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Abstract 
The number of tourists to recreation areas has increased dramatically, leading to a growing concern 
about the congestion phenomena in these areas. Since the information provision has been introduced 
to reduce the congestion, its potential benefits as well as its drawbacks have been discussed 
controversially. In this work, we address a basic recreation area scenario with different patterns of 
information sharing and study the impact of them using agent-based simulation, where the tourists are 
modelled as agents. Three evaluation indicators are proposed to evaluate the performance of the 
strategies and both of the positive and negative of information sharing patterns are described. 
(Received, processed and accepted by the Chinese Representative Office.) 
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1. INTRODUCTION 

Congestion in recreation areas (e.g., Theme Parks, World Heritage Sites, etc.) has been 
pointed out as one of the main negative impacts of tourism, especially in some developing 
areas like China [1, 2] because of the centralized of public holidays and huge population. In 
the context of recreation, congestion has occurred when either the utility of an individual 
diminishes due to the presence or behaviour of other tourists, or when the costs of doing an 
activity increase due to the presence of other tourists (costs can be in loss of time, or in actual 
monetary loss) [3]. It could reduce the time available for participation in tourism activities and 
could be perceived as an unsatisfactory experience by tourists, having a negative effect on a 
possible future visit [4, 5]. 

In recent years, special attentions are paid to how to alleviate the congestion through 
providing recommendation information relative to the areas (i.e. the tour route and popular 
attractions during the areas; the congestion information regarding each attraction, etc.). Tsai 
and Chung [6] and Kawamura et al. [7] studied a personalized route recommendation service 
based on the congestion information and the preference and restrictions of tourists. 

However, since the information provision has been introduced to reduce the congestion, 
its potential benefits as well as its drawbacks have been discussed controversially [8]. Some 
phenomena or behaviour observed in traffic areas may reflect the negative impacts of the 
given information [9], Ben-Akiva et al. listed the three phenomena that disprove the benefits 
of information sharing: oversaturation, overreaction and concentration [10]. In the field of 
tourism, some studies also revealed the drawbacks of information provision [11, 12], such as 
it may lead to concentration if too many tourists sharing the same information, besides, the 
time delay of information may causes the congestion to oscillate. 

Therefore, understanding the impact of different information is critical to the design and 
implementation of effective information sharing patterns [13]. There has been little research 
regarding the systematic ways to of information provision, this work seeks to fill this gap in 
research by investigating effective ways to provide information for relieving congestion in 
recreation areas. A basic recreation area scenario with three patterns of information sharing is 
addressed and the impact of information provision is studied using agent-based simulation. 

mailto:jinmaozhu@scu.edu.cn


Zheng, Jin, Ren: The Impact of Information Sharing on Congestion Using Agent-Based … 

184 

Three evaluation indicators are proposed to evaluate the performance of the strategies and 
both of the positive and negative of information sharing patterns are described. 

The remainder of this paper is structured as follows: Some basic notions of agent-based 
simulation and the behaviour characteristics of agents are sketched in the next section. After 
that, section 3 illustrates mathematical definition, the simulation experiment design and three 
information provision strategies. The results of simulation experiments are presented and 
discussed in detail in section 4. It closes with a summary and an outlook to future work. 

 
2. AGENT-BASED SIMULATION IN TOURISM DOMAIN 

Recreation areas are complex systems, which comprised of hundreds of acres, moreover, 
these complex systems often behave nonlinearly and uninterruptedly [14]. Given the 
complexity of social, environmental and economic interactions, recreation managers need 
tools that provide insights into the cause and effect relationships between management actions 
and social and environmental outcomes [15]. In recent years, the computer simulation 
technology has been suggested as a tool to study the complex system of recreation areas [16, 
17], since it allows management to evaluate a change without going through the traumatic 
experience of making users change procedures before the results are known [18]. 

To obtain a more thorough understanding of and manage for complex interactions among 
tourists, models that systematically and precisely specify the interrelationships variables are 
required. However, it’s difficult to develop such models since the recreation areas consist of 
lots of autonomous entities, besides; the entities are distributed over a large area and interact 
with each other. To conquer these obstacles, Wahle proposed that the characteristics of agent 
is well suited for the description of tourists [9]. They have respective mobility and cognitive 
capabilities, each of them collect information from the environment and make decisions, 
change their behaviour to achieve a specific goal. For this reason, Gimblett et al. [15] claimed 
that agent-based simulation had many advantages compared with those previously applied. 

With the characteristics of tourists into consideration, this work tries to model the impact 
of real-time information on alleviating congestion in recreation areas using an agent-based 
model. Here, we must pay attention to the fact that the provision of information can give 
agents guidelines on how to make decisions rather than enforce agents to make any decision. 
In this work, we assume that all the agents behave “rationally”, they trust the information they 
received and make the best decision based on all the information when face multi-choices. 

 
3. SIMULATION EXPERIMENTAL DESIGN 

In this study, an agent-based simulation is introduced for analysing such complex phenomena. 
It is known to be a powerful tool for visualizing such complex group dynamics and aids us to 
understand how each agent’s decision affects total congestion phenomena as a result. For 
discussion on the congestion phenomena, it’s necessary to delimit the properties of agents and 
the system from the mathematical point of view. 
 
3.1  Mathematical definition 

Let A= [A1, A2,…, An] be the set of agents while B= [B1, B2,…, Bm] be the set of attractions, Ai 
represents agent i while Bj denotes attraction j. If agent Ai visits the attraction Bj, then xij = 1, 
else xij = 0. taij and teij represent the Ai’s arrival time and departure time of Bj, respectively. It’s 
often seen in recreation areas that the agents may have to wait when they arrive at attractions. 
Consequently, it’s necessary to define another variable tsij, which denotes the Ai’s start time of 
receiving service or sighting in Bj. It’s evident that the Ai’s wait time in Bj is defined as       
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twij = tsij – taij, and the total wait time of Ai in the system is the sum of twij, which can be 
calculated according to Eq. (1): 


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            (1) 

In addition, WListi stores the attractions that Ai wishes to visit, while the UnListi stores the 
attraction it has not visited yet. In this paper, we assume that all the tourists wish to visit all 
the attractions, therefore, WListi as the list contains all the attractions. Initially, the agent Ai 
has not visited any of the attractions, thence, UnListi equals to WListi. 

Let cj represents the capacity of Bj, the service time in Bj follow a normal distribution   
N(tj, sj), where tj and sj express the means and standard deviation (SD) of service time in Bj, 
respectively. Let Nj

t represents the number of agents who are being serviced in Bj at moment t, 
while qj

t denotes the number of waiting agents (NWA). Also, tmjk denotes the moving time 
between Bj and Bk. To simplify the problem, it assumes all the agents moving at the same 
velocity, which equals to one distance unit per minute. The distance between Bj and Bk is the 
length of the line segment connecting them, denoted as d(Bk,Bj). 

zijk represents the state whether agent i has moved from Bj to Bk or not, the value is initially 
0, and it’s set to 1 if the agent moved from Bj to Bk. Then the total moving time of agent i can 
be given in Eq. (2), where tmjk represents the moving time from Bj to Bk. 
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It is conceivable that all the agents achieve the goal of minimization unvalued time, which 
including wait time and moving time. The average unvalued time is defined as Eq. (3),where 
n represents the total number of agents. 
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The recreation managers have the responsibility to increase the agents’ experiences as well 
as optimize the level of use in recreation areas. To achieve this goal, it’s necessary to avoid 
excessive spatial concentration of agents in several attractions while at the same time other 
attractions are vacant. The SD (Standard Deviation) of NWA among attractions can evaluate 
the geographical distribution of agents. The average NWA at t moment can be formulated by 
Eq. (5), where m denotes the number of attractions. 
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The average standard deviation among attractions at t moment (sdt) is calculated according 
to Eq. (6) and the average standard deviation among the process (ASD) is shown in Eq. (7), 
where T means the total simulation steps. The AUVT and ASD are two important indicators to 
evaluate the strategies, which will be discussed later. 
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3.2  Simulation scenarios description 

a) Simulation parameter settings 
For the purpose of illustrating the impact of real-time on reduction congestion, a simulation 
situation with 9 attractions and 3 gates will be introduced, shown in Fig. 1. Suppose that all 
the attractions with the same value of cj, tj and sj, i.e., cj = 50, tj = 15 and sj = 2. 
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Figure 1: Example situation of simulation. 
 
In this paper, we assume that the arrival distribution follow the Poisson distribution, since 

we notice the fact that the applications of the Poisson distribution are so popular in many 
fields related to counting, i.e., cars arriving, customers arriving, etc. [19]. Furthermore, in 
order to study the impact of real-time information on congestion situation, it’s necessary to 
decrease or even eliminate the impacts caused by external factors. Therefore, we control the 
other external variables, i.e., the total number of agents and the total arrival times of agents, 
subject to the realistic description of agents’ arrival. 

 
b) Simulation process 
Graphically the simulation process is represented as in Fig. 2. The process contains three 
stages, which will be described as follows: 

(1) Setup Stage: In this stage, the first task is importing attractions’ attributes, i.e., cj, tj, 
sj, etc.; the other task is to generate the arrival-list of agents. 

(2) Initial Stage: As described above, if the simulation steps t no more than the total 
arrival times δ, then Yt agents will enter the system, and thus have to choose among the three 
gates randomly. 

(3) Steady Stage: This stage is the core of the simulation process, it contains two tasks: 
update-status and enter-attractions. 

(3-1) Update-Status: Several statuses of agents are defined in the simulation model, 
including “initial” , “moving”, “waiting”, “service”, “finish” and “departure”, they represent 
different statuses of agents, respectively, shown as follows, and graphically the process of 
update-status is represented as in Fig. 3. 

“Initial”: the agent who just enters the gates, they will select one of attractions as their 
destination according to different rules, discussed later. After that, they will move to the 
destination and their status will become “Moving”. 

http://en.wikipedia.org/wiki/Poisson_distribution#Bivariate_Poisson_distribution
http://en.wikipedia.org/wiki/Poisson_distribution#Bivariate_Poisson_distribution
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“Moving”: the agent who is moving from one attraction to another one. They will keep 
the status until they enter the queue of the destination, then the status change into “Waiting”. 

“Waiting”: the agent who is waiting in the queue since their destinations operate at full 
capacity, they are allowed to enter the attraction follow the rule of first-in-first-out (FIFO) 
when the attraction below capacity, till then their status will turn into “Service”. 

“Service”: the agents being service, its status will set to “Finish” when the simulation 
steps exceed their departure time, and then they will leave the attraction. 

“Finish”: the agents who just complete the service in an attraction, they have to choose 
between the two alternatives. If its set of UnListi is empty, then it will leave the system and its 
status will change into “Departure”, the number of agents who have completed to visit all of 
the attractions will be increased by 1; to the contrary, if its UnListi isn’t empty, then it will 
select one of attractions as their destination according corresponding rules. 

“Departure”: the agents who have completed to visit all of the attractions. 
(3-2) Enter-Attractions: If the attraction Bj doesn’t operate at full capacity and nobody 

waiting in its queue, then the agent can enter Bj directly. Otherwise, it enters the attraction 
follow the rule of first-in-first-out (FIFO). To illustrate this process distinctly, QLij is defined 
to store the agent Ak who waiting in the queue of Bj, and satisfying the condition: takj < taij. 
Then the number of agents in QLij is denoted as card (QLij). The process of Enter-attractions 
is given in Fig. 4. 
 

Agents-Arrival

Initial-Shunt

Stage2: Initial Stage

Step>δ

No

Import Attractions

Generate Arrival-List

Star

Stage1: Setup Stage

Stage3: Steady Stage

Update-Status

Enter-Attractions

Yes

Total-out≥n

End

Yes

No

Set 
step=step+1

 
Figure 2: Flow chart of simulation process. 
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Figure 3: Process of Update-Status. 
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Figure 4: Process of Enter-Attractions. 

 
3.3  Information provision strategies 

In order to confirm the impact of information on congestion situation, three types of 
information provision strategies are identified firstly in this section: random strategy (RS), 
static strategy (SS) and dynamic strategy (RS). 
a) Random Strategy 
Generally the tourists tend to visits the attraction follow different sequences, since they have 
different preferences or perceive the situation in different ways. In this strategy, we suppose 
that the preferences of all agents are wholly different, and they haven’t any information about 
the recreation areas; therefore, they have to select the destination randomly among the 
UnListi. It’s an extreme ideal situation, which leads to a natural distribution among the areas. 
b) Static Strategy 
In the static strategy, the static information regarding the distance between attractions is sent 
to the agents. When they finished the visitation at the current attraction, the agents head for 
the nearest destination from the remaining attractions to visit on the basis of static 
information, e.g. the moving time from the current attraction to other attraction among the 
UnListi. The agent can acquire the static information from the area map or the signs in the 
area. It heads for the nearest attraction from its current position in line distance. The selection 
rule can be described as Eq. (8): 

  ijkjkdes UnListktMintkB  ,|          (8) 

c) Dynamic Strategy 
The dynamic information includes all the static information, moreover, some real-time 
information, such as service time and the waiting number for each attraction is presented so 
that the agents can determine the visit sequence. The agent receives the dynamic information 
through information equipment such as PDA, then it optimizes its trip, i.e., it selects the 
attraction with the minimal-visit-cost. If the information for several attractions is the same, an 

Start 



Zheng, Jin, Ren: The Impact of Information Sharing on Congestion Using Agent-Based … 

190 

attraction is chosen randomly. The visit-cost, including moving time and estimated wait time, 
can be calculated according to Eqs. (9) and (10), where EWTjk

t denotes the estimated wait 
time of Bk at t moment, while MCjk

t represents the visit cost from Bj to Bk at t moment. Then 
the selection rule based on minimal-visit-cost formulated as Eq. (11). 
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4. SIMULATION RESULTS AND DISCUSSION 

4.1  Simulation results 

In the “random strategy”, the agents determine the destinations since no information is shared 
among them. Randomly generating the destination for each agent could contribute to balance 
the geographical distribution of agents and avoid the concentration of agents in certain 
attractions [20]. Therefore, the NWA at each attraction is relatively small, as shown in Fig. 5, 
where horizontal axis shows the simulation step and each curve shows the NWA (agents in 
waiting mode) at each attraction (the curve “Bj” corresponds to the attraction Bj). 
 

 
Figure 5: The NWA at each attraction (random strategy). 

 
Compared with random strategy, amplitude of the oscillations appears in the static 

strategy, displayed in Fig. 6. It’s necessary to investigate the simulation discipline of this 
strategy, since it will conduce to reveal the essence of oscillations. In this strategy, the agents 
enter into the areas from one of the gates randomly, and head for their destinations, and then 
the NWA increased at all attractions. According to the selection rule of static strategy and the 
actual distance between attractions, the agents from gate 1 will visit the areas follow the 
sequence [0-1-3-5-7-8-6-4-2], while the agents from other two gates will follow the orders [4-
5-7-8-6-3-1-0-2] and [8-7-5-3-1-0-2-4-6], separately. It is evident that all the agents visit B5 
and B4 in the primary phase of the tour while visit B2 near-final stage, leading to the great 
range in fluctuations of waiting number of B5, B4 and B2, as shown in Fig. 6. 
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Figure 6: The NWA at each attraction (static strategy). 

 
In Fig. 7, it can be seen that each attraction experiences a similar fluctuation in dynamic 

strategy, and the crests are more dispersed compared with other strategies. 
 

 
Figure 7: The NWA at each attraction (dynamic strategy). 

 
By comparing the NWA at each attraction, the equilibrium of random and dynamic 

strategy far exceed that of static strategy. The value of ASD which was defined before also 
reflects this result, 66.80 for static strategy, 11.73 for random strategy and 18.22 for dynamic 
strategy. The data indicates that the random strategy performs best, dynamic strategy comes 
second and static strategy brings up the rear from the angle of agents’ balanced distribution. 

As for the comparison of agents’ time-consuming, which includes average wait time 
(AWT), average moving time (AMT) and average unvalued time (AUVT) is displayed in Fig. 
8. As described above, the largest oscillation of NWA in static strategy leads to its maximum 
of AWT, peaking at 137.33 minutes, which is almost over three times than that of random 
strategy and double than that of the dynamic strategy. By contrast, the static strategy achieves 
the least of AMT because of its selection rule, while the agents of random strategy spend more 
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time on moving, compared with the other two strategies. As for AUVT, which is the total of 
AMT and AWT, it’s clear that the most of AUVT is static strategy, and the value of random 
strategy is slightly more than that of dynamic strategy. 

 

 
Figure 8: Comparison of agents' time-consuming. 

 
4.2  Discussion 

A dramatic phenomenon can be found that may different with the traditional acknowledge 
through the comparison. It seems that the more information shared among the agents, the 
more likely to relieve congestion, whereas, the different results generated in the simulation 
experiments. In this section, we discuss the reason for this reason. 

A set of agents who enter from one entrance tend to select different visiting sequences, 
since they have different preferences, this leads to a natural distribution among the recreation 
areas, and then reduce the number of waiting agents at each attraction. Sharing information 
can reduce this variation if all the agents receive the same information. In particular, in the 
static information sharing pattern, the static information prompts the agents who enter from 
the same entrance to choose the same visiting sequence. Therefore, the A-WT and ASD of this 
strategy are significantly higher than the other two strategies. In the dynamic sharing pattern, 
the agents who receive the real-time information continually head for the destination with 
minimal-visit-cost within a certain time frame despite the fact that some agents are already 
moving toward that attraction since the attraction remain the best alternative until agents 
begin arriving there. Since every agent behaves in the same way, the attraction with minimal-
visit-cost is selected more often. Therefore, that attraction becomes overcrowded due to 
excessive agent concentration. Another attraction then becomes the optimal choice, and the 
cycle repeats. Then the queue length at each attraction thus oscillates. The congestion 
situation of this strategy is more superior to that of static strategy (A-WT: 56.56 < 137.33; the 
ASD: 18.22 < 66.80), but it still slightly inferior to random strategy (AWT: 56.56 > 38.53; 
ASD: 18.22 > 11.73). So far as waiting time and distribution are concerned, it’s better not to 
share any information to agents. On the other hand, sharing information can reduce the 
blindness in visiting the recreation areas. As shown above, without information, the average 
moving time is significantly longer. 

All in all, when exploring the information provision to reduce the congestion, both of its 
potential benefits as well as its drawbacks should be taken into consideration. 
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5. CONCLUSION 

The impact of information sharing on reduction congestion in recreation areas is studied using 
a simplified model of a tourist as an agent in a multi-agent model and applying it to abstract 
destination-choice scenario. Several issues are revealed in this work: Firstly, sharing 
information among tourists has an enormous impact on congestion in recreation areas, and the 
direction and degree of impact depend upon the types of information provision. Secondly, 
information sharing can bring side effects, such as concentration and congestion oscillation, 
while real-time information can reduce these negative effects. 

The potential benefits and drawbacks of information provision on relieving congestion in 
recreation areas may be discussed continuously in the future, however, we believe that the 
study on the impact of information sharing on congestion would not only deepen the 
understanding of the collective behaviour of tourists but also could enhance the management 
in tourism and traffic domain. As a next step in our analysis, future research might address the 
investigation for the impact of information on different types of tourists and formulate the 
corresponding information sharing patterns according to the tourists. 
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