Journal of Traffic and Logistics Engineering Vol. 2, No. 2, June 2014

Road Traffic Noise in Amman, Jordan:
Magnitude and Cost Investigation

J. Goussous, A. Al-Dakhlallah (Tomah), K. S. Jadaan, and M. A. Al-Zioud
College of Engineering and Technology, the University of Jordan, Amman, Jordan
Applied Science University, Amman, Jordan

Abstract—Traffic noise is considered a predominant source
of pollution in urban areas. Yet, limited amount of work has
been done on the issue in Jordan. This study was carried out
with the aim of providing a better understanding of traffic
noise in Jordan and its impacts. Noise levels were measured
at 18 selected sites in Amman, the capital of Jordan and the
validated British CRTN method was used to predict future
noise levels at the same sites. The results of analyses of the
noise data reveal that the measured traffic noise levels still
high and exceed the maximum allowable limit at all survey
sites while the CRTN model still valid under Amman’s
traffic and road conditions. An attempt was made to
monetize the economical noise impact using several costing
scenarios including hedonic pricing technique beside other
methods applied and proved to be acceptable in developed
countries. A minimum — maximum annual noise cost of a
range between $ 81 and $ 240 million was produced by the
various scenarios.

Index Terms—road traffic noise, mitigation measures, noise
prediction, noise cost.

I. INTRODUCTION

The magnitude of Road Traffic Noise (RTN) in
developing countries like Jordan is already large and is
steadily growing due to the increase in population
coupled with the increase in number of vehicles to the
extent that all these countries are facing threat due to
vehicular pollution [1]. Prediction of RTN is a fairly
complicated procedure that involves a significant amount
of  assumptions and  simplifications  towards
understanding the procedure. Many researches were
carried out focusing on noise modeling with the aim of
producing reliable estimates of future noise levels. One
of the most widely used methods is the British
Calculation of Road Traffic Noise (CRTN) method [2].

RTN has significant economic impacts especially
house prices reaching a maximum of 12% [3], but little
work was carried out on the cost of traffic noise in
developing countries. Based on other’s work, a recent
study in Saudi Arabia reported that the cost of RTN on
local communities and the society at large can be
overwhelming [4]. However, extensive work has been
done in developed countries especially European [5]-[9].

Jordan with an area of 93000 sg. km. has a total
population of about 6 million, 85% of which live in urban
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areas and over half live in the capital city, Amman.
Population and urbanization growth, migration from rural
to urban areas, expansion of cities and infrastructure
development have all contributed towards increasing the
level of motorization and consequent increase in traffic
noise pollution in urban areas. The problem is aggravated
by the fact that the unbalanced population of Amman is
paralleled by unbalanced regional development in the
industrial sector where Greater Amman area pOSSess
about 85% of the total large industrial development and
71% of small ones.

This study aims to further quantify the current and
future noise levels along urban arterials and calculate the
total cost for noise externality costs in order to provide a
better understanding of the noise issue and its impact.

Il. PREVIOUS WORK

A review of related literature reveals that over the
years only few studies of urban traffic noise in Jordan
have been conducted. Earlier work [10], [11], was carried
out which produced the results of noise measurements
and predictions at selected sites in Amman using the
British Calculation of Road Traffic Noise (CRTN)
method. The L10(18h) measured levels were found to
range between 74.6 and 78.5 dB(A) and the CRTN
method was found to apply satisfactorily under Amman
conditions. RTN levels were found to exceed the
maximum allowable limits at all sites and 3m high noise
barriers were found to be the most appropriate studied
amelioration measure. A preliminary social survey
carried out within the same work using a direct
questionnaire showed that over half of the respondents
consider relocation of residence due to severe effect of
traffic noise. Another study [12], was carried out to
evaluate the effect of distance from signalized
intersections on the variation of noise levels.

More recent study [13], was carried out to identify the
social and environmental impacts of traffic noise. Both
studies concluded that the measured noise levels
exceeded the permissible levels at all studied sites and
that traffic noise as perceived by neighboring residents, is
a serious problem affecting their daily activities. A
comprehensive study [14], involved the measurement and
the analysis of L10 (1h) noise index at 28 locations in
Amman. The study reached conclusions similar to those
of the earlier studies. Another recent [15], was carried out
to assess road traffic noise pollution in Amman



Journal of Traffic and Logistics Engineering Vol. 2, No. 2, June 2014

concluded that the city is environmentally noise polluted
with noise levels ranging between about 81 and 84 dB(A)
The results of a social survey carried out as a part of the
same study revealed that road traffic noise affects the
daily activities of residents to the extent that 65% of them
consider moving to quieter areas.

A most recent study [16], provided an evaluation of
road traffic noise pollution in Amman, through
measuring and predicting the statistical noise index L10
(18 hr) at seven sites using the British CRTN method
after validation. The measured and future noise levels
were found high and exceed the maximum allowable
limit of 63 dB(A) at all survey sites calling for the need
to apply mitigation measures.

However, although these studies addressed the social
dimension of the problem, none of them tried to address
its economic dimension which this paper does.
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Figure 1. Amman's Map
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I1l. MATERIALS AND METHODS

The sampling, analysis and interpretation tools used
for the assessment of RTN were selected to give as much
realistic results as possible. Measurements of traffic noise
levels and affecting factors were collected at eighteen
sites adjacent to selected arterial roads in Amman (Fig. 1).
The sites, listed in Table I, were chosen where the noise
levels were believed to be significant and the view of the
roads is substantially unobstructed. The table also shows
Factors related to selected sites day and night times.

A Bruel and Kjaer type 2215 Precision sound level
meter was used for measuring L10 (1hr) noise level.
Readings were taken during two 1-hour periods between
7:00 and 8:00 and between 19:00 and 20:00.The two
periods which are 12 hours apart aimed to cover the
morning and evening traffic conditions. The device was
held in arms about 1.2m above the ground level and at a
distance of 3.5m from the near side curb of the road.

Noise level measurements were made for 18 —hour
period from 6am to midnight for three sites and from 6
am to 9pm for six sites, with a microphone mounted on a
tripod 1.5m above the road surface. The effect of wind
noise was minimized by using a windshield at all times.
A theodolite was used to determine the slope of the road
at each site.

A classified manual counts of traffic volume were
conducted at the selected locations by counting vehicles
for 5 minutes duration for four intervals between (7:00-
7:05 ,7:15-7:20 ,7:30-7:35 ,7:45-7:50) for day time and
between (19:00-19:05 , 19:15-19:20 , 19:30-19:35 ,
19:45-19:50) for night time.

The predicted noise levels were estimated using the
calibrated CRTN method which proved to be valid under
Jordanian traffic conditions.

The costs of noise were studied through reviewing the
experience of developed countries and the various studies
carried out in the field then applying the hedonic pricing
method under Jordanian conditions.

TABLE Il. MEASURED DAY-TIME AND NIGHT-TIME NOISE LEVEL
L10 (1 HR) AT 18 LOCATIONS IN THE CITY OF AMMAN IN 2005 AND
2012 NIGHT TIME

Night Time Day Time
L10 (2012) L10 (2005) 110 (2012) L10 (2005) Identification Location
Number
73 65 71 67 Interior circle 1
56 61 64 66 First circle 2
61 60 66 66 Second circle 3
64 65 67 68 Third circle 4
67 65 66 65 Fourth circle 5
[ 61 70 66 Fifth circle 6
67 59 67 62 Sixth circle 7
65 58 68 635 Seventh circle 8
70 69 73 64 Eighth circle 9
68 67 78 70 Sport city circle 10
66 60 66 53 Abdoun circle 11
70 66 71 78 Swieleh circle 12
70 69 72 73 Gardens Street 13
73 70 71 73 Safeway-Gardens 14
junction

61 X 69 X Princess Basma street 15
73 70 79 78 Allstiglal street 16

73 75 Abu Nsair Street 17
67 ‘ X l 70 X { Al-Madina Al-Munawara 18

street

IV. RESULTS AND DISCUSSION

The actual noise levels measured at each location for
years 2005 and 2012 are listed in Table Il for both day
and night time. The predicted noise levels computed
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using the CRTN method are shown in Table Il for day
and night time.

TABLE I1l. CRTN PREDICTED NOISE LEVEL L10 (1 HR) FOR DAY AND

NIGHT TIME
Location Day time Night time
Number Identification L10 L10 L10 Basic) L10
(Basic) Predicted Predicted
1 Interior circle 7509 66.02 7125 6043
2 First circle 7476 6337 7402 6294
3 Second circle 75.84 65.01 7320 63.15
4 Third circle 7549 6494 76.03 65.89
5 Fourth circle 73.16 63.63 76.36 66.50
] Fifth circle 7373 6730 7475 6343
7 Sixth circle 7540 64.17 7168 61.05
g Seventh circle 7149 6212 7562 6481
9 Eighth circle 7596 67.68 76.13 6611
10 Sport city circle 7641 66.58 7104 6575
11 Abdoun circle 7603 66.77 7511 67.49
12 Swieleh circle 7492 6768 76.89 6803
13 Gardens Street 73.82 6434 7131 6841
14 Safeway-Gardens 7374 66.70 7253 65.04
Junction
15 Princess Basma 73351 65.68 76.10 68.70
street
16 Allstiglal street 7637 7025 7400 65.89
17 Abu Nsair Street 7119 6441 7743 68.09
18 Al-Madina Al- 7759 68.18 7127 7008
Munawara street

The results of the study show that the day time noise
level L10 throughout Amman has an average of 72 dB(A)
and 69 dB(A) during night time . As for the 2005 study it
was 69 dB(A) during day time and 58 dB(A) during night
time . This shows a slight increase in noise level for day
time in the last 7 years, but shows a high increase in the
night time. This may be attributed to the increase in night
time activities, mainly social and recreational, by young
drivers. The increase may also be generally attributed to
increase in the amount of traffic over the years, damages
of the pavement structure, and the number of old vehicles
which produce high exhaust noise.

The application of CRTN method to predict future
noise levels along the Jordanian urban arterials produced
satisfactory results as shown in TableIll. This confirms
the earlier findings of other researchers as explained in
the literature review above.

V. VALUATION OF TRAFFIC NOISE

The social cost of transport activities include private
(or internal) costs plus costs related to external effects.
Some related studies focus on the total or average
external costs and not on marginal costs which means
that all costs associated with external effects of
transportation and not only the effects on the margin.

Theoretically, the average cost is looked at as a
measure of fairness of implementing taxes, whereas
marginal cost gives signal of efficiency, meaning
internalization of external cost.

Several factors affect the amount of noise emitted by
traffic, and its costs. These include vehicle and engine
type, traffic speed, pavement type and condition and
distance and barriers.

There are two main valuation methods of the RTN
costs: hedonic pricing and contingent valuation.

The hedonic pricing technique (also called” Revealed
Preference”) is used to monetize non-market impact as it
infers values for non-market goods from their effect on
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market prices, property values and wages [9]. The
technique employs hedonic price surveys to examine
variations in housing prices due to traffic noise which are
seen as the Willingness to Pay (WTP) to avoid the
annoyance of traffic noise.

The contingent valuation method involves asking
people directly in a survey how much they would be
WTP to avoid certain health effects associated with noise.

Several studies show residential property values
typically decline about 0.5% for each unit change in
noise level [9]. Lee estimates the annual cost of traffic
noise at $21 per housing unit per decibel increase [17].
However, these studies are criticized on several grounds
such as using arbitrary noise level threshold and often
based on incomplete data. It is, therefore, concluded that
such estimates which are based on hedonic noise surveys
identify only 1/6th to 1/8th of total RTN cost [18], [19].
Reviewing the various attempts and approaches to
estimate the cost of road traffic noise (RTN), and in view
of the available data, the noise costs are calculated under
Jordanian conditions using more than one approach. The
estimates are based on the following assumptions:

Based on measurement of noise carried out by
various researches, an average noise level of 70
dB(A) is used.

Noise depreciation index of 0.5% of property
value per decibel increase.

The estimates take into account only effects
related to noise levels above 55 dB(A).

60 dwellings per km are located along the main
urban arterials in Amman and are exposed to
noise levels above the threshold of 55 dB(A).

An average value of property of 75000 J.D is
assumed for Amman based on the current market
prices.

A minimum-maximum band of noise cost in Jordan

was obtained using alternative ways which were derived
from the literature, and based on the experience of
developed countries, after adapting them to local
conditions:
In view of the fact that hedonic pricing method is
more widely used for the estimating the cost of
traffic noise and in view of data availability, the
method was adopted to provide a preliminary
noise cost estimate as follows:

Length of exposed roads = Y km
Exposure (total dwellings) = Z*Y

where Z is the average number of dwellings per km.
Considering a depreciation of 0.5% of property value
per decibel increase above 55 dB(A), then:

Annual noise cost = exposure * (70-55) * 0.5% * 75000
= Y*60*15*(0.5/100)*7500 = 337500 Y.

where Y is the total length of major arterials in Jordan
that are subjected to noise level above 55dB (A), which is
about 500km

Then, the total noise cost will be (337500*y) which
leads to an estimated noise cost of JD 160 million /year.



Journal of Traffic and Logistics Engineering Vol. 2, No. 2, June 2014

o Noise costs are estimated to be 1/3 of accident
cost. The estimated accident cost in Jordan for the
year 2009 was JD 336 leading to a total noise cost
of JD 112 million.

e An estimated noise cost of 0.35 % of per capita
income [20], Knowing that the Jordanian per
capita income is $18.5 and the population is 5.98
million, then the total annual cost of noise will be
$110.93 million which is equivalent to JD 77.65
million

e Other estimates of noise cost found it to be
equivalent to 0.4% of Gross Domestic Product
GDP. Knowing that GDP of Jordan equals
JD13440 million would result in a noise cost
estimate of JD 53.76 million per year.

Based on the above scenarios, it may be concluded that
the min — max band of annual noise cost estimate in
Jordan ranges between JD 54 and JD 160 million.

VI. CONCLUSION

This study was carried out to evaluate the current and
future environmental noise pollution in the city of
Amman. The noise level measurements made at 18
selected locations along the urban arterial network
showed that the day time noise level L10(1hr) has an
average of 72 dB(A) with a range between 64 dB(A) and
80 dB(A) . The night time average was found to be 69
dB(A) with a range between 56 dB(A) and 80 dB(A).
These results show an increase in noise levels as
compared to the results of the year 2005 study which
showed an average of 69 dB(A) during day time and 58
dB(A) during night time.

The study also show that the CRTN model can be
applied to predict road traffic noise under Amman’s road
and traffic flow conditions as indicated by the results of
prediction.

The second part of the research involved an
examination of various scenarios to estimate the external
cost of noise in Jordan. The results of the investigation,
that employed four different evaluation methods based on
the experience of developed countries, produced a
minimum — maximum annual noise cost band of a range
between JD 54 million and JD 160 million. This is
equivalent to $ 81 and $ 240.
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