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Uncovering the Relationship Between Tourist Attraction Features and Visitor’s
Behavior Preferences:
- A Case Study of Deep Learning and Clustering Analysis with People Flow Data in Hakone

Jianhao Shi*, Wanglin Yan**

Abstract: People flow and trajectory data provide key insights into policy adjustments and economic
optimization, especially when combined with spatial information. However, research on this issue is
yet limited because of the data availability. This study explores the relationship between the spatial
features of tourist attractions and visitor spatiotemporal behavior preferences in Hakone Town.

By employing a deep learning model with K-means clustering to high-density personnel flow data, the
behavior patterns of tourists were identified first. These patterns were connected to the spatial
characteristics of the town with LSTM (Long Short Term Memory) algorithm.

The results show significant spatiotemporal differences in visitor behavior across various sightseeing
spots of the town, with varying staying times and path complexities based on behavior preferences.

Keywords: #¢(Tourism), H522 17T #h(Spatiotemporal behavior), % J& 5% (Deep learning), 7 7 A

% 1) > 7 (Clustering, Hakone), LSTM, K-means

1. Introduction

Understanding people flow and trajectory data is
crucial for urban planning, transportation, and tourism as
it reveals movement patterns and helps optimize resource
allocation (Sugimoto 2017). In tourism, real-time data
offers a more accurate depiction of visitor interactions
with attractions compared to traditional surveys (Eiji
HATO et al. 2002).

Advances in data mining, including clustering and
classification, have uncovered patterns that enhance
decision-making (Sevtsuk 2020). Deep learning further
improves this analysis by predicting movement trends
and allowing for dynamic adjustments. Building on
studies like Reades et al. (2007) and Rong et al. (2024),
this study uses deep learning and clustering techniques to
analyze high-density people flow data in Hakone, Japan.
By combining these methods, the study identifies
spatiotemporal patterns in tourist behavior, offering
insights to enhance tourism management and visitor
experience.

2. Research Methodology

2.1. Data Collection

Two primary data sources were used: people flow data
and survey data. People flow data included user ID, time,
location, speed, and movement status, detailing tourists'
spatiotemporal ~ behavior. Survey data provided
demographic information such as gender, birth year, and
job type.

2.2. Data Preprocessing

Data preprocessing involved cleaning to remove

duplicates and errors, standardizing formats for user

IDs and timestamps, and ensuring consistency across
data points. This step ensured data quality.
Post-preprocessing, K-means and ST-DBSCAN
algorithms were used to identify tourist behavior patterns,
ensuring robust clustering analysis.
2.3. Feature Extraction

Key features like total distance, stops, average speed,
and time differences were extracted from people flow
data to capture travel dynamics. Categorical survey data
were converted into dummy variables to incorporate
demographic factors into the analysis, enhancing the
understanding of visitor behaviors.
2.4. Clustering Analysis

K-means and ST-DBSCAN clustering techniques
categorized tourists, identifying hotspots and behavior
patterns in Hakone. K-means provided basic
segmentation based on movement patterns, while
ST-DBSCAN detected nuanced patterns considering
spatial and temporal data aspects.
2.5. Trajectory Recognition and Interpretation

The LSTM algorithm modeled movement trajectories
to analyze tourist flow and behavior patterns. ArcGIS Pro
visualized key paths and examined temporal aspects like
peak times and stay durations. Integrating deep learning
with traditional methods provided a robust framework
for understanding tourist behavior, revealing significant
spatiotemporal differences across Hakone’s attractions.
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Figure 2 Confusion Matrix and Training Curves

3. Case Study

3.1. Study Area

Hakone, a renowned tourist destination in Japan, is
famous for its hot springs, natural beauty, and historical
sites. This case study focuses on analyzing the
spatiotemporal behavior of tourists in Hakone using
people flow data.

3.2. the Results of Data Processing

Data processing involved key steps to ensure accuracy:
data cleaning addressed missing points, while
standardization ensured consistency. Key features such as
travel distance, stops, speed, and time differences were
extracted.

Figure 2 demonstrates the LSTM model's high
accuracy in classifying tourists, which is crucial for
efficient real-time resource allocation. The training and
validation curves indicate that the model avoids

overfitting and underfitting, showcasing its robustness
and ability to generalize well across different datasets.
These results are foundational to the study's success in
accurately modeling tourist behavior patterns, forming
the basis for the subsequent clustering analysis.

Here are some features of the tourists. Figure 3
presents the distribution of visitors by age group and job
type, with a log-scaled count to highlight differences
across age ranges. The data shows that visitors from
different job sectors (e.g., business, healthcare, students)
have varied presence across age groups, with a notable
concentration in the 31-50 age range. Younger visitors
(under 30) and retirees (over 60) have fewer visits. These
patterns suggest a need for adaptive resource
management, focusing on peak visitor demographics and
their corresponding service needs.

Visitor Distribution by Age Group and Job Across Different Days (Log Scaled)
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Figure 3 Visitor Distribution by Age Group and Job Across Different Days
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(a) Weekdays (Excluding Nov 3, 2021)

Daytime clusters in north & central; evenings shift east.

(b) Public Holiday (Nov 3, 2021)

Holiday clusters central & north, peaking in the afternoon. Widespread weekend clusters, strong evening density in east & south.
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Figure 4 Clustering Results Across Different Time Periods

3.3. the Results of Clustering Analysis

The clustering analysis, as illustrated in figure 4,
provides a comprehensive overview of the spatial and
temporal distribution of tourists in Hakone across
different time periods: weekdays, public holidays, and
weekends.
®  Weekdays (Excluding November 3, 2021):

On weekdays, the distribution of tourists is more
dispersed throughout the day. In the morning (00:00 to
12:00) and afternoon (12:00 to 18:00), tourist clusters are
primarily concentrated in the northern and central regions.
This concentration can be attributed to the appeal of
popular attractions such as the Lalique Museum, Pola
Museum of Art, Hakone Open-Air Museum, Okada
Museum of Art, and Hakone Gora Park. These sites often
open early and offer unique cultural and artistic
experiences that draw visitors looking to explore during
the quieter morning and afternoon hours. For example,
the Hakone Open-Air Museum is known for its extensive
sculpture gardens, which are best enjoyed in daylight,
while the Okada Museum of Art features extensive
collections of Japanese, Chinese, and Korean art,
attracting art enthusiasts throughout the day. Additionally,
the Lalique Museum and Pola Museum of Art often host
special exhibits that are particularly attractive to tourists
interested in art and design, further explaining the higher
density of visitors in these regions during earlier parts of
the day. Moreover, the proximity of business districts
may attract visitors for both leisure and work purposes,
contributing to increased tourist activity during working
hours.

In contrast, in the evening (18:00 to 24:00), tourist
clusters shift noticeably towards the eastern region.
Higher density areas (darker blue) show a concentration
of tourists. This pattern is mainly due to attractions
designed for nighttime experiences. The Hakone
Kowakien Yunessun hot spring theme park offers a
unique opportunity for nighttime bathing. Visitors can
relax in hot springs under the stars, attracting both local
and international tourists. Similarly, the Hakone Venetian
Glass Museum is famous for its evening illuminations.
The glass artworks and gardens are beautifully lit,
creating a magical atmosphere. These evening-specific
attractions draw tourists looking for unique nighttime
activities. So recognizing these patterns is essential for
planning evening events and effectively allocating
resources, such as security and vendors, to accommodate

the increased evening footfall and enhance all the visitor
experience.
®  Public Holiday (November 3, 2021):

On public holidays, tourists are primarily concentrated
in the central and northern regions, especially during the
afternoon and evening. This pattern may be influenced
by seasonal events or holiday-specific attractions that are
organized in these areas. For instance, cultural festivals
or special exhibits might draw large crowds. Recognizing
these seasonal trends allows managers to prepare in
advance, ensuring adequate staffing and facilities to
accommodate the surge in visitors. This pattern indicates
that certain attractions in these areas are more popular
during holidays, likely due to special events or the appeal
of specific sites. The high concentration of tourists in the
afternoon and evening underscores the need for effective
management strategies to accommodate increased visitor
numbers.
®  Weekends:

During weekends, the distribution of tourists is similar
to that on public holidays but over a broader area,
including the eastern and southern parts of Hakone. The
significant increase in tourist density during the evening,
particularly on weekends, suggests a rise in evening
activities due to extended leisure time and night-specific
attractions such as illuminated parks and nightlife
entertainment. For future management strategies, this
insight indicates a potential need for extended
operational hours and enhanced lighting and safety
measures to accommodate evening visitors and ensure
their safety and comfort. The wider distribution
highlights the importance of adaptive resource
management strategies to handle varying levels of visitor
traffic.

In addition to showing where tourists are concentrated
during different times and periods, these figures provide
crucial insights into how tourism managers can optimize
resource allocation. For example, understanding that
tourists are more concentrated in the eastern region in the
evenings on weekdays can lead to targeted evening
events and adequate staffing in these areas to handle the
influx. Similarly, the broader distribution of tourists on
weekends also suggests the need for widespread
management efforts, ensuring that less crowded areas are
adequately prepared to receive visitors.

3.4. Trajectory Recognition and Interpretation
The trajectory analysis using the LSTM model

-P1-03-
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complements the clustering results. On weekdays,
diverse movement patterns are observed, with a
significant shift from central to eastern areas in the
evening. This shift indicates opportunities for targeted
marketing and event planning to encourage evening
visits to less crowded areas. During public holidays and
weekends, tourist trajectories are more concentrated in
the central and northern regions, especially in the
afternoon and evening. Recognizing these peak times can
help in scheduling events and deploying staff more
effectively. The broader spread of trajectories over the
weekends, particularly towards the east and south,
suggests a need for adaptive management strategies that
allocate resources dynamically, depending on real-time
data on visitor movements.

4. Conclusion

This study demonstrates that integrating deep learning
with clustering analysis provides valuable insights into
tourist behavior in Hakone. Cluster results reveal distinct
spatiotemporal patterns in visitor distribution across
different times and days, emphasizing the need for
dynamic management strategies.

This study's findings provide actionable insights for
tourism management in Hakone and similar destinations.
Specifically, the identification of high-density tourist
areas during different times can inform the deployment
of staff and resources. For example, on weekdays,
additional staff and services could be allocated to the
eastern region in the evenings to manage higher tourist
concentrations effectively. On weekends and public
holidays, a broader approach is needed, with
management strategies focusing on both central hotspots
and peripheral areas to accommodate the wider spread of
visitors.

Furthermore, these findings suggest that tourism
managers could implement dynamic pricing strategies or
event programming tailored to observed visitor patterns,
optimizing both the visitor experience and operational
efficiency. By leveraging high-density flow data and
advanced analytics, destinations can better support
sustainable development and enhance visitor satisfaction
through informed decision-making.
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Risk Visualization and Spatial Distribution Characteristics for Flooding in Osaka City, Japan

Tomoki Takeda*, Go Yonezawa**, Kenji Sugimoto**

Abstract: In light of the growing threat of flooding, flood risk analysis is necessary for disaster

prevention. Flood risk requires consideration of not only the scale of the natural phenomenon but also

the characteristics of the affected city. However, there are few examples of risk analysis in Japan. Based

on this, we calculated and visualized flood risk using multiple models to evaluate the substitutability

and applicability of each model. In this study, flood risk was assessed for Osaka City, and data weighting

was performed the Analytic Hierarchy Process (AHP) and machine learning. While the distribution

characteristics of flood risk varied significantly depending on the model structure, the differences in

distribution due to weighting methods were minimal. This result suggests that the weighting methods

are interchangeable, and it is expected that further insights on the applicability of model structures can

be obtained by applying this study to other regions.

Keywords: GIS, /K3, V27, Bh¥, KB
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Assessment of the agglomeration of urban population distribution
considering the reduction of travel time by rail network

Tatsuya Kanzaki*, Sunyong Eom**, Tsutomu Suzuki***

Abstract

Urban compactness is being promoted in many parts of the world, and the promotion of travel by
public transportation is positioned as a particularly important policy. Public transportation networks
themselves also have the function of making cities more compact by reducing travel time between
stations.In this study, we analyze the impact of railroad networks on the compactness of population
distribution in major cities around the world with well-developed railroad networks. Specifically, we
calculate the travel time between each mesh within a city using only the road network and both the road
and rail networks, and calculate the Moran coefficient, which expresses the total travel time and the
agglomeration of population distribution. Referring to previous studies, the calculations are performed

assuming a travel speed of 30 km/h on the road network and 60 km/h on the rail network.

Keywords: £k 18 #d (railway),
autocorrelation)
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Appearing and seeping phenomena of place names in Kanazawa and its suburbs

Yuto Ishida*, Wataru Nakanishi**

Abstract People's perception of place names does not always correspond to the extent or shape of the
administrative place names used mainly for addresses. Understanding this ambiguous place name
perception has been increasingly important to utilise place name-related information. Existing research
on building names and facility places is limited to metropolitan areas and municipality names. This
research aims to the analysis of appearing and seeping phenomena of town names in Kanazawa and its
suburbs, which is a middle-size city. First, we extracted these phenomena from telephone directory data.
Then, we concretely showed the difference between administrative extents and people’s perception of
place names. Furthermore, some measures and regression analyses showed that perceptions of place
names depended on local characteristics; local residential areas are susceptible to other administrative
extents and administrative extents with famous elements can have longer seeping distance.

Keywords: #14 (place name), 244 Fr(building name), % HiE1 5 (appearing phenomenon), 4,

4 (seeping phenomenon), H[F]J7 3 HT(multiple regression analysis)
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Abstract In recent years, there have been growing expectations for the use of street space as a means of
making urban spaces more attractive, and there is a growing movement to create a lively atmosphere in
the city by installing playground equipment and food stalls. Therefore, we will investigate what kind of
themes design is preferred by users, using whether they use open spaces and how long they stay there.
The research method was a comparative experiment using a rest facility in front of Sakurai Station in
Nara Prefecture, where the shape of them was varied and videotaped. Comparison items were the height
of plantings at the boundary between the road and the open space, and the presence or absence of
wooden decks. The evaluation method is a network of irregular triangles was created by arranging point
data on seat utilization. The results of the comparison experiment showed that the expected utilization
represented by it varied with the boundary and location, respectively.

Keywords: F—7"2 A~3—Z (open space), fif#k (planting), FI|H1TE) (utilization movement), 7
R7 > 3% (wood deck), SRATAY; (station square)
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The relationship between young people's evaluation of the living environments and their
motivation or possibility to immigrate in relevant regions

Shizuka Nakamura*, Tatsuya Sekiguchi**

Abstract Recently, population disparity between overcrowded and underpopulated areas has increased.
In order to conduct appropriate migration policies, it is important to understand the factors that affect
the young people’s immigration motivation and possibility to their relevant regions. Therefore, this
study aims to clarify what factors (especially, living environments (LEs)) affect the motivation and
propriety in Japan. By using the data from an online questionnaire survey, we analyzed a series of
quantitative analyses. The results showed that the influential LEs and the required evaluation level
differed between the motivation and propriety. In addition, the results also indicated that the evaluation
of several important LEs factor was nurtured through involvement with the region.

Keywords: # fI: & #k (Immigration motivation), % {1 7] fg ' (Immigration possibility), /7% Bt 5i
(Living environment), F=#HIFEAM(Subjective evaluation), K& A(Decision tree)
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Gihozu Digital Archives
- historical database of former Japanese military maps, primarily of the Asia-Pacific region -

Tomoki Nakaya*, Yukihisa Hoshida **, Ryohei Sekine***, Shohei Nagata**** and Yuzuru Isoda*****

Abstract Gaihozu, ‘maps of outer territories,” are cartographic representations of foreign countries
created by the Land Survey Department of the General Staff of the former Japanese Army. Although the
maps were originally created for military or colonial management purposes, they contain detailed
records of the lands of the Pacific region in the late 19% and early 20™ centuries. They are of significant
value to researchers engaged in the study of the region's history and geography. In January 2024, the
related databases and web applications for browsing Gaihozu map images maintained in Tohoku
University were integrated using ArcGIS Hub, one of the functions of ArcGIS Online, with the objective
of renewing the system for distributing the Gaihozu database. This paper outlines the functions of the
new system with its intention as well as the remaining issues that require attention for future studies.

Keywords: 1% [X|(topographic maps), #T{%(modern age), 7 7 7 K GIS (cloud GIS), HiX#E{% (map

images), 7 — 43— A (database)
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Core Company Identification in the Supply Chains Using GNN
- Application to Nationwide Inter-company Transaction Data in Japan -

Hideaki KANO, Yoshiki OGAWA, Soohyun JOO, Yoshihide SEKIMOTO

Abstract This study introduces a new approach to identifying core companies crucial for supply chain
stability and efficiency. While previous research primarily relied on statistical methods and economic
models, these approaches were limited in their ability to directly handle graph structures. To address this
limitation, we developed a method utilizing Graph Neural Networks (GNN). Using nationwide inter-
company transaction data from Japan, we employed GNN to learn the graph structure of commercial
flows. Our approach evaluates the importance of each company by uniformly considering bottleneck
and connector hub companies, which were previously treated separately. Through this method, we
identified core companies within supply chains. Analysis of real-world data demonstrated that our
approach effectively identifies core companies in supply chains. These findings contribute to the
advancement of supply chain management and offer new insights into inter-company network structures.

Keywords: 77 7 == —7 /L v NV —7 (graph neural network), %77 A4 F = — > (supply

chain), {=3fHEX5] (inter-company transaction), %423 (core company)
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F1: EfRaTHELHR MRy 7 BEOREFLHE (infout) & TEEFLMEDFEED LB

W HLE (in)

AHOHE (out) ITHEHOME (node-wise)

Core_unified 119.9 (119.94)
Core count 227.4 (227.35)
Core_volume 249.9 (249.91)
Bottleneck 42.3 (42.34)

62.6 (62.57) 0.11 (0.109)
111.1 (111.14) 0.10 (0.103)
122.8 (122.79) 0.11 (0.106)
40.9 (40.90) 0.10 (0.099)

#£2: HIRa7hELR MRy 7 SEOERFIHHE & GO RAED ik

5 143K G Wolaa=7 1%
Core unified 28 1460.5 (1460.54) 11
Core_count 24 1481.7 (1478.74) 10
Core_volume 24 1544.8 (1544.82) 10
Bottleneck 22 1584.2 (1584.21) 9
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R DEHAREREZEOT —ZITMx T, SL—h
OWERNZ IS LT BG | & 2 #5323 £ 7 1
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T REMBE| 2R TEMES 7 72 ERLTW5D
32, A a=T A BT 2—LC j’éé’%%ﬁfk%
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Abstract To assess the impact of urbanization on flood runoff, it is essential to utilize analytical models,
which prove highly effective in such evaluations. Specifically, a vector-based approach is advantageous
for accurately representing the shapes and characteristics of various land-use elements, such as houses,
roads, green spaces, and rivers, by categorizing them based on their permeable and impermeable
properties. This approach has been proposed as a method for integrating geospatial data into a GIS,
which is then used in urban flood runoff models. Additionally, a technique for constructing surface grid
elements tailored for inundation analysis, corresponding to vector-based land use data, is being
investigated. Furthermore, a method for developing geospatial data GIS specifically designed for flood
runoff and inundation analysis purposes is being outlined.

Keywords: Hi#)7 —% GIS, #Biijithk, HoKGE LM, ERBUNER, HXOE], WKE R

1. XCHIC

R i ST ae I NS SRR E e -4 T 21 RPNt e
fRNTET ANER CH L. WE, BoKFHEIrTs
JVTCIREEER O R EIZ VD EHF RIS & LT
70y REINZH SN TODHD, #m clds/h
BALE 2570w RIZERBWT HEE O R 7 A3
FET 5 (Kogaetal,2016; HAf, 2001). i
T E LTS - NRBRIEICIE, FR, 18,
Tk, WINEEORIR A RIS D113 7 MV
HThHo, ThEMYT—4 GIS & LTtk
HET VTN D FIEP RS STV 5 (Amaguchi
etal.,2012). BK - IZ/KMEHTICH W2 Hi# 7 — & GIS
I, 172500 HFERUEHET — % 7 7 A Lie EBIER
TAR, LHIRIA OB, @it & &R, i
2855 2 FRIZAE 2 O L HIFHFER ORI 21T, F
TERIZ K0 B DR FBFRHEE 2 30E L T 2
W% (KAEH,2007). ZHET, X7 kAL
HORI S et U 7o MR ks BRI B 2 ik
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W7 — 2 GIS DREGEFIEIZ DOV TRT.

2. #¥YT—4% GIS ZAVV-BHREDETILE
2.1. AR O E T AL H
1(a) (&, 4 FE) 1 Bk A0 11.5km?, 3t

FRIERAT Okm)Z iR E L2 —EROILKRER Lz b D
T, HFIHAL 1/2500 MK OEF7 — & 35 L UWIZE
FERIVEELLZLOTHL (KOEH,2013). i
AR OERET 104342, AKEBET—21%, ~
VIR NVERA MY, ERERY T A RTERL
TEY, v AR —1$9632, EEEH 9904 &72>T
W5,
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HTH Y, (EEEIITE NG S U2k 722 i
KZ2RITT Y — oA 7T O R B4 B )
\AERE L= — % GIS ' RLT-b D TH 5 (KA
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2.1. H¥T—% GIS

B4 21%, i - ZAKEITICHW D i T — & GIS
DEEICHOWTORLIEL DO TH S (KAED, 2007).
WFEIIAR Y TR GIS 7—4 2\, HIFO/M
K FAEEKITT A VBB X ORA > MLZ
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Spatial patterns of human movement in relation to crime occurrences
— Focusing on cases of street crimes in Sendai urban area —

Kazuki Hirama*, Naoto Yabe**, Kaeko Yokota***,
Yusuke Otsuka*** Kengo Furuhashi*** Kazumi Watanabe***

Abstract Crimes occur when potential offenders identify suitable targets or victims that align with their
opportunities to commit the crime. Remarkably, the movement patterns of criminals are often similar to
those of non-criminal trips of the general population. Previous studies have demonstrated that crime
occurrences in spatial can be better understood by incorporating the spatial activity patterns of either
gang groups or the general population. This study explored whether the inflow trips of offenders who
committed vehicle load thefts in the past, as well as the routine activities of general population, could
help capture the future crime distribution. Focusing on vehicle load thefts in Sendai city, the results
revealed that the model incorporating the inflow trips of the general population was the most effective
in predicting future occurrences of vehicle load thefts. These findings align with previous studies on
crime occurrences.

Keywords: 037/ % — > #g(crime pattern theory), /X—> > « b U v F(person trip), lIEHLTTE

(Sendai urban area), ZZ[#[E])fE 7 /L (spatial regression model)
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LIEFL, BEHOSOIEHIZB O TIIRITAE
1T 91825 % (Brantingham & Brantingham, 1981) .
ZOEME LT, LR ITRAOFF I L g
BV, GRS =Ty NEREHITHRLT DL L]
B CTHH7-HTH D (Brantingham & Brantingham,
1981). —J5C, JUIRHE OATHERIUT, JREHE S
HE SO ST TiFe <, LREEITES &F
LHIX (HHUHIX) 1281354 —Fy e iG5
FMOERC, NIRITHDZAT LT S5, ffixed
DEABD T CTIRTE 415 (Bernasco & Nieuwbeerta,
2005; Hirama et al., 2023). F7z, IR ¥ — B
(Brantingham & Brantingham, 2008) Ti%, JLIEE b
—fMA & [FERIZ, BETEENCERET 29T, ffEEk
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W, FEHETIE, JLIRE L —RADZEMBE ORI
\ZHEH LTWF2E23 5 % (Boivin & D’Elia, 2017; Song
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DERTHDH Z ENEHINATWD. DFD, JU3k
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1.2 JRIRFEAEIC RIS D 2SI TE N 2 —
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EH (x3;) & LTHOWITHWE.
25 —MADOWRARICET LT —4

2017 FEIZE i S 7AUEER T PT S5, Al
BHTNZRE#X E L, BEOESABEEO BT
TholmHEMH LIZE 2 A, UL 48,112 Lizo
7. 20955, 44803 OBE) (93.1%) 1X, FE{EHIX
LR XiE BHIX E LI2BE Th o7z, =
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Table 1 £ETMIBIT B35 A —F OERSFAOENRHEL L OHEEE
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54— 4 Model 1 Model 2 Model 3 Model 4
2.5% Mean 97.5% 2.5% Mean 97.5% 2.5% Mean 97.5% 2.5% Mean 97.5%
BEDFKEK 0.1833  0.2135  0.2414  0.1790 0.2323  0.2854  0.1675  0.2210  0.2745 0.1329  0.1892  0.2452
ANO## 0.0001  0.0002  0.0004 0.0000 0.0002 0.0004 0.0000 0.0001 0.0003 0.0000 0.0002 0.0004
PREORAE 0.0168  0.0918  0.1658 -0.0659 0.0181  0.1011
—MAODRAE 0.0008  0.0018  0.0028
tau?2 1.1975  2.0808  3.2658  1.0797  1.9749  3.1350 0.9123  1.7775  2.8524

DIC 1317.3 1199.1 1197.5 1192.1

D EH RS WORAEFEE, BT 2 K o5
B EZ T TRED EBE L. £, pldZEMavA
CHIBEZ R X /37 A—HTH VY, 53 Tldp = 1
EE LB EOET VHEFE L, BEEE R L.
32 St

FU oI, HMXEOBEEMEZREET, WmEOE
RSV ORAENx B XA O Ex, D&
A L7z Model 1 ZEF L7=. Ziux, HXEDOAD
DIWAED, HKIZIB T D FEROHE RSV o34
BEFHATHZEEZRWELRNET L THS. KIC
Model2 & LT, Model 1 IZ%f L Cu; ZHALTZET
NVERESE LU T-. iV C, Model 2 1% L CHLSRE DIL
ATOT= O DMK ~DFEA R (x5;) Z AT A
L7z Model 3 ZHEZ L7-. ®&#%IZ, Model 3 IZxF L
T, —MRAHAOHIRI~DIRAE (x,;) % i EIC
A L7z Model 4 ZHESE 1L 7~.

IRT A—=H OHEFEIZBNTIE, ~ /Lo 7EgHE
THra (MCMC) EZEFAWTI/RT A —X DFE%sy
HEEHRL (O THOET /LY chain 2 4, burn-in:
50,000, sample %: 150,000 (Z5%E), DIC IZ &V EF
IV DA FE % g Uz

4. BER
41 ETNOWEEE

Model 2, 3, 4 [Z2OWCIE, p&HEE LA Lp =
UZEE LIZGA O GFIZBNT R T A — 2 {EExR
1To72. TOREE Model2, 3, 4 \WFhbp=1&1L
725D DIC S/ NS o fztesh, URlIp=1& L7z
BB O R EW®ET D.

E7/LH® DIC %k (Table 1 TH) 325 &,
Model 1 @ DIC 235 b K& < BEHEDED -T2,
wWEBRANTHZE TETLOBAENMELE. £
7o, HIKMOANDRAEZSALEEE LTEATS

Z & TDIC LD /IEL 721D (Model 3 3 X T Model
4), A DOANOWAREEZTRIAL L LTRAL
72 Model 4 DG VB E TH - 7=,

42 T A—H DEHSA

Table 1 [ZEF /L2 & DI8TF A —FZ DFEHLAT D
BRI RHREE R Lz, EOHE ER b 0WORAERE
FONB#ENL, 95%EMXHIC 0 23 £, Ik
DHEERLWORARKREFEENH D Z EP/RENT.
Model 3 1Z8VT, JLIREDLITOTZDDIRAED
FEROHE LR WORARLEET S Z RSN
7273, Model 4 ([ZFBWT—X A A DOHEAEOEK %
BAT D ERBIEZ, A DOFWARIZL 5T,
FEROFE LR WORARDBHI IND Z L PRE
.

Table 2 (ZIFREAIZE 4] O spearman DAL AEBLR
am Uiz, J0IRFE OWA R & N ORRELIS D2
DAEABDENZB N THERHERENGED b,

Table 2 23 DFHBIFTF

2021-2922 2018—?920 e 5;5&%03
FE FER TMAE
2018-2020%4 %  0.311%**
A 0.173%** 0.314%**
PREDHRAE 0.191%** 0.209%** 0.046
—MBAODTRAE 01955+ 0.267*** 0.213%** 0.110%**
Fkk p < .001

43 BE & HEE S h7s PRIME O S A

Figure 1 (Z B A9 4L (2021 4205 2022 2B 5
B ERDLWORAEFH) OBHIME (1), Modell (2
B 5 PRI & BIOESOBIMEDZ (), DIC 23
B BAKA > 72 Model 4 123815 5 THIE & HAIZEHD
BUAEDZE (F) O3AiZ " L7z, Model 1 & boig L
T Model 4 I2BWTIE, EF/VIC KD AIIZERORE
T 0D 3 KAHETE F KON/ INHEE DO FEEE 23 Jaib U7z,
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Evaluation of Compact City Policies During Population Decline

Mizuki MAKI*, Shohei YASUDA**

Abstract In Japan, since the institutionalization of the Location Normalization Plan in 2014—aimed at
promoting the compactification of urban and dwelling functions against the backdrop of population
decline—efforts have been made to encourage the concentration of urban and residential functions in
city centers through the Urban Function-guided Zone and Residence-guided zone. This paper examines
the effects of the Location Normalization Plan in Utsunomiya City, Tochigi Prefecture, using a
Difference in Differences design. Land prices and population density were used as outcomes to reveal
the effects of the designated zones. The empirical results showed that land prices significantly increased
due to the Urban Function-guided Zone and continued to rise seven years after the designation.
Furthermore, the Residence-guided Zone led to significant increases in both land prices and the density
of the productive population. Conversely, the results suggested that there was no significant
concentration of the young and elderly populations.

Keywords: =2 /37 7 ¢ (Compact city), 7 FfbFFHE

7,787 (Difference in Difference design)
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2011 4ELIRE, BARO ANOXED LT TR0,
BORLRELRoTWD. ZDXH AR H
21, BUEORHHEITRKIC/R>TnD EEX L
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T2 LE, ERICEETHD.
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WEL, MUK EZHRE LD Z L THTDa Y
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[P1-23] Heterogeneous Datasets-based Federated Learning for Global Road
Damage Detection

*Shubham Kumar Dwivedi'!, Deeksha Arya?2, Yoshihide Sekimoto? (1. Department of Civil
Engineering, The University of Tokyo, 2. Centre for Spatial Information Science, The
University of Tokyo)

F*—"7— F [ Global Road Damage Detection. Federated Learning (FL). Road Safety.
Intelligent Transport. Deep Learning. Big Data. Automation. Smart City Applications

There is a critical need for advanced technologies to detect road damage efficiently and
cost-effectively. Traditional centralized deep learning models require extensive data
transfer and pose challenges when data sharing is restricted among different parties due
to privacy concerns. Federated Learning (FL) mitigates such issues by exchanging model
parameters and enhancing collaboration among parties without sharing raw data. While
previous studies focused on datasets from various countries which were largely similar in
terms of image capturing method, resolution, road view etc., this research showcases FL's
efficacy with diverse datasets from Japan, China, and Norway. Utilizing YOLOv8I and
Flower framework with FedAvg strategy, the FL model achieved a mean average precision
(MAP50) of 0.467 on a multi-country test dataset, surpassing Japan's centralized model by
3.5% and Norway's & China's centralized models by more than 20%. This underscores FL's
capacity to effectively learn from diverse datasets and enhance road damage detection
accuracy across different varying regions, proving to be more robust and more
generalized than traditional models.

O— M FAEANMEBIBFR> X T LER
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The Potential of GIS as a Tool for Artistic Creation
Yu Fujimoto*

Abstract: The first instances of GIS (Geographic Information Systems) emerged in the 1960s, and it
underwent a notable evolution as a result of the incorporation of theories and technologies derived from
geography, database management systems (DBMS), computer graphics (CG) and computer aided
design (CAD). The initial application of GIS was for the processing, analysis, and visualization of
geographic information. In recent times, however, there has been a notable increase in the use of GIS in
the art and entertainment industries. This paper focuses on these functions and the potential for
employing GIS as an artistic tool. One illustrative example is the concept of "Medical Fact Arts (MFA),"
which has been defined by the author as any artistic creation or action that utilizes medical data and/or
facts. Given its potential to handle medical images such as CT or MRI, GIS would be an adequate tool
for this purpose. By employing the distinctive features of GIS, medical images could be transformed
into forms that are intuitively understandable, without the need for manual processing. The objective of
this research is to re-examine the potential of applying GIS with its distinctive characteristics to other
fields through the medium of artistic creation.

Keywords: ==X 1E(Thematic Mapping), 7 U —=—=3 = >/ (Creation), 7 7 7 b *+ 7 — (The Fact

Arts), BT — ¥ (Medical Data)
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Abstract

e &M

In recent years, advancements in measurement technology have popularized 3D measurements. While
most techniques aim to detect and shape objects in three-dimensional spaces, a standard for handling
3D spaces as Voxels has been proposed and is being applied to applications such as drone flight paths.
In robotics, as a response to labor shortages due to population decline, Voxels are being utilized for their
lower data volume and computational demands in position estimation, managing occupancy in three-
dimensional spaces. However, methods to effectively address occlusions, unmeasured areas, and data
gaps during measurements are not yet established. This paper reports on extending morphological
processing, typically used in image analysis, to three dimensions and applying it to the creation of Voxel

data.

Keywords: 7~ 7 /L (Voxel), 3¥&Jt (3D ), skt (Point Cloud), LIDAR(LiIDAR),“E /L7 4 17 ¥ —

(morphology)

1. XCHIC

LiDAR CHEEFHI T H AL 5 Mt T — Z 1388 1
WIRD 3 RTTIBIR AR A D Z L BAEETH Y, FHE
Bar OB HRE, #iio 3D ET7 MESRET, £
SOFFTHEAEN TS, —JF, ST —2137
—H 'L, BIWSEMETH L 2 &b, Rl
DDV IZ Voxel DF|HbEDH BN TE Y, 3 RLZE
M4 Voxel & LT O Kk (ZZH ID) O N — i
HBEOEA R EbRE SN TWD, LnL, FHEE
WCRETHA I N—T 3 (k) o REHSY %
BHRBNHER S 2 FARILR ML L TR0,

2. Voxel 7—42 & (%

Voxel 7—# 1%, A UKE SO HEE T Y v M
HICELE L C 3 RITIR A £KBLT 5 H DT, MRIX
CT A% v U7 FEHFEEBHID, FHEIal—va
VRTEMBORE, vRT 7 ACE D E TILEH
FIZICH STV D, 4B 72 Voxel D 13HDOYA X
(FRG ) 1%, ERT 23HEIRCT 7Y r— =
VKo TRRS.

FRRET —21%, FHURECEUS rTRE e (Al e
PG REEE HA AR ISR A T X D57, Voxel 7 —#
IXE DO B REENTE D L Vo ToEN
NdH5. Bz, Voxel HmOZEM EAREE (54, 2=
X, REHAD REBRFET O, vART 47 AG5ET

IHERN T =2 LS.

3. Voxel F—4I2H1+3 3 kxstRlDEE

3 WITEHAIT — & 72 5 Voxel 7 — 4 &A% 4 5 B
IR IZRAET A A7 L—2 g VEORBEFTIZ X
D Voxel 7 — % OFERMENE I b, tkaleT 7Y
r—va VCKERMEEREIE S Z ERHEE
2%, BRI, WHORRY I 2b— a0
IEMEPEAR TR, B HhiE s Eh il oD R A5 Jon 00 etk
DRHIOFRY,, v RT 4 7 ARTIGA— M A—
Ta rTiEnRy S OEERERC/EE ORI R
BrH5 2D NS FELRNRMEIND.

Z 9 L7z Voxel 77— % O RIBMEFT 2 i £ 721318
BT 2HEE LT, BIBHEESRT Y UK,
W - RESE & Vo I RN FEET 508, W
FTHH KBEFTOARIC L > THIENEZR Y, B
WFE - R FE CIIREORIIR e 7 —
Gy NOTFa—=U TERVELRDL, (F1)

7= 1 Voxel #i1FESR

ik BT A R
R RiBVoxe| %G | BohLEREE | BREGHKOM
Voxel MIEZHEIZ | £HTE5. MrWNTF 1 TF—I
HRRET 5. OBERICEER
BB
R7 W R7UUAER | FECBATHE | TBIARNAD
o FRVTREE | bAGRATE | < AFEATF—
BEHET 5. T3, 5 TEEREA M
5.
s . Za—-JLFy | BECEMGY | @BUGML—=
e e FO—OEER | KPR —h | VITF—a B0
I LTRIBEZE# | BRTR BT, RENH
BT 3. #.

PN=
* =H

-P1-25-

7 VT kS (Asia Air Survey Co., Ltd.)  yuk.minam@ajiko.co.jp
o JESE T UT MK SH (Asia Air Survey Co., Ltd.)  ysh.niina@ajiko.co.jp



P1-25

ERRD Voxel 77— ZAERKTIE, 45 OEAT %
%LT%W%@%#%%&UA”T ZAERL A A B
MWEWT—ZARH Y, EHICFH TOEEFEENE
STLE 2D, kxR KBRS T X 5 fifE
DOPLHIIZREIR D RO B 5.

ARETIE, ERAESH CHERAINSENLT + 1
U 3 RITITPER L, EERO 3 WwotEHT —
Z CRBEFTEAEE T 2R AT 7.

4. ELTAOS—NE

ENT v U, BRI RIS
BALEEFIETH 0, B L OB BEALIZRET EH
ERE O 8 W) AR A1TH 2 & T, HmE
DR OFREERS ) A AL, WIRBEEZFTREE T 5.
RNTH, R &M & FEEST 1T /e — 7
LB IIINNZ R (X)) BREZZVRACAT 5 HikL LT
LNTVS. (K1)

IO ZE 3 RoIZHLRT D, TR bHIEH
Voxel DJEFH 26Voxel % W\ TIEZECIUHEZIT S = &
T, Voxel 7—% OXREMEFTOEENIHFTEDH. K
FCix, MR IEZ N [BIF2(79 7 a—y 7L
HBoZlz 7a—U 078 N EERZ LI2T5.

-I

\\\

BRI
u ﬂ -
InFEmMEE % InfEmE

M1 ELlV71+ud—uHE

5. 3XFTEIL I+ AS—NEOFEH & FiHRER

TATFuT—NEO 3 RTIEET RS T A%
Python3.8(+Numpy)is X U8 C EFEIZTHHZE L T s
L Y

FERTIE, BMEICKREBEEI L72HED X9 ko 1
i 10cm @ Voxel 7—# ZAERK L C, 3 LD 1o —
DU T E T2 EORER, K2R TEY, 7
=7 4 OB X o TR 2 RIEDMEE

GISA 2024

ShicZ & zffggd L.

<A[ERARAIE > <AENRHENTE >

X 2 PiEEER

<Voxel{t>

6. EBRE
TIRFEBRICE D, 3T TOY v— 0 JABED L
AR B DER T E 7o, IICEBEIZ 3 ot L—H &
Xy —TCHM L= mlET — 20D, TIiESR & Ak
IZ Voxel T—H B L, 72— 0 78 1nbra
— U710 OB A SN L CE ORI AT o 7.

6.1. FHHIT— % @ Voxel 1
FEBRIZIX, 2023 4 2 HIZKIRER D D& 722U 7
VT TOPCON #1:0 3 ot L —H 2% v F— [GLS-
2000 (2 THUWENZFHI L7 St — 2 2 Hu e,
FHAEEE, Do E U TIEBECH T TEER T
KR & IR BMENFE LT, ETENLE /A
XL LT, fH LT — 2 M BHIBR L7z (X 3).

X 3 ST —#
J A RHIREOSRET— 2% 131

wIz,
FIRTXYIY, SEHFENIZ 1 S THEDHIL Voxel
m¢5’kf FHAIEEPH AR D Voxel 77— 4 Ak L
72. 134 8cm & L7=DiX, TiFEBR TORITHERICE
WC, TARFEBRIRFD 10em K 0 EHF/NS < LR,
7= TRBOFAMA TN T E W L 72T
OThD.

mE, BMED ) A AREORET, AT —48
X Voxel &¥—#1%, A7 N— 3 L PAMTH KN
K& e 2D R ELTREETH - 7.

8cm DL

-P1-25-



P1-25 GISA 2024

6.2. SEBRKER

TERC L7z Voxel 77— 227 00— 0 78 1~10 DB AT e R A K 4 1TR . 7 a—Y 0 TP Z 5
W22, IROBED KIBREPT AR L, K& RREEFTHEINT DT 2R CT&E 2. £, dhLhEo&EN Y
n—Y T4 THKRT DL LB, WABOEE R T, (M45H)

O : BHEOERABR
O  RPRORBEFR

vl vste <

4 7u—U 7RI L B RER LUER

6.3. M
7 a— 2 TR OIS KRG PR L OA
R EZR 2 BLOR S 07T 7B LT,

REBEFRBEERBERBOERT S T

e R HFTIL et 2 Al FTHL

2B, KABEFTIX, Voxel 7 — & TH £ /-2 & 300 20
L, EBRMEFTNE, STOBRICED Rino e L ézm %
THAV Y MLz, & 10 {ﬂé

BT 100 1
% %
< 0 0
# 2 KB EBLEFTOZEL 012345678910

so—so5% | o 1| 2| 3| 4] 5| 6 7| 8] 9[10
& 818 Fr #% 233|50{ 16| 8| 3| 2| 4| 3| 2| 2| 1 VARE DAL |
EREFRK o 1| 1| 4|12\ 12[12]12| 14| 14|15

B 5 REBMEPTE L EREFTROENT T 7

-P1-25-



P1-25

- 2 VB %>
X 6 FR TFEDOINARR IR KRB OEE

<Vox7‘“5 L %> S

<0 v 7 ¥ 10>

7 QHALAHE DL

R2BIUOM S D, 7 n—T 0 782 TR BE-
HEZ2ETe 216 87T (K 93%) DM 72 KEEMMER S
ATz 6 7O 1P FEBRFIRR I AR E A ORI

KT HZ L RLBEEESNTWD Z DR T -,

F7o, BARRZREAERT & L TR E B
THE, 7ua—U T4 TEABERINER > TL
FH)EHIIBLEE > TV DORHRINT. 71
—T U710 TR, TRTOLAE L < o2
BERoTLEY, KROBIREITERER DR E
otz (®7)

GISA 2024

AR H & - ) 7 OBFAETIE, SALEESE
VORI OFERENE W=, 77— 784 T
W) IRTEIFEEER) 64cm (8cm X4 [l X2 [[I]) &l
IR I, 7 u—T 7% 10 TUIRRIIEEER
160 cm (8cmx10 [Ix2 [[ifAI]) A+ir & 70 2 dohLi &
HLBNR-oT LIt EZIDND.

1.

EBNT A E 3 RoTIZPEER L, Voxel 7
— X OXKBMEFTOBEE, 7 a— 2 JUECReT
L7-.

AEEH L7 KBRER 2 D& ==Y 7 @ Voxel 7 —
BT, Mie RABEFTOBER LUK E 2K
P O NN RANATZ TN, 7 m—V 0 78
R OM, BAEFTIHIN T D & 2o 7z,

T, KEFEFTOBRICE ST (FH%ERET
HZE7) BETETEY, WHAEOSH S HIET
bDHZLENHERTET,

YRR &> Tl 7 v =2 o THDRED
L END, BRI un =V I BEEZD
L <IIRLEFANZEHT — % & 5% Voxel 7 —#
EARERIZ LI, s a—T T ETT S
DX VR LB 2 BiL, S®RITTFREA & OfH
BRI EERET 2 TETH D,

8. 118 - ALY I LI TEY—ILORME
© RBET — # ALEE : CloudCompare

- Voxel 7 —# "[fii{t : SideFX £t Houdini

9. SEXH

Zhou, L., Wu, G., Zuo, Y., Chen, X. and Hu,
H., 2024. A comprehensive review of vision—
based 3D reconstruction methods. Sensors,

24, p.2314.

Guo, Y., Wang, H., Hu, Q., Liu, H., Liu, L.
and Bennamoun, M., 2020. Deep Learning for
3D Point Clouds: A Survey. IEEE Transactions
on Pattern Analysis and Machine
Intelligence, 1-16.

10. B
AROERBUICERL, KBERD &) 7D 3 &

LRI KOS U7 sifET — & Ol i &2 7k Tz

PN 1 BRSO A A L %S

-P1-25-



GISA 2024

RAZ—FK

B 202410826 H (%) 13:00 ~ 13:50 M 2N T v R ZR—X)

[P1] KX X —FFE #1

‘[P1 -26] BARICEIT 3 ERMNICIREARLEFLRERS X T LDIEE

*EAMDR AT LA EHF (1. BERBEKRY)
F—U—R IO 2a=F0. BAR. BHE. TURILEN. EFEER

WIS 2aZ7qICBVWT BROHRE - REDHDOY—ILE LT, HRABTIRILETM
DFFERDEATWNDS, FICEBARSTIIBFEIERDT T DEANEAHDDOH DD, EF)
DHFROHEEMETHD. RV BFELIZIATUVEWL, T5LET7FVICIE. 1R =
IO BSHFAETOTOLRICEVWT, BRLABBELH D EHEHINTWVWDS, HICEHE
ICE 2Tl BRABEEDOFRENCS L7 TV OFBEOARSHEE B> TW3, 22

T. AREIE. FTEHMEOT O RILEMOFABICDOVWTOREZBESMCL. HTHERK
BICIRERRE R BFOIER S XA T LZR - BRIZ BN TS, A XTLDEHR
WRitg e LT BENRSBHEREET S, SBMHTIE. BARICBWTEFHERT )
HEEHCERTINTWVWARD . COT7FVICIEA VR T T —APRERICHAELH B, EDT:

. FICEWHmELN TS RILFEMOFBICAZZRELCTLEVN. CO7 ) OFBEIEATL
BV TCTO AVXATLEBEHICEBATRCICELD. BARICBITIZBEHREEDAE
L EHEDT 2 ILEMOF BREE BT,

O— Mt HEAMBIBHRS X 7 LER
-P1-26 -



P1-27

GISA 2024

/N2 RV —F R %5 & @iﬁﬁa&&ﬁf%ﬁb\T_H#WFaﬁﬁ@@FODF%U‘
BT ORI FIE « REREOETIRERTICBIT 57— AR ZT

M OFRER T - UEE R - ik B S - HiR He - B0 &F2-EE 5 - BH B

A Method for Detecting Walking Trajectories with High Spatiotemporal Resolution
Using Compact 2D Laser Scanners and Image Recognition Technologies:
A Case Study in the Intensive Care Unit of a University Hospital

Takuya OKI, Yoshiki SENTO, Risa YAMANAKA, Nobuyuki NOSAKA, Ayako NOGUCHI, Wataru UMISHIO,
and Kenji WAKABAYASHI

Abstract: This study proposed a method to detect and track a person using image recognition
technologies from 2D point cloud data acquired by compact laser scanners and to mechanically
create walking trajectory data with high spatiotemporal resolution. The 2D laser scanner has a small
measurement error and excellent privacy protection. A total of 18 scanner units were installed in
the intensive care unit (ICU) of the T University Hospital for a three-week trial. Then, the proposed
method was applied to the measurement data in a corridor and compared with the number of passersby
counted visually. As a result, we demonstrated that walking trajectories can be extracted from 2D point
cloud data mechanically, efficiently, and accurately.

Keywords: #5747 (traffic flow analysis) , L —#%# 2% % 7 (laser scanner) , Hf§i%#% (image

recognition) , KZJPE (university hospital) , #EH{A¥HES (intensive care unit)
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Spatial-temporal analysis of communication frauds:
focusing on victimization process of refund frauds

Takahito SHIMADA

The paper focusing on "refund frauds" in Japan. Refund scams involve criminals deceiving victims into
transferring money to the criminals' bank accounts by pretending to offer tax or medical expense refunds.
The study examines the effectiveness of various countermeasures, such as encouraging third parties to
intervene when they see someone using an ATM while on the phone and reducing the daily transfer

limits at ATMs to minimize the potential losses.

The research analyzes data from a police department

in the Kinki region, focusing on the location of ATMs, their proximity to train stations, and the time of
day when the fraud occurs. The study finds that refund scam incidents are more likely to occur at
unmanned ATMs, especially those located far from train stations, and that such scams often involve
multiple transfers. The findings suggest that location-based crime prevention strategies and stricter ATM
transfer limits may help mitigate the impact of these scams.

Keywords: F32kEFHk (communication fraud) , ¥
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Regional Revitalization and Tourism through Gamification: Understanding and
Transformation of Map Representations via the Application of Navigation Sports

Mayuko Wada*, Naoko Fujita**, Suzu Shimada***, Max Hanssen***, Yang Zhou***

Abstract This research investigates the role of gamification in regional revitalization and tourism and
examines the impact of map representation on the understanding of navigation sports within these
contexts. Specifically, it analyzes the effects of holding a rogaining event on participants, organizers,
and the host region, exploring the potential for a gamified regional tourism model to attract tourists and
contribute to local economic revitalization. Additionally, the study examines the characteristics of map
usage in events involving navigation sports and its contribution to enhancing map comprehension.
Through this analysis, the research seeks to provide new insights into how contemporary map
representations evolve and support users' spatial awareness. The study proposes improved methods of
map representation and innovative approaches to regional revitalization, with potential for practical

application
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Geographical and temporal characteristics of the rental office building stock
in the 23 wards of Tokyo

Kazushi Matsuo*, Morito Tsutsumi**, Toyokazu Imazeki***

Large-scale redevelopment has been promoted in Tokyo to revitalize the city and enhance its
international competitiveness, leading to the construction of numerous office buildings. However,
micro-level changes in this stock are rarely examined. This study analyzes regional and temporal
changes in Tokyo's office building stock using detailed rental market data. By summarizing the office
stock pyramid by completion year and geographic and structural characteristics, we found that while the
total office space supply remains stable, the number of buildings has decreased due to increasing
building sizes. Office building supply is concentrated in central Tokyo, and this concentration has
intensified over the past 20 years. Nonetheless, some historical buildings remain in prime locations,
highlighting a balance between redevelopment and preservation.

Keywords: &4~ ¢ A4 (Rental office market), A ;2 (Stock), FrERHLFE(New supply),

47 4 AL (Office building)
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GIS-Based Life Cycle Assessment of Carbon Emissions in Urban Renewal
Projects

Jiuli Zhang*, Wanglin Yan**

Abstract: Building lifecycle carbon emissions considerably contribute to global warming, and urban
renewal affects regional emissions and sustainability. Assessing these emissions is vital for low-carbon
strategies. Existing studies often focus on single buildings rather than city scales due to the availability
of qualified data. This study assesses the carbon emissions during building renewal and to predict
future with the scenarios of renewal strategies, demolition, and reconstruction. The central area of
Tokyo was selected for case study, where the buildings are undergoing a dramatic renewal. GIS is used
to manage the database from multiple sources including building footprints, land uses, structure type
etc. Carbon emissions was estimated by integrating the geospatial data with AIJ-LCA database.
Results show different renewal strategies greatly impact emissions, providing insights for low-carbon
planning and offering data and suggestions for low-carbon strategies in urban renewal projects.

Keywords: GIS, LCA, & 7 #F (i & (Carbon Emissions), #f5 ifi # ZE (Urban Renewal), 5 & 3% & I

(Low-Carbon Strategies)

1. Introduction

With the acceleration of urban construction and
renewal activities, environmental problems have become
more pronounced. Life Cycle Assessment (LCA) is a
method defined by the international standards ISO 14040
and 14044 to analyze the environmental aspects and
impacts of product systems. LCA studies the
environmental aspects and potential impacts throughout a
product ’ s life cycle (i.e., cradle-to-grave), from raw
material acquisition through production, use, and
disposal. LCA is a scientific and effective tool for
environmental assessment of urban construction
activities.

Previous studies have predominantly focused on the
environmental impact of single buildings or small groups
of buildings using LCA. However, very few scholars
have applied LCA at a larger scale due to the uniqueness
of individual buildings and the lack of comprehensive
area-wide building information, which complicates the
assessment of broader construction environmental
impacts.

Integrating Geographic Information System (GIS)
with LCA allows for the creation and management of
urban building information databases, addressing critical
challenges in environmental impact analysis. This
integrated approach facilitates the assessment of the
environmental impact of construction activities over a
larger area, offering a more precise and comprehensive
understanding of the consequences of urban renewal

projects. By doing so, it strengthens long-term carbon
management strategies and supports more sustainable
urban development practices.

2. Methodology

This research employs a GIS-based approach to
conduct a comprehensive Life Cycle Assessment (LCA)
of carbon emissions associated with urban renewal
projects at the neighborhood scale. The assessment is
conducted through the following steps:

2.1. Data Collection and Integration

Basic urban building information was obtained
through the Fundamental Survey Data for Urban
Planning, Google Maps API, Property Information, and
on-site surveys. These data were integrated and managed
using QGIS software. The urban building information
database includes building geographic information,
building scale, structure type, building function,
construction year, renovation year, and demolition year,
etc.

2.2. GIS-Based Spatial Analysis

GIS tools are utilized to identify changes in the urban
building stock and to recognize clusters of buildings with
similar characteristics. This process involves conducting
correlation analysis on the existing building features,
which aids in supplementing and refining the urban
building information database. By leveraging GIS spatial
analysis capabilities, the study enhances the accuracy of
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Fig 1 Temporal and Spatial Distribution of Carbon Emissions in the YNK Area under Different Building
Renewal Strategies (2020-2050)

the LCA calculations and ensures that the database

accqrately reflects the current state of the urban building = , Q)
environment. ' e v
2.3. LCA Model Development

Using the emission factors mainly caculated from the — )

AIJ-LCA tool, a life cycle assessment model is
developed. The model encompasses the entire life cycle
of buildings, divided into design, material production and
transportation, construction, use, maintenance,
demolition, and final disposal stages. During the use
phase, energy consumption is considered solely in terms
of the carbon emissions generated from electricity usage.
2.4. Carbon Emission Calculations

For each building, the LCA model calculates carbon
emissions using GIS-derived data on building attributes,
with the emissions calculated according to Eq. (1).

The value of E, , i , is mainly derived using the
AIJ-LCA tool, where C; , represents the carbon
emissions of building 7 in year y, C, represents the total
carbon emissions of whole assessment area, Ei, p, i »
represents the total carbon emissions per square meter
per year for building 7 with use « and life stage p in year
y, and 4, ; y represents the total area of buildings i with
use u in year y. Eq. (2) is used to calculate the total
carbon emissions for the entire assessment area in year y.
2.5. Scenario Analysis of Urban Renewal Strategies

The research incorporates scenario analysis to evaluate
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the impact of various urban renewal strategies on carbon
emissions. Specifically, three scenarios are considered:
building renewal upon reaching depreciable life, building
renewal upon reaching average life, and building life
extension to 100 years. The depreciable life data is
sourced from the Ministry of Finance Japan's Ordinance
on the Useful Life of Depreciable Assets, while the
average life data is based on Komatsu Yukio's "Survey on
the Actual Conditions of Average Building Lifespan"
(January 2013). The building life extension scenario
involves  structural reinforcement and insulation
upgrades.

2.6. Life Cycle Assessment Implementation

Under the three urban renewal strategies, carbon
emissions are calculated using Python, in conjunction
with the urban building information database and the
AIJ-LCA tool. This approach allows for a detailed
assessment of the carbon emissions associated with each
renewal strategy.
2.7. Visualization and Interpretation

The results of the LCA are interpreted using GIS
visualization techniques. Maps and spatial data
representations illustrate the spatial distribution of carbon
emissions across the urban area, highlighting areas of
concern. These visualizations support decision-making
by providing stakeholders with clear insights into the
environmental impact of urban renewal projects.

3. Case Study

3.1. Study Area

The Tokyo YNK area, encompassing the Yaesu,
Nihonbashi, and Kyobashi areas, is a vibrant and rapidly
redeveloping region in the heart of Tokyo. This case
study focuses on analyzing the impact of urban
redevelopment on carbon emissions in the YNK area
using GIS-based data. The objective is to uncover
patterns in emission changes and understand how
different redevelopment strategies influence the district's
environmental footprint. By examining these dynamics,
the study aims to provide insights into sustainable urban
development practices and inform future urban planning
efforts.
3.2. Implementation

The system boundary is defined from 2020 to 2050,
considering the entire YNK area as a unified entity.
Three redevelopment strategies were assumed: building
renewal upon reaching depreciable life, building renewal
upon reaching average life, and building life extension to
100 years. Basic urban building information was
obtained through the Fundamental Survey Data for
Urban Planning, Google Maps API, and on-site surveys.
These data were integrated and managed in QGIS.
Through calculations, the study estimated the overall
carbon emission trends in the YNK area between 2020
and 2050 under different redevelopment strategies, as
well as the carbon emissions of individual buildings.
3.3. Results

Fig 1 provides a spatial representation of carbon
emissions in the YNK area at different points in time and

GISA 2024

under different renewal strategies. Subfig (a) represents
the carbon emissions in 2020 with the assumption that
the current urban renewal strategy is renovation after
depreciable life, serving as a baseline for comparison.
Subfigs (b), (c), and (d) show the emissions in 2035
under the renovation after depreciable life, renovation
after average life, and building life extension strategies,
respectively. Similarly, subfigs (e), (f), and (g) depict the
emissions in 2050 under the same three strategies. The
darker shades in the maps indicate higher carbon
emissions. This visual analysis allows for both horizontal
comparisons across different strategies in the same year
and vertical comparisons across different years under the
same strategy.

Figure 2 shows the total carbon emissions in the YNK
area from 2020 to 2050 under three different renewal
strategies: renovation after depreciable life, renovation
after average life, and building life extension. The results
indicate that the building life extension strategy results in
the lowest carbon emissions in the early stages but the
highest in the later stages. This pattern is largely due to
the limited increase in total building area under this
strategy, this conclusion aligns with the findings of
Ishihara and Komatsu (2020) in their analysis of building
stock changes in major cities. The sustained high carbon
emissions in the later stages are attributed to the
long-term renovation and life extension of buildings.
Conversely, the renovation after average life strategy has
the most significant impact on reducing carbon emissions
overall.

120 —e— Renovation after Depreciable Life

Renovation after Average Life
—u Building Life Extension

1175

1150
1125 V
1.100

1075 ! oy

Carbon Emissions (kg)

1050 i

1.025 A

2020 2025 2030 2035 2040 2045 2050
Year

Fig 2 Total Carbon Emissions Trends of All
Buildings in the YNK Area (2020-2050) under

Different Building Renewal Strategies

Figure 3 illustrates the average annual carbon
emissions per square meter for all buildings in the YNK
area over the same period. The comparison between the
three strategies reveals that, under the building life
extension strategy, the per square meter reduction is less
pronounced compared to the other two strategies, with
even a potential for an increase in per square meter
emissions. The renovation after average life strategy
results in the lowest carbon emissions per square meter.

The spatial analysis highlights that, the renovation
after average life strategy shows the most consistent
reduction in per square meter emissions, which may offer
a more balanced approach to long-term carbon
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Fig3 Per Square Meter Carbon Emissions Trends
of All Buildings in the YNK Area (2020-2050) under
Different Building Renewal Strategies

4. Conclusion

This research successfully conducted a comprehensive
assessment of carbon emissions associated with urban
renewal strategies at the neighborhood scale by
integrating GIS with LCA. The findings reveal that
different urban renewal strategies have significant
impacts on carbon emissions. Notably, the strategy of
extending building life, while reducing overall emissions,
may not achieve the same level of reduction in
per-square-meter emissions as other strategies, and may
even result in an increase. This highlights the importance
of selecting appropriate building renewal strategies to
achieve long-term carbon management goals. The spatial
analysis further identified the geographic distribution of
carbon emissions, providing insights for urban planners
to develop targeted low-carbon strategies. Overall, this
study offers crucial data and decision-making support for
future urban planning and sustainable development,
demonstrating the broad applicability of integrating GIS
with LCA in environmental impact assessments.
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