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Integrating GIS and Neuroscience to Understand Evacuation Decisions During Disasters (1)
- A Case Study of Tsunami Evacuation in Virtual Reality -

Yuichi HASHIMOTO*, Daisuke SHIOZAKI**, Naoki MIURA***,
Kohei SAKAKI****  Sachihiro SHIRAHAMA**** Motoaki SUGIURA****

Abstract: This study integrated geographic information science (GIS) and neuroscience to investigate cognitive
mechanisms underlying evacuation decision-making. Participants attempted to evacuate in a virtual space, and
their neural activity was visualized using GIS-based technology. Results revealed significant differences in spatial
cognition-related brain activation between individuals who evacuated successfully and those who did not. From a
neuroscientific perspective, the findings emphasize the importance of evacuation strategies that involve not only
moving away from the coast but also seeking higher ground. These insights highlight the need to incorporate such
behaviorally informed strategies into disaster prevention literacy education and training programs.

Keywords: #$EERIREKIIBEIRE (IMRD) , (AR5 (VR) , #IBR{E#H > X 7 A (GIS), HREEHE (Tsunami evacuation)
AriifeiEE)  (Cranial nerve activity)
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BRI 24T 5. KT, DT =B L, VR %M Lo
PrET — &2 AL, BRI & R 5 1 T 22
SNTEAT D 2 & T, BARRIGE) D 22 IReE D 22 B 4 i
T 5. ®mEIS, BONERREBRY 77 v—n Lotk
DOFEIHEOT T 572D ORFHEAT S

2. VR BRLLBE#AIEE S X T LDEE

AWFFE T, BBRE T VR ORARZER TRt 41T > T
B 59726, K - FEA (2018) 2B ITH -7 VR Ll
BERERRES 27 & (VET VAT L) #HET 5. ERo
7 x—X 1 THEE T, JIMNA S VR ERNTO RS
DOEPNIDRMOFA 21T 5. 72— X2 TiE, VRZE
M TITHEN T L, RERERNE S ChRNLd. 7
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0.5~1.0m
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I 20.0m or more

200  400m
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LTWAIREE (Task IREE) &, EEZEPTLEICL T

X 5

-D7-01 -



D7-01

Task : a state of activity before selecting
the next route

Rest : a state of no activity while
moving along a route

Time
X1 6  Task IRfE L Rest {R7E

LAKHE (Rest RAE) & LLEEL T, {Eﬁﬂﬁb'(b‘éﬂi‘z’l%ﬁfi
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S OWERE T, ET, HRE AN SRR
B & EBME, MRIIRD EEFHAZHAL, KEEH
WCHFHE BT, EBIC, VAT AOBREFHBEITY, #
VEMER AT 12 ECEREZBB L.

KBTI, HHEFLICMD o RO YT 4 44, T
HIZBE E T RIME T 4 4 TH -T2, EE, T
n»rox A7 CTHEELER ﬁb ﬁ Z HIJ9178)
R oo KRB, WEEIL ST BB L, R
i%?)iﬂ%“laﬁﬁ%gﬂ“é%ﬁﬁﬁ%ﬂfc. %%%T?&(:ﬁot
&I AL 7 v — A D, T OBRE I
MR L 2R LTz Db CHfEM A Rk 57 )
TSN DHEENE D L LTzl REMDHF L ITRRD
ERYEMThIL T,

-
. -

4. fMRI TONHEEEEI DR
EHNEEXSR L Lz Ist-level T OSSR, &ML
@%ﬂfﬁML 1345 EBRETE/NE (R.SPL) A& Ei TV
7= (B7), Z ZIXZEMRRICEMENIC IR D EER

HLTH D (Wolpert et al., 1998; Andersen and Buneo, 2002) .

-

% 2 CARMIZETIE DFEML 2 FH L Uiz,

ks, ?%62]%717*-5'( I Rest JRHED Bold (Mg
LAYURTENE) B 5O HERE R TR Y, Bt
BANEETH-T-. ZDid 1 >0/ — RTHlESHhE
Bold 1§ 5D KE & e/ MEDEZTEEAL O E LCTH
Wiz (K8). fE¥ETIX, GIS T/ —RKZ LIZBold EH5D
KRB ER/MEDEZ AL, BRI E OTEE(LDZE

FI4OHIBIERS R T L

FRPEMARRERKE

47

R DTE AL IR RE D]
RO EFH/NED I3 & 2 OfLE.

Bold
124000
122000
120000
118000
116000
114000
112000
110000

ffffffffffffff
4 5 7

& ) — RIZEI1T 5 Bold [E BT — & DML

108000 Scan

| ‘ ‘ | | | I Node

9 10 11 12 13 14 15 16 17 18 19

1000 I
0
1 2 3

6 8

< 8

LIz B3 2 ZEMfET 21T > 72,

=P, EEOWBREOT — LI L, WHEEMNEE
(IDW) THHFEITH &, BEIOFTPE THEN LRI D &

EAREL, 20%, AL THLNTH S BEIT
HERNNSLS otz (K9). 72720, 2 —RILiZ, i
DI AR TR TN 23 S S L TIE OB E L2, B
TR AT 2 K& RBEROERBITIIRNE Th ol

wic, [ UHEBREICR L2 VX7 (Kriging) T
EITH L, BEEBRBIONE %R DEOEN, #iE
BEDNEE L D LHARRIZR Y, R OEMEMENED LT,
ks, TIEHT —FBW/NETH DT DR A X7 Y
¥ 7 (EBK) #FiEL LTEHRMALE.

I I THBRE 2 E & RE D 2 I —TTo T,
BB, X7 ) X 0 202 & 0 RS ENC L S EE L%
L%z Bz (K 10). ZORE, RhEDO 7 V—71%
x&~bﬂ%%7iﬁ%mﬁﬁ%%éhf%@,%@é
KA FEETE/NEDTRFEh N MERF STz, Zex L
T, KEOIN—TF1F, AFX— FEEKIC imwm%r

- -
— —

THOD, WNHEEN DI O TR T T 2EmN RN
2. F0#%, Zo7V—7Ti, BOSL LEHEE/NEDE
FRAEEY, ZITEEBRVFAERSL YT 7 — AT

DOFERND, B Y OBAEMCREEE S [F3 50572 < 72 o
T, BciCRHREZRE D L LI b LR SN D.

-D7-01 -



D7-01

Inverse Distance
Weighting (IDW)

1,618.319 - 2,000
2,000.001 - 2,500
2,500.001 - 3,000
3,000,001 - 3,500
\ 3,500,001 - 4,000

| I 4,000.001 - 4,500
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Empirical Bayesian
Kriging (EBK)
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-3.441
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KERSEHOFERBIRELHMET H7-DD GIS & HEERIZE0HES (1)
—VR R U} {MRI % FB\ 7B T B O R iR rE 812 B 5 % 22 R 404 —

IR RE - BAH— - =JHER -
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Integrating GIS and Neuroscience to Understand Evacuation Decisions During Disasters #2
- Spatial Analysis of Cranial Nerve Activity During Evacuation Behavior Using VR and fMRI -

Daisuke SHIOZAKI*, Yuichi HASHIMOTO**, Naoki MIURA***,
Kohei SAKAKI****  Sachihiro SHIRAHAMA**** Motoaki SUGIURA****

Abstract: This study combined a VR evacuation system with fMRI to examine neural activity during simulated
evacuation using geospatial analysis. Participants either completed evacuation toward Mt. Hakodate or remained
in downtown areas. fMRI showed activation in the thalamus and visual cortex, but no significant group differences.
Correlation analysis revealed stable amygdala—hippocampus coupling in successful participants, whereas
unsuccessful participants exhibited dominant amygdala—thalamus coupling and unstable hippocampal links.
Spatial analysis indicated that adaptive evacuation relied on amygdala—hippocampus—thalamus integration, while
sensory-dependent networks led to indecision. These findings suggest neural mechanisms underlying disaster-

related decision-making.

Keywords: FERERIRS AL MI{% 15 (TMRD) , AR (VR), HIERTEH S A T L (GIS), HEEE#E (Tsunami

evacuation) , %15 ®E) (Cranial nerve activity)
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Anomaly Detection in Mobile Location Statistics Applying Motion Image Technique
Case Studies of the 2018 Hokkaido Eastern Iburi Earthquake and the 2024 Noto Earthquake

Masami Onozuka*

Abstract: This study explores the application of Cubic Higher-Order Local Auto-Correlation (CHLAC), a video analysis

technique, to detect anomalies in mobile location statistics during disasters. The structural similarities between

spatiotemporal population distribution and moving images allowed CHLAC to be applied to mobile phone location

statistics with only slight modifications. The method was tested on data from the 2018 Hokkaido Eastern Iburi Earthquake

and the 2024 Noto Earthquake. While clear anomalies were detected in the former case, results were less effective in the

latter. The mask pattern in CHLAC was suited for detecting motion in moving images, so it was thought that the feature

space could not adequately represent events with spatial extents. Findings suggest the possibility of applying

methodologies from other fields with structurally similarity to enhance analytical techniques for mobile location statistics.

Keywords: #4785 A [#i7t (Mobile location statistics), SZARERFHTH CAHRS (Cubic Higher-Order Local Auto-
Correlation) , ¥L3% %0 (Anomaly detection), ik 3 O 4FAbLy#EE IHAR B4 #17E (2018 Hokkaido Eastern Iburi
Earthquake), 5F1 6 4EREE - B H1E (2024 Noto Earthquake)
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Establishing a system for collecting and sharing information on whether infrastructures are
passable during large-scale disasters

Daiki Hayashi*, So Tsuchiya**,Toru Shimada**, Daisuke Kudo**, Kento Tamagawa**, Yukino Hiroki**,
Nobuhiro Yokoyama**, Akiko Takeshima**, Sayuri Yoshioka**, Ryota Yamagami**, Takuro Yoshikawa**,
Nono Koyama**, Tatsuro Suzuki ** Tomoki Yosida**, Kotaro Yoshida**,

Akihiro Omi***, Yuuko Kamiya***

Abstract: In preparation for disasters such as the Nankai Trough earthquake, Aichi Prefecture Government has
established Aichi Prefecture Infrastructures Damage Information Sharing System (hereinafter referred to as the
"System"), which allows the registration and sharing of damage information on infrastructures managed by the
prefecture in the event of a disaster, in order to carry out administrative work quickly and reliably in the event of
a disaster. This paper describes the function that was developed at that time to automatically represent passable
and impassable sections, and the data preparation that is compatible with this function. We have set certain rules
for the automatic display of sections that are passable or impassable based on damage information entered by
contracted companies on their smartphones. Next, we structured the paper drawings showing the areas (routes)
that contracted contractors should cover in order to convert them into GIS data. However, since there was a
possibility of a discrepancy between the sections that were actually impassable and the sections that were passable
according to the system, the data was split up for each intersection. This process reduces discrepancies, making it
possible to improve the accuracy of considering detours and routes that should be prioritized for road clearance.
We believe that this system needs to be further refined by utilizing it in actual disasters and disaster prevention
drills.

Keywords: * 27 LEEE (establishing a system), TARHEFX (infrastructures), RIS (large-scale disasters), i
1T fE#H (information on whether infrastructures are passable)
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