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Evacuation Route Search Method during Tsunami Disasters Using the Cuckoo Search
Algorithm

Takeya Okimura*, Kayoko Yamamoto**

Abstract: Japan is one of the most disaster-prone countries in the world. In particular, tsunamis triggered by large
earthquakes can cause severe damage to coastal areas. Therefore, people in these regions need to evacuate quickly
using safe routes that avoid tsunami encounters. This study aims to derive such evacuation routes to emergency
shelters using the Cuckoo Search algorithm (CS), which is the metaheuristic optimization methods demonstrated
excellent performance in various optimization problems. Aroad network was created using geographic information
systems (GIS), and evacuation routes were derived to extend the available time before tsunami arrival at each
location. This method was applied to Konan City, Kochi Prefecture, Japan, which is predicted to suffer significant
tsunami damage in the event of a Nankai Trough earthquake. The optimal evacuation routes were determined and
compared with the shortest evacuation route obtained using Dijkstra's algorithm. As a result, the evacuation route
derived using CS proved to be safer than the shortest route when considering tsunami arrival time.

Keywords: H: % K % (tsunamidisaster) , BEEEEIEIRZR (evacuationroutesearch) , 7 v = TR (cuckoosearch: CS),

t=2—Y A7 ¢ v 7 (heuristic),
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Landslide Detection by Multi-Channel Deep Learning Using Open Geospatial Data
— A Case Study of the 2018 Hokkaido Eastern Iburi Earthquake —
Tastuya MIYOSHI*, Yuichi HASHIMOTO**

Abstract: In Japan, earthquakes and heavy rain often cause landslides, requiring rapid assessment immediately
after a disaster. We evaluated multi-channel deep learning that integrates aerial RGB imagery with open geospatial
data from the 2018 Hokkaido Eastern Iburi Earthquake. YOLO11 models with elevation and slope inputs improved
detection accuracy and supported wide-area screening, highlighting the benefit of incorporating topographic
context. In contrast, the inclusion of land-use layers raised precision but reduced recall, underscoring that feature
design and data representation remain key challenges for practical landslide detection.

Keywords: T#0 5% (landslide), /&% (deep learning), &M (object detection)
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L, Brl869 D ¥ A NEH#EHET .

iR R OHET — % R Z ~v) 1%, Bt
HERBEDER L 7o B G A O3 <Y R Y T
(GeoJSON) % & A )VEHGHAL T2 U v 7L, SMEREAR
A ~ZEHi LT YOLO BRUTHETET 5. #5258, AR
UIURd ¥ A VERIT 396 BHITEL, AU I
WEED R A VE ATI KL E TR D,
INHDEANETE - REEEZEM AN A T AR5 72
WE DI, EEEAWTHEL, FEM 520 #, WEEA
349 D H A NEHREIRY 31T D

4. YOLOM ZRAW-EE LEE

AP TRHVZ YOLOL1 i%, Ultralytics (240 28R
INTERY, WM O EEYE & EkE N2 W23 2 58
M Z¥#>. YOLO (You Only Look Once) %L, Hit4%
—EoHERTHAEIL, BHEEN DR AT T T
Ry I AL T AEWETD VAT —UKRHER] T
HY, HEFRD R-CNN RINTLEXTKRIBIZEETHDZ &
BRETHY, (ERET VKR TORVEHEETED
MHMEREESOND. £, ST A—FEKIIEU TS5
HOETNAHBEPAZE SN TRY, FIHRESHMIDS
U=l BIRNATECH D, £ 2T, ABIETIEZN
b5 A W TENZENFE 232, HIEIZ L 506
EEFHME L (F4).

F4 3F v RN EBEE Ry

50 /¥ *— | Precision Recall F1 mAP mAP

28 (@6%) | BRF) | Fd @0.5 | @0.5-0.95
n 2.6M 0.742 0.59| 0.657| 0.643 0.411
S 9.4M 0.816 0.625| 0.708| 0.704 0.509
m 20.1M 0.764 0.666| 0.711| 0.707 0.515
| 25.3M 0.729 0.642| 0.683| 0.682 0.47
X 56.9M 0.713 0.634| 0.671| 0.671 0.463
FEOFMR, 2T VTLELTRL, s T LD

Precision 23 0. 816, m & /L ® Recall 23 0. 666 7~
L, F1fEiEm BT /20711 THRE LR o72. ¥,
AL TIIHT R R Y T 2RI A L T
F— 2 EAE LTV 5728, mAP@O. 5-0. 95 D FAMG{E I
L 20090, FRTH m BT A0 EfE 0.515
Rl ZOZ &I, HBEEIC K 2R FIREHTT
LT T ANAT U ADRBWRER RT 2 L A E K
FTHRREMENRH Y, BENRTNY TERICBIT A
HER B 5.

FT2, RIA—FEOKRER T BLOx T /LTI,
HEaR ML TR T O ERREH TH 72, =
FULFHE & A VB0 869 KL & iy b7 <, REMRET
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AREEN B D, KEEE T M —RICEE T — 4 &%
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HOMREMA AR ESCT V. LER-> T, FEHHEMNIE

EI4MMIBIFR S R T LAFRFMARERAS

LNAGEIL, FEEHEMEDNT VA EEET 5
L, sEREnETANROEBNIEHTHDL LE X
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4.2 5FvURILDEE
FERFHFI3TF X R ER—E L, AJIOBEE
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0.648 £ KZ Y, mAP@O.5 I% 0.687, mAP@0.5-0.95
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W 2 ERT 72008 AERM L 72 5.
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#£5 5F v RN DFEERaT

" Precision Recall F1 mAP mAP
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n 0.756 0.648( 0.687 0.472 0.698
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ENAVERBEETER UK E R OB BRI BT DA

ILF fE—* - Mas Erick** - #i#f #—*-kH ZE~ . FHA K

Estimating the number of evacuees during floods using Mobile Spatial Statistics
Shinji Yamashita*, Mas Erick**, Shunichi Koshimura**, Shohei Nagata*** Itaru Morita****

Abstract:

A, BRI L0 RKENMEALT 29T, MR EEE O RE L, B I 21— a &R
A LTRNE BB TOI T D, Lo LBFEEGHE ClIai s T s 2 /0 B8 L7253l £ TRFT L T
WRWT R0, B S 2 L — 3 3 VTR EICE < ODIENE I D 72 D G 5% E 3 0 Bl S
ICRELSEBETHZENHELE > TNS.

AW I, BEITEIZ EEMICTHIT 2 Z e I 2 L — v a VORFREEEBILT 5 2
LERAME LT, OFASAINVERFE B ARERICB T 2BSEMARTET L2 FELZHEL, OFEK
DBEBERRCKERHOT — X 2O HE RO THET VERET S, ZICLY, {EEOHIKT
PR AR B KE CTOBEEEF I TR T X, MBI KEHE O RE LR I 2 L — 3 O MH
EDORERALICEIRTE 5. AR TIZOIZ W TEm L, ZooEpEZAWTEE LiokEs
TRIRIN TR T 2 REEEE T D HERGE 21T - 72

Keywords: £ /3 JLZE[f#EEE (Mobile Spatial Statistics), /K #EHE (Flood Evacuation), 7243 0 7475 (Difference-in-
Differences Method), 45 F1J 4 # H A& il (2019 Eastern Japan Typhoon), i # {# # (Evacuation

information)
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BEHEITENVRAE 2 0B B U723l E TR L T n
EHLEE o TWS (B 5, 2021).

1.2 H®
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BT DAL ORI 2 588y, T8 VR
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Db, [R/ABEMEE ] (23D X, K 2 RO A 15345 )
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HEBERED, #ickiT s Ax OBENEIZS 2 -
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HI DA & oD AR

HLHE - KRR - BEFE

Delays in Firefighters’ Travel Time Caused by Road Blockages
after Following a Large Earthquake and Their Relationship with Local Characteristics

Atsuhiko MURAKAMI*, Toshihiro OSARAGI**, Maki KISHIMOTO**

Abstract: In a large earthquake, urban fires occur simultaneously across multiple locations, and debris from
collapsed buildings blocks roads, hindering firefighting operations and worsening fire damage. The complex
interplay of local building and road network characteristics makes it difficult to quantitatively assess which factors
affect delays in firefighting. In this study, we conducted simulations of firefighting activities at the level of each
fire department jurisdiction, evaluating not only the probability of arrival but also the delay rate in travel time.
Using a regression model, we analyzed the relationship between delay rates and local characteristics. The results
show that variables explaining building collapse and road blockage rates are major factors increasing delay rates
in the aftermath of a large earthquake. Furthermore, local characteristics such as road area ratios and the presence
of wide roads are associated with reduced delays, highlighting their importance in enhancing firefighting resilience.

Keywords: KHiE (large earthquake), & #PHJE (road blockage), JHBAFX (fire fighter), EIF5i#AE (delay in arrival),

HiXF54 (local characteristics)
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