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* An analysis of victims caused by heavy rainfall disasters in Japan from 2004 to 2014. Mototyuki Ushiyama 
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* Quantitative evaluation of human and building damage in the Leyte island of the Philippines by typhoon 
No.1330 (Haiyan), Keigo Kato, School of Engineering, Tohoku University, and Akira Mano, Keiko Udo and 
Shuichi Kure, International Research Institute of Disaster Science, Tohoku University 
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!Risk evaluation of mud flood potential for Japanese Islands by Keisuke Ito 
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ᆅ⿕そ㠃࡛ࡶ࡞ࡁኚࢆࠋࡿ࠸࡚࠼ཎⓎᨾక࠸క࠺ᨺᑕᛶ≀㉁ࡢᣑᩓࡣᨺᑕ㔞ࢆᖏࡧ

╔྾ࣥ࢜㝧ࡿࡼ㈇Ⲵ㟁ࡣ⢓ᅵࡢ࡞ࢡ࣎㸪㯮ࣖ࣍࢝ࠋࡿ࠸࡚ࡗ⮳ࡿࡏࡉศᕸࢆᅵተࡓ

ࡾࡼ Cs ┠ࡍࡽῶࢆ㔞ࡢ⥺ᨺᑕࡿࡅཷ࡚࠸࠾㛫✵ࡿࡍ㸪⏕άࡾࡼࡇࡘᣢࢆᛶ≉ࡿࡍಖᣢࢆ

ⓗ࡛ᨺᑕᛶ≀㉁ࡢ╔ࡓࡋ⾲ᅵࢆ๐㝖ࡿࡍ㝖ᰁࢆ㐍ࠋࡿ࠸࡚ࡵᮾᆅ᪉ኴᖹὒἈᆅ㟈క࠸ㄆ

ᚋࡿࢃಀ㸪ᅵ◁ᨭࡾ࠶࡛ࡢࡶࡍࡰཬࢆᙳ㡪ὶ◁⣔ࡣᆅᙧኚ㸪ᅵᆅ⿕そᨵኚࡿࢀࡽࡵ

ᚲࡿࡶ✚ぢࢆᑗ᮶ീࡢ⾜ྠ◁㸪ᅵࡋᢕᥱࢆἣ≦ࡢኚᐇ╔࡛ୖࡿࡶ✚ぢࢆ⎔ቃ♫↛⮬ࡢ

せࠋࡿ࠶ࡀᑗ᮶ീࡢண ࢆ࣮ࣝࢣࢫ࣒ࢱ࡚࠸࠾⪃៖ࡀࡇࡿࡍ⫢せࡀࡔ㸪ᨺᑕ㔞ࡋ┠╔

ሙྜ㸪Cs137ࡓ ࡀῶᮇ༙␃ࡢ 30 ᖺ(Ỉ⏣సᅵ࡛ 9㹼24 ᖺ㸪⏿సᅵ࡛ 8㹼26 ᖺ)࡛㸪ࡢࡇᮇ㛫㸪

ᨺᑕ㔞ࢆᖏࡓࡧᅵ◁ࡽࡀ࡞ࡋື⛣ࡀ㝣ᇦ㸪ἢᓊᇦἼཬࡀࡇࡿࡍぢ㎸ࡵࡓࡢࡑࠋࡿࢀࡲ㸪30
ᖺࡣ࣮ࣝࢣࢫ࣒ࢱ࠺࠸♫ᐇୖ୍࡛ࡢࡑࠋࡿ࡞ࡢࡶࡿ࠺ࡾ࡞ࢺࢵࢤ࣮ࢱ᪉࡛㸪ୡ⏺

ⓗẼೃኚືࡢၥ㢟ࡾ࠾࡚ࢀࡲྵࡶ㸪 ᬮࡿࡼ㝆Ỉࡢᴟ➃㸪ᾏ㠃ୖ᪼㸪Ỉ ኚࡶண 

ࡿ࠸࡚ࢀࡉ ࠺ࡇࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡵྵࡶウ᳨ࡓ࠼ࡲ㋃ࡶᙳ㡪ࡿࡼ㸪Ẽೃኚືࡵࡓࡢࡑࠋ(1

ᅵᆅ⿕そ㸪ࡿࡁ࡛ࡢࡇࡿࡍ㈨㛤Ⓨࣝࢹࣔࡿࡁ࡛ ணࢆᑗ᮶ീࡢ㸪ᅵ◁ືែ࠼ࡲ㋃ࢆᬒ⫼ࡓࡋ

ᆅᙧ㸪ࡢࢺ࣓ࣥࣈ࣮࣒ࢫ࣐ࡧࡼ࠾ㄏᅉࡿ࡞㝆㞵㛵ࢆࢱ࣮ࢹࡿࡍศᯒࡋ㸪ᩚഛࢆࡇࡿࡍ㐍

 ࠋࡓࡵ
 
㸰㸬ඛ⾜◊✲ᮏ◊✲ࡢ㛵ಀ�

 
Ἑ㐨ᇦࡢᅵ◁ືែࢆぢ✚ࡢࡵࡓࡿࡶඛ⾜◊✲ࡣከᩘᏑᅾࠋࡿࡍࡤ࠼㸪◁⏣್ᩘࡣࡽᆅ⌮

ሗࢆ⏝ࡋ㸪ᐩኈᕝỈ⣔᪩ᕝࡢἙ㐨ᆅᙧࢆ⌧࡚ࡋὶฟࣔࡓࡏࢃྜࣝࢹᅵ◁ືࡢែࢆぢ✚ࡶ

ࡓࡵ㐍ࢆ✲◊ࡿ ඛࡿ࡞┙ᇶࡢࡵࡓࡿࡶ✚ぢࢆᅵ◁ືែ࡞㛫ⓗ✵ࡓࡋ㇟ᑐࢆἙᕝࡢ᪥ᮏࠋ(2

㥑ⓗࡢࡑࠋࡿ࠼࠸✲◊࡞ᚋ㸪ᨃἙ㐨⥙ࡢせ⣲ࡢ࣮ࣝࢣࢫᙳ㡪㸪Ἑ㐨ࡢᶓ᩿㠃ᙧ≧㸪ᅵ◁⏕⏘

ᇦࡢศᕸࡢຠᯝ㸪つ๎࡞ᕝᖜࡢᙳ㡪ࢆ࡛ࡲ㆟ㄽ࡛࡛ࡲࣝࢹࣔࡿࡁⓎᒎࡋ 3)㸪ࡾࡼ╔ᐇ࡞ᅵ◁

ືែࡀぢ✚ࡀࣝࢹࣔࡿࢀࡽࡶ㛤Ⓨࡢࡑࠋࡿ࠸࡚ࡗ⮳ࡿࢀࡉᚋ㸪ᅵ◁ࡢᅛ᭷ⓗ࡞Ἑ㐨ࡲ

ࡾ࡞࠺ࡼࡿࢀࡉ㛤Ⓨࡀࣝࢹࣔࡓࡋゝཬᆅᙧࡓ࠼ࡲ㋃ࡶᙳ㡪ࡢỈᇦࡢ➼†ࡎࡽ 4)㸪ὶᇦࡢ

ᅛ᭷≉ᛶࢆࢺ࣏ࣥࡁࡍ┠╔ࡸ㔜どࡓࡋゎᯒࡀ㐍ࠋࡿ࠸࡚ࢀࡽࡵ㏆ᖺ࡛ࡣ㸪➉ෆࡀࡽ㸪㯮㒊

ᕝࢆᑐ㇟Ἑ㐨ᇦศᕸࡿࡍᅵ◁ࡢ᭷ຠ⢏ᚄࢆᇶᅵ◁ືែࡋ⌮ᩚࢆࢫࢭࣟࣉࡢ㸪ⰱ⏣ࣔࡢࡽ

ࣝࢹ ࡿ࠸࡚ࡋ♧ࢆᯝ⤖ࡓࡋゝཬ࡛ࡲពⅬ␃ࡢୖ⌮⟶◁㸪ᅵࡵồࢆ⛬ᅵ◁㍺㏦㐣࡚ࡏࢃྜ(5 ࠋ(6

࡛ୖࡿᅗࢆ⣔⤫ࡢᅵ◁㍺㏦ࡣࡇࡍ♧░᫂ࢆᅵ◁ሁ✚≉ᛶ࡞ㄪᰝ࡛✵㛫ⓗ࡞ᐦ⦔ࡓࡋ࠺ࡇ

᭷ຠ࡞ᡭẁࡓࡲ ࠋࡿ࠼࠸㸪ࡓࡋ࠺ࡇἙ㐨ࡢᅵ◁ࡃ࡞ࡣ࡛ࡅࡔὶᮎࡢἙཱྀ฿㐩ࡿ࠺ࡋ⛣ືᛶ

ࢀࡽࡵ㐍ࡶ✲◊ࡿࡵồࢆࡾࢃࡢ㸪Ἑཱྀᇦᆅᙧࡋ┠╔◁㸪ᾋ㐟ࢻ࣮ࣟࣗࢩࢵ࢜࢘࠸㧗ࡢ

ࡤ࠼ࡾ࠾࡚ 7,8)㸪ໟᣓⓗᅵ◁ࡢ≉ᛶศᕸࡢㄪᰝక࠺⛣ື≉ᛶࡢᢕᥱࡣண ࡢ㔜せ࣮࣐࢝࡞

ᓥ⚟ࠊࡣࡽᒣᓮ, 㛗ᯘሙྜ㸪᪤ࡓࡋ㇟ᑐࢆἙཱྀࡢ┴㸪⚟ᓥࡤ࠼ࠋ࠸㧗ࡣᛶ⬟ྍࡿ࡞࣮
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┴ἢᓊᇦࡢἙཱྀ◁ᕞࡢኚື≉ᛶࢆ᫂ࡿ࠸࡚ࡋࡽ ࡇࡿࡍ⏝ࢆぢ▱ࡢ✲◊⾜ඛࡓࡋ࠺ࡇࠋ(9

㸪᳨ドࡣ✲◊ࡓࡋᣲิ࡛ࡲ᪉࡛㸪୍ࡢࡑࠋࡿࡁ࡛ࡀࡇࡍ♧ࢆㄪᰝ⤖ᯝ࡞ᐇ╔ࡾࡼ࡛

Tao PengࠋࡴྵࢆⅬࡁࡍⓎᒎ࡚ࡋ㛵 ணࡾ࠶࡛ࣝࢹᅵ◁ືែࣔࡿࢀࡽ࠸⏝ 㸪ࡤࢀࡼࡽ

㝆㞵ᙉᗘࠊᅵᆅ⿕そࡢኚࡀᅵ◁⏕⏘ᨭ㓄ⓗࡶࡇࡿ࡞᫂ࡾ࠾࡚ࢀࡉࡽ 10)㸪ᚋࡢ㝆

㞵㔞ᅵᆅ⿕そࡢ≧ἣࡶぢ✚ࡀࡳ⤌ࡾྲྀࡢࡵࡓࡿࡶᚲせࠋࡿ࠼࠸ 
⿕ᅵᆅ㝆㞵㔞ᾋ㐟≀㉁ࡓࢀࡉ ほࡾࡼ㸪Ἑᕝࡣ࡛✲◊㸪ᮏ࡚࠼ࡲ㋃ࡶ✲◊⾜ඛࡓࡋ࠺ࡇ

そࡢᇶ♏ࢆࢱ࣮ࢹ㞟࡚ࡋศᯒ࠸⾜ࢆ㸪ᚋ㸪ゎᯒᚲせࡿࢀࡉせᅉ᳨ࡢドࢆ㐍ࠋࡿ࠸࡚ࡵ 
 
㸱㸬◊✲ᑐ㇟㡿ᇦ㸪ࡧࡼ࠾᪉ἲ�

 
� ⚟ᓥ┴ἢᓊᇦࡢ㝆㞵ᙉᗘ᥎ィᅵ◁

ὶฟࡢ㛵ಀᛶ᳨ࢆウࡵࡓࡿࡍᑐ㇟タ

ᐃࡓࡋ㡿ᇦࡣ㸪⚟ᓥ┴ἢᓊᇦࡢἙᕝ⩌

�ᅗ-2)ࡿ࠶࡛ ཧ↷)ࠋἢᓊᇦศᕸࡍ

✚㸪ὶᇦ㠃ࡣ⩌Ἑᕝࡿ 50km2 ௨ୗࡢ

ࡢࡶ 60%㸪ὶ㊰ᘏ㛗 20km ௨ୗࡢࡶࡢ

ྵࡃከࢆἙᕝࡢ㸪୰ᑠࡵࡓࡿ࠶70%࡛

ࡍ♧ࢆつᶍ࡞ࡉᑠᑐⓗ┦ࠋࡿ࠸࡛ࢇ

Ἑᕝࡀከࡵࡓ࠸㸪㝣ᇦ࣓ࣈ࣮࣒ࢫ࣐ࡢ

㸪ࡳྵࢆ௳᮲࠸ࡍࡸࡋ㐩฿ᾏᓊࡀࢺࣥ

ᅵ◁క࠺ᩄឤ࡞ὶᇦ⎔ቃࡢኚࢆక

㸪ᙜヱἙᕝࡓࡲࠋࡿࢀࡉ ᥎ࡀ┦ᵝ࠺

ࡽࡶ✚ぢࡀࡇ࠸ከࡶ㝆ୗࡢ㸪ᨺᑕᛶ≀㉁ࡽࡇࡿ࠸࡚ࡋศᕸ㏆ഐࡢ㸪ཎᏊຊⓎ㟁ᡤࡣ⩌

 ࠋࡿ࠸࡚ࡗ࡞ㄢ㢟࡞㔜Ⅼⓗࡀࡇࡿࡶ✚ぢࢆὶฟ≉ᛶࡢ◁㸪ᅵࢀ
᭱⤊ⓗ࡞◊✲┠ᶆࢆὶᇦෆࡢᅵ◁⛣ື࣭ሁ✚ࡋ┠╔㸪⌧ἣࡽ㝖ᰁ࣭ ᬮࡓࡵྵࢆᑗ᮶

ࡇࡿࡍഛ㸪ศᯒᩚࢆࢱ࣮ࢹ♏ᇶࡿࡍ㈨ ணࡢࡇ㸪ࡀࡿ࠸࡚ࡋࡇࡿࡍ ணࢆቃᙳ㡪⎔ࡢ

╔ᐇ⦼㸪ᅵᆅ⿕そ㸪㝆㞵ᙉᗘࡢᾋ㐟≀㉁㔞࡚ࡋഛᩚࡢࢱ࣮ࢹ♏ᇶࠋࡿ࡞ⓗ┠ࡢ✲◊ᮏࡀ

 ࠋࡓࡵ㐍ࢆࡳ⤌ࡾྲྀࡢ௨ୗ࡚ࡋ┠
ձ ᾋ㐟≀㉁㔞ࡢ≉ᚩᢕᥱ 
ղ ὶᇦẖࡢᅵᆅ⿕そ᮲௳ẚ㍑ 
ճ ὶᇦẖࡢ㝆㞵ᙉᗘศᯒ 
 ࠋࡿ࠸࡚ࡋ♧ࢆᐹ⪄࡛ࡇࡿࡍẚ㍑ࢆᯝ⤖ࡢղ㸪ճࡿࡍᑐձࡣ㸪ᮏ᭩࡛ࡓࡲ
ᾋ㐟≀㉁㔞ࡢ≉ᚩᢕᥱ࡚ࡋ㸪ྛἙᕝ࡛ほ ࡿ࠸࡚ࢀࡉ SS ⃰ᗘࢱ࣮ࢹ㸪Ἑᕝὶ㔞ࢱ࣮ࢹ(⚟

ᓥ┴Ỉ㉁ᖺሗ㸪ほ ᮇ㛫㸸1980-2012 ᖺ㸪ほ 㢖ᗘ㸸᭶ 1 ᅇ)ྛ࡚࠸⏝ࢆὶᇦࡢᾋ㐟≀㉁㔞ࢆồ

ࡿ࠶ᑐ㇟㡿ᇦ࡛ࡣศᯒࡢࡇ㸪࠾࡞ࠋࡓࡵ㐍ࢆᚩᢕᥱ≉࡛ࡇࡿࡍẚ㍑ࢆ㉁㔞≀ࡢ㸪ྛἙᕝࡵ

㏻ࡃ࡞ࡣ࡛ࡅࡔࡾ㸪⚟ᓥ┴ෆయࡶໟᣓ࠾࡞ࠋࡿ࠸࡚ࡗ࡞ࡢࡶࡓࡋ㸪ᾋ㐟≀㉁㔞ࡣ௨ୗ(1)ࡢ
ᘧࡾࡼồࠋࡿ࠸࡚ࡵ 

 
ᅗ-2� ◊✲ᑐ㇟㡿ᇦ
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65.2
0864.0 DSSSTS -------------------------------------------------------- (1) 

ࡇ ࡇ ࡛ 㸪 TS 㸸 ᾋ 㐟 ≀ ㉁ 㔞 (m3/24h) 㸪 0.0864:  㛫 㔜 㔞  ⟬ ್ ಀ ᩘ

(1000*60*60*24*0.000001*0.001)㸪SS:ᾋ㐟◁㔞(mg/l)㸪DS㸸Ἑᕝὶ㔞(m3/s)㸪2.65:◁┦ᙜ

(g/cm3)11)࡛ࠋࡿ࠶ィ⟬ᘧࡾࡼᚓྛࡓࢀࡽἙᕝࡢᾋ㐟≀㉁㔞࡚࠸ࡘᖹᆒ್㸪್᭱ࢆᢳฟࡋ㸪

್᭱ᖹᆒ್ࡢẚ⋡ࢆᑟฟྠࠋࡿࡍᵝྛἙᕝࡢὶ㔞᭱ࡿࡅ࠾್㸪ᖹᆒ್ࡶᢳฟ࡚᭱ࡋ

್ᖹᆒ್ࡢẚ⋡ࢆᑟฟࡽࢀࡇࠋࡿࡍᾋ㐟≀㉁㔞ࡢẚ⋡ὶ㔞ࡢẚ⋡ࡢ㛵ಀྛࢆἙᕝ࡛♧ࡍ

 ࠋࡓࡋウ᳨ࢆᢕᥱࡢ㡿ᇦࡿࡲ㧗ࡢ㸪ᾋ㐟≀㉁㔞(ᅵ◁ὶฟ)ࡾࡼࡇ
ὶᇦẖࡢᅵᆅ⿕そ᮲௳ẚ㍑

㸪ᅜᅵᩘ್ሗᅵᆅ⏝⣽࡚ࡋ

ศ࣓ࢱ࣮ࢹࣗࢩࢵ(✵㛫ゎീᗘ 
250m�250m㸸ᖹᡂ 21 ᖺ)ࢆᇶ

㸪ࡋศᯒࢆᅵᆅ⿕そࡢὶᇦẖ

ྛὶᇦࡢᅵ◁⏕⏘ࢫ࣮ࢯഃࡢ≉

ᚩࢆồࠋࡓࡵ 
ὶᇦẖࡢ㝆㞵ᙉᗘศᯒ࡚ࡋ㸪

AMeDAS  ᪤ࡓࢀࡉ ほࡾࡼ

ほ ᮇ)ࢱ࣮ࢹ㛫㝆㞵㔞▷ࡢ

㛫㸸1976-2013 ᖺ)ᩚࢆഛࡿࡍ

ὶ࡛ࡇࡿࡍ㸪✵㛫ෆᤄࡶ

ᇦẖࡢ✵㛫ሗᛂࡓࡌ㝆㞵ᙉ

ᗘ≉ᛶࢆồࠋࡓࡵ 
 
㸲㸬ᾋ㐟≀㉁㔞ࡢ≉ᚩᢕᥱ 
 
� ᅗ�3 ࡢᾋ㐟≀㉁㔞ࡢ┴ࡣ

್᭱ศᕸ㸪ᅗ-4 ㏻┴ࡣ

ẚࡢᾋ㐟≀㉁㔞ࡿࡅ࠾Ἑᕝࡾ

ࡓࡋ♧ࢆ㛵ಀࡢ⋠ẚࡢὶ㔞⋠

 ࠋࡿ࠶࡛ࡢࡶ
┴ࡢᾋ㐟≀㉁㔞᭱ࡢ್ࡼ

㸪㒆ᒣ(㜿ࡣ㸪㜿Ṋ㝰ᕝỈ⣔࡛ࡾ
ஂὠᶫ㸹305.8m3)࡛ᾋ㐟≀㉁㔞

㸪ᯇᕝ(81.6m3)㸪ࡇࡿ࡞ࡃከࡀ
ᦾୖᕝ (29.2m3)ࡢ⚟ᓥᕷศ

ᕸࡿࡍᨭὶ⩌ࡢᾋ㐟≀㉁㔞ࡀከ

㸪㒆ᒣ࠾࡞ࠋࡓࢀࡉ♧ࡀᯝ⤖࠸

ᅗ-3� ┴ࡢᾋ㐟≀㉁㔞᭱ࡢ್ศᕸ

(⚟ᓥ┴Ἑᕝࡢ㛵ಀᅗ)

A䠖
ᾋ㐟≀㉁㔞䛸ὶ㔞䛾ẚ⋡䛜ᆒ➼

B䠖
㏻䜚ὶᇦ䛾ᾋ㐟≀㉁ẚ⋡
䞊ὶ㔞ẚ⋡䛾㏆ఝ᭤⥺

(㏻ࡾἙᕝࡢ㛵ಀᅗ)

ᅗ-4� ᾋ㐟≀㉁㔞ࡢẚ⋡ὶ㔞ࡢẚ⋡ࡢ㛵ಀ
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(㜿ஂὠᶫ㸹305.8m3)ࡽ⚟ᓥ(ⶇⳛᶫ㸹84.5m3)ᾋ㐟≀㉁㔞ࡀῶᑡࡿࡍ≉ᚩࡀㄆࡀࡿࢀࡽࡵ㸪

㜿㈡㔝ࠋࡿࢀࡉ၀♧ᙳ㡪ࡢᅵ◁ᤕᤊࡢ࣒ࢲ㸪㣤㔝࣒ࢲಙኵࡿ࠸࡚ࢀࡉᘓタ㸪ᮏᕝ୰ࡣࢀࡇ

ᕝỈ⣔࡛ࡣ㸪᭱ᾋ㐟≀㉁ࡢὶฟࡢⴭ࠸ࡋᨭᕝ࡚ࡋ㸪ྈぢᕝ(42.6m3)㸪ࡧࡼ࠾ྈぢᕝᨭᕝఀ

༡ᕝ(26.8m3)ࡀᣲ᭱ࠋࡿࢀࡽࡆ㔞࡛ఀࡣ༡ᕝࡢᾋ㐟◁ྜࡀࡃࡁ㸪㜿㈡㔝ᕝࡢᅵ◁ὶฟࡢ

ᨭ㓄せᅉࡿ࠺ࡾ࡞Ἑᕝࡀࡇࡿ࡞♧၀ࡓࡋ࠺ࡇࠋࡿࢀࡉὠᆅ᪉㸪୰㏻ࢆࡾὶୗࡿࡍἙᕝ

ὶฟࡢ㸪ኟᕝ௨እ(᭱ᾋ㐟≀㉁㔞ࡣἙᕝࡢࡾ㸪㏻࡚ࡋẚ㍑ 49.6m3)ࡣ㸪┦ᑐⓗὶฟ㔞

ὶฟࡢᾋ㐟≀㉁㔞ᴫ୍ࡿࡍศᯒᐦ⦔ࢆࡳࡢࡾ㸪㏻ࡋࡔࡓࠋࡿ࠸࡚ࡋศᕸࡀἙᕝ࠸పࡢ

ᅗ�4ࠋ࠸࡞࠼࠸ࡣ࠸࡞ᑡࡀ 㸪ࡀࡍ♧ࢆ⋠ẚࡢὶ㔞⋠ẚࡢᾋ㐟≀㉁㔞ࡿࡅ࠾Ἑᕝࡾ㏻

ὶ㔞ẚ⋡ẚ㍑࡚ࡋᾋ㐟◁ẚ⋡ୖࡀᅇࡾ(ͤ� ὶ㔞ᾋ㐟≀㉁㔞ࡀᆒ➼࡛ࡤࢀ࠶㸪ᅗ୰ࡍ♧

TYPE-A ࢺࣥ࣋㸪ὶฟ(ࡿ࠸࡚ࡋ♧ࢆᯝ⤖ࡿᅇୖࡀᾋ㐟≀㉁㔞࡚ࡍ㸪ࡀࡿࡓࢆࣥࣛࡢ

ᛂ࡚ࡌᾋ㐟≀㉁ࡣ㐣౪⤥ࡿࢀࡉ㐣⛬ࡀ♧၀ࠋࡿࢀࡉᅗ�4 ୰࡛♧ࡢࢱ࣮ࢹྛࡿࢀࡉ㏆ఝ᭤⥺

(TYPE-B ࡚ࡋẚ㍑⋠㸪ὶฟ㔞ẚࡾࡼ(ࣥࣛࡢ 1.45 ಸࡢከࡀࡇࡿ࡞ࡉ᫂ࠋࡓࢀࡉࡽ

࡛ࢱ࣮ࢹᾋ㐟≀㉁㔞ࡢ㸪ྛἙᕝ࠾࡞ TYPE-A(ᾋ㐟≀㉁㔞ὶ㔞ࡢẚ⋡ࡀᆒ➼)㸪TYPE-B(ྛࢹ

ࡵồࢆᕪࡢ(⥺㏆ఝ᭤ࡢࢱ࣮

㸪ᅗ�5ࡀᯝ⤖ࡓ ᅗ-5ࠋࡿ࠶࡛
ࡢᾋ㐟≀㉁㔞࡞㸪┦ᑐⓗࡾࡼ

㧗ࡿࡲἙᕝࢆ≉ᐃ࡛ࡀࡿࡁ㸪

⩌Ἑᕝࡢࣜⴥ࡚ࡌ⥲

ኟᕝࡢᾋ㐟≀㉁㔞ࡀ㢧ⴭ࡛

ࠋ୍ࡓࢀࡉㄆ☜ࡀࡇࡿ࠶ ᪉㸪

㒊⨨ࡿࡍ┦㤿ࡢ࢚ࣜ

ᾋ㐟≀㉁㔞ࡢᑡ࡚ࡳࡀࡉ࡞

 ࠋࡿࢀ
�  
㸳㸬ᅵᆅ⿕そ㝆㞵ᙉᗘࡢ≉

ᚩᢕᥱ 
 
� ὶᇦ୰ࡢᅵᆅ⿕そࢆ༊ศࡋ

ᅗ�6ࡀᯝ⤖ࡓ ẚ㍑ཧ)ࡿ࠶࡛

㜿Ṋࡢᓥ┴ෆ⚟ࡵࡓࡿࡍ⪄

㝰ᕝ㜿㈡㔝ᕝࡢ⤖ᯝࡶ♧

ࡣ᳃ᯘ㡿ᇦࡡᴫࠋ(ࡍ 70-90%㸪

㎰⏝ᆅࡣ᪂⏣ᕝ࡛ⴭࡃࡋࡁ

ࡢࡑ㸪(23.2%)ࡀࡍ♧ࢆ್࡞

ࡣἙᕝࡢ ᕷࠋࡿ࠶10-15%࡛

⾤ᆅࡣ 5%௨ෆ࡛ࡾ࠶㸪Ⲩᆅ

ࡣ ࠋࡓᚓࢆᯝ⤖࠸࡞ࡓ‶1%

ࡀኚࡣ࡚ࡋὶᇦయ≉

ᅗ-5� ྛἙᕝࡢ TYPE-A,Bẚ⋡ᕪࡢ㛵ಀ 

ᅗ-6� ྛἙᕝࡢᅵᆅ⿕そྜ 
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㸪ࡋࡔࡓࠋࡓࡗ࡞ࡁ࡛ࡀࡇࡿᚓࢆㄽ⤖ࡿࡁ࡛ࡢࡇࡿࡅ㛵㐃ὶฟࡢ㸪ᾋ㐟≀㉁㔞ࡃ࡞

⌧ᅾࡢゎᯒࡣᕧどⓗࡵࡓࡿ࠶࡛ࡢࡶ࡞ᚋ㸪ᅵᆅ⿕そࡢ✵㛫つᶍࢆኚ࡚࠼ὶᇦࡢᨭᕝࡢ㛵㐃

 ࠋࡿ࠶ணᐃ࡛ࡃ࠸࡚ࡋウ᳨ࢆ

ᅗ-7ὶᇦูࡢ㝆㞵ゎ

ᯒ⤖ᯝ࠾࡞ࠋࡍ♧ࢆ㸪ෆ

ᤄࡣ㔜ࡳࡁ㊥㞳ᖹᆒἲ

ࠋࡿ࠶ᯝ࡛⤖ࡓࡵồࡾࡼ

ἢᓊᇦ༡ഃ࡛ᙉ㞵ࡿ࡞

࠾࡚ࢀࡉ♧░᫂ࡀࡇ

㛵ࡢᑠᾋ㐟≀㉁㔞ࡾ

ಀఝ࡚ࡀࡇࡿ࠸᫂ࡽ

ࡢᙉᗘ࠾࡞ࠋࡓࢀࡉ

ᩘ್ⓗࡣ� ἢᓊᇦࡳࡢ

࡛⣙ 4mm ௨ෆ(30 ᖺ☜

⋡㸪60 ศ⥅⥆㛫)࡞

ࡍࡽ᫂ࢆ㸪㛵ಀᛶࡵ㐍ࢆウ᳨ࡓࡏࢃྜ㛫つᶍ✵ࡢᚋ㸪ὶᇦࠋࡓࢀࡉࡽ᫂ࡀࡇࡿ

 ࠋࡿ࠶ணᐃ࡛ࡿ

 
㸴㸬ࡾࢃ࠾�

 
� ᚋࡣ✵㛫つᶍࢆኚࡇࡿ࠼㸪ᆅᙧᆅ㉁ሗࡶ㏣ຍᩚࢱ࣮ࢹࡓࡋഛ᳨࠸⾜ࡶウࢆ㐍ࠋࡿࡵ 
 
ㅰ㎡㸸ᮏ◊✲ࡣ㸪⚟ᓥᏛ⎔ቃᨺᑕ⬟◊✲ᡤ㸪⎔ቃ┬ᆅ⌫⎔ቃ◊✲⥲ྜ᥎㐍㈝(S-8)ࡢ◊✲ຓᡂ
 ࠋࡿ࠶࡛➨ḟࡍ♧ࢆㅰព࡚ࡋグࡇࡇࠋࡓࡋࡲࢀࢃ⾜࡛
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ᩘ್ẼೃࣔࡿࡼࣝࢹẼ㸪Ỉᚠ⎔ࡢ᥎ィࡾࡼ㸪Ẽೃኚື㉳ᅉࡓࡋᑗ᮶ࡢ㝆㞵㇟ࡢᴟ➃

ࡀぢ✚ࡾ࠾࡚ࢀࡽࡶ㸪IPCC  Special Report on Managing the Risks of Extreme Events 

and Disasters to Advance Climate Change Adaptation ᆅᇦ࡛ࡢࡃከࡢ⏺ୡࠕ㸪ࡣ 21 ୡ⣖୰

ሗࢆࡇࠖࡿࡍቑຍࡀྜࡢ㝆㞵࠸ᙉࡿࡵ༨㝆Ỉ㔞⥲ࡣ࠸ࡿ࠶Ⓨ⏕㢖ᗘ㸪ࡢ㝆㞵࠸ᙉࡿࡅ࠾

࿌ࡿ࠸࡚ࡋ ᵝྠࡶ㝆㞷ࡎࡽࡲ㸪㝆㞵ࡣ⏕㇟Ⓨ࡞ᴟ➃ⓗࡓࡋ࠺ࡇ㸪ࡽࡀ࡞ࡋࡋࠋ(1

᥎ ࢀࡉ㸪Gorman 㸪ࡀࡓࡁ࡚ࡋ┠ὀࢆᖹᆒ㝆㞷㔞ࡿࡅ࠾㸪ᮇࡣ࡛ࣝࢹࣔࡢ࡛ࡲࢀࡇࠕࡶ

 ᬮࡀ㐍⾜ࡿࡍẖᖺ⏕ࡿࡌ㝆㞷ࡢᖜᖜࡀᣑ࡛ࡇࡿࡍᴟ➃࡞㞷ྍࡿ࡞⬟ᛶࡿ࠶ࡀ

ࡿ࠸࡚ࡋᣦࠖࡿ࠸࡚ࢀࡉࡈぢ㐣ࡀࡇ 2014ࠋ(2 ᖺ 12 ᭶ 11 ᪥Ẽ㇟ᗇ㸪ࡧࡼ࠾⎔ቃ┬ࡣ㸪

ୡ⣖ᮎண ࡿࢀࡉ᪥ᮏิᓥࡢ㝆㞷㔞ኚࢆබ⾲ࡋ㸪ᮾ᪥ᮏ࣭᪥ᮏᾏഃ࡛᭱-146cm ኚࡢ

ࡢ⤖ᯝࢆሗ࿌ࠋࡓࡋձ� ᮏᕞࡢ᪥ᮏᾏഃࡣୡ⏺᭷ᩘࡢ✚㞷ᆅᖏᒓࡀࡿࡍ㸪᪥ᮏิᓥ⮬యࡀ

ᕧどⓗ㞷ịᅪࡢቃ⏺㏆⨨ࡵࡓࡿࡍ㸪Ẽೃኚືᛂ࡚ࡌᩄឤ✚㞷ኚྍࡿࡍ⬟ᛶࢆ

�ղࠋࡿ࠸࡛ࢇྵ ᮾᆅ᪉᪥ᮏᾏഃࡽ㝣ᆅ᪉ࡣ㸪Ꮨす㧗ᮾపࡢẼᅽ㓄⨨ࣜ࣋ࢩࡾࡼ㸪

୰ᅜ㝣ࡽ⇱㸪ࡘᐮ෭࡞Ẽᅋࡢὶࢀ㎸࠸ࡍࡸࡳᆅᇦ࡛ࡾ࠶㸪ᮾ㐍ࡿࡍᐮ෭࣭⇱࡞Ẽᅋ

ࡿࡏࡉⓎ㐩ࢆ㞼ࡿ࠼ࢆ㝆㞷ᏘࡳྵࢆỈẼࡢ㔞࡛ࡇࡿࡍ㏻㐣ࢆ✵᪥ᮏᾏୖࡀ 㸪ࡀ(3

ᆅୖࡢ ᬮࡾࡼ㝆㞷ࡽ㝆㞵ኚࡽࢀࡇࠋࡿࡍձ㸪ղࢆཎᅉ㝆㞷⌧㇟ࡀồࡓࢀࡽࡵ᥎

ᖹᖺࡓࡋู㸵༊ᇦࢆ㸪᪥ᮏิᓥࡣሗ࿌ࡢ┬ቃ⎔ࡧࡼ࠾㸪Ẽ㇟ᗇ㸪ࡽࡀ࡞ࡋࡋࠋࡿࢀࡉ 

ⓗࡾ࠾࡚ࡋ♧ࢆࢻࣥࣞࢺ࡞㸪ᴟ➃࡞㇟ࢆホ౯ࠋ࠸࡞ࡣ࡛ࡢࡶࡓࡋ╔ᐇ࡞Ẽೃኚືࡢᙳ㡪ࢆぢ

࡞➃ᆅᇦ㸪ᴟ࡞㸪ᒁᡤⓗ࡚ࡋ⾜୪ࡇࡿࡶ✚ぢࢆࢻࣥࣞࢺࡢ㡿ᇦ࡞㸪ᕧどⓗࡣ࡛ୖࡿࡶ✚

⏕࡚ࡋ౫Ꮡ㇟⌧㝆Ỉ࠺కẼೃኚືࠋࡿ࠼࠸㔜せࡶࡇࡃ࠸࡚ࡋ᥎ィࢆᛶ⬟ྍࡢ⏕Ⓨࡢ㇟

ᛶ≉ࡢ୰ᑠ㡿ᇦ࡚࠼ࡲ㋃ࡶሙྜ㸪♫ᐇࡿ࠼ᤊࢆၥ㢟ࡿࢃಀỈ㈨※㸪Ỉ⅏ᐖ㸪Ỉ⎔ቃࡿࡌ

௦᭰㸪Ỉࡢ※㸪Ỉ㈨࡛ࡇࡿࡍ៖⪄ࢆᛶ≉ࡢ୰ᑠ㡿ᇦࡓࡋ࠺ࡇࠋࡿࢀࡉษᮃࡀࡳヨࡿࡍᢕᥱࢆ

⅏ᐖࢡࢫࣜࡢᅇ㑊⟇㸪Ỉ⎔ቃࡢᨵၿ➼ࡢලయⓗ࡞Ẽೃኚືࡢ㐺ᛂ⟇ࡢ㆟ㄽࠋࡿ࡞⬟ྍࡀ  

୰ᑠつᶍ㡿ᇦࢆ㇟⌧ࡢぢ✚ࡿࡶ᪉ἲ࡚ࡋ㸪ᩘ್Ẽೃ࣮ࣔࢣࢫࣥ࢘ࢲࢆࢺࢵࣉࢺ࢘ࡢࣝࢹ

ࡿࢀࡽࡆᣲࡀࢢࣥࣜ ࢆ⎔ᚠࡢୖ⟭㸪ᩘ್ィࡣ࡚ࡋ㛵ᐇࡢࢢ࣮ࣥࣜࢣࢫࣥ࢘ࢲ㸪ࡋࡋࠋ(4

⣔⤫࡚ࡋồࡃ࡞ࡣ࡛ࡅࡔࡿࡵ㸪ᑠ㡿ᇦᑐࡿࡍᆅᇦᅛ᭷ᛶࢆᢕᥱࡶࢳ࣮ࣟࣉࡿࡍᚲせ࡞

ࡃࡋࡶ)␃㈓ࡢᆅୖ࡛ࡣሙྜ㸪✚㞷ࡿࡍウ᳨ࢆ㇟⌧ࡢ㝆㞷㸪✚㞷࡛ୖࡿࡍᢕᥱࢆᆅᇦᅛ᭷ᛶࠋࡿ

ࡿ࠸࡚ࡋ᭷ࢆᚩ≉ࡿࡏࡉṧᏑࢆᙧ㊧ࡢ㝆㞷ᚋࡣࡃࡋࡶ㝆㞷ࡵࡓࡴྵࢆ⛬✚)㐣ࡣ ࡓࡢࡑࠋ(5

Estimated snow characteristic distribution base on field survey in Agano river at Fukushima University by 
Kota INOUE, Ayami SUZUKI and Seiki KAWAGOE 
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⬟ྍࡶࡇࡿࡍศᯒࢆᙳ㡪ࡢ࿘㎶⎔ቃ㸪ᆅᇦᅛ᭷ᛶ࡛ࡇࡿࡍศᯒࢆ᭷≀㉁ྵࡢ㸪✚㞷ෆࡵ

㛵ࡢ࿘㎶⎔ቃࡧࡼ࠾ᆅᇦᅛ᭷ᛶ㸪ࡢ㞷✚ࡿࡍᑐ㸪Ẽೃኚື࠼ࡲ㋃ࢆᬒ⫼ࡓࡋ࠺ࡇࠋࡿ࠶࡛

ಀࢆ᫂ࢆࡇࡿࡍࡽ┠

ⓗ㸪✚㞷ࣥ࢜ࡢ⤌ᡂࢆ

ศᯒ࡚ࡋᆅᇦᅛ᭷ᛶࢆồࡵ

 ࠋࡔࢇ⤌ࡾྲྀ✲◊ࡿ
 
㸰㸬◊✲ᑐ㇟ὶᇦ�

 
◊✲ᑐ㇟ὶᇦ࡚ࡋ㸪

᪥ᮏิࡢᓥࡢ⬨ᱱࡍ࡞ࢆᛴ

ᓧࡘ㧗ᶆ㧗ࡢฟ⩚ᒣᆅ㸪

ዟ⩚ᒣ⬦ࢆᮾす᪉ྥ㈏ࡃ

㸪ࢀࡉᙧᡂࡃᗈࡀపᆅ࡛ࡇ

ὶᇦయ࡛ࡲᐮ෭Ẽࡢὶධ࠸ࡍࡸࡋᆅᙧ≧ἣࢆ࿊ࡿࡍ㜿㈡㔝ᕝὶᇦࢆタᐃࡓࡋ (ᅗ-1� ཧ↷)ࠋ
㜿㈡㔝ᕝࡣ㸪ୖὶᇦྈぢᕝ㸪㜿㈡ᕝ㸪ࡧࡼ࠾⊦ⱑ௦†ࡴྵࡶ㛗℩ᕝ̿᪥ᶫᕝࡢ 3 ࢆᨭᕝࡢࡘ

㛗ࡴྵ 210km㸪ὶᇦ㠃✚ 7,710km2 ࡢ┴₲㸪ᰣᮌ┴㸪⚟ᓥ┴㸪᪂ࡣᙜヱἙᕝࠋࡿ࠶ὶᇦ࡛ࡢ

ᛴᓧ࡞ᒣᓅᆅࢆỈ※ࡋ㸪ࡢࡇ㡿ᇦศᕸࡿࡍ㇏ᐩ࡞✚㞷ࢆ㞟Ỉࡇࡿࡍ㸪ẚ㍑ⓗ࡞ࡁὶ

ᇦ㠃✚࡛ࡾࡼࡇࡿ࠶᪥ᮏ᭱⣭ࡢᖺ㛫ὶ㔞(ᖺᖹᆒ 12,671�106m3㸪᪥ᮏ 4 )ࢆὶฟ࡚ࡏࡉ

ศࡀỈຊⓎ㟁ᡤࡢࡃ㸪ᩘከࡽࡇࡘࡶࢆὶฟ࡞ᐩ㇏ࡘᏳᐃࡿࢀࡉᐤ㸪✚㞷ࡓࡲࠋࡿ࠸

ᕸࡋ㸪ከᵝ࡞Ỉ⏝ࡿ࠸࡚ࢀࡉ࡞ࡀὶᇦ࡛ࡓࡋ࠺ࡇࠋࡿ࠶≉ᚩࢆᣢࡵࡓࡘ㸪Ẽೃኚືᚑ࠺⮬

↛㸪♫⎔ቃࡢᙳ㡪ࡶ⏒࡞ὶᇦࠋࡿ࠼࠸ 
 
㸱㸬ඛ⾜◊✲ࡢ㛵ಀ�

 
㜿㈡㔝ᕝࡢ✚㞷ㄪᰝゎᯒࡣ᪤⤒ᖺ࡛ྲྀࡿ࠸࡛ࢇ⤌ࡾ 㸪࡚ࡋᯝ⤖ࡢࡳ⤌ࡾྲྀࡢ࡛ࡲᅾ⌧ࠋ(6

㜿㈡㔝ᕝὶᇦෆࡢ AMeDAS ほ ᆅⅬࡢ✚㞷῝᪥ᮏᾏᏘᮾ㒊ᖹᆒᾏ㠃Ỉ  ᗘࡢࢱ࣮ࢹ

ẚ㍑᳨ドࡢ⤖ᯝࡢࡇࠋࡍ♧ࢆẚ㍑᳨ドࡣ㸪Ᏻ⏣ࡿࡼࡽྈぢᕝὶᇦࢆᑐ㇟ࡢࡢࡶࡓࡋᣑᙇ∧

࡚ࢀࡽࡵㄆࡀ㛵┦࠸ᙉࡢ㞷㔞ῶᑡ✚࠺ᚑᾏ⾲㠃ᖹᆒ ᗘୖ᪼ࡢ㸪᪥ᮏᾏࡣ㸪ྈぢᕝ࡛ࡾ࠶࡛

ࡿ࠸ ⱑ௦⫞ࡣࡢࡍ♧ࢆ㞷῝ቑຍ✚࡚ࡗᚑ᪼ୖࡢ 㸪ᾏ㠃Ỉࡿࡍ㇟ᑐࢆ㜿㈡㔝ᕝᇦࠋ(7

ࡢ᪥ᮏᾏᮾ㒊ࡾ࡞㏆ᖺࠋࡓࢀࡉࡽ᫂ࡀῶᑡ࠺ᚑ᪼ୖ ࡚ᾏ㠃Ỉࡣࡢࡑ㸪࡛ࡳࡢ

Ỉ ᪼ୖࡣഴྥࡀࡇࡿ࠶᫂ࡿ࠸࡚ࢀࡉࡽ ࡾࡼ㸪ᚑ᮶ࡣ᪼ୖࡢᾏ㠃Ỉ  ᗘࡢࡇ㸪ࡀ(7

ࢆከ㝆㞷ࡣ㝣ᆅ᪉ࡽᮾᆅ᪉᪥ᮏᾏഃࡣ㸪ᐇ㝿ࡵࡓࡿ࡞ࡶせᅉࡍಁࢆⓎࡢࡃከࡶ

Horiࠋࡿ࠸࡚ࡋ᭷ࢆᛶ⬟ྍࡿࡏࡉࡌ⏕ ࡿࡼࡽ 2009-2010 ᖺࡢ᪥ᮏᾏἢᓊᇦࡢ㞷ࡢ◊✲ᡂ

ᯝ࡛ࡶ㸪㞷᪥ᮏᾏࡢᾏ㠃Ỉ ࡀグ㘓ⓗ࡞㧗 ␗ᖖࡓ࠸࡚ࡌ⏕ࡀሗ࿌ࡿ࠸࡚ࢀࡉ Ỉࠋ(8

ձ㸪ࡢ㸪௨ୗࡣ࡚ࡋ㛵ࡇࡿࢀࡉ♧ࡀ㛵ಀࡢ㏫ⓗゎ㔘⌮≀ࡿࡍᑐ㛵ಀࡢ῝㞷✚᪼ୖ 

ղࡢཎᅉࠋࡿࢀࡽ࠼⪄ࡀձ� ᐮೃᮇࡢ㝆Ỉ㔞⮬యࡣᾏ㠃Ỉ ࡢᙳ㡪ࡾࡼቑຍࡀࡿࡍ㸪㝣ᇦࡶ

ᅗ-1� ◊✲ᑐ㇟㡿ᇦ(㜿㈡㔝ᕝ)
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 ᬮࡵࡓࡿ࠸࡚ࡋ㝆㞷㔞ࡀῶᑡ࡚ࡋ㝆㞵㔞ࡀቑຍࡿࡍ㐣⛬ࠋࡿࡌ⏕ࡀ㝆㞵Ⓨ⏕ࡣ✚㞷ࡢ⼥ゎ

�ղࠋࡿࡍῶᑡࡶ῝㸪✚㞷ࡵࡓࡍಁࡶ ᖹᆒⓗᾏỈ ࡢ㛫㛵ࡾࢃ▷ᮇࡢ㞷ࢆࢺࣥ࣋⌧

ࡋࡶᆅᙧ㸪࡞㸪ᆅᇦⓗࡣ㸪⊦ⱑ௦࿘㎶࡚ࡋᑐഴྥࡢὶᇦయࡓࡋ࠺ࡇ㸪ࡓࡲࠋ࠸࡞࠸࡚ࡁ࡛

 ࠋࡓࢀࡉ၀♧ࡶᛶ⬟ྍࡿ࠸࡚ࡋᙳ㡪⛬㞷㐣✚ࡀẼ㇟せᅉࡿࡍ౫Ꮡᆅᙧࡣࡃ
 
㸲㸬ㄪᰝศᯒ᪉ἲ�

�

✚㞷ࣥ࢜ࡢ⤌ᡂࢆ

ศᯒ࡚ࡋᆅᇦᅛ᭷ᛶࢆ

ồࢆ✲◊ࡿࡵ㐍ࡓࡿࡵ

ࡢ㸪㜿㈡㔝ᕝὶᇦෆࡵ

ከⅬ࡛᥇㞷࠸⾜ࢆ㸪

࡚࠸ࡘヨᩱࡢࠎྛ

✵㸪ࡋศᯒࢆᡂ⤌ࣥ࢜

㛫ⓗ࡞ᗈྠࢆࡾࡀᐃࡍ

࠺ࡇࠋࡓࡳヨࢆࡇࡿ

ࢳ࣮ࣟࣉࡢ✲◊ࡓࡋ

㛫ⓗ≉ᚩ✵ࡢ㞷✚ࡽ

ࡣࡳ⤌ࡾྲྀࡿࡍᢕᥱࢆ

᪥ᮏྛᆅ࡛ᐇ࡚ࢀࡉ

ࡿ࠸ 㸪ࡣ࡛✲◊㸪ᮏࡀ(9

㜿㈡㔝ᕝἢ࠸㏻㊰

ࡿ࠸࡚ࢀࡉഛᩚ࡚ࡋ

ձ� ᅜ㐨 49 ྕ⥺ἢ⥺

(᪂₲┴᪂₲ᕷ̿⚟ᓥ

┴⊦ⱑ௦⏫㸪ほ ࣏

ࡣࢺࣥ R49ۑۑ)㸪ղ�

ᅜ㐨 252 ྕἢ⥺(⚟ᓥ

┴ᰗὠ⏫̿⚟ᓥ┴ྈぢ

⏫㸪ほ ࡣࢺ࣏ࣥ

R252ۑۑ)㸪ճ� ☬Დ

ࡣࢺ࣏ࣥ ㏆㎶(⚟ᓥ┴☬Დ⏫̿ሷཎᮧ㸪ほ࣮ࣞࣂ࢝ࢫ SKYۑۑ)㸪մ� ☬ᲓⰍ࿘

㎶(ሷཎᮧ㸪ほ ࢺ࣏ࣥ B1,H1)࡛✚㞷ࢆ᥇ྲྀࡋ㸪✚㞷ࣥ࢜ࡢ⤌ᡂࡢศᯒࢆᐇࡓࡋ(ᅗ-2�
ཧ↷)ࠋㄪᰝ࣮ࣥࢰձ㸪ղࡢ᥇㞷ࡶࡗࡶࢆ✚㞷῝᭱ࡀࡿ࡞ 2 ᭶(ᐇ᪥㸸ᖹᡂ 26 ᖺ 2 ᭶

21-22 ᪥)㸪ㄪᰝ࣮ࣥࢰճࡢ᥇㞷ࢆ☬Დࡢ࣮ࣞࣂ࢝ࢫ㏻⾜Ṇࡢࡵゎ㝖ࡿࢀࡉ 4 ᭶(ᐇ᪥㸸

ᖹᡂ 26 ᖺ 4 ᭶ 26 ᪥)ᐇࡓࡲࠋࡓࡋ㸪ㄪᰝ࣮ࣥࢰճࡣ࡚࠸ࡘ㸪ᖹᡂ 26 ᖺ 1 ᭶ࡽ 4 ᭶ࡲ

࡛᭶ 1 ᅇࡢ㢖ᗘ࡛᥇㞷ࡶࢀࡎ࠸ࠋࡓࡗ⾜ࢆ㸪㐨㊰ἢ⥺ࢆㄪᰝࡀࡿ࠸࡚ࡋࢺ࣏ࣥ㸪㌴୧Ẽ

᥇㞷䝫䜲䞁䝖

ᅗ-2� ᥇㞷ࢺ࣏ࣥ⨨

ᅗ-3� ✚㞷㔞ᶆ㧗ࡢ㛵ಀᅗ
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✚ࡣ㸪᥇㞷ࡓࡲࠋࡿ࠸࡚ࢀࡉᐇࡣ᥇㞷ࡽࡀ࡞ࡋᢳฟࢆ⠊ᅖ㸪⮬↛✚㞷ᆅⅬ࠸࡞ࡋ㐩฿ࡢࢫ࢞

㞷ୖࡢᒙ㸪୰ᒙ㸪ୗᒙ࡛⾜ࡀ࠺࡞㸪✚㞷㧗 15-40cm ࡣሙྜࡢ 2 㸪(ࡋ࡞ࡣ㸪୰ࡳࡢୗୖ)ࢺ࣏ࣥ
✚㞷㧗 15cm ᮍ‶ࡢሙྜࡣ 1 ┤ࡢჾලࡣ‽ᇶࡿࡼ㞷㧗✚ࡢࡇࠋࡿ࠸࡚ࡋᐇࡢ࡛ࢺ࣏ࣥ

ᚄࡾࡼつᐃࣥ࢜ࠋࡿ࠸࡚ࢀࡉ⤌ᡂࡢ

ศᯒࡣ㸪᥇㞷ヨᩱࢆప ⼥ゎࡋ㸪ࣥ࢜

ࠋࡓࢀࢃ⾜࡚࠸⏝ࢆ࣮ࣇࣛࢢࢺ࣐ࣟࢡ

᥇㞷ࡢ✚㞷≧ἣ㸪ࡧࡼ࠾ᶆ㧗ⓗ࡞⨨

㛵ಀࢆᅗ-3 ᅗ-3ࠋࡍ♧ ⚟࣭₲㸪᪂ࡾࡼ

ᓥ┴ቃ࡛⣙ 160cm㸪ྈぢᕝὶᇦ࡛ 110㹼
190cm ᪉࡛㸪୍ࡿ࠸࡚ࢀࡽࡵㄆࡀ㞷✚ࡢ

᪂₲ᖹ㔝㸪ὠ┅ᆅࡢᖹᆅࡢ✚㞷㔞ࡣ

50cm ᮍ‶ࡢ≧ἣ࡛ࡀࡇࡿ࠶⌮ゎ࡛ࡁ

ྍ࠸࡞㸪᰿㞷࡛ࡣ㞷✚ࡿࡍ㛵ᖹᆅࠋࡿ

⬟ᛶࡶ♧၀ࠋࡿࢀࡉ 
 
㸳㸬ࣥ࢜⤌ᡂࡢศᯒ�

 
ᅗ-4 ୰ୗᒙୖࢆᡂ⤌ࣥ࢜ࡢ㞷✚

࡛ศᯒࡓࡋ⤖ᯝࢆ㸪ࣥ࢜⥲㔞࡛♧ࠋࡍ

ᅗࡣࢺ࣏ࣥࡢᴫࡡᕥഃࡀᾏഃ㸪ྑഃࡀ

㝣ഃࠋࡿ࠸࡚ࡋ♧ࢆ⤖ᯝࡣ௨ୗࡢձࡽ

ճࡿ࠶࡛ࡾ࠾ࡍ♧ 
ձ ᇶᮏⓗᾏഃୖࡢࢺ࣏ࣥᒙࡣᾏỈ

ᛶỿ‵)ࣥ࢜ࢫࢼ࣐ࡿࡍ᮶⏤

㸪ᾏᓊ㊥㞳ࡃከࡀ(࠸ࡁࡀせᅉࡢ╔

㸪ࡋࡔࡓࠋࡿࡍῶᑡࡀ࡚ࣥ࢜ࡗᚑ

᪂₲࣭⚟ᓥࡢ┴ቃࣥ࢜ࢫࢼ࣐ࡶ

ࡲ㡿ᇦࡢ㸪ಶࡾ࠶ࡀഴྥࡿࡍ᪼ୖࡀ

 ࠋࡿࢀࡉ၀♧࠸ᙉࡀᙳ㡪ࡢᾏỈࡣ࡛
ղ ྈぢᕝഃ࡛ࡀࣥ࢜ࢫࢼ࣐ࡣከ࠸

ഴྥࡵࡓࡢࡑࠋࡍ♧ࢆ㸪ᆅᙧⓗᒣ

ᆅᅖࢀࡲᾏᇦ㝸ࡀࡿ࠶ࡣࡾࡓ㸪

ᾏ㛵㐃῝ࡀࡇ࠸♧၀ࠋࡿࢀࡉ 
ճ 㛗℩ᕝഃ㸦☬Დ㸧࡛ࡣ㸪ࢫࢼ࣐

ࡉᑠࡣᙳ㡪ࡢ㸪ᾏỈࡃ࡞ᑡࡀࣥ࢜

 ࠋࡿࢀࡉ၀♧ࡀࡇ࠸
ࡓࡿࡍศᯒ᭦ࢆᯝ⤖ࡢճࡽձࡽࢀࡇ

ᅗ-4� ✚㞷ࡢࣥ࢜⥲㔞ࡢഴྥ

ᅗ-5� ᥇㞷ࣥ࢜ࢫࢼ࣐ࡢࢺ࣏ࣥ Cl-/Na+ࡢ㛵ಀ
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⛣᥎ࡢࣥ࢜ࢫࢼ࣐ࡢ㸪ୖᒙࡵ Cl-/NA+ẚࡢ᥎⛣᳨ࢆドࠋࡓࡋCl-/NA+ẚࡣ࡚࠸ࡘ㸪ᐩ

ᒣᾏᇦࡢᾏỈ࡛ Cl-/NA+=1.8 ሗ࿌ࡢࡽ࿋ࡀࡇࡿ࡞ ᥎ࢆᙳ㡪ࡢ㸪ᾏỈࡾ࠾࡚ࢀࡉ♧ࡾࡼ(10

ᅗ-5ࡣド⤖ᯝ᳨ࡢࡇࠋࡿ࠺ࡾ࡞ᣦᶆࡿࡁ࡛  ᅗ-5ࠋࡿ࠶࡛ࡾ࠾ࡿࢀࡉ♧ ձ㸪ࡢ௨ୗࡾࡼ

ղࡢ⤖ᯝࡀᚓࠋࡓࢀࡽ 
ձ ෆ㝣ഃ࠸ࡀࡓࡋࡿ࡞ Na+㸪Cl-ࡀῶᑡ㸪SO4-㸪NO3-ࡀቑຍࡿࡍഴྥࢆᢕᥱࠋࡓࡋNa+㸪

Cl-ࡢῶᑡ㛵ࡣ࡚ࡋ㸪ᾏሷ㉳※ࡴྵࡢ㝆㞷ࡣⴠୗ㏿ᗘࡀࡵࡓ࠸ࡁἢᓊᇦ㏆࡛ⴠୗࡿࡍ

ᙧែࡿ࠸࡚ࢀࡉ♧ࡀ᥎ ࠋࡿࢀࡉ 
ղ Cl-/NA+ẚ࡛ᾏỈ (Cl-/NA+㸸1.8)ẚ㍑ࡿࡍྈぢഃࡶ࡛ࡇࡇࡣ Cl-/NA+㸻1.8 ࠸㏆ᾏ

ࡣ࢚ࣜ㸪⊦ⱑ௦ࡀࡍ♧ࢆ್ 1.8  ࡍ♧ࢆ್ࡓࢀ㞳ࡅ
᪥ᮏᾏỈࡣ㛗℩ᕝὶᇦࡴྵࢆ㏆㎶㸪☬ᲓⰍ࿘㎶࣮ࣞࣂ࢝ࢫ㸪☬Დࡾࡼᯝ⤖ࡓࡋ࠺ࡇ

 ࠋࡿࢀࡉ♧ࡀࡇ࠸࡞ᑡࡀἼཬᙳ㡪ࡢ
 
㸴㸬⪃� ᐹ�

 
� ࡿ࠶࡛㇟Ẽ㇟࠸ࡍࡸࡋࡰཬࢆᙳ㡪㸪㝆㞷ࡵࡓࡿ࠼ຍࢆᐹ⪄࡚࠸ࡘศᯒࡢᡂ⤌ࣥ࢜

Ꮨࡢ㢼ἣ(㐣ཤ 5 ᖺ㸪ࡧࡼ࠾ᖹᖺࡢ AMeDAS ᖹᡂ(ࢱ࣮ࢹ 25 ᖺ 2 ᭶ 20 ᪥ᐇࡓࢀࡉ᥇㞷

  ࠋࡓࡗ⾜ࢆẚ㍑ࡢศᯒࣥ࢜ࡢ
 
㸴㸬㸯� 㢼ἣࡿࡼศᯒ�

㜿㈡㔝ᕝὶᇦࡢ㢼ἣࡢ⤖ᯝࢆᅗ-6 ♧

ࡀഴྥࡢ㢼ἣࡢࡘ㸱ࡡᴫࡣ୰ࡢὶᇦࠋࡍ

ㄆࢀࡽࡵ㸪ἢᓊᇦࡣᮾ᪉ྥ㸪ྈぢᕝὶᇦ

ෆࡣ༡᪉ྥ㸪ὶᇦయࡣ༡ᮾ᪉ྥ༟㉺ࡋ

㸪ࡣ࡚ࡋ㛵ἢᓊᇦࠋࡿࢀࡽࡵㄆࡀ㢼ྥࡓ

᪥ᮏᾏ༡ഃࡢᾏỈࡀ฿㐩ࡀ࠸ࡍࡸࡋ㸪ὶᇦ

ෆࡣἙ㐨ἢୖ࡚ࡗὶഃࡢᾏỈὶධࡀ⏕

㸪ᾏ࡚ࡗࡀࡓࡋࠋࡿ࠸࡚ࡋ၀♧ࢆࡇࡿࡌ

ᇦࡣࣥ࢜ࡢὶᇦయᣑᩓࡿࡍᵝ┦ࡀ᫂

㛗℩ᕝࡓࡋ♧࡛❶㸪㸳ࡔࡓࠋࡓࢀࡉࡽ

ὶᇦࡣᾏỈࡢ฿㐩ࡀᑡࡵࡓ࠸࡞㸪㝆㞷క
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Issues of current preventive measures against expansion of the damage due to Typhoon Haiyan in Eastern 

Visayas, the Philippines by Jun Yoshida, Daisuke Konno, Tadashi Isozaki,. Tohoku University 
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*Later phase from the triggered earthquakes near the Moriyoshi-zan volcano in Akita Prefecture by 
Masahiro Kosuga 
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*Discussions on ground motion characteristics of central area of Yamagata city by MITSUJI Kazuya 
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1. Hz  

KGT ARD MNM KND TRO NSK MNH ASH OKN NSD MEM
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*On-site investigation report of the M6.5 Zhaotong Earthquake, Yunnan, China 
 by Xin Wang, Qiang Ma, Hongjun Shi, Ji Dang, and Hao Wu 
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2) ttp://www.cea.gov.cn/publish/dizhenj/464/478/20140807085249557322083/index.html 

3) Building Damage Criteria from Strong Ground Motion Characteristics during the 2008 Wenchuan Earthquake, Xin 

Wang, Kazuaki Masaki, Kojiro Irikura, Journal of Earthquake Engineering Vol.15, No. 7, 2011, pp.1117-1137, 2011. 
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* Characteristics of shoreline in Misawa coast after countermeasures for beach erosion by Tomoki Saito and 
Mikio Sasaki 
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Shoreline change analysis through images from camera monitoring on  
Nha Trang Coast, Vietnam 
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Abstract 
 Over the past 5 years, anomalous erosion has been occurred on Nha Trang Coast, Khanh Hoa province, 
Vietnam. The erosion of several hundred meters sandy beach leads to beach loss in several months. The 
trends in shoreline change both erosion and accretion have been analyzed through extracted continuous 
images from camera monitoring system. The shift of shoreline, which was observed from mid-2013 to the 
first five months of 2014, was related to wave conditions. High waves induced by the northeast monsoon 
have caused the significant retreat of shoreline from the end of September 2013 to the beginning of 
February 2014. Sandy beach was eroded severely when shoreline reached to sea dyke; the concave shape 
of the beach was formed. On the other hand, the advance of shoreline can be observed in the remaining 
time series due to the fact that calm waves were dominant during these periods. The quantitative analysis of 
shoreline evolution at various longshore positions is also shown in this study. 

1. Introduction 
Vietnam has 3260 km in length of the 

coastline from the north to the south. It plays 
a vital role in social-economic activities of 
the country. However, in recent years, coastal 
erosion and accretion have become 
anomalous and widespread in the coastal 
zone of Vietnam. At the south central region, 
Nha Trang coast is also no exception. 

Nha Trang city is one of the most popular 
destinations in Vietnam’s tourism map with a 
wonderful bay that has been known as one of 
the most beautiful bays in the world. Nha 
Trang coast is located in the central area of 
this city. The location of this coast is shown 
in Fig. 1.  

In the north of Nha Trang coast, Cai River 
was considered as the principal source of the 
sediment to the coast (Inman et al., 1973, 
Szczuci ski et al., 2005). In 2009, the 
embankment along the Cai River mouth was 
constructed as an important infrastructure for the disaster prevention project of this province. However, 
after this embankment was constructed, erosion on the part of sandy beach has been observed. On the right 
side of the Cai River mouth embankment, the protrusion of beachside hotel which is playing a role similar 
to a groin at coastal area, can be considered as one of the reasons of erosion in this area (Viet et al., 2014). 
The erosion of sandy beach causes significant negative impacts on the coastal environment or the increase 
of the costs of disaster mitigation. Finding methods to reduce erosion are necessary for the community 
interest. In order to find sustainable solutions about this matter, one of the important steps is to get more 
insight about the evolution of shoreline positions. Through a coastal surveillance system by video-camera 
technique, the changes of shoreline on Nha Trang coast were extracted based on analyzing images from 
this system.                                                                                                             

Fig.1  Location map of Nha Trang coast 
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2. Study area and data collection 
Nha Trang coast with 4.3km in length is located in the southeast coastline of Vietnam with about 450km 

to the north of Ho Chi Minh city. This coast is limited by the Cai River mouth with the protrusion of the 
hotel as a groin in the north and a breakwater of the military port in the south (Fig. 1). The existence of 
many islands including Hontre island, the largest island on the southeast of the coast, can be seen as 
obstacles to the wind and waves impacting on Nha Trang coast. The study area has a tropical monsoon 
climate with two monsoon seasons per year; the northeast monsoon and the east-southeast monsoon. 

This study focuses on a part of Nha Trang 
coast, which is located approximately 350 m 
to the southwest of the Cai River mouth as 
can seen in Fig. 2. It is also the area on the 
right side of hotel which occurs the most 
serious erosion on Nha Trang beach. Along 
the beach, the local government constructed 
sea dyke to stop the intrusion of sea water. 

In order to describe the change of 
shoreline positions, video-camera system has 
been used. Recently, camera monitoring 
technique for shoreline observation, is 
commonly applied (Almar et al., 2012). This 
technique differs from the traditional 
aerial-photo of a single photograph analysis 
because the video system allows the use of 
continuous sequence images. Through 
protocol research project “Study on 
hydrodynamic regime and sediment transport 
in estuarine and coastal zones of Nha Trang 
bay, Khanh Hoa province” supported by 
Ministry of Science and Technology (MOST), 
Vietnam and Institute of Research and 
Development (IRD), France, a camera 
monitoring system with two cameras was 
installed in May 2013 (Viet et al., 2014). The 
first camera has been used for shoreline 
observation in the northern area of Nha Trang 
Coast (near the Cai River mouth) and the 
second one has been applied for the south 
area (Fig. 3). Images from the northern 
camera were used for this study.  

From 26th May 2013 to 31st May 2014, the 
video-camera system captured images in 
every second from 06:00am to 05:15pm 
every day. All images taken in each 15 
minutes interval were combined to make 
time-averaged images (Fig. 4). So, there were 
about 46 time-averaged images every day. In 
order to ignore the influence of sea level 
change on the selected images, the tidal level, 
which was collected at the nearest 
hydro-meteorological station, was calculated 
with respect to mean sea level in many years. 

Google    © WONAV DOT COM 

Fig.2  Study area 

Fig. 3  Camera position, (a) Northern camera,  
(b) Southern camera (Background photograph is 
Google Street View image taken in June 2014)  

(a) 

(b) 

Fig. 4 Time-averaged image from video-camera system 

Sea dyke 

February 01st, 2014 

Google      ©WONAV DOT COM 
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Fig. 5  Comparison between shoreline positions from 
camera images analysis and Google Earth images 

(a) 

(b) 

Fig. 6  Shoreline change on Nha Trang coast from May 26th, 2013 to May 31st, 2014 
(Back ground photograph is Google Earth image taken on February 01st, 2014) 

This study utilizes time-averaged images at the time when the tidal level was 0. A set 98 time-averaged 
images of 98 days during the period of this study was used to extract shoreline.  

All collected time-averaged images were 
rectified into World Geodetic System 1984 
(WGS84) based on 12 Ground Control Points 
that were selected along sea dyke to have 
approximately the same elevation. The point, 
which has coordinates 303958.65 m E and 
1355572.95 m N on WGS84 (dated February 
01st, 2014), is selected as the initial shoreline 
position (x=0). Besides, x-axis and y-axis 
were performed based on sea dyke, the 
positive direction of y-axis is seaward as seen 
in Fig. 5. From rectified images, shoreline 
positions ys(x, t) were detected in every 5m 
and then corrected with sea level.  

On this coast, two aerial photographs 
were collected from Google Earth image 
during the period of this study. The 
comparison of extracted shoreline positions 
from camera images and the Google Earth 
images can be seen in Fig. 5. The detected 
shoreline on February 01st, 2014 (Fig. 5a) and 
on March 03rd, 2014 (Fig. 5b) have good agreement with shoreline which can be observed from the Google 
Earth images on the same days.  

3. Results and discussion 
The shift of about 310 m in length of shoreline every two months is shown in Figure 6. Besides, the 

study area was divided into four regions (Fig. 6), from the left side (region 1) to the right side (region 4). In 
this area, the protrusion of beachside hotel and concrete blocks (pink solid-line) plays a role similar to a 
groin at this coastal area. 

 In the overview, the retreat of shoreline formed the concave shape from November 2013 to February 
2014. And from May to September 2013 and from March to May 2014, shoreline advanced. Beach erosion 
and deposition can be observed clearly along the first 180m in length of coastline on the right side of hotel. 
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Besides, shoreline positions in May 2014 (purple dotted-line) are similar to that in May 2013 (yellow 
solid-line). 
 From the extracted shoreline positions in one year, the overall trend of the shoreline evolution on Nha 
Trang coast in 3D manner is shown in Fig. 7.  

 In Fig. 7, it is clear that the beach on 
the close side of the hotel (x = 0 – 150 m) 
has more significant erosion than the 
beach on the far side (x = 250 – 300m). 
Another interesting point is the seasonal 
variation of shoreline can be observed. 
The period of the retreat or the advance of 
shoreline is mentioned above as in Fig. 6. 
Looking at the detail of Fig. 7, the 
deposition can be most clearly observed 
from the beginning of July to September 
2013. In contrast, the most erosion 
occurred during November 2013 to 
January in the next year. 
 The relationship between behavior of 
shoreline and wave conditions is shown in 
Table 1. With the climate characteristics in 
the south central region of Vietnam as 
well as at Nha Trang coast, the high waves 
and the calm waves are dominant during 
winter monsoon (northeast monsoon) and 
summer monsoon (east-southeast 
monsoon), respectively (Nagai  et al., 
1998, Almar et al., 2014, Viet et al., 2014). 

Fig. 7  Shoreline positions ys(x, t) in 3D manner 

! Shoreline advance  
" Shoreline retreat up to sea dyke 
# Sandy beach disappear in front of sea dyke 

Table 1 The shift of shoreline in the study area    
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Furthermore, this area is frequently affected by typhoons that often occur from October until January, 
hence this also contributes to the increase of wave-height during this period. It can be considered that the 
erosion or deposition of sandy beach in front of sea dyke is related to the change of wave-height and wave 
direction.  
 The northeast monsoon waves with high waves have caused the severe erosion of sandy coast in front of 
sea dyke on Nha Trang coast. The sandy beach in this area disappeared. Only from the end of September to 
October, although high waves induced by the northeast monsoon or typhoons can be observed, the 
amplitude of beach erosion increased gradually during this period and sandy beach was still remained in 
front of sea dyke.  
 The east – southeast monsoon with medium wind speed is generally expected to begin around March 
and fade away by the end of September. Besides, the islands which are located in the southeast of Nha 
Trang Bay can be considered as obstacles to the wind and waves as mentioned above in Fig. 1. So, calm 
waves can be observed. The beach was accreted in the same period.  
 The detailed view about the temporal variation of shoreline positions at some longshore positions is 
shown in Fig. 8. In 2013, during non-monsoon period of this study, from May 26th 2013 to the beginning of 
September, shoreline advanced in all regions. Especially, in region 1 and region 2, shoreline advanced 
about more than 10m (Fig. 8a, b) while the slight advance of shoreline was about 4m in region 3 (Fig. 8c). 

 However, the opposite trend can be observed from October to December, when Northeast monsoon 
waves occurred (Viet et al., 2014), shoreline positions retreated remarkably to sea dyke with about 30m in 
region 1 (Fig. 8a), 20m in region 2 (Fig. 8b) and about 7m in region 3 (Fig. 8c). It can be said that the 
erosion occurred, and it was concentrated in region 1 and region 2 that were adjacent to the hotel and the 
concrete blocks. 
 A glance at the Fig. 8 describes that the width of sea dyke is about 5m from the seawall to the farthest 
seaward positions of sea-dyke slope. The line of ys=0 is the positions of seawall. These structures help to 
prevent overtopping by sea water. Thus, after shoreline retreated up to sea dyke in the beginning of 
December 2013, shoreline positions were stable in the next 2 months (Fig. 8a, b, c) before seeing a gradual 

Fig. 8  Temporal variation of shoreline positions 
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advance of shoreline. Generally the distance between the seawall and shoreline positions was about 3m - 
5m in region 1 and region 2 during this period. 

In 2014, from February to May, the shoreline recovered more than 6 m in both region 1 and region 2 
(Fig. 8a, b) and about 3m in region 3 (Fig. 8c). Referring to the Fig. 8d, the stability of almost shoreline 
positions in region 4 during the period of this study can be observed. 

4. Conclusion 
In this study, through a video-camera monitoring system on Nha Trang coast, time-averaged images 

have been extracted to analyze the continuous change of shoreline. The shoreline in the study area appears 
to be especially sensitive to climate fluctuations. Under the influence of the northeast monsoon over the 
coastal areas of Nha Trang, the retreat of shoreline is induced by the high waves, the concave shape is 
formed as well as a part of sandy beach with more than 180m in length disappear in a long time, about 4 
months. Besides, the most severe erosion is occurring in the area near the hotel. The recovery of shoreline 
is followed by an extended period of shoreline retreat, it is most common during east-southeast monsoon 
when the waves are comparatively calm. These detailed values in one year of shoreline change could be 
applied for estimation of longshore sediment transport in the future.   
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Morphological change on Cua Dai Beach, Vietnam: Part I image analysis 
 

Nguyen Trung Viet1, Vo Cong Hoang2,3 and Hitoshi Tanaka4 
 
Abstract  

Severe erosion has been occurred on Cua Dai Beach, Hoi An City, Quang Nam Province which is 
located in the central part of Vietnam. The erosion has been getting more serious in recent years. In this 
study, the changes of morphology are presented through analysis of satellite images. Sandy beach has 
been eroded severely. The propagation to the north of sandy beach wedge toe can be observed. Tourist 
facilities such as hotel, embankment, etc. have significant influence to the evolution of surrounding 
morphology. The reduction of sediment supply from river due to the construction of reservoirs upstream 
and sand mining along the river or at the river mouth has been pointed out as the highly possible 
mechanism of erosion.  

 

1. Introduction 
 Ho i An is a city in the central part of Vietnam which is located about 600km on the north of Ho Chi 
Minh City. Its ancient town is UNESCO World Heritage site. Thu Bon River, which is one of the largest 
rivers in the central part of Vietnam, crosses this city and pours into the Pacific Ocean at the Cua Dai River 
mouth. In recent years, the erosion has been occurred severely on Cua Dai Beach which is located on the 
left side of the river mouth. That caused significant effect to the morphology, the tourism industry and the 
developing of this city.  
 Vietnam has the coastline of about 3260 km in length. The erosion of beach is commonly observed at 
places. However, there have been few studies on the erosion of coastal areas. Viet et al. (2014) present the 
mechanism of seasonal erosion of sandy beach on the right hand side of the Cai River mouth, in Nha Trang 
City, central Vietnam. Moreover, similar effect as groin in the coastal area of the hotel has been also 
presented in that study. Duc et al. (2012) analyze the evolvement and physical mechanism of the erosion at 
the estuary areas of Red River system, northern part of Vietnam. That is caused by the unequally 
distribution of river sediment. For the basin of Thu Bon River as well as Vu Gia River, there have been 
studies regarding to the flooding assessment, land use changes, environmental changes, etc (Nam et al, 
2014; Loan and Umitsu, 2011). However, there 
have been lack studies for the estuary, and 
adjacent coasts.  
 Hence, in this study the morphological 
changes on Cua Dai Beach in recent years are 
investigated through the analysis of satellite 
images. 
 

2. Study area and data collection 
 This study focuses on the beach of about 6km 
in length around the Cua Dai River mouth, Hoi 
An City, Quang Nam Province, Vietnam (Fig. 1). 
Thu Bon River has the average annual discharge 
of about 327m3/s and the length of about 152km. 
It pours into the Pacific Ocean at the Cua Dai 
River mouth, Hoi An City. The Vu Gia River has 
many tributaries. The length of this river is about 
204km. Its mouth is located in Da Nang City 
where is about 30km on the north side from the 
Cua Dai River mouth. In the downstream area, 
there are connected rivers between these two Fig. 1 Location map of study area 
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Zone 3 (x=3000-5000m)  – The beach on the left side of river mouth  
Zone 4 (x=0-3000m)   – The beach on the left side of river mouth  

Morphological changes in each zone are presented as below.  
 
Zone 1 – The beach on the right side of the Cua Dai River mouth (x=7500-9200m)  

Figures 3(a) and 3(b) show detected shoreline positions and temporal variation at transections of 
shoreline position of the beach on the right side of the Cua Dai River mouth, respectively. According those 
figures, shoreline position in this zone has been retreated about 500m in the period from 2004 to 2012. 
However, it has been stable after that, in the period from 2012 to 2014. In addition, it can be observed that 
the tip of this sandy coast is migrated to the south. 
 
Zone 2 – The beach adjacent to the left side of the Cua Dai River mouth (x=5000-7500m) 

Figures 4(a) and 4(b) show detected shoreline positions and temporal variation at transections of 
shoreline position of the beach adjacent to the left side of the Cua Dai River mouth, respectively. Shoreline 
position in this zone has been retreated about 200m in the period from 2004 to 2014. The erosion in this 
zone has been occurred since a long time, and it has most serious erosion compared to other zones. The 
beach on the close side of river mouth has more significant erosion than the beach on the far side. The 
beach on the left side of Cua Dai River mouth is the famous place for tourist. Hence, since 2004, resort 
hotels have been constructed along this beach [Fig. 2(a)]. At that time, sandy beach was still remained in 
front the hotels. However, after the severe erosion these hotels are now locating protrusion into the 
seawater body, for instance, Sunrise Hoi An Beach Resort. The sandy beaches vicinity to this hotel are 
eroded severely. The hotel plays the role as groin in the coastal area. It is similar to the case of the hotel on 
Nha Trang Beach which reported by Viet et al. (2014). For the safety of tourism facilities in this area, some 

(b) Temporal variation of shoreline positions in Zone 1 

Fig. 3 Detected shoreline positions and temporal variation of shoreline positions in Zone 1 
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parts of the beach have been protected by sheet pile seawall. At these locations, the erosion of the sandy 
beach on the back side of seawall due to overtopping waves is very serious. It caused collapsing of resort 
hotels. At the locations without protection of hard-structures, severe retreat of shoreline can be observed.  

 
Zone 3 – The beach on the left side of the Cua Dai River mouth (x=3000-5000m)  
 Zone 3 is adjacent to the north side of Zone 2. The right boundary of this zone is about 2500m to the left 
side of the Cua Dai River mouth. Detected shoreline positions and temporal variation at transections of 
shoreline position of the beach in this zone are presented in Figs. 5(a) and 5(b), respectively. The amplitude 
of beach erosion is decreasing from the right side to the left side in this zone. It is about 120m on the right, 
whereas about 30m on the left. 

 
Zone 4 – The beach on the left side of the Cua Dai River mouth (x=0-3000m) 

Figures 6(a) and 6(b) show the detected shoreline position and temporal variation at transections of 
shoreline position of the beach in Zone 4. This zone is located adjacent to the north side of zone 3. 
Shoreline data in 2011 is not available for this zone. According to the results presented in Figs. 6(a) and 
6(b), shoreline positions in this zone are rather stable. Only slightly advance of shoreline can be observed at 
some locations on the north side of the zone.  

 
(2) Movement to the north of sandy beach wedge toe  
 According to the satellite images analysis, very interesting results showing that the wedge toe of 
sandy beach on the left side of river mouth propagates to the north. Location of wedge toe at each time is 
represented by white vertical arrow in Fig. 2. In addition, according to the field observation data in 
December, 2014, the location of beach wedge toe is shifted about 900m toward to the north from the 
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Fig. 4 Detected shoreline positions and temporal variation of shoreline positions in Zone 2 
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Fig. 5 Detected shoreline positions and temporal variation of shoreline positions in Zone 3 

(b) Temporal variation of shoreline positions in Zone 4 

Fig. 6 Detected shoreline positions and temporal variation of shoreline positions in Zone 4 
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location of wedge toe in the beginning of March, 2014. Shoreline was retreated about 30m in this period.  
The movement of sandy beach wedge toe is also one of the indicators of the reduction of the sediment 
supply to river mouth area.  

 
(3) Highly possible mechanism of severe erosion on Cua Dai Beach 
 Thu Bon River is ranked fourth in Vietnam for potential hydropower generation capacity after the Da, 
Dong Nai and Se San river systems. In responding to the highly energy demand on fast economic 
growing in the past decade, several hydropower reservoirs have been constructed in the upstream of Thu 
Bon River. In addition, reservoirs have been also constructed for irrigated and flooding storage purposes. 
The operation of these reservoirs can interrupt the sediment movement in the river flow. Besides the 
reduction of sediment to the downstream induced by the construction of reservoirs, the sand mining from 
river channels also can reduce the sediment supply to the downstream. This activity is commonly observed 
along Thu Bon River (ICEM, 2008). Due to the effect to the transportation of fishing boats, the dredging 
sediment deposition at the river mouth area is conducted frequently. All above actions can remarkably 
reduce amount of sediment supply to the river mouth area. Thus, the reduction of sediment supply could be 
the highly possible mechanism of erosion of the Cua Dai Beach. The reduction amount and more details 
on the mechanism of erosion of shoreline will be discussed in Part II of this study (Hoang et al., 2015). 
 It is noted that, the highly erosion mechanism mentioned above is presented based on quite general 
information and past experiences. Hence, in order to obtain proper mechanism of the erosion, more data 
such as wave, bathymetry, water level, etc. are required to acquire and further analysis need to be done. 
 

4. Conclusions 
This study has investigated the changes of morphology on Cua Dai Beach. Shoreline has been retreated 

severely in recent years. The erosion of sandy beach is more severe in the zones which are closer to the 
river mouth. Coastal structures have significant influences to adjacent beaches. The wedge toe of sandy 
beach on the left side of river mouth propagates to the north. Highly possible erosion mechanism of the Cua 
Dai Beach has been presented. The reduction of sediment supply from river is considered as the highly 
possible mechanism of erosion. Details in the sediment reduction amount and the erosion phenomenon 
induced by the reduction of sediment will be presented in Part II of this study (Hoang et al., 2015). 
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Analysis on morphological recovery of tsunami-induced concave shoreline 
 

Vo Cong Hoang1, Hitoshi Tanaka2 and Yuta Mitobe3  
 
Abstract  
The 2011 tsunami caused concave shoreline around the Nanakita River mouth area, Sendai Coast, 
Miyagi Prefecture, Japan. The recovery process of morphology in this area is much depended on the 
longshore sediment which is transported from adjacent sandy coasts. Coastal structures on both sides of 
the concave portion are considered as rigid boundaries, and have significant influence on the evolution of 
shoreline. Analytical solutions of one-line model, which describe the evolution of shoreline around the 
concave portion in cases without and with rigid boundaries, have been discussed. The obstruction to the 
shoreline evolution is revealed through the analysis of analytical solutions. Results show that 
dimensionless recovery time from two solutions is asymptotic when the ratio of concave width to the 
total length of sandy coasts bounded by two rigid boundaries is small. Analytical solution of one-line 
model for estimating the area of sand deposition in the concave portion is introduced. 
 
1. Introduction 
 Concave shoreline at river mouth areas is the common morphology observed right after the 2011 
tsunami. It was formed after the flushing of river mouth sand spit and the eroding of sand barrier 
adjacent to the river mouth by the tsunami (Tanaka et al., 2012). The recovery process of this kind of 
morphology has been presented by Hoang et al. (2015). In that study, the evolution of shoreline positions 
after the tsunami at the Nanakita River mouth and the Akaiko Breaching areas has been reported. 
Analytical solution of one-line model, which describes the evolution of shoreline in case without rigid 
boundaries on both sides of the concave portion, is given by Larson et al. (1987). Moreover, an 
analytical solution of one-line model describing the evolution of concave shoreline on the coast bounded 
by rigid boundaries has been introduced by Hoang et al. (2015). Dimensionless recovery time of 
morphology, which is depended on the ratio of total length of adjacent sandy coast to the concave width, 
has been presented. However, the correlation 
between these solutions hasn’t been discussed 
yet. Moreover, the obstruction of rigid 
boundaries such as jetty, breakwater on the 
evolution of shoreline hasn’t been discussed 
clearly.  
 During the recovery process, longshore 
sediment is transported into the concave 
portion. This sediment is supplied from the 
adjacent sandy coasts. Volume of sediment 
transported into the concave portion in 
corresponding to elapsed time is necessary to 
evaluate. This theory is important not only for 
coastal management but also for the 
engineering. It can be applied in the field of 
beach nourishment. Dean (2003) mentions that 
the evolution of shoreline position on the 
beach nourishment in case of pocket beach is 
not important, because the final equilibrium 
state is known in advanced. However, 
knowing the volume of sediment remained 
after a certain time of nourishment is 
important and useful. 
 Hence, this study would like to discuss 

Fig. 1 Location map of study area 
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The evolution of shoreline position around the concave portion can be described by analytical solution 
of one-line model. Larson et al. (1987) and Hoang et al. (2015) introduce solutions for cases without and 
with rigid boundaries at both ends as Eqs. (2) and (3), respectively. 

y* = 
1

2
Y0 !erfc "B-2x

4#!t$+erfc "B+2x

4#!t$%                                               (2) 

y*=Y0 &1-
B

L
-

2

!' 1

n
sin

n!B
L

exp(-
4!n2!2t

L2
) cos

2n!x
L

"

n=1

* +++++++++++++++++++++++++++++++++++++(3)+
where Y0 is the cross-shore distance of beach cut region from the initial shoreline. This distance is 
estimated based on the actual condition of shoreline right after the tsunami; erfc is the complementary error 
function; B is the width of concave portion; L is the total length of sandy coast bounded by two rigid 
boundaries. 

Eqs. (2) and (3) are expressed in dimensionless form as Eqs. (4) and (5), respectively. 

y*= 
1

2
,erfc (1-2x*

4-t*
)+erfc (1+2x*

4-t*
).      +++++++++++++++++++++++++++++++++++++++++++++++++++(4) 

y*=1-/0- 2

!' 1

n
sinn!/0exp1-4n2!2t*/023cos2n!x*B*

"

n=1

                                     (5)+
where the dimensionless parameters are defined as follows. 

y*=
y

Y0

                                                   +                      (6) 

x*=
x

B
                                                                           (7) 

t*=
!t
B2

                                      +++++++         +                    (8) 

B*=
B

L
                                                                           (9) 

The recovery time, TE, is defined to be the time when shoreline position at central line (x=0m) becomes 
99% of the equilibrium shoreline position. The equilibrium shoreline positions of cases without and with 
rigid boundaries are Y0 and Y1, respectively.!Value of Y1 is obtained from the Eq. (10). 

Y1=
Y04L-B5

L
                       ++++++++++++++++++++++++++++++++++++++++++++++++++ (10) 

By utilizing Eqs. (4) and (5) and above conditions, relationship between the dimensionless concave width 

Fig. 4 Schematic diagram of bounded rectangular beach cut 
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and the dimensionless recovery time of two solutions is given by the following equations.  

 0.99= erfc! "#$%&'(                                                                (11))
0.99*1-B*+=1-B*-

2

!, 1

n
sinn!B*exp --4n2!2TE

* B*2."

n=1

                                (12))
where the dimensionless recovery time is defined as follows.! 

TE
* =
!TE

B2
                                                                      (13))

In this study, the dimensionless parameters x*, t*, B* and TE* are defined in different way compared to 
Hoang et al. (2015).  
 Figure 5 shows the relationship between the ratio of concave width to the length of the coast bounded by 
rigid boundaries (B/L) with the dimensionless recovery time. The dimensionless recovery time, which is 
obtained from the solution for the case without rigid boundaries, is always constant, whereas, the 
dimensionless recovery time is getting smaller when B/L value is getting larger in the case of solution 
with rigid boundaries. However, the recovery time obtained from these solutions is asymptotic when the 
ratio of B/L is rather small. It is common to observe in the beach nourishment that fixed boundaries are 
constructed on both sides of the nourishment area to prevent the leaving out of sediment. Thus, results in 
Fig. 5 are also valid for this case. 
 
(3) Sediment movement into the concave portion 

The volume of sediment, which is transported into the concave portion, can be obtained by 
multiplication the area of sand deposition and the depth of closure. The area of sand deposition, AD, is 
the area on the concave portion plane where sediment has been deposited. Equations for estimating the 
area of sand deposition for the case with rigid boundaries is given as the following equation. /0*=2Y0

L

!2
, 1

n2
sin2 n!B

L

"

n=1

11-exp!-
4!n2!2t

L2
(2                                        (14))

 The concave shoreline at the Nanakita River mouth (Case 1) and the Akaiko Breaching (Case 2) areas 
are typical cases of concave shorelines after the tsunami. Eq. (14) is utilized for these cases. The values of B, 
Y0, L and ! for these cases are 1040m, 68m, 2350m, 320m2/day and 120m, 270m, 1600m, 340m2/day, 
respectively. 

Fig. 5 Relationship between TE* and B/L 
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 On the other hand, the area of sand deposition when shoreline position getting equilibrium state for the 
case with rigid boundaries is given as the following equation.  

AE=
Y0!L-B"

L
B                                                                   (15)#

 Figure 6 shows the simulated results of the area of sand deposition corresponding to elapsed time for 
Case 1 and Case 2. In the early period, the area of sand deposition is increasing. When increasing time, it 
approaches the equilibrium area of sand deposition (AE). The area of sand deposition of Case 1 is larger 
than Case 2. 
 It is interested to note that, by changing the side of Y0, Eq. (14) can estimate the area (or volume) of 
sand remaining after a certain time of beach nourishment.  
 
4. Conclusions 
 This study has discussed on the analytical solutions of one-line model which describe the evolution 
of shoreline around the concave portion in case without and with rigid boundaries. The dimensionless 
recovery times obtained from analytical solutions of one-line model for the cases without and with rigid 
boundaries are asymptotic when the ratio of B/L is small. An equation for estimating the area (or 
volume) of sand deposition in the concave portion is introduced. This is very important not only for 
researching but also for engineering. Simulated results of the area of sand deposition corresponding to 
elapsed time on cases of the Nanakita River mouth and the Akaiko Breaching areas are presented. 
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Fig. 6 Evolution of the area of sand deposition in the concave portion at the Nanakita River 

mouth and the Akaiko Breaching areas 
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* Change in Longshore Sediment Transport behind Detached Breakwaters due to Tsunami by Fumiaki Mori, Yuta 

Mitobe, and Hitoshi Tanaka 

 

 

 
1.  

2011 3 11

2015 1

1)

2)

 
  

2. 
4.5km

( -1 )  6

3)

  
 

 

500m

1

1000 2000 3000 4000
x(m)

N

東北地域災害科学研究　第51巻（2015） 115



3. 
1 2 1

2011 3 12
2009 3 2014 9

wave run-up 0m
0.11

4)

2011 1 Wave run-up

 

                                          (1) 

R surf similarity parameter  
 

 
-2 (2011 3 6 ) (2011 3 12 )

10m
x=1300m x=2100m

  
-3

-4 -4
3 ( -3(a))

( -3(b))

-2

2011 3 6
2011 3 12

x(m)

116



2011 10 2015
( -3(c))

 

-4

30

10

-10

-30

0

(m)

60

80

100

120

time

y(
m

)

50

100

150

200

time

y(
m

)

50

100

150

time

y(
m

)
y(y(y(y(yy(y(y(y(y(y(y(y(yyyy

m
)

m
)

mm
)

m
)

m
)

m
)

m
)

m
)

m
)

m
)

m
)

m
)

m
)

m
)

mmm

2011/3/11 2014/1/12009/4/1

2011/3/11 2014/1/12009/4/1

2011/3/11 2014/1/12009/4/1

―500m 1000 - 1400

―2300m 2500 - 2700

―3200m 3500 - 4000

(a)

(b)

(c)

-3 . (a) , (b) , (c)

(y(y(y((y((y(y((y(y((y(y(y(
m

)
m

)
m

)
y(y(y(y(y(y(y(y(y(y(y(y(y(yyyyyyy

m
)

m
)

m
)

m
)

m
)

m
)

m
)

m
))

m
)

m
)

m
)

m
)

mmmmmmmm

117



 
y=ax+b a(m/year)

-5 2000 4500
500 2000

0

 
 

(EOF)
y(x,t)

en(x) cn(t)
5)6)  

 
a (x,t)=y(x,t)- x cn(t)en(x)       (2) 

 
(x ) y(x ) x cn(t)

en(x n
λi  

Rn=
λn

λk
i=1

                           (3) 

cn(t) en(x) 1 ,  2 ,
 
-6 -7

1 50.0% 1 e (x)

0 500 1000 1500 2000 2500 3000 3500 4000-10

0

10

20

x(m)

y(
m

/y
ea

r)a
(m

/y
ea

r)

x(m)

-5

118



(t)
-8 1

2 21.2% e (x)
(t)

-7 (a) (b)

0 1000 2000 3000 4000-0.1

0

0.1

x(m)

-500

0

500

t

(m
)

0 1000 2000 3000 4000-0.1

0

0.1

x(m)

-500

0

500

t

(m
)

2011/1/12009/4/1 2010/1/1

― ―

― ―

― ―― ―

(m
)

(m
)

-6 (a) (b)

(a) (a)

(b)(b)

2014/1/12012/1/1 2013/1/1

(a) (b)

(c) (d)

15

10

0

5

-5

-15

-10

(m)

10

0

-10

(m)

20

10

0

-10

(m)

10

0

-10

20

(m)

-8
(a) 1 (b) 2
(c) 1 (d) 2

119



2
 
1 57.4% 1 e (x)

1 (t)
2 21.5% e (x)

2
 

 

EOF
1 2

1 2
2

  
 

 
1) 

Vol.47 pp.621-625,2000. 
2) 2011

B2 Vol.68, No.2, pp. 
I_1411-I_1415, 2012. 

3) 
Vol.51, pp. 536-540, 2004. 

4) 
Vol.48, pp. 586-590, 2001. 

5) 
23 2 pp.27-47 1984. 

6) 
B2 , Vol. 68 pp.561-I_565, 

2012. 
 

120



* Analysis of the geomorphic change and the structural damage due to Tsunami by Tsuyoshi Nagasawa, 
Hitoshi Tanaka 
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*Suffer example of river wall in tidal river by Takehito Horie, Keisuke Shimazaki and Hitoshi Tanaka 
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*Numerical simulation of run up tsunami in the model of Kitakami River, by Aoyama Yasuhisa, Mohammad Bagus 

Adityawan, Mitobe Yuta, and Tanaka Hitishi 
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* Paleo tsunami source estimation by using combination optimization algorithm - Case study of The 1611 
Keicho earthquake tsunami - by K. Imai, T. Maeda, T. Iinuma, Y. Ebina, D. Sugawara, F. Imamura, and A. 
Hirakawa.
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*Investigation of Tsunami Evacuation using Floating Type Tsunami Evacuation Shelter on the building  by 
Yuichi Kaneko and Kazuya Watanabe 

 

1  
2011

4  
 

1)

 
1/20

 
 

2  

0.50m 0.30m 11.0m
5.0m 0.067m 1/26  

 
 

東北地域災害科学研究　第51巻（2015） 145



2) 4
6 2 4 6.3cm 48.5g

6 8.6cm 78.9g Froude
15cm 14cm 15cm

30cm  

 
4 6  

 
 

 
 

 
 

 
 

 
20cm 9cm 30cm 3

3cm 30cm 2
 

146



3  
6 30cm 3cm

35.0cm 20cm

 
 

 
 

6 30cm 3cm
35.0cm 3cm

30cm  
 

(1)

-5

0

5

10

15

20

25

1 201 401 601 801 1001 1201 1401 1601 1801

-0.5

0

0.5

1

1.5

2

1 201 401 601 801 1001 1201 1401 1601

cm
 

1/100s  

1/100s  

(c
m

/s
) 

147



(2) 
 

4.  

3  
(1) 1  

1 1/10 2/10  
 

   

   

   
(1) 

-0.5

0

0.5

1

1.5

2

1 201 401 601 801 1001 1201 1401 1601

1/100s  

(c
m

/s
) 

148



(2) 2  

 
 

   

   

   
(2) 

 
 

(3)  

0.2 1

 

149



  

  

   
(3) 

5.  
3

3)

 
 

 

 
 

 
1) 24

pp.105-110 2008. 
2) TAJIMA MOTOR CORPORATION SAFE+

http://www.tajima-motor.com/safeplus/shelter/index.html (2015 1 15 ) 
3) ,

, 63, 2014. 
 

150



Study on Damage Mechanism of RC Frame with Steel Roof Structure based on 3D analysis 
By Masayuki HANDOU, Tomomi FUJITA, Atsushi SUZUKI, Junichi SHIBUYA 
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* Relation between damage of wooden houses during the 1894 Shonai earthquake and H/V spectral ratio of 
microtremors by Toshihiko MIZUTA and Hiroshi KAGAMI 
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* Vibration characteristics by microtremor measurements at new base isolation buildings in Aobayama 
campus of Tohoku University, by Susumu Ohno, Hiroyuki Uenoyama, Ryosuke Tsuruta, Hiroki Ishizuka, 
and Satoru Koike 
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短辺 3.0Hz 2.05Hz
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短辺 3.1Hz 2.15Hz
長辺 3.0Hz 2.1Hz
南北 2.2Hz 1.7Hz
東西 2.2Hz 1.6Hz

基礎階固定時
（上階／BF）

マテリアル・
開発系
電子情報システム
・応物系
災害科学
国際研究所
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機器 応用地質McSEIS MT-NEO
（携帯型加速度計３成分）

時刻 GPSロック後内部時計

計測 100Hz sampling, １ケース20分間。
1F中央を基準点とした移動計測

伝達関数
１区間20.48s，半区間オーバーラップで，
振幅をHV（パワースペクトル比），
位相をクロススペクトルから計算

計測時期 竣工直後（機器・什器搬入前）

G 2 /0(HIJKLMNO 

G" /0P<NO 

階数 構造 基礎

マテリアル・
開発系新棟

地上5階建＋
基礎免震

RC,SRC造
短辺:ラーメン構造
長辺:耐震壁付
　　ラーメン構造

杭基礎＋
基礎免震
(RB+LRB+
 OD+CL)

電子情報
システム・
応物系新棟

地上6階建＋
基礎免震 RCラーメン構造

杭基礎＋
基礎免震
(SB+RB)

災害科学国際
研究所新棟

地上5階建＋
基礎免震 RCラーメン構造

地盤改良基礎 ＋
基礎免震
(RB+SB+
 OD+CL)

RB:天然ゴム系積層ゴム支承 LRB:鉛プラグ入り積層ゴム支承
SB: 錫プラグ入積層ゴム支承 OD: オイルダンパー CL: 直動転がり支承
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*Damage to structures due to heavy snow during February 14 to 16, 2014                                    
- Mainly on the damage to carports and greenhouses in Gunma Prefecture -         by Yasushi Uematsu 
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* Downstreammorphology change along thePorongRiver after dischargingmud fromvolcano eruption,Hitoshi Tanaka, FumiakiMori,Makoto
Umeda,ShuichiKure,YutaMitobe andSuntoyo
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* Effects of Mud Volcano Eruption on Porong River Environment, Indonesia by Shuichi Kure, Makoto Umeda, Hitoshi 
Tanaka, Keiko Udo, Akira Mano, and Suntoyo 
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*Investigating scale dependency of rainfall-runoff process in terms of watershed-scale storage estimation 
method by Takahiko Chiba and Yoshiyuki Yokoo 
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*Estimating runoff processes of Cs-137 in catchment area of wastewater treatment plant in Fukushima 
prefecture by Yudai Shikano and Yoshiyuki Yokoo 
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* Estimating the number of dominant processes in rainfall-runoff processes by Yushi Kanno and Yoshiyuki 
Yokoo 
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*Estimating rainwater storage and discharge processes of inflow to the Bishamon pond in Fukushima by 
Daiki Fujimoto and Yoshiyuki Yokoo 

* 

 
 
 

 
1   

1888

1986

2014

2014

 
 
2   

S&DL mini 5 m 

H-Q  
 

Q  (m3/s) H  (m) a  (m2/s)

n  ( ) H-Q

 
1985

Tc Tc 2 ω(k) ω(k) (3)
 

  

東北地域災害科学研究　第51巻（2015） 201



 

 

 
Kirchner (2009)

Kirchner 2009 Q S 4 4
S 5 5 6 7

7 P ET Q 8
Q dQ/dt 9

10 10 11
S-S0 S0 Kirchner (2009) 11

b 1
11 b 1 12  

 

 

 

 

 

 

 

 

 

 

                                                                      
 
3   
3.1  (H-Q)  

H-Q 14 15 16 , 17

202



2012 10 3

2012 10 2013 3 14 2013 4 2014 3

15 2014 4 16

17  

 

 

 
 
 

 
Q H  

 
3.2  

-2 -2
2

3

2 3
1

 
 

 
3.3  

203



-3 4

 

 
 
3.4  

Kirchner (2009)
-dQ/dt

 

 
 
 

204



 
 
 
3.5  

-8

 

840 mm
Q1 S1

747 mm 9

Q2 80 mm
2

Q3 Q4  
 
4   

1985

4 Kobayashi and Yokoo (2013) Kirchner (2009)
4 2

2

205



 
 

 

- -

-

B 24760388 B 22360192

 

 
 

Kirchner, J. W. (2009), Catchments as simple dynamical systems: Catchment characterization, 
rainfall-runoff modeling, and doing hydrology backward, Water Resour. Res., 45, W02429, doi: 
10.1029/2008WR006912. 

Kobayashi, S. and Yokoo, Y. (2013), Estimating watershed-scale storage changes from hourly discharge 
data in mountainous humid watersheds: toward a new way of dominant process modeling,  Hydrol. 
Res. Lett., 7, 97-103, doi: 10.3178/hrl.7.97. 

 (1986), , 

, 38, pp.19-29.  

 (1985), FORTRAN BASIC , , pp.84-93. 
 (2014), 

, , 50 , pp.254-250.  
 (2014), 

24 pp. 
 

206



*Hydrological monitoring and data analysis for estimating runoff processes of inflow to the Bishamon pond 
in Fukushima by Shoya Hirose and Yoshiyuki Yokoo 

* 
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* On the regularity of Japanese watershed topography by Takahiro Suzuki and Yoshiyuki Yokoo 
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*Investigation of Tidal Discharge and Salinity Intrusion due to Winter Storm Waves at the River Mouth of 
Akita Prefecture by Yushi Imai, Takuya Okonogi and Kazuya Watanabe 
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Study of the morphological development around river mouth in Lake Tuni, 
Bolivia 

 
Gabriela Sossa Ledezma1, Hitoshi Tanaka2, Yuta Mitobe3 

Abstract 
This study is directed toward the analysis of the morphological development around river mouth in Lake 

Tuni, and attempt to be linked with an evaluation of present reservoir sedimentation. This analysis will be 
expressed in terms of rate of sediment deposition, evaluating three different methodologies and comparing 
our results with the rate of sediment yield reported by Kawagoe (2014).

 
1. Introduction 

Most sediment enters reservoirs as a consequence of rainfall erosion and subsequent transport by streams.
Furthermore, because eroded sediments may be flushed downstream trough stream channels over a period

of decades or longer, it is essential to differentiate between the volumes of material eroded from the land 
surface and the amount which is actually transported into a reservoir.

Though that the most representative amount of sediment introduced in a reservoir is located in the 
sediment deposit, around the river mouth. Surveys performed directly on this area can derive in an interesting 
overview of the reservoir sedimentation processes. 

The first methodology analyzed in this paper is the comparison of topographical information in the 
sediment deposits for different periods. Fujita et al. (2004) exposed a morphological comparison around the 
river mouth, giving interesting sights on the relevance of a morphological comparison. Unfortunately 
investigations have often suffered from poor spatial and temporal sampling resolution morphologic data. 
However Milan et al. (2007) has proposed the implementation of topographical surveys with a 3D laser 
scanner to evaluate this kind of studies. The second methodology is based on the approach of Hashimoto et al. 
(2013), where data collection about the thickness of a sediment deposit was related with the sediment 
deposition phenomena. And the third methodology is based on the application of Meyer Peter Muller bed 
load sediment transport equation, a worldwide applied equation. In addition Hippe et al. (2012), Kawagoe
(2014), Kothyari et al. (1994) and Walling (1999) provided important information that helped us to 
understand the linkage of the erosion and deposition processes.

These studies are valuable in quantifying either sediment yield or sediment deposition by different 
methodologies, but they do not address the relationship between the two parameters nor the final impact on 
the reservoir. Therefore the purpose of this paper is to present an evaluation of the reservoir sedimentation 
based on the analysis of the morphological development around river mouth.
 
2. Study area  

Lake Tuni is a very precious water resource that provides water resources to two major cities of Bolivia, 
La Paz and El Alto. Hence there is a big concern about global climate change not only will accelerate glacier 
retreat, but also it may result in accelerate sediment deposit, reducing the capacity of the lake.

Lake Tuni is located in the prefecture of La Paz, at the north-west part of Bolivia. The main source of 
sediment inflow to the reservoir is Tuni River, which originates in Tuni Glacier. Tuni River flows for 5.5
[Km] before draining into Lake Tuni, it has a contributing catchment area of 10 [Km2], and at the river 
mouth, was formed a sediment deposit, which surface area is 0.035 Km2. This sediment deposit is our target 
area (Fig.1).
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Fig. 1  Location of Lake Tuni and Tuni River’s sediment deposit 
3. Results and discussion 
3.1 Comparison among topographical information 

Tuni sediment deposit was surveyed with a 3D laser scanner in August 2012, October 2013 and August 
2014. The instrument combines reflectorless laser measurement technology with high-speed automatic 
robotic surveying to obtain topographical accurate measurements, with a resolution of 1[cm] and a high
definition of 0.20 [m] (vertical and horizontal interval between each observation). The effective area of 
analysis was delimited by the maximum and minimum water levels of the lake, 4440.5 [m.a.s.l.] and 4437.5 
[m.a.s.l.] respectively. The grid size was set at 0.5[m] x 0.5 [m]. Later the topographical data was averaged 
regionally inside each grid cell. Last each grid point was compared by the subtraction of height, for each 
period respectively (Fig. 2-3), where the positive difference of volume among both periods represents the 
rate of sediment deposition. In these figures is appreciable the trend of the sediment deposition, right close to 
the river mouth. The results are summarized in Table 1. 

The correction of the topographical data took place simultaneously by the rotation of the data about the 
three coordinate axes “x”, “y” and “z”. For example 2012’s topographical data was set as the base for the 
correction and 2013’s data was rotated until get the least difference on subtract elevation at the unmovable 
area, the terrain that is not affected by the water level of the lake. The already mentioned procedure was 
applied to correct the 2014’s topographical data as well.

Fig.2 Subtract Elevation of the regional averaged (Tuni 2012-2013)
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Fig.3 Subtract Elevation of the regional averaged (Tuni 2013-2014)

Table1 Thickness, volume and of sediment deposition rate

Period Rate of sediment 
deposition [m3/year]

2012-2013 1.2x102

2013-2014 1.3x102

 
3.2 The sediment layer thickness 

Thus through the analysis of excavation points (Fig. 4) was possible to recognize the presence of bed forms, 
which are the organization of grains into morphologic elements. Below bed forms the composition of the 
sediment suddenly changed from gravel to clay, making easier to recognize the total thickness of the 
sediment layer. 

Fig.4 Excavation points at the sediment deposit of Tuni River

Plotting the relationship between sediment layer thickness and radial distance from the river mouth (Fig. 5), 
can be concluded that the sediment is deposited until a radial distance from the river mouth of 128 [m] 
approx. and the average thickness is 0.94 [m]. Thus the volume for each sediment deposit was calculated 
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assuming a constant sediment thickness of 0.94[m] and multiplying for the area covered until 128[m] radial 
distance. This deposition trend was verified after the analysis of the grain size distribution of sediment
samples that were taken in situ. The mean diameter of the particles is inversely proportional to the radial 
distance from the river mouth.

Finally the rate of sediment deposition is the result of dividing the volume per 35 years, the time that the 
dam is functioning (1978-2014). The values of thickness, volume and sediment deposition rate are 
summarized in Table2. 

Fig.5 Relationship between sediment layer thickness and radial distance from the river mouth

Table 2 Thickness, area, volume and rate of sediment deposition

Thickness 
[m] Area [m2] Volume 

[m3]

Rate of sediment 
deposition 
[m3/year]

0.94 17x103 16x103 4.6x102

3.3 Meyer-Peter and Müller equation 
Meyer-Peter and Müller based on data obtained from a considerable number of experiments suggested that 

the bedload discharge by weight per unit time and width can be determined by

γ ı KsKrı ıı RS ı τı∗ıγı ı γı d ı 0.25ρıı qıııı γıγı ı γı
Where γ and  γı = specific  weights of water and sediment, (in metric tons/m3), respectively, R the 

Hydraulic radius (in m), S the energy slope, d the mean particle diameter (in m),�τı∗= the Shields critical 
parameter (0.06), ρ the specific mass of water (in metric tons-sec/m4),�qı the bedload rate in weight per 
unit time and width [in (metric tons/sec)/m], and ı ı ıı ı ı S the kind of slope, which is adjusted such the only 
portion of the total energy loss, namely, that due to the grain resistance is responsible for the bedload motion. 

Applying this equation was computed the bed load sediment transport in Tuni River. The data of 
instantaneous discharge (every 10 min) used corresponds to almost the whole hydrological year (Nov 
2012-Aug2013). The period that has bedload sediment transport is from November to March, which 
represents almost one third of the year (Fig. 6). 

The hydraulic ratio was assumed as equal to the Normal depth which was calculated trough manning 
equation. Finally the total amount of bedload sediment transport computed for the hydrological year 
(2012-2013) is 190 [m3/sec]. However this equation is very sensitive to changes in the hydraulic ratio, which 
is largely limited by small changes in the manning coefficient of roughness.
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Fig.6 Bedload transport on Tuni River.

3.4 Comparison 
Kawagoe (2014) reported that the current rate of sediment yield of Tuni catchment area is 1.7x102 

[m3/year].
The amount of sediment deposited to a reservoir depends on the amount of sediment yield produced by the 

upstream watershed. Thus the proportionality factor between the rate of sediment deposition and the rate of 
sediment yield must be lower than 1. The methodology that has a better agreement with this principle is the 
“Comparison among topographical information” (Table 3). As well as the difference of the results obtained 
between the two periods analyzed is just 10%. However the other two methodologies analyzed support the 
theory that in general terms the rate of sediment deposition is low.

Table3 Comparison among different methodologies to calculate the rate of sediment deposition

Period
Comp. among 
topographical 
inf. [m3/year]

The Sediment 
Layer Thickness 

[m3/year]

Meyer-Peter 
and Müller 
equation 
[m3/year]

2012-2013 1.2x102 4.6x102 1.9x102

2013-2014 1.3x102 - -

According to Hippe et al. (2012) the study area belongs to the formation of Paleozoic which indicates a 
stronger resistance to weathering and erosion processes. Moreover the gradient of precipitation varies 
monthly from 120 mm in rainy season (Jan-Mar) to 18 mm in dry season (Jun-Aug), which is characterized 
by episodic, heavy and short duration. Thus the sediment particles removal and the fluvial sediment transport 
are largely limited to the rainy season. In addition the vegetation on Lake Tuni catchment area is limited to 
grass and small bushes. This is consistent with results obtained in many different areas of the world, which 
have already provided evidence that slight land use leads to low erosion rates. Therefore taking into account 
these factors can be explained the low rates of sediment yield and sediment deposition.
4. Conclusions 

The rate of sediment deposition obtained through topographical comparison for different periods showed 
the best results among the methodologies analyzed. In addition was established that parameters such as: 
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precipitation soil coverage and type of soil formation are leading into a low rate of Tuni reservoir 
sedimentation.
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* Perpendicular structure of salt water moved into Lake Jusan by Akihiro Ichizawa, Mikio Sasaki, Hitoshi 
Tanaka, Makoto Umeda and Aki Nishimura 
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* Field measurements on macrophyte vegetation in Lake Izunuma by Makoto Umeda, Shinya Nakada, 
Tetsuro Shimada and Yasufumi Fujimoto 
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