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KTFL, BREBEDA v E—X L AN X
2 HAWiEHESEZ -5 LI MEE T & MiE
VNS R HOT, BEEL D b EMIEDK o e

(a) strong ground motion

NIKTTBELEDIZ, METOERENKE L PGA (cmis/s)

7%, TOZL, FOBERKEL LY L Bl date  Long. Lt M O sima NS EW UD
81 20110407 141920 38.203 7.2 66 49 178 244 104

k Aj%z A % j/l/ 5 o S2 20150217 142.067 40.051 5.7 50 52 255 265 99

S3 20191219 142107 40.307 55 50 49 266 308 108

HEE)O HV (b v — 7 #IREFIZ 1.6Hz T 20201212 142108 40093 56 48 49 255 274 98

, . i S5 20210501 141740 38473 68 51 45 107 107 45

HY, MEOHV O -7 REELD HIE g 20211006 142253 40007 59 56 51 209 247 100

<o TWAH, “O= L, VEIH T AR 20220316 141622 37697 74 57 47 173 219 59
o — ~— b =] fiTin

MBI L KIFLTWA I LA RLTWH (b) weak ground motion
PGA (cm/s/s)
S 2R . = 97 7] YT 15 LU
Do TIT, RUIRLTE, HIERMBOEEIKE e dte Long.  Lati. M Ceol Sijma NS EW UD

S {Ez }"“753 3400m/s 0)):' (j?m ﬁ}&ﬂ‘) W1 20210127 142.012 42426 54 128 27 29 20 14
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z)) &) é g: L/’ 35?}&%}3@ HV J:I:@ B — 7 T}E%ﬁ;& W3 20210314 142.245 40.080 4.6 40 1.5 5 9 5

W4 20210415 142.036 41.346 4.3 61 1.8 10 15 10

T L 0T, K E DOEIEARITEEAN)  Ws 20210526 142075 40.205 3.7 49 17 14 12 10

W6 20210609 142.167 39.518 4.9 33 26 23 31 15

2RO, FOFRER, R EEOE XX 55m W7 20210600 142257 40054 50 38 30 41 55 21

w8 20210620 142.410 43.286 5.4 158 25 19 18 12

LRFEST, ZTOXHITLTRD-H FAERS  wo 20211000 142147 39502 47 54 27 28 20 19

W10 20211201 140.534 40.146 4.2 10 2.0 11 15 6

Ti‘m %ﬁ“‘ﬁ) E @ S /EZ P /EZE}_E@{;% fl@{%/}? SI_Jma: Seismic intensity by JMA scale
BIXOLUTOATER SN D EHVR 23K T

3 e e e L e
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X 7127R7,
FHH
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B, PIDIRERETHD.

4, BHHIT

B - HTE (A BRI S O BE SRR b O TH D0, BTN T 5 i S80I & flEhE]
WZ@L Tl LTz, ZTORR, JRHUSOEE IXEFNVORIRIC D ERKEWE 00, [FH
ELEONAIMENDH D Z LNy nolz,
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H A & THAET 5 IR O BB BT
—HE % Z & L7z Frequency Index EHTIZ &S < BRFT-—*

SARTRZ R FEBRBE TR AU BE -fH #HA-BF Fdh

1. XIL®IC

O BB R E D — IR B R #1152 (Low-Frequency Earthquake; LFE) 23% %, % O HE
TEHRBLD NS WIE Em I (10-20 Hz) (e 223, ARJE R TR NS WITH DL 6
FURJE W (2-4 Hz) T80T 5, ARJE B HUE DS R U5 R Sz O 13E kL o AkifiE A 2R (LT
& % (Minakami et al., 1951), S #1F K ILJEE TEBI S TV, #HE ORI O M ERX
ST OFEEARE R B OB X 0 KILBAA ol TH R A S D L 91272 57, Nakajima
and Hasegawa (2021)1%, HAZEOWNEETHAE L7172 M0-2.5 OHEZBENICHD Z & T, &#
*B?ﬁ DS E TRV HU CIR AR 2 R L 7e, FRICEERER T2 mtish Ty, fi

ZAXHPE T O SR ) - FRAREIERCAEE R RO 7 L — FER R EOEBAE T b D,
Nakajima and Hasegawa (2021) D #8 % 1 7 f AT <0 K 112 36 1 2 A5 JE] 5 it 5= oD Ji] i B ks vk D AjF 9
(FRHF -« fih, 2021) 7025, EEEH#EE V- TH, CORERBAKICERT2MISEIETH
O, EBEOMENORHCREE A ST S MEE T, ZORMENERIICIAN S TNDS Z &N
oo Tz,

AR JE R DR ENZ B3 2 AT SR IENEE Tl Z <AThN TV 52, HARMEED K 5 7
R TIEHEVITOIL TR, B TN & e TEIHNR & O =W 2o, HERE
DHEINT /A XNZHENLDNETh D, AARMBIFIZITHEWE R IRIZHM L TV D ESR
FEHREMNFEL, EHIICKHENIAEL TS CRPT - i, 2002), EAEHH O —HILI0E
EHYRIZH oA L, Z OHilkid Nakajima and Hasegawa (2021) 238 HH U 72 A5 8 35 #0058 0 %8 A= & i
E—ET D, FDH, MOEALEFHITEND T RBA 2 EEEREEL L OHBENFIET S
AREMEDN B D,

TR TIE, HARMARZ CRA LI HEZ X RICHIER A ~7 ML OTERD & 5LEkE
WO EIKEEEL L, WA ERET 5, /\leilﬁﬁfcﬁ?/f& L C Buurman and West (2010){Z
& % Frequency Index (FIfH) ZH 5, £/, WAV~ =F 22— ROHEEIZ L THRBERIZ
Z ORI E A MR CTE D X 9, FIEOHERE & BIBUKAIE L BB L-MiE FIL A 8712 %
£T 5,

2. HET—%
ARBFE ClI el W o @k A2 £ & L C FIfE4 MV 7= (Buurman and West, 2010), %
DfEIE, LFTERIND,

* Characterization of earthquakes on the eastern margin of the Sea of Japan based on spectral shapes of seismic
waves with correction for earthquake magnitude by Aiki Katayama
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T IC, Ap L ATEEBECE:, RE B O R
X7 MR TH D, R TIL, Ay DB %
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I 2o 72 Ui, FI % 3R 5 it IRe ] 2203
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BB E TOW TRA LZ 12289 60 HIFE % %f 5
L LT FIEZRD (K1), HEFREABMIT 2004 o s BOCR B o s B o B
EA4A1AND 20241231 AETE L, X 50 ' eee 1o
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km DAy O #5266 L 7=, #15E O BUELIE M2 75 M6 ° Dopth (k]
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DDA SNBSS, Lfcizl))of:o F72, SN A 3 LU OHIEEFIX

BrAN L 72

3. FIfEDERE L HAKTESE

ARHFFETIE A AR 2R DS < OME LB R EZ AWz 728, FIEICEBEHK R & BT
R ONTZ, ZO), YRR MED FI O RS HRBUREME 2 £ 38 F1E %
BB RL, Bl N7z FIEORRE L BIBUKAAE & g Lz, 2%, #im FLEZ VT
FIEOEFE 2L ETE 5 X 9k ATz, Hin FIE AT 2 ()0 A, & A1%, Boore (1986)D
o-square E7 /VIZESS ELULTFTORXTEREIND,
1 fH2 fM, nfr
An = (sz — fu1 me 14 (f) BQS] of @

fo

el
0

22T, furs furo frir frZ TN EREEREA, REEER O TRE EIRTH Y, fLfI3H
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rIERFEETH 5, Q0 Q 11,

BIX ¥ S P E CTH

Do folda—T—JEEH%ErRL, Eshelby(1957)o>P%fb77y&%wv TEOX,

(16A0
fo= 7 M,

THEEIND, 2720, AclZIS IR TETH 5,
D=6, B FIEIZMEOE

3234
hf )
BRI BT — A MBI L o TR

SIRBREE & HBLITIKE T 5, Blimds L OB FI fi ODEE%’E{ZE? e &
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.
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FIMEORE RA L LTRT, K5 L0, ME FIEOKRNNHBEZ2H N SH 5, FFICHHIE FI
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FHIE FLAE 2N B & BE ST/ S0 4 HUB IR JE R S AE L T bH & &R bhvd, £ 2T,
BEFEMF 28 CHe HY S v 7 N2 O A8 I R D /3 A X &t 247 - 72, BEfEAFZE & L T Nakajima
and Hasegawa (2021)723 i L 72 AKE R (X 8) & G T3 f it L 72 AR JE IR (4 9) o4y
MR ZEH L7, 8,9 KLV, 4 HlEIONEETHIREEMENSEEL TNWD Z ERIN5D,
ZAVITIARMIGE TR S 4072 FI B O /s S U Hitdsk s PN 2 oD 45 JE] 35 bR 6 AR fiEdek & adtfee L C oo L
TWD X9 IZR %, MR OREEME S NEORERMEDORERAEA =L EF L X DITHE
LW AREMEN & D, 5l 21E, Nakajima and Hasegawa (2021) C % PN D K& 3 B D 5 4= A
A=A LIZHAERED > TND EERL TWD, FRICRBNEAZIE 2018 FH D EEFEHIE
PIERICHEAEL TRV BEA D =X LNTHEREEG L TWD Z EREMHIN TS (Amezawa
et al,, 2023), Z D72, REX VBN TR SNTIREEME S REAOEEN "B IND, £
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2011 FERALHUF RIEFEHHB OB O
HESPEIC BT 5 & BRSO RIE 5

SLRT R RF B HURICAIR A 2R /B 5L
BARTRZ A& —

1. IXL®BIT
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Wk sy o HhEEEh 23 g, i3 2 RTREME SRV, £ 2T, AHFZE TIE 2011 AEF AL 5 K
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*Vibration distribution of long-period seismic motions in the Tsugaru Plain during the 2011 off the

Pacific coast of Tohoku Earthquake by Tomohiro Odajima
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B LRt E L 0 O EIRIEA BT HTO A CITERE 6 UL E3HE <l WEo

* An attempt to predict seismic intensity by the blind active fault beneath the southern Sendai plain by Tomomi
Okada and Shinsuke Okada
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tohoku.in.arena.ne.jp/ndsjournal/volume58/58-4.pdf
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Vel bl S - B A5 - I aEL, 2013, BUEEWTEIZ BT 5 /o R RE SO A R PR A - B IR A,
82-86, ML RV-PEIT THAT 2 HUE - HEE OFREBLI, FAk 2 4 4FEE pORBEE, SCHE
oA OO B ¥ R - EH X Kk ®IE AR R ORFE R B S BT,
https://www.jishin.go.jp/main/chousakenkyuu/tohoku_tsunami/h24/24Report Chap3 2 2.pdf.
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* Tsunami evacuation analysis in Hachinohe City, Aomori Prefecture assuming a Japan Trench earthquake
by Shin-ya HORIAI, Soichi OZAKI, Shinsuke TAKASE, Kazuya NOJIMA and Yasushi TAKEYAMA
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Assessing Da Nang coastline dynamics using the UAV data

Nguyen Van Luc!, Hitoshi Tanaka®, Nguyen Trung Viet® and Nguyen Danh Thao*

Abstract

Traditional methods for assessing coastal changes often rely on land surveying equipment, such
as total station instruments, measuring the research area’s topography. The coastal changes over time
can be evaluated by comparing the results from multiple surveying. However, this approach is typically
time-consuming and expensive, leading to relatively low efficiency. Currently, many researchers have
used satellite imagery sequences to assess coastline dynamics. While this approach offers a more modern
alternative, their accuracy is often hampered by the limited resolution of freely available data, typically
with the resolution of more than 10 meters. This paper utilizes Unmanned Aerial Vehicle (UAV) aerial
surveying technology to study a 4km stretch of coastline in Da Nang, Vietnam. After each aerial survey,
captured images are processed to generate point clouds or Digital Elevation Models (DEMs) and are
further refined using Ground Control Points (GCPs). This data then enables the extraction of coastline
profiles, analysis of overlapping areas, and ultimately evaluate the coastline dynamics.

1. Introduction

Vietnam has 3,260 km of coastline, ranking 33 out of 153 coastal countries, stretching from
Quang Ninh to Kien Giang Province (Duy et al., 2022; Thao et al., 2014). Many beautiful beaches have
been recognized and lauded by international organizations such as Nha Trang, Cua Dai, My Khe, etc.
However, the past decade has witnessed a significant trend of coastal erosion. Many of these beautiful
beaches are now threatened by landslides and the risk of complete disappearance (Dan & Viet, 2017,
Tam, 2021).

Since the late 20™ century, coastal erosion in Vietnam has intensified, likely associated with the
rapid economic and societal changes following the Doi Moi economic reforms in 1986. The average
erosion rate ranges from 5 to 10 m/year, but can reach to 50-100 m/year or more (Duy et al., 2022). This
poses the significant threats where approximately 12 million people in coastal provinces are at risk of
flooding, and over 35% of coastal settlement areas experience erosion. The coastal tourism sector
heavily relies on attracting visitors with pristine beaches and ecosystems, but about 42% of resorts and
hotels built along the coast face eroding beaches (Binh and Duong, 2018; Duy et al., 2022; Trang et al.,
2023).

In Da Nang city, while experiencing accretion at an average rate of 1.01 m/year from 1965 to
1995, the accretion rate decreased to about 0.98 m/year between 1995 and 2005 (Trang et al., 2023).
However, since 2005, the coastline has eroded at an alarming average rate of -0.65 m/year.

Recently, there are many methods for studying coastal evolution. Traditionally, topographic
survey machines and echo sounders were employed to survey the study area and determine the shoreline,
which is a highly accurate but time-consuming and expensive (May et al., 1983). Simpler methods
involved analyzing past photographs or coastal maps (Boak & Turner, 2005). Aerial photos offered a
more bird’s-eye view for data analysis (Anders & Byrnes, 1991). A more recent innovative method
employed kinematic differential GPS mounted on vehicles to map the shoreline (Morton et al., 1993).

Today, with the development of science and technology, many advanced methods have been
applied to detect shorelines and evaluate beach developments. Many scientists around the world leverage
remote sensing technology as an effective tool to detect sedimentation and erosion trends of beaches
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(Binh and Duong, 2018; Tinh et al., 2018; Tung & Graaff, 2006; Viet et al., 2022). Additionally, other
researchers have developed shoreline interpretation technologies from video-camera data (Thuan et al.,
2019). Each method has its own advantages and limitations.

With the rapid development of UAV production technology, these versatile drones have become
valuable tools for various fields, including coastal studies. This paper will present the process of utilizing
UAV technology to interpret beach topography, extract the shoreline, and ultimately, evaluate the coastal
evolution.

2. Case study and data collection
2.1. Case study

Da Nang, located along the beautiful coast in Vietnam’s Central region, attracts nearly 8 million
tourists each year, both international and domestic (Van, 2023). One reason for this wonder lies in its
stunning coastline, stretches of golden sand and clear blue waters.

Da Nang includes two distinct coastlines (Figure 1), where Da Nang Bay is less developed in tourism,
while the coast from Son Tra peninsula to Cua Dai estuary is spanning about 17 km. This stretch boasts some

Figure 2. My Khe beach in Da Nang city

My Khe, a 4 km stretch, serves as the main and most beautiful beach of Da Nang. Prior to 2015,
this area enjoyed a steady accretion trend (Tanaka et al., 2018; Tinh et al., 2018; Trang et al., 2023; Viet
et al., 2018, 2022). However, from 2017 to 2021, powerful waves unleashed a series of erosion attacks,
destroying many coastal structures and significantly narrowing the once-spacious beach (Figure 3,
Figure 4).
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28™ 2018)
2.2. Data collection

Since 2021, numerous UAV surveys have been conducted along My Khe beach, capturing data at
different times and seasons. The popular DJI Mavic 2 Pro aircraft, capable of taking aerial photos with



a 20-megapixels resolution were used. Its impressive technical specifications for in-depth coastal
analysis are shown in Table 1 (DJI, 2018).

Table 1. DJI Mavic 2 pro specifications

No Information
1 Sensor: 1 CMOS/ 20Mpx (Hasselblad camera )
2 Lens: 28mm £/2.8-11 fixed
3 ISO range: 100-6400
4 Maximum speed: 44.7mph
5 Advanced HDR photo with 14EV
6 Technology OcuSync 2.0 transmission
7 Flight time: 31 minutes
8 Video recording: 4K, 2.7K, Full HD
9 3-axis anti-shake gimbal
10 Weight 907¢g

During each survey, the aircraft adheres to strict parameters: flight altitude 70 m, front overlap
75%, side overlap 65%, ground resolution 1.6 cm/pixel. These consistent settings ensure high-quality,
comparable data across our various surveys.

Moreover, in February 2023, the author further enriched the dataset by employing echo sounder
equipment and an electronic total station to measure the study area's topography. This additional data
will serve as a valuable verification tool for the terrain interpretation derived from the UAV surveys.

3. Methodology

The process of assessing shoreline developments with UAVs is carried out in 3 main steps: 1) UAV
survey; ii) generate topographic data of the study area; and iii) accuracy assessment (Figure 5).
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Figure 5. Process for determining shoreline developments

During each flight, consistent parameters as described previously are maintained to ensure data
uniformity. Then, Trimble Business Center software was leveraged to interpret the captured images into
a detailed topographic analysis of the beach. 24 GCPs were used to (Figure 6) evenly spread across the
flight range, serve as anchors for calibrating and rectifying the images. Finally, the deviation between
point clouds was assessed to evaluate the accuracy of the interpretation process. By comparing the
elevation values of the measured GCPs and the results after interpretation on February 7%, 2023, the
Average Error (AE) and Root Mean Square Error (RMSE) were calculated. Table 2 reveals that the
average error (AE) is 0.02 m and the root mean error (RMSE) is 0.026. This remarkable accuracy
confirms the effectiveness of the UAV-based methodology for interpreting beach terrain and assessing
shoreline developments
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Table 2. GCPs calibration results

Figure 6. Arrange GCPs on

the ground

Cross section1

~#-20230207-By RTK

—+—20230207-By UAV

—#-20210221-By UAV

—e—20220917-By UAV
150 200

——20230207-By UAV
—4—20210221-By UAV
—8—20220917-By UAV

—0—20230207-By RTK
150 200

Mavic 2 Pro
N Elevation Ch?Ck Actual | Absolute | Square of
ame value of point
GCPs (m) | elevation error value the real
(m) (m) (m) error
MK1 4.620 4.5689 | -0.051 0.051 0.00261
MKla 4.693 4.7081 0.015 0.015 0.00023
MK2 4.648 4.5998 | -0.048 0.048 0.00232
MK2a 4.650 4.6559 0.006 0.006 0.00003
MK3a 4.235 42294 | -0.006 0.006 0.00003
MK35 5.036 5.0203 | -0.016 0.016 0.00025
MKS5a 5.003 5.0027 0.000 0.000 0.00000
MK6 4.257 4.2394 | -0.018 0.018 0.00031
MK7 4.181 4.1583 | -0.023 0.023 0.00052
MK14a 3.466 3.4397 | -0.026 0.026 0.00069
MK15 3.733 3.7428 0.010 0.010 0.00010
MK19 4.505 4.5206 0.016 0.016 0.00024
MK20 4.505 4.5223 0.017 0.017 0.00030
T1 4.490 4.4893 -0.001 0.001 0.00000
T2 4.424 4.4174 | -0.007 0.007 0.00004
T3 4.370 4.3797 0.010 0.010 0.00009
T4 4.909 4.9036 | -0.005 0.005 0.00003
T5 4.082 4.0722 | -0.010 0.010 0.00010
T6 4.137 4.1283 | -0.009 0.009 0.00008
T7 4.134 4.0960 | -0.038 0.038 0.00144
T8 4.189 4.1484 | -0.041 0.041 0.00165
T10 4.023 3.9746 | -0.048 0.048 0.00234
T11 3.948 3.9234 | -0.025 0.025 0.00061
T12 3.848 3.8045 -0.043 0.043 0.00189
4. Results and discussion
4.1. UAVs: validated for coastal terrain analysis
To verify the accuracy of UAV A _
data, traditional surveying methods to : |~ Froeeee i
collect beach cross section data using | _*
both total station and echo sounder (RTK) H z
technology alongside the UAV flight were é 1
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spanning the study area were analyzed
(Figure 6). By superimposing the cross- .
sections obtained through both methods, . Crosssection2
a remarkable similarity between the UAV . | Protectve focaton
and RTK data for February 7%, 2023, was .
observed (Figure 7). This strong | §°
agreement validates the accuracy of § :
mentioned UAV-based terrain 40 50
interpretation, demonstrating its 2 bistance )
suitability for coastal research and

development assessment.
In addition, by analyzing data from




different time periods, the dynamic story Cross section3
of My Khe beach was obtained. The cross | Proectve embaniaert ocation

section from February 21%, 2021
(northeast monsoon season) reveals
significant erosion, completely aligning
with the visual evidence shown in Figure
4 and highlights the erosive impacts of the
season. In contrast, the cross section from
September 17", 2022 (end of the

southwest monsoon season) paints a Figure 7. Compare the cross-sections evolution at a fixed
different phenomenon with the evidence location on the beach
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of substantial accretion, demonstrating the coastline’s dynamic response to different seasonal conditions.

In the future, the research aims to delve deeper into the quantitative analysis of My Khe's sediment
dynamics. By superimposing cross-sections from various flights, we will calculate the precise volume
of sediment and sand changes over time. Based on that, the sedimentation-erosion trend of the beach as
well as the source of sand and mud supply of My Khe beach can be identified. This comprehensive data
analysis will be an important basis of understanding the origin of sediment supply and is essential for
addressing the root causes of beach erosion and developing effective solutions for stabilization.

4.2. Results of shoreline interpretation

The comprehensive UAV surveys, spanning 18 flights from January 2021 to December 2023,
captured the dynamic coastline of My Khe beach. The results of shoreline interpretation were superimposed
on the map dated September 26", 2022, allowing for clear comparisons across time (Figure 8).

Northeast monsoon
Southwest monsoon

Figure 8. Extracted shorelines from UAV data

From the above results, it can be seen that in the southwest monsoon season (from May to
September), the coastline has a width from 55.1 m to 93.2 m. However, during the Northeast monsoon
season (from October to April next year), the coastline undergoes a dramatic transformation. The beach
retreats with widths shrinking to a mere 27.9 m to 76.2 m. In extreme cases, erosion can reach the foot
of the concrete embankment. Thus, the seasonal fluctuation in beach width can be staggering, ranging
in between 17 m and 27.2 m depending on the time.

The primary results show that the coast is most strongly eroded around the period of December
to January of the following year. This is also the time when the area is most strongly influenced by the
northeast monsoon, causing wave towering from 1.0 m to 1.5 m, and occasionally reaching 2.0 m (Binh
etal., 2022).

5. Conclusion

This study has successfully explored the potential of UAV technology as an advanced tool to
analyze beach changes and its evolution. UAV data were used to extract the detailed topographic map
of the area in DEM or point cloud form. Accurate pictures of the beach profiles were generated,
including the shorelines, beach terrain and cross sections. The cross-section analysis from UAV
interpretation gives good agreement with traditional ground measurements, validating its effectiveness
for assessing sediment deficiencies. The collection of 18 shorelines from 18 surveys clearly shows the
impact of the monsoon on the erosion and sedimentation process of My Khe coast. In the northeast
monsoon season, the beach is rather narrow with averaging 52 m, while in the southwest monsoon
season the beach will be increased into 74 m. In conclusion, UAVs can be used effectively as a versatile
and cost-effective tool for studying coastal developments. By employing advanced technologies like
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UAVs, a deeper understanding of the dynamic coastal processes could be obtained and utilized for future
development.
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* An approximate method for easily estimating the wind-induced responses of a mechanically-attached single-
ply membrane roofing system by Yasushi Uematsu
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BIiSA 1980-10-01| 2803.42|RC 3 1 3 3 5 5 5 3|ZBM 1992-05-25| 5446.13|RC S 3 0 1 1 2 2 2 1
BHEIHA 2004-10-07| 5271.81|RC |S 2 0 2 2 4 4 4 2|F#N 1978-04-01 4634.1|RC |S 3 0 1 1 3 3 3 2

NEEA 2002-10-10 2204.9|S 2 0 0 0 3 3 3 0|%#:0 1984-04-01| 8720.61|RC |[S 3 0 5 5 7 6 7 5
NEEB 1998-11-20 4614.3|SRC 2 0 8 8| 13| 11| 13 8|F %P 1982-04-01 5643.5|RC |S 3 0 4 4 6 6 6 4
ELBA 1980-04-28| 1201.33|S 2 0 6 5 9 8 8 3|=#Q 1989-04-01| 7700.99|RC |S 3 0| 12| 11| 14| 14| 18 9
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ELIGE 1980-05-12 950.36|RC [S 2 0 5 5 9 8 9 5|=#U 1994-12-19| 7073.56|RC S 3 0 1 1 4 4 4 1
ELIGF 1982-02-22| 2577.33|RC |[S 3 1 1 1 4 2 3 i EZAY 1979-01-01| 5878.66(RC |[S W 2 0 4 4 6 6 6 4
£425G 1983-01-26 1574|RC [SRC 2 0 8 8| 13| 12| 13 T|ZRW 1965-04-01| 4657.05|RC 2 0 5 5 7 6 6 5
ELBH 1988-04-01| 1149.84|RC |SRC 2 0 7 7] 10 8| 14 5|ZHeX 1986-03-01| 4874.44|RC S 2 0 4 4 7 6 7 4
251 1979-04-01 687.43|RC [S 1 0 3 3 6 4 6 3|FEmyY 1977-04-01| 4082.86|RC S 2 0 4 4 6 5 6 4
E215) 1983-04-01| 1585.45(RC 2 0 0 0 1 1 1 0|=F#:z 1982-04-01| 3885.58|RC |[S 2 0 2 2 3 3 3 2
£425K 1991-07-01 899.74|RC |S 2 0 6 6 8 7 8 5| HAA 1983-10-25| 3402.34|RC |[S S 3 0 1 1 2 2 2 1
ELGL 1994-03-30| 3866.12|RC |S 2 0 1 1 3 2 2 0|=#AB 1987-04-01| 2920.08|RC |[S 2 0 1 1 1 1 1 1
E2HEM 1994-03-24| 4489.14|RC |S 4 1 0 0 4 2 3 0| #AC 1963-04-01 5688.5|RC |S 2 0 0 0 2 2 2 0
ERIEN 1985-12-01| 2562.41|RC |[S 2 0 5 5/ 10 9| 14 4| #AD 1980-12-22 4051.9|RC |S 3 0 0 0 1 1 1 0
££150 1996-04-01| 2535.34(S 2 0 0 0 1 1 1 0| Z#AE 1988-12-01| 5094.87|S RC 2 0 2 2 3 3 3 2
ELIGP 2000-01-12| 6759.22|RC |S 3 0 3 4 10 6 8 2|2 #AF 1978-12-01 4521|RC |S 3 0 0 0 1 1 1 0
HELI8Q 2009-10-26| 2949.59|RC |S 2 0 0 0 2 1 1 0|2 %AG 1976-04-01| 5654.43|RC |[S 2 0 3 3 5 5 5 3
£4LIBR 1994-03-30 2078.5|RC |S 2 0 0 0 3 2 2 0| #AH 2004-11-12| 3693.23|W 2 0 4 4| 11 7] 10 4
E££15S 2010-10-12 1231.4|RC |S 1 0 2 3 4 4 4 2|2 Al 1996-04-01| 2817.51|RC |S 2 0 4 4 6 6 6 4
ESHT 1989-04-01| 1837.47|W 1 0 3 3 4 4 4 3| A 1998-04-01| 1798.48|RC 2 0 1 1 3 1 2 1
AEBRA 1997-05-15| 4519.81(S 3 0 2 2 3 3 3 2| AK 1981-04-01| 2633.51|RC 2 0 7 71 12 8l 11 7
#beB 1997-06-24| 4058.68|RC 3 0 0 0 1 1 1 0| AL 1990-09-01| 6729.59(S RC 3 0 3 3 3 3 3 3
AbrC 2003-03-14| 4200.03|S 2 0 0 0 0 0 0 0| #AM 1991-05-31 2825.5|RC [S 2 0 1 1 2 2 2 1
TREEA 1976-04-16| 2938.46(RC |[S 3 0 0 0 0 0 0 0| #AN 1996-02-06| 3343.01|RC |[S 2 0 6 6. 6 6 6 6
REEB 1993-04-01| 2244.93|RC |S 2 0 2 2 6 5 5 1|24#2A0 1994-04-01| 5179.59|RC |S 2 0 0 0 2 2 2 0
HREEC 1997-04-01| 2841.76|SRC|S 3 0 3 3 4 4 4 2|Z AP 2008-02-18| 7993.16|RC |S 3 0 3 3 5 5 5 3
FREED 2000-04-30 1881|RC |W 2 0 2 5 8 6 7 3|F#AQ 2008-01-17| 5926.56|RC |S 2 0 0 0 0 0 0 0
2iEsxA 2014-02-15| 3614.81|S 2 0 0 0 1 0 0 0| AR 2012-11-30f 5023.51|RC |W 2 0 4 4 5 5 5 4
EUtHEE%B  2000-02-18| 4430.62|RC 2 0 3 3 5 5 5 3|F5 Ak E&(EA| 2000-02-21| 2597.99|RC 2 0 0 0 0 0 0 0
BAtMEz%d 2011-03-15| 4929.78|S 3 1 2 2 4 3 4 2|BhAE&fwB| 1994-03-07| 3049.54|RC 2 0 0 0 1 1 1 0
2tz 2004-02-18 9137.97|RC 3 0 2 2 6 4 5 2|Bh A ERfmCl 2015-02-27| 4318.44(W |S 1 0 0 0 0 0 0 0
24LEEXEl 1995-08-01| 4214.91 2 0 0 0 0 0 0 0|BsA&fED 1985-06-19 2264 1 0 0 0 0 0 0 0
BALMER%F| 2016-03-28| 8574.61|S 3 0 1 1 2 2 2 1| AERMEE| 1999-03-15| 3120.65|RC 1 0 0 0 1 1 1 0
BAtMEz%q 1997-03-17| 4116.25 2 0 0 0 1 1 1 0|Bh:Ae%fmF| 2000-03-15( 3214.57(S 1 0 0 0 1 1 1 0
2AtiEskH  2010-02-19| 5247.64|S 2 0 0 0 1 1 1 0|BhAE%fmG 1989-03-22| 2862.02|RC 1 0 0 0 1 1 1 0
2ULHEE%I| 2019-02-28| 2600.76|S 3 0 0 0 0 0 0 0O[Bs A i&fEH 1999-01-26| 4407.18|RC 1 0 0 0 0 0 0 0
A 1978-04-01| 17392.06|RC |S 3 0 4 5 8 7 8 4B A E&fwl | 2001-03-05| 4240.68|RC 1 0 0 0 0 0 0 0
FHB 1978-12-15 2998.8|RC |S 2 0 0 0 1 1 1 0|BAAE&fm) | 1993-11-30| 3041.01|RC 1 0 0 0 0 0 0 0
21C 1985-04-01| 5987.41(S RC 3 0 0 0 0 0 0 0| Bh A &1 2002-03-31 3270.6(S 1 0 0 0 0 0 0 0
2#D 1966-04-01| 4270.33|S RC 3 0 0 0 0 0 0 O|Bh:AE&fEL| 2005-07-29( 4382.71(S 1 0 0 0 0 0 0 0
FHRE 1986-08-04 3275.8|RC |S 2 0 0 0 1 1 1 0| #:(R)A| 1990-03-01 7385|W 2 0 1 1 4 3 4 1
HRF 1980-12-25| 3439.86(RC |[S 3 0 2 2 3 3 3 2| % (2)B| 2016-03-01 17063|RC |[S W 3 0 0 0 0 0 0 0
2RG 1988-05-20 2920.3|RC |S 2 0 1 1 3 3 3 1|28 (8)C &S S 1 0 0 0 1 1 1 0
FHH 1987-04-01| 12610.08|RC |S 3 0 2 2 5 5 5 2| #(2)D| 1972-03-01 15694|RC |S 4 0 0 0 2 2 2 0
28 1970-04-01| 5036.25|RC |S 4 0 2 2 8 8 8 1|5 #:(8)E| 2015-03-01 12498|RC |S W 4 0 0 0 0 0 0 0
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* A survey of the actual conditions of the concrete block walls in lijima area of Akita City by Naofumi
Teramoto, Shu Yasui and Minori Kato
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* Trial of local disaster prevention measures for foreign residents working towards multicultural inclusivity -
A case study on flood risk perception of the Kitakami river in the Esashi district of Oshu city, Iwate prefecture,
northeast Japan. - by Tadaki MIZUMOTO, Yoshiko KENNEDY and Chiharu WATANABE.
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Learn about "past gigantic floods" as told by the topography around Esashi!
Understanding the topography is saving our lives from natural disaster { R Tk MIZUMOTO, Ph.D.

atural embarknent 1. fopography whers sediment Is depesited curing o flood. As
can see on the map and in fhe photos, the fact that these natural embankments:
be seen far from the present day Kl'uknmi River indicates that not only large
ing i unts of water but also "o lof of sedimeni” were carried away from fhe river by the
”meed Tl ;‘:‘0 ;tnfond':@a:” it — nBy ‘2,9 ek the |[regional disaster prevention capabilities! i e it e i T fyree P e e gl
use is right n e central gymnasium, and itis yellow on more massive floods than those caused by Typhoon Kathleen have occurred repeatedy

'« hazard map, so the flood depthis likely to be less than 0.5m. in the past. It's a little hard o imagine just from the hazard maps alone.
= Sol hardly have to worry even if there is heavy rain, right? Thraors:wekiicw it it fecr oG whed ——— i
our town wlll surely be subjected to huge floods that current dams and levees

As you can see in the photo, the Hada area was submerged during
or-Typhoon Kathleen in 1947. But its just an old story right? | thought
~$Pthat now that dams and embankments have been built, there is no

Topography such as natural embankment (levees) :::"J::'ff':‘:”r:.’“mr“"fw‘ﬁ :"WH'I"f""mlh“" m::‘zm“:u?uml
and old river (abandoned) channels can still be T e k
Let' S all go and see it togethe 10 know the way in which natural disasters may occur in the future, the n

Y nformation provided by such "topography" is actually very importan

(Natural
ightty higt levees, 3
n order fo prevent flood domage as much as possible. é ’

l\v

Fig. | Oshu Cliy (Esushi Dis1r|cf) Hazard Map Fig.2 Andaglyph (a stereoscaplc lmage that creates a fhree dimensional Fig.3 Diagram showing the flood risk
2023 Edition(the latest version) effect) that was recorded of the area around Esashi district (1947) analysis around the Esashi area
Anaturalembankment,  former iver haml, and  andeide stewsre deipherd froman antayph ee
image created ial photograph taken in 1947.The fraces of the Kitakami Riv Oshu City Hazard Map. it Is easy 1o see why the hazard map Is colored. Furthermore, the.
"VIVBIIIIHIMM Illd l‘y ‘hl Traces Bfl"!’lﬂoﬂl"‘im”lﬂ"wﬂﬂlﬁuﬂll“tﬂkb Rive topography shows traces of past fioods - indicating that even if the inundation depths, as
'shown on the hazard map, are small - we should never be complacent.
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