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Abstract

Congestion is one of the most problematic concerns that cities experience currently, and Rawal-
pindi — Pakistan is not an exception. The roads of Rawalpindi especially in the Saddar area have
turned into one of the worst places for commuters as well as for city authorities and managers. The
area concentrated with commercial centres, wholesale markets, government and private offices ex-
periences a very high traffic density resulting in longer travel times, higher fuel consumption and
more emissions. Therefore, this study considers road congestion pricing as an appropriate strategy
for confronting this problem proactively since it is based on demand-side management using the
software; VISUM. The study is aimed at helping policy makers early on develop equitable and
workable road pricing. This can reduce traffic volume and discourage usage of private vehicles on
roads by using private cars or even any other forms of transport in time slots, hence showing 8.3%
reduction of volume when charges were implemented in the study period for car users and light
transport vehicles. Equally promising is the financial impact: an estimated PKR 67 billion annually
through road pricing, which is an enormous source for reinvestment into urban transport infrastruc-
ture, such as developing reliable public transport systems, improving road quality, and modern toll
collection. This is where current developments in road pricing come in — to demonstrate how this
transport management tool can have impacts on one of Rawalpindi’s important urban routes before
cautious endorsement is given to embracing this particular solution for improving sustainable ac-
cessibility without disadvantaging people.

Keywords: Road Pricing; VISUM,; traffic Congestion; Fuel Consumption; Sustainable Transpor-
tation; traffic management.

1. Introduction

Congestion pricing (CP) a strategy aimed at reducing traffic congestion through toll charges
on road usage has gained popularity worldwide for its ability to alleviate traffic flow issues and
encourage the use of transportation while generating revenue for infrastructure enhancements [1,2].
However, in the context of Pakistan’s political and economic challenges [3,5] thorough evaluation
is essential to determine the practicality of implementing such a system, in the country. Various
factors such, as disparities affecting movement patterns and the unreliability of public transporta-
tion systems contribute to transportation challenges in areas. Increased traffic is often seen in Pa-
kistani cities, especially Karachi, Lahore and Rawalpindi where the road systems are not built to
withstand such heavy volume of vehicles, along with ineffective vehicle control methods that have
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created near-permanent gridlock on many roads as well a lack of reliable method of public transport.

These problems have been compounded by rising car ownership, accelerating urbanization, and
under-investment in public transport — with colossal economic losses, more severe air pollution,
and reduced quality of life as the result. [2,4].

Rising urbanization in less developed countries such as Pakistan is increasing the difficulties
associated with the movement of people and goods as well as the development of urban infrastruc-
ture. Rawalpindi, one of the largest urban centers in Pakistan, which is a city bordering Islamabad,
has considerable traffic-related problems that threaten the country's economy and environment [1-
3]. The easterly direction on this road, starting from Saddar area to The Post Office, still is an
intersection of its key congested arteries. Fumes, inadequate public transport, noncompliance with
restrictions on parking, and the overwhelming addition of cars are the main reasons for congestion
[2,5]. Although the corridor facilitates traffic flows of private commuters and commercial traffic,
it is evident that persistent congestion increases the commuting time, fuel consumption, and wors-
ens air quality [3]. A series of traffic management measures including road widening, flyover build-
ing and signal timing optimization have been used in Rawalpindi. However, these measures have
only provided short term measures, as the increased degree of urbanization and increase in car
ownership has quickly zeroed the advantages provided [4,5]. The target that these standard
measures were aimed at namely the improvement of urban mobility in the longer run has not been
achieved. Thus there is the clear necessity to come up with a systematic and innovative approach
to traffic management [6] Despite being a recent phenomenon internationally, road pricing has
revealed itself as a viable method for demand management, energy regulation, and congestion re-
duction [7]. Road pricing is a tolling regime that allows road users or transients to pay on an im-
peded basis for peak access to certain roads or urban areas in order to discourage excess trips and
promote the use of other forms of transport, such as public transport, cycling and walking [8]. The
implemented measure has already proven its effectiveness in Singapore, London, and Stockholm.
The electronic road pricing in Singapore which was first instituted in the late nineties has been able
to cut the traffic volumes in peak hours by almost 15% consistently [9]. In the central London
congestion charge zone traffic was reduced by about 20% in the area while the charge also provided
funds for investment in public transport improvements [10]. The introduction of a congestion tax
in Stockholm has also been associated with significant reductions in traffic volumes and in emis-
sions of greenhouse gases, further suggesting the good environmental effects of the policy [11].

2. Literature Review

The introduction of modern traffic modelling tools (VISUM software) and four-stage travel
demand models have transformed the planning and assessment of road pricing schemes. Such tools
enable policymakers to put several models into practice, including distance, time and flat rate
measures, thereby enabling choices based on data [12]. For example, Melbourne used VISUM to
evaluate efficiency of distance — based tolling, the results expressed a decrease of congestion and
emissions as well as higher public acceptance in the future [13]. Likewise, case of Delhi helped in
understanding the travelling demand models as an effective tool in explaining the commuter be-
haviour and need for city specific solutions to cater crowded population tract [14]. Though, road
pricing was identified accurate in other parts of the world, its application in Pakistan is relatively
new. Past research on traffic congestion in Rawalpindi has considered the problem in a structural
perspective of Physical Infrastructure & Emission without explaining the behavioural changes that
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arise from the implementation of economic tools such as Road Pricing [15]. Currently, use of car
is high due to socio-economic disparities, reliance on private car, and limited public transport are
some issues, which may influence the implementation of Road Pricing in Rawalpindi [16]. All
these contextual variables must be taken into consideration in order to guarantee feasibility and
fairness of any offered solution [17]. The purpose of this research is to implement the concept of
road pricing in Rawalpindi traffic management system with special reference to Saddar Road.
Through the analysis with the help of VISUM software, the changes in pricing policies are dis-
cussed and their effects on congestion, emission and travelling behaviour of users are estimated
[18]. Also, commuter attitude and stakeholder engagement studies offer information on willingness
to pay, tolerance level, and perceived as hindrances to adoption of the concept [19]. Thus, this
research formulated below aims at designing a sustainable and equitable model of traffic manage-
ment to be implemented in Rawalpindi by employing a multiple-dimensional perspective. It is be-
lieved that the discovery of this research work will be imposing greatly to the existing theory in the
management of traffic in urban areas in developing countries. In addition to relieving congestion,
road pricing can bring about behaviour change, incentivise sustainable transport, and raise funds
for investment in public transport [21]. However, they require efficient public transported networks,
good policies, and public uptake for them to register success and serve everybody in the community
equitably [22]. This research has sought to employ modern traffic modelling approaches and bench-
marking of the best practices in the world to come up with some key policy and practical implica-
tions to progress the way to a more efficient and sustainable urban transport system in Rawalpindi.
Here’s a structured literature review in a table format for better clarity presented in Table-01.
Table.O1nstructured literature review in a table format for better clarity:
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3. Research Methodology
3.1 Study Area
There are many cities in Pakistan with congestion traffic issues like big cities such as Karachi,

Lahore, Peshawar, Quetta and Islamabad but Rawalpindi is chosen as the study area of this study
due to current issue of bad air quality index (AQI) or in simple words, smog. Although many rea-
sons are presented as the cause of this smog such as crops burning in rural Rawalpindi and Indian
Punjab, however, the root cause of this life-threatening phenomenon is vehicular emission of haz-
ardous gases, because the AQI of Rawalpindi was recorded normal in the days of Corona pandemic
when the transport was limited to miniscule on the roads. Therefore, congestion pricing study is
immediately required for Rawalpindi to mitigate the smog threat. Moreover, When the city was
decided for this study, two factors were focused i.e. availability of traffic data for four-step travel
demand modelling (TDM) and the presence of frequent traffic congestion in the city’s hotspots of
traffic flow.

The traffic data such as vehicular details, average household size and details of trips covered
by the commuters in the city, modes of travel and types of vehicles assigned for different trips were
acquired from different sources such as traffic reports, National Traffic Research Centre (NTRC),
Pakistan Bureau of Statistics (PBS) and research papers. According to PBS report 2023, Rawalpindi
covers a total area of 5285 sq.kms and has a population of 6,118,911 persons. Population density
of the city is 1158 per Sg. Km [34]. Similarly, NTRC (2024) report provides the data on number
and types of vehicles owned by people in Punjab, for example, the majority (1456098) vehicles are
motorcycles or scooters and 115,576 are motor cars; along with other types of vehicles [35]. Other
NTRC Research studies provided in-depth knowledge of Origin-Destination (O-D) matrix and
freight transport (trucking) for Rawalpindi district. According to the Global Air Quality Index City
Rankings, Rawalpindi's Air Quality Index (AQI) forecast presently ranks 226th globally [36].

Therefore, in order to mitigate the pollution caused by traffic flow in these localities, detailed
congestion pricing research must be carried out. With 17.12 fatalities per 100,000 people, Pakistan
is ranked 95th in the world for road safety (World Health Rankings, 2021). The automobile growth
rate in Rawalpindi city, which is 2.10% annually (2017 to 2013), is a concerning scenario [37]. The
number of cars has significantly expanded due to increased urbanization and urban population
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expansion, which has resulted in capacity challenges on roadways to handle the expanding number 140
of vehicles. 141
142
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Figure 1: Map of Study Area (Rawalpindi Saddar) with Zones 1, 2 and 3 144
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3.2 Data Collection & Model Setup 155

This study purpose is to evaluate the feasibility of congestion pricing in Rawalpindi, focusing 156
on Zones 1 (PC Chowk), 2 (Murree Chowk), and 3 (Saddar Region). In this study, advanced Four- 157

Step Travel Demand Modeling (TDM) is used and supported by traffic simulation software like 158

PTV VISUM, the methodology section evaluates traffic behavior, congestion levels, and the effects 159
of introducing tolls in the study area. The study area includes a high-density traffic route, with 160
significant vehicular flows observed at Zone 1 - PC Chowk, Zone 2 - Murree Chowk, and Zone 3 161
- Saddar Region. This study area links key commercial zones and residential areas, making it crit- 162
ical for day-to-day travelling. Existing data discloses regular bottlenecks and extended delays dur- 163
ing peak hours, predominantly due to inadequate road infrastructure, diverse traffic flow, and inef- 164

ficient traffic management. 165
Key characteristics of the study area include: 166
e Zone 1 (PC Chowk): A critical junction with high commercial and transit activity. 167

e Zone 2 (Murree Chowk): A primary link for traffic connecting Saddar to other parts of 168
Rawalpindi and Islamabad. 169

e Zone 3 (Saddar Region): The central business district of Rawalpindi, with dense traffic 170
volumes and mixed land use. 171

The spatial configuration of the area, visualized through OpenStreetMap and simulated in VISUM 172
software, highlights the necessity for congestion management strategies such as congestion pricing. 173
174
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3.2.1 Data Collection 175

Extensive data collection forms the foundation of this study, enabling accurate modeling and 176
scenario analysis. 177
Traffic Data: 178
Traffic volume counts, speed measurements, and vehicle classifications data is collected during 179
peak hours at each zone. Historical traffic data collected from the National Traffic Research Centre 180
(NTRC) supplements this information. 181
Origin-Destination(O-D) Data: 182
Surveys and GPS tracking are used to develop an O-D matrix for the study area. The matrix records 183
trip movements between zones, recognizing significant travel patterns and congestion points. The 184
matrix is vital for simulating traffic redistribution post-toll implementation. 185
Demographic Data: 186
Socio-economic data, including income levels, vehicle ownership, and household characteristics, 187
is obtained from the Pakistan Bureau of Statistics. This data is critical for mode choice analysis, 188

ensuring that impartiality considerations are integrated into congestion pricing policies. 189
190
3.2.2 Four-Step Travel Demand Modelling (TDM) 191

The Four-Step TDM in VISUM is used to simulate the existing traffic network and scenario 192
for congestion pricing. 193

Step 1: Trip Generation; Trip generation calculates the number of trips produced and attracted 194
in each zone. The Saddar Region (Zone 3), with its dense commercial and retail activities, emerges 195
as the highest trip generator. PC Chowk and Murree Chowk primarily attract transit and residential 196
trips. Data from surveys and roadside counts feed into VISUMfor trip generation analysis, identi- 197
fying the trip productions and attractions in each zone. 198

Step 2: Trip Distribution; Trip distribution models the movement of trips between the zones 199
using a Gravity Model in VISUM. The O-D matrix visualizes these movements, showing the 200
strongest trip connections between Zones 1 and 3 due to commercial activity. The introduction of 201
tolls is expected to redistribute trips, with drivers avoiding tolled routes and shifting to alternate 202
roads or travel modes. 203

Step 3: Mode Choice; Mode choice analysis evaluates the shift in traveller preferences be- 204
tween private vehicles, buses, and LTVs under congestion pricing. Before toll implementation, the 205
majority of trips are made by private vehicles. Post-toll implementation, VISUM simulations show 206
a significant shift to buses and shared mobility options. 207

Step 4: Route Assignment; Route assignment determines the redistribution of trips across the 208
network post-pricing. Traffic assignment in VISUM reveals that tolled routes experience reduced 209
traffic volumes, while alternative routes handle increased flows. This redistribution alleviates con- 210

gestion in key zones while maintaining overall network efficiency. 211
3.2.3 Scenario Development and Analysis 212
The study evaluates the following congestion pricing scenario: 213

Flat Fee Model: Fixed tolls for cars (PKR 200) and LTVs (HiAce and coasters) (PKR 100) applied 214
uniformly during the whole day across Zones 1, 2, and 3. 215
The impact of these scenarios is assessed across key metrics: 216
e Traffic flow improvements (volume reductions in peak-hour traffic). 217

e Modal shifts (increase in bus and shared mobility usage). 218
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e Emissions reductions (lower PM2.5 and NOXx levels). 219

e Revenue generation and reinvestment potential. 220

221

3.2.4 Data Visualization and Analysis 222

Geospatial analysis through GIS tools visualizes congestion hotspots, traffic redistribution patterns, 223
and emissions zones. Pre- and post-toll OD matrices and traffic assignment maps generated in VI- 224

SUMhighlight the spatial impacts of congestion pricing on the network. 225
226
4. Results and Discussion 227

The software used to perform the traffic modelling in this study is PTV VISUM 25 where open 228
street map of the study area was imported into the software and nodes, links (roads) and zones (1,2 & 3) 229
were defined as shown in figure 5. The vehicles considered for this study were public transport (PuT) i.e. 230
Buses and private transport (PrT) i.e. Cars and Commercial Vehicles. The peak hours traffic count of the 231
vehicles on the roads was obtained from literature and divided by K-factor for Urban Transporti.e. 0.093 232
to obtain the daily traffic count. Figure 6 shows the peak hour traffic count between the zones in VISUM. 233
It is clearly visible from the figure that the traffic load is highest between PC chowk and Saddar during 234
peak hours and commuters have to face congestion on the roads. 235

236
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Figure 5: Open Street Map of Study Area with Zones in VISUMSoftware 250
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Figure 6: Study Area with Peak Hour Traffic Count 262
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Procedure sequence

4.1 Four Step Travel Demand Modelling (TDM):

Travel demand modelling is important in transportation planning to provide new and efficient trans-

portation systems and to improve the existing systems. One simplest model is four-step travel demand

model that is used on a large scale by policymakers and practitioners. Before evaluating the feasibility of

congestion pricing or road pricing to reduce the traffic congestion in the study area, it was important to

develop standard 4-step travel demand modelling for the existing road network, including zones, in VI-

SUM so that we could apply toll charges on the respective vehicles on the roads on daily basis and see the

amount of reduction in the traffic count on the roads. Figure 7 shows the successful execution of this type

of modelling in which trip generation, trip distribution, mode choice and traffic assignment were executed

in an order, one after the other.

b YL PEHIEE

n kWM BB G0N

Active Procedure Reference object(s) Variant/file Messages  Condition Comment | StartTime Duration ResultMessage
R | Tpgenewion —weoral M M W ooy omn
Trip distribution APO1_All v 02/01/202  Omin Matrix total 1 C
Mode choice APO1_All 1 warning 02/01/202 Omin Successfully cal
PrT assignment Car Car ... | Equilibrium assignment «/ 02/01/202  Omin The assignmeni
Demand matrix correction Car Car ... Least squares +/ 604 message 02/01/202

D UU2S TS, HEE

Figure 7: Successful procedure sequence of 4-step TDM in VISUM

g Legends

Links.
Type number

g

02.012025

Figure 8: Study Area after 4-step TDM

The reddish lines among the zones in figure 8 show the amount of traffic assignment from one zone to the

other zone after running the four step TDM in VISUM. The steps are explained below.

4.1.1 Trip Generation

It Is the process of determining the number of trips that will begin or end in each traffic analysis

zone within a study area. This is used to develop a relationship between trip end production or attraction

and land use. Trip generation is a general term used in the transportation planning process to cover the

field of calculating the number of trip ends in a given area. Factors influencing the trip production and

attraction include income level of families, car ownership, family size and composition, land use charac-

teristics, distance of the zone from town center and accessibility to public transport system. First step of a

standard 4-step modelling is trip generation which tells the number of trips being produced from and at-

tracted towards a particular zone. Figure 9 shows the productions and attractions for each zone under study.

These are calculated using VISUM software after putting population and household size of each zone into

the software. The population of zone 1, zone 2 and zone 3 were taken as approximately 100000, 80000

and 120000 respectively while the household size of Rawalpindi is around 7 (Pakistan Bureau of Statistics,

2017).
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293
Number: 3 Zone Productions Attractions
500042.00000000 420040.60000000
2 2 400042.00000000 336061.87255461
3 3 600042.00000000 504019.32744539 -
Figure 9: Productions and Attractions of trips in each zone 295

Maximum production of trips 600042 are originating from zone 3 and maximum attraction of trips 504019 296
are also towards zone 3 which shows that the zone 3 Saddar is highly active zone among all three zones in 297
Rawalpindi Saddar while zone 2 is producing least number of trips 400042 and attracting lowest number of trips 298
336062. Zone 1 stands in between other two zones to produce and attract trips with 500042 productions and 299
420040 attractions. Overall, the amount of productions and attractions of trips among the zones is very high 300
showing the immense degree of congestion on roads. 301
4.1.2 Trip Distribution 302

Trip distribution is a process by which the trip generated in one zone are allocated to other zones in the 303
study area. These trips may be within the study area (internal — internal) or between the study area and area 304
outside the study area (internal — external). The trips within study area are calculated in this study and internal- 305
external trips are ignored. 306

After trip generation analysis in VISUM, next was finding that how these trips between zones were dis- 307
tributed and what is the specific number of trips between two specific zones. Figure 10 shows the Origin-Desti- 308
nation matrix for trip distribution among the three selected zones. The 0 diagonal values in the matrix shows the 309
absence of trips within a single zone and this is the reason why sum of trips for a single zone is less than the 310
productions at that zone. For example, total production at zone 1 is more than 5 lac however sum of trips in OD 311
matrix is less than that i.e., 333361. The number of trips from PC Chowk to Mureer Chowk are 133356 and 312
133347 vice versa; PC Chowk to Saddar are 200005 trips and 200014 vice versa; and Mureer Chowk to Saddar 313
are 160007 trips and 160025 trips vice versa. 314

3x3 1 | 2 3 |
Name PC Chowk |Aureer Chow, Saddar
I |__Sum | 333361.33 | 293381.39 | 36001261
1 PC Chowk |333361.33 0.00 133356.20  200005.14
2 | Mureer Chowk |293354.80| 133347.33 0.00 160007.47

3 Saddar 360039.20, 200014.00 16002520 0.00

315
Figure 10: OD Matrix Trip Distribution 316
Matrix editor (Matrix 1 OD") 317
DFEN-6! DERS @ @|[0]]i:=+: 318
3x3 1 2 3
Name PC Chowk Mureer Chowk Saddar 319
Sum 679376.65 480546 52 714749.26
1 PC Chowk 668649.71 0.00 207094 80 46155491 320
2 | MureerChowk | 460342.75 207147.90 0.00 25319435
3 Saddar 74568047 47222875 27345172 0.00 321
Figure 11: OD Matrix After 4 step TDM 322
Matrix editor (Matrix '1 OD") 323
ChiFE 2-646 ! BEEES - @[] &:= 4+ -
Ax3 1 2 3
Mame PC Chowk PMureer Chowk Saddar 325
Sum 575921 76 40751337 605855 97
1 PC Chowk 56633053 0.00 175655 97 381174 66 326
2 Mureer Chowk 390382 39 175700.97 0.00 214681 42
3 Saddar 63207819 400220.79 231857.39 0.00 327

Figure 12: OD Matrix after toll applied 328
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The OD matrix after four step travel demand modelling is shown in figure 11 where maximum number of 329
trips originated and destined are from PC Chowk to Saddar (426364 and 436224) which shows the high level of 330
congestion on this road but a significant reduction in the number of trips originated and destined between these 331
two zones are calculated when a toll is applied on cars and LTVs (Hiace and Coasters), as visible in figure 12. 332
Similarly, the trips originated and destined among other zones are also reduced as you can see by comparing 333
figure 11 and figure 12. 334
4.1.3 Mode Choice 335

Modal Split is that aspect of the demand analysis process that determines the distribution of trips (number 336
or percentages) in different transportation modes between zones. Its values depend on factors such as the travel- 337
ler’s income and the availability of transit service. The third step in the modelling is mode choice of the com- 338
muters when they travel between any two zones, and it is influenced by different factors. Factors affecting modal 339
split are characteristics of trips (trip purpose, trip length), household characteristics (Income, car ownership, 340
family size and composition), zonal characteristics (residential density, concentration of workers) and network 341
characteristics (accessibility ratio, travel time ratio, travel cost ratio). Figure 13 shows the number of respective 342
commuters that use public transport or Buses to travel between any two zones while figure 14 shows the same 343
thing but after the toll charges have been applied. If we compare figures 13 and 14, we can see that the commuters 344
are inclined towards the use of public transport or buses because mode choice of people using buses is increased 345

after the toll is applied in VISUM. 346
Matrix editor (Matrix '2 Mode choice APO1_All x BY) 347
DFEY-8! DERE| @ @] iz + - 28
3x3 1 2 3

Name PC Chowk Mureer Chowk Saddar 349

Sum 247639.35 21794046 267437.94
1 PCChowk | 247639.85 0.00 99064 60 148575 24 350

2 | MurserChowk | 21792071 99058.02 0.00 11386269
3 Saddar 267457.69 148581.83 118875.86 000 351
Figure 13: OD Matrix for Mode Choice Bus before toll 352
Matrix editor (Matrix '2 Mode choice AP0O1_All x B) 353
DFEY-6! DE2S ® 80 = 454

3x3 1 2 3

Name PC Chowk Mureer Chowk Saddar 355

Sum 20954141 184411.16 226293 64
1 PCChowk | 20954141 0.00 8382390 12571751 356

2 | Mureer Chowk | 18439445 8381832 0.00 100576.12
3 Saddar 22631035 125723.09 100587.27 0.00 357
Figure 14: OD Matrix for Mode Choice Bus after toll 358

On the other hand, the mode choice Cars and LTVs by the travellers is reduced when the toll is applied. Thisis 359
visible from figures 15, 16, 17 and 18 where it can be clearly seen that the number of trips among zones for mode 360

choices cars and LTVs are decreased after toll. 361
Matrix editor (Matrix '3 Mode choice APO1_All x C) 362
DFEY-6! DERS @ @] i:= 363
3x3 1 2 3

MName PC Chowk Mureer Chowk Saddar 364
Sum 321931.80 283322 60 347669.32
1 PCChowk | 32193180 000 128783 98 19314782 365
2 | MureerChowk | 28329692 | 128775.42 0.00 15452150
3 Saddar 347695 00 193156.38 154538.62 0.00 366
Figure 15: OD Matrix for Mode Choice Car before toll 367
368
369
370

371
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Matrix editor (Matrix '3 Mode choice APO1_All x C")

BDFE-¢! DEx=E @ @] ::=
1 2 3

3x3
Name PC Chowk Mureer Chowk Saddar
Sum 272403.83 239734.51 294181.73
1 PC Chowk 272403.83 0.00 108971.06 163432.77
2 | Mureer Chowk | 239712.78 108963.82 0.00 130748.96
3 Saddar 29420346 163440.01 13076345 0.00

Figure 16: OD Matrix for Mode Choice Car after toll

Matrix editor (Matrix ‘4 Mode choice APO1_All x LTV")

Ee-¢! BE2E =@o)::=

3
Name PC Chowk Mureer Chowk Saddar
Sum 297167.82 26152856 32092552
1 PC Chowk 297167.82 0.00 11887752 178290.29
2 | MureerChowk | 261504.85 118869.62 0.00 14263523
3 Saddar 320949.23 17829819 142651.03 0.00

Figure 17: OD Matrix for Mode Choice LTV before toll

Matrix editor (Matrix '4 Mode choice APO1_All x LTV")

MFEY-0! DERE|@ @ (0]i:= +

3x3 3
Name PC Chowk Mureer Chowk Saddar
Sum 251449.69 221293.39 271552.37
1 PC Chowk 25144969 0.00 100588.67 150861.02
2 | MureerChowk | 22127334 100581.99 0.00 120691.35
3 Saddar 271572.42 150867.70 120704.72 0.00

Figure 18: OD Matrix for Mode Choice LTV
Figure 19 below shows the toll charges being applied on cars and light traffic vehicles in VISUM. The charges
are supposed to be 200 Rupees for Cars and 100 Rupees for LTVs in this study. There are no charges applied on public
transport and high occupancy vehicles (HOVs) to encourage people towards these modes of travel in order to reduce
the congestion on roads. Moreover, bikes are also excluded from implementation of charges because it is a common
practice in Pakistan to find escape routes by bikers.

Edit link

Number: 1495

From node: 1182
Tonode: 1180

Type: 22 Trunk, 3 lanes v
Use default values of this link type
Transport systems: BUS,CAR,LTV

Basis PrT TSys IPuT TSys | Environment | Congestion | DUE | User-defin¢ « | »

Number: 10 CAR | LTV
Permitted
) 80km/h 80km/h
vCur Okm/h Okm/h
to 43s 43s
tCur 97h 49min 53s 97h 49min
Volume 407956 0
Cross-section | 815886 0
Impedance 35219340 35219340
Addval 0 0
1200.00
|

Transfer changes to opposite direction

Opposite Cancel
Figure 19: Application of Toll in VISUM (Car=200 Rs. And LTV=100 Rs.)
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4.1.4 Traffic Assignment 398

The final step in the forecasting process is trip assignment. It is performed to determine the actual street 399

and road routes that will be used and the number of vehicles that can be expected on each road  segment. Traffic 400
assignment is the stage in the transportation planning process where in the trip interchanges are allocated to 401
different parts of the road network forming the transportation system. In this stage, the route to be travelled is 402
determined and the inter-zonal flows are assigned to the selected routes. There are various types of traffic as- 403
signment techniques but the one that is used in this study is most frequent, called equilibrium assignment. The 404
user equilibrium assignment is based on Wardrop’s first principle, which states that “no driver can unilaterally 405
reduce his/her travel costs by shifting to another route”. In this approach, all possible routes eventually reach a 406
state of equilibrium. 407
The last step of the modelling is traffic assignment that means the decision taken by the commuters to 408
travel on which link of road network suitable for them. Figure 20 shows the traffic assignment among zones after 409
the modelling and before the toll charges applied in VISUM. The traffic count from zone 1 to zone 2 is 329569 410
and from zone 2 to zone 1 is 329538; zone 2 to zone 3 is 374546 and zone 3 to zone 2 is 374513; and zone 3to 411
zone 1 is 489517 and zone 1 to zone 3 is 489548. 412
413

Nebwork editor (Edit: Links) x

it REI@-PC =] R = - &) Gophicpaametersfiles <[ (B3] A X @D - @ S @EEB

Legends

0201.2025

414

Figure 20: Traffic Assignment among zones before congestion pricing 415

Figure 21 shows the traffic assignment among three zones after the congestion pricing or toll charges are 416
applied in VISUM. The traffic count on the roads is significantly reduced i.e., from zone 1 to zone 2 is now 417
302105 and zone 2 to zone 1 is 302076; zone 2 to zone 3 is 343334 and zone 3 to zone 2 is 343304; and from 418
zone 3 to zone 1 is 448724 and zone 1 to zone 3 is 448752. 419
420

Network editor (Shaw marked QD pairs) x

TR D[@-®MEE VI S - @ Gaphicpmameters s - | BE] (A A @D - @ L@ BEEA

Legends

421

Figure 21: Traffic Assignment among zones after congestion pricing 422
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4.2 Policy Scenario Analysis using TDM: 423

A policy scenario analysis is a tool that assesses how different policies or management options might affect 424

the future and can contribute to policy design and implementation. The issue to be addressed in this study isto 425
reduce the traffic congestion on the roads of Rawalpindi Saddar which will, in addition, reduce the pollution by 426
decreasing the vehicular emission of hazardous gases. After looking at the successful execution of road pricing 427
techniques in Singapore, London, Stockholm and Milan, we decided to run the standard four-step travel demand 428
model on the study area in VISUM and applied the toll charges on the main roads between the selected zones of 429
activities. This will generate revenue for the development of public transport system and for the improvement of 430
the existing transport system such as road quality, increasing number of lanes, establishing pedestrian paths, 431
installing streetlamps, development of parking areas and other road infrastructure. 432
So, a total of 300 rupees toll charge is suggested to be applied on the roads connecting the three zones 433
under study. Of these 300 rupees, cars will be charged 200 rupees and light traffic vehicles will be charged 100 434
rupees while they travel through the designated roads on daily basis, because the modelling done and charges 435
applied are on daily traffic count. When this toll is applied on the road network in VISUM, the number of traffic 436
count on the roads is decreased and congestion is somehow minimized as evident from figure 22 in which the 437
traffic count between two zones is sum of traffic on two lanes in opposite directions. For example, zone 1 to zone 438
315 979065 which is sum of zone 1 to 3 (489548) and zone 3 to 1 (489517). 439
440

TRAFFIC COUNT BETWEEN ZONES

M Befor Toll After Toll

3
S 2
~ <
[e)] o2} ~
wn 00 [e)]
~ o ™ %]
o — <] Vo)
— 00 N %)
<)} — ~ ]
3 S ©
(=}
ZONE 1 TO ZONE 2 ZONE 2 TO ZONE 3 ZONE 1 TO ZONE 3
441
Figure 22: Traffic comparison of before and after road pricing 442

There is an 8.3% decrease in traffic volume after the application of toll charges. There is no toll charge 443
applied on buses and public transport in order to encourage people to choose these modes of transportation and 444
exercise carpooling. The possible challenge to this study’s practicality was level of pricing which is addressed 445
by putting toll charges affordable and only applicable on selective type of vehicles. The public would not accept 446
such policy in Pakistan that affects their income level and not affordable because the overall financial condition 447
of the country is poor. However, the public can be convinced by assuring them that the revenue generated by this 448
type of road pricing will be invested to provide them better and reliable road infrastructure within the study area. 449
Moreover, a pilot program can be run first before permanently applying the road pricing in which the toll will be 450
collected for initial six months. The total possible daily revenue of implementation of this study is approximately 451
235 million rupees. The detail of revenue is given in table 2. 452

453
Table 2: Details of Revenue generated by road pricing in study area 454
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Modes Number | Toll Charges Revenue (Rs.)
of Units (Rs.)

Cars 806318 200 161263600

LTVs 744294 100 74429400

Total Daily Revenue 235693000

Monthly Revenue 5656632000

Annual Revenue 67879584000

455

Number of units in table 2 are obtained by adding up all the trips of cars and LTVs from figures 16 and 456
figure 18. The monthly revenue is 5 billion rupees and the annual revenue reaches up to 67 billion rupees. While 457
this idea seems to be producing so much tax for government, yet it needs a sophisticated mechanism and system 458
to be deployed on the roads to collect this revenue. This study suggests the establishment of toll plazas at the 459
entrance/exit of the zones i.e., PC Chowk, Mureer Chowk and Saddar. This is the custom method of toll collec- 460
tion in Pakistan and we do not suggest the advance systems like Singapore, London and Milan at this moment, 461
however, as the program grows and revenue is collected enough to be utilized for adopting advance technologies 462
then modern methods of toll collection such as ERP (Electronic Road Pricing) can be introduced in the Rawal- 463
pindi Saddar. So the toll will be collected through electronic toll booths and the compliance will be monitored 464
using Automated Number Plate Recognition (ANPR) systems. 465

5. Discussion 466

Although this study provides an estimate of revenue generation, feasibility of road pricing and an idea of 467

how much congestion can be reduced, efficiently, but it falls short of real time data for the whole day and 468
based on only peak hours data; daily data of traffic count is bifurcated from this peak hour data. This study 469
could not incorporate the data on car ownership, family composition and land use due to absence of accessibil- 470
ity. The open street map used in this research is over-simplified and ignores the detailed road network. Some 471
policy recommendations from this study are stated below: 472
5.1 Policy Recommendations: 473

e There is a decrease in traffic volume on the roads as evident from VISUM analysis, therefore, the road 474

pricing should be applied on the roads between PC Chowk, Mureer Chowk and Saddar region in the 475
Rawalpindi Saddar. 476
e The toll charges should be such as discouraging private transport and encouraging public transport. So 477
the cars should be charged 200 rupees and LTVs should be charged 100 rupees while travelling 478
among the three zones during peak or rush hours. 479

e Adaily revenue of 235 million rupees is expected from this road pricing which is a huge amount fora 480
small region therefore the revenue should be invested on the well-being of the residents of the area 481
and to improve the road infrastructure in the area. 482

o Initially, the traditional way of toll collection should be implemented on the roads by installing the toll 483

plazas at the entrances/exits of the zones. However, as the program kicks up and collects enough 484
money to be invested on technology then advance road pricing techniques should be adopted follow- 485
ing the examples of Singapore, London, Stockholm and Milan. 486

e Asix month pilot program is recommended for the study area so that the road pricing can be modified 487
according to the feedback of the people of area. 488
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e The same studies can be conducted for other cities facing traffic congestion. They can follow the same 489
four step TDM to assess the impact of road pricing on their respective area of study. 490

6. Conclusion 491

The study draws attention to the urgent problem of traffic congestion in Rawalpindi Saddar, especially 492
along the PC Chowk to Saddar corridor, which faces extreme bottlenecks during peak hours. This congestion 493
leads to increased travel time, excessive fuel consumption, and increased emissions, contributing significantly 494
to air pollution and smog in the city. The situation calls for innovative traffic management solutions beyond 495
traditional infrastructure expansion, which has proven insufficient in addressing long-term congestion challenges. 496
It draws inspiration from a successful city of road pricing that implemented the policies of Singapore, London, 497
and Stockholm. Therefore, this study used VISUM software for traffic pattern modeling under congestion pricing 498
strategy in Saddar. This can reduce traffic volume and discourage usage of private vehicles on roads by using 499
private cars or even any other forms of transport in time slots, hence showing 8.3% reduction of volume when 500
charges were implemented in the study period for car users and light transport vehicles. Equally promising isthe 501
financial impact: an estimated PKR 33 billion annually through road pricing, which is an enormous source for 502
reinvestment into urban transport infrastructure, such as developing reliable public transport systems, improving 503
road quality, pedestrian pathways, and modern toll collection technologies. All of these improvements will not 504
only make congestion reduce even further but enhance overall urban mobility and accessibility as well. 505

The study also highlights the need for fair toll structures, which have charges that encourage public 506
transport and shared mobility. Public transport vehicles and HOVs are exempted from paying tolls to promote 507
their usage. This is in tandem with the best practices adhered to worldwide in addressing the region's socio- 508
economic disparities. This is a worthwhile strategy for reducing traffic congestion in the metropolis. A six-month 509
pilot program is thus recommended to gauge the public's view and refine the tolling strategy based on practical 510
outcomes. A phased implementation permits policymakers to better address resistance potential and optimize the 511
system before expansion into a permanent level. The review also recommends adopting traditional toll plaza 512
setups initially while gradually transitioning toward advanced systems, such as electronic road pricing, as reve- 513
nue builds and public acceptance increases. 514

In conclusion, the research is a confirmation of the fact that road pricing could be a workable and sustain- 515
able solution for countering traffic congestion and its corresponding environmental impacts in Rawalpindi Sad- 516
dar. This reduces congestion, cuts down on emissions, and generates tremendous revenue; the strategy not only 517
deals with short-term transportation challenges but also gives a way out to long-term urban development. Poli- 518
cymakers should encourage the concept and models for such congestion pricing, like these developed in the 519

urban congested cities of other provinces in Pakistan. 520
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