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*Estimating rain-water storage at watershed-scale on the occurrence of sediment disaster in the Tohoku region, 
Japan by Shintaro Abe and Yoshiyuki Yokoo 
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Investigating rainfall-runoff mechanisms in the watershed of the Bishamon pond, Ura-bandai, Japan by 
Atsushi Sugawara and Yoshiyuki Yokoo 
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*Relationships between changes of dominant rainfall-runoff components and water quality indices in the 
watershed of the Bishamon pond Ura-Bandai, Japan by Kouki Minakawa and Yoshiyuki Yokoo 
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*Scale dependency of rainfall-runoff processes in the watersheds of the Tohoku region, Japan by Akira Kato 
and Yoshiyuki Yokoo 
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*Developing a simple model for estimating pH of the lake Inawashiro and its application by Ryo Hasunuma 
and Yoshiyuki Yokoo 
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*Estimating monthly forest fire occurrences in the Tohoku region, Japan by Junya Kanno & Yokoo 
Yoshiyuki 
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Quick estimation reports of Kanto Tohoku heavy rainfall disaster -Hisawa river water damage in Minami 
Aizu- by Seiki KAWAGOE, Naoya IMAIZUMI
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Development of water area distribution information by using historical geographic map at Fukushima 
University by Kazuki ORIKASA, Kesuke ITO and Seiki KAWAGOE
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* Impact assessment of evapotranspiration on river runoff in the Abukuma River basin by Yuki Hashimoto 
and Yoshihiro Asaoka 
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mission for the Earth monitoring;presentation of new standard products, International Journal of 
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H27 9

*Toward standardization of on-site surveys of river flood disasters : damage classification of residential houses, Shuichi Kure, 

Junji Yagisawa, Kazuaki Otsuki, Hiroyuki Nagano, and Yasuo Nihei 
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*Flood Inundation Simulation of Shibui River on September, 2015, Nobuyuki Sugii, Shuichi Kure, and Keiko 

Udo 
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平平成27年9月関東・東北豪雨出水による河口地形変化とその後の回復＊ 

 

東北大学大学院工学研究科 田中 仁 

東北大学大学院工学研究科 三戸部佑太

東北大学大学院工学研究科 Vo Cong Hoang 
  

1．はじめに 

 平成27 年9月の10 日から11 日に発生した豪雨により関東地方では鬼怒川の破堤が生じ，周辺地域に大き

な被害が発生した．また，東北地方においても鳴瀬川水系渋井川における破堤による洪水氾濫をはじめ，大き

な被災をもたらした．今時の出水時には既往最大洪水位を記録した箇所も見られ，このような既往最大規模の

出水は流域内に大きな洪水被害をもたらしたのみならず，流域最下流の河口部において大きな地形変化を生じ

させた．東北地方の河川河口部においては，その地形形状に 2011 年東日本大震災津波のインパクトが未だに

残存する箇所が多く見られる 1), 2), 3)．このため，大規模出水による河口地形変化およびその後の回復過程は，

震災前のそれと大きく異なっているものと考えられる．本研究では，津波インパクトの残る宮城県の河川を対

象に平成27年9月豪雨出水による河口地形変化とその後の回復過程について報告する．

2．研究対象 

 本研究においては二級河川・七北田川および一級河川・名取川を対象とした．河口地形の概要を図－１に示

す．いずれの河口においても東日本大震災津波来襲時には津波の河川遡上，河川堤防から堤内地への津波の越

流，さらには大きな地形変化が見られた．その後，津波対策として河川堤防のかさ上げ，導流堤の改修などの

災害復旧工事がなされている．

図－１ 研究対象河川の概要

*  Estuarine morphological changes due to the 2015 Kanto-Tohoku Heavy Rainfall and their subsequent recovery, Hitoshi Tanaka, Yuta Mitobe 
and Vo Cong Hoang  
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図図－２ 洪水前の七北田川河口（2015年9月3日） 図－３ 洪水時の七北田川河口（2015年9月11日）
                        ((株)テクノシステム,パシフィックコンサルタンツ提供) 

図－４ 洪水後の七北田川河口（2015年9月19日） 図－５ 洪水後の七北田川河口（2015年9月22日）

3．七北田川の地形変化と回復 

 図－２は豪雨災害発生直前の2015 年9 月3日に撮影された七北田川河口地形を示している．東日本大震災

津波後に建設された右岸海岸堤防や，かさ上げ工事中の右岸河川堤防が認められる．また，以前は砂面下に埋

没することの多かった右岸河口導流堤に代わり，天端高さ 2.7m の構造物がすでに竣工している．図－３は洪

水時の河口の様子をUAV により撮影したものである．図－２に認められた右岸河口砂州が完全にフラッシュ

されている．また，水位の上昇により左岸導流堤先端付近で蒲生干潟と海域が連結している．

図－４，図－５は洪水後の七北田川河口地形変化を示す．図－４では河口左右岸ともに河道内における二次

砕波が認められ，導流堤沿いの沿い波により河口内に砂が押し込まれている．それから3日後に撮影された図

－５では左岸導流堤沿いに押し込まれた堆積地形が水面上まで発達している．田中 4)によれば，七北田川河口

右岸砂州は洪水後約2週間程度で完全に回復するとの報告がなされているが，その報告に比べ右岸河口砂州回

復に遅延が認められる．
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図図－８ 七北田川河口地形の回復
（2015年11月1日）

図－６ 七北田川河口地形の回復過程（背景の空中写真は2015年9月3日撮影）

図－７ 七北田川河口地形の回復（2015年10月18日）

その後 10 月に入り，図－６に示すように左岸導流堤沿いの堆

積地形はさらに河口内に押し込まれつつ発達した．10 月 18 日の

時点で，左岸導流堤に沿った大規模堆砂により蒲生干潟通水部の

閉塞している．同時に右岸砂州の成長も見られるが，図－２に認

められたほどの砂州の延伸はまだ見られない．図－７は 10 月 18
日の河口部斜め写真である．左岸導流堤沿いの砂の押し込みが著

しい．図－６の汀線形状に潮位補正はなされていないものの，左

岸導流堤先端部左側の汀線の後退が認められ，この部分の海浜砂

が既設導流堤を越えて河口内に流入して河道左岸に沿った堆積

をもたらしたものと考えられる．図－８は11月1日の空中写真で

あり，河口内への砂州の押し込みと，砂の供給源である左右岸の

汀線の後退が認められる．特に，右岸汀線は導流堤先端まで後退

しており，洪水前の図－２の状況と大きく異なっている．

現在，宮城県により左岸導流堤についても天端高さ 2.6m まで

かさ上げする計画がなされている 5)．これにより，今後，河口左
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岸への砂の押し込みは抑制されるものと推測され

る．さらに，七北田川左岸導流堤から仙台港南防

波堤に至る約 2km の砂浜の両端が固定されるこ

とにより，この砂浜の安定化が図られると期待さ

れる．一方で，現汀線まで左右岸の導流堤が完成

することにより，特に右岸導流堤先端を回り込ん

で河口砂州形成に寄与することの出来る沿岸漂砂

量が減少することから，洪水後の河口砂州回復過

程が田中 4)の報告にあるような津波以前の形態と

異なるであろうことに注意する必要がある．河口

導流堤建設後に，河口内に侵入する波浪により河

口砂州が河川上流側に移動した事例は最上川 6)，

子吉川 7)などでも報告されており，七北田川においても今後これらの事例と類似の河口砂州形態を示すものと

予想される．

その後，12 月 12 日には再び蒲生干潟から七北田川への流水が確認されている 8)．さらに，蒲生干潟の水質

改善を目的として，七北田川本川と蒲生干潟を結ぶ水路の掘削がなされた．図図－９は12月23日の開削工事の

状況を示している．

4．名取川の地形変化と回復 

 洪水前後の名取川河口を図－１０，図図－１１に示す．名取川河口においては津波後に左岸砂浜が後退し，中

導流堤と左岸海浜が分離した状態が続いた 9)．その後，徐々に河口部への砂の回帰が進んだ 2)（図－１０）が，

今次の洪水により堆積砂がフラッシュされた．洪水発生直前に河口部では浚渫工事が行われ，浚渫砂が河口左

図－１０ 洪水前の名取川河口            図－１１ 洪水時の名取川河口（2015年9月11日）
（2015年9月3日）            (仙台河川国道事務所提供) 

図－９ 蒲生干潟通水部の掘削（2015年12月23日）
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図図－１２ 名取川河口砂州フラッシュ          図－１３ 名取川河口砂州フラッシュ

     （1986年8月5日, 仙台河川国道事務所提供）  （1989年8月7日，仙台河川国道事務所提供）

岸に仮置きされていた．また，図－１１に見られるように，左岸砂丘においては海岸堤防の建設が進められて

いる．この海岸堤防先端部より本川寄りの砂丘部において三箇所の決壊が生じている．左岸砂丘は 2011 年の

津波により一度大規模にフラッシュされ，その後に砂の回帰により形成されたものであり，頂部高さが2m程

度であることから，洪水位の上昇により容易に砂丘頂部に越流が生じて決壊した．

東日本大震災津波来襲前の名取川河口砂州は，左岸砂州を越えるほどの洪水発生時に幅約100mにわたって

河口砂州がフラッシュされ，その後，一ヶ月から一ヶ月半程度の期間でもとの地形に回復していた 10)．図－１

２，図－１３に 1980 年代に観察された名取川河口砂州のフラッシュ状況を示す．図－１２，図－１３から得

られる名取川河口の水際を，図－１１の洪水時の水際線，さらには 2011 年東日本大震災津波直後の汀線とと

もに図－１４に示している．まず，津波直後には左岸砂丘がフラッシュされ，砂丘の一部が島状に残存した．

その後，全体的に後退した位置で滑らかな汀線が形成された．図－１４によれば津波前後において約140mの

汀線後退が認められる．この汀線後退により，前述のように左岸砂州が中導流堤に付着することはなくなった．

図－１４ 名取川河口の汀線（背景の空中写真は2015年9月11日撮影）
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今次の洪水により河口左岸に仮置きされた浚渫砂の一部が数十 m の幅で侵食された．洪水後の河口部の水

際線は，図に示した 1980 年代のそれを河川上流方向に汀線後退分だけシフトしたものに酷似しており，津波

のもたらしたインパクトが現在の洪水フラッシュ地形に反映されていることが理解される．

55．おわりに 

 本論文においては，平成 27 年 9 月に発生した関東・東北豪雨による七北田川および名取川における河口地

形変化とその後の回復過程について報告した．これらの河口部では 2011 年東日本大震災津波のインパクトが

依然残存している．このため，洪水後の最終的な回復地形は津波前のそれと異なっているものと考えられ，今

後もモニタリングが重要である．
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*Evaluation of snow cover duration over Japan derived from satellite remote sensing and probability density 
function by Tsubasa Saito and Yoshihiro Asaoka 
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*Long term change in snow water equivalence distribution in the Agano River basin by Takeshi Sato and 
Yoshihiro Asaoka 
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* Development of a stochastic model for predicting wind-induced damage to wooden houses in snowy cold 
region : Experiment on wind resistance of roof frame joints by Sachiko Yoshida, Daisuke Konno, Eri 
Gavanski, Yasushi Uematsu 
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*Sensitivity analysis of runoff with tropical glaciers decline in the Andes by Shota Funaki, Yoshihiro Asaoka 
and Tsuyoshi Kinouchi 
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*Evaluation of future algal growth potential in water resources reservoirs, by Daisuke Shimizu, Makoto Umeda, 
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* Improvement of inundation analysis simulation using information on city planning in the Koriyama city    
by Kota Kozawa Yoshihiro Asaoka , Hisao Nagabayashi and Masahiro Tezuka 
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*Measurements of water quality in a shallow eutrophic lake in Hanoi, Vietnam by Makoto Umeda, Le Thi 
Thanh Thuy, and Nguyen Trung Viet 
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Le Thi Thanh Thuy, Hoang Thi Ngoc Anh, Nguyen Manh Duc, Nguyen Trung Viet, Hitoshi Tanaka 

Study on water quality and hydrodynamics in West Lake, Hanoi by using mathematical model and field 

investigations, Proceedings of 19th Congress 19th IAHR-APD Congress, 2014. 

Luu Lan-Huong, Bui Thi-Hoa, Do Van-Thanh, Nguyen Thi-Thanh-Nga The current state on water 

quality, eutrophication and biodiversity of West Lake (Hanoi, Vietnam), 2008. 
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*Examination of wave prediction accuracy in the sea of Japan for winter season by Tsuyoshi Kotoura and 
Hitoshi Tanaka 
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1) : NOWPHAS 2012
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26 pp.447-452 2010  

4) 
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5) 
, B3 Vol. 68 No. 2 pp.I_959-I_964 2012  
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*Examination of ocean wind estimating technique using SMB method and Toba 3/2-power law by Yuya 
TAKAHASHI and Kazuya WATANABE 
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* Characteristics of shoreline in Misawa coast in 2015 by Hiroto Tsushima and Mikio Sasaki 
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Sasaki M. (2014). Artificial headlands for Beach Erosion in Misawa Coast, Japan,  Proceedings of the 
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* Perpendicular structure of salt water moved into Lake Jusan (No2)by Y.Suzuki, M.Sasaki, H.Tanaka,and 
M.Umeda  
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Application of Simulating WAves Nearshore (SWAN) model  

for wave simulation in Gulf of Thailand 
 

Wongnarin Kompor1, Hitoshi Tanaka2 Chaiwat Ekkawatpanit3, and Duangrudee Kositgittiwong4 

 

Abstract 

Evaluation of ocean wave is important matter for human life and activity in coastal area. Understanding 
characteristic of ocean wave such as ocean wave height can use to determine the fishing area for fishermen, 
evaluate the coastal erosion, determine ship transportation in ocean and evaluate the ocean wave energy 
which is the new source energy in recent year for example. Thus, simulation of the ocean wave height by 
numerical model is presented in this study. The numerical model used in this study is Simulating Waves 
Nearshore (SWAN) model, which is the third generation wave model and based on wave action balance 
energy equation. The implementation of the SWAN model, which running 2 periods between March to June 
and October to December, are clear weather and storm period. The results from SWAN model is compared 
with the near real time satellite significant wave height from Jason-2 satellite. The scatter plot of observed 
data with modelled data, comparison of the wind speed between the observed and modelled data from 
NAVGEM, and monthly validation statistic are presented in this study. The results from this study show an 
agreement between observed and modelled data. However, some time period shows error. This error is 
probably due to various times of observed data when compared. The results of this study are a preliminary 
step to determine the wave energy potential in Gulf of Thailand and will be used as the input data in 
Computational Fluid Dynamics (CFD) model to generate the ocean wave energy. 

Introduction 

Thailand is located in South East Asia bounding the Andaman Sea at west side of Thailand and Gulf of 
Thailand locate at the east side of Thailand. Both 2 seas is the important sea for Thailand such as fishery, 
traveling, ship transport for example. In Gulf of Thailand, there is a coastal erosion due to reservoir that is 
constructed in the North part of Thailand, coastal construction that lead to soil erosion in the other area, and 
ocean wave that eroded the coastal area. Thus, understanding the characteristic ocean wave is important 
matter for civil management, prevention, and protection the coastal area. To understanding the ocean wave 
characteristic, the simulation by wave model is presented in this study. Simulating WAves Nearshore 
(SWAN) model is selected to use in this study.   

There are some researches which studied and implemented a simulation of ocean wave height in Gulf of 
Thailand e.g. Kanbua et al. [1] who implemented the significant wave height in the Gulf of Thailand during 
Typhoon Linda 1997 by Wave Model (WAM) and Neural Network Approaches, Wannawong et al. [2] 
studied the wave energy potential in 2011 by numerical model (SWAN model) at Gulf of Thailand, 
Kositgittiwong et al. [3] simulated the significant wave height by wind-wave model called Waves Model 
(WAM) in Gulf of Thailand 2011 for computational fluid dynamics simulation based on Navier-Stokes 
equation, Thanathanphon et al. [4] developed an operational wave forecasting system for Gulf of Thailand 
by using SWAN model.  

1Master Student,  Department of Civil Engineering, Faculty of Engineering, King Mongkut’s University of 
Technology Thonburi, Bangkok, Thailand  
2Professor, Department of Civil Engineering, Tohoku University, 6-6-06 Aoba, Sendai 980-8579, Japan 
3Assistant Professor, Department of Civil Engineering, Faculty of Engineering, King Mongkut’s University of 
Technology Thonburi, Bangkok, Thailand 
4Lecturer, Department of Civil Engineering, Faculty of Engineering, King Mongkut’s University of Technology 
Thonburi, Bangkok, Thailand 
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Therefore, the objective of this study is to implement a SWAN model for Gulf of Thailand during March to 
June and October to December in 2014. The wind data from Navy Global Environmental Model (NAVGEM) 
in 2014 is used. The bathymetry data is from ETOPO1 which provided by the National Oceanic and 
Atmospheric Administration (NOAA). The wave simulation model in Gulf of Thailand is a difficult tasks 
due to lack of wave data from buoys data. Recently, the satellite technology has provided a possible way for 
model validation. Thus, the significant wave height results are compared with satellite data which provided 
by Jason-2 data in this study.  

Methodology 

1. Study area 

Study area in this study is the Gulf of Thailand. GOT is bordered by Thailand, Cambodia, and Vietnam. A 
seabed area is 304,000 km² from 6ºN to 13º30’ N in latitude and 99ºE to 104ºE in longitude. The northern of 
GoT is at the estuary of Chao Phraya River. The southern part of GoT is the line from Cape Bai Bung in 
southern Vietnam to the city Kota Bharu on Malaysian coast. The Gulf of Thailand is a shallow sea which 
has 58 meters in mean depth and maximum depth is only 85 meters. In this study, the study area cover 99ºE 
to 103ºE and 11ºN to 14ºN (Fig.1). 

2. SWAN model (Simulation of WAves Nearshore) 

SWAN model is the third-generation wave model that 
based on the action balance equation as shown in Eq. 1 
[5]. SWAN model solves the spectral action balance 
equation. It provides realistic estimates of wave 
parameters in open seas, coastal areas from wind, bottom, 
and current conditions. 

      (1) 

The first term on the left-hand side represents the rate of 
change of action in time, the second and third term 
represent the propagation of action in x and y axis. The 
fourth and fifth term are the frequency shift and refraction 
induced by depth and currents. Where  is the action 
density spectrum,  is the frequency,  is the direction, 

and  is the propagation velocities in x and y direction. 

The right-hand side of this equation represents the effects of generation, dissipation, and nonlinear wave-
wave interactions. Therefore  is the source term of energy density that include atmospheric input ( ), 
dissipation due to depth-induced wave breaking, bottom friction, and white-capping ( ), triad and 
quadruplet nonlinear wave-wave interactions ( ).  

 

 

Fig.1 The upper part of Gulf of Thailand 
(adapted from ArcGis)  
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3. Bottom data 

The bottom data used in this study is from Earth Topography (ETOPO1) [6], which is the data provided by 
National Geophysical Data Center (NOAA). The resolution for ETOPO1 is 1 degree resolution or around 
1.85 km. 

4. Wind data 

The wind data is from Navy Global Environmental Model (NAVGEM). The NAVGEM data includes wind 
data at 10 m above water surface. It is collected every 6 h with resolution of 0.5 degree or around 57 km. 

5. Procedure 

The procedure in this study is shown in Fig.2. First, provide the data from ETOPO1 in ASCII grid type, which 
requires program reformat created by using FORTRAN, and transform file data into dat file. While 
NAVGEM data provide in GRIB format that required to use WGIB program to summation and change into 
text file. Then, the text file data are reformatted by FORTRAN program. Finally, a bathymetry and wind data 
are used to input as an input data in SWAN model. The results from SWAN model are presented in map, 
graph etc. by MatLab program. Last, validation and calibration from observe data are used to conclude the 
study. 

 

 

 

 

 

 

 

 

 

  

 

 

 

Results and discussion 

The results from running the SWAN model in the upper part of Gulf of Thailand in this study are compared 
with Jason-2 data which is a satellite data. The model results are compared with 3 cycles of satellite data in  

ETOPO1 

(ASCII grid) 

NAVGEM 

(10-m u, v component wind) 

Bathymetry 
data 

FORTRAN 
(reformat) 
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FORTRAN 
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Results 

Graph, time series, etc. 

Fig.2 Procedures 
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Fig.3 Significant wave height (H1/3) at the upper part of Gulf of Thailand in 1st April 2014 0800UTC    

Fig.5 Significant wave height (H1/3) at the upper part of Gulf of Thailand in 15th November 2014 0800UTC 
(a) Significant wave height (b) H1/3 comparison between SWAN model and satellite data                  

(c) Wind speed comparison between SWAN model and Jason-2 data                  

Fig.4 Significant wave height (H1/3) at the upper part of Gulf of Thailand in 30th May 2014 0800UTC    
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each month. Fig.3 shows a map of significant wave height with dash line that shows the satellite moving from 
point A to point B in 1st April 2014 at 0800UTC, the graph shows the comparison of significant wave height 
between SWAN model and satellite data and graph comparisons between wind speed from NAVGEM model 
and satellite data. Fig.4 also shows the map of significant wave height at the upper part of the Gulf of 
Thailand. The significant wave height from SWAN model trends to decrease at nearshore area due to the 
wind speed from NAVGEM model trends to drop dramatically. Fig.5 shows a map and comparison of 
significant wave height with a good agreement between SWAN model and satellite data. The reason with a 
good agreement from the wind data from NAVGEM model that similar with satellite data. Fig.6 the 
comparison between SWAN model and satellite data trends to give some error results because the different 
wind speed data from NAVGEM model and satellite data. The comparison of four figures are selected to 
show which best agreement on this study. Fig.7 shows the total significant wave height data during March to 
May 2014 and during October to December 2014. The root mean square error (RMSE) of significant wave 
height during March to May 2014 is 0.285 m and during October to December 2014 RMSE value is 0.327 
m. The RMSE of significant wave height value during October to December 2014 is higher than during 
March to May 2014. The reason probably because there was a storm happened during October to December 
2014 that decrease an accuracy of the satellite data. 

Conclusion 

This study shows a good agreement between SWAN model results and satellite data from Jason-2. Some time 
period shows error but still a good tread from various times of observed data when compared, the accuracy 
of wind data from NAVGEM model and satellite data and small boundary area running due to wave spectrum 
developing. The accuracy of significant wave height during March to May 2014 is better than during October 
to December 2014 which is the storm happened in Gulf of Thailand at that time. Future study to simulate 

(a) 

(b) 

(c) 

B 

A 

Fig.6 Significant wave height (H1/3) at the upper part of Gulf of Thailand in 5th December 2014 0800UTC   
(a) Significant wave height (b) H1/3 comparison between SWAN model and satellite data                 

(c) Wind speed comparison between SWAN model and Jason-2 data 

A 

A 

B 

B 
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wave by the SWAN model in the large area of Gulf of Thailand to decrease the results error. After validation 
of SWAN model in the Gulf of Thailand, the main propose is to create a seasonal wave energy distribution 
map for the Gulf of Thailand. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.7 The relationship of significant wave height between SWAN model and Jason-2 data  

(a) During March to May 2014 (b) During October to December 2014  
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Long-term morphological change on Darang Coast, Vietnam 
 

, ,

Abstract 
Phenomenon of accretion and erosion at the Darang River mouth has been observed to be severe for a long 
term. Based on the satellite images- Landsat images, the long-term evolution of this area from 1988 until 
now has been raised to discuss. The shoreline variation in the river mouth has happened in an unpredictable 
way; indeed, the adjacent areas in which at both sides of the river mouth have much changeable while the 
areas far from the river mouth have been seen to have minor change. This study applies even-odd method 
to analyze the variation of the shoreline at the Darang River mouth. The formation of both sides of the river 
mouth varied consecutively in the period from 1988-2015. The onshore/offshore retreat and advance of 
both sides represents the even portion while the odd portion represents the longshore sediment effects.  

1. Introduction 
     Vietnam is not a big country in 
Southeast Asia but fortunately the 
country has a long coastline about 
3620km stretching along from North 
to South. Alongside the coastline, 
there are many rivers pouring into the 
Pacific Ocean and the erosion of the 
areas contiguous to these river mouths 
has been detected to be a essential 
issue in recent years. So far, the 
sediment retreat and deposition of the 
Darang River mouth has been become 
one of the most urgent concerns of not 
only the local authorities but also the 
government. There were many researchers analyzing this area before and after the erosion became severe 
such as Huong et al. (2009), these studies discussed the mechanism seasonally and annually tophographical 
change and hydrodynamic states of the river mouth. The latest research related to the Darang River mouth 
was Hoang et al. (2015) utilizing the satellite images- Google images from 2009 to 2015 to analyze the 
morphological change of this river mouth. That study claimed the most serious erosion area was around the 
river mouth while other places seemed to be stable and had small amplitude of change.  
     In this study, the Landsat images from 1988 to 2015 is used to survey the long-term morphology 
change at the Darang River mouth; however, owing to the sufficiency of the amount of data, this research 
also investigates the movement of the river mouth during the analyzed period and applies the even-odd 
method to discuss highly the variation of shoreline at the Darang River mouth.  

Figure 1. Study area 
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2. Study Area and Data Collection 
The Darang River mouth is located in Tuyhoa City, Phuyen province, south central Vietnam, about 

400km northeast of Hochiminh City. Figure 1 shows the location map of study area. Darang is the river 
mouth of the Ba River which has the catchment area of 13,900km2 and 374km length. 
   In this research, Landsat Image obtained from U.S. Geological Survey (USGS) database from 1988 to 
2015 is utilized. All the images had taken has been already rectified to the WGS-84 (World Geodetic 
System – 84). The method to detect the shoreline from the rectified images is depended on the peak of the 
gradient density which characterizes the difference between the color distribution sets of pixels. Due to the 
low resolution of the raw images about 15-30m per pixel, the utilization of these images must be 
considered strictly. Therefore, the data acquired can be used to discuss in the area in which remarkable 
change of magnitude exists as illustrated in Figures 2 and 3 but not in those where the changes are smaller 
than the resolution of the image.  

(a) 1988-09-12 

(b) 2002-08-10 

(c) 2009-03-30 

(d) 2015-06-30 

Figure 2. Landsat images 

3. Result and Discussions 
3.1 River Mouth Shifting  
     The shifting of river mouth plays an vital role in exerting the shoreline variation of the river mouth; 
therefore, the survey of location of the river mouth from 1988 to 2015 is needed. The position of the river 
mouth in each year can be found by means of specifying the location of the center point, ( , ), as known 
as the narrowest point of river mouth. As shown in Figure 4, from the shoreline data, the definition of the 

N 1km 

2015-06-03

Figure 3. Shoreline position from 1988-2015

y 
x 
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center point is able to be defined by taking the middle point between two points which are closest to each 
other from two sandspits respectively. 
     The movement of the river mouth can be seen clearly from Figure 5. It indicates that the location of 
the river mouth from 1988 to 1991 moved to the right direction then from 1993 until 2015 the river mouth 
position has been moving gradually to the left side of the river mouth and from 1995 there have been no 
signal to display the return to the location from 1988 to 1991.  

(a) Temporal variation of xc 

(b) Temporal variation of yc 

Figure 5. Center point variation  

Figure 4. Center point location

,
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3.2 Shoreline Change 
     Amount of shoreline accretion or erosion, y is evaluated and shown in Figure 6. The amount of 
shoreline accretion or erosion is obtained when subtracting value of all shoreline position data sets by the 
value of the first shoreline position data set. That calculation is expressed by Eq.(1)  ( , ) = ( , ) ( )
where  is the first shoreline position data set on March 20, 1988.  

Figure 6. Shoreline accretion and erosion 

     From Figure 6, it is noticeable that the the erosion mostly focused on roughly 400m starting from the 
center of the river mouth to the both sides in the period from 1988-1995. Afterwards, due to the movement 
of the river mouth to the left side, the position of the river mouth has moved to another place causing the 
severe erosion in about 1km from the right side of the river mouth and rapid deposition on 1km area left 
side of the river mouth. Otherwises, the remainder of the study area has various variations and needed 
much data to acquire the noticeable differences but the existence of increasing trend can be seen from the 
Figure. 

3.3  Even-Odd Analysis 
     The point of using even-odd method is to address how natural events and inlet or structure effects 
induces to the shoreline change. Owing to that, an independent time interval of shoreline variation is 
required with a separate assumption that the wave and wind climatology causing onshore/offshore and 
longshore transport is stationary in time (Walton, 2002). By Rosati and Kraus (1997), the total shoreline 
change ( ) = ( , ) ( , ) ( ,  are the last and first shoreline data in the independent time 
interval) at an alongshore distance =  from the inlet is composed of an even (symmetric) 
component, ( ) and an odd (asymmetric) component, ( ):     ( ) = ( )+ ( )
where ( ) = ( ) and ( ) = ( ). The even and odd components are extracted from the 
total (measured) shoreline change expressed by:  ( ) = ( ) + ( )2

(1)

(2) 

(3) 
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     By the definition above, from 1988 to 2015, shoreline data in two periods from 1988 to 1989 and 
1996-2004 are chosen to apply the even-odd method in order to express the change of shoreline and also 
the predominance process in the studied time. 

Period 1: 1988-1991 
     During this period, the shoreline behavior is characterised by asymmetric shoreline position as seen in 
Figure 7(a). Indeed, the most changeable area in the left area is the area of roughly 1.5km from the river 
mouth whilst in the right side, the position has remarkable change is about 800m from the river mouth. 
Moreover, even though from both sides of the river mouth there are places that shoreline varies differently, 
but based on Figure 7(a), it can be marked that the the trend of shoreline variation in the left sandspit is 
reduction and that in the right sandspit is increase. As a consequence, the predominance of odd function 
can be detected in Figure 7(b).  

(a) Shoreline position change 

(b) Even-odd functions 

Figure 7. Shoreline position and even-odd functions during Period 1 (3/1988-10/1989) 

Period 2: 1996-2004 
    The result from Period 2 in Figure 8 shows the influence of the river mouth shifting to the variation of 
area adjacent to the river mouth causing the offshore sediment advance in both sides. From Figure 8(a), the 
sandspits from two sides of the river mouth increases gradually from 1996 to 2004 by a large amount. And 
the movement of the river mouth is centralizing to the left sandspit also causing several eroded areas in the 
right sandspit. But the increase in shoreline in either left and right side of the river mouth can be noted to be 
the trend of this period. This leads to the predominance of even portion as shown in Figure 8(b). 

(4) 
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(a) Shoreline position change 

(b) Even-odd functions 

Figure 8. Shoreline position and even-odd functions during Period 2 (03/1996-06/2004) 

4 Conclusions 
     The erosion at the Darang River mouth has focused on the tip area of two sides of the river mouth. The 
change of shoreline is principally affected by natural events such wave, wind, sediment supply from river 
mouth. On the other hand, the location of the river mouth has been centralizing to be near the left sand spit 
causing the substantial deposition to both sides and the threat of closing the river mouth. 
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Temporal variation of shoreline positions on Cua Dai beach, Vietnam 
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Abstract: Severe erosion has been observed on Cua Dai Beach, Hoi An City, Quang Nam Province, 
central part of Vietnam. The erosion is getting more and more serious. This study discusses the volume 
change rate through the analysis of shoreline positions at a selected region of coasts extended from Cua 
Dai River mouth. The predomination of the long shore sediment transport is recognized and the 
movement towards the south of the sediment is also observed. 

1. Introduction 
Along 3,300km coastline of Vietnam, severe 

erosions have been observed at many locations in the 
recent years. Cua Dai River mouth, which is located in 
the central part of the country is also one of such erosion 
locations. Cua Dai Beach is one of the best beach resorts 
of Vietnam located on the left bank of Thu Bon River 
estuary (usually known as Cua Dai River mouth) which 
is 6km from Hoi An City in Quang Nam Province, the 
central province of Vietnam (Figure 1). Ancient town 
had been formed in Hoi An City during the 16th century 
under strong effects of Japanese culture owing to a busy 
international trading port at the Cua Dai River mouth. 
However, large amount of sediment supply from Thu 
Bon River had been recognized as the main factor 
causing loss of function of this market since the 19th 
century. 

Due to severe erosions observed at the Cua Dai 
River mouth in the recent years, some studies about the 
erosions at this river mouth have been carried out. Viet 
et al. (2015) investigated the morphological change on 
Cua Dai Beach through image analysis. Hoang et al. 
(2015) performed a theoretical analysis on the erosion of shoreline around the Cua Dai River mouth using 
analytical solutions of one-line model. Tanaka et al. (2015) pointed out the erosion mechanism at the Cua 
Dai River mouth. Tanaka et al. (2016) also discussed the interrelationship between serious shoreline 
retreat and sand terrace formation on Cua Dai Beach using Landsat images. 

Although studies about erosion at the Cua Dai River mouth have been done, these studies focused 
only on the area around the river mouth. Therefore, the objective of this study is to extend the study area 
to the southern and northern parts from the Cua Dai River mouth in order to make discussion on the 
volume change rate of sediment in this area. 
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Figure 1. Location map of study area 

Quang Nam 
province 
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2. Study area and data collection   

This study focuses on the Cua Dai River mouth (Hoi An City, Quang Nam Province, central part of 
Vietnam) and the two coastlines extended to 20km and 40km in the northern and southern parts, 
respectively, from the river mouth (Figure 2). Cua Dai River mouth is where the Thu Bon River flows 
into the Pacific Ocean. The Thu Bon River (152km in length) has the average annual discharge of about 
327m3/s (Viet et al., 2015).  
 

 
Figure 2. Extended coastlines from the river mouth  

Google Earth images available in 2001, 2002, 2004, 2009, 2010, 2011, 2012, 2013, 2014 and 2015 
are used for the analysis of this study. However, not all images are captured for the whole study area. 
Concerning the rectification process, all images are re-rectified to the World Geodetic System – 84 
(WGS-84) using a line with the direction of 144.94 degree counter clockwise from the north and an 
original point (x=0) with the coordinates 217289.08 E and 1754078.07 N on WGS-84. Shoreline positions 
are extracted from rectified images at 5m intervals along the coast. Moving averaging method is applied 
to reduce the effect of beach cusps. Tidal correction has not been made in this study due to the lack of 
capturing time. 

3. Results and discussion 

3.1 Temporal variation of shoreline positions 
Various shoreline mapping methods have been developed over the past decades. Moore (2000) 

provided a survey of existing methods and summarized a list of considerations to be made when selecting 
a shoreline mapping technique. Elizabeth and Ian (2005) gave a review on shoreline definition and 
detection and came to the conclusion that temporal consideration of the “shoreline” obtained from 
imagery has been improved by analyzing the time-averaged images. In this study, the shoreline mapping 
method utilized by Pradjoko and Tanaka (2010) is applied. 

Because of the wide study area, detected shoreline positions (y-axis) are shown only at some 
locations along the coastlines (x-axis) in Figures 3 for the northern part (upper diagrams) and the southern 
part (lower diagrams). All shoreline position diagrams are plotted with the same length scale in the y-
direction. As can be seen from the upper diagram in Figure 3, shoreline retreated significantly (about 
180m from 2004 to 2015) at locations closed to the river mouth and advanced at locations far from the 
river mouth. Concerning the shoreline positions plotted in the lower diagram in Figure 3, it can be seen 
that the shoreline advanced at locations closed to the river mouth with the advance magnitude observed 
to be about 10m from 2011 to 2014. At locations far from the river mouth, shorelines retreated with a 
small magnitude (about 6m from 2001 to 2014). Based on the results obtained from the diagrams, it can 
be said that the shoreline variations at regions around the river mouth are more significant than at regions 
far from the river mouth. 

In order to have a general view on the retreat and advance of the shoreline positions, the shoreline 
change (Δy) diagrams are plotted in Figure 4. However, due to the different initial years, the shoreline 
changes are separated into two diagrams with the same length scale in the vertical direction (Δy) for the 

Image © 2016 TerraMetrics 
Image © 2016 DigitalGlobe 
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Image © 2016 CNES / Astrium 
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purpose of making comparison between the northern and southern parts. From the upper diagram, it can 
be easily recognized that the shoreline near the river mouth retreated significantly while advanced parallel 
to each other in a major part of the northern area. Specifically, the erosion zone expands to about 5km 
from the river mouth. At about 5km from the river mouth, the shoreline starts to advance downcoast. On 
the other hand, shoreline in the southern part advanced near the river mouth and 

Image © 2016 TerraMetrics 
Image © 2016 DigitalGlobe 

DATA SIO, NOAA, U.S, Navy, NGA, GEBCO 
Image © 2016 CNES / Astrium 
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retreated at locations far from the river mouth. In general, variation of shoreline position in the northern 
part is much greater than in the southern part.  

3.2 Shoreline change rate 
Rosati (2005) reviewed the sediment budget concepts and expressed that volume change rate 

magnitudes may be estimated using shoreline position data or shoreline change rate which is denoted by 
a (m/y) in Figure 6. Therefore, shoreline change rate will be determined to facilitate the discussion on 
sediment budget. In order to determine the shoreline change rate values along the coastlines, the temporal 
variations of the detected shorelines will be plotted at every 1,000m intervals along the coastlines. The 
slope of the trend line associated with the temporal variation of the shoreline at each section is considered 
to be the shoreline change rate at this section. Temporal variations of shoreline positions at some locations 
are presented in Figure 5 with the shoreline positions and the temporal scale presented in the y and x-
axes, respectively. All values of shoreline change rates are plotted in Figure 6. From Figure 6, it can be 
concluded that longshore sediment movement is predominant in this area and sediment is moving to the 
north. 

4. Conclusions 

In this study, google images have been used to analyze the temporal variation of shoreline positions on a 
large area from the Cua Dai River mouth. On the northern part, the shoreline retreated significantly at 
locations near the river mouth and advanced parallel to each other in a wide area of this part. The shoreline 
changes in the south represent a small variation during the survey period from 2001 to 2014. It is also 
observed that longshore sediment movement is predominant in this area and the sediment is moving to 
the north. Based on this conclusion, one-line model can be applied to find a solution of morphological 
change for a finite region at Cua Dai River mouth. 
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Figure 6. Shoreline change rate in the study area 
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*A study on event deposits in coastal lowlands on the western coast of Oga city, Akita Prefecture by Shinya 
Takabuchi Takanobu Kamataki, and Hideo Matsutomi 
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*Event deposits recorded in coastal lowland on the northern part of Akita Prefecture, the eastern margin of 
Japan Sea by Takanobu Kamataki, Shinya Takabuchi, Hideo Matsutomi, and Kohei Abe 
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*Classification of Velocity Field around landward toe of Coastal Dikes induced by Tsunami Overflow, by Kaneko Yuto, 
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* Influence of the density of tsunami flooding water on tsunami deposit and run-up height 
     by Hideo MATSUTOMI, Fumiko KONNO and Satoru SAIKAWA 
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  hU (cm) S1 (°) LS (cm) hS (cm) S2 (°) S3 (°) LG (cm) LT (cm) MSD (g) MSR (g)

Case 1-1  25 20 155 23 12 7.3 0 2 15,500 15,500
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Case 2-2 25 20 155 23 12 7.3 0 6 35,300 30,200
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* Dependency of the vertical tsunami force acting on RC building on the gap interval between a low 

vertical protective wall and the RC building      by Hideo MATSUTOMI and Natsuki TOMARU 
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* Experiments of tsunami force acting to an object on bridge, by M. Muraoka and M. 
Sasaki. 
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 *The effect to numerical simulation accuracy of run up tsunami by overflow of embankment , by Aoyama Yasuhisa, 

Mitobe Yuta, Komori Daisuke, and Tanaka Hitishi 
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* Study on seismic evaluation and retrofitting of steel gymnasiums in Tohoku region. 
                              by Daisuke Konno, Kei Watanabe, Yasushi Uematsu 
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Evacuation Behavior of Students in the School Building of SNCT at Disaster Happening 
using Artificial Society Simulation Model 

By Masayuki HANDOU, Satoshi HONGO and Erika KURODA 
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*Study on crowd evacuation behavior using a model integrating Potential model and Social Force model by 
F, Makinoshima, F, Imamura and Y, Abe. 
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*Study of snow damage simulator using multi-agent model by Toshihiko MIZUTA 
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*Evaluation of sheltering potential based on actual behavior of residents in the 2011 Great East Japan Earthquake  
Part1: Overview and the results of the questionnaire survey in Sendai City, by Takanori Kimura, Kyota Hamaoka 
and Takeshi Sato 
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*Evaluation of sheltering potential based on actual behavior of residents in the 2011 Great East Japan Earthquake  
Part2: Study of sheltering factors using the survey results, by Kyota Hamaoka and Takeshi Sato 
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*The right processing method for utilizing a disaster Archives by Akihiro Shibayama and Sebastien 
Penmellen Boret 
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*2014 Ms6.5  

Why building damage concentrated to Longtoushan Town during the 
Ms6.5 Ludian Earthquake* 

Xin Wang (IRIDeS, Tohoku University), Susumu Kurahashi, Hao Wu (Aichi Institute of Technology), 
Hongjun Si (ERI, University of Tokyo), Ji Dang (Saitama University), and Kojiro Irikura (DPREC, AIT) 
 

1  INTRODUCTION 
An earthquake struck Ludian County, Yunnan, China at 08:30:10.2 UTC (16:30:10.2 local time) on 
3 August 2014 with the magnitude Ms6.5 (Mw6.2 by US Geological Survey) and focal depth of 12 
km by the China Earthquake Network Center. Though it is a moderate earthquake, it caused 
unexpected building damage and loss of lives (G. Zhang et al., 2014; L. Xu et al., 2014; Liu et al., 
2014; Y. Zhang et al., 2014; Hu et al., 2015; Lin et al., 2015; X. Li, 2015; Xie et al., 2015). As of 8 
August, 617 people died, 112 people went missing and a lot of buildings were destroyed (Wang et 

al., 2014; Cheng et al., 2015). The highest peak ground acceleration (PGA) reached to 949 gal in the 
E-W component at the Longtoushan seismic station (53LLT), which located at the outskirt of 
Longtoushan Town and about 8.3 km far from the epicenter (Cheng et al., 2015). Most of the deaths 
and damaged buildings were concentrated to the Longtoushan Town (Lin et al., 2015; X. Li et al., 
2014; X. Li et al., 2015; X. Xu, Chong, et al., 2015), mostly due to building damage and partly to 
earthquake-induced landslides. (Li et al., 2014; Li et al., 2015; Xu et al., 2015; Lin et al., 2015).  

In this paper, the reasons of building damage concentration to the Longtoushan Town are studied 
comprehensively, combing the generation mechanism of high acceleration at the Longtoushan Town, 
the ground motion simulation at the proluvial fan and the river terraces considering the different site 
amplifications which are evaluated using the inversed ground structure based on the microtremor 
measurement. The vulnerability of the buildings at Longtoushan Town is compared with the 2008 
Wenchuan earthquake based on the vulnerability function of the 2008 Wenchuan earthquake (Wang 

et al., 2011).  

2  BUILDING DAMAGE INVESTIGATION  
We performed a filed investigation around strong motion stations near the epicenter in the northeast 
(Longtoushan, Ciyuan, and Zhaotong seismic station) and southwest (Mashu and Qianchang seismic 
station) direction of the epicenter. Through the investigation, we found masonry buildings are widely 
used in the disaster area, which is similar to the struck area of 2008 Wenchuan earthquake (Wang et 

al., 2011). Furthermore, buildings around Longtoushan station suffered serious damage, whereas 
slight damage around other stations. Almost no building damage happened in the Zhaotong City. 
Some slight damages, such as cracks in the masonry walls and deformation of foundations, happened 
in the Ciyuan Town, Qianchang Town and Mashu Town. Severe building damage and building 
collapse only can be seen in the Longtoushan Town. A remote sensing photo of the severely damaged 
area (on proluvial fan) in the Longtoushan town is shown in Photo 1. From the photo 1 we can see 
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that on the proluvial fan most of the buildings were collapsed, only rubbles were remained. The 

building collapse ratio, which is defined as the ratio of partially and totally damaged building, is 
almost 90 %. Photos of three damaged multistory masonry buildings are shown in the Photo 2, which 
are counted in to the collapse ratios. Though poor quality of some residential buildings result in 
severe damage, some buildings built based on the new design codes still failed to achieve the design 
target (Lin et al., 2015). The direct reasons for building damage should be contributed to be the 
vulnerability of buildings and the characteristics of input ground motions.  

3. FOCAL MECHANISMS SOLUTION AND RUPTURE PROCESS 
As shown in Figure 1 the observed acceleration waveforms at the Longtoushan Station (53LLT) have 
two impulsive waves. Firstly, we examine the arrival direction of seismic waves based on the particle 
motion diagrams of P-wave parts and the two impulsive waves. It can be seen that the horizontal 
plane oscillation of the P-wave part is generally in northwest-southeast direction. Therefore, the 
azimuth of the starting point of the fault rupture can be assumed to be northwest-southeast direction. 
The particle motion diagrams of the first and second pulse of the S-wave oscillate are in northwest-
southeast and northeast-southwest direction, respectively.  

These impulsive waves were considered to be generated from the strong motion generation 
areas (SMGAs) based on our previous studies on source model studies (e.g. Kurahashi and Irikura, 
2010). In order to make clear the mechanism of the generation of large acceleration at Longtoushan 
Station, we try to construct a short-period source model consisting of strong motion generation areas 

Photo 1. Remote sensing photo of the serverly damaged area of Longtoushan Town 

Building-A                   Building-B                     Building-C 
Photo 2. Typical damage of mutistory masonry buildings (locations are shown in Photo 1)  
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using the empirical Green’s function method (EGFM) (Irikura, et al., 1986). In this source model, 
we consider both of the conjugate fault planes as source fault. The locations of SMGAs were 
determined from the aftershock distribution and the particle motion diagrams of the impulsive waves 
at 53LLT. As a result, the location of SMGA1 for the first impulsive wave was determined on the 
Baogunao fault. That of SMGA2 for the second one was determined on the Xiaohe fault. We selected 
the empirical Green’s functions from observed records of some aftershocks with magnitude greater 
than 3.7. Hypocenters of these aftershocks are shown in the Figure 2 with closed star makers. We 
select one aftershock, whose location is shown with closed red star in Figure 2, to be the empirical 
Green’s function (EGF).  

Two SMGAs of the source model are shown in Figure 3. The area and stress drop of each 
SMGA were about 20km2 and about 15MPa, respectively. The comparison between observed and 
synthesized acceleration, velocity, and displacement waveforms in the EW and NS directions at 
53LLT station are shown in Figure 4. It can be seen that the synthetic ground motions explain well 
the characteristics of observed ground motions for either plane. 
4. DIFFERENCES OF SITE EFFECTS AT LONGTOUSHAN TOWN 
In order to examine the relationship between the site-effects and the building damage on the proluvial 
fan and the river terrace within the Longtoushan Town, the ground structure of three sites  (a01, a02 
and, a03, shown in Photo 1) locating from the proluvial fan to the river terrace are reversed using 

Fig. 1 Particle motions 
diagrams of waves at  

53LLT station 

Fig. 4 The comparison between observed (black line) and synthesized (red line) 
acceleration, velocity and displacement waveforms at 53LLT station. 

 (Bandpass filter 1.0-10Hz) 

Fig. 3 Short-period source 
model with two SMGAs 

(rectangles).  

Fig. 2 Source locations of 
aftershocks with 

magnitude of greater 
than 3.7  

Acceleratio Velocity Displacement
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the ground ambient noise. The measurement duration at each site is 30 minutes. To avoid the 
influence of accidental noises, the thirty-minute data is divided into several tens of windows with 
length of 20.48 s. Fourier spectra of all windows are stacked. Microtremor H/V spectral ratio, is 
calculated as the square root of the ratio between horizontal to vertical power spectrum as expressed 
in equation (1).  

( ) NS EW

UD

P f P fH f
V P f

        (1) 

where, PNS(w) , PEW(w) , and PUD(w) are the power spectrum of microtremor records in the NS, EW, 
and vertical direction, respectively. One dimensional (1D) underground velocity structures at 
Longtoushan Station and the three sites a01, a02 and a03 are identified by minimizing the misfit 
function, Function (2), which expresses the difference between the observed and the theoretical H/V 
spectral ratios. 

max
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max max

min min

/ /
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i i
f f

H V H V f
E

H V f H V f
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where, (H/V)theo and (H/V)obs represent theoretical and observed H/V spectral ratio, respectively.  
In order to clarify the ground motion characteristics at the sites (a01-a03) near the strong-motion 

station, we attempt to estimate the ground motions there using the methodology shown in Figure 5. 
The estimated PGAs of these three sites are 779 gal (EW), 1101 gal (EW), and 660 gal (NS), 
respectively, as shown in Figure 6. Considering the predominant periods of microtremor H/V spectral 
ratios, the predominant periods at heavily damaged sites (a01 and a02) are 0.25 s which is close to 
the natural period of masonry buildings. While the predominant periods at lightly damaged site (a03) 
is about 0.15 s.  
5. VULBERABILITY OF DAMAGED BUILDINGS 
   Most of the buildings around the Longtoushan station were public buildings, and were constructed 
based on seismic design code. Trough field investigation, it can be known that Longtoushan County, most 
of the buildings were severely damaged or destroyed, including the aseismic buildings. Severe damage  
or complete collapse of the first story (Lin et al., 2015). Actual earthquake load significantly surpassed 
intensity 9 (PGA=620 gal). It makes sense that the buildings were all severely damaged. This region was 

devastated and almost completely covered by debris of buildings Building collapse ratio of this region is 

estimated to be 95%. The observed building collapse ratios (CRs) are shown in Figure 7. The estimated 
building collapse ratios of sites a01 to a03 based on the vulnerability curve of the 2008 Wenchuan 
Earthquake3) are 70%, 85% and 60%, respectively, which are almost 10% greater than the observed 
ones. 
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6. CONCLUSIONS 
Masonry buildings were very common in attracted areas and severely damaged in Longtoushan Town 
during this earthquake. Reasons of building damage concentration in the Longtoushan Town during 
the 2014 Ludian Earthquake are comprehensively examined. The direct reasons for building damage 
are considered as the high level of ground motions and the vulnerability of buildings. Source 
characteristics (which relate to the generation of ground motions) and the site effect can be 
considered as the indirect reasons. The following conclusions can be summarized. 
1. Two impulsive waves can be seen on the acceleration waveforms in the Longtoushan Station. 

A source model including two fault planes is constructed. The generation of large ground motion 
in Longtoushan Town can be concluded as that it located on the direction of directivity pulses 
of the source faults.  

Fig. 5 Method to estimate the ground motions at sites a01-a03 using the ground 
motion records at the strong-motion station (53LLT)  

Fig. 6 Estimated acceleration waveforms at the sites a01 (black), a02 (blue) and a03 

Fig. 7 observed building collapse ratios (CRs) around the sites a01, a02, and a03 
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2. Ground motions were amplified in the high frequency range which includes the frequencies of 
buildings in Longtoushan Town, which are lowrise masonry buildings. Predominant periods at 
heavily damaged sites are 0.25 s which is close to the natural period of masonry buildings. 
While the predominant periods at lightly damaged site is about 0.15 s.  

3. Observed CRs of Longtoushan Town are higher than the inferred ones. That is to say the 
aseismic capacities of masonry buildings should be improved or some other structural types 
with higher aseismic capacity should be used, such as reinforced concrete buildings, if the 
economic situation permits. 
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* Estimation of S-wave velocity structures in Kuji City by microtremor observations by H.Yamamoto, 
T.Ishikawa, and T.Saito 
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*Seismic interferometry analysis of microtremors observed in linear array with broadband seismometers in 
Fukushima Prefecture by H. Yamamoto, F. Sato and T. Saito 
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* Real time prediction of spectral information using the assimilation technique 
by Daisuke Tatebayashi and Masato Motosaka 

 

1  
2011

 

 

2  
(1)

 
2.1 1

2.1

1 1 20
1 1 20  

1

 
2.2

 
(2)  

2.3
 

(www.ysk.nilim.go.jp)  
 

(2.1) 

(2.2) 

(2.3) 

東北地域災害科学研究　第52巻（2016） 269



(3)  

0.5Hz
10Hz 0.5Hz 20

2.4  

 

2.1   2.2  

2.3  2.4  
 

3  
(1)

37 138.5 34.5 135
400 400 16 16
1.0×105 2011 K-NET KiK-net

14 46 26 t=0 1  
10 MYG004( ) FKS023(

) TCG007( ) TKY007( )  
10

 
10

 

270



MYG004 2 5 10

FKS023 2 5 5 10
 

TCG007 2
5 5 10 TKY007 2 5

5 20  

3.1.1 t=100,110,120,130  

 

3.1.2 t=90,100,110,120 10  

 

3.1.3 t=120,130,140,150  

 

3.1.4 t=110,120,130,140 10  

271



 

3.1.5 MYG004( ) 3.1.6 FKS023( )  

 

3.1.7 TCG007( ) 3.1.8 TKY007( )  
(2)  

 
2011 14 46 26 t=0

4 7 23 32 40 t=0  
5.12 FFT

1.0Hz 0.5Hz 10Hz 0.5Hz
 

3.2.1 3.2.2 MYG004 3.11 0.5Hz 2.0Hz

3.11 2 MYG004
3.2.3 FKS023 3.2.4

 

272



3.11 2 4 7 S MYG004

3.2.5 3.2.6

2
2  

3.11 2 MYG004 FKS023
3.2.7 3.2.8

 

 

3.2.1( ) 3.11 MYG004(NS) 0.5Hz  
3.2.2( ) 3.11 MYG004(NS) 2.0Hz

3.2.3( ) 3.11 2 MYG004(NS)
3.2.4( ) 3.11 2 FKS023(NS)

273



3.2.5( ) 3.11 2 MYG004(NS) ( ) 
3.2.6( ) 4/7 S MYG004(NS) ( ) 

 
3.2.7( ) 3.11 2 MYG004(NS)

3.2.8( ) 3.11 2 FKS023(NS)
 

4  
 

 
 

 
K-NET KiK-net  

 
 

1) , : Numerical Shake Prediction for Earthquake Early Warning: Data Assimilation, 
Real-Time Shake Mapping, and Simulation of Wave Propagation, 2015 

274



日本自然災害学会東北支部役員（平成 27 年度）

支　部　長　　松　澤　　　暢（東北大学・理）

幹　事　長　　日　野　亮　太（東北大学・理）

評　議　員　　片　岡　俊　一（弘前大学・理工）

　　　　　　　松　冨　英　夫（秋田大学・工資）

　　　　　　　川　辺　孝　幸（山形大学・教育）

　　　　　　　岩　崎　正　二（岩手大学・工）

　　　　　　　千　葉　則　行（東北工業大学・工）

　　　　　　　中　村　　　晋（日本大学・工）

　　　　　　　源　栄　正　人（東北大学・災）

会計監査員　　飯　藤　將　之（仙台高等専門学校）



平成 28 年３月１日　発行

東北地域災害科学研究　第 52 巻

（平成 27 年度）

編　集　者　　自然災害研究協議会東北地区部会

 　　　　　　　 部　会　長　　松　澤　　　暢

　　　　　　　日 本 自 然 災 害 学 会 東 北 支 部

 　　　　　　　 支　部　長　　松　澤　　　暢

発　行　者　　東北大学災害科学国際研究所

　　　　　　　東北地区自然災害資料センター

 　　　　　　　 センター長　　今　村　文　彦

　　　　　　　〒 980-0845　仙台市青葉区荒巻字青葉 468-1

TEL　022（752）2099

印　刷　所　　有限会社　明　　倫　　社

　　　　　　　〒 983-0842　仙台市宮城野区五輪二丁目９－５

TEL　022（295）8211


	目次_日本語
	目次_英語 
	01.阿部
	02.菅原
	03.皆川
	04.加藤
	05.蓮沼
	06.菅野
	07.川越
	08.折笠（川越）
	09.橋本
	10.呉
	11.杉井（呉）
	12.田中
	13.齋藤
	14.佐藤
	15.吉田
	16.舩木
	17.清水
	18.小澤
	19.梅田
	20.琴浦
	21.高橋
	22.佐々木（対馬）
	23.佐々木（鈴木祥高）
	24.Wongnarin Kompor
	25.Nguyen Trong Hiep
	26.Dinh Van Duy
	27.堀江
	28.高渕
	29.鎌滝
	30.金子祐人
	31.松冨英夫
	32.松冨（今野）
	33.松冨（登丸）
	34.佐々木（村岡）
	35.青山
	36.今野
	37.飯藤
	38.牧野嶋
	39.水田
	40.木村
	41.濱岡
	42.柴山
	43.片岡
	44.王欣
	45.石川（山本）
	46.佐藤史佳（山本）
	47.舘林（源栄）



