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Abstract 
The inflow caused by tourists in peak seasons exerts an uncontrollable pres-
sure on the existing infrastructure. The Ayubia National Park in Pakistan 
faces traffic delays and capacity restraints on the connecting roads in peak 
season. The study focuses on the formulation of critical strategies by deploy-
ing amendments in the transport network. The methodology contains three 
parts: 1) a questionnaire was designed to inquire about several variables from 
the visitors; 2) the second part was traffic count data collection and analysis. 
Based on the response collected, the impact of multiple strategies on the net-
work was analyzed using TransCad; 3) in the third part, the results obtained 
were shared with experts to gain their valuable opinions. It was observed that 
the time of the day based access restriction to heavy vehicles could lead to 
dropping the Volume to capacity ratio from 1.7 to 1.2. However, The experts 
were also of the view that network changes can enhance and improve the vis-
itors’ experience. 
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1. Introduction 

Tourism has a significant effect on environmental, cultural, social, and economic 
values and in terms of the economy considered as an industry. The complex na-
ture of tourism and its bonding with the surrounding neighbourhood is essential 
for the improvement in the economy [1]. It has been observed that nature-based 
tourism, especially parks and protected areas (PAs), has grown in recent years. 
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An increase in tourist activity increases the burden of maintenance activities to 
sustain the place. Moreover, the surrounding transportation system requires at-
tention to ascertain fast and easy access [2] [3]. An appropriately functioning 
transportation network can improve the tourists’ experiences, where the occur-
rence of congestion, accidents, and pollution is lower [4]. Previous researches 
carried out to improve the transportation around PAs have focused on tourists’ 
experiences, satisfaction, and visitors’ mobility pattern [5] [6]. The traffic vo-
lume around protected areas is estimated to increase, as these are consequences 
of the increase in the number of tourists. The inflow of a large number of tour-
ists causes discomfort and reduces the safety on the roads heading towards pro-
tected areas [7]. 

The inflow of a large number of private vehicles on to the roads connecting to 
the protected areas highly depends upon the availability of infrastructure and 
operational strategy in the surrounding cities and counties. The lack of frequent 
public transport services is a strong reason behind the preference of private ve-
hicles, which results in operational traffic issues around PAs [8]. Traffic conges-
tion around protected areas may occur because of the high volume of motorized 
vehicles, lesser road capacities, traffic disorder, and an insufficient number of 
parking spots. A very few studies have focused on the element of seasonal con-
gestion around the protected areas [8]. Many of the protected areas around the 
globe are facing problems, for example, 1) ever-growing crowds around Acadia 
National Park, 2) increasing waiting times at entrance stations, shuttle lines and 
parking shortage at Grand Canyon National Park, Arizona, 3) congestion around 
connecting roads of Rocky Mountain National Park, Colorado in summer and 
early fall, 4) traffic jams and parking problems at Glacier National Park, Mon-
tana and Yellowstone National Park in Wyoming [9]. Underdeveloped and de-
veloping countries are facing similar problems as mentioned above and pro-
tected areas require a lot of attention and research activity to improve the overall 
transport in the upcoming years. In fact, the situation is not different at all com-
pared to developed countries like England, where they are also facing problems 
like congestion, bad connectivity and infrequency of public transport around 
their protected areas [10]. The national parks of Pakistan located close to and 
within urban communities are also facing traffic problems, especially in peak 
seasons. To further investigate and understand the mobility problems around 
the protected areas of Pakistan, a case study of Ayubia National Park located in 
Pakistan, is selected. Further details about case study are presented in Section 
1.1. 

There are multiple techniques/strategies adapted by various authorities to 
control the traffic problems around National Parks around the world. For exam-
ple, congestion pricing is considered as the most effective mechanism by con-
trolling authorities to alleviate traffic congestion [11]. Congestion pricing has a 
big plus over other traffic management policies as it encourages travellers to ad-
just all aspects of their behaviour: mode of transport, number of trips, destina-
tion, time of day, route, hotels’ location and workplace [12]. 
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In some other techniques, for example, for traffic management, the key step is 
the restriction of private vehicles by giving access to a hierarchical use of basic 
(approaching trips) and secondary (internal trips) road networks. Around 30 years 
ago, the restrictions for the heavy vehicle applied in the case study of the UK by 
restricting the heavy vehicles for a certain duration of time in various contexts [13] 
for example, on a weight limitation basis: 7.5t along main access routes, 5t along 
minor access routes and 2t on the internal local routes network [14].  

The case study selected has the potential to attract a large volume of tourists, 
which is economically feasible for the local community and also for the govern-
ment. This study provides feasible and economical solutions to not only over-
come the traffic congestion but also to facilitate the tourists. The study evaluates 
the application of multiple strategies based on visitors’ responses towards strate-
gies, traffic assignment model results, and lastly, the experts’ opinion to the most 
feasible measure. The study differs from past studies, as it combines the local 
perspective towards the suggestive literature measure and then further cross ve-
rify the applicability from the experts involved in the policymaking process of 
Ayubia National Park. 

Case Study 

Ayubia National Park (ANP), a classic example of a traditional national park 
model, termed as the “Golden Era National Park by Eagles (2009). Ownership of 
land and gardens belongs to the government of Khyber Pakhtunkhwa. Accord-
ing to the International Union for Conservation of Nature (IUCN) standards, 
the park is classified in category V, in protected landscapes type 15 [15]. Ayubia 
National Park was established in 1984 under the provisions of the Khyber Pakh-
tunkhwa Wildlife Act of 1975, with the aim of strengthening and preserving its 
distinctive panorama, flora, and fauna in its natural state. It was originally estab-
lished on 1683 hectares of land, but the area was expanded to 3,312 hectares in 
1998. During the summer season, this park attracts thousands of visitors because 
of the cold climate and pristine nature - forests, and wildlife [16]. Geographical-
ly, the park is located in the Himalayas between latitudes 34˚1' to 34˚3.8'N lati-
tude and 73˚22.8' to 73˚27.1'E longitude (see Figure 1). The park represents the 
pine forests of the pine Western Himalayas, part of the temperate forests of the 
western Himalayas [17]. The height and lowest points of the park vary from 
about 1050 m at Lahur to 3027 m at the top of Miranjani [18]. The park is easily 
accessible by a road from Abbottabad and Islamabad via Murree, using Abbot-
tabad Road, which also features the western boundary of the park [16].  

In non-peak seasons, the park is easily accessible. However, in the case of sea-
sonal tourism and during the holidays of religious events (EID festivals, Christ-
mas, etc.), the region attracts a large amount of traffic. The Ayubia National 
Park, because of its beautiful nature and everlasting vista, attracts a large number 
of tourists from the surrounding cities. The reason for the selection of this case 
study is that the surrounding roads are overcrowded because of additional traffic  
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Figure 1. Satellite image of Ayubia National Park showing physical features and district boundaries [19]. 

 
generated by tourism. The next section highlights the detailed issues that need to 
be tackled to enhance mobility towards the ANP. 

2. Problem Statement 

The problematic situation comprises of various issues that require special atten-
tion. 1) The traffic and the infrastructure facilities around Ayubia park are hard-
ly sufficient to meet the need; according to the city’s traffic police up to 17,000 
vehicles enter on connecting roads of Ayubia National Park on a daily basis, 
which is certainly too many [20]. Moreover, when there are seasonal holidays 
and bulk of traffic starts moving towards the national park, this huge volume of 
tourists creates congestion, decreases the travel flow and also increases the vo-
lume to capacity ratio [21]. According to news sources on 9th June 2016, about 
70,000 cars entered Murree (one of the access points to Ayubia National Park) in 
one day [22]. 2) Insufficient supply of public transport pushes tourists to hire 
personal cars and private cabs. According to one of the research, 23% of the 
people drive without a license in Pakistan [23]. The vehicles (either personal or 
rented) driven occasionally for the tourism purpose do not have vehicle inspec-
tion and maintenance certificate, which means these cars can stop working at 
any time on the road and could disturb the flow of traffic. The intensity of the 
problem increases if these elements combine, i.e., no license and no inspection 
certificate. An increase in personal car usage causes huge congestion to the con-
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nected roads of ANP. During the peak season (summer period and in winter va-
cations), there is an abrupt increase in the number of tourists. The traditional 
parking spots around scenic points are not able to accommodate the burden of 
private cars ensued from a holiday period [24]. Indeed, the research question is 
as mentioned: What would be the impact of managing the traffic volume to im-
prove mobility on connected roads around Ayubia National Park? 

3. Research Methodology 

The case study contains unique local problems, so, in order to solve these prob-
lems, different analyses are being incorporated. The first step was the identifica-
tion of data to be collected to investigate the problem. The data collection 
process was divided into two categories, primary and secondary data. The pri-
mary data was collected using the questionnaire technique, containing the im-
portant attributes and possible network changes/strategies, as identified in the 
literature. The revealed preference technique was used to investigate the multiple 
characteristics of stakeholders and their willingness towards the adoption of as-
sumed strategies. The secondary data relates to the traffic counts, volume, and 
OD matrix. The secondary data was collected from the National Transport Re-
search Center (NTRC) in Pakistan. The data collection based on the question-
naire was used for descriptive analysis and to determine the visitors’/officials’ 
response towards the adoption of the assumed policy/strategies. The response 
collected from the visitors helped in the extraction of preferences towards the 
assumptions. The secondary data was used to determine the impact of necessary 
changes by application of assumptions being inquired in a questionnaire from 
the visitors and officials; for this purpose, Transcad software was used. The data 
collection process is further explained in detail in Section 3.1. The step-wise 
methodological process is explained in Figure 2. The first step was the identifi-
cation of traffic analysis zones; the zones were selected based on the purpose and 
traffic volume being exerted towards the national park. 2) The second step was 
the relevant data extraction and data modification from the raw data. 3) the 
third step was the implication of possible strategies. Based on the results ob-
tained from the questionnaire, the first three preferred strategies by the respon-
dents were selected: restriction of vehicles (without inspection and maintenance 
certificate), application of toll at certain entry to exit locations and creation of 
permissible time windows for allowing access to heavy vehicles. These strategies 
were applied to the transport network using Transcad software. 4) The next step 
was to interpret and compare the effect of the implementation of different sce-
narios on the volume to capacity ratio and also on the travel free flow of the 
connected network. 5) To further inquire, the results of the analysis carried out 
in Transcad were presented to the officials associated with the Ayubia National 
Park, and their response was collected using the Delphi method. 6) The final 
step is the deduction of the most effective policy recommendations based an all 
results. The methodology layout is shown in Figure 2. 
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Figure 2. Step by step approach to complete the research. 

Data Collection 

The primary data collection was carried out using a questionnaire. A question-
naire was designed to inquire about a number of variables for example mode of 
transport used to travel to the national park, opinion about the level of conges-
tion, availability of parking space, the status of parking, effect of defective ve-
hicles, duration of stay, distance from the park and frequency of visit. The res-
pondents were asked to select, in their opinion, the most suitable strategies, 
keeping in mind the local perspective and being tourists. The questionnaire was 
distributed to the population of those who had at least once visited the park. 
Two methods were used to gain the responses: social media pages and distribu-
tion to the concerned departments via officials sources. The questionnaire was 
distributed, and the response was collected in the period of the 12th of August 
2019 till 23rd of December 2019. A total of 176 respondent responses were ana-
lyzed. 

Traffic analysis zones (TAZs) and the network was selected based on the trip 
generation and proximity to the Ayubia National park (see Figure 3). The selec-
tion of the TAZs was based on the flow generated from these zones towards the 
Ayubia National Park. The names of the selected zones are Rawalpindi (6), Isla-
mabad (3), Muzaffarabad (7), Murree (5), Abbottabad (1), Haripur (2), and 
Mansehra (4). These numbers represent the coding assigned for OD matrix 

The data collected from NTRC for the research is mentioned as under in Ta-
ble 1. Based on this data, traffic analysis zones were created and network (major 
roads) was developed. 

Table 2 is the OD matrix developed based on all the data available. Origin to 
destination matrix was created based on the data collected from the National 
Transportation and Research Centre (NTRC), Pakistan. The required data for  
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Figure 3. The case study map showing the important zones included and also the network for traffic assignment. 

 
Table 1. Characteristics of the selected network. 

Name of the Links Max. Speed in kilometers Capacity Number of Lanes 

N-75 80 8000 4 

Abbottabad Road 50 3000 2 

N-35 80 8000 4 

N-5 100 8000 4 

Muzaffarabad Road 50 3000 2 

Islamabad Expressway 80 12,000 6 

S-2 80 3000 2 

N-15 80 3000 2 

(Source: National Highway Authority (NHA, Pakistan) 

 
selected zones were extracted from the available data. The traffic count pre-
sented in Table 2 is peak hour data regardless of the purpose to the destination, 
as peak hour volume is a mixture of traffic generated by the locals and visitors. 

The next step is the descriptive analysis and deduction of alternative strategies 
based on the online questionnaire. By the execution of instinct changes in traffic 
input, based on the response collected from the tourists, possible outcomes are 
analyzed in detail in Section 4.2.1. 
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Table 2. Origin to destination matrix for the selected traffic analysis zones (Year, 2019). 

IDS/TAZs 
6 3 7 5 1 2 4 

 
Rawalpindi Islamabad Muzaffarabad Murree Abbottabad Haripur Mansehra 

6 Rawalpindi 0 177 2302 1234 2941 856 1440 8950 

3 Islamabad 554 0 348 1536 1847 686 527 5498 

7 Muzaffarbad 2327 660 0 1578 1644 227 1997 8433 

5 Murree 1631 674 1113 0 2907 253 198 6776 

1 Abbottabad 2599 1805 1221 2114 0 321 443 8503 

2 Mansehra 1277 603 698 331 227 0 452 3588 

4 Haripur 1571 548 1976 324 405 379 0 5203 

Total 9959 4467 7658 7117 9971 2722 5057 46,951 

Source: National Transport Research Centre (NTRC), Pakistan. 

4. Data Analysis 
4.1. Descriptive Analysis 

The identification and gathering of relevant information (to extrapolate the re-
search parameters) is itself a fundamental element of successful research. The 
respondents were asked to express their opinion regarding the implementation 
of certain policies to avoid congestion in the near future. Out of 176 respon-
dents, 84 (47.73%) respondents were male, and 92 (52.27%) females. A few cha-
racteristics are mentioned in detail in Table 3. The respondents agreed with the 
fact that most of the time the congestion is due to defective vehicles. They were 
also asked if they would support the ban on such vehicles that don’t have a 
maintenance certificate; 109 (63%) respondents stated “yes,” and only 67 (38%) 
of the respondents opposed the ban on such type of vehicles. Similarly, 63.60% 
of the respondents were in favour of the additional toll imposed on the visitors 
during the peak hours. Similarly, 133 (75.57%) of the respondents were in favour 
time-of-day based access restrictions for heavy vehicles; only 24.43% opposed 
this strategy. The management of the protected areas comprises of planning and 
consolidation of mobility strategies. An elegant mobility network enhances the 
visitors’ experiences through guidance, by ensuring time-saving, safety, and by 
the provision of detailed information about the route [25]. Concerning all other 
proposed strategies, the respondents were found less interested as compared to 
the aforementioned ones. 

4.2. Network Analysis (Based on Preferred Strategies) 

The next step after the preparation of all the relevant data and identification of 
possible measured as preferred by the respondents is the traffic assignment and 
also the adjustment of the V/C ratio to improve the travel free flow. The analysis 
part is divided into three parts. 

1) The first part is about the restriction on the vehicles which don’t have a ve-
hicle inspection and maintenance certificate. There is no periodic fitness inspec-
tion for privately owned passenger vehicles and motorcycles. The issue of vehicle  
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Table 3. Sociodemographic characteristics of respondents and response regarding various strategies. 

Trip Characteristics Levels Frequency Percent Trip Characteristics Levels Frequency Percent 

Mode of transport 

Private Car 86 48.86 
Gender 

Male 84 47.73 

Public Transport 43 24.43 Female 92 52.27 

Taxi 9 5.11 

Education 

Undergraduate 75 42.61 

Motor Bike 29 16.48 Graduate 37 21.02 

Walking 9 5.11 Masters 63 35.80 

Congestion 
Yes 119 67.61 Doctorate 1 0.57 

No 57 32.39 Ban on vehicles having no 
maintenance certificate 

Yes 109 61.94 

Congestion due to 
defective vehicles 

Yes 121 68.75 No 67 38.06 

No 55 31.25 
Toll charges implementation 

Yes 112 63.60 

Availability of Parking 
space 

Yes 130 73.86 No 64 36.34 

No 46 26.14 

Age 

18 - 24 96 54.45 

Time-of-day based 
access restrictions for 

the heavy vehicle 

Yes 133 75.57 25 - 30 27 15.34 

No 43 24.43 More than 30 53 30.11 

 
safety and fitness remains a huge concern in the case of Pakistan because there is 
no federal-level agency supervising or monitoring the issues of vehicle safety. 74% 
of the accidents in the capital region had at least one vehicle with fitness and load-
ing related safety issues that contributed to the accident and its consequences 
[26]. For this purpose, assumptions are made based on statistics obtained by the 
concerned officials of the National Highway Authority of Pakistan. 

a) It is assumed that 7.5% of the total vehicles have no certificate for the last 
10 years 

b) Another assumption was made that vehicles having no inspection certifi-
cate for the last 5 years are 15% of the total volume 

c) Vehicles having no inspection certificate for the last 3 years, are up to or 
more than 25% of the total volume 

2) The second strategy is the implementation of a toll on certain links; links 
with a high usage from the visitors and geographical proximity to the national 
park. The purpose of the toll is to discourage the users from using these links. 

3) The third part is devising a strategy for the implementation of time-of-day 
based access restrictions for the heavy vehicle.  

4.2.1. User Equilibrium Traffic Assignment 
The Ayubia national park is located between zone Murree and Zone Abbottabad. 
Tourist mostly comes from Rawalpindi, Islamabad, Muzaffarabad and also from 
Mansehra. The inflow of the tourist not causes the congestion on Abbottabad 
road but also disrupts the normal traffic on connecting roads like S-2 connecting 
Murree with Muzaffarabad, and N-75 connecting the Islamabad to Murree. 
During the peak hours, the volume to capacity ratio exceeds up to 1.7. Length of 
the links, maximum allowed speed, the capacity of the link, number of lanes, 
travel free flow is the relevant attributes associated with the links see Figure 4.  
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Figure 4. IDs Assigned to the links and maximum allowed speed on network links. 

 
The trans cad software was used to generate traffic assignment. The OD matrix 
shown in Table 2 represents the volume of peak hours from ADT. 

The method used for the traffic assignment was the user equilibrium method. 
User Equilibrium uses an iterative process to achieve a convergent solution, in 
which no travelers can improve their travel times by shifting routes. In each ite-
ration, Trans CAD computes network link flows, which incorporate link capaci-
ty restraint effects and flow-dependent travel times. Single class traffic assign-
ment has opted from the assignment types. The Bureau of public roads (BPR) 
was used as the delay function. Other parameters were traveling free flow, Alpha 
= 0.15, Beta = 4.00, and the capacity of the links. Almost 50 iterations, the soft-
ware generates the results of the traffic assignment based on the input flow given 
in the form of the OD matrix. It can be clearly seen in Figure 5. The volume to 
the capacity ratio on-road named as S-2 lies between 1.50 - 1.70. Similarly, the 
V/C ratio on N-15 and partially on the Abbottabad road is also higher than 1.1. 
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Figure 5. User Equilibrium assignment based on projected volume for peak hour. 

 
The V/C ratio at certain points exceeds up to 1.70. The graphical representation 
of V/C ratio as per individual links is shown in Figure 6. 

At almost two of the smaller links, the V/C ratio is more than 1.6. For exam-
ple, for link 17, the AB ratio is 1.61, and the BA ratio is 1.45, respectively. It can 
also be viewed in Figure 6 that V/C ratio continues to vary from the lowest of 
0.5 to 1.7. The traffic generated from the zone, Rawalpindi towards Muzaffara-
bad, passes through the N-75 and S-2. If only the traffic coming from these two 
zones switch to alternative routes, i.e., N-5, N-35, N-15 instead of N-75 and S-2, 
V/C ratio would be minimized. But the only problem is that an alternative route 
is a bit longer in terms of distance. 

4.2.2. Analyzing the Impact of Restrictions on Vehicles without an  
Inspection Certificate 

The maintenance level of every two out of 10 cars is not that good. There are ve-
hicles and also heavy trucks with low-quality engines having no vehicles inspection  
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Figure 6. Volume to the capacity ratio for the user equilibrium traffic assignment. 

 
certificate [26]. There are reasons why there should be a ban on these vehicles, 1) 
Vehicle without inspection is not favorable for environment-friendly traffic flow, 
2) driving behavior of drivers of these vehicles is vulnerable it can cause acci-
dents to other vehicles, and 3) Abrupt disruption inflow of the vehicles cause se-
rious effects for through traffic i.e., accidents, reduces flow, reduces capacity. An 
assumption was made about the total volume of these kinds of vehicles. It was 
assumed that the vehicles having no inspection certificate for the last ten years, 
five years, and three years are around 7.5%, 15%, and 25%, respectively. It can be 
clearly seen from Figures 7-9, that if the restrictions are imposed on those ve-
hicles who do not have obtained the vehicle inspection certificate for the last ten 
years, five years and three years. There is a slight improvement in the V/C ratio 
at all these three levels of assumptions. 

It is not obvious that there is a certain amount of vehicles, but it is worth 
mentioning here that the ban on these kinds of vehicles can bring a certain 
change. 

The graphical representations in Figures 10-12 show that previously this ratio 
was up-to 1.70 and with the ban on 7.5% of these vehicles it declines to 1.5, and 
if the authorities got successful in imposing the ban on vehicles having no certif-
icate for last 5 years those are equal to 15% the V/C ratio declines to 1.3. And 
lastly, by making sure that there is no such vehicle, in this case, study area, which 
means banning the 25% of vehicles having no certificate for last three years it 
can drop down the V/C ratio under 1.0 and only for few small links it is up to  
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Figure 7. Restriction on using the vehicles having no inspections certificate for last 10 years. 
 

 
Figure 8. Restriction on using the vehicles having no inspections certificate for last 3 years. 
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Figure 9. Restriction on using the vehicles having no inspections certificate for last 5 years. 
 

 
Figure 10. Graphical representation of impact on V/C ratio on all the links by the ban of vehicles having 
no inspection certificate for last 3 years. 
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Figure 11. Graphical representation of impact on V/C ratio on all the links by the ban of vehicles having no in-
spection certificate for last 5 years. 

 

 
Figure 12. Graphical representation of impact on V/C ratio on all the links by the ban of vehicles having no in-
spection certificate for last 10 years. 

 
1.2. The ban on such vehicles can be a temporary solution. However, it can be 
further combined with low emission zones, if required.  

The next part of the analysis on carried out on understanding what would be 
the effect of implying toll on the specific location. 
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4.2.3. Implementation of Toll during Peak Hours on Certain Roads 
At the public level, toll implementation is never easily accepted by the major 
community. To further analyse, if the toll could help to solve this problem, the 
analysis was performed. Transcad usually consider link cost in terms of time 
units to perform equilibrium assignment and therefore, VoT (Rs/hr) is used to 
convert toll (Rs) into time units. This represents an additional time added to the 
travel time of the link. The average value of time as predicted in [27] is 500 
pkr/hr = 3.25 $/hr for the year 2020. Rs. 1000 (i$) considered as the minimum 
toll on specified links. We performed analysis using different toll values as well, 
however, results were not meaningful. These links are selected based on the high 
usage from visitors, geographical proximity to the national park and also a V/C 
ratio exceeding 1.1 in peak hour. These links are, for example, at link 7, link 2, 
link 41, and link 44, i.e., Rawalpindi towards Islamabad, N-75 towards Abbotta-
bad Road, Muzaffarabad to Murree and N = 35 towards Abbottabad. All the 
links are highlighted with the red circle in Figure 13. It is worth mentioning  
 

 
Figure 13. Application of Toll charges on certain entry points to divert the traffic to al-
ternative routes. 
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here that the toll also has an impact on the V/C ratio. It can be clearly seen in 
Figure 13 and Figure 14. With the implementation of toll charges on said links, 
there is an effective decline in the volume of capacity ratio from 1.7 to lower 
than 1.30. However, it has increased the volume on N-5, N-35, and also on N-15. 
But if the situation is compared with the current situation, it is far better than 
the previous situation. The application of toll is indeed a good idea but need to 
keep in mind the public interest. 

4.2.4. Time-of-Day Based Access Restriction for Heavy Vehicles  
(Trucks etc.) 

Another issue that is of serious concern is the combined movement of heavy 
traffic (trucks and buses) along with light vehicles. According to data collected 
by the NTRC, it was noticed that 14.16% of the total volume is heavy vehicles. 
The time of the day based restrictions to the heavy vehicles are considered as the 
optimal solution. The heavy vehicles will be restricted on these connecting roads 
for peak hours and will only be allowed pass by in permissible time windows. 
For this purpose, it is suggested to create time windows for heavy vehicles. The 
suggested time windows are classified into two slots, e.g., 10:00PM to 06:00AM, 
and the second slot is 10:00AM to 02:00PM. The results are shown in Figure 15 
and Figure 16. 

If the concept of permitted and prohibited access for heavy vehicles is applied, 
it can decrease the traffic volume up to almost 14.16% in peak hours. Analysis 
indicates that this strategy can be vital as it reduces the volume to the capacity 
ratio from 1.7 to 1.4 during the peak hours. But still, some of the links have V/C 
ratio of more than 1.3 which is not favourable. The results of this scenario  
 

 
Figure 14. Graphical representation of impact on V/C ratio on all the links by application of toll charges. 
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Figure 15. Impact of creating permitted and prohibited time windows for heavy vehicles 
on V/C ratio. 

 

 
Figure 16. Impact of time windows along with ban on vehicles having no inspection cer-
tificate for last 10 years on V/C ratio. 
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have more favourable results as compare to all other scenarios analysed pre-
viously (see Figure 17 and Figure 18). As the V/C ratio is almost less than 1.1, 
only for a few of the links it is more than 1.1, but still, it is less than 1.2.  
 

 
Figure 17. Graphical representation of impact on V/C ratio by the implementation of permitted and prohibited 
time windows for heavy vehicles. 

 

 
Figure 18. Graphical representation of impact on V/C ratio by the implementation of permitted and prohibited 
time windows for heavy vehicles along with ban on vehicles without inspection. 
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All three different strategies have varying results and have a direct impact on 
the volume to capacity ratio of certain links. These results were presented to the 
experts involved in various planning departments, and their response was ana-
lyzed to determine the impact of these strategies on tourism. The experts’ opi-
nion is further discussed in detail as under. 

4.3. Experts Opinion 

The inspiration for the experts’ opinions was carried out from the concept of 
Delphi method. A Delphi study is a widely used method to obtain input from a 
group of experts. Although initially developed to predict cold war enemy attack 
probabilities, the technique has been widely used across numerous disciplines as 
a method to seek expert opinion in an iterative structured manner. The key fea-
tures of the method are anonymity between participants with controlled feed-
back provided in a structured way [28]. However, this research only contains 
experts’ opinions rather than an iterative process. The results of the analysis car-
ried out in Section 4.2.1 were presented to the experts, and their response was 
recorded using the questionnaire method. Experts from five departments related 
to transport and tourism participated in the Delphi survey. The concerned de-
partments are the National Highway Authority (NHA), the National Transport 
Research Center (NTRC), the Pakistan Tourism Development Corporation 
(PTDC), Galiyat Development Authority (GDA), and the Planning Commission 
(tourism section). The questionnaire was divided into two parts; the first part 
was the identification of the impact of the implementation of multiple strategies 
to attract the number of tourists and to improve the transport network. This part 
included questions such as: would there be an increase in the number of visitors 
because of this particular strategy? Will these traffic network strategies improve 
the traffic movement? The second part was about the impact of the implementa-
tion of these scenarios on the local population. This section contained questions 
such as: would this particular strategy increase the quality of life and living 
standard? Would these strategies attract more investment? A total of 15 experts 
shared their opinion; the number of experts participated from different depart-
ments is as under: NHA (4), NTRC (4), PTDC (2), GDA (2), Planning Commis-
sion (3).  

The experts inquired about a few of the vital characteristics e.g., the volume of 
visitors, traffic flow, visitors experience, fuel consumption, average trip cost, de-
gradation of natural loss and accessibility factor [29] [30] [31]. It can be ob-
served in Table 4. That 10/15 respondents agreed that a ban on vehicles without 
certificate will increase the amount of tourists. Similarly, 14/15 of the experts 
agreed that heavy vehicle access restriction will definitely improve the visitors 
experience in a way that there will be lesser delays. Almost 9/15 (60%) of the ex-
perts stated that a toll application may discourage the number of tourists. There 
are also some objections from the experts, for example, almost 7/15 (47%) of the 
experts didn’t agree that a sustained flow can be achieved by the restriction on  
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Table 4. Response collected from the experts (impact of various strategies towards the increase in tourism). 

 
Impact on tourism from  

restrictions on vehicles without 
an inspection certificate 

Impact on transport 
and tourism from a toll 

during peak hours 

Impact on transport and  
tourism from the creation of a 
time window (permitted and 
prohibited) for heavy vehicles 

Visitors perspective 
Yes 
(%) 

No 
(%) 

Yes 
(%) 

No 
(%) 

Yes 
(%) 

No 
(%) 

Increase in the number of visitors 67 33 40 60 93 7 

Quality of transport services and infrastructures 87 13 73 27 80 20 

Sustained traffic flow 53 47 67 33 53 47 

Enhanced vision for vistas (sightseeing) 67 33 73 27 87 13 

Reduction in Fuel consumption and Emission level 93 7 73 27 60 40 

Degradation of natural loss 67 33 60 40 40 60 

Reduction in the average cost of the trip 67 33 27 73 27 73 

Enhanced visitor mobility 73 27 60 40 80 20 

Stress/mental pressure reduction 87 13 47 53 67 33 

Reduced vulnerability 93 7 40 60 87 13 

Increased accessibility 53 47 47 53 67 33 

Increased comfort and safety 73 27 67 33 60 40 

 
vehicles without a maintenance certificate, and the same was the case for the re-
sponse towards the measure of time. Almost 7/15 and 8/15 of the experts also denied 
the fact that the action of the ban on vehicles and toll applications would improve 
accessibility; however, 10/15 (67%) of the experts agreed that heavy vehicle access re-
striction would increase the accessibility towards the national park see Table 4. 

The locals’ response towards the policy implementation is considered to be of 
significant importance. The experts were asked about various aspects concerning 
locals. The response collected from the experts shows that 10/15 (67%) respon-
dents agreed that the ban on vehicles and heavy vehicles access restrictions 
would improve the quality of life of the locals. It will attract more tourists to-
wards the national park, as the visitors’ experience will improve, and the quality 
of the trip will increase the ranking of a destination. Out of 15 respondents, 11 
respondents didn’t agree that the ban on vehicles without a certificate will create 
additional income for the government. As to restrict these vehicles, the govern-
ment has to invest a lot in enforcement. However, 10/15 (67%) of the experts 
agreed that business opportunities for locals would improve with the implemen-
tation of a ban on vehicles and heavy vehicle restriction, as there will be an in-
crease in the tourism sector. Around 80% of the experts agreed that the 
time-based access restriction to heavy vehicles will generate the revenue for the 
locals. Only 20% of the respondents were against the fact. The experts were 
asked if there would be improvement in roads condition and public infrastruc-
ture by the implementation of aforementioned strategies. The experts response 
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was interesting, as 87% of the experts stated that restriction on vehicles without 
an inspection certificate would improve the roads condition and public infra-
structure. Similarly, 67% of the experts stated that application of toll charges 
during peak hours will have a positive effect on road conditions. However, only 
27% of the experts agreed that time based access restriction would improve the 
roads condition that and 73% of the respondents denied this aspect. The per-
centage of the response of the experts towards all other variables from the locals’ 
perspective can be seen in Figure 19. 

5. Discussion 

In the questionnaire-based response, the respondents favored the implementa-
tion of the following strategies: implementation of toll on certain links, ban on 
vehicles having no inspection certificate, and time-of-day based access restric-
tion for heavy vehicles. Therefore, these 3 strategies were applied on secondary 
data. The results obtained would imply a step towards improvements. The roads 
with lower capacity pass through the mountains, and it is not an economical ap-
proach to increase the capacity by increasing the number of lanes. However, 
other problems like the ban on vehicles without maintenance certificates can 
decrease the tourists’ volume of roads. Delays, capacity reduction, accidents, less 
free flow, less travel time are the other problems that are also associated because 
of these vehicles. If the problem can be solved by the ban on these kinds of ve-
hicles, it is of worth to impose this strategy as it is in the interest of tourists and 
the local public. The concerned departments, in coordination with the vehicle  
 

 
Figure 19. Impact of multiple strategies towards the local community as assessed by the experts (Bars represent the percentage 
of respondents based on yes and no). 
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inspection department, need to check for the policy about banning these vehicles 
and imposing heavy fines. 

The acceptance of the application of toll charges may not be feasible for the 
locals and residents in the case of Ayubia National Park. But when the visitors 
were inquired whether they are willing to pay the toll to avoid the situation of 
congestion, around 113/176 (64%) of the respondents stated yes. However, there 
is also 63/176 (36%) of the respondents who opposed paying the amount of the 
toll and agreed to use the alternative routes. Imposing a toll can be a solution. 
However, the home-based or work-based trips can be excluded from these tolls.  

The creation of access time periods for heavy vehicles, as specified in Section 
4.2.4, provides the most favorable results. The valuable opinion of experts from 
the concerned departments also favored this strategy. Schrank also stated heavy 
vehicles could be forced to travel at slow speeds, and trucks can be required to 
travel in convoys around protected areas [32]. 

Apart from the detailed response given by the experts, as explained in Section 
4.3, the experts also shared some remarks as discussed further. Strategy 1) Ban 
on vehicles without inspection certificate: this strategy will increase the number 
of tourists, quality of transport, lower fuel consumption, improve driving beha-
vior, and reduce the vulnerability of through traffic. The experts opposed strate-
gy 2), application of toll on certain links. The experts highly favored strategy 3) 
access restriction of heavy vehicles as they were convinced that this strategy 
would increase the visitors’ volume, quality of transport, enhance the sustained 
flow, and improve the visitors’ experience. This measure will not only improve 
the condition concerning the visitors but also from the local point of view, as it 
will enhance the quality of life of locals (by reducing pollution, congestion and 
saving time). The ranking of a tourist destination always has a positive influence 
on attracting a large number of tourists. The increase in the number of tourists 
will attract a large amount of investment and create jobs and business opportun-
ities for locals [29]. 

6. Conclusions 

The tourism sector needs serious attention, as it can increase the economy of the 
country. A country like Pakistan has beautiful touristic attractions and also has a 
lot of national parks. The mobility issues around the connecting roads of Ayubia 
National Park are full of congestion in peak hours of peak seasons. The increas-
ing number of automotive transportation has created serious congestion on the 
roads and highways. Along with the failure of the highway system to meet mod-
ern needs, the increased income and economic development are putting more 
burdens on transport facilities. The descriptive analysis helped in the determina-
tion of key reasons for mobility issues, i.e., traffic volume because of tourists in 
peak seasons, vehicles without maintenance certificate, and lower satisfaction 
level with public transport. The primary data collection also helped in the identi-
fication of key strategies to be imposed to improve mobility around the Ayubia 
National Park. The respondents were of the point of view that the free flow on 
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connecting roads decreases because of vehicles without a maintenance certifi-
cate. The respondents were asked if they would support the ban on vehicles that 
don’t have a maintenance certificate: 109 (63%) respondents stated “yes,” and 
only 67 (38%) of the respondents opposed the ban on such type of vehicles. 
Another strategy was the application of toll on particular links in peak hours of 
the peak season. Almost 64% of the respondents agreed that they would be will-
ing to pay the amount of toll if they use the particular links. However, 36% of the 
respondents refused to pay the amount of toll and showed the willingness to use 
alternative routes. 

The results obtained from the Transcad analysis show that the implementa-
tion of the assumed strategies on the transport network has an impact on reduc-
ing the volume to capacity ratio. However, the experts also pointed out that ex-
perts consider a ban on vehicles without a certificate as a temporary solution, 
and implementation of the toll will not work as their long term strategy, as visi-
tors’ preferences always overcome the toll price. However, the experts also con-
cluded that these strategies will increase the number of tourists, quality of transport, 
lower fuel consumption, improve the driving behavior, reduce the vulnerability, 
improve the local businesses, attract more investment, generate more revenue, 
and social and cultural benefits will also be achieved. Based on the results gener-
ated through Transcad, and the experts’ opinion, it can be concluded that the 
most effective strategy would be the time of day based access restriction to heavy 
vehicles. It will improve the overall experience of the tourist coming to the Ayu-
bia National Park and also generate a bundle of benefits to the residents. 
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