic flow. LOS is utilized to
dissect highway by sorting traffic flow and doling out quality
levels of movement in view of execution measure like speed,
density (Highway Capacity Manual HCM, 2010). LOS
definitions based on delay HCM (for vehicles) is indicated in
Figure 8. Existing LOS was investigated in this study using
SIDRA.

Results illustrated that in the morning period, the east and
north lanes of Cangar roundaboutwere F and C grades,
respectively. For evening period, there were no traffic issues
for Cangar roundabout. After applying the possible solution
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(adding a slip in high angle for north and east lanes, change in
the movement of vehicles, in order not to avoid the conflicting
of vehicle movements and adding one extra lane to both for
north and east), the result of analysis was satisfactory after
improvement for LOS as shown in Figure 9.

For Terminal roundabout, it is noticed that the north lane has a
level of service F grade and D because it is the nearest road
leads to city center. While the LOS for the right lane from the
west movement was D in the morning period. In addition, it is
found that LOS in evening period is much better compared to
morning period and the LOS of north lane was C grade. The
possible solution for Terminal roundabout were adding one
more circulating lane to roundabout, which increase the
capacity for the roundabout, constructing a bypass lane from
west to north with short lane entry and improving the north
lane capacity by adding a short lane from the left.
Consequently, LOS is improved from grade F to B and A in
north lane. LOS is also improved from grade D to B and A in
west lane.

For YeniSehir intersection, LOS of traffic signal is almost F.
This may be due to geometry of the intersection, which could
be considered as un-uniform geometry and the movement of
vehicle which is not smooth. After applying the suitable
solution that was increased the number of lane from north lane
where the all movement should not have conflicted, the results
is shown in Figure 9.

The four measures of effectiveness (MOEs) (CO, CO,, NOx
and HC) used to evaluate the performance of the roundabouts
and intersections are shown in Table 4. In addition, economic
analysis in terms of total fuel consumptions and total cost for
all the roundabouts after applying the possible solution is
tabulated in Table 4.

It is noticed that the fuel consumptions have reduced rapidly
with average percentage of about 75% for all roundabouts.
Overall, it can be concluded that the possible solutions can be
used to solve the traffic congestion in Lefkosa, Northern
Cyprus.

LOS CANGAR ROUNDABOUT (Befare Improsment

LOS TERMINAL ROUNDABOUT (Bafors Linprovimest)

i |

LOS YENISERIR TRAFFIC SIGNAL (Before Improvineat)

solutions.
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LOS Gangar Roundabout (After Improvement)
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LOS Terminal Roundabout (After Improvement)

LOS Yenisehir Traffic Signal (After Improvement)

MOV TURN COSTTOTAL  FUEL TOTAL CO2TOTAL COTOTAL HCTOTAL NOXTOTAL
Jis) TLH LH EGH REGH EGH EGH
SOUTH: CAZETTCI KAMAT ASTE
4 U 782 08 18 0 0 0.001
1 L2 11166 158 373 0.04 0,003 0.011
2 1 44039 9l 3 027 (017 0.036
3 R2 012 82 192 002 (002 0.007
640.6 1199 2818 033 (.022 0.075
EAST: ATTATURE CADDEST
H 331 03 08 0 [} [
3 12 a4 4 9.3 00 (001 0.003
] Tl 6183 86 202 002 (002 0.006
7 R2 14447 17 60.3 007 (.003 016
15389 387 S0.9 0.1 (.007 0.025
- - WORTH: MUSTAFA AFMET RUSO CADDEST
12 U 17148 18 63.9 007 (.003 0.015
9 12 1742 156 6.6 003 (.003 0.008
10 TI 1235.83 869 2041 017 0014 0.047
1 R2 84951 678 1393 013 (.011 0.038
237863 1983 4639 42 (.033 0.10%
WEST: ATTATURE CADDEST
15 U 1344 A 3 0 0 0.001
13 L2 15204 333 83 008 (006 0.02
14 Tl 680.75 363 1323 012 0.01 0.038
15 R2 15113 12 281 003 (002 0.008
1079.57 1051 u 023 (.019 0.087
INTERSECTIOIN: 435271 462 1085.6 11 (.082 0.276
Table 7.MOEs and economic analysis for YeniSehir
intersection.
-  COSTTOTAL  FUEL TOTAL COITOTAL COTOTAL HCTOTAL NOXTOTAL
MOV TRN gy LH KGH KGH KGH KGH
SOUTH: SEHIT ECVET YUSUF CADDEST
1 L2 1898 il 73 001 0.001 0.002
2 Tl 148301 1033 127 022 0023 0.057
:; 3 9 428028 297 895 0.06 0.007 0.016
N 154027 1361 3199 029 0032 0.076
EAST: ATTATURK CADDESI
4 L2 €012 57 133 001 0.001 0.003
5 Tl 45122 472 1108 01 0.009 0.026
] R 3197 57 133 001 0.001 0.003
603.31 386 1376 013 0012 0.032
'NORTH: 8EHIT ECVET YUSUF CADDES]
L2 11447 359 86 008 (0.008 0.016
g Tl 71523 644 1314 14 0014 0.036
9 vl 60.32 il 12 001 0.001 0.003
1054.22 1034 243 023 002 0.053
WEST: ATATURK CADDES]
10 L2 10477 133 425 0.04 0.003 0.01
11 1 464.96 333 183 0.06 0.007 0.016
12 R 15316 56 3 002 0.002 0.003
T12.9 612 437 012 0013 0.031
INTERSECTIOIN: 4320.7 359.2 8442 0.77 0077 0.197

ik

Figure 9.Details of LOS for all roundabouts after applying

the possible solutions.

Table 4.MOEs and economic analysis for Cangar
roundabout.
MOV COSTTOTAL ~ FUEL TOTAL €02 TOTAL COTOTAL HCTOTAL NOX TOTAL
o TURN H LH KG! KGE KGH KGH
SOUTH: SAHIT MUSTAFA AHMET RESA CADDAST
U U 1102 113 27 0.03 0.002 0.006
1 ) 422.08 37 1258 013 0.01 0.042
1 Tl 1487.08 1299 3052 028 0.021 0.069
3 R2 86355 73 1703 016 0.012 0.04
28829 266.6 6263 0.61 0.046 0.157
EAST.OZEER OZGUR. CADDEST
&0 U 19.43 L1 23 0 0.001
4 L 134173 1054 M8 023 0.023 0.053
] Tl 328252 par) 3922 057 0.059 0182
[} R2 1188.34 612 1378 013 0.015 0.033
603246 4237 10003 054 0.057 0.283
NORTH: SHHIT MUSTAFA AHMEAT RASA CADDEST
U U 13453 129 4 0.03 0.002 0.008
7 L 18931 184 433 0.04 0.003 0.011
3 T1 1675.01 2162 308 0.36 0.039 0.122
Ll R2 112302 160.1 3762 041 0.034 0.143
312787 4076 6319 104 0.079 029
WEST: OZKER 0ZGUR. CADDEST
b} U 236 12 27 0 0 0.001
10 L1 423.36 408 9% 0.1 0.007 0.023
11 TL 700.53 631 1529 013 0011 0.037
12 R2 43232 512 1202 013 0.009 0.028
1564.39 1382 3719 038 0.027 0.088
INTERSECTIODN: 13607.82 1258.1 1836.5 297 0.248 0.81%
Table 6.MOEs and economic analysis for Terminal

roundabout.
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V. CONCLUSION

In the past, the approach to solving the congestion problem
was to build or expand more roads in order to increase its
capacity while maintaining the same pattern along these
roads. This approach was desired goal in the short period.
While for long period, this approach is burdened of financial,
operational, and environmental especially for long portion of
congestion.  Traffic congestion has significant social,
economic, and environmental costs associated with it.
Efficiency of intersections contributes significantly towards
the efficiency of urban road networks, as they are the main
bottlenecks in the system. Computer simulation is a vital
means for the examination of expressways and urban lanes
and streets. In the present study, the data collected was used
for designing the volume, geometric and phase movement in
program software.The statistical analysis of the MOEs helps
determine if and how the stop-controlled intersections and the
roundabout- controlled intersections differed in cutting down
vehicular emissions. The analysis provides information to
assess characteristics of the stop controls and the roundabout.
It is concluded that at the intersections studied the modern
roundabouts significantly reduced the vehicular emissions of
the intersections studied by making the traffic flow orderly.
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