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ESMAP Mission

The Energy Sector Management Assistance Program (ESMAP) is a global knowledge and technical assistance trust
fund program administered by the World Bank and assists low- and middle-income countries to increase know-how
and institutional capacity to achieve environmentally sustainable energy solutions for poverty reduction and economic
growth.

ESMAP COPYRIGHT DISCLAIMER

Energy Sector Management Assistance Program (ESMAP) reports are published to communicate the results of
ESMAP’s work to the development community with the least possible delay. Some sources cited in this report may be
informal documents that are not readily available.

The findings, interpretations, and conclusions expressed in this report are entirely those of the author(s) and should not
be attributed in any manner to the World Bank, or its affiliated organizations, or to members of its board of executive
directors for the countries they represent, or to ESMAP. The World Bank and ESMAP do not guarantee the accuracy of
the data included in this publication and accept no responsibility whatsoever for any consequence of their use. The
boundaries, colors, denominations, and other information shown on any map in this volume do not imply on the part of
the World Bank Group any judgment on the legal status of any territory or the endorsement of acceptance of such
boundaries.
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EXECUTIVE SUMMARY

Background

The World Bank / ESMAP received a proposal from the Zarga Municipality in 2010 seeking technical and
financial support for developing an energy efficient urban transport planning strategy for the city’s Downtown
area. This is in accordance with the Government of Jordan’s regional development agenda and is linked with
the Cities Alliance grant to prepare inputs for a broader City Development Strategy (CDS) in preparation for a
new Zarga Master Plan to be developed by the Ministry of Municipal Affairs (MOMA). This project’s primary
purpose is to develop an energy efficient transport plan for the downtown area of Zarga.

Zarqa is located some 20km north east of Amman. Due to its position within the country, Zarga has
developed into a road hub and transit centre linking Iraq, Syria and Turkey with Jordan and the port of
Agaba. Furthermore, a high proportion of the population of Zarga work and study in Amman, and Zarqa itself
hosts three universities which attract trips to the city from other areas. Consequently, there are both heavy
traffic movements between Zarqa and Amman, but also through Zarqa to neighbouring countries. Lack of
alternative sustainable transport options, a poor internal road network structure, and rapidly increasing car
ownership amongst other factors have led to a growing problem of congestion in the city.

The population of Zarga City is 513,060, which is not far short of two thirds of the total population of the
Zarga Governorate. Zarga’s natural population growth of 2-3% per annum is in line with that of the country as
a whole (2.8%). The average family size is 5.5 people, and the unemployment level (13%) is the highest in
the country. As a consequence of Zarga hosting some 50% of Jordan’s industry, it is, along with
neighbouring Russeifa, considered to be the most polluted area in the country. Congestion and pollution
have undermined the quality of life of the residential communities in Zarga City and have also negatively
impacted upon the competitiveness of the business environment. Consequently, developing a strategic
approach to addressing excessive use of the car, particularly in the city downtown area, is becoming
increasingly critical.

Study Objectives

The study objectives are as follows:

Develop a detailed energy efficient mobility plan, identifying specific projects for the Zarga downtown
area,

Develop a plan for easy access to the proposed LRS terminal and stations using an efficient public bus
transportation system in the city.

The first objective is regarded as primary, in that Zarqa Municipality aspires to deliver a series of projects,
which will tackle congestion, reduce emission rates, improve public transport, stimulate economic activity and
optimise energy consumption. The second objective relates to the plans for a Light Rail System to connect
Zarga to Amman. This is a heavily used corridor with a two way demand, but the success of any mass
transit system will be dependent on a high level of inter-connectivity and accessibility from the whole of the
urban area of Zarqa to stations on the line of route. During the course of the Study, it became apparent that
the proposals for the Light Rail System were under reconsideration, with the possibility that a Bus Rapid
Transit system might be substituted. Thus any proposals relating to public transport connectivity and
integration must be equally relevant and effective, regardless of which mass transit system is ultimately
chosen.
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Study Vision

In developing a cohesive strategy, a vision statement has been adopted, which incorporates the above
objectives, and which provides an overarching focus for determining the context and content of the selected
measures. ltis:

“Our vision is to promote an ambitious but realistic series of interlocking projects intended to enhance public
transport accessibility, reduce congestion, stimulate economic activity and improve air quality and energy
efficiency in the Downtown area of the City of Zarqa.”

Study Area

The project proposals for this study are targeted at the downtown area; however, the benefits will be felt
throughout the city area. Therefore, for this project, our study boundary in terms of emissions impacts is
Zarqa City, but the projects are focused on the downtown area, as shown in the figure below, which sets out
the downtown area and Zarga City in the context of the wider Zarga Governorate.

Zarqa Governorate
Population 871,600
Area 4,756km?

Zarqa City
Population 513,060
Area 67km?

/

Consultative Group

A fundamental objective of this project was to ensure
continuous and constructive interaction between the
study team and the key stakeholders. At the onset of the
study, a Consultative Group (CG) was set up to provide
a focal point for discussion and continuous feedback on
all aspects of the study. The CG was made up of seven
organisations that represent a broad range of interests

with regards to transport in Zarqa. The organisations

involved are shown in the figure to the side. The
Chairman of the Consultative Group is the Mayor of

Zarga Municipality.
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Approach

Our approach to this study and the development of an energy efficient transport strategy for the Zarga
Downtown area is based upon:

Our understanding of the traffic characteristics within the downtown area, derived from a fundamental
understanding of traffic circulation, car parking issues, road hierarchy and public transport coverage and

effectiveness;

The continuous interaction between the CG and the World Bank on all matters related to the project; and

The continuous interaction between the study team and Zarga Municipality.

The study approach is shown below:

Data Collection: existing studies, reports and traffic surveys
were undertaken. Discussions were held with all
stakeholders.

Baseline conditions and transport characteristics were
assessed.

Once we assessed the current data available we carried out
a SWOT (strengths, weaknesses, opportunities and threats)
analysis in order to provide guidance into the strategy
development options.

An Excel and GIS model was developed to assess
demand, travel patterns, vehicle emissions.

Base line emissions factors were developed, calibrated and
validated against existing emissions and fuel sales.

Forecasts were made of travel demand and greenhouse
gas emissions.

Using the SWOT analysis, discussions with the CG and our
understanding of the transport issues downtown, over 60
projects were considered as options to take forward.

In order to ensure that projects selected were realistic,
politically acceptable, affordable and suitable, a multi criteria
assessment was undertaken to reduce the number of
projects into a strategy package.

In parallel to the strategy development, a number of Core
projects have been recommended in support of the strategy.

Modelling was undertaken to assess the strategy benefits.

Finally, based upon the strategy, a 10 year investment
programme has been developed.

Baseline Data
Data collection and traffic sunveys

4

Bazzling Conditions

i

SWOT Analysis

4

Travel Demand Model

8

Emissions Modal
Baseline Vehide Emissions

|

Forecast Conditions

o

Options Development

¢

Klulti Criteria A ssessment

<

Strategy Developmant and Modelling

<

Strategy Benefits

g

Investmant Frogrammsa
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Data Collection

In developing a transport strategy for the downtown area, it is essential to have an understanding of the
transport conditions. An extensive data collation exercise was organised and existing information on
transport and emissions based data was collected from the following organisations:

Zarga Municipality and Greater Amman Municipality;

Royal Jordanian Geographic Centre;

Ministries of Interior, Environment, Transport and Public Works and Housing;
Public Security Directorate;

Land Transport Regulatory Commission; and

MAWARED

In order to gauge the level of traffic demand in the downtown area, a traffic count survey was undertaken,
primarily in the morning peak period between 0730 and 0930 hours, but also with some off-peak counts,
using 15 minute time ‘slices’, by the Municipality, with assistance from the consultants. These were
undertaken to gain a better appreciation of the volume of traffic using the highway network, and to establish
the vehicle composition by type to obtain a snapshot of the traffic situation within the downtown area. The
resulting key findings are as follows:

Narrow streets — exacerbated by parked cars and lack of pedestrian segregation;

High volumes of traffic — a demand of over 8,000 vehicles per hour on the main roads;

Low traffic speeds - observed to be between 12-15km/h within downtown Zarqa;

Pedestrian conflict — lack of crossings on routes with high traffic flows creating severance;
High private vehicle demand - approximately 60% of all vehicles are cars or yellow taxis;
Poor connectivity to public transport — lack of bus stops, and poor walking routes to terminals;
Indiscriminate parking — no enforcement of existing parking restrictions;

Lack of demand management — congestion is the only deterrent to travel by private vehicle;
Poor air quality — slow vehicle speeds lead to more engine idling and higher emissions; and

Poor public transport services — lack of formal infrastructure and a poor quality service offered.

Baseline Conditions

A private vehicle demand model was built using Zarqa City specific data inputs to provide an origin-
destination matrix of private vehicle trip generation. The distribution of vehicles in the baseline year was
validated using traffic counts on major highway corridors linking the city to neighbouring zones. The baseline
public transport model was developed using first principles analysis of existing bus routes and vehicle
provision in the city. 2% ) )
° H Walking/Cycling

0,
15% 24%

The baseline modelling process has evolved
throughout the study to account for changes
recommended by the CG members such as
amendments to school bus estimates and taxi
occupation levels.

M Private Car
Yellow Taxi
B Public Transport

19% m School Bus

The baseline mode share demonstrates a
dependence on private vehicles. Public transport per day generated

services are currently poor and consequently just by Zarga City by all
15% of people typically travel by this mode in the 39% IS B B
baseline year of 2010.

916,000 person trips
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The predicted vehicular demand has been used in combination with emission factors derived from the
International Vehicle Emissions model to calculate baseline GHG emissions. The emission factors compare
well with similar studies.

The study finds that in the baseline year of 2010 Zarga City releases approximately 591kg CO2 per person

per annum from passenger transport. This figure is a similar level to the passenger transport CO2 emissions
from cities in the Middle East such as Tunis and Tehran.

Forecast Conditions

The baseline conditions have been forecast for future years 2015 and 2020 in a Do Minimum scenario. The
private vehicle distance travelled by residents of Zarqa City is predicted to increase by 70% by 2020. This
substantial increase is due to a growing population, the new KABAAC development to the east of the city,
and increasing levels of car ownership resulting in a modal shift toward travel by private vehicles.

Consequently fuel consumption, particularly gasoline, is predicted to increase in line with vehicle demand.
The result of the rapidly increasing fuel consumption and vehicle trips is significant growth in GHG
emissions. CO2 emissions per capita are predicted to reach 741kg/capita/annum in 2020.

I3, 28 ()
2020 Modal Split = Walking/Cycling

2%
11% 18% M Private Car

163,971,100

™ Yellow Taxi . !

LIE 6T 600
o, 125,654, 800
18% B Public Transport

m School Bus

Anwuaal Fuel Comumgrtion {litres)

1,292,000 person
trips per day

50% generated by Zarqa
City by all modes of
transnaort

95000 541,400

Faiali] 2015 00

m Gaspline W [Hessl

Annual emissions of Carbon Monoxide (CO), one of the main contributors to air pollution, are also predicted
to increase substantially from 154kg/capita in 2010 to 196kg/capita in 2020. Given the increasing population
of the city this will have a significant detrimental impact on the air quality in Zarqa.

Emission Type Annual Emission per Capita (kg)
2010 2015 2020
C0o2 591 673 741
NOX 7 8 8
PM 0.2 0.2 0.2
co 154 177 196




Developing an Energy Efficient Urban Transport Plan for Zarga City Downtown Final Report

November 2011

Strategy Development

The strategy for the downtown area has been developed in conjunction with Zarga Municipality and the CG.
All stakeholders have thus attended officially held meetings, and discussed a number of issues, including the
type, size and cost of the proposed strategy. World Bank comment and views have also been taken into
account.

In developing a strategy for consideration, the approach taken was to:
Adhere to the project objectives;
Assess the existing conditions: reconnaissance surveys and traffic counts;
Assess, calibrate and validate the demand and emissions model;
Have a continuous exchange of views, ideas and recommendations from the CG Group;
Filter the potential projects through the use of a multi criteria assessment;
Identify CORE projects to support the recommended strategy;
Focus on public transport and demand management; and
Develop an integrated strategy of public transport supported by demand management.

Through a process of selection using multi criteria assessment, 8 core studies and a strategy involving 12
projects have been identified for implementation over the short and medium term time horizon, This
approach meets the key objectives and at the same time establish a foundations for transport planning in
the Zarga downtown area as well as Zarga Municipality.

Strategy Benefits and Energy Savings

The strategy recommends in total, 8 core projects and
12 strategy projects. These projects are to be planned
for and implemented over a 10 year time horizon,
starting in 2011 and finishing in 2020. The
recommended strategy has been tested and found to:

2020 With Strategy Modal Split

2% m Walking/Cycling

M Private Car
Reduce total vehicle emissions of CO2 by 25%

compared with 2020 Do Minimum scenario .
Yellow Taxi

Reduce vehicle travel time by 10%

Reduce private vehicle demand by 19%
compared with 2020 Do Minimum scenario

B Public Transport

Reduce fuel consumption by at least 13% W School Bus

compared with 2020 Do Minimum scenario

Annual Emission per Capita (kg)

2015 2020
Do Minimum With Strategy % Change Do Minimum With Strategy % Change
Co2 673 553 -18% 741 559 -25%
NOX 8 6 -16% 8 6 -25%
PM 0.19 0.12 -37% 0.19 0.03 -84%
(010) 177 146 -17% 196 152 -22%
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The strategy will also:
Provide a solid foundation for Zarga to take forward the proposed strategy;
Provide dedicated transport links to the Zarga LRS/BRT terminal;
Integrate the KABAAC development in terms of transport and land use; and

Provide Zarqa Municipality with the necessary equipment, knowledge and skills to understand better the
existing conditions, and to implement and monitor the strategy going forward.

Strategy Investment Programme

Core Projects

In total, we recommend that 8 core projects need to be completed over the next 3 years in order to ensure
that a sound basis is provided for Zarga Municipality to be able to assess transport projects and their future
impacts. We feel that these projects must be commissioned within the next 18 months.

Project | CORE Project Descriptions Implementation Time Frame | Indicative
Costs(JD)

1 Co-operation with the Greater Amman Municipality 2012 - 2015 -

2 Purchase and installation of Permanent Traffic Counters; 2011 15,000

3 Installation of Air Quality Monitoring Stations 2012 62,000

4 Detailed Assessment of KABAAC Housing Development; 2013 See Project 5

5 Development of Zarga Traffic Model; 2012 - 2013 600,000

6 Completion of Zarga Urban Masterplan; 2012 1,000,000

7 Institutional Strengthening of Zarga Municipality; 2012 - 2014 135,000

8 Introduction of Transport Policy: Traffic Impact Studies. 2012 - 2014 250,000
Total 2,062,000

Strategic Projects

We have recommended 12 strategic projects spanning the 10 year period. Some of the projects can be
implemented within the short term time horizon; however, others involve continuous action throughout the 10
year period. The total investment cost over the 10 year period is JD 49.1 million, equivalent to JD 4.9 million
per year investment. In addition, for both core and strategic projects, a further allowance should be made of
10% for management time and 10% for contingencies.

Project STRATEGY Project Descriptions Implementation | Indicative Costs
No: Time Frame
(JD)
1 Integrate Land Use and Transport Planning Through New Bus Routes and Policy | 2013 — 2014 2,375,000
2 Public Transport Services Improvements: Purchase of 43 new buses with lease 2011 - 2020 11,122,800
payments of between 10-15 years

3 Improve Accessibility to the Proposed LRS Terminal 2013 - 2016 5,974,000
4 Public Transport Terminal Improvements 2013 -2018 14.277,500
5 Public Transport Ticketing Changes 2013 - 2014 400,000
6 Public Transport Infrastructure Improvements 2013 - 2015 123,000
7 New Low-Emission Vehicles 2012 - 2020 4,878,000
8 Walking Infrastructure improvements 2013 - 2014 250,000
9 Install ITS Measures 2014 — 2017 2,100,000
10 Junction and Highway Improvements 2014 - 2018 2,000,000
11 Parking 2013 — 2020 5,300,000
12 Public Awareness Scheme 2013 - 2019 300,000

Total 49,100,300
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1 Introduction

1.1 PROJECT BACKGROUND

To promote energy efficiency in the delivery of city services, the Energy Sector Management Assistance
Program (ESMAP) in the World Bank launched a multi-year initiative - the Energy Efficient Cities Initiative
(EECI) - in December 2008 to help scale-up energy efficiency improvements in developing country cities
around the world. One of the tools to help scale up energy efficiency improvements under the EECI program
is the provision of pre-investment policy support wherein ESMAP applies its expertise in advising cities on
appropriate analytical tools, policy and regulatory framework, lifecycle costing principles, energy efficient
codes, and financing schemes. ESMAP is also working with Cities Alliance City Development Strategies
(CDS) in this regard.

Within this context and in keeping with the Government of Jordan’s (GOJ) regional development agenda,
ESMAP received a proposal from the Zarqa Municipality seeking technical and financial support for
developing an energy efficient urban transport planning strategy for the city Downtown area. This is linked
with the Cities Alliance grant to prepare inputs to the broader CDS for preparation of the new Zarqga Master
Plan to be developed by the Ministry of Municipal Affairs (MOMA).

1.2 PROJECT OBJECTIVES
The project objectives, as stated in the Terms of Reference, are:

Develop a detailed energy efficient mobility plan, identifying specific projects, for the Zarga downtown
area, and

Develop a plan for easy access to the proposed LRS terminal and stations using an efficient public bus
transportation system in the city.

During the course of the Study, it became apparent that the proposals for the Light Rail System were under
reconsideration, with the possibility that a Bus Rapid Transit system might be substituted. Consequently, this
Study has concentrated on ensuring that the proposals relating to public transport connectivity and
integration are equally relevant and effective, regardless of whichever mass transit system is ultimately
chosen.

1.3 ZARQA BACKGROUND

Zarqa is located some 20km north east of Amman. Due to its position within the country, Zarga has become
a road hub and transit centre linking Iraq, Syria and Turkey with Jordan and the port of Agaba. Furthermore,
a high proportion of the population of Zarga work and study in Amman, and Zarqa itself hosts three
universities which attract trips to the city. Consequently, there are both heavy traffic movements between
Zarga and Amman, but also through Zarqga to neighbouring countries. Lack of alternative sustainable
transport options, a poor road network structure, and rapidly increasing car ownership amongst other factors
have led to a growing problem of congestion in the city.

The population of Zarga Governorate is 871,600 @ with the majority living in Zarga City which has a
population of 513,060. Zarga's natural population growth of 2-3% per annum is in line with that of the country
as a whole (2.8%). The average family size is 5.5 people ), and the unemployment level (13%) is the
highest in the country. As a consequence of Zarga hosting some 50% of Jordan’s industry, it is, along with
neighbouring Russeifa, considered to be the most polluted area in the country. The situation in Zarga has
undermined the quality of life of the residential communities and has also negatively impacted upon the
competitiveness of the business environment. Some of the most pressing problems associated with
transportation activity are congestion, traffic accidents, air pollution, Greenhouse Gas (GHG) emissions, and
petroleum dependence. Thus, developing a strategic approach to motorization particularly in city downtown
area is becoming increasingly critical.
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1.4 STUDY AREA

As stated above, one of the objectives of the study is to identify specific projects for the downtown area of
Zarga. The second objective however relates to wider accessibility of Zarga City through implementation of
an efficient bus transportation system linking to the proposed LRS network. The proposals for this project
are predominantly targeted at the downtown area to meet the objectives; however the impacts of the Mobility
Plan will be felt throughout the city. The study boundary in terms of transport emissions therefore covers the
wider city boundary in order to capture the full impact of the proposals. Where it is possible to measure the
impact of projects directly on the downtown district of Zarga, the change in emissions and vehicle trips at this
level is also provided.

Therefore, for this project, our boundary in terms of emissions circulation is Zarqa City but projects will be
focussed on the downtown area, as shown in Figure 1.1 below which sets out the study area in the context of
the wider Zarga Governorate.

Figure 1.1: Zarqa Governorate, City and Downtown Area Boundaries
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Source: Consultants

1.5 VISION STATEMENT

In order to develop a cohesive strategy, we have devised a vision statement, which incorporates the
objectives, and which provides an overarching focus for determining the context and content of the selected
measures. ltis:

“Our vision is to promote an ambitious but realistic series of interlocking projects intended to enhance public
transport accessibility, reduce congestion, stimulate economic activity and improve air quality and energy
efficiency in the Downtown area of the City of Zarqa.”

1.6 REPORT STRUCTURE
The Final Report is submitted in 2 Volumes.

Volume 1: Technical Report (this report)

Volume 2 (Appendices): Project Details (under a separate volume)
This report, the Technical Report is set out in the following structure:

Section 2 summarises the Methodology and Approach of the Study
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Section 3 provides a detailed description of the traffic conditions in downtown Zarga;

Section 4 summarises the transport emissions and energy consumption for baseline and future years if
nothing is done to curb the growing trend of motorisation;

Section 5 sets out details of the Strategy Development process;
Section 6 details the Core Projects

Section 7 details the shortlisted projects proposed along with best practice case studies — project details
are provided under separate cover within the Appendices in Volume 2;

Section 8 details the likely impact of the proposed projects on emissions and energy consumption;
Section 9 presents the proposed Programme for Implementation; and

Section 10 provides a Summary and Conclusion to the Study.

10
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2 Methodology and Approach

2.1 STUDY APPROACH

This work programme and report submission programme are shown graphically below in Figure 2.1.

This Final Report has been developed through continuous interaction between the project team, the World
Bank, Zarga Municipality and the Consultative Group (CG). Comments received at each stage of the study
have been taken into account and these comments and advice have had a significant influence on the
project and its outcomes.

In developing this Final Report, comments received during the Interim phase of the study have been taken
into account, along with comments received following submission of a Draft Final Report.

The focus of the final stage of the study has been to develop a mobility strategy, with an overarching vision,
for Zarqa Downtown Area, comprising measures to achieve the following:

Integration of land use and transport planning;

Reduction of transport emissions and energy consumption;
Encourage the use of public transport;

Reduction of traffic congestion;

Encourage walking and cycling;

Improve road safety;

Discourage the use of personal vehicles; and

Improve institutional operation and regulations.

The work undertaken in this stage has built upon the work undertaken during the Inception and Interim
stages. This has led to the development of realistic, effective, practical and implementable measures to meet
these objectives. A package of measures has been proposed accordingly, combining the most suitable and
cost effective projects in to an overall mobility strategy for Zarqga downtown area.

1"
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The study approach and process has hinged around a number of key integrated study components as shown
in the Figure 2.2 below. The project development has been supported by a continuous process of dialogue
between the Consultants, the World Bank, the CG and Zarga Municipality. The approach has:

Adhered to the project objectives;

Assessed the existing conditions through a set of reconnaissance and traffic surveys;

Calibrated and validated Excel based demand and emissions models;

Forecast conditions to 2015 and 2020;

Had a continuous exchange of views, ideas and recommendations with the CG, Zarga Municipality and
the World Bank;

Considered over 60 project options;

Used multi criteria to filter the projects;

Focused on public transport and demand management to meet the study objectives; and

Recommended an Integrated strategy of public transport supported by demand management measures.

12
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Figure 2.2: Study Approach
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2.2

DATA COLLECTION AND DATA SHORTFALLS

Given the nature of the project, a large scale data collection/survey programme has not been possible, and
the work is reliant totally upon existing data sets, site reconnaissance visits, the consultant’s knowledge of
the area, together with some ‘snapshot’ surveys of traffic volumes, around the periphery, and in the

Downtown area.

Throughout this Study, the source of all data used is referenced. However, there have been a number of
instances where it has not been possible to obtain the data required. Table 2.1 below sets out the data
shortfalls encountered in this Study.

Table 2.1: Data Shortfalls

Data Required

Reason

Status

Action

Master Plan socio
economic data
(number of households
by zone, population by

zone, etc

This information will form the
basis for the development of
the number of trips generated

per zone.

Very little socio-economic data has been
received. Most of the data provided has
been from general statistics books.
Breakdown of housing units by zone has
not been provided.

General information on
household size will be made
using comparable data from
Greater Amman and from the
Annual Jordan Statistics.

Vehicle Registrations

The number of vehicles
registered in Zarga required to
assess vehicle age profile
which in turn will be used to

estimate vehicle emissions

Age distributed vehicle registration
figures have been received from GAM
for Amman. We were unable to obtain
equivalent data for Zarqa

Amman data has been used as
a close representation for
Zarqa

Vehicle Emissions

Measurements

Required to support the
calibration of the vehicle

emissions model

Air quality data from a number of
locations around Zarqga has been
acquired however these are not suitable

for emission validations

Emission factors have been
validated against documented
results for comparison

purposes instead

School Buses / Private
Schools

Required to predict the energy
consumption and CO2
emissions generated by
school buses

It has not been possible to ascertain the
number of private schools or school
buses in Zarga, although it has been
established that the numbers are

considerably lower than in Amman

An estimate of the number of
private schools has been made
using Jordan statistics for
guidance along with assistance
from the CG members

Traffic Flow Data

Required to assist in the
validation of trip generation

There is a lack of traffic flow data in
Zarqa. However, several traffic surveys
were obtained on highway links out of
Zarqa.

Snapshot surveys in downtown
Zarga were undertaken to
provide an indication of
existing vehicular demand in

Zarga downtown

Vehicle Classification

Required to assist in the
validation of trip generation

There is a lack of traffic flow data in
Zarqa.

Snapshot surveys were
undertaken in downtown Zarga
to provide an indication of
typical splitin vehicle numbers

Baseline mode split

This would help validate the
predicted mode split for trip

generation

There are no existing travel surveys to
inform current modal split for validation

purposes

The vehicle classification data
from downtown snapshot
surveys has been used to
compare with predicted mode
share and adjust accordingly

Vehicle speeds

Required to assist in
calculating emission factors
and public transport trip

generation

There are no know surveys with speed
data for Zarga downtown or surrounding
highways

Traffic speeds for varying
vehicle types have been
estimated based on
observations

14
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2.3 GEOGRAPHICAL INFORMATION SYSTEM

The GIS model for Zarga was acquired from the Royal Geographical Society to incorporate into the
emissions calculation process.

All data was provided in ESRI shapefile format. No pre-set cartographic style was supplied.

In addition to the data received from the Royal Geographical Society, WSP has developed a bus route
dataset with support from the Land Transport Regulatory Commission (formerly the PTRC).

WSP also has an agreement with Microsoft Bing Maps and Google Maps enabling use of their aerial imagery
within WSP reports. Whilst Google Maps has limited functionality within GIS, Bing Maps imagery can be
used as a background layer for any map if it is available at that scale.

Additional GIS files are also available from the Amman Transport and Mobility Master Plan (TMMP). This
includes accident locations used in the project sourced from the Jordanian Police.

The GIS model was used to calculate the following aspects of the demand model for private vehicles:
Journey Time Costs
Journey Distance Costs
Zone Attractions

The costs in terms of time and distance between each model zone were calculated in GIS using ESRI
Network Analyst software. The Origin and Destination (OD) cost matrices represent the quickest time and
shortest distance between the centroid of each model zone. For trips to external zones with large rural areas
the centroid was adjusted to represent the centre of an urban area instead of the actual geographic centre
thus improving representation of trip origins and destinations.

GIS has also been used in the study to illustrate the internal CO, emissions in the Zarga city zones and inter-
zonal emissions along the main highway corridors on the network.

15
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3 Downtown Zarqga Traffic

3.1 INTRODUCTION

This Section provides background information on the traffic conditions of the Zarqga downtown area to help
inform the development of suitable projects to implement. Traffic count surveys and further site
reconnaissance surveys were undertaken jointly by Zarga Municipality and the Consultants. The results of
the surveys are provided below.

3.2 DOWNTOWN HIGHWAY NETWORK

A road network plan with street names is provided below in Figure 3.1. Two of the main roads that border the
downtown area, King Talal Street and Al Jaish Street, form part of the main highway corridor between Zarqa
and Amman. The other main roads surrounding the downtown area serve less strategic purposes however
they carry significant volumes of traffic through the western part of Zarqa city. The perimeter routes of the
downtown area therefore play a key role in maintaining movement of traffic and reducing congestion.

Within the downtown Zarga there is one main east — west link bisecting the district, known as Al Farouq
Street. Al Farouq Street originates at a large roundabout to the west of the downtown area where it joins the
main road to Jarash, and continues through downtown Zarga where it meets the main Amman - Zarga
highway at the eastern extent of the district. At its western end Al Farouq Street is a wide corridor with a
central reservation, however the road narrows to a single carriageway through the centre and eastern
section of the downtown area.

The junctions on the peripheral roads that lead in to downtown Zarga also have a strong influence on traffic
flows, channelling vehicles into the narrow streets of the downtown area and controlling the flow of traffic on
the main highway corridors passing through this zone.

There is a one-way system in place on streets located within the eastern side of the downtown area. The
majority of streets forming an east-west alignment alternate between one-way eastbound and one-way
westbound restrictions.
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Figure 3.1: Street Names in Downtown Zarqa
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3.3 DOWNTOWN TRAFFIC CONDITIONS

A series of traffic counts were undertaken in downtown Zarga to gain a better appreciation of the volume of
traffic using the highway network, and to establish the vehicle composition. The traffic counts consisted of
15 minute snap-shot surveys at links on approaches to 14 junctions, undertaken by Zarga Municipality with
assistance from the Consultants during the week commencing 12" March 2011.

Although it was not possible to carry out all surveys at the same time to ensure consistency, the surveys
provide an indication of the typical traffic levels using the roads during the day. The 15 minute traffic counts
have been multiplied by four to establish approximate hourly flows on the roads at each junction approach to
the junction. A summary of Traffic Survey details, including the survey results along with a location plan of
the count points is provided in Appendix A (Volume 2), with a summary of the main highway link flows shown
in Figure 3.2 below. Further analysis of the surveys follows.
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Figure 3.2: Average Hourly Traffic Flows on Major Links (two-way)
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3.3.1 Downtown Ring Road Traffic Flows

The downtown ring road carries a combination of through traffic destined for locations outside of Zarga City,
and also traffic destined for downtown Zarga and locations within the city. Traffic levels on these links are
therefore high. The downtown ring road can be split into four sections (north, east, south and west) to
appreciate where demand is highest. The average two way traffic flows on these links is set out in Table 3.1
below.

Table 3.1: Downtown Ring Road Traffic Flows

Ring Road Section Road Name Average Hourly Two-way Busiest Direction Maximum
Traffic Flow Hourly Traffic Flow
Northern Al Hashmi / Prince Abden Elah St 950 500
Eastern Al Jaish St 3,700 2,100
Southern King Talal Street 2,700 1,500
Western Abd-Hameid Sharaf St 2,100 1,100

It is evident from Table 3.1 above that the eastern stretch of the downtown ring road carries the highest
volume of traffic. The southern section of the ring road, formed of King Talal Street also accommodates a
significant volume of traffic with approximately 2,700 vehicles per hour travelling along this stretch of road.

The high volumes of traffic on these routes is in part due to the fact that both Al Jaish Street and King Talal
Street form part of the main Amman — Zarqa highway corridor. Consequently, they not only carry most
vehicles travelling from Amman to downtown Zarqa, but also carry the majority of any heavy goods vehicles
passing through Zarga City. These routes carry the highest proportion of heavy vehicles of all the roads
surveyed, with HGVs comprising up to 12% of all vehicles on King Talal Street.

Furthermore, these routes lie adjacent to the main bus terminals in Zarqga City. Evidence from the traffic
surveys suggests that they carry high volumes of large buses and minibuses. On Al Jaish Street these
public transport vehicles comprise over 20% of all vehicles surveyed, and on King Talal Street they form over
30% of vehicles on the route.

Urban road capacities are typically affected by their road width and characteristics, and defined by the
busiest direction flow in a one hour period. The downtown ring road has a width in excess of 10m, and in
many places accommodates two lanes in either direction with a central reservation, effectively creating a
dual carriageway.
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The capacity of a road of this type may be up to 2,600 vehicles per hour in the busiest direction according to
UK standards. However, this assumes there to be limited and controlled pedestrian movements and a
higher quality standard of road. In reality, the conditions on the Zarqa downtown ring road are busier with
frequent pedestrian activity in the road which will significantly reduce the potential capacity of the route to
somewhere in the region of 1,500-2,000 vehicles per hour. Therefore, a recorded flow of 2,100 vehicles one-
way on Al Jaish Street, and 1,500 vehicles on King Talal Street suggests that these roads are already
operating at full capacity and low levels of service. An indication of the volume / capacity ratio is provided in
Table 3.2 below for the Downtown Ring Road to demonstrate which sections of the ring road have no spare
capacity. The capacities have been derived using UK standards from Design Manual for Roads and Bridges
® however they have been reduced to account for the poor quality of roads in Zarga compared with the UK.

Table 3.2: Downtown Ring Road Capacity

Ring Road Road Name Busiest Direction Maximum Indicative Volume / Capacity Ratio
Section Hourly Traffic Flow Capacity*
Northern Al Hashmi / Prince Abden Elah St 500 900 0.55 — Under Capacity
Eastern Al Jaish St 2,100 2,000 1.05 — At Capacity
Southemn King Talal Street 1,500 1,500 1.00 — At Capacity
Western Abd-Hameid Sharaf St 1,100 1,500 0.73 — Under Capacity

*Capacities are indicative, based on approximate road widths, road conditions, and lane number estimations. DMRB standards apply to
trunk roads in UK therefore the capacities have been reduced slightly in line with local conditions in Zarqga.

3.3.2 Internal Downtown Traffic Flows

Five of the main roads within downtown Zarga were included in the traffic surveys. The results of the traffic
surveys are presented in Table 3.3 below.

Table 3.3: Downtown Internal Traffic Flows

Road Name Average Hourly Two-way Traffic Flow Busiest Direction Maximum Hourly
Traffic Flow
Al Farouq Street 1,200 650
Al Haj Murad Street (one-way count) 600 600
Anas Bin Malik Street (one-way count) 1,200 1,200
King Hussein Street 900 450
Prince Mohammed Street (one-way count) 500 500

Table 3.3 shows that the average traffic flow along Al Farouq Street is 1,200 vehicles per hour. This street
serves as the main east-west link through downtown Zarqa and takes the form of a dual carriageway over
the western section of its route.

Similarly, Anas Bin Malik Street, which bisects the downtown area, accommodates approximately 1,200
vehicles in one hour (in one direction). This is a significant volume of traffic for a narrow street, illustrating the
high demand for vehicular access from the south of Zarga into the downtown area.

The road capacity for urban all-purpose roads of similar characteristics to the internal downtown roads, i.e.
unrestricted parking, unlimited access to shops and properties, and frequent pedestrian crossing activity, can
range from approximately 750 vehicles per hour for roads of 6.1 metres width, up to 1,410 vehicles per hour
in the busiest direction for roads up to 10 metres in width. Given that conditions in Zarqga differ from the UK,
with poor pedestrian facilities and road conditions, the maximum capacity of the internal roads is likely to be
below 1,410 vehicles per hour in the peak direction. Therefore with a flow of approximately 1,200 vehicles
per hour, Anas Bin Malik Street is most likely operating at full capacity.
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The more minor streets within downtown Zarga are typically carrying 500 — 650 vehicles per hour in the
busiest direction. For narrow routes such as these, the capacity is a maximum of 750 vehicles (Higher for
one-way roads). The poor condition of the roads in the area, along with the high level of pedestrian activity
and uncontrolled parking will reduce this in reality. This indicates that the inner roads of the downtown area
are also suffering from congestion and are close to capacity.

An indication of the volume / capacity ratio is provided in Table 3.4 below for the inner Downtown streets to
demonstrate typical levels of spare capacity. The capacities have been derived using UK standards from
Design Manual for Roads and Bridges ), however they have been reduced to account for the poor quality of
roads in Zarga compared with the UK.

Table 3.4: Downtown Internal Road Capacity

Road Name Busiest Direction Maximum Indicative Volume / Capacity
Hourly Traffic Flow Capacity* Ratio
Al Farouq Street 650 650 1.00 (At capacity)
Al Haj Murad Street (one-way count) 600 650 0.92 (Near capacity)
Anas Bin Malik Street (one-way count) 1,200 1,200 1.00 (At capacity)
King Hussein Street 450 650 0.70 (Under capacity)
Prince Mohammed Street (one-way count) 500 650 0.77 (Under capacity)

*Capacities are indicative, based on approximate road widths, road conditions, and lane number estimations. DMRB standards apply to
trunk roads in UK therefore the capacities have been reduced slightly in line with local conditions in Zarqga.

3.3.3 Downtown Traffic Demand

In total, demand on the downtown ring road is approximately 9,500 vehicles per hour (two-way). Within
downtown, it is harder to estimate the total circulating traffic due to the dense grid network. However,
approximately 4,000 vehicles are present on the main roads through downtown in a typical hour. Therefore
across the full internal road network it is likely that this figure will increase to in the region of 6,000 to 8,000
vehicles per hour.

334 Vehicle Classification

The traffic surveys also identified the type of vehicles present both within downtown Zarga and on the
peripheral roads surrounding the district. The average vehicle classification is set out below in Figure 3.3 for
internal downtown Zarqa, and Figure 3.4 for the ring road surrounding downtown Zarga.
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Figure 3.3: Zarga Downtown (internal roads) Vehicle Classification
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Figure 3.4: Zarga Downtown (Ring Road) Vehicle Classification
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It is evident from Figures 3.3 and 3.4 that the majority of vehicles in and around the downtown area are
either private cars or taxis. On the roads surveyed within the downtown area this totals 67% of all vehicles,
whereas 59% of traffic on the ring road consists of private cars and taxis. The ring road traffic comprises a
greater proportion of service vehicles, minibuses, large buses, and heavy vehicles than the inner downtown
area.

21



Developing an Energy Efficient Urban Transport Plan for Zarga City Downtown Final Report
November 2011

3.5 HIGHWAY CHARACTERISTICS OF DOWNTOWN ZARQA

A site visit to the downtown area was undertaken on Wednesday 9™ March 2011 to further review the
highway network in the downtown area. A selection of examples of typical characteristics and key problems
with the highway network in the downtown area is provided below with images from the site visits carried out.

Highway Severance and Lack of Urban Planning

This image, taken at the junction between King Talal Street and Al
Jaish Street illustrates the severance created by the highway which
separates downtown Zarqa from King Abdullah Bus Terminal. The
highway corridor along the eastern border of the downtown area is a
wide carriageway accommodating significant volumes of traffic without
any pedestrian crossing facilities to facilitate accessibility to the bus
terminal. This is evidence of the lack of urban planning in Zarga.

No Lane Markings

There is an almost complete absence of road markings indicating
priorities. Even when priority is clear, for example at approaches to
roundabouts, there is little lane discipline. Thus many junctions
become blocked by crossing traffic. As illustrated in this image, Al
Jaish Street to the east of downtown is wide without lane markings to
aid drivers in following clear channels of traffic. This lack of order can
contribute to vehicle collisions and traffic congestion.

Unmarked and Poorly Controlled Junctions

This photograph was taken at a junction with a main corridor into the
downtown area, Al Haj Murad Street. The image illustrates how
unclear the wide expanse of unmarked junction is for vehicles to
navigate, without any indication of priority or lane directions. This lack
of visible order can create confusion and conflicting movements
amongst drivers, affecting the safety of traffic and making the junction
difficult to cross for pedestrians.

Traffic Congestion and Obstructed Footways

Streets within the downtown area are narrow and lined with parked
cars such as this example of Al Haj Murad Street, a north-south
corridor through the centre of the downtown area. This arrangement
reduces effective road capacity by over 50%.

Furthermore, this image illustrates the presence of clutter on footways
which discourage pedestrians from using them.
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Poor Maintenance of Roads and Footways

This image is taken on Prince Mohammed Street, a main road in the
northeast of downtown Zarqga. There is evidence of neglect where
footways are damaged and the road surface is littered and poorly
maintained.

Main Downtown Corridor Severance

Al Farouq Street is the main corridor through downtown Zarqga in an
east-west alignment. In the western half of downtown Zarqa the road
is wide with a central reservation. This facilitates more vehicles
however it also creates a barrier to pedestrian movements between
the north and south of the downtown area.

Informal and Dangerous Bus Stops

In downtown Zarga there are no formal bus stops, with vehicles pulling
| up in the middle of the street to allow passengers to board. This
practice creates congestion, and leads pedestrians to walk within the
highway in conflict with vehicles. Furthermore, the bus services are
slowed down by this informal method of collecting passengers at
irregular intervals, and vehicles are obstructed by buses stopping
within the stream of traffic.

Poorly Maintained Parking Restrictions

A Pay and Display ticketing system is in use in part of the downtown
area with a number of meters in place. However, car parking bay road
markings are not provided on any of the streets. Enforcement of the
Pay and Display scheme is the responsibility of the traffic police,
however, enforcement is not strict and it is understood that the reason
for this is to allow time for the population to become familiar with the
scheme.

Narrow Congested Streets

As shown within this image, many of the streets in downtown Zarqa
are narrow with vehicles parked on both sides of the carriageway
creating congested lanes with a low capacity for providing access
through the area.

Consequently, traffic speeds are observed to be slow, at 12-15kmph.
| This congestion is a significant contributor to high GHG emissions.
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Indiscriminate and lllegal Parking

- m This image illustrates how haphazard parking around the corner of a
m‘ ' &l junction restricts the capacity for vehicles turning into the minor road.
o L i -+ . .
- !7-'-:'--"_3 This uncontrolled parking is typical across the downtown area and
-'.5_._.' - i significantly adds to the creation of congestion. The problem is
- ‘ = - exacerbated by lack of parking restriction enforcement.

3.6 KEY ISSUES

Based on the above observations of the highway network and analysis of traffic conditions in downtown
Zarqga, the key issues to be addressed are summarised as follows:

Narrow streets — exacerbated by parked cars and lack of pedestrian segregation, resulting in a low level
of service and extensive road side friction

High volumes of traffic — a demand of over 8,000 vehicles per hour on the main roads

Low traffic speeds - observed to be between 12-15km/h within downtown Zarqga

Pedestrian conflict — lack of crossings on routes with high traffic flows creating severance

High private vehicle demand - approximately 60% of all vehicles are cars or yellow taxis

Poor connectivity to public transport — lack of bus stops, and poor walking routes to terminals
Indiscriminate parking — no enforcement of existing parking restrictions

Lack of demand management — congestion is the only deterrent to travel by private vehicle
Poor air quality — slow vehicle speeds lead to more engine idling and higher emissions

Poor public transport services — lack of formal infrastructure and a poor quality service offered

The above highlights issues that have been taken into account when developing a transport strategy for
Zarga. For example, new or enlarged highways based improvements in such a confined urban environment
with set land uses is not desirable. In a busy commercial environment, applying aggressive demand
management is also undesirable. The above clearly points to reducing the use of private vehicles and
increasing the public transport modal share in a balanced and practical manner. The strategy, therefore,
has been based upon a balanced mix of public transport, demand management and some highway based
infrastructure improvements and this is further described in the latter stages of this report.
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4 Base and Forecast: Traffic, Fuel and Emissions

4.1 METHODOLOGY
411 Modelling Methodology

There is currently no existing data available for vehicle emissions in Zarga. However it has been recognised
that levels of transport in the region are increasing and will therefore lead to higher air pollution and rising
GHG emissions. In order to calculate those emissions, the ideal approach would be to use both a bottom-up
and a top-down method. In this way traffic counts and vehicle data would be used to calculate the emissions
and then the results would be verified using fuel consumption data. However, neither traffic counts nor fuel
consumption data are available, and therefore a baseline estimate of Zarga’s GHG emissions from transport
cannot be calculated in this way. Furthermore, there is no data available on the purpose of journeys made in
Zarqa, or the composition of public transport users and private vehicle drivers in terms of age, sex etc.

In the absence of Zarqa specific data on vehicles and traffic counts, a first principles method has been used
to calculate the vehicle demand data, and the International Vehicle Emissions model has been used to
calculate the emissions factors. The process followed is illustrated in Figure 4.1 below.

Figure 4.1: Zarga City GHG Emissions Calculation Process
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Source: Consultant

Due to the availability of 2008 data on fuel consumption in Zarga, the model has been built based on this
year for validation purposes. The 2008 model has then been forecast to 2010 to provide the baseline year
assessment. Full details regarding the methodology and assumptions used are presented in Appendix B in
Volume 2.
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4.2 MODEL VALIDATION

The results from the 2008 model have been validated using two methods, firstly using a comparison of
emission factors, and secondly using fuel consumption.

The 2008 emission factors are set out in Table 4.1 below.

Table 4.1: 2008 Emission Factors (grams per veh-km)

Vehicle Type Emissions Factor (grams/ veh km)
CO; CH, N;O co NO, SO, PM
Private Car 186.8 1.1 0.0 52.8 2.2 0.0 0.0
Yellow Taxi 165.0 1.0 0.0 47.0 1.8 0.0 0.0
White Taxi 164.3 0.9 0.0 38.4 1.5 0.0 0.0
Minibus 245.9 0.0 0.0 1.5 1.8 0.2 0.9
Bus 1185.1 0.0 0.0 3.1 15.8 1.2 3.5

Source: Consultant

The emission factors for the Private Car can be compared with those provided in the paper ‘Emission Rate of
Gaseous Pollutants from Motor Vehicles’ . A comparison of the values is set out in Table 4.2 below.

Table 4.2: 2008 Emission Factor Comparison (grams per veh-km)

Source Private Car Emissions Factor (grams/ veh km)
CO; co HC (such as CH,) NO,
Zarqga Study (WSP-CC) 186.7 52.8 11 2.2

‘Emission Rate of Gaseous
Pollutants from Motor Vehicles’ 1984 33.9 1.0 0.1

Mahmoud Abu Allaban et al

It is noted that the Zarqga study presents combined emission factors for private vehicles, allowing for a
combination of gasoline, hybrid, and diesel vehicles whereas the paper by Mahmoud Abu Allaban is based
solely on gasoline fuelled vehicles. It is stated within the paper that vehicle emission rates are dependent on
several factors including age, engine size, and type of gasoline used. Therefore the emission factors in the
paper will differ from the combined emission factor approach used in this study.

The 2008 baseline validation of fuel consumption has been carried out using a ‘top down’ approach.

Table 4.3 below sets out the 2008 model calculations along with the comparable data derived from the
presentation ‘Transportation and Environment in Jordan’ presentation prepared by the Ministry of
Environment, Jordan ©

Table 4.3: 2008 Model Fuel Consumption Validation

Fuel Consumption (litres) CO2 Emissions (tons)
IVE Model Top Down Validation IVE Model Top Down Validation
Gasoline 125,654,800 93,882,100 266,800 211,300
Diesel (Excluding Trucks) 8,186,400 10,996,500 25,100 29,400
Total 133,841,300 104,878,500 291,900 240,700

The data in Table 4.3 above indicates that the IVE model compares well with data factored down from a
national level. It is noted that the Top-Down validation uses 2006 data which is expected to be lower than
2008 results.

A further validation exercise has also been undertaken, comparing the fuel consumption with fuel sales for
Zarga Governorate taken from the Jordan Statistical Yearbook ™ as follows in Table 4.4.
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Table 4.4: 2008 Fuel Sales Validation

Fuel Type Fuel Consumption (litres) Fuel Sales (litres)
IVE Model (Zarqa City) Jordan Statistical Yearbook (Zarqga Governorate)
Gasoline 125,654,800 104,477,000
Diesel 186,740,900* 218,799,000
Total 312,395,700 323,276,000

*Trucks estimate of 178,554,418litres added from Jordan presentation (5)

The data in Table 4.4 above indicates that the fuel consumption is of the right order for comparison with fuel
sales. Not all fuel consumed by residents of Zarqga City will have been purchased within Zarqa Governorate,
and likewise not all fuel purchased in Zarga Governorate will be by residents of the area, therefore it is not
expected that these figures would match exactly. Based on the validation exercises undertaken, it is
deemed that the model is validated for the purpose of baseline assessments.

On a per capita basis, the IVE model results suggest that CO, emissions from passenger transport are
approximately 569kg/year in 2008. This figure has been calculated by multiplying the CO, emission factor
(per km) to the annual vehicle distance for each mode of transport to obtain a multi-modal annual CO,
emission for Zarga City. The total for all modes is divided by the population of Zarga city to provide the
annual emission per capita.

The paper ‘Transport Energy Use and Greenhouse Gases in Urban Passenger Transport Systems: A Study
of 84 Global Cities’ © has been examined to provide a comparison of the Zarga City results with similar
cities. Five cities within the Middle East region were included in the study, these are: Tunis, Tel Aviv, Cairo,
Tehran, and Riyadh. The per capita emissions of CO, from passenger transport (private and public
transport) can be estimated from Figure 1 of the report. The results are set out in Figure 4.2 below.

Figure 4.2: Private and Public Transport CO, Emissions from other Cities
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With a CO, emission result of 569 kg/capita/year in 2008, Zarqa city lies in the middle of the range of Middle
Eastern cities from the study, however it appears most similar in CO, emission rates to Tehran and Tunis.

The average CO2 emitted by countries worldwide is 4,000 kg per person per year aIthough the average
for industrialised nations is 11,000 kg per person per year. According to the World Development Report 2009
® road transport accounts for approximately 9.9% of emissions, about 70% of which is road transport.
Converting the above figure of 569kg for road transport means that in 2008 Zarqga City’s total CO, emissions
from all sectors would likely be in the region of 8,000 kg per person per year — twice the global average for
countries, although lower than more industrialised nations. It is now widely reported that for a sustainable
future, a maximum of 2,000 kg per person per year of CO, must be targeted ™. It is therefore concluded that
Zarga City currently exceeds the target ‘acceptable’ level of CO,emissions.
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With regard to other greenhouse gases, nitrogen oxide (NOXx) is one of the key emissions from transport that
affects air quality and human health. In 2008 it is estimated that the city of Zarqa emits 6.4 kg/capita per
year of NOx. This can be compared with the country of Tunisia, which emits approximately 4.9 kg/capita per
year(g) of NOx from all transport. Although this figure for Tunisia was recorded in 2003, it encompasses all
transport and the value for passenger road transport would be less than 4.9kg. Whilst low sulphur and ultra-
low sulphur diesel fuel are not available in Jordan, particulate matter (PM) is also likely to remain a concern
in Zarqa.

4.3 FORECAST BASELINE: TRAFFIC, FUEL AND EMISSIONS

The 2008 data presented above has been factored to calculate a forecast year result through adjustments to
the following parameters:

Population of Zarga City;
Income / Car Ownership;
Vehicle Operating Costs;
Value of Time;

Vehicle Fuel Efficiency; and
Public Transport Services.

Furthermore, the impact of new development at King Abdullah Bin Abdul Aziz City has been accounted for in
the years 2015 and 2020.

Further details on the assumptions made to forecast the future Do Minimum scenario modelling are provided
in Appendix B.

Using the assumptions and methodology set out in Appendix B, the baseline conditions have been forecast
to gain an appreciation of emissions and energy consumption in Zarga City in future years. Table 4.5 below
sets out the vehicle travel demand for 2010, 2015 and 2020 which is shown to increase rapidly due to a

growing population and a shift towards travel by private vehicles, spurred on by higher car ownership levels.

Table 4.5: Future Do Minimum Vehicle Travel Demand

Transport Mode Daily Vehicle Distance Travelled (km)
2010 (Base) 2015 2020
Private Vehicle 3,001,500 3,954,800 5,607,600
Yellow Taxi 1,408,800 1,536,700 1,926,400
White Taxi 19,900 21,700 26,900
Minibus 132,800 144,300 179,100
Bus 32,000 34,700 43,100
School Bus 4,700 5,100 6,300

One impact from the growing demand for private vehicle travel is a significant increase in gasoline
consumption, due to private vehicles predominantly using this form of fuel. Figure 4.3 below illustrates the
predicted increase in fuel consumption in the next ten years without intervention.

28




Developing an Energy Efficient Urban Transport Plan for Zarga City Downtown

Final Report
November 2011

Figure 4.3: Future Do Minimum Fuel Consumption
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The resultant future Do Minimum emissions per capita are set out in Table 4.6 below.
Table 4.6: Zarqa City Future Do Minimum Emissions
Emission Type Annual Emission per Capita (kg)
2010 (Base) 2015 2020
CcOo2 591 673 741
NOX 7 8 8
PM 0.2 0.2 0.2
co 154 177 196

Source: Consultants

In conclusion, the modelling results indicate that due to increasing levels of car ownership, population growth
and expansion of the city, along with limited provision of public transport facilities and pedestrian/cycling
infrastructure, the GHG emissions from private transport in particular will continue to increase and result in
worsening air quality in Zarga City and the Downtown area.
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5 Strategy Development

5.1 STUDY VISION

5.1.1 In order to develop a cohesive strategy, we have devised a vision statement, which incorporates the
objectives, and which provides an overarching focus for determining the context and content of the selected
measures. ltis:

“Our vision is to promote an ambitious but realistic series of interlocking projects intended to enhance public
transport accessibility, reduce congestion, stimulate economic activity and improve air quality and energy
efficiency in the Downtown area of the City of Zarqa.”

5.2 APPROACH

In the early stages of this study, a broad range of potential measures were identified to address
transportation and environmental issues in Zarqa City. As the study progressed further, suggestions were
made by the World Bank and the Consultative Group on wider transportation issues that need to be
addressed in Zarga.

A number of strategies were initially considered. With vehicle ownership growing at around 2% per annum,
there is a limit to how far new roads, road expansion and grade separation could be provided within the
downtown area without the removal of existing buildings and disruption to the historical land use pattern. The
social and environmental implications would also need to be carefully considered.

At the other extreme, a strategy could be devised which would benefit public transport regardless of its
effect on other traffic. The effect on general traffic would be felt most in the downtown area if, for example,
the entire area was made a “no vehicle entry” zone and only accommodated public transport. Furthermore,
the shop owners and trade in general would be significantly impacted and this would have serious
commercial implications.

Formal traffic restraint could be put in place but would need adequate and acceptable levels of public
transport for those that would be forced to shift. The easiest and most obvious scheme would involve
restricting parking and expanding the existing controlled parking zone. Another measure would be to
reinstate and expand the urban traffic control system within the downtown area.

A balanced public/private option strikes a realistic compromise between improving conditions for general
traffic circulation and flow, whilst enhancing public transport public transport through the provision of
busways, improved infrastructure and other priority measures.

Accordingly, it is preferable to adopt a strategy which gives incentives to public transport operations and use
and, in parallel, some restraint to private traffic, while improving the road network to make a more efficient
overall use of the road space.

The strategy for the downtown area, therefore, has been developed through consultation with Zarqa
Municipality and the CG. All stakeholders have officially held meetings and discussed a number of issues,
including the type, size and cost of the proposed strategy. World Bank comment and views have also been
taken into account.

In developing a strategy for consideration, the approach taken has been to:
Adhere to the project objectives;
Assess the existing conditions and undertake reconnaissance surveys and traffic counts;
Assess, calibrate and validate the demand and emissions model;
Seek a continuous exchange of views, ideas and recommendations from the CG Group;
Filter the potential projects through the use of a multi criteria assessment;
Identify CORE projects to support the recommended strategy;
Focus on public transport and demand management; and
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Apply an Integrated strategy of public transport supported by demand management.

Through a process of selection using multi criteria assessment, 8 core studies and a strategy involving 12
projects have been identified for implementation over the short and medium term time horizon, This
approach meets the key objectives, and at the same time establishes a foundation for transport planning in
the Zarga downtown area as well as Zarqa Municipality. These studies and projects are described in Section
6 and 7 respectively. The multi-criteria assessment is described in more detail below.

5.3 MULTI-CRITERIA PROJECT ASSESSMENT

Many cities worldwide have faced the problems of traffic congestion / poor air quality and worked to improve
these conditions, providing a wide range of examples of successful measures that could help to address the
issues faced by Zarga. Initial discussions led to over 60 possible projects that could be employed, however
many of these could be dismissed quickly due to obvious impracticalities.

It was then necessary to reduce the remaining projects down to a shortlist of measures which are realistic,
deliverable, and specific to the downtown area of Zarga City. A multi-criteria assessment process was used
to undertake this process of refining the potential projects. The criteria used to ascertain the suitability of a
project were as follows:

Political / social acceptability;
Suitability for Zarqa;
Technical Deliverability;
Institutional Deliverability;
Financial Deliverability;

This process was not definitive, and the remaining projects were streamlined further following feedback from
Zarga Municipality and the need to ensure projects remain focussed specifically on the downtown area of
Zarga, and furthermore that the projects are within the jurisdiction of Zarga Municipality. The process was
used to provide a steer towards the most suitable projects, with the final Core Projects and Strategy Projects
selected from the resultant shortlist. Table 5.1 below shows the multi-criteria assessment that was
undertaken to reduce the list of potential projects.
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Table 5.1: Multi Criteria Assessment

Project

MULTI-CRITERIA ASSESSMENT
Political /Social| Suitability Technical Institutional | Financial |Is it viable for
Acceptability | for Zarqa | Deliverability |Deliverability|Deliverabilitylmplementation

Public Transport Measures

P&R facilities + services in key locations serving PT interchanges v v v v v Yes
Integration of bus route with land use proposals, (inc. KABAAC) v v v v v Yes
Internal Infrastructure Improvements to Bus Terminals v v v v v Yes
Access Improvements to the Bus Terminals in Zarga v v v v v Yes
Adequate frequency / capacity of PT between Zarga and Amman v v v v x Yes
Free Shuttle Bus between Downtown and PT Interchanges v x 4 v x Possible
New/improved bus routes to LRS terminal 4 4 4 v x Yes
Competitive fares for public transport 4 4 4 v x Yes
Review of ticketing systems v v v v x Yes
Public Transport staff training 4 4 4 v x Yes
Provision of bus stops (shelters, lighting, seating, timetables) 4 4 4 v x Yes
Provision of electronic ticketing machines at major interchanges v v v v x Yes
Real-time timetable information provided at terminals / bus stops v v v v x Yes
Bus lanes/bus priority on key corridors within Zarga x 4 4 4 4 Yes
Differentiated approach to PT markets by quality/ type of provisior 4 4 4 4 x Yes
Improvements to pedestrian links to public transport interchanges v v v v x Yes
Transport Demand Management Measures

High Occupancy Vehicle lanes on route between Zarga / Amman x v v v x Possible*
Vehicle Restrictions on access within downtown area x v v x v Yes*
Pedestrianised zones in and around the major PT interchanges x 4 4 4 x Yes*
Low-emission zones x v x v x No
Parking Restrictions and Pricing Policy v v v v v Yes
Personal Travel Planning Services x x 4 4 x No
Restricted Registration (e.g. capping of new vehicles) x x v x v No
Integrated Land Use Planning (KABAAC) v v v v v Yes
Public Awareness (i.e. marketing of car share schemes) ? ? 4 4 4 Yes
Travel websites with real-time travel information v v x x x Possible
Congestion Charging and/or Distance-based Charging x 4 x x 4 No
Toll and Road Pricing x 4 x x 4 No
Driver Behaviour Training v v v v x Yes
New traffic signals, optimisation of the old, linking of all signals v v v v x Yes
Variable Speed Limits 4 4 4 4 x Yes*
Junction improvements v v v v v Yes
Provision of new road-markings indicating lane demarcations v v v v v Yes
Vehicle Technology, Operation and Fiscal Measures

Fuel tax increases x v x x x No
Mileage based emission charges x 4 x x x No
Changes to sales tax / import duty x x x x x No
Car Quota System x x x x x No
Vehicle registration tax/charge x 4 4 x x No
Competitive bidding for new vehicle licenses x x x x x No
Subsidies / tax rebates for low emission vehicles v v v v x Yes*
Provision of new low emission buses v v v v x Yes
Minimum Engine Emission Standards v v v v ? Yes*
Electric Vehicles x v v x ? No
Car Scrappage Scheme v v v v ? Yes*
Rationalisation of School Buses v v v v v Yes
Institutional Strengthening of Zarga Municipality v v v v x Yes
Institutional linkages between GAM and Zarga Governorate v v v v x Yes

*Later removed due to either being not specific to downtown Zarga, not within the jurisdiction of Zarga
Municipality, or unpopular with Zarga Municipality
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6 Core Projects

6.1 CORE PROJECT REQUIREMENTS

In addition to the 12 strategy projects, a number of core projects were developed. These projects are
deemed necessary in order to provide a sound basis for Zarga Municipality to be able to assess transport
projects and their impacts going forward. We feel that these projects must be implemented within the next
18 months or so.

The core requirements are as follows:
‘Co-operating’ with the Greater Amman Municipality on technical matters;
Purchase and Installation of Permanent Traffic Counters;
Installation of Air Quality Monitoring Stations;
Detailed Assessment of KABAAC Housing Development;
Development of Zarga Traffic Model,
Completion of Zarga Urban Masterplan;
Institutional Strengthening of Zarga Municipality; and
Introduction of Transport Policy: Traffic Impact Studies.

Further details on each project are set out below.

Core Project 1: CO-OPERATION WITH THE GREATER AMMAN MUNICIPALITY

Project Zarga Municipality needs to develop internal transport planning skills in order to participate in and/or lead urban
Description master planning, transport impacts assessment and public transport matters. The most effective means of
achieving this is through learning from other organisations within Jordan which have already developed such skills.

Rationale . Close interaction between Amman and Zarga in terms of transport
. GAM has gone through a similar urban master plan / transport masterplan — strategy over the last 4 years
. GAM has developed its institutional capacity over the last 5 years

Project Need . Zarga Municipality will need continuous technical support as they develop a capability in transport to
implement the strategy and move to embed transport assessment within its structure

Implementation We are unaware of these technical skills being available in the public sector in Jordan, other than with GAM. GAM
Options has expressed concerns over their capacity to be able to undertake such additional work, in which case alternative
skills sources would need to be pursued from the private sector, either within Jordan or from international experts.
Another possible option, in view of the close proximity and connectivity between the two cities, would be the
establishment of a joint unit with shared funding.

Scope " ZM — GAM to develop an initial 3 year technical assistance agreement to cover the following key scopes by
providing advice and information regarding:

- Automatic traffic counting station purchase and installation

- Sharing of traffic, transport and socio-economic data

- Manual Classified Count data sharing

- SCATS: Information and guidance on the planning, installation and maintenance of SCATS system
- Communication strategy

- Sharing copies of its TIS guidelines

Equipment . None

Cost = Agreement between parties needed to address costs, commitments, training and additional skills required.
Monitoring Three year plan to be drawn up with appropriate milestones — at the end of the period, ZM should be able to
Mechanisms undertake all necessary technical work through its own resources.
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Core Project 2: PURCHASE AND INSTALLATION OF TRAFFIC COUNTERS

Project Effective transport planning cannot be achieved without adequate and accurate data. This projects is intended to
Description provide the Municipality with temporary and permanent traffic counters in order to produce data for traffic modelling.
Rationale Essential to measure volume and changes in traffic flows and vehicle mix

Project Need

There is currently very little, if any traffic count information available for Zarga City. Therefore, Zarga Municipality do
not have information related to vehicle growth, peak hour and/or daily demand, vehicle classification and traffic
entering/exiting or crossing specific screen lines or cordons. ZM is therefore unable to make any informed decision
on traffic related issues across the network.

Implementation

It is possible to obtain data through manual surveys, but traffic counters are a more cost effective method, which

Options also enables almost an infinite amout of data to be collected.

Scope This information can be used as a standalone database to support ZM in assessing traffic growth, vehicle
classification or simply traffic demand in specific areas of the city or single highway corridors. ATC surveys will
provide the following important information.

. 24 hour flows

. 14 hour flows (0600-2000)

L] Peak hour flows (AM, inter-peak, PM, afternoon, and evening)

. Daily traffic variation

. Traffic totality

The information would be most useful in the following locations:

. Major corridors capturing inter-urban and intra-urban traffic movements

" Locations where count data can be used in the future to update the demand figures

" Close to areas which potentially are going to be developed in the near future

Equipment Traffic count equipment can be purchased from a variety of sources. These include:

. PEEK Traffic

. Golden River

Two types of equipment can be bought:

" Temporary Traffic counters using tube detectors: these are temporary counters that involve installing tubes
across a road in various types of configurations depending upon the road cross section. The tubes are left on
the road for around a week. Data that can be collected includes traffic volumes and vehicle classification.

. Permanent Traffic count equipment using loop detectors: this involves installing loop detectors in the road
way, i.e. this involves cutting the surface and embedding the loop below the surface. The detector works using
a magnetic field. These are permanent counters and are capable of providing weekly, monthly, seasonal,
annual traffic count data. The loops are also capable of classifying vehicle types. Some counters can also
measure air pollution at the road surface level. Whilst information may not be very accurate, it does provide
some indication of air pollutant levels on an hourly, daily, weekly monthly annual basis.

Cost Traffic count equipment varies depending upon the specific needs. Our recommendation for ZC is as follows:

. Temporary Traffic Count Equipment: 3 no traffic counts with vehicle classification and monitor measuring
capabilities.

Cost per machine: 3No. @ 350JD each = 1050jD
Tube requirements: 300m of tube @ 125JD/100m = 375JD
Plus Nails, Clamps, Tape

. Permanent Traffic counter equipment: 6 No traffic counters with vehicle classification and air monitoring

capabilities.

Cost per machine: 5No. @ 1000JD each = 5,000JD
Monitoring Output orientated in terms of numbers and types of counters purchased and amount of data recorded. ZM needs to
Mechanisms show demonstrable use of data in the study of trends and traffic growth, and its use as a KPI for the reduction of

traffic growth and increased public transport use.
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Core Project 3: INSTALLATION OF AIR QUALITY MONITORING STATIONS

Project Real time air quality monitoring is the most effective methodology for checking the actual levels of pollutants and
Description other emissions. This project is concerned with the purchase of suitable monitoring stations.
Rationale Essential to provide real time results, rather than relying on modelling techniques

Project Need

There are currently no air quality monitoring stations in Zarga City and therefore it is not possible to establish
current air quality in the study area or verify any modelling predictions.

This project is also required to provide a Key Performance Indicator in the measurement of improvements made to
the network and/or operations.

Implementation
Options

No alternative option available other than reliance on synthetic modelling techniques.

Scope

Monitoring using passive and automatic monitoring techniques should be undertaken for three pollutants, including
particulate matter, carbon monoxide and oxides of nitrogen at a number of locations relevant to public exposure
and background levels. Monitoring should be undertaken at roadside locations, where there is relevant public
exposure, and at one background location. It is recommended that monitoring is undertaken for at least three
months.

Equipment

It is recommended that one continuous air quality monitoring station is hired for the monitoring period. This station
will continuously sample the air and record concentrations of particulate matter, carbon monoxide and oxides of
nitrogen. Electricity (3 x 240V supplies required) to power the monitoring station and a secure location will be
required. It would be possible to provide a generator to power the monitoring station if an electricity supply cannot
be provided. The monitoring equipment and data-logging equipment will be checked and calibrated on a scheduled
basis and in accordance with the standard reference methods.

At the continuous air quality monitoring station, passive diffusion tubes to measure concentrations of oxides of
nitrogen would be deployed in triplicate with monthly deployments for a period of 3 months. At 5 other locations
around the downtown area of Zarqga, tubes would be deployed in duplicate with monthly deployments for a period of
3 months. Upon retrieval, tubes would be despatched for analysis to an ISO 17025 accredited laboratory with a
blank tube also being analysed.

Cost

The cost of the monitoring will depend on the length of the monitoring equipment, the chosen supplier, shipping
costs, the proposed power source and exchange rate at the time. An estimate of costs for a three month
monitoring program is shown below.

3 months of passive diffusion tube monitoring for oxides of nitrogen at 5 locations = JD 12,000

3 months of continuous monitoring for particulate matter, carbon monoxide and oxides of nitrogen at 1 location = JD
50,000

Alternatively, An indicative cost for purchasing one continuous air quality monitoring station only, running it for a
year (excluding power costs) is approximately JD100,000, assuming that the monitoring station is not powered by a
generator. This fee excludes diffusion tube monitoring, which would cost approximately JD39,000 for a year.

These indicative fees are exclusive of any local taxes or fees.

Monitoring
Mechanisms

Output orientated in terms of purchase of effective monitoring stations and suitable quantity of recorded data. ZM
needs to show use of data in the study of trends and relationships between traffic growth and air quality. Used as a
KPI on a reduction of traffic growth and increased public transport use.
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Core Project 4: DETAILED ASSESSMENT OF KABAAC HOUSING DEVELOPMENT

Project A full assessment of the transport implications of this very large development on the Zarga area has not been

Description undertaken. This project is intended to ensure that a full understanding of these impacts is achieved and that
necessary measures are adopted to ameliorate the adverse impacts.

Rationale The size of this new development will have a major impact on Zarga and its surrounding transport system.

Project Need

Given the magnitude of the KABAAC development and the impact upon ZC and its environs, a detailed traffic
impact assessment and internal traffic assessment must be undertaken. The key reasons for the need of such as
study are:

1. To measure the impacts of the development on ZC

2. To better understand the development phasing and phased impacts upon ZC

3. To provide a solid platform for the development of an integrated public transport strategy covering the
KABAAC and ZC

4.  To provide a platform for the measurement of impacts upon the surrounding network and to ensure mitigation
measures are planned to enable land use and transport integration between KABAAC and ZC

Implementation
Options

There are no effective alternative options to undertaking such a study, although there may well be alternative
measures to consider in terms of addressing the transport implications of the development. Problems associated
with a manual approach to collecting data for such an assessment are described in ‘Cost’ below.

Scope

It is recommended that this assessment be undertaken after the full development of the ZC traffic model. The traffic
model will provide the tools necessary to test impacts and phasing and a series of alternative strategies.

The types of issues that need to be assessed include:

Proposed road network

Proposed planning data

Trip generation

Trip attraction

Model split and assumptions made

Interface proposals with ZC and its network

Propose public transport routes, stops and interchanges
Phased development and its step change impacts

Cost

Whilst a specific cost of the traffic impact of the KABAAC can be estimated, our strong recommendation is that this
assessment be undertaken as part of the traffic model development recommendation (Project 5). Any attempt to
assess the impacts of such a large development using manual methods will not prove effective and will limit the
testing of planning scenarios, options and wider impacts. Therefore, the cost of this component is included within
the traffic model costs.

Monitoring
Mechanisms

A suitable report with impacts identified and quantified and remedial measures. Need to show use as a basis for
the development of integrated land use-transport integration ensuring that recommended measures are
implemented over time.

Core Project 5: DEVELOPMENT OF ZARQA TRAFFIC MODEL

Project
Description

In order to assess the impacts of traffic and transport changes caused by demand, new development and transport
improvements, a city the size of Zarga requires a multi-modal traffic model. This project proposes the outline scope
for a suitable model.

Rationale

The provision of a traffic model will enable the Municipality and others to consider a wide variety of ‘what if scenarios

Project Need

To some extent this study has highlighted the need for the development of a traffic model for Zarga. There are a
variety of reasons why a traffic model is required:

Zarga has a large population

Zarqga has complex transport, employment and educational interaction with the adjacent capital, Amman
It is an industrial centre

The KABAAC development and its associated impacts need to be better understood

The model will allow for road network improvements to be tested

The model will allow for public transport improvements to be tested

Then model will allow for demand management measures to be tested

The model will allow for the assessment of air quality

The model will allow for traffic forecasts and subsequent impacts upon the transport system.

The model be a tool to be used to develop transport strategy and 5 year planned investment

Implementation

A variety of different modelling solutions are available, but it is recommended that compatibility with the VISUM model

Options operated by GAM is ensured. One alternative would be to extend the GAM model to include the Zarga Municipality
area, but it is considered that a free standing, but compatible, model would be preferable for the sake of ease of use.
Scope It is recommended that the traffic model should be of the 4 stage gravity model type, i.e. it needs to include:

Trip generation

Trip distribution

Modal split

Trip assignment

The model also needs to account for public transport - it is recommended that PT demand is modelled separately.
The fundamental stages of the model development include:
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Traffic Surveys:

Household Surveys
Origin-destination surveys

Manual and automatic traffic counts
Journey time surveys

Public transport surveys

Car parking surveys

Model development:

Development of base year private and goods vehicle matrices
Development of public transport matrices

Development of demand for say base year 2012
Development of matrices for forecast year 2017, 2022
Development of daily and peak hour matrices (AM, and PM)

As part of this development, the overall model needs to be able to test projects and overall strategies. The appraisal
approach needs to take into account economic, environmental and social issues. These must include as a minimum:

. Economics: project appraisal, EIRR, B/C ratio and net present value, modal shift, etc
. Environmental: air quality impacts, carbon emissions, etc, land take,
. Social benefits: employment opportunities,

Cost A budget should be made available for the development of a traffic model for approximately 600,000JD
Monitoring The traffic model must be maintained and updated as transport schemes are implemented. The model must be
Mechanisms updated with new OD surveys and socio-economic forecasts every 5 years.

All major urban developments or schemes must first be tested using the traffic model in order to be able to assess

impacts and economic viability.

Core Project 6: COMPLETION OF ZARQA URBAN MASTERPLAN

Project This project consists of the completion of the Zarga Urban Masterplan. This urban planning blueprint would also
Description include a transport plan, designed to achieve overall objectives and address the impacts of future development.
Rationale The Zarga Masterplan study must be reactivated as detailed urban planning is urgently required.

Project Need

The Zarga Urban Masterplan project was started in 2010 but after only 3 months was stopped. This plan is
fundamental to the development of Zarga and the effective integration of the KABAAC development, and thus
should be regarded as a priority.

Implementation

Implementation of this project requires resources from within ZM, but also requires external expert assistance,

Options either from a national organisation with suitable skills, or from international consultants.
Scope The study duration is envisaged to be at least 18 months. The project should be undertaken by a joint local and
international team.
Phase 1: Vision / Existing conditions / Land use / constraints / options / concept plan development
Phase 2: Feasibility / Concept plan refinement / Phasing
Phase 3: Detailed design
Phase 4: Implementation planning and costing
Equipment -
Cost JD 1 million
Monitoring The urban masterplan must act as a framework for growth within Zarqa Municipality. The urban growth plan will
Mechanisms provide a number of area action plans and these must be implemented over time. Ad hoc development must be

made illegal with the urban plan acting as the legal framework for development. Monitoring of the plan must be
made by Zarga Municipality along with MOMA
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Core Project 7: INSTITUTIONAL STRENGTHENING OF ZARQA MUNICIPALITY

Project This project addresses the need for the recruitment of additional skilled staff in order for ZM to undertake the full
Description functions of a transport planning authority.
Rationale Itis clear that, in order to integrate land use and transport planning effectively, and for the Municipality to play an

effective role in working in partnership with other organisations and project managing transport improvement
schemes, there is a need to expand the skills base and personnel able to tackle this type of work.

Project Need

The requirements may be summarised as follows:

e  Transport planning - to be undertaken at both the strategic and detailed levels;

. Public transport planning and organisation — to work closely with the LTRC in delivering major changes;
e  Technical support — to oversee and organise transport modelling, transport ITS etc.;

e  Project management — to have expertise in the delivery of major projects and the ability to negotiate, liaise and
persuade individuals and other organisation to agree to joint action proposals.

Implementation

ZM will need to give consideration to the various options for organisational structure for transport planning

Options functions. Transport planning is closely aligned with both land use planning and highway engineering, and there is
an opportunity within the organisational structure to ensure that these various skills are well integrated.
Scope To undertake transport planning needs for the Municipality area, the following tasks would need to be included:
. Collation of all economic, social and transport data and detailed analysis;
. Liaison with relevant Government Departments (e.g. MPHW, MoT, MoMA) regarding planning matters;
. Negotiation with developers regarding transport requirements and implications of proposals;
e  Design and produce local transport plan.
It is recommended that 1 x qualified transport planner plus a graduate trainee should be recruited. To undertake
public transport planning and organisation, the following tasks would need to be included:
e  Assessment of public transport needs for new developments;
. Liaison with LTRC regarding development of current bus network;
e Assist LTRC in collecting data on current bus usage through surveys.
It is recommended that either 1 x transport planner be recruited, or the tasks of the graduate trainee above be
extended. To undertake technical support for transport modelling, appraisal and ITS matters, the following tasks
should be included:
e  Take ‘ownership’ of the chosen modelling software and model;
e Input data changes and run model when required;
. Implementation and on-going development of ITS solutions, such as RTPI and SVD equipped traffic lights.
It is recommended that 1 x transport planner with modelling and ITS expertise be recruited, plus 1 x graduate
trainee. To undertake project management and team leadership, the following tasks would need to be included:
. Organise and project manage the various programme elements of the recommended projects;
. Highly skilled negotiating and man management attributes.
It is recommended that 1 x Project Manager be appointed.
In view of the skills base needed, it is recommended that the Municipality should work in close co-operation with the
Ministry of Municipal Affairs (MoMA), the Greater Amman Municipality and the Amman Institute to share current
transport planning skills and to jointly seek some time-constrained external assistance in training and organisation.
Equipment Office accommodation and IT equipment (software and hardware) are the main additional costs, other than staff
salaries.
Cost Estimated cost of JD 100k per annum
Monitoring Engineers/planners qualified to degree standard must be recruited to strengthen ZM’s capacity and capability. Each
Measures staff member’s career progress must be monitored with 6 month reviews undertaken. Short term exchange

programs with GAM are an option with regards to work experience.
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Core Project 8: INTRODUCTION OF TRANSPORT POLICY: TRAFFIC IMPACT STUDIES

Project This project consists of establishing the methodology and process for addressing the transport and traffic impacts of
Description proposed development.
Rationale To develop Traffic Impact Study procedures and ensure consideration of transport impacts of new development

whether road or building, are well catered for.

Project Need

Traffic Impact Studies (TIS) are not normally required as part of a planning application. Whilst some developments
have had TISs, even these have not been undertaken to any acceptable standards.

It's fundamental that TISs are undertaken for a variety of reasons.

Assess the site area existing condition

Understand the background traffic

Develop development trip generation demand
Estimate traffic impacts

Develop mitigation measures

Test mitigation measures (technical and economic)
Select preferred option

Seek Municipal approval

TIS standards must be developed and controlled by each municipality. Approval processes must be put in place
and municipal staff must be trained in the assessment of TISs.

Implementation

An alternative approach would be to contract private sector suppliers to undertake the necessary work, either on a

Options case by case basis or through an on-going contract to cover all such work. On balance, it is considered that the
advantages of developing in-house skills outweigh any advantages of contracting out this process, in particular
when considering the political implications required in decision making.

Scope Production of the TIS

Under normal TIS procedures, a traffic impact assessment will need to be undertaken for most “developments®
regardless of size and type. The following tasks would normally be undertaken as part of the TIS process.

Consultation

. Submit required introductory paperwork to the municipality for approval to gain a liaison engineer;

" Submit and agree a scoping report to set out the methodology to be used. This will avoid delays at later
stages and ensure that all aspects required are dealt with in the required detail;

. Undertake regular consultation with the municipality throughout the development of the TIS;

. Liaise with the design architects and other interested parties during progress meetings.

Data Collection

To review the existing conditions and surrounding highway infrastructure and access to the “development”, the

following information and data will be sought in relation to junctions near to the site and will be collected either

through a survey or from the Municipality:

. Existing road network

. Existing traffic flows on the existing highway network;

" Information on existing and future traffic generated by other neighbouring proposed developments in the
vicinity of the site;

. Future plans for roadway network improvements in the vicinity of the site; and

. Future plans for public transport systems in the vicinity of the site.

Site Survey/Traffic Counts

If required through discussion and liaison with the municipality, traffic counts would be undertaken for the analysis

of the site conditions. If existing traffic counts are not available or unreliable due to dramatic changes in the

environment, then a site survey will be conducted to observe traffic flows and turning movements affecting the site

and surrounding area. Subsequently, traffic counts will be planned and executed to augment any existing data.

Study Area

The study area will be agreed as part of the scoping report developed at the initial stage of the project in
consultation with Zarga Municipality.

Trip Generation

Generated trips from the development will be estimated for morning, midday and evening peaks using trip rates for
specific land-use categories. Trip rates from Jordanian or similar manuals can be used.

Trip Distribution, Assignment and Modal Split

Existing traffic flow data is used to assign traffic to the surrounding network supplemented by an assessment of the
surrounding area and likely trip generators and attractors.

Analysis Year

The horizon / analysis year is a function of the type of the traffic impact study. The analysis will be conducted for the
existing, future baseline and future with development conditions to show the extent of the level of service at
junctions within the study area. The output will include the level of service results, delay and volume to capacity
ratios.

Junction Analysis

Capacity analysis in the critical peak hours must be conducted for all junctions and links in the study area, including
the access points using standard junction modelling analysis tools.

Parking and Traffic Circulation

Parking demand may need to be estimated as part of the study exercise. The parking requirements for the
proposed development will be calculated using parking rates from Jordanian or similar Trip Generation and Parking
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Rates Manuals.

An assessment of parking circulation will be undertaken to determine possible areas of congestion and concern.
The different needs of staff, pupils and visitors would be considered at this stage. This will include detailed track run
analysis if required.

Connectivity to the External Road and Highway Network

Adequate accesses to/from the development to the road network will be proposed and examined to accommodate
trips from the development. If improvements to the external network are required, these would be developed as part
of the production of the TIS and concept layouts provided. In addition, any amendments to the internal network
would also be provided in concept layout as part of the production of the TIS.

Service Vehicle Assessment

Track runs for service vehicles will be undertaken to ensure that service areas can be reached and are large
enough to afford the required manoeuvrability for vehicles. Interaction between their routes and pupil/school
activities is preferred to be avoided and the masterplan would be developed to achieve this where possible.

Sustainability and Accessibility Assessment

An assessment of the surrounding sustainable mode opportunities will be undertaken to determine the likely mode
split that can be achieved by the development. A strategy for linkages to these transport nodes will be developed
including an assessment of any pedestrian and cycle routes and possible improvements.

Report

The findings of the TIS should be summarised in a report to be approved before submission to Zarqa Municipality.
Deliverable

TIS report

Equipment VISUM software (JD 25,000)/ Dbase software (JD 1000) / GIS (JD 4,000)

Cost Staff and training costs JD 30,000

Monitoring Timescales should be set for processing TISs, and a reporting system established to measure both the quantity of
Measures TISs undertaken and the percentage achieved within the relevant timescale.

6.2 INTER-CONNECTIVITY BETWEEN CORE PROJECTS

There is a strong inter-connectivity between the Core Projects, which assists in dictating the order in which
they are undertaken. Figure 6.1 shows this relationship graphically

Figure 6.1: Inter-connectivity of Core Projects
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7 Proposed Strategy Projects

7.1 DEVELOPMENT OF STRATEGY SCENARIOS

At an earlier stage in the Study, project measures were set within three categories. Firstly, by providing an
incentive to travel sustainably such as Public Transport improvements, secondly by creating a deterrent to
the use of private vehicles in the form of Travel Demand Management measures, and thirdly by measures
aimed at directly improving emissions and energy efficiency, which in themselves may not result in modal
shift.

However, having passed the potential projects through the multi-criteria framework, twelve were identified as
having a good potential for further development. Of the twelve, six were primarily associated with public
transport improvements, five were TDM measures and one was aimed at directly improving emissions and
fuel efficiency, but only applicable to public transport. Consequently, when considering the strategy, we
realised that our initial intention to test three separate scenarios and select the best components from each
was impracticable.

In addition, some measures are capable of being modelled, whilst others do not lend themselves to this
approach. Consequently, as all twelve proposed measures appeared to be realistic, viable and well proven
in many other similar strategies used elsewhere in the world, we determined that the most practical course
was to develop a multi-faceted mobility strategy that included all twelve identified measures and which
addressed the need to include ‘pull’ type measures commonly in the form of public transport improvements,
and ‘push’ style measures in the form of Travel Demand Management to reflect the different approaches to
changing travel behaviour. We also included the measure intended to directly improve fuel efficiency and
pollution.

The sifting process, through which all potential projects were passed, resulted in the list of measures shown
in Table 7.1 below.

Table 7.1: Scenario Measures

Scenario Measures

- Integrated Transportation and Land Use Planning

- Park and Ride facilities and services

- Integration of bus route strategy with land use proposals

- Internal Infrastructure Improvements to the King Abdullah and Prince Rashid Bus Terminals in Zarga
- Access Improvements to the King Abdullah and Prince Rashid Bus Terminals in Zarga

- New/improved bus routes linking urban areas of Zarga to the LRS terminal

Public Transport - Competitive pricing for public transport
Improvements - Review of ticketing systems
- Public Transport staff training
and - Provision of bus stops (shelters, lighting, seating, timetables)
- Provision of electronic ticketing machines
Vehicle Technology, - Bus lanes / bus priority on key corridors within Zarga
Operation and Fiscal - Improvements to pedestrian links to public transport interchanges.

- Provision of new low emission buses
- Rationalisation of School Buses

- Pedestrianised zones

- Parking Restrictions and Pricing Policy

- Parking Restriction Enforcement

Travel Demand - Link and Optimisation of Traffic Signals

Management - Junction improvements to include provision of high-quality road markings indicating priority and lane
restrictions

- Provision of new road markings indicating lane demarcations on main roads

Final consideration of these proposed measures led to the withdrawal of two of them. Firstly, a clearer
indication of the less significant role played by school buses in Zarqa compared with Amman, for example,
due to the comparatively low number of private schools in the area, meant that a rationalisation of school
buses would not result in any worthwhile improvements in congestion, air quality or energy efficiency.
Secondly, discussions with stakeholders and others have led us to believe that the creation of pedestrianised
zones would be very difficult to achieve politically at the moment. That particular measure was therefore not
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considered in the final combination of 12 projects to be taken forward, but should be retained for future
consideration when the effects of parking and improved public transport strategies take effect and the
attractiveness of such a measure becomes more apparent and acceptable to the general public.

Figure 7.1 below sets out the 12 final projects along with the issues that each project will address.

Figure 7.1: Zarqa Downtown Projects
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7.2 PUBLIC TRANSPORT PROJECTS

721 Introduction

Of the 12 improvements proposed in this report, 6 directly involve the planning and/or operation of bus
services, whilst a further 1 involves new vehicle technology for the vehicles used to provide such services.

However, before considering these in detail, it is essential to understand the necessity of fundamental
change to the organisational structure of bus service provision in order for the proposals to stand any chance
of success, which, in turn, also impacts on the objectives of this study.

7.2.2  Current problems with Public Transport Planning, Organisational Structure and Operations in Zarga

The problems associated with public transport in Zarqa have been identified and refined following further
analysis of current route patterns. The problems may be summarised as follows:

The industry is fragmented into a large number of very small operators (often owning only a single bus);

Contracts serving common destinations are allocated to a multiplicity of separate operators with no co-
ordination between them;

In theory, buses cannot be switched between different contracts, even where the contracts are allocated
to the same operator — this results in inflexibility;

There is a serious imbalance between peak vehicle requirement (PVR) and off-peak requirements, such
that many vehicles are idle for much of the day — this is particularly apparent with regard to university
services;

Analysis of urban bus operations in Zarqa has indicated that many routes are ‘over-bussed’ in terms of
the numbers licensed — this means that either there are too many buses being operated on the services
or, more likely, an excessive number of buses are underutilised;

Both these previous factors are not conducive to profitability, as the vehicle fleet is under-utilised, and this
does not permit investment in new vehicles;

The only subsidy provided for public transport services currently is for the benefit of students — bus
operators are, in fact, worse off financially, as the consequence is a significantly poorer cash flow due to
the time gap before subsidy is paid to them;

Operators cannot control fares, which are set by the LTRC — increases due under the official formula for
inflation are not always enacted, due to concerns over the impact on low income families;

Where service extensions for new development are identified by the LTRC, it is often difficult to persuade
operators to extend existing contracts due to concerns over profitability in the absence of subsidy;

Over 90% of bus contracts are issued under ‘grandfather rights’, whereby there are no termination dates
and the contracts are, in reality, in perpetuity, regardless of their relevance to changing needs and
passenger demands;

As the vast majority of services operate without formal timetables, it is difficult to monitor performance
quality and reliability;

Lack of profitability leads to relatively low pay scales for bus drivers, which in turn leads to difficulties in
recruitment, despite generally high unemployment levels;

Overall, the operating industry may be considered to be in a poor condition in terms of profitability,
flexibility, ability to invest and with little near future possibility of improvement.

Under these circumstances, proposals for improving the quality, reliability and perception of local bus routes
serving the Downtown Zarga area have to be considered within a wider context.

723  Study Objectives Context
It will be recalled that the Study Objectives are to:

Develop a detailed energy efficient mobility plan, identifying specific projects for the Zarga downtown
area, and
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Develop a plan for easy access to the proposed LRS terminal and stations using an efficient public bus
transportation system in the city.

Whilst these are the main objectives, in recommending various public transport related proposals to achieve
these, it is necessary to ensure that the following sub-objectives are also met in order that the proposals are
feasible and implementable:

That a steering group be formed between the LTRC, the Zarga Municipality and representatives from the
bus operators in order to consider the proposals and negotiate how they should be successfully
implemented;

That a commitment be agreed between these parties that bus operators should be no worse off
financially as a result of changes implemented, and that a stated objective of the implementation
proposals would be to enhance profitability, investment and employment opportunities within the bus
operating industry;

That, in order to achieve the required changes, the LTRC and the Zarga Municipality would proactively
explore additional funding opportunities from both internal and external sources, primarily to ‘bridge the
gap’ during the transition from the current situation to the post-implementation phase;

The need for such funding is based on the premise that the costs of upgrading vehicle fleets, expanding
services, possible compensation for removing excess capacity and restructuring the industry into larger
operating units are unlikely to be generated from current bus company profitability and private investment
potential.

Given the density of the urban population areas in and around Zarga, and the extent of the retail and
commercial activities, it is considered that there is good potential for the operation of profitable local bus
services, but only if a more integrated and co-ordinated bus network can be created through bus operation
restructuring, the collation of full usage data and the application of bus network planning techniques.

In previous work undertaken by WSP/CC for the LTRC 10 the concept of a hierarchical approach to the
provision of bus services was recommended. This is intended to replace the current method of categorising
bus services into ‘internal’ for services wholly within a single Governorate, and ‘external’ for services that
cross Governorate boundaries. The levels recommended were:

Level 0 - International services between Jordan and neighbouring countries;

Level 1 — Premium Inter City: a series of high quality premium price express services linking the cities of
Jordan. Currently, services of this quality standard operate between Amman and Aqgaba, and the
recommendation is to expand this network to cover other major cities in Jordan (including Zarga) once a
commercial case can be made for them;

Level 2 — Core National Network; a more extensive network of limited stop services that connect the main
cities and towns in Jordan. This is a development of existing services, but with a quality upgrade,
reordered using network planning best practice and co-ordinated to form a national network;

Level 3 - Other Inter Governorate Services: the remaining standard regional services operating between
the Governorates. Effectively these are services not considered to be core, and are often designed to
serve specific universities at limited times of the day;

Level 4 — Intra Governorate: those regional services which operate within a single Governorate. These
form the network of services linking villages and small towns with major urban areas in each
Governorate;

Level 5 — Local services: urban services operating entirely within an individual municipality boundaries.

In formulating public transport proposals to meet the main objectives of this study, we have primarily
concentrated on level 5 services as offering the most significant benefits to the Zarga Downtown area, and,
as a second priority, level 2 and 3 services, in as much as these services are important because:

They form the current public transport corridor between Zarga and Amman, which will need to be the
subject of serious restructuring in the event of the introduction of an LRS scheme; and

They include a large number of services operating to universities, and the large scale movement of
university students through Zarqa has been identified as a possible problem in generating excessive bus
movements around the Downtown area.
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For existing bus contracts, LTRC has three categories of size: white taxis, minibuses and large buses. In the
work previously undertaken by WSP/CC for LTRC (formerly the PTRC) referenced above, we recommended
that a more hierarchical approach was adopted, whereby there would be six categories by size. These are:
white taxis, minibuses (12 passenger seats or less), Midibuses (up to 22 passenger seats), Medium buses
(up to 40 passenger seats), large buses and coaches.

The current local services in Zarqa (Level 5) are primarily operated by Toyota Coaster buses, which are
categorised as minibuses in the current LTRC listings. Consequently, when future replacement buses for
this type of vehicle are discussed in this report, the terms ‘midibus’ or ‘medium bus’ are used, rather than
‘minibus’, which refers to a smaller category of vehicle.
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7.4 PROJECT 1: INTEGRATE LAND USE AND TRANSPORT PLANNING THROUGH
NEW BUS ROUTES AND POLICY CHANGES

741 Proposed Measures

Introduce changes to planning procedures to ensure traffic and land use assessments of all new
developments are fully taken into account during the masterplan stages of a project.

Initially to consider how the KABAAC development, could benefit from bus interchange and bus routes to
feed the development, and at the same time integrate this with connections to the rest of Zarga and
Greater Amman

Further details regarding the project proposals are provided in Appendix C, and a map of proposed bus
services for the KABAAC development at Figure D6 of Appendix D, both of which are in Volume 2.

742 Project Need

At present, the land use planning process does not properly assess all transport needs of development. Not
only are traffic assessments required, but also public transport services need to be planned as an integral
part of the development design. Recent good practice in other parts of Jordan, noticeably in Amman, has
demonstrated the benefits of this integrated approach. It is essential if trip generation by private car is to be
minimised from future development, and can be built on the restructuring of the bus network in Zarga, which
is an integral part of these proposals.

743  How does the Project Meet the Study Objectives?

The key foundation for a successful combination of land use and transport planning is to complete a
masterplan for the area. In Section 6 of this report, 8 core requirements are identified that are deemed
necessary to ensure base conditions are better understood in Zarga city and to provide support for the
implementation of the proposed Energy Efficient Mobility Plan. One of these is the completion of the
masterplan commenced in 2010, but on which work has been suspended.

Completion of the masterplan is also directly connected with another of the core requirements, that of
institutional strengthening of Zarga Municipality in order to provide the skills necessary to undertake transport
planning functions. Such skills are being fostered within the Kingdom, and it is recommended that the Zarga
Municipality works closely with GAM to encourage and develop the requisite resources, tapping into the
undoubted enthusiasm already existing within the organisation.

An excellent example of a country which has a long history of espousing the concept of integrating land use
planning and transport planning is Singapore, whose approach is described in Case Study Box 1 below. The
importance of public transport, or transit, in the development of sustainable urban areas has been widely
recognised in recent years, for example the Center for Transit-Oriented Development in the USA is a
national non-profit organisation dedicated to providing best practices, research and tools to support market-
based transit-oriented development .

744  Supporting Measures

The success of this project is highly dependent on the implementation of core projects 4, 6 and 7. Core
projects 4 and 6 involve analysing the transport needs of the King Abdullah Bin Abdul Aziz City and setting
this into context of a completed Zarqa Master Plan. Core project 7 addresses the institutional strengthening
required in order to ensure that transport planning staff and skills are in place to design and assist the LTRC
in implementing new public transport services.

Significant relationship with other projects can be summarised as follows:

2 Public Transport Services Improvements The proposed services for KABAAC form part of a larger group of improved services
4 Public Transport Terminal Improvements All bus services would benefit from this project

5  Public Transport Ticketing Changes All bus services would benefit from this project

6  Public Transport Infrastructure Improvements  Regular bus stops and bus priority would enhance the KABAAC services

7 New Low-Emission Vehicles Low emission buses are recommended for these new services

9  Install ITS Measures Signal priority and real time information would enhance usage

12 Public Awareness Scheme This would encourage modal shift to public transport
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Case Study Box 1: Integrated Land Use and Transport Planning, Singapore

(12)

Singapore has been integrating transportation planning with land use planning since the 1970s. This was undertaken with consideration
to the growing environmental impact of transportation.

The land transport policies of Singapore aimed to deliver an effective land transport network that is integrated, efficient, cost-effective and
has a sustainable plan to optimize the use of transport resources and safeguard the well-being of the travelling public. Elements of the

project include:

investment and maintenance of the road infrastructure;
investment in public transport;

improvement of public transport;

traffic management schemes;

implementing road user charges;

fiscal measures directed at car ownership; and
comprehensive land use planning

Along with the above, Singapore used the following strategies to create an environmentally sustainable transportation system:

e  Vehicle emission standards imposed since 1984 by adopting UN/ECE R15.03 and EURO |V standards were adopted for petrol
and diesel vehicles respectively;

Cleaner fuels, with leaded petrol phased out in 1998 and the use of ultra-low sulphur diesel imposed in 2005;
Enforcement of mandatory smoke inspection;

Educate fleet owners for regular vehicle maintenance as well as drivers to influence driving habits; and
Other policies such as such as vehicle quota system and electronic road pricing

The project has led to a reduced emission of sulphur, SO;and PM 2.5 which in turn improved air quality.

The effectiveness of Singapore's land transport policies was based on two foundations: effective implementation and the workability of

the policies.

745

Project Details

Integrate Land Use and Transport Planning Through New Bus Routes and Policy Changes

Project Description

e  Create an integrated land use and transport planning section at the Municipality

. Design all transport needs and requirements for development at the planning stage

e  Work in partnership with public and private sector organisations to deliver the required infrastructure and
services

. Consider the transport requirements for the King Abdullah Bin Abdul Aziz City development, particularly the
need for bus services

. Design and implement suitable new services, which are integrated into the public transport network, provide
a wide range of travel opportunities for residents and meet the objectives of the study

Area

No infrastructure involved.

Phase

Short term

Estimated Cost
(JDs)

The cost of institutional strengthening and implementing integrated land use and transport planning is covered
within Core project 7. Cost of providing a new fleet of buses to operate the services would be JD 2,375,000

Strategic
Relevance

Important strategic benefit of providing connectivity between a major new development and both Zarqa downtown
and the New Zarga areas. It would represent an early example of the benefits of adopting a more sustainable
approach to integrating transport with land use planning.

Environmental

Any impacts resulting from an additional number of buses would be more than compensated for through the

Impacts benefits of mode share in areas which currently have no or limited public transport availability.
Potential User Potential leasing income from operators might be JD210,900 per annum, for the first ten years, reducing to
Revenues 53,500 for the next 5 years (10 year lease for midibuses and a 15 year lease for medium size buses).

Project Readiness

Readiness of Authority Able to contribute to a partnership with LTRC and the operators, but may need skills

enhancement in the short term.

Project Readiness Requires strategic approval by LTRC to undertake structural change to bus
operations and successful negotiations with service providers, together with
research into most cost effective vehicle specifications and availability. Otherwise

should be deliverable within 1-2 years maximum.

Financing in Place No
Social Employment Generation / | Will create new jobs and enhance long term viability of the bus operating industry.
Equal Opportunities
Social Impacts Through providing improved mobility, should benefit the local economy in Zarga and
provide better links to job opportunities.
Geographical Coverage King Abdullah Bin Abdul Aziz City and urban areas to the south and south east of
Zarga downtown area
Monitoring e Increased use of public transport evidenced by greater number of trips made

Measures (KPls)

. Increased number of full time jobs in bus operating industry
e Reduced emissions per vehicle

Impact
Assessment within
Emissions Model

It is not possible to directly model all aspects of the measures in this project, i.e. the impact of policy changes on
private vehicle use. However, it is possible to model a proposed new bus network in the public transport trip
generation. Furthermore, an estimate can be made of the corresponding modal shift from private transport to
public transport as a result of the enhanced public transport provision.
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7.5 PROJECT 2: PUBLIC TRANSPORT SERVICES IMPROVEMENTS
751 Proposed Measures

Introduction of fixed timetables for bus services, the restructuring of the bus operating industry to foster
integration and the reorganisation of bus contracts into service groups.

Bus lanes / bus priority on key corridors within Zarga to facilitate the movement of buses, including bus
lanes within Zarga that have direct and speedy access to the main bus terminals.

Public Transport staff training - Courses to be run through the LTRC and/or agencies to train staff in a)
customer care, b) safe driving, and c) fuel economy techniques.

Further details regarding the project proposals are provided in Appendix D, including maps of proposed bus
services in Figures D1 to D13, in Volume 2.

752 Project Need

Our analysis of current bus services in the area has demonstrated that although the geographic coverage is
adequate (except in the case of new developments), the system itself is disjointed and uncoordinated, with
little in the way of set timetables and a general tendency for resources to fail to respond to demand patterns.
Examination of contract details indicates that there appears to be an excessive number of buses allocated
licenses, in comparison with the vehicle requirements necessary for a relatively high frequency network. The
main reasons for this appear to be:

An excessive differential between the peak vehicle and off-peak vehicle requirements, primarily because
of the way in which the demand for transport for university students distorts the system;

Too many contracts for different operators to serve the same general areas, which results in concerns
over the profitability of services for individual operators, despite good latent demand,;

Excessive allowance for ‘spare vehicle’ capacity, due to the low average fleet size of individual operators;

Inflexibility in the ability to move capacity from one service to another, which results in the need for a
large number of requests for temporary permits/licenses;

As demand has increased over the years, the tendency has been to increase the number of allocated
buses, but retaining a similar size configuration, whereas a conversion to larger buses would have
enabled the numbers of vehicles required to be reduced.

753  How does the Project Meet the Study Objectives?

The purpose of the staged components of this proposal set out in Appendix D is to address the problems by:

Creating a reliable, predictable and attractive public transport network, which will generate additional
usage by both current public transport users and by those currently using private cars;

Establishing a more robust and profitable operating industry, which will encourage additional employment
and enhance economic activity in Zarqa;

Providing an energy efficient public transport system, that will also assist in reducing overall pollution from
road transport sources in Zarga: and

Ensuring good connectivity from all urban areas of Zarqa Municipality and other contiguous areas to the
Downtown area and the main terminal locations which are likely to interface with a rail or bus based rapid
transit system.

An example of a city which has tackled the problems of providing more sustainable transport options,
through revitalising bus networks, implementing bus priority measures and engaging with its stakeholders is
Burgos, in Northern Spain, as described in Case Study Box 2 below.

Radical restructuring of a bus operating industry is not a common occurrence, however the island of Malta
experienced this very recently, and several factors there were similar to the circumstances in Zarqa.
Although EU regulations ultimately shaped the solution applied in Malta, the process of analysing the
problems and the recommendations proposed are of interest, and these are described in Case Study Box 3
below.
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7.54  Supporting Measures

The success of this project is not particularly dependent on the implementation of any of the core projects,
with the exception of core project 7, the institutional strengthening of Zarga Municipality. Significant
relationships with other projects can be summarised as follows:

1 Integrate Land Use and Transport Planning Effective bus network redesign and on-going adjustments and alterations are
Through New Bus Routes and Policy Changes dependent on an informed integrated transport planning system being in place
3 Improve Accessibility to the Proposed LRS Integration between local urban services covering the downtown area and majo
Terminal longer distance corridors such as Zarga to Amman is extremely important
4 Public Transport Terminal Improvements All bus services would benefit from this project
5 Public Transport Ticketing Changes All bus services would benefit from this project
6 Public Transport Infrastructure Regular bus stops and bus priority would enhance the reliability and energy
Improvements efficiency of bus services
7 New Low-Emission Vehicles A phased |ntroductlo‘n of low emission buses would improve the quality of
public transport services
8 . . Easy and safe access to the downtown area from the main bus terminals
Walking Infrastructure improvements )
would encourage greater use of public transport
9 Install ITS Measures Signal priority and real time information would enhance usage
10 Junction and Highway Improvements These would enhance the reliability and safety of bus services
12 Public Awareness Scheme This would encourage modal shift to public transport

Case Study Box 2: Clean High Mobility Bus Services, Burgos, Spain ¥

Burgos is a city in northern Spain. The city is the leader among Spanish cities in terms of sustainable mobility with big efforts for a city
centre free of cars, a free bicycle loan system and clean public transport.

Burgos aimed to increase the number of passengers using collective public transport by encouraging sustained use of the transport
system, ensuring the accessibility, safety and comfort of users travelling on cleaner urban transport.

Public transport service improvements included:

e Introducing priority bus lanes;

e Increase the frequency of buses;

e Modernization of urban bus service by determining demand and modeling, bus route and length can then be planned according to
passenger demand;

e Install 20 electronic information panels at bus stops; and

e Provide Training workshops for local police officers and others including system operators.

Public satisfaction has been assessed by means of surveys and indicators such as occupancy rates and frequency of usage.

The implementation of the scheme has led to more than 7% increase in passengers using public transport at the end of the project.

Sources: http://www.civitas-initiative.org/measure_sheet.phtml?language=en&id=297

Case Study Box 3: Restructuring the Bus Service Network in Malta '

Restructuring the bus operating industry in Malta has been a priority for the Maltese Government for many years, as the then current

system did not meet the requirements of European Union regulations, which require an element of ‘controlled competition’. Bus services

in Malta had a number of similarities to Jordan, for example:

e 600 land passenger enterprises employing 930 people in a small country with a population of 0.4 million

e 508 buses owned by 440 individuals

e Poor interworking of services, and lack of co=ordination

e Irregular timetables, little publicity and mixed vehicle quality

e Overbussing — each bus was only required to operate on alternate days

Significant differences from the Jordan situation were that the operators had a relatively strong trade association and that an operational

subsidy was paid by the Malta Transport Authority (ADT).

Consultants employed by the Maltese Government recommended that the best way forward to restructure the industry would be for the

services on the island to be split up into a number of route groups and operated on a net cost contract basis. Steps recommended were:

e todivide the network at an early stage into the route groups that would form the basis of the new arrangements;

e togive general details to all operators of the timetable for changes, both in terms of the new service provision and the proposed timing
of the release of service groups into the contracting process;

e togive details to all operators of the proposals to reduce the size of the industry.

The concept promoted was for single entity operators to agree to share one bus between two of them, thus reducing the total fleet

strength to a level more consistent with demand. These entities would then be encouraged to either form co-operatives, companies or

‘sell out’ to larger companies. The new organisations would then bid for one or more of the 9 route groupings proposed.

These proposals are clearly of relevance to the situation in Zarga, however the proposals have not been delivered in this form, as they

were deemed not to be in accord with EU requirements on promoting competition. Instead, an overseas bus conglomerate, Arriva,

owned by German state rail operator DB, won a contract to operate all bus services in Malta. The new fleet of just 264 buses is due to

commence operation of the restructured services in the summer of 2011, although the number of seats available will increase by 6,600 to

20,500 through the use of larger buses.

Sources: https://mitc.gov.mt/page.aspx?pageid=51
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755

Project Details

Public Transport Services Improvements

Project Description

B Undertaking detailed surveys to understand thoroughly the current demand patterns and volume of
passengers and to validate this information against the proposed revised route network, which features
restructured high frequency urban routes feeding into longer distance services at key terminals

B Restructuring of the bus industry into larger units, operating discrete groups of contracts
= Improve vehicle standards by introducing more modern buses
= Improving bus service reliability by introducing bus lanes and bus priority corridors within the downtown area
B Upgrading the quality and skills of bus driving staff through effective training
Area Affects streets identified in the Zarqa downtown area for bus priority measures.
Phase Short to medium term.

Estimated Cost (JDs)

Cost of comprehensive passenger surveys would be JD150,000

Cost of scheduling and route software plus IT equipment would be JD10,000

Purchase of 22 midibuses per year over a ten year period (total 220 buses) would be JD990,000 per annum,
cost of 4 medium buses in first year would be JD400,000

6 kms of bus lanes at JD43,800 per km would cost JD262,800

UTC system to provide priority for buses at traffic lights is costed within Project 9

Public transport staff training (to be established and run by LTRC) would cost JD50,000 per annum

Strategic Relevance

Primary project designed to achieve modal shift from private car to public transport — intended to form the local
component of a national plan to provide enhanced connectivity between the main centres in the Kingdom.

Environmental

Intended to reduce emissions in the downtown area and increase energy efficiency of public transport.

Impacts
Potential User Assuming a ten year life, the leasing of midibuses would produce revenue of JD108,000 in the first year, rising
Revenues by a further JD108,000 in each consecutive year to reach an annual total of JD1,080,000 in the tenth and

subsequent years, assuming leases are renewed for new buses once the original buses are 10 years old..

Project Readiness

Readiness of Authority Able to contribute to a partnership with LTRC and the operators, but will
need skills enhancement in the short term.

Project Readiness Essential to achieve partnership working with LTRC and bus operators to
undertake structural change to bus operations and successful negotiations
with service providers, together with research into most cost effective
vehicle specifications and availability. Implementation of bus lanes and
priorities will require consultation with affected parties. LTRC will need to

agree training proposal, identify funding and arrange delivery.

Financing in Place No

Social

Overall, will retain and enhance long term viability of the bus operating
industry, although short term repositioning of staff will be necessary —
intended to enhance status of bus driving.

Employment Generation / Equal
Opportunities

Through providing improved mobility, should benefit the local economy in
Zarga and provide better links to job opportunities.

Social Impacts

Downtown area of Zarqa, together with the whole urban area of the City
and public transport corridors to adjacent cities and towns.

Geographical Coverage

Monitoring Measures
(KPIs)

. Increased number of bus passengers and trips being made

. Measurable reduction in private car trips in the downtown area
. Reduction in vehicle emissions from buses

. Increased stability of public transport network

Impact Assessment
within Emissions
Model

The proposed new bus network can be modelled in the public transport trip generation model. Furthermore, an
estimate can be made of the corresponding modal shift from private transport to public transport as a result of
the enhanced public transport provision.
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7.7 PROJECT 3: IMPROVE ACCESSIBILITY TO THE PROPOSED LRS TERMINAL

7.71 Proposed Measures

Introduce new bus routes within urban areas of Zarga linking to the LRS terminal.

Provision of Park and Ride facilities and services - identify and make available land near the public
transport interchanges, including the new LRS terminal.

Free Shuttle Bus between Downtown zone and Public Transport Interchanges.

Further details regarding the project proposals are provided in Appendix E, together with a map of proposed
longer distance bus services in the Zarga area and a map of the proposed Park and Ride/Shuttle Bus service
(Figures E1 and E2) in Volume 2.

772 Project Need

Early in 2011, the Government indicated that the proposed Light Rail scheme between Amman and Zarga
would not be proceeding, and that an alternative strategy, such as Bus Rapid Transit, were under
consideration. If a fixed rail scheme, following the track of the Hejaz Railway, is not now a possibility, this
would result in significant changes to the inter-connectivity with the bus-based transportation system. The
fixed rail scheme positioned proposed stations along the route length, and included a terminal station at New
Zarqga, adjacent to the proposed new bus terminal, and the retention and development of the current main
station in Zarga, which is immediately adjacent to the King Abdullah Bus Terminal.

Consequently, the development of improved access to the LRS would have been concentrated on further
improved interconnectivity at the existing King Abdullah Terminal to the adjoining LRS station, and to create
a new ‘hub and spoke’ operation based on the New Zarqa Terminal, proposed for construction adjacent to
the LRS Terminal.

However, if a decision is made in the future to pursue a road based solution, such as Bus Rapid Transit, this
results in a degree of uncertainty as to how interconnectivity could be achieved. It is very unlikely that a BRT
scheme would utilise the track bed of the old Hejaz Railway, as the route is very narrow and winding and
thus not particularly suitable for rubber wheeled based technology. Nevertheless, it is our view that the
primary requirements for interconnectivity with the bus terminals in Zarga, including a new facility at New
Zarga, will remain a priority, regardless of the detailed routing between Zarqa and Amman.

7.7.3  How does the Project Meet the Study Objectives?

One of the original objectives for the Study was to develop a plan for easy access to the proposed LRS
terminal and stations using an efficient public bus transportation system in the city. This objective has had to
be revised to some extent because of subsequent changes to the LRS proposals. Further details are
provided in Appendix E. The main features, and how the project addresses the study objectives, are:

Improvements in the local urban bus network, as set out in projects 1 and 2, which are designed to
provide better integration with any proposed rapid transit system, and the introduction of a BRT service to
operate between King Abdullah Terminal in Zarga and the Hashemite University. The latter facility could
be implemented in conjunction with a BRT based service between Zarqa and Amman, or as a standalone
‘light’ BRT system. There is also the potential for this BRT service to provide a greatly improved
interconnectivity between Zarga downtown and the Free Zone, located in close proximity to the University.

A Park and Ride scheme, as a means of reducing emissions in the Downtown area, has much to
commend it. Although sometimes regarded as an interim solution, in that one leg of the trip remains by
use of the private car, Park and Ride often enables the leg of the trip likely to create the most emissions
to be completed by a public transport mode.

An effective and reliable shuttle bus service is an essential element for a successful Park and Ride
scheme. In the majority of cases, this would take the form of a direct link between the chosen Park and
Ride site and a city centre, however, in the case of Zarga, we believe that a single service linking all three
proposed Park and Ride sites with each other and with key Downtown attractors would be the most
attractive and cost efficient approach.

Another justification for selecting this proposal is that such a combined Park and Ride/shuttle service would
provide an attractive and effective means of distributing passengers arriving at both King Abdullah and
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Prince Rashid Terminals to other locations within the Downtown area and would also provide additional
interconnectivity with an LRS system.

One of the most well-known BRT schemes is the Transmilenio system in Bogota, Columbia, which is
described in Box 4 below. The section of BRT operation that is recommended from Zarga to the Hashemite
University is not to this degree of complexity, but would consist of modern high-capacity buses operating to a
frequent timetable and with a degree of bus priority measures applicable in the built-up urban area.

Park and Ride facilities are well established in many parts of the world, and Box 5 below describes the
Beyhaghi facility in Iran. In the UK, one of the most well-known systems is at Oxford, which has been in
operation for over 25 years, and which includes a number of parking sites around the periphery of the city '°.

Free or low cost shuttle bus services have been introduced in many cities as a means of improving
accessibility and restraining car trips to the downtown areas. Box 6 below describes a well-established
system in Chattanooga, Tennessee USA, which also utilises electric buses.

774

Supporting Measures

The success of this project is not particularly dependent on the implementation of any of the core projects,
with the exception of core project 7, the institutional strengthening of Zarqa Municipality.

Significant relationships with other projects can be summarised as follows:

Integrate Land Use and Transport
Planning Through New Bus Routes and
Policy Changes

Effective specialised services, such as Park & Ride and a downtown shuttle
service are dependent on an informed integrated transport planning system being
in place

The proposed revised bus network has been designed to integrate with a Park an

2 . .
Public Transport Services Improvements Ride/shuttle bus service.
4 Public Transport Terminal Improvements The proposed new service would form an essential link between these terminals.
5 Public Transport Ticketing Changes All bus services would benefit from this project
6 Public Transport Infrastructure Regular bus stops and bus priority would enhance the connectivity of the propose
Improvements service
7 o ) The use of low emission buses on the new service would improve the quality of
New Low-Emission Vehicles . . :
public transport services and encourage non-public transport users.
8 . . Easy and safe access to the downtown area from the main bus terminals would
Walking Infrastructure improvements .
encourage greater use of the new service.
9 Install ITS Measures Signal priority and real time information would enhance usage
10 Junction and Highway Improvements These would enhance the reliability and safety of the service.
11 . A holistic on-street and off-street parking policy and strategy are essential for the
Parking . .
Park and Ride bus service to be successful.
12 Public Awareness Scheme This would encourage modal shift to Park and Ride.

Case Study Box 4: Bus Rapid Transit System, Bogota, Colombia ('®

Bogota is the capital city of Colombia. Prior to the construction of the TransMilenio, Bogota’s bus rapid transit (BRT) system, the city
consists of thousands of independently operated and uncoordinated mini buses.

A bus system was chosen due to its cost effectiveness in comparison with a railway system. The initial system took three years to
complete from its conception to opening in December 2000. There are subsequent phases planned until 2016.

TransMilenio consists of several interconnecting BRT lines, each composed of numerous elevated stations in the center of a main
avenue. Passengers typically reach the stations via a bridge over the street. There are dedicated lanes in the center of the street for bus
traffic (express and local buses).
Contactless smart card ticketing system (MIFARE) is implemented. Furthermore, Bogota has many bicycle paths built throughout the
city in conjunction with TransMilenio and cycling parking facilities are provided at the TransMilenio stations at each end of a line.

The construction cost for the first phase of 41 km was US$240 million, or US$5.9 million/km. Most of the money required to build
TransMilenio was provided by the Colombian central government, while the city of Bogota provided the remaining 30%.

Daily ridership reached to 800,000 after the TransMilenio opened. TransMilenio has since been expanded and ridership in early 2006
was 1,050,000 daily, and in 2009, it was 1,400,000 daily.

With the TransMilenio in place, a reduction of 93% in fatalities from traffic accidents has been reported. Furthermore, a 40% reduction
of some air pollutants; and a 32% drop in travel time for users.

Seventy-five percent of Bogotaans rate the system as good or very good.

Other cities are building systems modeled on Transmilenio, for example Mexico City.

To cover operating costs, the system is charging a flat fare (less than $0.85 USD per trip). The operation is funded entirely by fare

collection with no subsidies provided. It incorporates a sustainable private participation scheme and, although the system is bus-based,
its operation is similar to that of a rail-based system.
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Case Study Box 5: Beyhaghi Park-Ride Terminal, Tehran, Iran "

Beyhagi Park-Ride Terminal is located in Argentine Square, Tehran and was developed in 1991 by Tehran Municipality following traffic
problems resulting from population growth and the expansion of urban regions in the city.

In order to encourage people to use the public transport system, Beyhagi Terminal was developed with a park and ride facility,
accommodating 5,000 cars. The provision of a park and ride allows more than 10,000 passengers per day to travel using Tehran Bus
Company services.

Increased bus ridership results are reported. In combination with other bus related measures, the document “Air Pollution Counter
Measures in Tehran” prepared for the mayor of Tehran reports that for every one million dollars spent on public transport there will be as
much as 186 tons reduction in pollutants.

Case Study Box 6: Downtown Chattanooga Electric Shuttle Bus, Tennessee USA ('®

Poor air quality, traffic congestion, urban decay, and loss of revenue once plagued Chattanooga. As the downtown area was revitalised,
it became apparent that a new mode of transport was needed to reduce pollution, relieve traffic congestion, and free up land for
development projects rather than parking lots.

The Downtown Electric Shuttle Bus is a free service seven days a week with a frequency of 5 minutes. The service provides convenient
access to attractions, retail areas, leisure facilities and employment in the Downtown area. Convenient car parking is provided at the
terminals. The bus fleet consists of 81 vehicles, of which 16 are alternative fuel.

The project cost in the region of $160,000-180,000 for electric buses, however the fuel and maintenance costs are cheaper than diesel
vehicles. Operating costs for the electric buses are covered by parking revenues and lease of commercial space in the parking facilities.

The downtown service has recorded over 11.3million passengers since 1992, with the electric buses covering more than 1.9million
miles. It is estimated that 65 tons of pollutants have been saved so far. A key lesson learnt was that finding an efficient way to charge
the vehicle batteries is essential.

7.7.5  Project Details

Improve Accessibility to the Proposed LRS Terminal

Project Description ®  Designing the urban bus network to provide excellent interconnectivity with the most likely routings of a
rapid transit system.

®  Providing a BRT service between King Abdullah Terminal, Zarqa and the Hashemite University, either
as an extension of a Zarga to Amman system or as a standalone ‘light’ BRT.

®  Designing a Park and Ride system based on three separate sites to connect with the downtown area
and major attractors, in conjunction with an integrated parking strategy.

®  Providing a shuttle bus around the downtown area, using the proposed Park and Ride service.

Area New at grade Park and Ride car parks to be constructed at locations on the periphery of the downtown area.

Phase Short term (BRT might be in the medium term, dependent on decisions on the rapid transit system between
Zarga and Amman).

Estimated Cost (JDs) Cost of BRT buses assuming 15 new articulated buses would replace 25 conventional full size = JD2,700,00

Cost of 4 kms of bus lane at JD43,800 per km would be JD175,200.

Cost of providing the Park and Ride car parks would be JD673,000 per site, totalling JD2,019,000 for three.
Cost of purchasing midibuses to operate the Park and Ride service and also the shuttle bus service (24
midibuses) would be JD1,080,000.

Strategic Relevance Park and Ride project designed to achieve partial modal shift from private car to public transport. Local bus
network and the shuttle bus concept are intended to strengthen accessibility provided by the longer
distance strategic link to Amman..

Environmental Impacts Intended to reduce emissions in the downtown area and increase energy efficiency of public transport.

Potential User Revenues | Potential leasing income for the BRT proposal would be JD180,000 per annum, but all or part of this may
be needed as subsidy in view of the high capital costs involved.

Potential leasing income from the lease of the midibuses would be JD84,000 per annum, but this would
probably need to be subsidy due to the low fares income from a Park and Ride/shuttle bus type of service.

Project Readiness Readiness of Authority Able to contribute to a partnership with LTRC and the operators, but
will need skills enhancement in the short term.
Project Readiness Essential to achieve partnership working with LTRC and bus
operators to design suitable schemes.
Financing in Place No
Social Employment Generation / Equal Will create new jobs and enhance long term viability of the bus
Opportunities operating industry.
Social Impacts Through providing improved mobility, should benefit the local
economy in Zarga and provide better links to job opportunities.
Geographical Coverage Downtown area of Zarga and immediately adjacent area..
Monitoring Measures . Increased mode share for public transport between Zarga and the Hashemite University
(KPIs) . Targets to be set for number of cars using the Park and Ride facilities
o Targets to be set for load factor for the Park and Ride/shuttle bus services
Impact Assessment It is not possible to measure the impact of this project in isolation

within Emissions Model
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7.8 PROJECT 4: PUBLIC TRANSPORT TERMINAL IMPROVEMENTS
7.81 Proposed Measures

Internal Infrastructure Improvements to the King Abdullah and Prince Rashid Bus Terminals in Zarga -
Redesign the internal layout of the terminals with a view to reducing pedestrian — vehicle conflicts and
facilitating smooth internal circulation.

Access Improvements to the King Abdullah and Prince Rashid Bus Terminals in Zarqa - Redesign entry
and exit access entry with a view to minimising conflict with external traffic and reducing pedestrian-
vehicle conflicts.

Further details regarding the project proposals are provided in Appendix F in Volume 2.
7.8.2 Project Need

The existing bus terminals in Zarga City require improvements to provide efficient, well designed layouts and
attractive facilities for passengers.

The Municipality of Zarga has undertaken improvements, with plans for further work, mainly affecting the
King Abdullah Terminal. Work has been undertaken to rehabilitate the Terminal by removing many of the
kiosks, shops and the old roof, and there are plans to create a commercial building to replace these kiosks
and shops. There is also a project to create another commercial building in the Terminal to accommodate
the remaining kiosks and market stands and to provide much needed toilet facilities. This is to be funded
through the Regional and Local Development Project scheme, financed by the World Bank and the Agence
France de Développement (AFD).

A new bus terminal facility located close to New Zarga would provide excellent interchange for local services
originating in the downtown area of Zarga and would be closely integrated into the proposed terminal of the
Zarga to Amman rapid transit system, together with the proposed Park and Ride at grade car park facility.

7.8.3  How does the Project Meet the Study Objectives?

Improving the facilities, layouts and operational design of the main bus Terminals in Zarga come under this
category. Experience from other countries such as Brazil (Case Study Box 7 below) demonstrates that these
types of improvement can be effective, but are usually combined with other measures, such as the provision
of real time information, better buses or improved ticketing and timetabling thus making it difficult to isolate
the impacts of individual measures.

Improvements to the terminals in Zarqa would certainly address the objective of promoting an efficient public
bus transportation system in the city.

In the case of improved access to minimise conflict with other traffic and pedestrians, the main benefit would
clearly be one of safety, although there would also be a benefit to ease of access between the possible LRS
stations, the bus interchange terminals and destinations in the Downtown area.

7.84  Supporting Measures

The success of this project is not particularly dependent on the implementation of any of the core projects,
with the exception of core project 7, the institutional strengthening of Zarqa Municipality.

Significant relationships with other projects can be summarised as follows:

Integrate Land Use and Transport Planning Well-designed bus terminals in the most appropriate locations are important

L Through New Bus Routes and Policy Changes  in the success of land use and transport planning integrated policies.

2 Public Transport Services Improvements Safe and efficient terminals supplement PT service improvements.

Improve Accessibility o the Proposed LRS Integration between local urban services covering the downtown area and

3 Terminal the major longer distance corridors, such as Zarga to Amman, is extremely
important in relation to the location of efficient and effective terminals.
6 Public Transport Infrastructure Improvements Bus terminals are one level of hierarchy in the provision of facilities for

passengers, and complement the other levels, such as on-street bus stops.
Easy and safe access to terminals and minimising conflict between

8 Walking Infrastructure improvements pedestrians and buses within the footprint of terminals are key factors in
.providing a safe and pleasant environment.

Real time information would enhance usage of bus services and provide a

9 Install ITS Measures key information link within bus terminals.

12 Public Awareness Scheme This would encourage modal shift and increase the use of terminals.
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Case Study Box 7: Bus Station Design, Curitiba, Brazil (19)

Curitiba is internationally recognized as an environmentally sustainable city mainly due to its efficient and innovative BRT transportation
system implemented since the 1970s. Curitiba’s public transportation consists entirely of buses with unified fare. There are several
different types of bus, each with a different function.

Besides its BRT system, Curitiba has designed unique boarding tube stations with the intention of avoiding fare evaders. These stations
are enclosed, easily accessed and are placed along direct routes and express lanes.

To increase convenience, boarding efficiency and reduce fare evaders, passengers pay an entrance fare at the turnstile and wait for
their respective direct or express bus to pass. The tubes elevate passengers to the bus platform level where automatic doors operated
by the tube conductor open parallel to the bus doors. Buses are designed with three doors, two doors for exiting and a front door for
boarding. Furthermore, each tube station is equipped with lifts as well as station and route maps.

The design of the bus station has contributed to the success of Curitiba's BRT.

Results of the 1991 traveller survey estimated that the introduction of the BRT has led a reduction of about 27 million vehicle trips per
year; this is an equivalent of about 27million liters of fuel per annum. With comparison to eight other Brazilian cities of its size, Curitiba
uses about 30 % less fuel per capita. Furthermore, approximately 28% of the BRT users previously travelled by car.
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Project Details

Public Transport Terminal Improvements

Project Description

= Design and implement improved facilities at both King Abdullah and Prince Rashid terminals,
concentrating on minimising conflict between pedestrians and buses.

= Design and construct a new terminal adjacent to New Zarga and integrated with the LRS proposals
and the Park and Ride facility.

Area

Existing terminals in the downtown area and a location in New Zarqa.

Phase

Short term — new terminal at New Zarqa may be medium term, depending on the progress of the LRS
scheme.

Estimated Cost (JDs)

Cost of improvements to the internal layouts at King Abdullah and Prince Rashid Terminals to minimise
conflict with pedestrians and costs of access design improvements, including entry and exit designs, would
be JD6,520,000 for King Abdullah Terminal and JD4,832,500 for Prince Rashid Terminal.

Cost of construction of new bus terminal at New Zarga would be around JD2,925,000.

Costs for pedestrian road crossing improvements are included in Project 8.

Strategic Relevance

The three terminals considered will be a critical element in the strategic LRS scheme.

Environmental Impacts

No specific impacts.

Potential User Revenues

None anticipated.

Project Readiness

Readiness of Authority Able to implement improvements and construction of new terminal.

Project Readiness Essential to achieve partnership working with LTRC and bus

operators to design suitable layouts.

Financing in Place No

Social

Employment Generation / Equal
Opportunities

No specific employment opportunities other than construction, and
some staffing at the proposed new terminal.

Social Impacts Through providing improved accessibility, should benefit the local

economy in Zarga.

Geographical Coverage Improved facilities for all bus services coming into Zarqa.

Monitoring Measures
(KPIs)

. Restricted to keeping to cost estimates, sustainability and passenger throughput.

Impact Assessment
within Emissions Model

It is not possible to measure the impact of this project in isolation
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7.9 PROJECT 5: PUBLIC TRANSPORT TICKETING CHANGES
7.91 Proposed Measures

The introduction of a high quality premium fare scale for Level 1 services across Jordan serving Zarqa,
and a standard class fare scale for an integrated Level 2 national network.

Competitive pricing for public transport through the introduction of through ticketing for multi-part trips on
Levels 3, 4 and 5 services.

The introduction of Electronic Ticketing Machines (ETMs) to eliminate, or at least reduce, on board cash
payments.

Further details regarding the project proposals are provided in Appendix G in Volume 2.
792 Project Need

The current system takes into account both fixed costs and variable costs, with the latter being applied to the
relevant line length in kilometres. However this system is clearly not currently functioning in achieving its
objectives. A desire not to inflate fares excessively has resulted in the full impacts of fuel cost rises (the
single highest cost element for transport operation in Jordan) not being reflected in fares readjustments, with
the result that bus operators’ margins have been severely squeezed to the point where profitability is difficult
to achieve and transport staff wages are, in many cases, reducing in real terms, causing industrial relations
problems.

7.9.3  How does the Project Meet the Study Objectives?

Provision of a highly affordable and more extensive network of bus service would enhance longer distance
accessibility to work, education and leisure facilities. Consequently the demand for private vehicle trips to
and from downtown Zarga will be reduced.

The benefits of introducing integrated public transport fares, such as an increase in usage, are demonstrated
by the example of Freiburg in Germany, as shown in Case Study Box 8 below.

7.94  Supporting Measures

The success of this project is not particularly dependent on the implementation of any of the core projects.
Significant relationships with other projects can be summarised as follows:

New bus services are made more attractive through the provision of

differentiated and through fares which do not require passengers to pay
separately for each link in the journey.

1 Integrate Land Use and Transport Planning
through New Bus Routes and Policy Changes

New bus services are made more attractive through the provision of

2 Public Transport Services Improvements differentiated and through fares which do not require passengers to pay
separately for each link in the journey.
3 Improve Accessibility to the Proposed LRS Multi-modal ticketing opportunities would enhance usage on both buses
Terminal and the LRS system.
6 Public Transport Infrastructure Improvements Regular bus stops help to optimise the benefits of sophisticated ticket
systems.
12 This would publicise the opportunities provided by more sophisticated fare

Public Awareness Scheme scales and journey opportunities.
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Case Study Box 8: Simplified / Integrated Public Transport Fares, Freiburg, Germany ?%

Between 1950 and 1970 motorisation grew rapidly in Freiburg. Freiburg’s transport system has however become more sustainable over
time, with a trend away from car use despite strong population growth, rising incomes, and a booming economy.

Introduction in 1984 of Germany’s first transferable flat rate monthly transport ticket -a low cost ‘environmental’ travel card. The system
was later extended in 1991. Key features include:

. Unlimited use at no financial cost once trips above a certain threshold are conducted
. Interpersonal transferability and
e  Wide regional validity

The monthly tickets offer bargain fares for regular public transport users.
In combination with other public transport improvements, patronage doubled between 1983 and 1995.
The percentage of public transport riders using monthly tickets rose from 39% in 1974 to 92% in 2006.

Implement controversial policies in stages

Plans should be flexible and adaptable over time to changing conditions

Policies must be multi-modal and include both incentives and disincentives

Fully integrate transport and land-use planning

Citizen involvement must be an integral part of policy development and implementation

Support from higher levels of Government is crucial to making local policies work

Sustainable transport policies must be long term with policies sustained over time for lasting impact
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Project Details

Public Transport Ticketing Changes

Project Description

= Implementation of a nationwide fares scale for long distance travel by bus.
®  Introduction of through ticketing with the provision of a clearing house system.
m  Alllocal buses to be equipped with Electronic Ticket Machines (ETMs).

Area

No physical infrastructure will result.

Phase

Short term.

Estimated Cost (JDs)

Costs for integrated ticketing systems are dependent on wider scale introduction by the LTRC, in particular
the establishment of a clearing house.

Introduction of lower cost journeys is dependent on a business case or the payment of some form of
subsidy by LTRC.

LTRC intend to introduce ETMs throughout Jordan, and a tender is currently under consideration. To fit the
level 5 bus fleet in Zarqa with ETMs as a standalone exercise would cost about JD400,000 assuming a
total of 332 buses. This cost would include software and back office equipment.

Strategic Relevance

Intention to provide the Kingdom with an integrated national public transport system.

Environmental Impacts

Encourages the use of public transport and thus reduces the number of trips undertaken by private car.

Potential User Revenues

None anticipated.

Project Readiness

Readiness of Authority Wholly dependent on LTRC, although the Municipality can provide

support..

Project Readiness Dependent on successful contract to equip buses throughout the

Kingdom.

Financing in Place Yes —LTRC intend to let a contract.

Social

Employment Generation / Equal
Opportunities

No specific employment opportunities other than increasing
employment in the public transport industry.

Social Impacts Through providing improved accessibility, should benefit the local

economy in Zarga.

Geographical Coverage Improved accessibility and fare costs available for certain journeys

on all bus services coming into Zarga.

Monitoring Measures
(KPIs)

. Additional trip generation must at least generate sufficient additional revenue to counteract any
reduction in individual trip revenue
. Achieve targets for fitting all buses with ETMs.

Impact Assessment
within Emissions Model

It is not possible to measure the impact of this project in isolation
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7.10 PROJECT 6: PUBLIC TRANSPORT INFRASTRUCTURE IMPROVEMENTS
7.10.1 Proposed Measures

Provision of bus stops (shelters, lighting, seating, timetables) to eliminate the “hail and ride” culture that
currently exists

Provision of real-time timetable information at terminals and bus stops to improve trust and reliability of
bus services

Further details regarding the project proposals are provided in Appendix H in Volume 2.
7.10.2 Project Need

The concept of a normal bus journey does need to be changed significantly, and this appears to be well
understood by key players in the transport sector in Jordan. At present, the perception held by public
transport users is that the only place to commence a bus journey is a recognised Bus Terminal. Bus
Terminals are where buses wait to pick up passengers, and their departure times are often determined by
the number of people presenting themselves at Bus Terminals to make a specific journey. The introduction
of fixed timetables with intermediate timing points would enable formalised bus stops to be located
throughout urban areas.

In turn, this will enable passengers to access bus stops far closer to where they live in order to board the bus
service they require, with much of the uncertainty about the time when the bus will arrive removed.

7.10.3 How does the Project Meet the Study Objectives?

The purpose of many of our proposals concerning public transport is to create a step change in the public
perception of the reliability and predictability of using bus services. Currently, there is a great emphasis on
the importance of Bus Terminals, which are regarded as the locations where buses wait to pick up
passengers, and their precise departure times are often determined by the number of people presenting
themselves at Bus Terminals to make a specific journey. The introduction of fixed timetables would enable
formalised bus stops to be located throughout the urban area of Zarga.

Of course, local bus services do stop within the Downtown area of Zarga at the moment, but such locations
are entirely ‘ad hoc’, although usually known to regular bus users. However these locations have no signs or
indications that they are bus stops, there are no timetables or other indications and they are often located at
highway intersections, which can be dangerous for passengers. In addition, buses often cause obstruction
to other traffic whilst setting down and picking up passengers, which exacerbates congestion in the
Downtown area.

A combination of published timetables and physical bus stop location will enable passengers to access bus
stops far closer to where they live in order to board the bus service they require, with much of the uncertainty
about the time when the bus will arrive removed.

The introduction of a Real Time Passenger Transport Information (RTPI) system has a multitude of benefits
in meeting the study objectives. These can be summarised as:

The system identifies the location of all buses and enables operators to take remedial action in the event
of unreliable running as a result of, for example, congestion;

The anticipated arrival time of a bus at each bus stop can be predicted and displayed at the stop, which
encourages usage through greater certainty;

Information on bus times in real time can be provided via the internet or mobile phones,

It should be noted that LTRC hope to introduce this technology in the near future, and is in the process of
assessing detailed proposals and costs at the time this report is being produced.

RTPI systems are well established throughout the world, and Case Study Box 9 below shows a typical, but
technically very advanced, system installed in Helsinki, Finland, which utilises mobile telephony.
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7.10.4  Supporting Measures

The success of this project is not particularly dependent on the implementation of any of the core projects,
with the exception of core project 7, the institutional strengthening of Zarqa Municipality.

Significant relationships with other projects can be summarised as follows:
The provision of formal bus stops and the availability of timetable

information are a significant factor in ensuring that bus services can serve
new developments effectively.

1 Integrate Land Use and Transport Planning
Through New Bus Routes and Policy Changes

2 . . The provision of formal bus stops and the availability of timetable
Public Transport Services Improvements . . Lo P . . .
information assist in optimising the benefits of improved bus services.
3 Improve Accessibility to the Proposed LRS Bus stops and tlmetatl)lle |nformat|o;]1 |mproye.the.ease of use gr)d .
Terminal propensny to use public transport thus assisting inter-connectivity at major
interchanges.
4 Public Transport Terminal Improvements Bus stops and terminals form part of the hierarchy of movements between
transport modes and are thus inter-dependent.
5 . S~ There is a direct relationship between through ticketing benefits and the
Public Transport Ticketing Changes provision of formal bus stops and timetable publicity.
8 Walking Infrastructure improvements Pedestrian improvements assist in creating better accessibility to formal
bus stops.
9 Real time information enhances significantly the provision of public
Install ITS Measures transport information to bus users.
12 There is a direct relationship between public awareness schemes and the

Public Awareness Scheme e . . .
provision of public transport information.

Case Study Box 9: Helsinki Real Time Passenger Transport Information ?"

Helsinki’'s comprehensive approach to passenger information includes a door to door journey planner, a real time timetable service
using mobile phone browsers, passenger information displays, the HELMI telematic system, wireless broadband on vehicles, a regional
e-travel card and single ticket purchase via mobile phone.

During 2006/07 WSP Finland implemented WSP Live!(now renamed Mattersoft Live!) - an innovative public transport real-time pilot
project for Helsinki City Transport (HKL) as part of HKL's HELMI 2 project. It provides:-

e Traffic light priorities for buses and trams
e Real-time display system for use both on vehicles, at terminals and at individual bus/tram stops
e Real time web and mobile services

e Wi-Fi availability for passengers in the vehicle

HKL's objective is to provide reliable and consistent information to both the operator and to the travelling public. The new system differs
from the previous one in both the architecture and in the way it provides information to users. It tracks the position of each vehicle with
high-accuracy GPS and high frequency mobile Internet connection. All the major logics and computing equipment are on the server
side, which reduces the cost of on-board equipment.

By the end of 2008, 200 trams and buses had been upgraded with the new system. Passengers with a Wi-Fi capable laptop or mobile
device can connect to the internet. In addition, the Helsinki implementation offers specific travel information for whichever vehicle the
passenger is travelling on. Several methods are used to provide real-time information for passengers and all communications are based
on open internet technologies, resulting in very cost-effective services. Retained data for individual journeys is available for browsing on
a secure web interface and is also used by the stop time prediction algorithms to update the stop time forecasts.

59




Developing an Energy Efficient Urban Transport Plan for Zarga City Downtown

Final Report
November 2011

7.10.5 Project Details

Public Transport Infrastructure Improvements

Project Description

= Identify suitable locations and construct bus stops/shelters throughout bus routes in the downtown
area, using the criteria developed by the LTRC.

m  This process should be expanded into the urban areas of the Municipality as funding becomes
available.

B Ensure that up to date timetable information is displayed at all bus stops, following restructuring of bus
services and the introduction of fixed timetables.

®  Equip buses with suitable tracking system in order to introduce Real Time Passenger Transport
Information at terminals and bus stops.

Area

Streets where bus routes operate in the downtown area.

Phase

Short term

Estimated Cost (JDs)

In the downtown area, there would be a requirement for 22 paired bus stops (that is, 44 stops in total) cost
for this at JD2,800 per stop would be JD123,200. This includes shelter, stop and timetable. The provision
of bus stops should also be extended to cover the whole area of the Municipality in due course.

The cost of installing a Real Time Passenger Transport Information system is included in Project 9 below.

Strategic Relevance

RTPI forms part of a nationwide initiative to make public transport services more reliable and predictable.

Environmental Impacts

Encourages the use of public transport and thus reduces the number of trips undertaken by private car.

Potential User Revenues

None anticipated, although the Municipality should explore the potential for advertising at bus stops and
shelters to defray the costs.

Project Readiness

Readiness of Authority Able to implement bus stop and shelters programme, but wholly

dependent on LTRC to introduce RTPI.

Project Readiness Essential to achieve partnership working with LTRC, bus operators
and police to identify suitable bus stop locations. May also require

local consultation.

Financing in Place No (LTRC hope to have finance for RTPI)

Social

Employment Generation / Equal
Opportunities

No specific employment opportunities other than construction, and
some specialist staffing to operate the RTPI system..

Social Impacts Through providing improved accessibility, should benefit the local

economy in Zarga.

Geographical Coverage Downtown area of Zarqa, including all bus terminals.

Monitoring Measures
(KPIs)

. Number of bus stops required and adherence to a timetable for their construction.
. Roll out of RTPI programme in accordance with agreed timetable.

Impact Assessment
within Emissions Model

It is not possible to measure the impact of this project in isolation
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7.11 PROJECT 7: NEW LOW-EMISSION VEHICLES

7.11.1  Proposed Measures
Changes to the bus vehicle fleet to provide new low emission buses
Benchmark and set appropriate fuel consumption goals by bus type

It was originally intended to investigate the potential to rationalise the operation of School Buses by
analysing school bus routes and their utilisation to maximise the efficiency of the services and minimise the
number of school bus vehicles in operation at any one time. However, it became apparent that, due to the
relatively low number of private schools located in Zarqa, the school bus movement in the peak periods was
not sufficiently large to warrant further investigation.

In terms of considering specifications for new buses, we consider that existing white taxis should be replaced
over three years by hybrid cars, new services such as the bus routes designed for King Abdullah bin Abdul
Aziz City and the Park and Ride/Shuttle bus system should be provided by new buses, preferably CNG
powered if this is practicable, and that replacement buses purchased in future should either be CNG
powered or to at least Euro 3 standard. We are, however, aware of the dichotomy that, whilst Euro 3
specified buses should reduce emissions, they are not necessarily more fuel efficient.

Further details regarding the project proposals are provided in Appendix | in Volume 2.
7.11.2  Project Need

The public transport vehicle fleet is ageing, with a majority of buses between 10 and 17 years old. In
addition, such vehicles suffer from poor emission levels and contribute towards the overall poor air quality in
the area. Investment needs to be made in order to ensure that the average age of the bus fleet is reduced
over a period of time, and such investment needs to ensure that the vehicles selected for purchase are as
energy efficient and have as low emissions as is practicable.

7.11.3 How does the Project Meet the Study Objectives?

A fundamental element of this report is to encourage the greater use of public transport. The main reasons
for this may be summarised as:

Public transport is a more energy efficient means of transporting people (provided that it is well used) —
this is even more true if the emissions from individual buses can be reduced through changes to technical
specification;

Improved public transport provides better accessibility to education, health and work for those without
access to a private car;

Public transport has the potential to reduce overall emissions, if it can replace trips that would otherwise
be made by private car.

We have described a number of proposals designed to make public transport services more attractive in the
Zarga Downtown area. Paradoxically, our proposals might well result in a smaller number of buses
operating a higher overall mileage, as they are used in a much more efficient way. Consequently, this
proposal considers how the use of low-emission buses might ensure that overall improvements to air quality
in the Downtown area are achieved, as well as resulting in improved energy efficiency.

We have assumed that new buses purchased as part of these projects will be to Euro Il specification,
although it is appreciated that low or ultra-low sulphur diesel fuel is not yet available in Jordan. In broad
terms, new buses to this specification should have a significant impact on emissions, but may not have much
impact on fuel efficiency. This project is intended to enhance significantly fuel efficiency, and, in the absence
of the ability to move to Euro V specification buses, CNG powered vehicles look like potentially the most
practicable alternative. Case Study Box 10 below shows how CNG powered buses in Delhi, India have been
deployed to achieve these objectives.

7.11.4  Supporting Measures
The success of this project is not particularly dependent on the implementation of any of the core projects.

Significant relationships with other projects can be summarised as follows:
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2 Public Transport Services Imorovements The introduction of new buses with reduced emissions is dependent on a
P P successful restructuring of bus operations.
8 Walking Infrastructure imorovements Walking is more attractive where successful efforts have been made to
9 P reduce the effects of emissions on air quality.
12 Improvements to the quality of buses used on local services would be a

Public Awaren hem: ) .
ublic Awareness Scheme useful component in public awareness schemes.

Case Study Box 10: CNG Buses, Delhi, India ??

With rapid increase in vehicle kilometers driven and poor vehicles technology, there was growing concerns about the rising levels of air
pollution in the national capital region (NCR) of India, which includes Delhi.

The Supreme Court of India involvement began in the 1980s when it is apparent that the responsible government had taken no
appropriate action to combat air pollution. A time frame for measures to tackle air pollution to be taken was issued by the court in 1998.

By 2000, all pre-1990 cars and taxis to be replaced by clean fuelled vehicles. No buses to be more than eight years old except those
using CNG or other clean fuels. A new interstate bus terminal will be built at the entry points to the north and southwest.

By 2001, all post-1990 cars and taxis will receive financial incentives for replacement to clean fuelled vehicles by 2001. City bus to be
converted to single fuel mode on CNG.

In terms of fuel supply, Gas Authority of India Ltd. to expand its CNG dispensing capacity from 9 to 80 stations by 2001.

In terms of testing and maintenance, two independent fuel testing labs were established in 1999 and inspection and maintenance (1&M)
facilities to be set up by transport department and private sector by 2001.

The conversion to CNG vehicles has results in a decrease of CO2, SO2 and CO. Between 2000 and 2008, CO2 emissions have
reduced by 72% and SO2 levels have reduced by 57 %. PM and nitrogen dioxide levels have also shown a slight decrease.

While the CNG adaption has helped Delhi reduce pollutant concentrations, the following problems were encountered during the process:

. Delay in management decisions on infrastructure due to limited CNG allocation
. Uncertainty on demand for CNG

. Lack of indigenous technology

. Capital intensive to implement

. Infrastructural constraints

A proper plan is necessary for the implementation of such large scale conversion to ensure there is sufficient availability of alternative
means of transport for all users and to minimise chaos on roads.

Alongside this, the government and associated organisation will need to fully support and promote the public transportation system with
stringent standards enforced for non-CNG or fuelled clean vehicles.
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7.11.5 Project Details

New Low-Emission Vehicles

Project Description

To improve emission levels of buses by introducing new, improved specification vehicles
To replace the white taxi fleet over a three year period by hybrid vehicles

To introduce new buses for the proposed additional services in the KABAAC area and for the Park and
Ride/shuttle bus system, either by utilising CNG powered buses or buses to Euro 3 specification

B To instigate a fleet replacement programme for local urban bus services, associated with the
restructuring of the local bus operating industry

Area

No infrastructure implications.

Phase

Short and medium term

Estimated Cost (JDs)

Purchase of 60 hybrid white taxis over a three year period would be JD500,000 per annum.

Whilst it is recommended that detailed investigation is made into the practicalities of purchasing new CNG
powered buses, it is difficult to price this option without understanding the likely costs of importing buses,
establishing CNG infrastructure and the cost of CNG to the operator compared to diesel fuel. As a very
general rule, new CNG buses tend to cost around 20% more to purchase than equivalent diesel powered
vehicles.

Strategic Relevance

Closely linked to the availability and quality of fuels capable of use by buses.

Environmental Impacts

Intended to improve emissions across the bus operating fleet, partially counteracting the improved
utilisation of buses.

Potential User Revenues

Assuming a seven year life, the leasing of white taxis would produce revenue at JD72,000 in the first year,
rising to JD144,000 in the second year and JD216,000 per annum thereafter.

Project Readiness

Able to contribute to a partnership with LTRC and the operators, but

Readiness of Authority will project must be led by LTRC..

Essential to achieve partnership working with LTRC and bus
operators to undertake structural change to bus operations and
successful negotiations with service providers, together with
research into most cost effective vehicle specifications and
availability.

Project Readiness

Financing in Place No

Social

Employment Generation / Equal
Opportunities

No significant, immediate impact likely.

Social Impacts Improved air quality likely to have significant health benefits

Downtown area of Zarga, together with the whole urban area of the

Geographical Coverage City.

Monitoring Measures
(KPIs)

. Use of spreadsheet model to demonstrate impacts of planned changes, using targets and
timescales

. Calculation of targets for fuel consumption improvements for different sizes and types of bus

Impact Assessment
within Emissions Model

The impact of this project can be modelled by calculating the emission factors for new low-emission
vehicles in the IVE model
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7.12 TRAVEL DEMAND MANAGEMENT PROJECTS
7.12.1 Introduction

Five of the proposed projects comprise Travel Demand Management (TDM) measures which are designed
to manage the demand for travel, predominantly acting to discourage travel by private vehicles and thus
enhancing the appeal of sustainable travel.

7.12.2  Current Problems with Travel Demand Management in Zarga

Travel demand management measures to discourage use of the private car and promote sustainable travel
are limited in Zarqa, with existing congestion being the main deterrent to road based travel. Many
opportunities exist to enhance the appeal of public transport and walking/cycling for residents of the city,
however funding and lack of support from the public threaten the success of changing travel behaviour.

7.12.3 Study Objectives Context
The implementation of TDM measures are intended to assist the main study objectives through:
Encouraging the use of public transport;
Increasing accessibility for pedestrians and cyclists;
Deterring private vehicles from travelling to downtown Zarqa;
Improving the flow of traffic through downtown Zarqa; and

Making the highway network safer for pedestrians and motorists.
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7.13 PROJECT 8: WALKING INFRASTRUCTURE IMPROVEMENTS

7.13.1 Proposed Measures

Footway Audit to identify areas of missing footway and damaged or obstructed footway in need of
maintenance;

Provision of continuous footways where there are currently missing sections within downtown Zarga and
along routes to bus stations;

Provision of pedestrian footbridges across Al Jaish Street to link downtown Zarga with King Abdullah bus
station and KABAAC to the east of Zarga;

Provision of pedestrian footbridges across King Talal Street to link downtown Zarga with Prince Rashid
bus station;

Provision of signalised at-grade pedestrian crossings in downtown Zarqa; and

Installation of directional and information signage for pedestrians to aid navigability with emphasis on
links to Public Transport.

Further details regarding the project proposals are provided in Appendix J in Volume 2.
7.13.2 Project Need

Pedestrian safety is a significant issue in Zarga. The regular occurrence of pedestrians walking within the
carriageway and crossing amidst moving traffic both inhibits the flow of vehicles adding to congestion, and
also results in accidents which deter people from choosing to walk to their destinations through fear of their
safety. Accident records indicate that 82% of pedestrian fatalities occur due to pedestrians walking within
the road.

7.13.3 How does the Project Meet the Study Objectives?

The proposal to encourage more people to walk needs to focus on improving pedestrian facilities such as
clear, well maintained footways, and pedestrian crossings to facilitate safer movement across the downtown
district. Furthermore, through the creation of a safe walking environment, with particular focus on improving
pedestrian desire lines to the bus stations, the accessibility of public transport terminals would also be
improved. Successful implementation of this measure will result in an increase in walking trips, subsequently
reducing many of the shorter distance vehicle trips, thereby also assisting a reduction in downtown GHG
emissions. The example of Makati City in the Philippines in Box 11 below demonstrates that through a large-
scale program of pedestrian improvements in a commercial district, it is possible to dramatically increase the
number of pedestrians and the average walking distance.

Further evidence exists of the success of walking schemes, such as in Wanstead, London, where renewal of
street facilities including repaving and new crossing facilities enhanced accessibility and resulted in

pedestrian numbers using the area during the day increase by 75%, and increasing during the night by 122%
(23)

7.13.4 Supporting Measures

Significant relationships with other projects can be summarised as follows:

3 Improve Accessibility to the Proposed LRS Accessibility to the proposed LRS system should also be improved for
Terminal pedestrians and cyclists

4 Public Transport Terminal Improvements Public Transport Terminals need to provide good access for pedestrians

6 Public Transport Infrastructure Improvements The new public transport infrastructure such as bus stops will need good

quality footways linking them to surrounding areas

9 Install ITS Measures The installation of traffic signals at junctions provides the opportunity to
accommodate safe pedestrian crossing facilities integrated with the signals

11 Parking Expansion of parking restrictions along with stricter enforcement will
improve visibility for pedestrians crossing roads

12 Public Awareness Scheme The travel awareness scheme will assist promotion of walking as a safe,
healthy and free mode of transport
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Case Study Box 11: CBD Pedestrian Friendly Streets, Makati City, Manila, Philippines %

Ayala Avenue serves as the main artery of the Makati Central Business District. Following the economic boom in the 70’s and 80’s the
commercial district became congested with traffic, and the air became more polluted, in part due to construction growth and unfriendly
streets.

Underpasses and elevated walkways were constructed, including at-grade covered walks. Street-planting was enhanced, and sidewalk
pavings were repaired and restored. The idea was to provide connected covered walks along areas where pedestrians often passed.

Surveys indicated that the walkway improvements increased pedestrian movements by 200,000 on a typical weekday, and reduced
pedestrian travel time by 7-10 minutes. Furthermore, the travel distance on foot covered by pedestrians increased from 400 metres to
700 metres.

Lessons learned include:

. Provide midway pedestrian alleys if the block is more than 250 meters

L] Build more accessible passageways like under and overpasses (with escalators and covers)

L] Build more covered walks or plant more shade trees, if possible, to provide pedestrian comfort and relief from harsh tropical
climate

L] Implement strong measures to force the utility providers to use a common pole to reduce sidewalk clutter.

. Instigate the policy regarding uniformity in sidewalk level

L] Widen sidewalk with a minimum clearance of 1.20 m. In some cases, sidewalk widening can be done through apportioning part of
the road allotted to parking.

L] Parking can be concentrated in a designated parking building. In extreme instances, road closure can be imposed and totally
pedestrianized.

= Apply shared street principle in very narrow sidewalk and street. Bollards can be used to protect pedestrian from vehicular flow.

L] Impose rule on design coherence and uniformity. Enforce unified theme for street furniture like lighting, paving, benches, street
signage, bollards, kiosks, trees, etc.

L] Apply environment-friendly resources, like porous materials for paving to revive the aquifers and shade trees to help purify the air.

L] Enforce traffic rules strictly not only for erring drivers but also for the straying pedestrians

L] Have a good program of maintenance

The project requires minimal on-going costs required for maintenance
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7.13.5 Project Details

Walking Infrastructure Improvements

Project Description

B Footway Audit to identify areas of missing footway and damaged or obstructed footway in need of
maintenance;

= Provision of continuous footways where there are currently missing sections within downtown Zarga and
along routes to bus stations;

®  Provision of pedestrian footbridges across Al Jaish Street (the Amman — Zarqga corridor) to link downtown
Zarga with King Abdullah bus station and KABAAC to the east of Zarqga;

®  Provision of pedestrian footbridges across King Talal Street to link downtown Zarga with Prince Rashid bus
station;

= Provision of signalised at-grade pedestrian crossings in downtown Zarqga; and

® Installation of directional signage for pedestrians to aid navigability.

Area

Downtown Zarga, and connections through to Public Transport terminals

Phase

Short Term Implementation

Estimated Cost
(JDs)

52JD per metre of new footway. Length of footway required is unknown — estimate 2km = JD112,000
30,000 JD per footbridge = JD60,000 + assume JD15,000 to complete existing footbridge = JD75,000
13,000 JD cost per at-grade crossing. Approximately 50 crossings = JD65,000

200 JD Signage (per sign) = JD3,500

TOTAL estimated to be = JD250,000

Strategic Relevance

Improved pedestrian infrastructure and pedestrian facilities will enhance accessibility to local bus terminals, thus
facilitating wider uptake of public transport. Therefore this measure not only improves conditions in the
immediate vicinity of downtown Zarga, but also will assist with the update of sustainable travel between Zarqa
and external destinations.

Environmental
Impacts

Modal shift towards walking will predominantly reduce short distance vehicle trips, in particular those that are
internal to downtown Zarga. The project will therefore have a positive impact on the environment through modal
shift.

Potential User
Revenues

This project will not generate any revenue directly. However, increasing the accessibility of public transport by
walking will encourage travel by bus, and therefore may lead to increases in ticket sales for other modes of
transport.

Project Readiness

Zarga Municipality recognise that pedestrians are a problem and are in support
of measures to improve facilities. However, ZM are not in favour of cycling
improvements due to impracticality.

Readiness of Authority

Project Readiness The project can be implemented without significant difficulty

Financing in Place No

This project will not directly facilitate generation of employment in the region.
However, through making the streets safer for pedestrians it may encourage
more women to walk in the city.

Employment Generation /
Equal Opportunities

Improved pedestrian facilities helps to create a sense of public realm, with a

Social Social Impacts more pleasant walking environment. This can lead to increased levels of street
activity.
. The extent of improvements will be limited to downtown Zarqa, including the ring
Geographical Coverage . :
road and links to bus terminals
Accident Records: Road Accidents are already recorded in Zarga. The incidence of accidents involving
pedestrians, in particular the number of pedestrian fatalities occurring as a result of crossing carriageways or
walking along highways will need to be monitored. A reduction in pedestrian related accidents would suggest
Monitoring that the improved walking infrastructure is working effectively at improving pedestrian safety.

Measures (KPIs)

Pedestrian Trips: A pedestrian survey should be undertaken prior to implementation of the improvements to
establish the existing level of pedestrian activity in downtown Zarqa. The survey could comprise 12 hour

pedestrian counts on key corridors through the district. Repeated surveys further to the improvements would
indicate if the number of pedestrian trips has increased as a result of safer crossings and improved facilities.

Impact Assessment
within Emissions
Model

An estimate can be made for the likely increase in walking, and the subsequent reduction in private vehicle
travel demand, that would result from improvements to walking infrastructure. The impact of the estimated
increase in walking trips can be modelled
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7.14 PROJECT 9: INSTALLATION OF ITS MEASURES
7.14.1  Proposed Measures
Replacement of existing traffic signals with modern LED signals;

Conversion of key priority junctions on the ring road surrounding downtown Zarga and within the district
to traffic signals; and

Coordination of signals by a traffic adaptive central Urban Traffic Control (UTC) system.
Further details regarding the project proposals are provided in Appendix K in Volume 2.
7.14.2 Project Need

The Downtown Area of Zarga effectively comprises a grid network of roads and streets with many cross-
roads and junctions including several roundabouts. There are currently some major traffic intersections
where the Zarga-Amman corridor meets the Zarqa Downtown district, and furthermore there are many
junctions within the downtown area serving a high demand of traffic.

However, traffic signals in Zarqa are widely spaced and it appears that there is no method of coordination
between signalised intersections in operation to optimise traffic movements on the main corridor and the
Downtown area. The Area coordination of signals requires distance between signalised junctions or
signalised pedestrian crossings to be ideally no greater than 500m to move traffic in discrete platoons of
vehicles. Where links between signalised intersections increase beyond 500m then platoons are dispersed
and area coordination becomes less efficient. Also there appears to be significant uncontrolled intersections
between those which are currently signal controlled. These act as sinks and sources for traffic on links
between controlled intersections and would have to be taken into consideration when designing any area
signal coordination solution for the Downtown area.

7.14.3 How does the Project Meet the Study Objectives?

Ultimately this project will assist with smoothing traffic flows on the peripheral roads surrounding downtown
Zarqga, helping to ease congestion and reduce journey times for vehicles and at the same time support public
transport. The example of Portland USA in Box 12 below where optimisation of traffic signals was carried
out demonstrates that significant savings in gasoline consumption and CO, emissions can be made. Co-
ordination of the traffic signal network in downtown Zarga will help achieve similar savings.

Furthermore, the installation of traffic signals at junctions will increase safety at the main intersections for
both vehicles and pedestrians crossing the road.

7.14.4  Supporting Measures

Significant relationships with other projects can be summarised as follows:

2 Public Transport Services Improvements ITS offers the potential to introduce SVD for bus priority

9 Junction and Highway Improvements The provision of clearer lanes on the main highway corridors will work in
conjunction with optimised traffic signal operations to encourage smoother
traffic flows

68



Developing an Energy Efficient Urban Transport Plan for Zarga City Downtown Final Report
November 2011

Case Study Box 12: Optimising Traffic Signal Timing, Portland, USA ?°

The Portland metropolitan region has made a firm commitment to implement traffic management to increase efficiency on local streets
and freeways. Between 1988 and 1997, the Traffic Bureau has optimized street signal systems on approximately 22 arterials, for 225
intersections in Portland.

The City plans to continue to optimize signals in the future to meet changing traffic demands. Since 2004, the City of Portland has
improved signal timings at 135 intersections on 16 streets.

A computer software program called Trafficware Syncro Studio was used to carry out traffic signal optimization. The process of traffic
signal optimization involve changing of timing parameters relative to the length of the green light for each traffic movement and the timed
relationship between signalized intersections.

With traffic patterns changing throughout the day and week, the signal timing parameters were modified to reflect the needs of these
unique traffic patterns. Collection of traffic volumes throughout the day is required.

Optimizing traffic signal timing allows idling and the acceleration of vehicles to be reduced and therefore leads to less fuel being burned
and less carbon dioxide emissions.

The cost of the project was $533,000 USD, funded by the Climate Trust of Oregon.

This project has resulted in a saving of over 1,750,000 gallons of gas each year. This equates to a reduction in gasoline consumption of
15,460 tons of CO, based on a conversion factor of 8.8 metric tons of CO, saved per 1,000 gallon of gasoline not consumed. In terms
of financial saving, this equates to $4.13 million dollars per year to consumers.

7.14.5 Project Details

Install ITS Measures

®  Replacement of existing traffic signals with modern LED signals;

= Conversion of key junctions on the ring road surrounding downtown Zarga and within the district to
traffic signals; and

m  Coordination of signals by a traffic adaptive central Urban Traffic Control (UTC) system.

Project Description

Area Downtown Zarga

Phase Short Term

Approximately JD60,000 per junction (JD45,000 for Electrical + JD15,000 Civils). For 15 new traffic signal
junctions this equates to JD900k

Set up of an Urban Traffic Control Centre JD1.0M UTC system (not including the actual building of a
Estimated Cost (JDs) Control Centre)

SVD facilities for bus services JD500 per local SVD installation. But could be part of a centralised bus
tracking system linked to UTC item above. Initial budget assume JD200k

Total cost approximately JD2.1m

The implementation of traffic signals around the downtown Zarga ring road will assist with developing a
wider linked signal operation across the city, in particular on the Zarga — Amman highway corridor.
Furthermore, the scheme can be expanded to include bus priority measures to assist public transport
accessibility from Zarqga to external destinations.

Strategic Relevance

Environmental Impacts The smoothing of traffic flows will have a positive impact on air quality.

Potential User Revenues | This project will not generate any revenue.

Readiness of Authority Traffic Study Analysis Required first
Project Readiness Project Readiness The‘ project will require pre-plgnning work !n the form of traffic signal
design and modelling prior to implementation
Financing in Place No
Employment Generation / Equal | The project will generate employment for operators of the Urban Traffic
Opportunities Control Centre, as well as maintenance staff and construction workers
Social Social Impacts Pedestrians will benefit from new crossings incorporated in the

junctions, and highway safety will be improved for all users

Predominantly downtown Zarqa, however it is recommended that wider

Geographical Coverage signal installation is considered.

Travel Times: The results of journey time surveys will indicate if congestion is easing on key corridors
around Zarga downtown as a result of the traffic signal implementation and optimisation. Furthermore,
public transport journey times will also indicate any improvements in journey time as a result of the project

Monitoring Measures Accident Rates: Highway accidents are already recorded in Zarqa. The number of accidents recorded in

(KPls) future can be compared with current records to assess change in junction safety resulting from the project.
Air Quality: Air quality monitoring results can be used to ascertain if ITS measures in combination with
other projects are improving air quality across the city.

Impact Assessment ITS measures have been demonstrated to facilitate an increase in vehicle speeds (10-15%). The emission

within Emissions Model factors can therefore be amended to account for this effect.
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7.15 PROJECT 10: JUNCTION AND HIGHWAY IMPROVEMENTS

7.15.1 Proposed Measures

Provision of high quality road markings on all junctions on the downtown ring road and major
intersections within downtown Zarqa;

Provision of lane markings on downtown ring road and on major roads through the downtown district;
Clearance of any unnecessary street clutter obstructing visibility at junctions;

Introduction of parking restrictions around junction bellmouths to ensure clear manoeuvres into and out of
side roads can be made, and to ensure that good visibility is achieved.

Further details regarding the project proposals are provided in Appendix L.
7.15.2 Project Need

All junctions in downtown Zarga, including those which are signal controlled, are lacking in road markings to
provide clarity over which arms have priority. The lack of structure at highway junctions leads to conflict, and
slows down the flow of traffic through the junctions. Furthermore, there is evidence of parking at junctions,
which not only restricts visibility for vehicles, but also constrains the carriageway width and inhibits turning
manoeuvres.

Street markings are no clearer away from junctions, where wide carriageways on the peripheral roads of
downtown Zarga have no markings to distinguish between lanes, thereby creating mixed formations of
vehicles as opposed to clear lanes of traffic. Smaller streets would benefit from centre-line road markings to
segregate conflicting traffic movements on two-way routes.

7.15.3 How does the Project Meet the Study Objectives?

The proposals aim to smooth the flow of vehicles on links by providing high-quality lane markings, and
facilitate safer, more organised movements at junctions by clearly directing vehicles with priority markings
and stop lines. Clearance of street clutter in visibility splays will also make junctions safer, with vehicles
having an enhanced view of any oncoming vehicles or crossing pedestrians before pulling out on to main
roads or turning into side roads.

In order for this project to be successful it is essential that road markings are created with a high-quality paint
to withstand the wear and tear and climate conditions. Junction improvements have been shown to provide
benefits in road safety elsewhere, such as in the Denmark case study presented in Box 13 below where
junction improvements were made as part of a wider safety initiative.

7.154 Supporting Measures

Significant relationships with other projects can be summarised as follows:

1 Integration of land use / transport planning Improved highways and junctions will facilitate links with the KABAAC
development and assist with enabling new bus services

2 Public Transport Services Improvements The bus services will benefit from improved road conditions and junctions

8 Walking Infrastructure Improvements Consideration of pedestrians at improved junctions to provide layouts that
accommodate all users will be essential

9 Install ITS Measures ITS measures will be supported by the improved junction and highway quality

11 Parking Improvements to junctions will be enhanced by stricter parking restrictions

around bellmouths to increase visibility for drivers and pedestrians
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Case Study Box 13: Every Accident is one too many, Denmark ®

The vision of the Denmark’s road safety strategy (2001-2012) is "Every Accident is One too Many". The vision sets a course towards a

future road system without any road crashes and retains a focus on preventive measures. Approximately 85% of all road accidents in

Denmark involve one or more of the four elements: speeding, alcohol, cyclists, and/or junctions.

The accident risk in urban areas is three times higher in urban areas than on main roads (motorways) and primary rural roads. To

address speed in urban area, the following measures were undertaken:

" local speed plans

" categorization of urban roads by function i.e. urban thoroughfares, local roads, residential areas, industrial roads, school roads,
etc.

. speed differentiation where motorized and non-motorized traffic have to share their space

" speed restrictions and traffic calming by infrastructural means for example, speed bumps, roundabouts and bottlenecks

Specific measures for implementation at junctions include:

. roundabouts instead of junctions

speed reductions at junctions

stop signs

better traffic lights and traffic light control (longer pauses, better timing)

black-spot treatment

. Improved road lighting

The number of people injured and killed in road traffic accident in 2009 is approximately 300 persons, in comparison to 430 in 2001.

The success of the project is due the overall approach to road safety and how the authorities manage it.

7.15.5 Project Details

Junction and Highway Improvements

Project Description = Provision of high quality road markings on all junctions on the downtown ring road and major
intersections within downtown Zarqga;

®  Provision of lane markings on downtown ring road and on major roads through the downtown district;
Clearance of any unnecessary street clutter obstructing visibility at junctions;

®  Introduction of parking restrictions around junction bellmouths to ensure clear manoeuvres into and out

of side roads can be made, and to ensure that good visibility is achieved.

Area Downtown Zarga

Phase

Short Term

Estimated Cost (JDs)

Treatment of main roads to get lane markings/centre lines = approx. JD100k
Approx. 30 Junctions identified to be improved — JD60k per junction = JD1,800k
Total cost = approx. JD2,000,000

Strategic Relevance

If the scheme proves successful it could be expanded to wider area and along main highway corridors

Environmental Impacts

The project will not have any direct environmental impacts.

Potential User Revenues

The project will not generate any revenue

Project Readiness

Readiness of Authority No — preparation in planning design and junction counts required

The project will require the sourcing of high quality paint for road

Project Readiness markings and preliminary design work before implementation

Financing in Place No

Social

The project will not directly generate employment, however it is
recommended that maintenance teams are employed to keep the
higher standards of carriageways and junctions

Employment Generation / Equal
Opportunities

Adherence to proposed road markings is questionable — achieving

Social Impacts social acceptance of the proposals may be a challenge

Geographical Coverage Downtown Zarqga

Monitoring Measures
(KPIs)

Travel Times: The results of journey time surveys will indicate if travel through Zarga downtown is improved
due to clearer lanes and improved visibility at junctions.

Accident Rates: Highway accidents are already recorded in Zarqa. The number of accidents recorded in
future can be compared with baseline records to assess any improvements in junction safety resulting from
the project.

Impact Assessment
within Emissions Model

The proposed improvements support other projects and it is therefore not modelled in isolation
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7.16 PROJECT 11: PARKING

7.16.1 Proposed Measures
Expansion of existing Autopark car parking restriction scheme;

Improvements to existing Autopark restrictions including high quality road markings, new parking meter
machines, and clear signage informing drivers of the restrictions;

Enforcement patrol team to ensure compliance with parking restrictions;
Creation of a multi-storey car park to re-provide parking lost through on-street restrictions; and
Park and Ride facilities.

Further details regarding the project proposals are provided in Appendix M of Volume 2. It should be noted
that the precise geographic area for expanding the Autopark system would need to be the subject of detailed
technical analysis, including consideration of the suitability of applying a Controlled Parking Zone (CPZ) to
the area, in order to safeguard parking for local residents.

Further details regarding the project proposals are provided in Appendix M in Volume 2.
7.16.2 Project Need
In summary, the main areas of concern regarding parking conditions in Zarga are as follows:

Indiscriminate and careless parking across downtown Zarqga;

Poor visibility of existing parking restrictions, i.e. road markings and payment machines / signage;
Lack of enforcement of existing parking restrictions; and

Behavioural acceptance of parking restrictions.

Currently there are limited formal parking facilities in Zarqa. Within the downtown area there are no
dedicated public car parks therefore almost all parking takes place on-street. A parking scheme known as
AutoPark was introduced in part of the district, operating a pay and display scheme. However, enforcement
is not strict, and there is a lack of road markings to inform drivers of the restrictions. Elsewhere parking
takes place indiscriminately, around junctions and blocking narrow streets. This uncontrolled parking
behaviour adds significantly to congestion in the area.

7.16.3 How does the Project Meet the Study Objectives?

Reform of the car parking arrangements in downtown Zarga will assist with the study objectives in two ways.
Firstly, the expansion of Autopark along with stricter enforcement of the scheme will act to discourage drivers
from entering the downtown area in the knowledge that they will have to pay to park in the main part of the
district. In particular, this deters short-distance trips internal to downtown Zarga where the alternative of
walking is viable. Displaced parking can be accommodated in a new multi-storey car park designed to re-
provide lost parking spaces and remove the clutter of parked vehicles from the narrow carriageways,
together with the proposed Park and Ride sites described in Project 3.

A case study of Bucharest in Box 14 below shows that public transport use increased, vehicle use in the
central area was successfully restricted, and there were small reductions in the congestion experienced as a
result of parking reform.

In addition to discouraging vehicle trips from terminating in the heart of downtown Zarqga, formalising the
parking restrictions will help to create clearer streets by minimising the careless parking that takes place and
restricts carriageway width and junction visibility. This will therefore facilitate smoother traffic flows through
the narrow streets in downtown Zarqa.
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7.16.4  Supporting Measures
Significant relationships with other projects can be summarised as follows:
1 Integration of land use / transport planning Parking policy will form part of key changes to transport planning
procedures
3 Improve accessibility to proposed LRS terminal A holistic on-street and off-street parking policy and strategy are essential

for the Park and Ride bus service to be successful.

Furthermore, the introduction of parking costs will act as a deterrent to
private vehicle travel. It is therefore essential to provide high quality
sustainable alternatives to private vehicle travel in the form of bus services

10 Junction and Highway Improvements Improvements to junctions will be enhanced by stricter parking restrictions
around bellmouths to increase visibility for drivers and pedestrians
12 Public Awareness Scheme Engage with people to explain the benefits of a more structured parking

policy and the advantages of Park and Ride and improved bus services.

Case Study Box 14: TELLUS Parking Scheme, Bucharest, Romania ?”"

Since the 1990s, Bucharest has been confronted with an increasing number of private cars. This combine with the lack of off street
parking facilities and the inadequate implementation of traffic policies, the city centre area faces congestion and subsequently increasing
travel time and traffic related pollution.

The project aims to reduce congestion, especially in the historical area of the city, and promote the use of public transport (PT) by
providing adequate parking provisions but at the same time restrict on-street parking.

The project has four demonstration measures:

- Parking restrictions in central area;

. PT Fleet management by GPS;

- Modernizing the ticketing and payment system of the PT; and

. Clean & silent PT fleet.

A parking house within a capacity of 1000 cars was constructed during the project. It integrates commercial spaces and links with public
transport and points of interest in the area, like the historical area of the city centre. Furthermore parking information system was
implemented to provide details about available parking spaces.

Air quality (CO emissions) measurements were carried out in the vicinity of the new parking facility between years 2000 and 2005.
Despite the increasing number of cars, CO concentration reduces during the 5 years. This is a generally a result of reduced vehicle age
and improved car efficiency. The results suggested that car parking facilities alone do not produce results.

The following table illustrates the project’s achievements:

Timescale Objective Achievement
Immediate Improving traffic fluency Partially achieved
Restricting the vehicle use in central area Achieved
Remodelling the PT network Not achieved
intermediate Designing other parking facilities Achieved
Reduce congestion by 5% Partially achieved
Increase PT use with 5% Achieved

In order to assure the success of large scale parking restriction and construction project, the following should be considered:

- Obtain political support and ensure the projects will be sustained in case of political changes;

. Effective communication between all parties involved;

- Assign enough time for user awareness campaign before project implementation;

. Ensure integration with public transport service in order to maximize the benefits. Note that a rapid introduction of parking restriction

without providing sufficient substitution may result in traffic disorder.
. New facilities for public transport may be required; in order to hinder the perception of reduced mobility by the general public.

Public - Private Partnership (PPP) was founded to be a viable alternative for financing and implementing urban development projects.
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7.16.6  Project Details

Parking

Project Description

®  Expansion of existing Autopark car parking restriction scheme;

= Improvements to existing Autopark restrictions including high quality road markings, new parking meter
machines, and clear signage informing drivers of the restrictions;

= Enforcement patrol team to ensure compliance with parking restrictions;
m  Creation of a multi-storey car park to re-provide parking lost through on-street restrictions; and

®  Park and Ride facilities.

Area

Downtown Zarqga

Phase

Short Term

Estimated Cost (JDs)

Modernise Existing AutoPark = JD100,000

Expand Existing AutoPark = JD200,000

Multi-Storey Car Park approximately JD4.2m

Plus Staff Enforcement Costs JD90k per year = JD800k up to 2020
Total JD5.3m

Strategic Relevance

The implementation of parking restrictions in downtown Zarga will have wider influence in the city,
potentially shifting parking to the outskirts of the district.

Environmental Impacts

Parking restrictions will most likely reduce the vehicular demand for travel in to downtown Zarqa, thereby
reducing the environmental impact of traffic in this zone.

Potential User Revenues

This project represents a good opportunity to generate revenue for funding of other measures. Generation
of revenue will however be dependent on effective enforcement of the parking restrictions to ensure that
drivers purchase parking tickets, and those that don’t are fined.

Project Readiness

Readiness of Authority Zarga Municipality can expand existing system

AutoPark is already set up and ready to be expanded and improved
Project Readiness

To be agreed between Zarga Municipality and AutoPark
Financing in Place

Social

Employment Generation / Equal
Opportunities

This project will generate employment in the form of an enforcement
team within the traffic police sector.

The introduction of additional and stricter parking restrictions is
likely to be unpopular and therefore will encounter significant
objections from local people. The social acceptability of this project
will present a challenge due to the current culture of free parking at
all times.

Social Impacts

The parking restrictions are proposed in part of downtown Zarqa,
however measures will be wider than this such as multi-storey car
parks.

Geographical Coverage

Monitoring Measures
(KPIs)

Parking Revenue: The revenue generated from parking will indicate the success of enforcement

Journey Times: the travel times from journey time surveys should improve due to less congested streets
from formalised on-street parking and relocation of some parking to multi-storey car parks

Traffic Surveys: Successful parking restrictions will deter vehicles from entering downtown Zarga. The
traffic surveys will therefore reveal if traffic volumes in downtown Zarga are reducing accordingly.

Impact Assessment
within Emissions Model

The introduction of parking restrictions can be modelled by assuming a small reduction in private vehicle
trip demand
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7.17 PROJECT 12: PUBLIC AWARENESS SCHEME

7.17.1  Proposed Measures

Further details regarding the project proposals are provided in Appendix N of Volume 2.
7.17.2 Project Need

Public awareness campaigns are the way in which transport improvements and opportunities are brought to
the attention of the public. In order to maximise their benefit potential, it is important to ensure that people
have an opportunity to appreciate the new alternatives available to them. However, in addition to that, a
public awareness scheme seeks to ‘educate’ people about the wider implications of travel choices, and their
impacts on health, family and society.

7.17.3 How does the Project Meet the Study Objectives?

Effective public awareness schemes optimise the effectiveness of the measures delivered within the various
other projects. They also have the aim of engaging with citizens to achieve ‘buy in’ and support for what can
be difficult decisions to make.

For example, there have been European campaigns, such as ‘TravelWise’ and ‘In Town Without My Car’,
which use a wide range of media and professional marketing techniques to make the general public aware of
their transport choices. A more specific example of this at a more local level is the MIDAS campaign
described in Case Study Box 15 below, where 9 partners in six EU countries endeavoured to demonstrate
the benefits of using less energy intensive forms of transport, and measured the impact of the campaign by
undertaking before and after mode share surveys.

Supporting Measures

The success of this project is not particularly dependent on the implementation of any of the core projects,
with the exception of core project 7, the institutional strengthening of Zarga Municipality.

) Explain to public how transport needs for new development will be
1 Integrate Land Use and Transport Planning determined in future and offer the opportunity to be involved in consultation.
Through New Bus Routes and Policy Changes
Ability to explain to residents of KABAAC about new travel opportunities

2 Public Transport Services Improvements Ability to spread the message about the new services and the introduction
of fixed timetables etc.

3 Improve Accessibility to the Proposed LRS Major opportunity exists to use travel awareness to promote the BRT and

Terminal shuttle bus concepts.

4 Public Transport Terminal Improvements Use to publicise improvements.

5 Public Transport Ticketing Changes Use to show new ‘value for money’ travel opportunities.

6 Public Transport Infrastructure Improvements Explain to people about the location and benefits of bus stops and shelters.

7 New Low-Emission Vehicles Ablllty to explain thg prob!ems assoga?ed with poor air quality and the
improvements possible with low emission buses.

8 Walking Infrastructure improvements Communicate the improved environment for walking

9 Install ITS Measures Explain benefits of RTPI

1 Parking Engage with people to explain the benefits of a more structured parking

policy and the advantages of Park and Ride and improved bus services.
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Case Study Box 15: Measures to Influence Transport Demand to Achieve Sustainability,
6 European Cities ?®

Measures to Influence transport Demand to Achieve Sustainability (MIDAS) is made up of a consortium of 9 partners within six EU
countries with Liverpool (UK), Aalborg (DK), Cork (IRL), Clermont Ferrand (FR), Bologna (IT) and Suceava (RO) being case study cities

The objective was to encourage a transfer to less energy intense modes of transport by optimising the use of soft measures aimed at
reducing demand for private motorised transport.

The approach taken was:

. Awareness and Education including school travel awareness workshop and cycle training

- Participation & Consultation and Information & Advice including direct marketing or individualised marketing, communication tools
such as website, public information exhibitions, promotional activities and marketing and awareness campaigns for different mode or
transport and urban travel plan.

- Planning and Coordination including travel plan and working with developer.

The project cost 2.2 Million Euro

Impact on modal share:

Bologna: 1% increase in people using public transport, 40% increase for bike hire service

Cork: 11% increase for trains and 8% for bus, 9% of people increased their walking

Liverpool: 32% said they were cycling more in Liverpool

Suceava: 3% decrease in respondents who said that they are using their car daily to go to work, furthermore those who use a car only
when essential increased from 18% to 28%.

Impact on energy consumption and emissions

In Aalborg and Bologna, energy consumption decreased by 2,260 and 545 GJ/year respectively. In Clermont-Ferrand, a 10% reduction
in energy consumption is estimated for 2025.

In terms of savings in emissions, a reduction of 323 Mg in CO2 and -447kg of NOx in Bologna (Whole City). In Clermont-Ferrand by
2025, an 8% reduction in CO2 and a 74% reduction in NOx and CH4 (mainly due to clean vehicles).

- Soft measures alone are not enough; an excellent promotional campaign will only have limited effect if the transport service whose use
is being encouraged is of poor quality.

. Barriers can be overcome by effective consultation allowing stakeholders to work together to identify solutions and to design
information and marketing campaigns. To assist citizens in changing their travel habits it is important to involve them directly in the
design and implementation of soft measures.

. Soft measures are effective in raising awareness of the benefits of energy efficient modes of travel, and in achieving a level of modal
transfer. In order to maximise effectiveness, a sustained awareness campaign is required over the longer term and it is important to
target young people, who have yet to become habitual car users.
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7174 Project Details

Public Awareness Scheme

Project Description

Design and implement a Public Travel Awareness Campaign.

Ensure that the campaign is correctly timed in conjunction with the implementation of key elements of
the various projects, e.g. bus service improvements, parking provision, Park and Ride and shuttle bus
and BRT.

Ensure that the campaign addresses the need to engage with stakeholders and residents and includes
explanations regarding the impacts on air quality and congestion of continued increase in the use of
the private car.

Area

Does not involve any physical construction.

Phase

Short to medium term — throughout project delivery at appropriate times.

Estimated Cost (JDs)

Spend is estimated at 300,000 over a six year period to cover professional design, advertising, promotion
and events.

Strategic Relevance

May be considered as a pilot project which could be rolled out to other cities in Jordan.

Environmental Impacts

No direct environmental impact, but could result in further mode shift to more sustainable transport and
improvements in air quality.

Potential User Revenues

None anticipated.

Project Readiness

Able to lead a partnership with LTRC and the operators, but will need

Readiness of Authority skills enhancement in the short term.

Project Readiness Essential to time project to emphasise benefits of delivered projects.

Financing in Place No.

Social

Employment Generation / Equal | Limited.

Opportunities

Intended to change travel behaviour, which would result in improved

Social Impacts health.

Geographical Coverage Applicable to whole Zarga Municipality area and surrounding districts.

Monitoring Measures
(KPIs)

Impossible to differentiate between impacts of projects and the impacts of this campaign, but surveys to
determine degree of awareness should be held during implementation period to ensure effectiveness of
campaign.

Impact Assessment
within Emissions Model

This is a supporting measure to the full set of projects and will therefore contribute towards the success of
the strategy. It is therefore not possible to measure the impact of this project in isolation.

7.18

CATEGORISATION OF PROJECTS

Both the core and strategy projects require a mixture of skills. Some are primarily about capacity building,
whilst others require engineering, environmental or planning skills in order to be implemented. Most strategy
projects will need capacity building to be delivered, but some may be progressed from existing resources,
provided that joint working arrangements are made with appropriate agencies.

Table 7.2 below describes the projects in terms of their type and the primary skills and resources needed to
enable them to be implemented.
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Table 7.2: Core and Strategy Projects by Type and Skills

Project Number

Project Descriptions

Project Type Main Skills

Comments

Core Project 1

Co-operation with the Greater Amman Municipality

Capacity Building

Core Project 2

Purchase and installation of Permanent Traffic
Counters;

Engineering

Core Project 3

Installation of Air Quality Monitoring Stations

Environmental

Core Project 4

Detailed Assessment of KABAAC Housing
Development;

Transport Planning

Core Project 5

Development of Zarga Traffic Model;

Transport Planning

Core Project 6

Completion of Zarga Urban Masterplan;

Transport Planning

Core Project 7

Institutional Strengthening of Zarga Municipality;

Capacity Building

Core Project 8

Introduction of Transport Policy: Traffic Impact
Studies.

Transport Planning

Strategy Project 1

Integrate Land Use and Transport Planning Through
New Bus Routes and Policy

Public Transport +
Transport Planning

Joint Working Partnership
needed under leadership
of LTRC

Strategy Project 2

Public Transport Services Improvements: Purchase
of 43 new buses with lease payments of between 10+
15 years

Public Transport +
Transport Planning +
Engineering

Joint Working Partnership
needed under leadership
of LTRC

Strategy Project 3

Improve Accessibility to the Proposed LRS
Terminal

Public Transport +
Transport Planning

Joint Working Partnership
needed under leadership
of LTRC

Strategy Project 4

Public Transport Terminal Improvements

Public Transport +
Engineering

Joint Working Partnership
needed under leadership
of LTRC

Strategy Project 5

Public Transport Ticketing Changes

Public Transport

Joint Working Partnership
needed under leadership
of LTRC

Strategy Project 6

Public Transport Infrastructure Improvements

Public Transport +
Engineering

Joint Working Partnership
needed under leadership
of LTRC

Strategy Project 7

New Low-Emission Vehicles

Public Transport +
Environmental

Joint Working Partnership
needed under leadership
of LTRC

Strategy Project 8

Walking Infrastructure improvements

Transport Planning +
Engineering

Strategy Project 9

Install ITS Measures

Public Transport +
Engineering + ITS

Joint Working Partnership
needed under leadership
of LTRC

Strategy Project 10

Junction and Highway Improvements

Engineering

Strategy Project 11

Parking

Transport Planning +
Engineering

Strategy Project 12

Public Awareness Scheme

All skills + Communications
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8 Strategy Impact on Energy and GHG Emissions

8.1 PROJECT MODELLING

8.1.1 Introduction

Where possible the impact of each of the proposed projects has been modelled using the demand model
and IVE emissions model.

For the majority of the projects that have been modelled, an estimate of the change in travel behaviour has
been based on best practice examples and previous experience. The demand model and IVE model have
then been used to ascertain the changes in energy consumption and GHG emissions that result from the
revised multi-modal transport demand.

The results are therefore indicative of the reductions in private vehicle trips and GHG emissions that could be
achieved, and should only be treated as a guide to the energy savings possible.

8.1.2  Projects 110 6:

Integration of Land Use and Transport Planning Through New Bus Routes and Policy Changes
Public Transport Services Improvements

Improve Accessibility to the Proposed LRS Terminal

Public Transport Terminal Improvements

Public Transport Ticketing Changes

Public Transport Ticketing Changes

Public Transport Infrastructure Improvements

It is not possible to model the changes that would result from each of the proposed public transport
improvements in isolation. The measures will work together in an integrated way to provide a higher quality
service and improve accessibility across the region, consequently encouraging a modal shift towards travel
by public transport.

The modal shift towards public transport resulting from the proposed improvements of Projects 1 to 6 cannot
be predicted in the model, therefore estimates of modal shift have been based on our experience and
evidence from public transport reform in Jordan and elsewhere. In order to achieve the estimated levels of
modal shift it is essential that all of the supporting public transport measures are in place such as terminal
design, ticketing changes, and infrastructure improvements, as well as the more substantial overhaul of the
service network.

It is acknowledged that additional impacts from reduced journey times and faster vehicle speeds as a result
of bus priority, and the impact of park and ride facilities will also have an effect on GHG emissions and public
transport utilisation. However, the modelling for this project has been done simply using modal shift to
provide an indication of the potential results that can be achieved.

The approach for modelling the combined public transport strategy is as follows:
2015 — Increase Public Transport mode share to 20%
2015 — Assume 50% of buses are new vehicles to Euro Il standard
2020 — Increase Public Transport mode share to 22.5%
2020 — Assume 100% of buses are new vehicles to Euro Ill standard
Private Car and Yellow Taxi vehicle trips reduced in accordance with uptake of public transport

Incorporate revised PT vehicle numbers and route lengths into the PT trip generation model for 2015,
with the number of vehicles operating forecast to increase in 2020 to provide capacity for the increasing
demand

The modelling results are presented later within this Section.
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8.1.3  Project 7: New Low-Emission Vehicles

This project has been modelled to provide an indication of the reduction in GHG emissions that would result
from the introduction of low emission public transport vehicles. Two proposals have been modelled as
follows:

Replacement of white taxi fleet with hybrid cars
Replacement of current minibuses with CNG buses

The new vehicles have been incorporated into the IVE model to provide revised emission factors for white
taxis and midibuses. The modelling results are presented later within this Section.

8.1.4  Project 8: Walking Infrastructure Improvements

Section 7.10 refers to evidence where walking infrastructure improvements have resulted in significant
increases in pedestrian movements. It is not possible to accurately predict the likely increase in walking trips
resulting from the proposed improvements; however a modest estimate of modal shift will be built into the
demand model to provide an indication of the potential energy savings that will occur as a result of this
project.

The method for modelling this project is as follows:

2015 - Increase in walking trips in downtown Zarqga by 5%. This modal shift is only within downtown
Zarqga, therefore the city wide modal split is only minimally affected. Trips have been reduced from
private car and yellow taxi trips on a pro rata basis according to their internal downtown trip generation.

By 2020 it is anticipated that pedestrian infrastructures will have more of an effect due to changes in
driver discipline accepting the introduction of pedestrian crossings, thereby increasing the effectiveness
of their presence. Therefore, walking trips internal to downtown Zarqa have been increased by 10%,
through a reduction in private car and yellow taxi trips.

It is noted that walking infrastructure improvements within downtown Zarga will only influence the propensity
to walk within this district; therefore the shift to walking from private vehicles is restricted to this area only.
Although the improved walking facilities may lead to an increase in public transport use due to enhanced
accessibility, this impact has not been modelled within this Project. The modelling results are presented later
within this Section.

8.1.5  Project 9: Install ITS Measures

Installation of ITS measures has been shown in worldwide examples to smooth traffic flows, thereby
increasing the average traffic speed significantly .

For the purpose of modelling the impact on Zarga City, an assumed increase in average of speed of vehicles
of 10% has been applied. This will require the junction and highway improvements stated in Project 10 to
support the ITS measures and facilitate smoother traffic flows. The average speed of vehicles has therefore
been increased in the IVE model, resulting in revised emission factors. Greater increases in Public
Transport speed will be achieved if SVD measures are implemented in the longer term.

It is noted that it is not possible to model the impact of smoother traffic flows on fuel consumption within the
model, however evidence suggests that fuel savings would also be made as a result of this project. The
modelling results are presented later within this Section.

8.1.6 Project 10: Junction and Highway Improvements

It is not possible to identify the direct impacts of the proposed junction and highway improvements on trip
demand, fuel consumption or energy savings. However, this project will support other measures and
therefore the impacts are built into the remaining projects.
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8.1.7

Project 11: Parking

The proposed parking measures are likely to have two main impacts: a deterrence in vehicle trips destined
for downtown Zarga due to parking charges and restrictions — these trips are assumed to either be internal
downtown trips, or trips from the remainder of the city that could be avoided (i.e. people may choose to travel
together in one car rather than two to save parking costs, or may choose not to travel at all).

Secondly, in an effort to avoid the parking restrictions, people may park slightly further out than the very
central downtown area where the parking restrictions are in place. This effect is a slight reduction in travel
distance. The impact of proposed park and ride measures is modelled separately in the public transport

projects.

The modelling approach has therefore been to:

Reduce vehicles travelling to downtown Zarga by 2%.

Assume 5% of vehicles travelling to downtown Zarga park further out, thereby reducing their vehicle trip
distance by 1km.

The modelling results are presented later within this Section.

8.1.8

Project 12: Public Awareness Scheme

A public travel awareness scheme is widely recognised to have modal shift benefits, however the schemes
are largely dependent on there being good public transport services in place to support the appeal of
changing modes of travel.

Therefore, the public awareness scheme alone is unlikely to have any substantial impact on the travel
demand in Zarga City. This measure will simply support the public transport and walking infrastructure
improvement projects in achieving their targets. Consequently this project has not been modelled in

isolation.

8.2

PROJECT MODELLING RESULTS

The results for the individual projects are set out in Table 8.1 below in the form of net and percentage
changes in private vehicle distance travelled, number of private vehicle trips, fuel consumption, and CO2
emissions for Zarga City.

Table 8.1: Individual Project Results

Private Vehicle Distance Savings

(Vehicle Kilometres per Day)

Private Vehicle Trip Savings

(No. Vehicle Trips per Day)

Energy and Emission Savings

Downtown
Zarqa*

Zarqa City**

Downtown
Zarqa*

Zarqa City**

Reduction in Fuel
Consumption
(litres per year)

Reduction in
CO2 emissions
(tons per year)

Projects 1 | 2015 | 160,150 (12%) | 632,050 (12%) | 27,750 (12%) | 57,100 (12%) | 13,984,500 (8%) 31,450 (8%)
06 2020 | 309,300 (17%) | 1,274,300 (17%) | 53,200 (17%) | 113,600 (17%)| 30,507,950 (12%) | 82,650 (15%)
Project7 | 2015 - - - - - 9,100 (2%)
2020 - - - - - 11,300 (2%)
Project8 | 2015 11,400 (1%) 11,400 (0.2%) | 4,200 (2%) | 4,200 (1%) 351,500 (0.2%) 750 (0.2%)
2020 22,200 (1%) 22,200 (0.3%) | 8,150 (3%) | 8,150 (1%) 685,700 (0.3%) 1,450 (0.3%)
Project9 | 2015 - - - - - 36,000 (9.2%)
2020 - - - - - 49,300 (9.2%)
Project 11 | 2015 24,150 (2%) 24,150 (0.4%) | 4,150 (2%) | 4,150 (1%) 744,550 (0.4%) 1,600 (0.4%)
2020 31,500 (2%) 31,500 (0.4%) | 5,400 (2%) | 5,400 (1%) 972,550 (0.4%) 2,100 (0.4%)

*All trips generated by downtown, and all trips attracted to downtown from within Zarga City

**All trips generated by Zarqga City

(Figures in brackets are percentage savings compared with the Do Minimum)
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8.3 STRATEGY MODEL

A separate exercise has been undertaken to model the combined impact of the 12 projects. The results of
the combined strategy are set out below.

8.31 Strategy Impact on Trip Generation

The Strategy is predicted to result in modal shift towards more sustainable modes of transport in the form of
public transport. In the case of assessment year 2020 it is estimated that Private Car mode share will reduce
from 50% to 41%, and Yellow Taxi from 18% to 15%. The mode shares for ‘Do Minimum’ and “With
Strategy’ scenarios are set out in Table 8.2 below.

Table 8.2: Zarqa City Modal Split

Transport Mode 2015 2020
Do Minimum With Strategy Do Minimum With Strategy
Walking/Cycling 21% 22% 18% 19%
Private Car 46% 40% 50% 41%
Yellow Taxi 19% 16% 18% 15%
Public Transport 13% 20% 1% 23%
School Bus 2% 2% 2% 2%

Analysis of the number of trips made in Zarqa City suggests that the strategy results in a reduction of
approximately 900 private vehicle trips per hour made internally within the downtown district in the forecast
year of 2015. In 2020, this reduction increases to 1,700 vehicles per hour taken off the internal downtown
highway network. This impact will significantly ease congestion on the narrow downtown streets.

Figure 8.2 below illustrates the forecast trip generation for both private cars and taxis, with and without the
strategy in place.

Figure 8.2: Forecast Private Vehicle Trip Generation
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Public transport trip generation is predicted to increase as a result of the significant investment in public
transport services and infrastructure. Therefore, as a result of modal shift towards bus transportation, and in
line with increasing population levels the number of trips made by public transport per day is predicted to
increase from 139,400 per day in 2010 to 290,800 per day in 2020. Without the strategy in place, public
transport use is predicted to decline such that it is estimated the Do Minimum number of trips per day in 2020
would be 140,300. The strategy therefore doubles public transport trip generation in 2020.

A summary of the daily vehicle distances with the strategy in place for Zarga City is set out below in Table
8.3. The results are compared with the Do Minimum vehicle distances set out within Table 4.7 of this report.
Evidently the restructuring of public transport services has had an impact on white taxi, minibus, and bus
vehicle trips. Where bus utilisation levels have been improved, and new bus services have been introduced
to accommodate the increasing levels of demand, the total distance travelled by buses per day in Zarga City
has more than doubled.

Table 8.3: Zarqa City Vehicle Distance Results

Transport Mode Zarqga City Daily Vehicle Distance Travelled (km)
2015 2020
Do Minimum With Strategy % Change Do Minimum With Strategy % Change

Private Vehicle 3,954,800 3,473,650 -12% 5,607,650 4,619,850 -18%
Yellow Taxi 1,530,700 1,345,300 -12% 1,926,350 1,588,050 -18%
White Taxi 21,650 10,550 -51% 26,850 14,450 -46%
Minibus/Midibus 144,300 51,700 -64% 179,100 70,800 -60%
Bus 34,750 106,300 206% 43,100 145,650 238%

School Bus 5,050 5,050 0% 6,300 6,300 0%

There is a notable increase in the distance travelled by the bus ‘fleet’ operating in the Zarqa city area. This is
due to the restructured public transport proposals, which provide for medium buses, large buses and
coaches to cover more of the longer distance routes, thus replacing many of the existing minibuses. The
increased bus mileage is therefore compensating for the reduction in minibus and white taxi routes.

8.3.2 Strategy Impact on Fuel Consumption

The predicted change in transport behaviour has an impact on fuel consumption, although it has not been
possible to measure the full impact of the strategy on this parameter. The results are an over-prediction of
fuel consumption in the ‘With Strategy’ scenarios.

Due to the reduced distance travelled by private vehicles in Zarga City (and accounting for the increased
distance travelled by public transport to accommodate additional demand), it is estimated that total fuel
savings of 8% in 2015 and 13% in 2020 can be achieved. Table 8.4 below summarises the fuel consumption
results.

Table 8.4: Zarqa City Annual Fuel Consumption

Fuel Type Zarqa City Fuel Consumption (litres)*
2015 2020
Do Minimum With Strategy % Change Do Minimum With Strategy % Change
Gasoline + Diesel 179,206,100 164,156,100 -8% 244,829,500 212,721,800 -13%

*Excludes Trucks
8.3.3  Strategy Impact on GHG Emissions

It was noted in Section 4 that Zarqa City currently emits approximately 591 kg per capita of CO, on an
annual basis. Table 8.5 below presents the forecast ‘Do Minimum’ CO2 emissions per capita along with the
predicted results of the strategy.
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Table 8.5: CO, Emissions Forecasts (kg/capita/annum)
Annual Emission per Capita (kg)
2015 2020
Do Minimum With Strategy % Change Do Minimum With Strategy % Change

(6{0)] 673 553 -18% 741 559 -25%

NOX 8 6 -16% 8 6 -25%

PM 0.19 0.12 -37% 0.19 0.03 -84%

CcO 177 146 -17% 196 152 -22%

In terms of air quality, NOx, CO and PM are the most critical pollutants included in Table 8.5 above. It is not
possible to calculate the concentration of these pollutants in the air, only to consider them in absolute terms.
Therefore these emission results cannot be compared with Jordan air quality standards.

However, the results can be used to understand the improvements in comparison with the Do Minimum
scenario. It is evident from Table 8.5 above that all pollutant levels will be reduced compared to the Do
Minimum due to the reduced levels of private vehicle trips, and the improved standards of public transport
vehicles. The most significant savings are for PM in the year 2020. This impact is predominantly due to the
replacement of buses with Euro Il standard vehicles, and the introduction of CNG midibuses due to the
current minibuses and buses emitting the highest levels of PM.

8.34  Strategy Impact across Zarga City

In summary, the potential energy and emission savings in Zarga City in 2020 are as follows:
Fuel savings of at least 13%, equivalent to 32 million litres per year;
Road Transport energy savings of 1,800 MJ per year per capita; and
Reduction in total vehicle emissions of CO, of 25% equivalent to 130,000 tons per year

The impact of the strategy on CO, emissions across Zarqa City has been illustrated using GIS to map the
emissions within each zone and on the main highway corridors. The figures below represent the ‘Do
Minimum’ dispersion of CO, emissions in Zarqa City for 2010, 2015 and 2020, along with the CO, emissions
in 2015 and 2020 with the Strategy in place. Full scale versions of the figures are provided in Appendix O as
Figures O1 to O5.

Due to the differing modelling approaches of public and private transport, it is only possible to derive the
private vehicle emissions in this manner. The images do not therefore reflect the changes in emissions from
public transport.

The images have been created by using an origin-destination matrix of CO, emissions (calculated from
origin-destination trip generation and trip lengths in the demand model) for the Zarga City zones. For each
O-D relationship, the CO, emissions have been assigned to the most direct route, providing a total CO,
emission for the main highway corridors across the city and to external zones such as Amman.

Where it is not possible to identify the vehicle route, i.e. where trips are made internally within a zone, the
CO; emissions are represented through shading of the zone to illustrate the internal trip CO, emissions.

The images illustrate that in the Do Minimum scenario, the CO, emissions progressively increase over the
assessment years. In terms of internal trips, the most notable change is the increase in emissions to the
east of the city. This is due to the development of KABAAC. The Amman-Zarga highway corridor is also
shown to deteriorate over time with substantially higher CO, emissions from vehicles on this route.

The 2015 With Strategy and 2020 With Strategy scenarios show improvements upon the forecast Do
Minimum scenarios, with the impact more noticeable in 2020 when the strategy has been fully implemented.
In 2020, there is a clear reduction in CO, emissions across the city, demonstrating the wider benefits of the
Strategy.
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9 Programme

9.1 PROPOSED MOBILITY STRATEGY
9.1.1 Introduction
The strategy has been developed to incorporate a number of key factors. These have been to:
Adhere to the project objectives;
Assess the existing conditions, undertake reconnaissance surveys and traffic counts;
Assess, calibrate, and validate the demand and emissions model;
Have a continuous exchange of views, ideas and recommendations from the CG Group;
Filter the potential projects through the use of a multi criteria assessment;
Identify CORE projects to support the recommended strategy;
Focus on public transport and demand management; and
Develop an integrated strategy of public transport supported by demand management.
This section describes the components of the strategy programme and the project implementation timetable.

Through a process of selection using multi criteria assessment, twelve projects have been selected for
implementation over the short and medium term time horizon that best meet the key objectives, and at the
same time establish a foundation for transport planning in the Zarqa downtown area as well as throughout
the Zarga Municipality.

The proposed twelve projects are detailed below, including project description, start and end date and
estimated costs.

9.1.2  The Core Projects

The strategy will be supported by the implementation of the core projects as detailed below. These core
projects have a number of key roles to play in the strategy development and sustainability of the programme.
They will:

Provide tools and methods to establish the existing conditions in terms of traffic problems and emissions
and air quality;

Will provide tools that will enable Zarga Municipality to monitor, plan and budget for on-going transport
improvement in the Zarga Downtown areas and Zarga Municipality as a whole;

Provide Zarqa Municipality guidance, advice and support in further development of the Zarga Transport
Strategy; and

Embed with Zarga Municipality the skill sets required to further develop the strategy in responding to
short, medium and long term needs.

In support of the strategy, the above mentioned core projects must be implemented over the short term. The
total cost of implementation is estimated to be around JD 2.062 million to be spread over a 3 year period
resulting in an investment of JD 687,300 per annum. To these sums, it is necessary to add contingency and
management costs, as described in paragraph 9.4 and as shown in Table 9.6 below.
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Table 9.1: CORE Project Programme

Project | Description Start Date End Date Cost JD Implementation Trigger Lead and Support
Agencies
Co-operating with
Greater Amman »
1 Municipality on 2012 Initial 3 - Terms of reference and = Zarqa
issues related to year scopes to be jointly Municipality
advice and period to developed and agreed (Lead)
information on: 2015 upon = Greater
* Automatic traffic Amman
counting station Municipality
purchase and (Support)
installation « LTRC
* Sharing of traffic, (Support)
transport and
socio-economic
data
» Manual Classified
Count data
sharing
* SCATS:
Information and
guidance on the
planning,
installation and
maintenance of
SCATS system
» Communication
strategy
* Sharing copies of
its TIS guidelines
Purchase and ) . L
2 Installation of 2011 On-going JD 15,000 Review of Zarga Municipality
temporary and process manufacturers and with advice and
permanent traffic assessment of site support from GAM
count equipment locations
3 Installation of air 2012 On-going JD 62,000 Review of Zarga Municipality
quality monitoring process manufacturers and with support from
stations assessment of site Ministry of
locations Environment
4 Detailed 2013 See project 6 Part of the Zarqa Traffic | Zarqa Municipality
Assessment of the Model Development (Lead) with
KABAAC Housing possible support
Development from GAM and the
Amman Institute
Expression of Interestto | Zarga Municipality
be drafted and issued (Lead) with advice
and support from
Development of a Terms of reference to be | GAM
5 Zarqga Traffic Model | 2012 2013 JD 600,000 drafted
Project to be budgeted
for 2012
6 Expression of Interest to | Zarga Municipality
be drafted and issued (Lead) with advice
Completion of the from GAM and
Zarga Urban Terms of reference to be | possible support
Masterplan 2012 2012 JD 1 million drafted from the Amman
Institute
Project to be budgeted
for 2012
L 3 year Staff positions to be Zarqa Municipality
7 Institutional programme identified, terms of (Lead)
Strengthening of 2012 2014 3 people reference prepared and

Zarga Municipality

JD 45,000 per

job specifications
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annum developed
Introduction of the .
8 transport policy for 2012 2014 JD 250,000 Develop policy MoT
Traffic Impact document to make TIAs MPWH
Studies a standard procedure MoMA
Will involve national
policy
Sub Total | 2012-2015 | JD 2,062,000
9.2 STRATEGY PROJECTS

The process by which the final strategy projects were determined is described in Chapter 7. They consist of
those measures which were identified as being viable, practicable and with the best chance of meeting the
overall objectives. As previously described, they provide an incentive to travel sustainably, such as Public
Transport improvements, or they create a deterrent to the use of private vehicles in the form of Travel
Demand Management (TDM) measures or they are aimed at directly improving emissions and energy
efficiency, although not in themselves resulting in modal shift.

The final list of 12 projects are summarised in the table below.

Table 9.2: Strategy Project Programme

Project Description Start Date End Date Implementation Implementation Lead and
Cost (JD) Trigger and Support
Comment Agencies
Integrate Land Decision to Zarga
Use and operate buses in Municipality
1 Transport KABAAC LTRC
Planning 2013 2014 2,375,000 43 new buses, Bus operators
Through New with lease
Bus Routes and payments for 10-
Policy Changes 15 years
Zarqa
2 2011 2012 150,000 Surveys Municipality
Public Transport 2012 2012 10,000 Software LTRC
Services 2012 2020 10,300,000 Vehicle purchase Bus operators
Improvements 2012 2014 262,800 Bus lanes
2012 2020 400,000 Driver training
Improve Zarq‘a. .
3 L 2014 2015 175,2000 Bus lanes Municipality
Accessibility to 2013 2016 2,019,000 Park & Ride sites | LTRC
the Proposed ’ ’ )
LRS Terminal 2015 2015 2,700,000 BRT vehicles Bus operators
2014 2014 1,080,000 P & R buses GAM
Zarga
4 Public Transport 2113 2015 6,520,000 King Abdullah Municipality
Terminal 2014 2016 4,832,500 Prince Rashid LTRC
Improvements 2016 2018 2,925,000 New Zarga Bus operators
Zarga
5 Public Transport 2013 2014 400,000 ETMs Municipality
Ticketing LTRC
Changes Bus operators
GAM
Zarga
6 Public Transport 2013 2015 123,000 Bus stops/shelters | Municipality
Infrastructure LTRC
Improvements Bus operators
New Low- Bus operators
7 Emission 2012 2015 1,500,000 Hybrid W hite Taxi LTRC
Vehicles 2013 2020 3,378,000 Add cost CNG
Walking 250,000 Plan / design Zarqa
8 Infrastructure 2013 2014 Municipality
improvements
Install ITS Additional Signals | Zarga
9 Measures 2014 2017 1,100,000 plus SVD Municipality
Plan/Build UTC
1,000,000 Centre
Junction and 100,0000 Road markings Zarqa
10 Highway 2014 2018 Junction Traffic Municipality
Improvements 1,900,000 Management
Improvements
Contractual Zarqa
11 Parking 2013 2020 5,300,000 agreement Municipality
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between ZM and | Parking
Autopark operators
Public Travel Awareness
12 Awareness 2013 2019 300,000 c ) LTRC
ampaign
Scheme Bus operators
Total Cost JD 49,100,300

9.3 CONSTRUCTION COST ESTIMATES

The calculation of the core and strategy costs have been based upon recent studies and recent construction
projects and the consultant’s extensive experience of transport sector projects worldwide and in Jordan.

Table 9.3: Cost basis for each of the core projects

Project

Project Title

Cost Basis

Core Project 1

Co-operation with GAM

This project has not been costed, as it is dependent on
negotiations between the parties involved.

Core Project 2

Permanent Traffic Counters

Sourced from suppliers.

Core project 3

Air Quality Monitoring

Sourced from suppliers.

Core project 4

KABAAC

Sourced from a number of recent traffic impact assessments.

Core Project 5

Zarqa Traffic Model

Estimated using bottom up techniques. Used recent transport
model projects let in the region

Used the Amman TMMP fee as a guide

Core Project 6

Zarqa Masterplan

Used the previous budget allocated for this project.
Compared similar study costs in region.

Core Project 7

Institutional Strengthening

Used typical current professional salary bands in Jordan as a
guide as well as existing salary bands in various Municipalities.

Core Project 8

Transport policy

Estimated the person man hours effort required to introduce such
a policy.
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Table 9.4: Cost basis for each of the strategy projects.

Project

Project Title

Cost Basis

Strategy Project 1

Integrate Land Use and Transport
Planning through new Bus Routes
and Policy Changes

e Institutional strengthening costs are covered in
Project?.

e Cost prices for new buses obtained from the market.
No account has been taken of any potential leasing
income.

Strategy Project 2

Public Transport Services
Improvements

e Survey costs calculated from hourly rates for
surveyors.

e Scheduling and route software costs based on market
prices.

e Cost prices for new buses obtained from the market.
No account has been taken of any potential leasing
income.

e Bus lane priority costs calculated by using local market
prices

Strategy project 3

Improve Accessibility to the
Proposed LRS Terminal

e Cost prices for new buses obtained from the market.
No account has been taken of any potential leasing
income.

e Bus lane priority costs and Park and Ride sites
calculated by using local market prices.

Strategy project 4

Public Transport Terminal
Improvements

e Terminal improvement costs derived from similar work
undertaken elsewhere in Jordan

e Cost of new Bus Interchange points calculated using
local material and labour prices.

Strategy Project 5

Public Transport Ticketing Changes

e Cost of ETMs based on international prices.

e As LTRC already plan to consider integrated ticketing
and a clearing house system, costs have not been
assumed for these items to avoid double counting.

Strategy Project 6

Public Transport Infrastructure
Improvements

e Obtained from recent improvements made in Amman
and Consultants own estimates.

Strategy Project 7

New Low Emissions Vehicles

e Prices for hybrid white taxis obtained from the market.

e No calculations made regarding the cost of operating
CNG powered buses — a detailed business case
needed to consider all costs and savings.

Strategy Project 8

Walking Infrastructure Improvements

e Estimates obtained from recent infrastructure projects
of similar nature in Jordan.

Strategy Project 9

Installation of ITS Measures

e Estimates from various manufacturers and suppliers
worldwide, together with experience of project
managing the construction and operation of UTC
centres.

e As LTRC already plan to consider the introduction of
real time information systems, costs have not been
assumed for these items to avoid double counting.

Strategy project 10

Junction and Highway
Improvements

e Estimates from similar recent contracts let in Jordan

Strategy project 11

Parking

e Parking equipment costs based on market prices

e Staff enforcement costs based on current labour rates

e No assessment has been made for income to offset
costs.

e Price of multi-story car park construction based on
assessment of local building costs.

Strategy Project 12

Public Awareness Scheme

e Costs calculated on typical local charges for
professional design, advertising, promotion and events
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9.4 DESIGN & PROJECTS MANAGEMENT AND CONTINGENCY COSTS

For Core projects we have allowed a general contingency of 10% plus a further 10% cost to take into
account general project management.

We have provided indicative strategy project costs only and it would not be appropriate at this stage to
allocate contingencies to each particular project. As an indication, an overall allowance of 10% may be
considered. We have also allocated a 10% design and management cost.

The design and project management cost is considered to include all preparatory work needed to reach the
construction contract stage, as well as the detailed design.

9.5 STRATEGY PROGRAMME

This strategy involves developing an implementation programme for the Core (2011-2013), short (2012-
2015) and medium term (2016-2020) time horizons. The core requirements call upon studies to be
undertaken over the next 3 years to ensure Zarga Municipality is in a position to support the short and
medium term projects and at the same time build a foundation to support the launching of larger and longer
term transport initiatives.

The short and medium term strategy development will call upon the various components developed from
analysis undertaken throughout the study. The results of the reconnaissance and traffic surveys, coupled
with the forecasts and emission factor modelling were used in support of the scheme options.

The short-term strategy has been developed into an action plan for priority investments. The programme will
be implemented over the period starting late 2011 and ending 2015. The programme includes a priority
implementation strategy with associated costs and benefits.

The medium term measures have also been identified from site reconnaissance and traffic surveys, forecast
and emission modelling. These include area-wide demand management measures, and larger-scale
improvements such as bus rapid transit infrastructure provision.

The programme over the 10 year time frame is detailed below. Table 9.5 provides a summary of the core
and strategic projects. Tables 9.6 and 9.7 detail the core and strategic project investment per annum
respectively. Figure 9.1 below illustrates the investment profile. This figure shows that the programme is
designed to allow for the implementation of the core projects ahead of the strategy projects, thus resulting in
the major expenditure taking place during the period from 2013 to 2016.

Figure 9.1: Ten Year Investment Profile
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Table 9.5: Summary Work Programme and Indicative Costs - Core and Strategy Projects
PROJECT PROJECT DESCRIPTION SHORT TERM MEDIUM TERM CORE Project Cost | Strategy Project Costs
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 JD JD
CORE PROJECTS PROJECT DESCRIPTION
1 Co-operation with GAM e ——————————————————— ;
2 Traffic Count Equipment -! 15,000
3 Air Monitoring Equipment - 62,000
4 Detailed Assessment of the KABAAC . See Project 6
5 Develop Zarga Traffic Model — 600,000
6 Zarga Urban Master Plan | 1,000,000
7 Zarga Municipality Institutional Strengthening _ 135,000
8 Introduction of the transport policy for Traffic Impact Studies _ 250,000
STRATEGY PROJECTS PROJECT DESCRIPTION
Integrate Land Use and Transport Planning Through New Bus [
1 Routes and Policy Changes I I 2,375,000
Public Transport Services Improvements: Purchase of 43 new
2 buses with laase payments of batween 1015 years — L ERE
3 Improve Accessibility to the Proposed LRS Terminal # 5,974,000
4 Public Transport Terminal Improvements i | 14,277,500
5 Public Transport Ticketing Changes 400,000
6 Public Transport Infrastructure Improvements — 123,000
7 SR S — ARG
I
8 \Walking Infrastructure improvements | 250,000
9 Install ITS Measures * 2.100,000
10 Junction and Highway Improvements 2,000,000
1 Parking 5,300,000
12 Public Awareness Scheme 300,000
Total Costs (JDs) 2,062,000 49,100,300
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Table 9.6: Work Programme and Indicative Costs for Core Projects

PROJECT PROJECT DESCRIPTION SHORT TERM MEDIUM TERM ITEMISED COSTS TOTAL COSTS
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 JD JD
CORE PROJECTS PROJECT DESCRIPTION
| |
1 Co-operation with GAM - -
|
2 Traffic Count 15,000
15,000 15,000
[
3 |Air Monitori i 62,000
62,000 62,000
]
4 Detailed of the KABAAC See Project 6
I
5 Develop Zarga Traffic Model 600,000
300,000 300,000 600,000

6 | Zarqa Urban Master Plan 1,000,000

500000 500,000 1,000,000

7 Zarga Municipali ituti i 135,000
45,000 45,000 45,000 135,000
e |
8 ion of the transport policy for Traffic Impact Studies 250,000
83.333 83,333 83,333 250,000
Annual Expenditure| 15,000 990,333 928,333 128,333 - - - - - -
Total Costs (JDs) 2,062,000 2,062,000
Contigency Costs 10% 206,200
Management Costs 10% 206,200
Grand Total 2,474,400
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Table 9.7: Work Programme and Indicative Costs for Strategy Projects

TRATEGY PROJECT PROJECT DESCRIPTION SHORT TERM MEDIUM TERM ITEMISED COSTS TOTAL COSTS
integrate Land Use and Transport Planning Through New Bus.

1 Routes and Policy Changes 2,375,000

Project 1 Cost Profilel 1,187,500 1.187.500 2,375,000
Public Transport Services Improvements: Purchase of 43 new.

buses with lease pavments of between 10-15 vears 11,122,800
Transport Survevs| 75000 75.000 150000
2 Software Development| 10.000 10,000
Vehicle Purchasel 12875001 1267.500|  1287500| 1287500 1267500 1287500 1267500 1287.500 10.300.000
Bus Lane Development| 131,400 131,400 262,800
Driver Training 44,448 44,484 44,444 44,444 44,444 44408 44408 44040 44,004 400,000

improve the Proposed LRS Terminal 5974000
Plan and Design Bus Lanes| 87.500 87.500 175.000
3 Purchase. Plan and Design Park and Ridef 504.750 504,750 504.750 504.750 2.019.000
Purchase BRT Buses 2700000 2700.000
Purchase of Park and Ride Buses| 1.080.000 1.080.000

Public Transport Terminal 14277500
4 King Abdulzh 2173333| 2473333 | 217333 6,520,000
Prince Rashid 1610833 | 1610833| 1610833 4,832,500
New Zarg 975,000 975.000 975.000 2925000

5 Public Transport Ticketing Changes 400,000
Electronic Ticketing Machines| 200,000 200,000 400.000

6 Public Transport 123,000
Bus Stops and Bus Shelters| 41,000 41,000 41,000 123000

NewL Vehicles 4,878,000
7 Purchase of Hybrid White Taxis| 375.000 375.000 375.000 375.000 1.500.000
Add CNG Costs| 422250 422,250 422250 422250 422250 422,250 422250 422,250 3.376.000

 ——

8 Walking 250,000
125.000 125.000 250,000

install TS Measures 7 2,100,000
9 Install Signals at new Junction and Repair Old signals + new SVD| 550,000, 550,000 1.100.000
Plan and Build Urban Traffic Conrol Cerire] 250,000 250,000 250,000 250,000 1.000.000

Junction and Highway 2,000,000
10 Do soue
Junction Traffic Management 380,000 380,000 380,000 380,000 380,000 1.900.000

Parking 5.300.000
Plan and Expand Existing Autopark Syster 200,000 200000
Enforcement 100000 100,000 100,000 100,000 100.000 100,000 100,000 100,000 800,000
Plan, Design and Build Muli Story Car Park 500000 1233333 1233333|  1.233333 4,200,000

I

12 Public Awareness Scheme 300,000

Travel Awareness Campaign| 42,857 42,857 42,857 42,857 42857 42,857 42857 300,000
Annual Expenditure 75,000 635,844 7.435,035 | 11,745302 | 11,852.802 | 6,850,968 | 3,502,052 | 3,252,052 1,897,052 1,854,194

Total Costs (JDs) 49,100,300 49,100,300

Contigency Costs 10% 4,910,030

Design/Management Cost 10% 4,910,030

Grand Total 58,920,360
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9.6 PROJECT IMPLEMENTATION AND DELIVERY

Having developed the Zarqa Downtown strategy, the implementation of the strategy projects will work
through an indicative process as shown in Figure 9.2 below. The process will start with individual scopes of
work developed for each project. Following a process of invitation and evaluation, a consultant should be
appointed to undertake a feasibility study, detailed design and cost estimates. Once completed, a similar
process of evaluation should be undertaken to appoint the contractor.

Depending upon the complexity and size of the project, Zarqa Municipality may be able to undertake some of
the construction work through the use of the Municipality team. This may include traffic management,
junction improvements and pedestrian facility improvements. However, larger schemes such as the park
and ride, car park construction and expansion of the urban traffic control system will require specialist
contractors.

Figure 9.2: Project Implementation and Delivery Process

This Project: Overarching Strategy
8 CORE Projects 12 Strategy projects

Step 2. Appoint Consultants

Step 3. Undertake Feasibility Study and Economic Appraisal

Step 5. Bill of Quantities and selection of Contractors
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10 Summary and Conclusions

10.1 CONCLUSIONS

Without intervention, Zarqa City faces increasing levels of traffic congestion and air pollution due to a
growing population, the new KABAAC development to the east of the city, and increasing levels of car
ownership resulting in a modal shift toward travel by private vehicles.

Consequently fuel consumption, particularly gasoline, is predicted to increase in line with vehicle demand.
The result of the rapidly increasing fuel consumption and vehicle trips is significant growth in GHG
emissions. CO2 emissions per capita are predicted to reach 741kg/capita/annum in 2020.

This Study presents a Strategy which recommends in total, 8 core projects and 12 strategy projects. It will
provide a solid foundation for Zarga to deliver a multi-faceted mobility strategy for the next ten years. Itis
important to note that the core projects need to be implemented in order to provide the Municipality with the
necessary equipment, knowledge and skills to understand better the existing conditions, and to implement
and monitor the strategy going forward.

The strategy projects would be planned for and implemented over a 10 year time horizon, starting in 2011
and finishing in 2020.

The total investment required to implement the Core Projects is approximately JD 2.5million, including
contingency and management costs.

The total investment cost for Strategy Projects over the 10 year period is JD 58.9 million, including
contingency and management costs, which is equivalent to JD 5.89 million per year investment.

The recommended strategy has been tested and found to:
Reduce total vehicle emissions of CO2 by 25% compared with 2020 Do Minimum scenario;
Reduce vehicle travel time by 10%;
Reduce private vehicle demand by 19% compared with 2020 Do Minimum scenario; and
Reduce fuel consumption by at least 13% compared with 2020 Do Minimum scenario.
It will also:
Provide a solid foundation for Zarga to take forward the proposed strategy;
Provide dedicated transport links to the Zarqga LRS/BRT terminal,
Integrate the KABAAC development in terms of transport and land use; and

Provide Zarqa Municipality with the necessary equipment, knowledge and skills to understand better the
existing conditions, and to implement and monitor the strategy going forward.
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