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Abstract. Speed limit is one of the traffic problems in developing countries due to the influence of speed on roadway
safety. The actual speed is often higher than the legal speed limit indicating that many road users don’t consider the speed
limits seriously. Speed limits value should be posted to reflect the maximum speed considered to be safe and reasonable
by the majority of drivers. One of the methods to determine the speed limit is 85" percentile. The aim of this research
was to determine the impact of speed limit increases on mobility and the environment in urban areas. The results show
that a large number of road users’ drive above speed limits. There are 4.75% of pick-up and light truck users, 10% of
passenger car users and 12.25% of motorcycle users exceed the speed limit. Reduced speed has a positive impact on
accident severity and number of accidents. The results show that the effects of a 5 km per hour reduction in travel speed
are greater at lowers speeds and reductions over 50 km per hour bring dramatic decreases in crash risk. Reduction in
vehicle speed will be followed by the reduction in fuel consumption and vehicle operating cost of vehicle. Vehicle
operating costs such as tire wear, lubricating oil, and spare parts that tend to increase with increasing the speed. Effect of
the lowering speed limit was reduction in nitrogen oxides emission and carbon monoxide emission.

INTRODUCTION

One of the traffic problems in developing countries is traffic accident. Data from Traffic Corps Republic of
Indonesia State Police, road transport accidents in 2014 recorded 95,906 cases of accidents with 28,297 people died,
26,840 people seriously injured, 109,741 people slightly injured, and IDR 250,110,380,000 in property damage. In
2015, an increase in the number of road transport accident recorded 98,970 cases with 26,495 people died, 23,937
people seriously injured, 110,714 people slightly injured, and IDR 272,314,014,600 in property damage. In 2016
recorded 106,129 cases road traffic accident with 26,185 people died, 22,558 people seriously injured, 121,550
people slightly injured, and IDR 226,883,000,000. In 2017 there is a decreased of traffic accident, recorded 101,778
cases accident with 25,452 deaths from road traffic accidents [1]. With the very high loss of property damage and
lives, the efforts are needed to improve the traffic safety. Speeding is one of the traffic problems in traffic safety,
especially in developing countries [2-4]. “The length of paved roads is unexpectedly the source of higher crash rates
in mainland China; speeding is probably the reason” [5]. “Reductions in casualties in the order of 8% overall and
18% in fatalities were reported in Queensland with mean travelling speeds dropping by approximately 5 km/h”
[Walsh and Smith in [6]. “The establishment of speed limits in urban areas in Victoria has successfully reduced
traffic accidents by 12%” [7].

“Speed limits had been increased and decreased in various countries and the observed changes in speeding,
injuries, fatalities, and property damage which followed these changes” [8]. Studies in Australia in relation “effects
of lowering speed limits in urban and metropolitan areas, reduction of the default urban speed limit from 60 km/h to
50 km/h, indicated only minimal impact on individual travel times and large benefits to society as a result of the
reduction in crash trauma” [9]. “Higher vehicle speeds contribute to increased greenhouse gas emissions, fuel
consumption and noise and to adverse impacts on quality of life especially for people living in urban areas” [10].
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Carsten and Tate [11] used Intelligent Speed Adaptation (ISA) system combination to prediction of accident
reduction. “The best prediction of accident reduction was found for variable mandatory system. This system could
save up to 36% of all crashes involving injury and up to 59% of fatal crashes”. ISA system helped drivers to follow
the speed limits and to drive more comfortably [12]. “Effects of the Active Accelerator Pedal (AAP) in the city of
Lund showed that test drivers’ compliance with the speed limits improved considerably” [13].

The aim of this research is to analysis the impact of lowering speed limit of vehicles on urban roads on mobility
and the environment. Reduced speeds of vehicles have a positive impact on the number of road accidents and traffic
accident severity.

MATERIALS AND METHODS

There are “number of factors affecting road safety which lies beyond the reach of actual road safety work. An
example of such an external factor that can have a direct impact on road safety is weather”. External factors that
affecting road safety are number and composition of traffic volume, age structure of the population [14], road
pavement [15,16]. Speed is the main risk factors for the occurrence of crashes [17-19]. High speed increases the risk
of accident [2], more serious crashes [20], and crash frequency [21]. “Drivers have a tendency to drive at speeds that
they regard as socially acceptable” [22]. “Speed limit was set at or below the 85" percentile speed” [23,24]. Speed
management and speed limits enforcement represent strategy to improve road safety [25-27]. Elvik [28] analyzed
the relationship between speed limit and the severity of injuries, fatal crashes increase of 1.58 if speed increased 1
km/h. The severity of crash also increases with speed [10]. Speed limit was introduced to reducing the severity of
crashes [7], accident cost [29,30], and generalized cost [31,32] and increased efficiency in transportation cost [33].

Reducing the speed limit will reduce the average speed of driving, the number of accidents and the severity of
injuries. Research in Queensland on evaluating the application of speed limits at 50 km/h concluded that the change
in average speed for each 1 km/h would change the risk of accidents by 3%. The severity of injuries and fatality
changed with changes in average speed [7]. “There is a positive relationship between speed and injury accidents-the
higher speed, more accidents-indicating that 5% change in accidents was associated with 1 mph change in average
speed” [34]. ”Australia has reduced the speed limit for urban areas from 60 km/h to 50 km/h proven to reduce the
risk of traffic accidents. Speed limitof urban streets in Great Britain were designated 20 mph” [35]. ”Almost 30% of
casualty crashes occur on residential streets [36]. Higher access density tended to increase crash occurrence on
suburban arterials” [37]. In Japan, “the highest accident rates occur when speed is reduced from 110 km/h to
85 km/h” [38]. “In Hungary the speed limit in force inside built up areas was reduced from 60 km/h to 50 km/h and
resulted in a reduction of 18.2% in accident fatalities in the following year” [10]. In Sweden, effect reduced the
speed limit from 90 km/h to 80 km/h, decreased the number of fatalities by 14/year [39]. In Sweden, “the target for
average speed corresponds to a reduction by 5 km/h. Lowered speeds is deemed to be among the indicators that have
the greatest potential for reducing road deaths” [14]. “A warning system based on bus speed on mountainous roads
and dynamic profile improves bus safety level” [40].

“Within the Charging Zone (CZ), the Wilcoxon test has shown that the difference in speed between pre and post
London’s Congestion Charging Scheme periods has increased on average 2.1 km/h and that these changes are
significant at the p = 0.05 level”. “Three vehicle types that analyzed is a Euro I LGV, a Euro III diesel car and a
Euro IV petrol car, but showed that driving characteristics in central London have a relatively small effect on
emissions of NOx and CO2 compared with the average vehicle speed. However, for PMio emissions from the Euro 11
LGV the opposite was found and for this vehicle the driving characteristics were more important than the average
speed in estimating exhaust emissions. For this vehicle, emissions increased between pre- and post-Congestion
Charging Scheme periods by 4%. For the Euro IV petrol car NOx emissions also increased by 6% between pre and
post Congestion Charging Scheme periods” [41].

”The human tolerance to injury by a car will be exceeded if the vehicle is travelling at more than 30 km/h. For
the speed of vehicle 30 km/h, the probability of fatal injury for a pedestrian is 10%. If the speed of vehicle 50 km/h,
the probability of fatal injury for a pedestrian is 85%. For car occupants, wearing seat-belts and using well-designed
cars generally can provide protection to a maximum of 70 km/h in frontal impacts, and 50 km/h in most side
impacts” [Tingvall et al., 1999 in [2]. ”Probability of fatal injury for a pedestrian colliding with a vehicle” shown in
Fig. 1.
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FIGURE 1. Probability of fatal injury for a pedestrian colliding with a vehicle [2]

Massachusetts Highway Department [24] stated that the determining speed limit based on driver’s understanding
about the speed. Distribution of normal speed at 85™ percentile can be seen in Fig. 2.

85th %atile

Cumulative Percent

FIGURE 2. Distribution of normal speed at 85" percentile [24]
RESULTS AND DISCUSSIONS

Speed of Vehicle in Magelang Street km 4, Yogyakarta

Magelang street km 4, Yogyakarta is an arterial road in urban area consists of four lanes two directions
undivided road (4/2 UD) with the maximum speed limit of vehicle is 60 km/h. Width of this road is 14 m with the
capacity of road is 5,712 passenger car unit per hour. The number of vehicles has taken in Magelang Street km 4 as
many as 717 vehicles, with an S-curve of vehicles speed in the field as shown in Fig. 3 [27]. Almost 55.79% of
vehicles type is motorcycles followed by passenger cars (27.89%). Characteristics and statistical analysis of vehicle
speed can be seen in Table 1.
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FIGURE 3. S-curve of vehicle speed in Magelang street km. 4, Yogyakarta [27]

TABLE 1. Characteristics and statistical analysis of vehicle speed in Magelang Street km.4, Yogyakarta [27].

Analysis of statistical 1:;2::; Pascs:;lsger Lfglliﬁ:g’ck Microbus Truck Total
Mean (km/h) 48.3 48.3 43.6 33.1 43.5 47.1
Modus (km/h) 47.0 46.0 48.0 20.0 N/A 47.0
Median (km/h) 47.0 47.0 44.0 33.0 41.0 47.0
Variance (km/h) 105.8 75.2 116.9 79.8 91.7 107.4
Standard deviation (SD) 10.3 8.7 10.8 8.9 9.6 10.4
Amount of data (n) 400 200 84 29 4 717
Percentile (km/h) 15 38.0 40.0 35.0 26.0 36.8 37.0

50 47.0 47.0 44.0 33.0 41.0 47.0
85 59.0 58.0 53.6 41.8 50.7 58.0
98 70.0 67.0 64.7 533 56.2 68.7

Based on Table 1, the average speed of total of vehicles (717 vehicles) in Magelang street km. 4, Yogyakarta at
47.1 km/h [27]. “Average speed value is smaller than the maximum speed limit in the field (60 km/h). Standard
deviation value of vehicle speed varied between 8.7 for passenger car up to 10.8 for pick up and light truck”. “The
speed limits chosen must be credible in the light of the road and road environment characteristics and the public
authorities have the responsibility of ensuring this credibility”. The speed limit in Magelang street km. 4,
Yogyakarta on 85" percentile at 41.8 km/h for microbus, 50.7 km/h for truck, 53.6 km/h for pick-up and light truck,
58 km/h for passenger car and 59 km/h for motorcycle [27].

Exceeding speed limit

Excessive speed means speeds above a prescribed speed limit (i.e. driving above the speed limits). Based on Fig.
3, it can be seen that 4 vehicles (4.75%) of pick-up and light truck users, 20 vehicles (10%) of passenger cars users
and 49 motorcycles (12.25%) of motorcycle users exceed the maximum speed limit in the field (60 km/h). The
maximum speed limit in Magelang street km 4, Yogyakarta is reduced from 60 km/h to 50 km/h. The proportion of
drivers exceeding the speed limit in urban road by category of road users illustrates in Table 2. Based on Table 2, 17
vehicles (20.25%) of pick-up and light truck users, 75 vehicles (37.50%) of passenger cars users, 157 motorcycles
(39.25%) of motorcycle users, 2 vehicles (6.90%) of microbus, and 1 truck (25%) exceed the maximum speed limit
at 50 km/h. “Speeding occurrences between 5 km/h to 34 km/h above the speed limit”.
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TABLE 2. Speed at 85" percentile and the proportion of drivers exceeding speed limit 60 km/h and 50 km/h

Speed at 85" Proportion of drivers exceeding A driver

No. Vehicle type Percentile (km/h) Speed limit (%) _ exce.ed?ng speed
Speed limit 60 km/h Speed limit 50 km/h limit (%)
1. Motorcycle 59 12.25% 39.25% +27.00%
2. Passenger cars 58 10.00% 37.50% +27.50%
3. Pick-up, Light truck 53.6 4.75% 20.25% +15.50%
4. Microbus 41.8 0.00% 6.90% +6.90%
5. Truck 50.7 0.00% 25.00% +25.00%
Average all vehicle 58 km/h 10.18% 35.15% +20.37%

Based on Nilsson Power Model “A 5% increase in average vehicle speed leads to approximately a 10% increase
in all injury accidents and a 20% increase in fatal accidents. A 5% decrease in average vehicle speed leads to
approximately a 10% decrease in injury accidents and a 20% decrease in fatal accidents” [17].

Effect of lowering speed limit in gaseous emissions

“Emissions from road vehicles contain a variety of pollutants which are produced in different quantities at the
different speeds” [42]. The major air pollutants include:
(i) Carbon monoxide (CO).
(i) Hydrocarbons (HC).
(iii) Oxides of nitrogen (NOx). NOx are produced particularly at high engine operating temperatures or in steady
high speed driving condition and a reduction in speed leads to a significant reduction in these emissions.
(iv) Particulate matter (PM).

“Speed of vehicle has important impacts on the environment as it is strongly related to the emissions of
greenhouse gases (mainly CO») and of local pollutants (CO, NOx, HC, PM)” [10]. Higher speeds result in higher
emission levels [9]. “CO and NOx are at a minimum around 40 km/h, while particulate matters are minimal at
around 50 km/h”. “Emissions models to describe the interaction between various types of emissions and varying
speed levels based on” [42] can be seen in Fig. 4.

4100 —@— Carbon monoxide / 50

£ 2600 _"'_Hlvdrocarbops 1 55
X —#Nitrogen oxides o
‘§_ 2100 Particulates — 1 50 §
® \ / /p —* 145 £
o 2600 N—"F" - r— %
§ ‘ T - : 1+ 40 ﬂ
o 2100 - : <
.g 138 S
2 1600 1 30 Q
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w 1100 1 25
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Cruise speed (km/h)
FIGURE 4. Gaseous emissions and particulate matter as a function of vehicle speed [42]

Based on OECD [10] “the effects of speed reduction strategies on carbon monoxide and hydrocarbons are less
clear. Hydrocarbons emissions reduce with lower speed, whilst carbon monoxide and particulate matter have the
lowest emission levels at medium speeds”. “The optimum speed, i.e. the speed at which emissions are minimised,
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varies according to the type of emission. Typically, pollutant emissions are optimised for constant speeds of 40 km/h
to 90 km/h”. In steady driving conditions, CO and CO. emissions in terms of g/km travelled are highest at very low
travel speeds (15 km/h or less). Effect of the lowering speed limit was reduction in nitrogen oxides emission and
carbon monoxide emission.

CONCLUSIONS

Based on the results, the following conclusion can be drawn 4.75% of pick-up and light truck users, 10% of
passenger car users and 12.25% of motorcycle users exceed the speed limit. Reduced speed has a positive impact on
accident severity and number of accidents. The results show that the effects of a 5 km per hour reduction in travel
speed are greater at lowers speeds and reductions over 50 km per hour bring dramatic decreases in crash risk.
Reduction in vehicle speed will be followed by the reduction in fuel consumption and vehicle operating cost of
vehicle. Vehicle operating costs such as tire wear, lubricating oil, and spare parts that tend to increase with
increasing speed. Effect of the lowering speed limit was reduction in nitrogen oxides emission and carbon monoxide
emission.
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