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Changes in visitor behaviour across COVID-19 pandemic:
Unveiling urban visitation dynamics and non-linear relationships with the built environment
using mobile big data
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2.1 Research Framework

B Stepl. Quantifying visitor behavior
using mobile big data (EH L B {F
EvJT—4)

B Step2. Measuring built environment

from -, Building, Road &

Accessibility.

B Step3. Investigating the relationship
between visitor behavior and built

environment and the changes

What factors involved in this process?

How did COVID-19 change urban visitor?
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2.2 Study Area

B Chuo-ku and Hakata-ku of Fukuoka City
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2.3 Data collection

B Five types of data will be collected to represent visitors

and quantify the built environment

Table. Data source

Data Name Sources
Urban visitor
Mobile Point-type floating Agoop Corp.,2023
phone big population data
data (Agoop A > AL E) A T «
7 —X)
Built
environment
POl data  Tele-Point-Pack! ZENRIN InterMap Inc.,
BV AT X AR 2023
DBT LKA > |
Road data OpenStreetMap data GEOFABLIC GmbH.,
(OSM data) 2023
Building Current status map by Fukuoka Government
data building use
(H 41 3 A FE I
i)
Land use  Current Land Use Map Fukuoka Government
data (8 ) A0 3 4F 5 - A

H B

B Data collection covers December of 2019, 2020 and 2022,

representing before, during and after COVID-19
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PRI LG Quantify visitor behavior through mobile phone big data

m 1. Local users in Fukuoka City were excluded Stepl. Criteria of Visitors’ Destinations detection
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to focus on visitors. Input trajectories Stay-point Convex Hull
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L . Exclude
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were marked as “visitor destination. Output the convex hull of stay point
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*The collected data set contains 2,564,218 records from 2019, 1,016,233 records from 2020, and 6,612,239 records from 2022. There are 1,016,233 records from 2020 and 6

6,612,239 records from 2022.
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B The visit frequency (SC) within grid i is denoted SC; as follows:
SC; =n;
where n; is the count of the stay-point convex hulls in grid i.
B The average visit duration (ST) of each grid was calculated as follows:

i :l' w

STl' =

where T;; is the visit duration of the j,, convex hulls in grid i, w;; = ”/Sj. T;jw;; is the weighted visit duration.

How to evaluate visitor behavior? Step.3 Quantification of SC, ST

| In a Block | 27_11' T:iWis
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| More visitors : W'"'“g’jess i ST —ni

' I to visit

SC Visitors’ destinations  100m*100m grids grid i e.g. forgrid i

» Wi = S;1/ 51

Wit Tin + wiaTiz + wizTiz
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. B \E to dwell
C=~~ D[

Ty is the ny, convex hulls’s time in block i, S;;, is the area of the n,, convex hulls within this block.



2. Methodology

p RV G Bl Explore the relationship between visitors and the built environment

We selected 19 indicators to quantify the built
environment as explanatory variables, in terms of land
use, buildings, roads, and accessibility. And we used SC,

ST as target variables, respectively.

The XGBoost machine learning model was used to
investigate the relationship. Built environment factors
were the explanatory variables, while SC and ST were

the dependent variables.

To address this, SHAP values (SHapley Additive
exPlanations) and PDP (Partial Dependence Plots)

were used to explain the model's results.

2-Methodology

Indicator Description Data Unit Mean* SD*
Dependent variables
SC the visit frequency in each grid MBD count 81.06 207.43
ST the average visit duration in each grid. MBD seconds 3443.88 5222.06
Explanatory variables
land use factor
Richness Total number of POI type in the grid POl data Sgumr;t/‘l 00 10.06 27.57
SHDI" (Shannon's Diversity Degree of mixing of POIs in the grid* POl data cour;t/1 00 0.56 0.63
Index) 00m
Accommodation Count of Accommodation POl in the grid POl data Sgumr;tﬁ 0 049 0.98
Business & Profession ggznt of Business & Profession POl in the POI data ggumr;tﬁ 00 204 6.67
Convenience Stores gﬁznt of Convenience Stores POl in the POI data Sgumr;tﬂ 00 200 6.41
Catering & Entertainment :Zl_?untlof Catering & Entertainment POl in POl data cour;t/1 00 033 127
e grid 00m
Education Count of Education POl in the grid POI data Sgumr;tﬂ 00 1.69 7.28
Leisure & Sightseeing Count of Leisure & Sightseeing POl in the POI data count/100 0.07 035
grid 00m?
Hospital Count of Hospital POl in the grid POl data Sgumr;tﬂ 00 0.71 213
Industry Count of Industry POl in the grid POl data Sgumr;tﬂ 00 1.03 2.78
Public Service Count of Public Service POl in the grid POl data ggumr;tﬁ 00 1.73 17.22
Shopping Mall Count of shopping mall POl in the grid POl data Sgumr;tﬂ 00 0.17 1.54
Sports Count of Sports POl in the grid POl data ggumr;tﬁ 00 0.10 0.44
Building factor
ildi 2
Building coverage ratio Ratio of building footprint to grid area S:lladmg 22/1 0000 2470.62 1543.24
. Gross floor area divided by the gross Building
Floor area ratio building footprint in the grid data 3618 1069.38
Road and Accessibility factor
Road density Ratio of total road length in grid area ngad mg 0000 43479  328.58
Intersection density thlo of number of road intersections in Road cour;t/1 00 018 0.69
grid area data 00m
Bus stop density Ratio of number of bus stops in grid area ngad ggumr;tﬁ 00 0.08 0.33
Railway station density Ratio of number of railway stationin grid Road cour;t/1 00 0.01 0.09
area data 00m




3. Results and Conclusion

LRV A R Bl Spatio-temporal patterns of visitor behavior during COVID-19

B SC and ST Distribution:

Figure 7 shows SC (visit frequency) and
ST (average visit time) distribution for
2019, 2020, and 2022, with pink for ST
and blue for SC.

B Visitor Concentration:

Key areas include Tenjin, Hakata,
Nakasu, transport hubs (e.g., Hakata
Station), and new complexes like Paypay
Dome and LalaPort Mall.

B SC and ST Differences:

SC hotspots are around Tenjin, Nakasu-
Kawabata, and Hakata stations. ST
hotspots focus on southern Tenjin, Yakuin,
and Ohori Park.

B Hotspot Trends:

-2019: Paypay Dome and Fukuoka
Conference Center were hotspots.

-2020: SC hotspots mostly disappeared;
ST shrank by 28.6%.

-2022: SC hotspots recovered, LaLaPort
Mall became a new hotspot, and ST
further dispersed.
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3. Results and Conclusion

3.1R lts 2 — The relationship between visitor behavior and built s¢ Sort by relative importance
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Thanks for your listening.
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