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Abstract—In this paper, we develop an agent-based 
simulation model to avoid tourist concentration in a sightseeing 
area. Among main tourist destinations, the tourist concentration 
called “overtourism” becomes an issue for both of tourists and 
residents in the destinations. While spreading COVID-19 among 
sightseeing areas, tourist concentration should be avoided from 
the standpoint of the public health. We develop an agent-based 
simulation model to estimate the effectiveness of “congestion 
information at the destination” among tourists. The simulation 
results show that the congestion information is effective when 
only 30% of tourists follow the information to avoid the 
concentration in the major attractions in a sightseeing area. 

Keywords—Overtourism, congestion information, sightseeing, 
agent-based simulation 

I. INTRODUCTION 
“Overtourism” have attracted attentions from travelers and 

researchers recently. Cappocchi et al. [1] shows the word 
“overtourism” had emerged on the internet since 2017 by 
using Google Trends. Fig. 1 shows the results of Google 
Trends during January 1, 2016 to December 31, 2020 all over 
the world. Google Trends shows the relative scores of the 
number of searches during the target period. In Fig. 1, the 
week starting from October 20 gives the score 100, and scores 
of other weeks show relative values according to the week of 
October 20. Fig. 1 shows that the trend of using the term 
“overtourism” starts from September 2017 and have an 
increasing trend until October 2020. Since the end of 2020, the 
COVID-19 started to spread among the world, and a lot of 
countries prohibit international tours in order not to bring nor 
spread COVID-19 from/to other countries.  

Before COVID-19, “overtourism” becomes issues for 
tourists and residents caused by congestions of tourists in a 
sightseeing area. For tourists, they cannot find enough 
accommodations at their destinations, and cannot enjoy 
strolling at the area due to a huge number of tourists. For 
residents, they face heavy traffic and long queues at any shops 
in their residential area. As one of the major tourist spots in 
the world, Kyoto City Tourism and Industry Bureau 
conducted tourist survey, and asked “what makes you 
disappoint in your trip?” They reported that “Too many 

tourists” (1st by Japanese tourists, 4th by foreign tourists), 
“Too complicated transportation systems” (2nd by Japanese, 
2nd by foreigners), “Insufficient time” (1st by foreigners), and 
“Insufficient English guides” (3rd by foreigners).  Too many 
tourists make themselves unsatisfied at their visits [2].  

During COVID-19 era, it is essential matter for tourists 
and residents to reduce congestions in the sightseeing area in 
order not to spread COVID-19 among people in the area. In 
order to avoid the congestions in the sightseeing spot, the 
congestion information for each sightseeing spot can be 
distributed to tourists to decide whether they visit the place 
now or visit it later hours at the same day. By avoiding the 
congestion in the sightseeing place, tourists will enjoy 
strolling at the sightseeing spots and residents will take 
detours to avoid traffic and congestions around the spots. 

To avoid congestions in the sightseeing area, Kyoto City 
Tourism and Industry Bureau has already tried to share the 
congestion information at the sightseeing spots in Kyoto City 
by the support of Kyoto University [3]. In their report, they 
investigate when tourists access webpages that share the 
congestion information. They found that webpages that 
introduce the sightseeing spots have many accesses before 
tourists visit the spots, but webpages that share the congestion 
information have accesses during visits of tourists. They found 
tourists information retrieving activities are transforming now, 
and those activities during tourists’ visits should be further 
investigated. However, they have not yet investigated how 
tourists change their selection of sightseeing spots from the 
congestion information. 

In this paper, we employ agent-based approach to see the 
effect of the congestion information to avoid the congestions 
at sightseeing areas. As a previous research using the 
congestion information for recreational attractions by agent-
based simulation, Zheng et al. [3] conducted a simulation with 
information sharing among visitors using agent-based 
modeling. They conducted a simulation in a theme park that 
has several entrance gates and several attractions where agents 
should wait until the attractions become available. They 
introduced average waiting time (AWT), average moving time 
(AMT), and average unvalued time (AUVT = AWT + AMT)  

 

 
Fig. 1. Google Trends Result using the Keyword “Overtourism.” 



 
Fig. 2. Environmental model. 

 

to compare three strategies: random strategy (agent visits 
attractions as they like), static strategy (agent visits the nearest 
attractions), and dynamic strategy (agent visits the nearest and 
available attractions based on the congestion information 
given to all agents). Their simulation results show that the 
dynamic strategy gives the minimum AUVT. 

Chen et al. [4] also employs agent-based method to 
estimate the impact of walking speed on tourist carrying 
capacity. Tourist carrying capacity is a concept to avoid 
environmental disruption caused by tourists. They conclude 
that walking speed has a negative impact on tourist carrying 
capacity. They consider only the capacity of the sightseeing 
area but the satisfaction level of tourists or residents in the area. 
Scott et al. [5] conduct agent-based simulation for ski resorts. 
In their simulations, they observe the relations between 
climate change and the number of skiers. They compared three 
winters (Average, warm and cool) and two options of 
snowmaking schemes (Current and improved snowmaking). 
They point the congestion of skiers when many ski resorts 
cannot open due to the lack of snows in a warm winter. 
However, they do not examine scenarios such as how they can 
avoid the congestions in ski resorts. Their main concerns are 
the sustainability of ski resorts and ski cultures. 

In this paper, we conduct an agent-based simulation model 
to avoid the congestion in a sightseeing area. We estimate how 
we can avoid the congestion by providing the congestion 
information to tourists. We consider scenarios where all, 70%, 
50% and 30% of tourists respond to the congestion 
information to avoid the congestion in the sightseeing spots. 

 

II. SIGHTSEEING SPOTS SELECTION MODEL 

A. Environmental Model 
Our model consists of an environmental model and agent 

model. As for the environmental model, we consider a 
sightseeing area near Kyoto station in Japan. In Kyoto, we 
have a lot of sightseeing spots within walking distance. 
Tourists do not use transportations if their destinations are 
located within walking distance. 

Fig. 2 shows the environmental model we employed in this 
paper. In this figure, we have four departure cells (Blue cell: 
6, 60, 219, and 395) and eight destinations (Yellow cell: A, B, 

and C; Green cell: D, E, F, G, and H). Red cells indicate 
building cells where any tourist agent cannot enter. Agents can 
walk only on the white cells. If each cell is 100m square, the 
environmental model becomes 2km square. When agents can 
move 1 cell / step, we can consider that it takes 1.5 min / step. 
The three yellow destinations are attractive sightseeing spots. 
Thus, every tourist must visit those spots. The other five green 
destinations are not so popular. Every tourist will visit two of 
them according to their interest. Therefore, each agent visits 
five destinations in their one-day tour during 300 steps 
(approximately seven and half hours). Every tourist enjoy 
her/his visit for 15 steps at every sightseeing spot. 

B. Congestion Information and Destination Selection 
In this paper, we have 500 tourists to visit the same 

sightseeing area. As we have described, each tourist has five 
destinations. Among them, three destinations are visited by all 
tourists. Therefore 1/5 tourists may visit in the same order. If 
they visit the destination at the same time, 100 tourists will 
visit the same destination. As for the other five destinations, 
each tourist selects two destinations from the five candidates, 
then visit it as one of five destinations for him/her. Therefore, 
a destination is selected by the probability of 2/25 to visit. 
From this calculation, 40 tourists will visit at the same time 
for those five destinations. 

In order to avoid the concentration even in the other five 
destinations, we share the congestion information if a 
destination has more than 35 tourists at the moment. When a 
tourist receives a congestion information, s/he tries to avoid 
visiting such a crowded sightseeing spot. S/he skips the 
crowded sightseeing spot but visit the next destination. S/he 
visit the skipped spot after the destination s/he visited earlier. 
If the next destination also has more than 35 tourists, s/he tries 
to visit the next one. If the final destination has more than 35 
tourists, s/he visit it finally even if it has more than 35 tourists. 

Each tourist selects a destination according to the 
congestion information at every step except just two steps 
before the next destination. That is, a tourist can change 
her/his mind at Cell 181 when s/he is going to Destination A, 
but s/he cannot change her/his mind at Cell 141 since s/he is 
about to reach Destination A.  

We set a satisfaction level of a tourist according to the 
congestion level. If a tourist arrives at a destination with more 
than 35 tourists, s/he receives 30 points. If s/he arrives at a 
destination with less than 35 tourists s/he receives 80 points. 
If a tourist visits all five destinations less than 35 tourists, s/he 
receives 400 points from her/his visits. If all of her/his visits 
have more than 35 tourists, s/he receives only 150 points.  

 

III. EFFECT OF CONGESTION INFORMATION 

A. Comparison of Using and Not Using the Information  
We conducted 100 trials with different random factors to 

see the effect of congestion information. Fig. 3 shows the 
average number of tourists in eight sightseeing spots in the 
sightseeing area in Fig. 2. Fig. 3 (a) shows the number of 
tourists when no tourist uses the congestion information. Fig. 
3 (b) shows the number of the tourists with the congestion 
information. From Fig. 3 (a), we can see that around Step 20, 
the numbers of tourists at Destination A, B and C are about to 
become 100 as we have shown in a simple calculation. The 
numbers of tourists at other destinations D, E, F, G and H are 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

40 41 42 43 44 45 46 47 48 49 50 51 52 53 D 55 56 57 58 E

60 61 62 63 64 66 67 68 69 70 71 72 73 74 75 76 77 78 79

80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99

100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119

120 121 A 123 124 125 126 127 128 129 130 131 B 133 134 135 136 137 138 139

140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159

160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179

180 181 182 183 184 185 186 187 F 189 190 191 192 193 194 195 196 197 198 199

200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219

220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239

240 241 242 243 244 245 246 247 248 249 250 251 C 253 254 255 256 257 258 259

260 261 262 263 264 59 266 267 268 269 270 271 272 273 274 275 276 277 278 279

280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299

300 301 302 G 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319

320 321 322 323 324 325 326 327 328 329 330 54 332 333 334 335 336 337 338 339

340 341 342 343 344 345 346 347 H 349 350 351 352 353 354 355 356 357 358 359

360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379

380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399



         
           (a) No tourists uses the congestion information     (b) All tourists use the congestion information 

Fig. 3. The number of tourists at each destination. 

TABLE I. The Average Number of Tourists in a Trial. 

Congestion Information Not Use Use 

The number of maximum tourists in Destination A, B or C 98 60 
The number of maximum tourists in Destination D, E, F, G or H 41 42 
The average satisfaction level over all tourists 307.3 375.5 
The average number of tourists when each tourist visits at Destinations A, B and C 27.1 19.0 
The average number of tourists when each tourist visits at Destinations D, E, F, G and H 6.8 7.6 
The average number of steps over all tourists traveling in the sightseeing area 88.4 141.6 
The number of tourists who cannot complete their one-day tour within 300 steps 0 42 

 

about to become 40. Around Step 50, the next peak comes to 
every destination. Destinations A, B and C have 40 to 70 
tourists and Destinations D, E, F, G and H have 20 to 30 
tourists. At Step 70 or later, the number of tourists moderately 
decreases until the end of the simulation. 

On the other hand, Fig 3 (b) shows the number of tourists 
when all tourists use the congestion information. Therefore, 
all tourists try to avoid congestion until they reach two steps 
before their destination. From Fig. 3 (b), we can see that the 
highest peak becomes less than 60 at Destinations A, B and C. 
Destinations D, E, F, G and H have constantly about 40 or less 
than 40 tourists.  

TABLE I shows results of a trial among 100 trials. TABLE 
I shows the number of maximum tourists in Destination A, B 
or C, the number of maximum tourists in Destination D, E, F, 
G or H, the average satisfaction level over all tourists, the 
average number of tourists when each tourist visits at 
Destinations A, B and C, and that at Destination D, E, F, G 
and H, the average number of steps over all tourists traveling 
in the sightseeing area, and the number of tourists who cannot 
complete their one-day tour within 300 steps. From TABLE I, 
we can see that the number of maximum tourists in 
Destination A, B or C decreases 40% when all tourists use the 
congestion information. The average satisfaction level 
becomes near to 400 points with the use of the congestion 
information. However, the average number of steps all agents 
travel in the sightseeing area until 300 step becomes double in 
the case of using the congestion information. This is because 
tourists with the congestion information change their mind 
anytime on the way to the destination. Therefore, they 
sometime go back and forth before reaching a destination. 

 This also causes the number of tourists who cannot 
complete their one-day tour within 300 steps. When no tourist 
uses the congestion information, all tourists complete their day 

tour. On the other hand, 42 tourists can not complete their tour 
when they use the congestion information in a trial. From this 
result, we can see that providing the congestion information is 
better for tourists when they want to avoid the congestion at 
sightseeing spots. However, it makes their day tour longer or 
sometimes not completed in a day. 

 

B. When Not All Tourists Follow the Information 
In order to see results when not all tourists follow the 

congestion information, we conduct three cases when only 
30%, 50%, or 70% tourists follow the congestion information. 
Figs. 3 to 5 show the number of tourists at each destination. 
From these figures, we can see that the first peak of the 
number of tourists at Destinations A, B and C becomes smaller 
when the rate of tourists who follow the congestion 
information becomes larger. On the other hand, the number of 
tourists who continue their day trip becomes larger when the 
rate of tourists who follow the congestion information 
becomes larger. 

TABLE II shows the results of a trial among 100 trials in 
the three cases. In order to compare the three cases with the 
two cases in the last subsection, we add the simulation results 
of 0% and 100% in TABLE II. 0% and 100% tourists follow 
the congestion information correspond to “Not Use” and 
“Use”, respectively. From TABLE II, we can see that the 
average number of steps of tourists who follow the congestion 
information becomes larger when the rate of the tourists who 
follow the information becomes smaller. On the other hand, 
the number of steps of tourists who do not follow the 
information does not change whether the rate of the tourists 
who follow the information becomes smaller. The number of 
tourists at sightseeing spots becomes similar with any rate of 
tourists who follow the information. The number of tourists 
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TABLE II. The Average Number of Tourists in a Trial. 

Rate of Tourists Who Follow the Congestion Information 0% 30% 50% 70% 100% 

The average number of steps of tourists who follow the congestion information N/A 137.9 129.6 120.1 141.6 
The average number of steps of tourists who do not follow the congestion information 88.4 89.2 88.1 89.7 N/A 
The average number of tourists when each tourist visits at Destinations A, B and C 27.1 21.3 21.1 20.5 19.0 
The average number of tourists when each tourist visits at Destinations D, E, F, G and H 6.8 7.3 7.4 7.4 7.6 
The number of tourists who cannot complete their one-day tour within 300 steps 0 3 17 26 42 

 

 
Fig. 4. The number of tourists when 30% tourists follows the information. 

 

 

 
Fig. 5. The number of tourists when 50% tourists follows the information. 

 

 

 
Fig. 6. The number of tourists when 70% tourists follows the information. 

 

 
Fig. 7. The number of tourists when the information is sent more than 25. 

 

 

 
Fig. 8. The number of tourists when the information is sent more than 60. 

 

who cannot complete their one-day tour within 300 steps 
becomes larger if the number of tourists who follow the 
information becomes larger. From these results, we can see 
that even if not all the tourists follow the congestion 
information, the average number of tourists at the sightseeing 
spots becomes not so different. 

 

C. When Congestion Information is Sent to Smaller or 
Larger Number of Tourists 
In order to see the difference between smaller and larger 

congestion information, we set different number of tourists at 
the same sightseeing spot. That is, the congestion information 
is sent to tourists when more than 25 tourists are visiting a 
sightseeing spot, or more than 60 tourists are visiting. Figs. 7 
and 8 show the number of tourists at each destination. We can 
see that small fluctuations can be seen when the congestion  
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TABLE III. The Average Number of Tourists in a Trial. 

The Number of Tourists When the Congestion Information Is Sent 25 35 60 

The average number of steps of tourists who follow the congestion information 162.2 141.6 103.2 
The average number of tourists when each tourist visits at Destinations A, B and C 16.3 19.0 24.8 
The average number of tourists when each tourist visits at Destinations D, E, F, G and H 10.1 7.6 7.1 
The number of tourists who cannot complete their one-day tour within 300 steps 64 42 4 

 

 

information is sent more than 25 tourists. On the other hand, 
the large fluctuations are found in the case of 60 tourists. 

TABLE III shows the simulation results in a trial when the 
congestion information is sent with smaller or larger number 
of tourists. In TABLE III, the case with 35 tourists is the same 
result of using the congestion information in TABLE I. From 
TABLE III, we can see that the average number of steps of 
tourists who follow the congestion information becomes 
larger when the information is sent to tourists when more than 
only 25 tourists visit the sightseeing spot. In that case, many 
tourists cannot complete their one day-tour since many 
tourists change their destinations according to the congestion 
information. From these results, we can see that too strict 
congestion information makes many tourists change their 
destinations, then the number of steps in a one-day tour 
becomes larger, and the number of tourists who cannot 
complete their one-day tour becomes larger. 

 

IV. CONCLUSION 
In this paper, we develop an agent-based simulation model 

to consider the effect of the congestion information in a 
sightseeing area. From the simulation results, we can see 
advantages and disadvantages of using the congestion 
information. Advantages of using the information is that we 
can reduce the number of tourists in a sightseeing spot when 
we employ the congestion information to avoid the congestion. 
On the other hand, the number of steps during a one-day tour 
becomes longer because tourists change their destinations 
even if they are on the way to the next destination. 

As the further studies, we should examine other options 
how to change destinations of tourists when they receive the 
congestion information. Some tourists want to avoid the 
congestion but want to minimize the number of steps in their 
one-day tour. We need to incorporate an option to select the 
nearest destination from the current position of the tourist. 

We should also consider that the congestion level on the 
way to destinations. In this study, we do not consider the 
congestion on the way to the destination. Some tourists do not 
want to be involved the congestion even on the way to 
destinations. We can also consider such a situation. Chen et al. 
[4] try to consider the congestion level during walking in a 
sightseeing spot. We can take into account such approaches in 
our study.  

We can also consider the variety of tourists in our 
simulation model. That is, young tourists may walk between 
sightseeing spots much faster than older tourists. Such age 
composition of tourists can be considered to make our 
simulation more realistic.  
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