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Introduction

Road traffic injuries are a major transport and public health problem that requires rigorous
efforts to reduce its size. Worldwide, an estimated 1.2 million people are killed in road
crashes each year and as many as 50 million are injured (WHO, 2004). Low-income and
middle-income countries account for about 85% of the deaths. High proportion of road
fatalities is in outside built-up area “rural area”. The economic cost of road crashes and
injuries is estimated to be 1% of gross national product (GNP) in low-income countries,
1.5% in middle-income countries and 2% in high-income countries (Jacobs et.al, 2000). On
the other hand, very little money is invested in preventing road crashes and their
consequences. Jordan, a middle income country, is no exception. Road fatalities are
increasing in number but the allocated resources for improving road transport system are
limited.

Roadway system outside built-up area composes of three categories. The criterion used in
the classification is the width of the right of way (ROW). The three classes are primary,
secondary and village roads. The ROW is 40m for primary road, 30m for secondary roads
and 20m for village road. The function of each road class was defined in road numbering
decree issued in 1989 as follows:

e Primary roads: Those roads with two-lanes or more which connect the capital Amman
with other districts’ centers or to the neighboring countries. This category also includes
all roads connect districts’ centers with each other or the links between two primary
roads. Those roads have a number of two digits

e Secondary roads: Those roads with two-lanes which connect cities and villages within
each district and pass through more than one city/village. Those roads have a number of
three digits; the first digit from left refers to the district code number.

e Village roads: Those paved roads with two-lanes which branch out from primary or
secondary roads in to a certain village and end there. Their number is a combination of
letters and numbers; the number refers to the primary or secondary road they split from.

The total length of the road network is 7364km. The primary lengths according to 2003
statistics is 2972 km where as the lengths of secondary and village roads are 2073km and
2319 km respectively (MPWH, 2003).

Session Al General Safety strategies — Infrastructure based


mailto:linash@nets.com.jo
mailto:sami_hamamdeh@hotmail.com

Roads are financed from the governmental central budget. Transport revenues include:
Passenger transport fare
e Taxes imposed on gasoline and diesel.
e International transit fees
e Vehicle annual registration and license fees
e Traffic fines, including fine imposed on overloaded vehicles.
e Annual supplementary fees imposed on heavy vehicles.

e Miscellaneous, includes out-door advertisement sign fees and vehicle spare part
taxes

The average annual budget allocated to construct and maintain the road network during
(1991-2003) is around JD 50 million (US$ 70million). Slightly more than 50 per cent of
allocated funds are spent on new construction, with emphasis on primary roads. The
expenditure on village and secondary roads approximates 25%. The primary roads comprise
40 per cent of the network whereas their share of the budget exceeds 70%. The
justification relies on the fact that these roads carry heavy traffic volumes. Expenditure on
safety elements represents a very slight portion of total expenditure on roads. Still safety
expenditure on primary roads with 4-lanes outnumbers the expenditure on other types of
roads. However, accident data indicates that 76 fatalities were reported on 4-lane primary
roads whereas 97 fatalities were reported on two-lane road in 2003 (JTI, 1993).

This paper intends to shed light on safety expenditure on roads with emphasis on two-lane
roads. The issue of equity will be discussed by considering the geographic dimension of the
network including the allocated funds and factors that influence their distribution. The paper
will also investigate the extent of safety problem on the rural area, including two-lane roads.

Methodology

Data Collection

To address the objectives listed on this study relevant data were collected. Accident data
were obtained from police traffic department. Road network data were gathered from
Ministry of Public Works and Housing (MPWH). The data were stratified by road class and
geometric design expressed in terms of number of lanes. Data include the following:

e Road network length and conditions
o Traffic data
e Road expenditure on various type of construction work.

Interviews with senior staff in MPWH who are in charge of fund allocation were made to
further explore the allocation of funds and to provide means to cross examine the finding of
this study. National census were explored to collect geographical and demographic data
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Variables
Variables that were analyzed in this paper are classified in four main groups.
First, road network data that comprise the following variables:
1. Road Class (three classes were considered primary, Secondary and village)
2. District (12 district as officially defined at governmental level)

3. Road condition (scale from 0 to 5, where 0 is impassable road conditions and 5 refers
to excellent road conditions)

Road length expressed in km length
Number of lanes (2- lanes or 4 or more lanes)

The existence of median (whether it exist or not)

N oo o &

Road network coverage index, which is expressed by road network length divided by
district area.

Second group of data include traffic data and its product, namely

1. Traffic exposure measure presented by vehicle-kilometer driven in each district and
for each class of road, which is based on average daily traffic expressed in 2-axle
vehicle and road lengths.

2. Accident data presented in terms of fatalities.

The third group refers to type of road work and its associated expenditures. Three
broad groups were considered:

1. New construction

2. Maintenance and

3. Safety elements
Geographic and demographic data, include:

1. District area;

2. Number of communities within each district,
3. Urbanized area in each district;
4

Population number and density.

Analysis

Descriptive statistical analysis was conducted. Variables were cross-tabulated to fulfill the
study objectives. Bivariate correlation analyses were also completed. Non-parametric
correlations (Spearman correlation coefficient) were assessed to measure the association
between pair of variables. Road expenditures were correlated to a number of variables to
define relevant variables that might influence fund allocation T-test was also applied to
investigate the difference between road conditions due to geometric class. All tests were
performed at 95% level of confidence. Geographic information system application was
considered when investigating the road network and its distribution among various districts
in the country.
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Results

Safety Situation Outside Built-Up Area

Police accident records indicate that 832 fatalities were reported in 2003 (JTI, 2004); injuries
tolled to 18368. Nearly 25% of all fatalities happened outside built-up area. The percentage
of fatalities reported outside built-up, out of all reported fatalities fluctuated from 14% up to
42% over period (1993-2002). The proportion of injuries reported outside built-up area out
of all injuries, was always lower than the corresponding fatalities proportion (Figure 1). On
average, 16% of all reported injuries were outside built-up area whereas the 28% of all
fatalities reported outside built-up area.

When the fatality numbers were analyzed at district level, the results indicated that reported
accidents outside-built-up areas in some districts are higher than those reported inside built-
up areas (Figure 2). These districts are not as heavily populated as those districts that
reported higher number of fatalities in side urban area. For example, number of fatalities
inside built-up area in the Capital district Amman, which has a population of 2.1 million and
area of 7579 km?, was 230 in 2003 compared to only 30 fatalities outside the built-up area.
On the other hand, reported fatalities inside built-up area in Ma'an were only 21 where as
fatalities outside built-up area were 37. Ma’an Districts has the lowest population density in
the country with a population of 0.11 million and area 32832 km?.

50

—a— % of fatalities happened outside built-up area
—=— 9% of injuries happened outside bulit-up area

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Figure 1 Fatalities in Jordan by location over period (1993-2003)
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Figure 2 Fatalities in Jordan by district and location in 2003

Al-Badia area is not a district by itself, it is defined by the area extend in the desert (the
eastern part of the country) and it is under the control of special police force. Unfortunately,
there is no official statistics on the population as this area administratively is actually part of
6 districts (Mafraq, Zarqa, Amman, Karak, Tafielah, and Ma’an)

Fatalities reported on two lane-roads were higher than accidents on 4-lane or more roads
and their distribution by district is shown in Figure 3.
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Figure
3 Fatalities reported in Jordan by district and road geometric class in 2003
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Accident records in four out of twelve districts showed a high number of fatalities outside
urban areas compared to inside built-up area; namely Ma'an, Jerash, Madaba, and Mafraq
(Figure 2). Most of fatalities in Ma’an were reported on 4-lane or more roads whereas most
of fatalities in the other three districts were in two-lane roads. Traffic exposure on 4-lane
road in Ma’an is higher than the exposure on its 2-lane road network, which may explain the
high number of fatalities on those roads. Fatalities in Badiah area were higher on 4-lane or
more roads.

Road Network

Length and extent

The rural road network in Jordan extend over 7364 km long and distributed are over 12
districts and categorized in three classes (primary, secondary, and village roads). Primary
roads comprise 40% of the rural road network length. Two-lane roads comprise 73% of all
primary roads. Secondary roads, which are mostly 2-lane roads (98% of all secondary roads
are two-lane), comprise 28% of the road network. Village roads are normally 2-lane roads
comprise 31.5% of the road network length.

Primary and secondary roads within districts that have large areas (Ma'an and Mafraq) are
the longest compared to other districts (Table 1). The extent of village roads is related to
district urbanization level. For example, Irbid with an area which does not exceed 2% of the
country has 15% of all village roads in the country. Irbid, at the same time, has 21.5% of all
urban areas in the country. However, this relationship is not statistical significant (p= 0.34,
P=0.276)

Table 1 Road network length by road class and district
Road Network Length No of
. Urban com- | population
District ; 2-Lane 2-lane Area (km? - pula
Prr:)r;lg;y primary Sefgggsry secondary | Village ? (k) area | Munity density
roads roads
. 231 168 209 201 341 1572 121
Irbid ©%) | (6%) (14%) 14%) | (15%) ew) | @29%) | % 604.8
85 57 117 117 117 410 13
Jerash Gw) | (3%) (6%) (6%) (5%) 05%) | @3%) | °° 382.1
. 75 50 156 156 46 420 18
Ajlun (3%) (29%) (8%) (8%) (2%) (0.5%) (3.1%) 48 281.7
443 396 284 268 365 26541 72
Mafraq (15%) | (18%) | (14%) | (13%) | (16%) | (30%) | @2.9) | 168 9.256
300 130 222 211 330 7579 189
Amman 1 o0y | (6%) (11%) (10%) (14%) | (85%) | (34%) | 2%° 267.5
173 103 167 158 359 1119 32
Balqa 6%) | (5%) (8%) (8%) 5%) | (13%) | 8w | °f s12.4
202 208 149 149 145 . 50
Zarqa o | (tov) o o 60 | ATBLE%) | gao | 59 176.1
49 44 92 92 130 940 19
Madaba | 5 (2%) (4%) (5%) (6%) a1%) | @5%) | 8t 144.6
286 202 171 164 216 3495 26
Karak 10%) | (9%) (8%) (8%) (9%) Go%) | (46%) | 61.29
atan 561 476 246 246 92 32832 10 o6 a17
(19% | (22%) | (12%) (12%) (4%) (37%) | (1.9%) :
. 169 141 86 86 129 2209 3
Tafeilleh | oy | (790) (4%) (4%) (6%) 25%) | 06w | * 36.67
308 196 84 84 48 6900 8
Agaba 10%) | (9%) (4%) (4%) %) ©8%) | (14%) | °° 15.52
a) All are 2-lane roads b) values in parentheses are the percentage of each variable for each

district out of total, which represent the country level
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The longest four-lane primary road network is in the capital district of Amman, if compared
to other districts (Figure 4-a). Agaba, which has the only sea-port in the country, comes in
the second place with regard of its 4-lane road lengths.

Secondary roads are primarily two-lane roads. Small portion of secondary roads has a four-
lane cross section. These roads are classified as through roads, which are defined as those
parts of secondary roads inside the built-up areas.

Large area districts have a long 2-lane primary road network (Figure 4-b). Districts that are
categorized as high population density (Amman and Irbid) have a long secondary road
network. The highest portion of secondary roads is in Mafraq district (14% of total country
secondary network), which has low population density (Table 1). Since both Mafraq district
area and its urban area are relatively large, there is a need to develop village roads to reach
urban area scattered over this large area, which explain the high percentage of village roads
in this district. Statistical tests indicated that secondary road network length is related to
urbanization (p= 0.811, P=0.001) but it failed to prove that it is related to population density
(p= 0.14, P=0.665)

All village roads have two-lane cross section (Figure 4-b). Districts with large number of
communities and large urban area are served with relatively long village roads (Irbid,
Mafrag, Amman and Karak). This relation was proven to be statistical significant (p= 0.783,
P=0.003)
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Figure 4-b  2-Lane road network length by district and road class

Spatial distribution of the network

Four-lane primary roads are connecting the northern part of the country with the southern
part through the capital Amman (Figure 5). Some of short links that go from east to west
and connecting the capital with the neighbouring districts or tourist site such as Dead Sea
are also 4-lane roads. Primary roads on the eastern and western part of the country are 2-
lane highway.
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Figure 5 Road network by road functional class and road geometric class

Secondary road spatial distribution is concentrated in the northern part of the country and to
lower extent in the capital Amman, Ma'an and Karak (Figure 5). Village roads are
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concentrated and to large extent in the northern districts and to some extent in the middle
districts (Amman and Blaga’)

Road network condition

Road conditions were rated by a group of experts on a scale of 1 to 5. The assessment was
based on visual inspection on the extent of cracks and other distress types (Rutting, edge
break, raveling, etc).

Road condition survey indicates that a large portion of roads that were rated as level one
are village roads (63%). As the scale goes up to 5 the portion of village roads is less. For
example village road comprise 47% of all roads rated in level condition two while only one-
third of all roads rated in level condition 3 or 4 are village roads and only 18% of all roads
that were rated 5 were village roads (Figure 6). Proportion of secondary roads out of all
roads that were rated in level one does not exceed 18%. Secondary roads comprise 30% of
all roads rated in level condition two. The portion of secondary roads in high level condition
increases. It reaches 42% in level condition 5.

Only small portions of all roads that were rated in level 1 and 2 are referring to primary
roads. The proportion of primary roads is higher as level condition move to level 3 to 5.

The analysis of village and secondary roads has not distinct between two-lane and four lane
roads because all village roads are 2-lane roads and around 98% of secondary road are also
2-lane roads. Primary roads analysis provides the possibility of looking into the road
condition by geometric class as 73% of all primary roads are 2-lane and 27% are 4-lane or
more. In general, there is no noticeable difference between road conditions on 4-lane
primary and those of 2-lane primary roads, but this was not proven statistically (t=1.857
p=0.07). Data showed that 60% of all 4-lane primary roads were rated in level 4 and 5
where as the corresponding ratio for 2-lane roads is 62%.

23%
35%
47%
30% 33%
Level Condition 1 Level Condition 2 Level Condition 3

18%

40% M Primary

OSecondary
W Village

37% 42%

Level Gentidon & Level Condition 5
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Figure 6 Road network condition by road class

Road conditions of 4-lane primary roads in districts that have the largest road network
(Ma’'an and Mafraq) are poorer than others (Figure 7). Road conditions in heavily populated
districts (Amman, Zarga and Irbid) are better than less populated districts (Madaba, Tafeilah
and Ma’an). For example, 85% and 55% of all 4-primary roads in Balga and Irbid were rated
4 and 5 compared to 7% in Tafeilah. However, statistical test that was performed to
investigate the relationship between district population or density and road in poor
conditions shows contradictory result. T-test suggests that as the population increases road
in poor conditions increases (r=0.617, p=0.033).

Road conditions on 2-lane primary roads are relatively good. Only four districts have less
than 50% of their road network in condition level four and above, the other districts have a
ratio that exceed 50%. Surprisingly, Irbid that has good road condition for its 4-lane roads
has the poorest road condition for its 2-lane primary roads with only 26% of total length of
its network is in condition level 4 and above. Ajlun primary road network is rather poor for
either the 4-lane roads or 2-lane roads with only 32% of its roads in level conditions 4 and
5.

Road conditions of secondary road are rather good. Around 50% of the whole network has
road condition of 4 and above. Still, there is a variation between districts. Agaba and zarqga
districts have the more than 55% of their network at level 4 and above while Ajlun and Karak
have the poorest road conditions.
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Road conditions of village roads are poor. Less than one-third of all village road network is
at level condition 4 and above with exception for Jerash that has 47% of its village road
network at level 4 and above.
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Traffic Volume

The average daily traffic (ADT) was calculated based on traffic counting that is performed
every year on selected key stations along the road network for both primary and secondary
road. ADT is expressed in term of two-axle vehicle. Estimate for traffic volume on village
route was made based on experience and limited counting that was conducted few years
back.

Village: 0-500
Secondary: 0-3000
0-3000
3001-6000
6001-12000
12001-22000
— 22001-50000
—— 50001-100000

Figure 8 Average Daily Traffic along road network in Jordan expressed in 2-axle
vehicle

The highest ADT is reported along 4-lane or more primary roads (Figure 8). The ADT at one
link with 6 lanes that connects the capital with its suburb and the international airport is
100,000. The average traffic volume on 4-lane primary roads in the country is 22,000 two-
axle vehicle compared to only 3000 two-axle vehicle on two-lane primary roads. Average
ADT on 2-lane secondary roads is 1200 two-axle vehicle. Fifty per cent of all vehicle-
kilometers are made on 4-lane primary roads and 33 per cent on 2-lane primary roads.
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Secondary road share of all vehicle-kilometer conducted on the network is 11 percent while
it is only 5 per cent on village roads.

Highest vehicle kilometer was recorded in Amman (Figure 9) as it has the longest 4-lane
primary roads. The highest vehicle-kilometer on two-lane primary roads was reported in
Mafraq as it has the second longest 2-lane primary roads but with higher traffic volume than
the Ma’an, the district that has the longest 2-lane primary roads.

7.00
B 4-Lane primary -one tenth
6.00 4 O 2-Lane primary-one tenth
500 B 2-lane secondary
' O 2-Lane village
4.00 -
3.00 -
2.00 -
1.00 -
= &g =z &8 £ § 8 g & 2 = F
) = Z =
Figure 9 Traffic exposure along road network by district, road class and

geometric class

Expenditure on road network
Expenditure on road network is distributed under three main categories, namely.

e Construction: New construction or major improvement, which includes upgrading
existing roads by adding new lanes or interchange construction.

e Maintenance: include rehabilitation by adding a new asphalt layer or up-grade road
surface class from surface dressing to asphalt pavement layer. It also includes all
routine and preventive maintenance. Junction improvement falls under
improvement works of the existing roads, the same applies for providing and
maintaining shoulder.

o Safety elements: Include providing the existing road by all needed safety element
and maintain the installed elements. The works include providing signs, installing
guard-rail, applying painting and fixing reflectors.

In the following section expenditure on safety works include in maintenance work and safety
elements will be explored with emphasis on 2-lane road. The investment made on safety as
part of construction project will be highlighted.

Road allocated budget over four-year period (1998-2001) shows that construction projects
take the largest portion of the budget (Figure 10). Construction cost includes spending on
safety elements within the project. Expenditure on safety elements does not exceed 3% of
the allocated budget.
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Figure 10  Expenditure on different types of road work over four-year period

Expenditure on construction work

Fifteen construction projects have been analysed to calculate the expenditure on road
safety. The sample consists of nine 4-lane primary road projects and six 2-lane primary road
projects. The total budget for all projects was 86, 466,000 JD. Only 22 per cent of the
allocated funds are for 2-lane roads (Figure 11)

78%

O 4-Lane B 2-Lane

Figure 11 Expenditure on construction projects by road geometric class

Further break down of the projects price and their components indicates that the share of
safety out of total cost of the project does not exceed 7% for 4-lane road. Safety
expenditure on 4-lane road project is almost twice as much as the expenditure on 2-lane
roads (Table 2).
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Table 2 Price break down of road construction projects

Indicator 2-Lane roads 4-Lane or more roads
Construction cost per km (JD) 294,493 613,366
Safety expenditure per km (JD) 7,138 40,445.00
Safety expenditure by total cost (%) 3.83 6.53

The analysis indicates that construction cost per km for 4-lane roads is twice the
construction cost of two-lane road, which is expected as number of lanes are doubled. On
the other hand safety expenditure on 4-lane road construction is six times as much as the 2-
lane.

Expenditure on maintenance work
Maintenance budget is distributed between two main items, namely
e Improvement;

¢ Routine and preventive maintenance.

Maintenance allocation over three year period (200-2002) indicated that on average 54 per
cent of the budget goes to improvement and the 2-lane roads primary takes the largest
proportion. Around 90 per cent of improvement expenditures are spent on 2-lane roads
(Figure 12). Expenditure on routine and preventive maintenance of 2-lane road comprises
two-third of all expenditure on this item.

4-Lane road ‘ 02000 @2001 m@2002
improvement ‘ ‘ ‘ ‘

2-Lane road
improvement

4-Lane road
Maintenance ‘

Maintenance

2-Lane road ‘ ‘ ‘

0 500 1000 1500 2000 2500 3000

Maintenance Expenditure (1000 JD)

Figure 12  Maintenance expenditures over three—year period (2000-2002) by type of
work

The difference between maintenance allocation in Figure 11 and the break down of
maintenance work shown in Figure 13 goes to the maintenance of secondary and village
roads in the 12 districts,

Analysis of maintenance expenditure by each district over three year period (2000-2002),
which are spent on secondary and village roads, indicates that 42 per cent of the allocated
funds are used in routine and preventive maintenance. Irbid district share is 20% of all
maintenance district funds (improvement & routine and preventive maintenance) where as
the total lengths of secondary and village roads in Irbid are only 15% of all secondary and
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village road in the country (Table 3). Still, it is possible to say that the expenditure on
general match the district needs. Each district receives allocation proportional to the length
of secondary and village roads within its boundary (p=0.87, P=0.0001).

To further analysis maintenance expenditure on two-lane roads, a sample of 27 primary
road maintenance projects was analyzed (Table 3). Ajlun district that has only 2% of 2-lane
primary roads receive 14% of all expenditure spent on 2-lane primary roads, the same
applies for Madaba and Jerash. On the other hand, Mafrag receive only 9 per cent of all
funds while it has 18% of all 2-lane primary roads.
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Table 3

Road maintenance expenditure on 2-lane roads by district and road class and road length by district and road class

o Expenditure

Expenditure District Sa'asrtg%f District District District on
share of all | Secondary all Expenditure | share of all | Length of | share All District share secondary
On 2-ane | expenditure | andvillage | (.. o on2-ane | expenditure | 2-lane | ofall2- | expenditure | gpare of all | Lengthof | Of @l and village
District | S€condary on road Y primary on 2-lane primary lane on2-ane | expenditure | all 2-lane | 2-ane roads out of

& village dar length and roads rima roads rimar roads roads all

secondary g village primary p y on 2-lane roads dit
roads & village road roads roads length | €xpenditure
(km) roads (1000 JD) (km) (1000 JD) on 2-lane
(1000 JD) (%) %) (%) (%) (%) roads

(%)
Irbid 301 20 640 15 218 7 168 8 519 11 720 11 47
Jerash 81 5 234 5 380 12 69 3 461 10 595 9 9
Ajlun 51 3 202 5 448 14 50 2 499 11 344 5 5
Mafraq 143 10 649 15 300 9 396 18 443 9 618 9 13
Amman 168 11 552 13 167 5 130 6 334 7 770 12 35
Balga 142 10 526 12 47 1 103 5 189 4 752 11 69
Zarqa 99 7 294 7 167 5 208 10 266 6 442 7 33
Madaba 68 5 222 5 417 13 45 2 485 10 247 4 7
Karak 175 12 387 9 310 10 202 9 485 10 589 9 42
Ma’an 97 6 338 8 133 4 476 22 230 5 691 11 26
Tafeilah 90 6 215 5 185 6 141 6 275 6 479 7 23
Agaba 80 5 132 3 400 13 196 9 480 10 328 5 100
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As expenditure on maintaining 2-lane primary roads decreases, the share of expenditure on
secondary and village roads out of all allocated funds for each district increases. For
example 69% of district funds goes on secondary and village road since only its share of
primary project was as low as 1 per cent.

Analysis also indicated that allocated funds for improving and maintaining roads are
declining with time (Figure 13). Values given in Figure 14 are estimated as average of all
district cost of routine and preventive per km. the same applies for improvement cost
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Figure 13 Average cost of improving and maintaining roads per km

Safety Element Expenditures

Available data on safety element expenditures show that the allocated funds are increasing
with time. Analysis of three-year period (2001-2003) shows that allocated funds for 2003 is
twice those of 2002 (Figure 14). Expenditure on 2-lane roads did not exceed one-fifth of the
allocated funds. Most of the funds spent on 4-lane roads.
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Figure 14
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Slightly less than one-third of safety expenditures is spent on traffic signs (Table 4). This
applies for all 2-lane and 4-lane roads. Pavement marking (Paints and Reflectors) share is 40
per cent for 2-lane road and 47 per cent on 4-lane road. The difference is due to the
application of thermoplastic paint on 4-lane roads, which is more expensive. Roadside
protection share is 26 per cent for 2-lane roads while it is 20 per cent for 4-lane roads. Table
4 also showed that work on 2-lane is limited compared to work on 4-lane roads. For
example, the road length provided with signs on 4-lane roads is 4 times as much as on 2-
lane roads. Guardrail installed on 4-lane roads is almost 3 times that of 2-lane road. The
exception is the reflectors where expenditure on reflectors on 2-lane road are 2.5 times that
of 4-lane roads. Reflectors in this case are replacing the paint which is applied to large

extent on 4-lane road.

Table 4 Safety expenditure by road geometric class and safety elements
Two-Lane Road
Pavement Thermoplastic
Signs markers Cold paint air?t Gaud-rail Others Total
Year reflectors P
JD
Cost Length Cost Length Cost Length Cost Length Cost Length Cost (D)
(JD) (km) (JD) (km) (JD) (km) (JD) (km) (JD) (km) (JD)
2001 | 65,625 77 48,572 318 31,250 15 58,000 25 10,547 | 213,994
2002 | 95,000 112 72,545 216 53,000 25 69,500 3 15,074 | 305,119
2003 |218,225 257 166,585| 496 |108,200 52 191,000 8 6,900 690,910
Four-Lane Road
Pavement Thermoplastic
Signs markers Cold paint P Gaud-rail Others
paint Total
Year reflectors
(ID)
Cost Length Cost Length Cost Length Cost Length Cost Length Cost
(JD) (km) (JD) (km) (JD) (km) (JD) (km) (JD) (km) (JD)
2001 439,875 518 106,664 90 129,624 62 170,587 41 232,587 9.5 22,133 | 1,101,470
2002 501,991 591 92,455 78 137,051 65 179,558 43 246,495 10 23,546 | 1,181,096
2003 528,852 622 321,315 270 120,967 58 910,444 217 426,649 17 22,517 | 2,330,744
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Table 5 Expenditure on traffic safety elements on secondary and village road by district
Marking Guard-Rail Sign Reflectors Others . District
District share of
Length of
share of all all
secondary .
& village expenditure | secondary
District Cost Length | Cost | Length Cost Length Cost | Length Cost Total roads ggﬁiﬁg vmgde
(JD) (km) | (ID) (m) (JD) (km) (JID) | (km) (JD) g
(km) roads
(%)
(%)
Irbid 1484 28 3675 147 6700 67 11859 640 4 15
Jerash 3922 74 4375 175 8297 234 3 5
Ajlun 4134 78 300 12 4800 3200 9234 202 3 5
Mafraq 1113 21 9475 379 5800 58 600 400 7225 24213 649 8 15
Amman 4618 87 17750 710 53700 537 21273 | 14182 | 10360 | 107701 552 35 13
Balga'a 3498 66 13750 550 2000 20 1350 900 20598 526 7 12
Zarga 185.5 4 500 20 48700 487 49385.5 294 16 7
Madaba 3286 62 50 2 13100 131 16436 222 5 5
Karak 0 387 0 9
Ma'an 18000 180 11550 | 7700 29550 338 10 8
Tafeilah 3074 58 3074 215 1 5
Agaba 13833 261 2950 118 800 8 6750 4500 24333 132 8 3
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Expenditure on safety elements by district in 2003 showed that there is a noticeable
difference between the districts (Table 5). For example, no safety element was installed in
Karak while it has 9 per cent of all secondary and village road in the country. The capital
Amman share of safety element expenditure is 35% while its share of secondary and village
road is only 13%. Results in Table 5 indicate that large of expenditure on secondary and
village roads is spent on singing (49%). Installing guardrail cost comprises 17% of all safety
element expenditure then the reflectors with 15% while painting takes only 13% of all
expenditure.

What Factors Influence Road Safety Expenditure?

To be able to answer this question, factors that might influence the decision on funds
allocation among district were identified as follows:

1. Geographic and demographic variables

District area

District urbanized area

Number of communities in each district
District population

Population density

2. Transport variables

Road network length
Road network condition
Road safety in term of number of fatalities

Traffic exposure

MPWH senior staff were interviewed to provide insight into their practice when allocating
funds among various districts. Their answers were correlated with the factors that are
expected to influence their decisions.

According to MPWH staff the factors that are taken into consideration while allocating the
funds to various districts are listed below in order:

Citizen complains

Population

Road network length

District area

Road network density (km of road/area of district)
Road lengths in poor conditions

Length of un-paved roads

Number of communities and region

The extent of farm land

Traffic volume
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Each factor is given a certain weight and an overall index is given to each district to reflect
its eligibility to receive funds (Table 6).

Districts were also ranked according to fatalities reported outside built-up area, exposure,
expenditure (Table 6). District allocated funds and traffic exposure are also ranked in
descending order To be able to test the strength of association (relationship) between the
above listed, Spearman correlation coefficients (Non-parametric test) were calculated (Table
7).

Road Safety

According to Table 6, Mafrag has the highest number of fatalities on 2-lane roads while Irbid
has the highest number of fatalities on all types of road and these number matches well
with traffic exposure but expenditures are not allocated in the same direction. Numbers of
fatalities on 2-lane roads were positively related to traffic exposure (p=0.77, P=0.003) and
road length (p=0.73, P=0.007). District area is positively related to number of fatalities
(p=0.699, P=0.011).

Expenditure on Safety Elements

Amman that was ranked number 4 in term of fatalities received the highest funds for both
maintenance and safety elements. Irbid was ranked in second place in term of fatalities on
2-lane roads while the funds made available for providing safety elements has been ranked
in eighth place. There was no statistical evidence to suggest that expenditure on safety
elements is related to accident fatalities Expenditures on 2-lane roads are proven to be
positively related to road conditions Expenditure on this type of work was found to be
related to district area, as area increases the safety element allocation increases (p= 0.64,
P=0.026). It is also statistically related network density, but negatively. As road length per
unit km?area increases, the allocation will decrease (p= -0.62, P=0.031).

Expenditure on Secondary and Village Roads

Irbid and Karak received the highest portion of funds allocated for secondary and village
roads. According to MPWH ranking of priorities (weight) Irbid is expected to receive the
highest portion and then Capital Amman while Karak and Mafraq were given equal weight
and ranked in the third place (Table 6). A statistical significant relation between stated district
priority as given by MPWH staff and expenditure on secondary roads was evident (p= 0.74,
P=0.006). Expenditures were positively related to road condition lengths in poor conditions
(p= 0.66, P=0.02), length of secondary and village road network (p= 0.87, P=0.0001). They
were also related to demographic and geographic variables, namely degree of urbanized (p=
0.706, P=0.01), number of communities (p= 0.7, P=0.011) and district population (p= 0.699,
P=0.011).

Expenditure on all 2-lane Roads including Primary Roads

Amman received the highest portion of 2-lane expenditures, as it was ranked in first place
followed by Balga’ district. Expenditures on 2-lane roads are proven to be positively related
to the extent of road network (p= 0.76, P=0.004) and the length of roads in bad conditions
(p= 0.7, P=0.011). A poor relationship between expenditure on 2-lane road and number of
reported fatalities was reported (p= 0.36, P=0.245) and marginally insignificant relationship
with traffic exposure (p= 0.57, P=0.055).

How much Stated Priorities are Related to Actual Expenditure?

Weights given by MPWH staff for budget allocation were found to be related to actual
expenditure on two-lane roads (p= 0.7, P=0.012), and on secondary and village roads (p=
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0.74, P=0.006). It seems that their decision is related to length of 2-lane roads in poor
conditions (p=0.74, P=0.006). The variables that were stated by MPWH staff are relevant
when allocating the funds were proven to be statistically related to the weight given to
various districts, including number of communities (p= 0.7, P=0.007), degree of urbanization

(p= 0.622, P=0.031), and population (p= 0.55, P=0.06).
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Table 6 Rank of district as function of traffic exposure, maintenance, and safety element expenditure, as well as fatalities outside built-up area
o ©
33
x s Exposure Maintenance Safety Elements Fatalities outside built-up area
Ea}
wPwH |5 8 &
District weight g §
3 Measur_e (100,000 Rank Expenditure Rank Number Rank
vehicle/km)
STATED Expenditure Rank
2-
Secon Secon Secon Secon
All 2-lane All lane All 2- All 2-lane 2-lane All
Rank roads roads d_ary & roads | roa dgry & roads | lane dgry & roads roads d_ary & roads roads 2-lane all
village d village village village
road road road road
Irbid 75 4 28 18.80 65 5 2 1 694 720 301 2 3 1 11859 8 16 16 2 1
Jerash 40 10 5 3.76 17.85 11 11 2 487 595 81 5 6 9 8297 10 3 3 9 10
Ajloun 40 8 4 1.92 5.792 12 12 9 499 344 51 4 10 12 9234 9 0 12 12
Mafraq 45 3 35 19.92 | 4.065 2 1 11 533 618 143 3 5 4 24213 5 19 19 1 3
Amman 60 1 31 9.26 12.83 4 4 4 481 770 168 8 1 3 107701 1 9 9 4 4
Balga' 40 5 32 8.28 15.53 3 7 3 352 752 142 11 2 5 20598 6 2 2 11 8
Zarga 30 7 13 7.40 11.83 8 8 5 302 442 99 12 9 6 49385.5 2 14 14 3 5
Madaba 30 9 6 3.84 6.091 10 10 8 485 247 68 6 12 11 16436 7 3 3 10 11
Karak 45 2 20 8.44 4.824 7 6 10 485 589 175 7 7 2 0 12 6 6 8 7
Ma'an 35 6 21 13.64 | 8.143 6 3 6 430 691 97 9 4 7 29550 3 9 9 5 2
Tafeilah 40 11 9 6.24 7.354 9 9 7 385 479 90 10 8 8 3074 11 7 7 6 9
Agaba 20 12 42 8.91 3.429 1 5 12 747 328 80 1 11 10 24333 4 7 7 7 6
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Table 7

Spearman correlation matrix of the number of tested variable

Safety element Secondary road 2-lane All road Total
All fatalities LN2_FATA ex gnditure maintenance maintenance maintenance expenditure STATED
p expenditure expenditure expenditure P
P p P P P p P p P p P p P p P p

Al fatalities 1.00 053 | 0.075 008 | 0812 || 013 | 0681 || 035 | 0.27
2-lane fatalities 1.00 . 044 | 0152 | 062 | 0.033 || 036 | 0245 0.09 | 0779 | 0.34 | 0.286
Safety element 053 | 0075 || 044 | 0152 | 1.00 010 | 0762 | 025 | 0.443 | -0.18 | 0587 | -0.32 | 0.319 || -0.24 | 0.447
Secondary road 062 | 0033 || 010 | 0762 || 1.00 0.73 | 0.007 -0.15 | 0.649 | 0.74 | 0.006
maintenance expend|ture
2-lane ~ maintenance 036 | 0245 || 025 | 0.443 1.00 042 | 0175 | 070 | 0.012
expenditure
All road maintenance | g | (g1 0.18 | 0.587 1.00 083 | 0001 | 016 | 061
expenditure
Secondary road 008 | 0795 | 0.06 | 0.863 | 033 | 0.297 022 | 0484 | 033 | 0201
exposure
2-lane road exposure 0.77 0.003 0.45 0.145 0.57 0.055 -0.08 0.795 0.41 0.189
All road exposure 0.67 | 0.017 052 | 0.085 019 | 0557 || -0.17 | 0602 | 0.14 | 0.658
Secondary road in poor 004 | 0897 | 013 | 0697 | 0.6 0.02 0.09 | 0779 | 070 | 0.011
condition
2dane  road  poor 039 | 0208 | 022 | 0.499 0.70 | 0.011 012 | 0713 | 074 | 0.006
condition
All road poor condition 0.62 0.031 0.29 0.366 -0.19 0.557 -0.27 0.404 0.69 0.012
Total expenditure -0.13 | 0681 | -009 | 0779 | -0.32 | 0.319 | -0.15 | 0.649 | -0.42 | 0.175 | 0.83 | 0.001 | 1.00 0.13 | 0.682

Length of secondary 023 | 0471 | 087 | 0.0001 2021 | 0513 | 0.73 | 0.007
&village
Length 2-lane road 073 | 0.007 | 040 | 0.199 0.76 | 0.004 039 | 0217 | 051 | 0.092
All road lengths 0.90 0 0.43 | 0.159 -0.02 | 0948 | -032 | 0.308 | 050 | 0.101
community 036 | 0255 | 035 | 0265 | 0.13 | 0681 | 0.70 | 0.011 | 050 | 0.095 || 0.08 | 0812 | 018 | 0587 | 073 | 0.007
Population 0413 | 0183 | 0385 | 0217 0343 | 0276 0699 | 0.011| 0559 | 0059 | -0.07| 0829 0.042| 0897 0557 0.06
density 023 | 0471 || 027 | 0391 || -023 | 0471 || 0.13 | 0.681 || 027 | 0404 || 004 | 0914 | 029 | 0366 | 037 | 0.234
Urban area 0.469 | 0.124 || 0455 | 0138 0364 | 0245 0.706 001 0545 | 0067 -0.007| 0983 | 0077 | 0812 | 0622 | 0.031
District area 0.762 | 0.004 | 0699 | 0011 0636 | 0026 0406 | 0.191| 0287 | 0.366 | -0.001 | 0.779 || -0.357 | 0.255 | 0.021 | 0.947

2

km/km®  -secondary & 061 | 0036 || -062 | 0.031 030 | 0342 | 029 | 0.362
village roads
km/km? -2-lane roads 0.64 | 0024 || -0.62 | 0.031 -0.08 | 0.812 032 | 0308 | 017 | 0.602
km/km2All roads 0.64 | 0.024 0.62 | 0.031 006 | 0863 | 032 | 0308 | 017 | 0.602
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Discussion of results

The two-lane road network comprises 6576 km which comprise 89 per cent of the total road
network length. Expenditure on this portion does not exceed 30% out of road budget. The
main justification for this significant imbalance is that this 11% of the road network carries
50% of all vehicle-kilometer. On the other hand, fatality numbers as an indicator of safety
shows there is a serious problem on two-lane roads with 97 fatalities compared to 76
fatalities on 4-lane roads.

Village roads are in poor conditions. The situation is slightly better for secondary roads but
still some districts such as Ajlun and Karak have relatively poor road conditions but their
allocated funds are relatively low compared to other districts. Ajlun received the lowest funds
(Table 6) while Amman received the highest funds although its road condition is not as bad
as other districts (50% of 2-lan primary roads and 55% of secondary roads in Amman were
rated in level condition 4 and 5). Other factors are considered when allocating funds such as
population and number of communities within district might justify this imbalance between
road conditions and allocated funds. Thus, the equity issue is rather debatable, if we
consider the distribution of funds according to population being served, then funds will be
distributed in a totally different manner if the criterion used in funds allocation is road
lengths in poor conditions. In general, part of transport investments are intended to help
developing rural area and enhance socio-economic condition in remote area (brown, 1999;
Jacoby, 1999).

Relation between accident cost saving and accident rate reductions and highway investments
was examined and some of degree of association was indicated (Jeanneret, 1998;
Forkenbrock, Foster, and Pogue,1994). This study clearly indicated that funds are not
allocated primarily to reduce fatalities; poor relationship between allocated funds and
reported fatalities outside built-up area was pointed out (Table 7). Mafrag has the highest
number of fatalities on 2-lane roads while Irbid has the highest number of fatalities on all
types of road and these number matches well with traffic exposure but expenditures are not
allocated in the same direction. For example, Amman was ranked number 4 in term of
fatalities but received the highest funds for both maintenance and safety elements. Irbid, on
the other hand, was ranked in second place in term of fatalities on 2-lane roads while the
funds made available for providing safety elements has been ranked in eighth place; the
situation is better for maintenance allocation. Unfortunately, numbers of fatalities or injuries
were not mentioned by MPWH staff as a criterion that is considered when funds are
allocated. Safety benefits of road projects are not highlighted in their perspective, which
might explain why this criterion is suppressed. However, safety might have been considered
indirectly as it is an important issue that was raised in citizen complains.

Safety conditions on 2-lane roads have to be enhanced to reduce the fatalities. Two aspects
need to be addressed. First, funds should be secured to provide good standards of road
maintenance and proper means for allocating funds. Second, providing all needed safety
elements.

Traffic exposure was not given considerable weight when fund are allocated as reported by
MPWH staff. The analysis also indicated a poor relationship between funds and traffic
exposure and a significant relationship between number of fatalities and exposure. Fund
allocation should be planned to fulfill needs and 2-lane road should at least received funds
that are proportional to its share of traffic volume it carries. This study indicated that 50% of
all vehicle-kilometer is on 2-lane roads and currently it only receives less than 30% of the
budget.
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