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ర໓শ͈ඏ໓අ̞̾̀ͅȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ളᰦȁྶȆऎदـ
ਝനߒώغڡ५͈ਹႁ་̳ͥ۾ͅاཛྷಫκΟσȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ಿ᜴ॄ
ਝനࡇဇ၌׆߄ݰߴਫ਼௬͈࣐ଽ༧ॗ͙ͣͦͥͅૼबܱȽ 1914 ාਝന୵ཤ౷ૼͬಎͅȽ ȤȤȤȤȤȤȤȤȤȤȤ କനຮȆྙޢဢঃ
൲۷௶ͥ͢ͅၘஜࣞനঌ͈౷๕͈ S ෨௸ഽࢹ௮͈ଔ ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ५ུםგȆಱനȁ࣎ȆḶȁ࣠
ޭ൲ͺτȜౝऔͥ͢ͅ܊۾֚ࡇঌ͈౷๕͈ S ෨௸ഽࢹ௮͈ଔ ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ֳ໐ုঊȆ५ུםგȆḶȁ࣠
૩ࡇ༏౷̜ͥͅ۷ૼޑ௶ത͈ૼ൲අȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ༌ؖੇ֚Ȇඤ̜͙͠
ڛഎ౷ૼܖ๕͈ஃ̞౷֖̤̫ͥͅ౷ૼ൲͈௩໙අͅܖ̳ͥ۾யഎ൦ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ཱȁറȆಎఆȁ૨
2011 ාཤ౷༷ఊဢؗ౷ૼ͈बΟȜῌ̩ࣞ̿ܖ௸ൽႹେാ͈έρΐςΞͻȜެ ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ಎఆȁ૨
2011 ාཤ౷༷ఊဢؗ౷ૼ࣭ͥ͢ͅൽ͈बΟȜῌ͈ၴޘ̩̿ܖέρΐςΞͻȜບث ȤȤȤȤȤȤȤ ಎఆȁ૨ȆஜੇȆऎș࿐
ٯऔ̩̿ͅܖཤ౷༷ఊဢؗ౷ૼ͈୵రঌ̤̫ͥͅ౷ૼ൲අ͂࠺૦൲۾͈ٺ߸ȤȤȤȤȤȤȤ ఱȁ૨Ȇఆ૯ࢅȆড়५ྶۘ
ఱ౷ૼশ̤̫ͥͅೋ෨ൢోஜ͈࠺ಃࢹ௮͈͒ ౷ૼ̳ͥ۾ͅޣג͈ٺ൦ ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ෯ાࢁȆུંঃ
An evaluation of the dynamic properties of traditional wooden shrines located in Yurihonjo, Akita ȤȤȤȤȤȤȤȤȤȤ Carlos Cuadra
ഘࣸ౾ؚआࢹ௮͈అੱιΣΒθͅܖ̳ͥ۾யഎݪࡄȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ႝ࿐කতȆന౺ࡨȆ๑ጶȆਸ਼֚
2013 ා 9  2 ͅॅޮ́̓̈́ࡇอ̱̹ၧ࠺ͥ͢ͅےٺ ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ࢫȁධଡ଼Ȇ๑നခྚȆઐȁ߄Ȇ֏ཻޘ 
2013 ා 7 ၠ֖֚ͬ႕̱͂̀ȡ ȤȤȤȤȤȤȤȤȤືඅಭȡٺਬಎַࣧࠁ५ ઐၑȆࢀȁਘ֚Ȇ૯ȁྶȆခ൱ࠃঊȆനಎȁ૾
2013 ා 8 අಭ ȤȤȤȤȤȤȤȤȤ͈ٺַࣧब܊ਝനȆ ঊȆ૯ȁྶࠃ၌გȆհȁટȆCarine YiȆခ൱ݛਔඵȆ࢛ȁਘ֚Ȇ ૩ࢀ
2013 ා 8  9 ਝനȆ܊ַ̤̫ࣧͥͅഘൽେാ͈बম႕͂߱ޗ ȤȤȤȤȤȤȤȤȤȤȤ ઐຶםຳȆളᰧ֚Ȇչ̜̯͙Ȇࠨංܖࡓ
ਝനַࣧबͬٺచય̱̹࡛͂౷۷௶̞̾̀ͅȡ 2013 ා 8 చય̱͂̀ȡ ȤȤȤȤȤͬٺอַ̱̹ࣧबͅ ȁȆനގఊȆള༏֚
ཤ౷༷̤̫ͥͅౣশַ͈ޑۼ࡛අȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ႝ࿐Ȇളᰦȁྶ
௮̤͍͢ΩριȜΗ͈ଔȤȤȤȤȤȤȤȤȤȤȤȤࢹၠၾ଼͈ၗͬ၌ဥַ̱̹ࣛၠκΟσ͈ع ༿ٖ࠲ఱႿȆႅਜȆ؍
໐ͬခ̳࢛ͥٳ RC ௮࠺͈ஜ࿂૫କ૬Ȅ֊൲Ȇഢുૄ͂କၠఘႁ͈೩ࡘ ȤȤȤȤȤȤȤȤȤȤȤȤȤ ઐຶםຳȆൌೋȁ༸Ȇࠨංܖࡓ
໐ͬခ̳࢛ͥٳ RC ௮࠺ͅ൱̩ೋ෨ೄႁ͈་اΩΗȜϋ ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ઐຶםຳȆಿઔ੍ٚȆࠨංܖࡓ
ႁ͈ैဥത̯ࣞȄంȆঘȄ଼֗ાਫ਼ࣱ̥͙̹ͣ܅٬ઐ͈ೋ෨ఛႁȤȤȤȤȤȤȤ ઐຶםຳȆࡔനࡋহȆۃᚧྶȆࠨංܖࡓȆൌೋȁ༸
ೋ෨ၠקশ͈܅٬೯ཡͅࢃ̲ͥၠͦા̳ͥͅ۾କၑ࿅߿ࡑ
ȁȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ २໐ఊȆNguyen Xuan DaoȆMohammad Bagus AdityawanȆനಎȁ૾
Validation of a numerical model for tsunami waves overtopping a coastal embankment
ȁȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ Nguyen Xuan Dao, Mohammad Bagus Adityawan, Hitoshi Tanaka
ུఱૼब̤̫ͥͅع͈ೋ෨ஸષ͂౷͍̤͢ࠁဋगඅ͈͂۾߸ȤȤȤȤȤȤȤȤȤȤȤ ਕ௨ཹȆऊგࢩȆඃനೄఱȆୄקਏ
Numerical analysis of tsunami wave intrusion into a river ȤȤȤȤȤȤȤȤȤMin Roh, Mohammad Bagus Adityawan, Hitoshi Tanaka
ཤ౷༷ఊဢؗೋ෨ͬచય̱̹͈͂ͤͩ͘܅ࢌ౷ࠁ་ٜ͈اଢ଼ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ༗ုٚݛᚧȁࣧȆനಎȁ૾Ȇఱז
2001 ා̥ͣ 2013 ා̥̫͈̀ͅ୵రსධ໐٬̫̤ͥͅ܅٬ೲ౷ࠁ་ا ȤȤȤȤȤȤȤȤȤȤ ࣞఆ͘͞Ȇခ൱ࠃঊȆ໌നຐࣣঊȆ૯ȁྶ
Changes in morphology on Sendai Coast and its problems after the 2011 tsunami ȤȤȤ Hoang Vo Cong, Yuta Mitobe, Hitoshi Tanaka 
ུఱૼबஜ͈ࢃ૬ஃ௶ၾΟȜΗͬဥ̞̹͈܅٬ے౷๕ೆئၾບث
ȁȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ നಎȁ૾ȆNguyen Xuan DaoȆMohammad Bagus Adityawan
୵రঌڿ͈ۙګೋ෨ब̷͈͈͂ࢃ౷ٝࠁ໘ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ നಎȁ૾Ȇ२໐ఊȆMohammad Bagus Adityawan
Estimation of land subsidence induced by a mega earthquake using water level data
ȁȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ Mohammad Bagus Adityawan, Hitoshi Tanaka 
ΕςΠϋႨ෨͈ତࠗॳ͈ࣞୈഽ̹̫࢜ͅاࡃऔ͂մȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ऎ࠳ఊȆ؍
ུ࣭͈५౷ၠ֖͈ܨȆ౷ၑૄެޙၠ͂۾͈ેࠁ߸ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ؍ਗȆࡋനࡔ
ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ  ߸۾କၠၾ͈ڱ͂Ȇ౷ၑૄܨ͈֖ၠ ऎဎ֚Ȇ؍
ρȜΩΗȜϋચྶͬဥ̞̹ 3 ষࡓဋगෛഽືࠗ௶༹͈ٳอ ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ࣽനီٚȆ२໐ఊȆനಎȁ૾
ၠ֖ͅ؊̲̹ാगၠඅͅݪࡄ̳ͥ۾ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ չ߽ဈȆࢺाၖȆୄקਏ
କഉಎ͈ Cs-137 ͈་൲අ͂κΟςϋΈ ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ २ં׆Ȇ؍
Analysis of sediment yield and sediment deposition in Lake Tuni, Bolivia
ȁȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ Gabriela Sossa Ledezma, Hitoshi Tanaka, Francisco Rojas Illa
Tuni ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ݪࡄͥͩ۾ဋगඅ͂ͅેࠁ০࿂̫̤ͥͅ ࣽஂೄȆFabiana MercadoȆୄקਏ
ഉغ५ၠවฺ̠ͅͼϋΡΥΏͺȆευϋ͈ع་൲
ȁȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ૩ȁડȆ२໐ఊȆࢀȁਘ֚ȆSuntoyoȆനȁȆനಎȁ૾Ȇခ൱ࠃঊȆ૯ȁྶ
ഉغ५͈ၠව໐̫̤ͥͅၠئευϋ͈କৗ۪ޏȤȤȤȤȤȤȤȤȤȤȤȤȤ നȁȆ૩ȁડȆനಎȁ૾Ȇࢀȁਘ֚ȆSuntoyo
ၔ๖कઔဏୱၠ͈ܢවນၠକକၾ͂କৗ͈۾߸ȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ २׆ȁȆള༏ణଲȆ ؍Ȇᩊॄ༠
2013 ා 1 କచॐࢻକশַ͈ࣛඅܑ͂ު͈ࢻอ̱̹ΐλσῌ
ȁȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ȁုȆࢀȁਘ֚ȆήςΛȜȁΐͿτηȜȆθΧςȁͺήΡͽσ
Evacuation decision during the fl ood: a case from the 2013 Jakarta fl ood
ȁȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ Abdul Muhari, Shuichi Kure, Jeremy D. Bricker, Yo Fukutani
ਝന܅״ࡇঌఆ͈͒ೋ෨൝̳ͥͅ۾ͺϋΉȜΠऔȪȫ
ȁȽ଼ 24 ාྎ͈ȸਝനࡇȶ౷ૼٺேऔȷͅ߸ͥೋ෨۾ႲΟȜΗȹນ͈ࢃచ؊̞̾̀ͅȽ ȤȤȤȤȤȤȤȤ ק२ဎȆऎࣉং
ুடब̥ͣٺ͍ͥװ౯ႁ࢜ષ͈̹͈͛ࡘबڠਠΜȜσ͈ٳอ͈͂ض࢘બȽࡘबεΉΛΠȶࠫȷ͂बٺ࿅݀ఘࡑήΛ·Ƚ
ȁȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ༗ന૯ၑȆࣽఆȆΛΩΏȜȁͺχΛΠ
ਝന̫̤ͥͅࡇ౷֖අͬࣉၪ̱̹ཡब͈̞̀̾֗ͅޗ൦ȇ͈ࢷڠൺȆ༗ࢌ৪Ȇޗ֥ͬచય̱̹͂ͺϋΉȜΠऔͬͅܖ
ȁȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ չ̜̯͙ȆہశࢣȆള༏֚
ਝനࣞުࢥ൝ڠ͈ࢷڠͬచય̱̹͂ڠಎ͈ೋ෨ཡब̳ͥͅ۾ͺϋΉȜΠऔȤȤȤȤȤȤȤȤȤȤȤȤȤȤȤ ି᥈ཹȆུંঃ
ےঌၛत̫̤ͥͅࢷڠबٺ໘͈֗ޗޟகȽȸ໘ޟζΛί̩̿ͤȹίυΈρθȽȤȤȤ ඃ५םၑঊȆ॓֔ՔঊȆఆ५ၻȆऎȁ࠲
५ࡇࠁ࣭ཷ౷ୌؗ५̫̤ͥͅࠏ༲ٟ౷଼ًࠁ͈ࠁ͂ාయ
ȁȽ५ࡇࠁၛ࣭ࣞࢷల֚ڠාȶ౷֖ڠاȷ̤̫ͥͅڰݪࡄ൲̱̹ͬཡब͈ͤ৾֗ޗழ͙Ƚ
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ၞᄖߩኒᐲᄌൻߥߪ=іᐔဋਥᔕജ ,)5)������ᑼ?ޕၞ߇ #� ߩరߚߞߦߎߘ㧘ߒᄢߌߛ
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,� � � � � � � � ��+�� � �
#�)5#�,5#�*3!#�+�#�*"3!#�,�#�+"5#�*3#�,+�� ߒߛߚ #�+�#�*5)�� � #�,+5#�,�#�+� � � � ��,��
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,5��+�%�%!*3("�,!*�("&�"
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���ᩇ⁁㜞᷷ၞᩇ⁁㜞᷷ၞᩇ⁁㜞᷷ၞᩇ⁁㜞᷷ၞ�
����▚ᑼ▚ᑼ▚ᑼ▚ᑼޕᓟߩᔕ↪߽⠨ᘦߒ㧘㋦⋥ߥᩇ⁁ᾲၞߡߟߦᬌ⸛ࠆߔ�࿑ ࠍᐲ᷷ߩᾲၞޕ� ��৻

ቯ�㧘ၞᄖ᷷ߩᐲࠍ ��ၮḰ᷷ᐲߪߩࠆߔߣ�㧘ߣߢ߹ࠇߎห᭽ޕࠆߢ� ኒᐲᄌൻࠆࠃߦ #+ Ᏹߪ

�㧘ࠇߐߢ�ᑼ,��ߦ ၞౝߩߎߩ #+ ߇ ਛᔃὐߩ႐วߩߘޕ↢ࠍ*�# �*�#�㊀ജ⇣Ᏹߩߢ!
㧘࿑ߪ . �����	㧔ࠆߖߦන◲ߦ߁ࠃߩ㧘ᰴ↪ࠍภ⸤ߩߢ�������*20/���/+㧕㧦� � � � � � � � � � � � � � �

� � #�*5+*�#+!3�+���*"� 㧘� �5+!*3("�$�!3�+���*"� � � � � � � � � � � � � � � � � � � � � � � � � ����
⸥╙ + ᑼߪ㧘������,�ᑼߩ㑐ଥߡ↪ࠍ ߚࠇߐᄌ឵ࠄ߆*�# � 
ࠆߢએਅห᭽�ޕ�
ᩇ㕙ࠍ㕙ࠆߔߣ႐ว!�5)"ߪ㧘� �+5����*5!�+3+"*�+� �㧘ߢ � � � � � � � � � � �

� #�*5+*�#+%�3��!�+3+"*�+&㧘� �5+!*3("��$��#*3�� %*3+��+&*�+$� � � � � � � � �	���
�㧘ࠄߥ"59!ή㒢㐳ߦਅᣇ߇ᩇߢߎߎ � � � #�*5�+*�#+�㧘� � � �5+!*3("�$�� � � � � � � � �		��
� � ࿑ߩ႐วߩ59 . ߩ � ὐࠆߌ߅ߦ ᄙ㗄ᑼ࡞࠼ࡦࡖࠫ࡞ߪ*�# ߡߒߣᢙዷ㐿⚖ࠆࠃߦ"(!�	


ࠆࠇߐ	������������*20/���/-��ޕ�./ �6� �㧘ߪߢ
� � #�*5+*�#+����� � � �5+!*3("�$���� � �� � � � � � � � � � � � � � � � � � � � � � � � � � � �	
+��

�5*�!
��"	*!)"3!*�+"!
��"+	+!)"�!*�1"!
��"-	-!)"3!*�*/"!
��"/	/!)"� �
�!.�*+1"�!
��"1	1!)"�3!0�+./"�!
��"*)	*)!)"�㨯㨯㨯� � � � � � � ���6�� � � �	
,��

� �5!*�+"!�"
"�!*�1"!��
",	+!)"�3!*�*/"!��
".	-!)"�!.�*+1"!��
"0	/!)"3㨯㨯㨯� � ���7�� � � �	
-��

��㧘)5ߢߎߎ 
(�5ޕࠆߔߣ� �ޕ(㧘)5ߪߢ�ߐᷓߩᩇ㕙ߪ
� � ����� 
��������ߩ�ᰴޕ⋦᭽⋧᭽⋧᭽⋧᭽ߩߩߩߩߡߟߦ㧘��� ߩߡߒߣ㑐ᢙߩ � ୯ࠍ�	
,��	
-�ᑼߕ߹ࠅࠃߦ

▚ߡߒߘޕߚߒ㧘ਔ � ୯ߩᏅޕߚߒߣ���ࠍ�
��������5)㧘� � ��������5)�0.�� � ��������������

ߐᷓߩ㧘ਅ㕙ߢ㕙߇㕙ߪ��� ߇� )�0.� ࿑ࠍࠄࠇߎޕࠆߔᗧࠍᩇߩ �ޕߔ␜ߦ�+��
� 㕙ࠍ㕙ࠆߔߣᩇߡߟߦ㧘ਛὐ ࠆߌ߅ߦ! �ާ 5�"+!*3("�$� ߐᷓߩਅ㕙ࠍި ��
࿑ࠍࠇߎޕߚ᳞ߢ��ᑼ	�ߡߒߣ㑐ᢙߩ 㕙ᷓᐲޕߔ␜ߦ�,�� *�ਅ㕙ᷓᐲ �ߩ႐วߩ+ � 㧘ߪ

ߢ࿑ߩߎ  ࠍ 	��
ਔߩ߈ߣߚߒߣ � ୯ߩᏅޕࠆߥߣ�
� ߩ �ಽᏓ�⚿ዪߪ � ಽᏓߩ�ⷐߪ࿑ �㧘ߣࠆࠇ㔌ࠄ߆ᩇၞޕࠆࠇขߺ⺒ߢ�+�� ૐߪ

ਅ߇ࠆߔ㧘ߩߘᐲวߪਅᐩ߇ᵻߤ߶ࠆߥߊᕆỗߪࠇߎޕࠆߢ���ኻߩ���Ყセࠄ߆⥄ߢ

(�5"�ޕࠆ ߩ � ୯ߪߦᩇਅᐩ߇ߐᷓߩᤋ߇ߩߚߒ␜ߦ⊛⛔♽ࠍࠇߎޕࠆߔ࿑ �ޕࠆߢ�,��
� � �
�㧚㧚㧚㧚ᵹㅢᕈ᳓㘻ᄙሹ⾰ᇦ⾰ᵹㅢᕈ᳓㘻ᄙሹ⾰ᇦ⾰ᵹㅢᕈ᳓㘻ᄙሹ⾰ᇦ⾰ᵹㅢᕈ᳓㘻ᄙሹ⾰ᇦ⾰ߩߩߩߩᾲ⤘ᒛᾲ⤘ᒛᾲ⤘ᒛᾲ⤘ᒛ�

� ㅢᏱߩጀߪᄙሹ⾰ߢ㧘㑆㓗ߪ᳓ߢḩߩߘޕࠆߡࠇߐߚ㓙ߩᒢᕈߡߟߦ ���� ℂ⺰!⁍
ፒ�+))."ߩᨒ⚵ߢߺ⠨ኤޕࠆߔᄙሹ⾰ጀߪ࿕‛⾰
☸ሶ�ߢ᭴ᚑࠆࠇߐ㛽ᩰߩߘߣ㑆㓗ࠍḩߚ

߇ᵹㅢߩ㑆㓗᳓ޕࠆߔߣࠆߡࠇߐ㘻ߢ᳓ߪ㧘㑆㓗ߢ᳓ߪᵹߪߢߎߎ㧘߇ࠆߥࠄ߆ᵹߔ

㐽߫ࠇߡࠇߐߑ㧘㛽ᩰߣ㑆㓗᳓ࠍߡ㧘ᒢᕈߡߒߣᛒޕࠆ߃� �
ታ㓙ߪߦ㑆㓗᳓ߪᵹㅢ⁁ᘒ߇ߣߎࠆߦᄙߣᕁޕࠆࠇࠊએਅߪߢ㑆㓗ߪᵹㅢ⊛ߣࠆߢ

ቯߩߘޕࠆߔ႐ว㛽ᩰ߇ᱡ߽ߢࠎ㧘ᵹߪᄌൻߕߖ㧘㛽ᩰߪ㑆㓗᳓ߦ┙⁛ߪߣᒢᕈߡߒߣ

േߩߘޕࠆߔ㓙㑆㓗₸ . ᄌൻߩ (. 㧘ጀࠄߥࠆࠇߚߦኒᐲ߽৻ቯߩ㧘㑆㓗᳓߈ߢήⷞ߇

㛽ᩰ5ߦ⚐නޕߥߒᓇ㗀ߦ㊀ജᄌൻߪሽߩߘ㧘ߢਇᄌߪ㊂⾰ߩ㑆㓗᳓ߩࠅߚනⓍߩ
࿕ᒢᕈߡߒߣ 㧘⚿ዪߊࠃ߫ࠇ↪ࠍ⺰ℂߩߢ߹� #�)5) ᒢᕈଥᢙ㧘ኒᐲ㧘ߩ㓙ߩߘޕࠆߥߣ
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⤘ᒛଥᢙ╬ߪ㛽ᩰߩߡߒߣ㊂ޕࠆߢ㛽ᩰߪၮᧄ⊛ੇߪߦ῎⁁ᘒߩጀߦ⋧ᒰߦ․ޕࠆߔᔅⷐ

ߪ႐วߥ % ߪ㧘㛽ᩰߡߟߦ╬ �㧘࿕☸ሶߪ � ߪᒰ㕙ޕߔઃࠍሼ߃ᷝߩ %�5%� �ޕࠆߔቯߣ
ᐲ᷷ޕࠆߔ⠨ኤߡ߃឵߈⟎ߦᄙሹ⾰ጀߩ⸤ࠍ႐ߩ⁁ᾲၞߩ���� � ߦනߪ㛽ᩰߪߢᾲၞߩ

࿕ߡߒߣ⤘ᒛߩߘޕࠆߔⓍ⤘ᒛ₸ #�"� �㧦ࠆߔઍߦ�ᑼ��ࠍࠇߎޕࠆࠇߐࠊߢ�ᑼ,��ߪ
�5!*�("#����*
,�5!*3("��%����,*
,� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �	���

㑆㓗᳓ߕࠄ߅ߡࠇߐ᧤᜔ߪ㧘᳓ߩ⤘ᒛ₸ %� ᵹߦᾲၞᄖߪᒛಽ⤘ߟ߆㧘ߒᒛ⤘ߢ߹߹ߩߘ

ᢔㅺࠆߔ�࿑ ࠍኒᐲߩ㑆㓗᳓ޕ�0 +�㧘ߩߘᄌൻಽࠍ #+� ޕ᷷ࠆߔߣ ᐲ � �+�5��㧘#+ߪߢ%�� ޕࠆߢ

㊂ᄌൻಽ⾰ߩ㑆㓗᳓ߩߢ㧘!�3#��"ౝߣࠆ↪߽ࠇߎ #�� �㧦ࠆߖߦ߁ࠃߩᰴߪ
� #��5!�3#��"!.3#."!�+�3#+�"��!�3#��".+�ѳ�.+��!#.�.3#+��+�"5��.+��!#.�.�%��"� � �	���

��*.Dҋ��ҋ*�D#.��㧘#ߪߢߎߎ D#+��+�Dҋ* �%�5%ޕߚߒㄭૃߡߒߣ ߺߩᾲ⤘ᒛߪߢਅߩቯߩ

ߪߢ #. �ޕߥߓ↢ߪ ജ߁ߦ ���!�."ᑼ㧕ߩ⽶߇ #. ߒήⷞࠍࠇߘߪᒰ㕙ޕߔࠄߚ߽ࠍ #.5)
(6.#ޕߔߥߺߣ �%㧘߫ࠇߔലᨐ߽ടߩ ߩߎޕࠆߔ⧯ᐓჇടߌ߆ߪ #�� ߇ �㧦↢ࠍ(�#

#�)5�#�����
,5���.+�%����
,� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �	��
ߣࠇߎ #���!5��㧦ࠆߖߦ߁ࠃߩᰴߡ↪�ᑼ߽�	�㧘ߪᲧߩߣ"��
� � � #�)�#���5!,*�+���"�.%��!*3("�%��� � � � � ,*�+���5)�+),1� � !+�5*�)))����,"� � � � �	��� �
⇛୯ߡߒߣ㧘%5,4*)�.�8��㩷 %�5.4*)�-�8���(5)�,㧘.5)�*. �㧘ߣࠆߔቯߣ
� � .%��!*3("�%5*�2+,䋬㩷 㩷 #�)�#���5)�,2+㩷 �� 㩷 㩷 #��#���5!#�)3#��"��#���5*�,2+� � � � � � � � � � �	��� �
⚿ዪ㧘㓉ࠕࠛࡈࠆࠃߦ⊛㊀ജᄌൻߦടߡ߃㧘-)㧑Ⴧ⒟ᐲߩ㑆㓗᳓⤘ᒛലᨐ߇ᦼᓙޕࠆࠇߐ�
� � �

��⑺↰㚤⑺↰㚤⑺↰㚤⑺↰㚤ࠤࠤࠤࠤጪጪጪጪߩߩߩߩ㊀ജᄌൻ㊀ജᄌൻ㊀ജᄌൻ㊀ജᄌൻ�
����⑺↰㚤ࠤጪ㨯ᅚጪߩ㊀ജᄌൻ᷹ߣὐಽᏓࠍ࿑ ߚࠇߐ⟎⸳ߦ⊛⛯ᜬߪ㊀ജޕߔ␜ߦ�,���+��

ߪၮḰὐߩኻ㊀ജ⋦ޕߚࠇߐቯ᷹ߢบ࠻ࠢࡦࠦ �	㧔ᮡ㜞⚂ 	���6㧕ߢ㧘ࠞ࠺࡞ౝᅚጪ

㧔ᮡ㜞 		�6㧕ߩർർ᧲ 
ߒߣ㊀ജᄌൻ୯ࠍᏅߩࠄ߆���ᐕ�୯	�ೋᐕ᷹ⷰޕࠆߦጊ⣻ߩ��46

ߪ⸘↪㊀ജޕࠆߡ �+�8<=/�$86,/;1␠ߢ㧘	���ᐕ߹ߪߢ ����㧘
���ᐕએᓟߪ �ߢ��

��	㧘ߚࠆߔૐᷫࠍᡓੂߩ╬Ꮕ⺋࡞ࠤࠬࠆࠃߦ㊀ജ⸘ᄌൻޕࠆએᓟߪߡߟߦ㧘ࠆ

ᱜಣℂ߇ࠆߡߒࠍ�㧘ᒰ㕙ߩਥኻ⽎ࠆߢ 	���ᐕ߹ߩߢ㊀ജᄌൻߪߦ㧘ታ⾰ᓇ㗀ޕߥߒ�
ޤࠞ⸼ޣ� ߩ᧲ർ࠺࡞ 
ὐ�✼ �G	ߣਅᐩ �ޕߚᒁߒᏅࠄ߆㊀ജ୯ߩ㧘ᅚጪၞࠍᐔဋ㊀ജ୯ߩ���
���� � ��ፒ⁍�ߚߞߢߩ߽ࠆࠃߦૐਅߩ㧘ᾲᵴേߪ㊀ജჇടߩߢ߹���ᐕ	㧘ߦ߁ࠃߚߒ⺑ߢ�


�	
߿߿ࠄ߆㧘㊀ജ᷹ⷰၞ߽㜞᷷ၞ߇ࠆߢߩ߽ࠆࠃߦ㜞᷷ൻౣߪẋᷫߩ㊀ജߩㅴⴕਛޕ�

㔌ࠅ߅ߡࠇ㧘㊀ജᄌൻߪዋߚߩߎޕߥ㧘	����	���ᐕ㑆ࠍ⠨ኤኻ⒓ޕࠆߔߣ	���ᐕࠍၮḰ

ߪ㊀ജߪߢ���ᐕ	㧘߫ࠇߔߣ 	���Ἣญㄭறߩ �	
ߢ ��
�6�+5ᷫዋޕࠆߡߒ㊀ജᄌൻߩߎߪ

ઃㄭ߽ߣߞ߽ߢᄢߊ߈㧘㔌ߦ⊛⛔♽ߡࠇߟߦࠆࠇዊߩߎޕࠆߥߊߐ㓙ߩᾲၞߪἫߩߘ߿ㄭற

ޕࠆߔ↪ណࠍ࡞࠺ࡕ㧘ඨή㒢ᩇߢߩࠆࠇࠄߣᨐ⚿ߚߒᢔࠍᾲߦㄝ߇ࡑࠣࡑ㨯ᱷሽ⽾ߩ

ᅚጪ�₵ᱞጤ�ਥ�3ጊጤߩ�ታᖱߦ߶߷හߚߒቯᢙࠍቯߒ㧘�㧘㧘㧘㧘	ߦၮߡߠ⹜▚ࠆߔ㧦�
#ቯ୯$� � �		�ᑼ㧦�5+))�㧘�5*))͠㧘$5*�)4*)�.�͠㧘(5)��ޕ, 㑆㓗ᵹലᨐ㧦�	��ᑼޕ�
#▚୯$� � �5)�.+��� � #���5�)�*/��
��� � #��#���5*�,2+�� � #�5#��3�#��5�)�++��
��

ᦨᄢ୯ߩߺߩኻᲧ߇ࠆߢ㧘▚୯᷹ⷰߪ୯ߣ⺞ޕࠆߔ��� ଔ╬ࠍਅ᷷ᐲಽᏓߥⶄ㔀ߪ

200*ޕࠆ߇ߩᢛ⺞ߢᨒౝߩ5৻ቯ��㧘ߢ୯ߚߒߦ⊛ ᐕߩᲧᛶ᛫ᴺតᩏࠆࠃߦផቯߢ

ਅ᳓ߩ㧘ᅚጪጊ㗂ၞߪ ��⚂ߪ *0� ��ޕߚߞߢᷓҋ� 㧘⸃ᨆߚࠆߢ ��5) �ޕߚߒߥߺߣ
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�߮ߔ߮ߔ߮ߔ߮ߔ��������

ᒢᕈౝߩᾲ⤘ᒛߪߢ�㓉ߩലᨐ #�� ㊀ജᄌൻ߇ߌߛ #� ․ၮᧄߩ⒳ߩߘޕࠆߔነਈߦ

ᕈߪᾲၞߩᒻᘒߕࠄࠃߦᚑ┙ޕࠆߔᵹㅢᕈᄙሹ⾰ᇦ⾰ߪߢ㑆㓗᳓ߩ⤘ᒛലᨐ ⊛Ⴧߦᦝ߇(�#

ߎࠆࠇࠅᾲ⤘ᒛലᨐ߽ขߩ㧘㑆㓗᳓ߦઁߩേߩߡߒߣ㧘࿕ߪ㊀ജᄌൻߩᅚጪޕࠆࠊടߦ

ߒήⷞߪߢߎߎ㧘߇ࠆ߁ߒነਈޘዋߦᶋജ߽㓉ߩ႐ว㑆㓗᳓ߩߎޕࠆ߈ߢ⺑߷߶ߢߣ

✵ᢛ㨯ᵞ⺞ߪ᭽ߩ╬ᒻᘒ㨯᷷ᐲߩߘޕߚߒ㊀ⷞࠍ⏕ߩේℂ⊛ᅷᒰᕈߩ࡞࠺ࡕߪߢᲑ㓏ޕߚ

ߪߦߚߩ⸽ᬌߩ࡞࠺ࡕ㧘߇ࠆߌᰳߪᒰ㕙ޕࠆ߇ߩ � �ޕߒ߹൩⺰ᦸ߇↪૬ߩ࠲࠺

ෳ⠨ᢥ₂ෳ⠨ᢥ₂ෳ⠨ᢥ₂ෳ⠨ᢥ₂�
⪤ේᐘ↵�	�����દ⼺ඨፉߩ⇣Ᏹ㓉ࠍ⺑ࠆߔ⨃ᧁߦࠇߘߣ࡞࠺ࡕ߁㊀ജᄌൻ�㔡⎇ᒵႎ�
Ꮞ���	������
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���ᔨ�‛ℂតᩏߩലᔕജߣᒢᕈଥᢙߩ=���38�Ꮞ���	���
��
⁍ፒ㐳℁㨯ጟᷕ�
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ἴജ⎇ⓥ࠲ࡦႎ๔��ภ�	��
�㧚�
⁍ፒ㐳℁�
�	
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	���㧚�
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୯ࠄ߆ � ߪ㧘ඨᓘߡߞࠃߦߣߎࠆߔߌߛ � ࠄ߆ �3#� ߪ㧘Ⓧߦ � ࠄ߆ �3#� ᄌൻࠆߔ㧦�
� � � � � � #���5$�㧘#���5%�� 㧧� � ⤘ᒛଥᢙ5%5,$㧧$5✢⤘ᒛଥᢙ� � � � ��	��

ജߥ᭽৻ߦᄖ㕙ߩߩߎ � 㧔࿑ࠆߔ㧘Ⓧ߽ᄌൻߒᄌൻߦᦝߪඨᓘߩߘ㧘ߣࠆ߃ടࠍ 	㧕ޕ
✚ว⊛ߪߦ� � � � #���5,#���5�%������� � 㧧�5Ⓧᒢᕈ₸㧘� � � � � � � � � � � ��
��

�5) ߦ㧘නࠄߥ #���5����� ᾲߣലᨐߩ㧘ᔕജߡߟߦᱡޕࠆߥߣ❗᭽৻ߩᒢᕈߩ㧘ㅢᏱߢ

⤘ᒛߩലᨐߪන⚐ߦട▚ࠆࠇߐ㧔✢ᒻ⊛ߦ⚿ว㧕ߩߎޕౝߪߢജߪ৻᭽ߢ㧘� �ޕࠆߢ
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㕙ߡߒߣ��㧘ౝ㕙ߦ৻᭽ߥജ � ߪ㧘ౝඨᓘߣࠆߖߐ↪ࠍ � ࠄ߆ �3#� ᣢሽޕࠆߔᄌൻߦ

ᑼ�$8+;4�+7.�*8>71�	��ߩ� #� ᑼߡ߅ߦ� �,��,ψ) ��ࠆߔߣ
� � � #���5��!*3("�+�5���-'5��!*3("��/!*�+("���� � � ᕈ₸5'5���+!*3("㧘5₸ࠣࡦࡗ�� � � � ����� � � � � � �
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*A Study of earthquake disasters appeared on the archived documents at Konoura-town , Yuri-county of 
Akita Prefecture 㸫Focused on the Akita Senboku earthquake of 1914 㸫 

by Toshihiko MIZUTA and Hiroshi KAGAMI 

⛅⛅⏣┴⏤㒆ᪧ㔠ᾆ⏫ᡤⶶࡢ⾜ᨻ⡙ࡿࢀࡽࡳ㟈⅏グ㘓�

㸫���� ᖺ⛅⏣ᆅ㟈ࢆ୰ᚰ㸫㸨�

�

⛅⏣Ꮫ� ᆅᇦ⏕࣮ࢱࣥࢭ� Ỉ⏣� ᩄᙪ�

ᾏ㐨Ꮫ㸦ྡ㸧㸭ᮾᏛ㸦ᐈ㸧� 㙾� ὒྐ�

�

1㸬 ࡵࡌࡣ�

� ⛅⏣┴ᪧ㔠ᾆ㸦ࡽ࠺ࡢࡇ㸧⏫ࡣ⛅⏣┴༡す㒊⨨ࡿࡍ᪥ᮏᾏ㠃1889ࠋࡿ࠶࡛⏫ࡓࡋ ᖺ㸦᫂

 22 ᖺ㸧ᕷ⏫ᮧไࡢ⾜ࡾࡼ㸳ᮧࡋేྜࡀ㔠ᾆᮧࡾ࡞㸪ࡽࡉ 1902 ᖺ㸦᫂ 35 ᖺ㸧⏫

ไࢆ⾜ࡋ㔠ᾆ⏫ࡀㄌ⏕ࢀࡑࠋࡓࡋ௨㝆࿘㎶ࡃ࡞ࡇࡿࡍేྜ⤒㐣ࡋ㸪2005 ᖺ㸦ᖹᡂ 17 ᖺ㸧

᫂ࠋࡿ࠸࡚ࡗ࡞㒊୍ࡢᕷࠖࠕࡣᅾ⌧ࡋేྜ⏫₲㇟ோ㈡ಖ⏫㸪ࡾࡼྜేࡢᖹᡂࡢ

 22 ᖺ㔠ᾆᮧࡀᡂ❧ࡽ࡚ࡋ 20 ᖺࡢ࡛ࡲࡿ⮳බᩥ᭩ࠕ㔠ᾆ⏫ᙺሙᡤⶶබᩥ᭩ࠖࡀಖ⟶

 ࠋ㸯㸧ࡿ࠸࡚ࢀࡀ⥅ࡁᘬᕷࠖࠕᅾ⌧ࢀࡉ

ᐖᆅ㟈㸪1894⿕ࡢ᫂௨㝆ࡢୗ┴⏣⛅ࡣࡽ⪅➹ ᖺ㸦᫂ 27 ᖺ㸧ᗉෆᆅ㟈㸪1896 ᖺ㸦᫂ 29

ᖺ㸧㝣⩚ᆅ㟈㸪1914 ᖺ㸦ṇ 3 ᖺ㸧⛅⏣ᆅ㟈㸪1939 ᖺ㸦 14 ᖺ㸧⏨㮵ᆅ㟈࡚࠸ࡘᙜ

ࡢ⿕ᐖㄪᰝሗ࿌᭩㸪᪂⪺グ㸪㒓ᅵ㈨ᩱᩥࡢ⊩ㄪᰝࢆ㐍ࡵ㸪⿕ᐖࡢヲ⣽ࡧࡼ࠾ศᕸ㸪⾜ᨻᶵ

㛵ࡢᑐᛂࡢ࡞ᐇែゎ᫂ࢆ㐍ࡶ࡛࡞ࠋࡿ࠸࡚ࡵ 1914 ᖺ⛅⏣ᆅ㟈ࡣ M7.1 ࠶ෆ㝣ᆅ㟈࡛ࡢ

㸪ᖺࡾ 100 ࿘ᖺࠋࡿ࡞㟈ኸ㏆࠸㞝≀ᕝ࿘㎶ࡢపᖹᆅᶓᡭ┅ᆅࢆ୰ᚰ㸪Ṛ⪅ 94 ྡ㸪㈇

യ⪅ 324 ₽㸪ࡸேⓗ⿕ᐖࡢྡ 640 㐨㊰࣭㕲㐨࣭Ỉ㐨⿕ᐖࡸ㠃ᔂቯᩳࡓࡲ㸪ࡌ⏕ࡀఫᐙ⿕ᐖࡢ

㡫⥲ࡣ࡚࠸ࡘሗ࿌᭩ࡿࡍ⨶⥙ࢆ┴㸪ࡋࡋࠋࡿ࠶ᆅ㟈࡛ࡓࡋ⏕Ⓨࡶ 22 㡫ࠕࡢ⛅⏣┴㟈⅏ࡢ

≧ἣࠖ㸰㸧࡛ࡳࡢࡿ࠶ࡀ㸪㟈⅏ண㜵ㄪᰝࡢㄪᰝሗ࿌ࢆ㉺ᩥࠋࡓࡗ࡞ࡣ࡛ࡢࡶࡿ࠼⊩ㄪᰝࢆ㐍
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�

2㸬  ᪧ 㔠ᾆ⏫ࡢ⾜ᨻ⡙�

� ⾜ᨻ⡙ࡣ 1994 ᖺ㸦ᖹᡂ 6 ᖺ㸧㔠ᾆ⏫ᙺሙࡽ㔠ᾆ⏫ᩍ⫱ጤဨࢀࡉ⟶⛣㸯㸧㸪⌧ᅾࡣ

1889ࠋࡿ࠸࡚ࢀࡉಖᏑᕷᩍ⫱ጤဨ㸦ᪧ㔠ᾆ⏫❧ᅗ᭩㤋㸧 ᖺ㸦᫂ 22 ᖺ㸧㔠ᾆᮧࡀᡂ

ࡽ࡚ࡋ❧ 1945 ᖺ㸦 20 ᖺ㸧ࡢ࡛ࡲࡿ⮳බᩥ᭩࡛ࡾ࠶㸪ෆᐜࡣົ⡙࣭㆟㘓࣭Ỵ⡙

࡛࡞ 200 వࡿ࡞ࡾ㸯㸧࡛࡞ࡢࡑࠋ᫂༑ᖺศົ⡙㸲㸧㝣⩚ᆅ㟈㸪ṇ୕ᖺศົ

⡙㸳㸧⛅⏣ᆅ㟈ࡢ㟈⅏グ㘓ࡀṧࢆࡢࡿ࠸࡚ࢀࡉぢࠋࡓࡅࡘᅗ㸯ົ⡙ࡢ࠾࡞ࠋࡍ♧ࢆ㸪

ᗉෆᆅ㟈ࡀⓎ⏕ࡓࡋ 1894 ᖺ㸦᫂ 27 ᖺ㸧ࡢ⡙ࡣ 2 ࡢෆ㸯ࡀ⌧Ꮡࡋ㸪㟈⅏㛵ࡿࡍグ㘓
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* Estimation of S-wave velocity structures in Rikuzen-Takata City by microtremor observations by 
H.Yamamoto, W.Asada, and T.Saito 

ᚤᚤືほ ࡿࡼ㝣๓㧗⏣ᕷࡢᆅ┙ࡢ �Ἴ㏿ᗘᵓ㐀ࡢ᥎ᐃ㸨�

�

ᒾᡭᏛᕤᏛ㒊� � ᒣᮏⱥ� �⯟⏣ᮅۑ 㰺⸨๛�

�

1㸬 ࡵࡌࡣ�
ᆅ㟈ࡢᦂࡣࢀ⾲ᒙᆅ┙ࡢ SἼ㏿ᗘᵓ㐀ᙉࡃ౫Ꮡࡵࡓࡿࡍ㸪⿕ᐖࡢᑠࢆண ࡛࠼࠺ࡿࡍ

S Ἴ㏿ᗘࡣ㔜せ࡞せᅉ࡛ࠋࡿ࠶ᮾᆅ᪉ኴᖹὒἈᆅ㟈ࡾࡼᒾᡭ┴ࡢἢᓊᆅᇦ࡛ࡣὠἼࡼ
ࡵࡓ࡞ᅔ㞴ࡀࡇࡿࡍㄆ☜ࢆ㊧ࡢࡑ㸪ࡣᐖ⿕ࡿࡼ㸪ᆅ㟈ືࡀࡓࡋ⏕Ⓨࡀᐖ⿕࡞⏒ࡿ

ࡢ㜵₻ሐࡣ㝣๓㧗⏣ᕷ࡛࡛ࡍ㸪ࡵࡓࡢ⯆ࡢࡽ2013ᖺ⌧ᅾ㸪㟈⅏ࠋ࠸࡞࠸࡚ࢀࡉሗ࿌ࢇ
ᘓタ㸪ᆅ┙ࡢᔞୖࡆᕤࡀጞࠋࡿ࠸࡚ࡗࡲ㝣๓㧗⏣ᕷ࡞࠺ࡼࡢᒾᡭ┴ἢᓊᆅᇦ࡛ࡣ㸪ᚋࡶᆅ

㟈ࡾࡼᙉ㟈ືྍࡿࡅཷࢆ⬟ᛶࡀ㧗ࡵࡓ࠸㸪ᆅᇦࡢࡈᆅ㟈ࠕࡢᦂࡃ࠾࡚ࡗ▱ࢆࠖࡉࡍࡸࢀ

ᚲせࠋࡿ࠶ࡀᡃࡣࠎ㸪ᚤືほ ࡾࡼᆅ┙ࡢᵓ㐀ࢆᢕᥱ࡚ࡋ㸪᭱⤊ⓗࡣᆅᇦయࡢᆅ㟈ືண

 ᆅᅗࢆసᡂࢆࡇࡿࡍ┠ᶆࠋࡿ࠸࡚ࡋᮏ◊✲࡛ࡣ㸪༢Ⅼᚤືほ ࢆᐇࡋ㸪ᚓࡓࢀࡽᚤື

ࡢ H/Vࢡ࣮ࣆࡢ࿘ᮇศᕸࡽᖹ㔝㒊ࡢᇶ┙῝ᗘศᕸࢆ㠃ⓗᢕᥱࡧࡼ࠾ࠋࡿࡍᴟᑠᚤື࣮ࣞ
ほ ࢆᐇࡋ㸪⾲ᒙᆅ┙ࡢ SἼ㏿ᗘศᕸࢆḟඖⓗᢕᥱࠋࡿࡍ 
2㸬ᚤືほ  
� ᅗ ほ࣮ࣞᴟᑠࡀⅬ࠸༢Ⅼほ 㸪㟷ࡀⅬ࠸㯤Ⰽࠋࡍ♧ࢆ⨨ᅗࡢほ Ⅼࡢ 㸪ᚤືほ1
 㸪ࡢࢪࣥࣞ࢜ࢡࣥࣆⅬ༙ࢀࡒࢀࡑࡀᚄ 20m  60m ࡀᐖ⿕ࠋࡍ♧ࢆ⨨ࡢ ほ࣮ࣞࡢ

⥺ ࠋࡓࡗ⾜ᆅᇦ࡛ࡢࡑࡣ ᖹ㔝㒊࡛㸪ほࡸ࠸ᾏἢࡣࢁࡇࡓࡗ࠶ AB  CD ⏣༓ࡣ
㸦1984㸧ࡢᆅ㉁᩿㠃ᅗἢࠋࡿ࠶࡛⥺ ࡓࡗᾏᓊἢࡢ࠸㝣ᆅࡣᆅ㟈ࡿࡼᆅ┙ỿୗࡵࡓࡢほ 
⥺ ࡓ᪂࡚ࡏࡉື⛣⾜ᖹ㸪ഃࡵࡓࡓࡗ࡞ࡁ࡛ࡀ A’B’ࢆタᐃࠋࡓࡋᅗ 2 㸪AB  CD
ࡣ㒊ศࡓࡗᅖࡃ㉥ࠋࡍ♧ࢆᆅ㉁᩿㠃ᅗࡢ 20m࣮ࣞほ 㸪60m࣮ࣞほ ࡓࡗ⾜ࢆほ Ⅼࡢᆅ
ୗ᩿㠃࡛ࠋࡿ࠶ᮏ◊✲࡛ࡣ㸪ࢱ࣮ࢹࢢ࣮ࣥࣜ࣎ࡢࡇᇶ࡙ࡓ࠸༓⏣㸦1984㸧ࡢᆅ㉁᩿㠃ᅗ
⥺ ࡚ࡗἢ A’B’ࡧࡼ࠾ ⥺ CDࢆタᐃ࡚ࡋᆅୗᵓ㐀ࢆㄪᰝࡋ㸪ゎᯒ⤖ᯝࢆᆅ㉁᩿㠃ᅗẚ㍑㸪

᳨ウࠋࡓࡋ 
� ᚤືィࡣ㸪ⓑᒣᕤᴗᰴᘧ♫〇ᚤື ᐃ⨨ JU310ࢆ⏝࣮ࢧࣥࢭࠋࡓࡋ㒊ࡣ⯟✵㟁Ꮚ〇ࡢ
ຍ㏿ᗘ࣮ࢧࣥࢭឤᗘ 0.002039(V/Gal)ࡢ 3ᡂศຍ㏿ᗘィ㸪ࣉࣥࣜࣉ 5ಸ㸪࣮ࣟ࢞㒊 ADศゎ
⬟ 24bitࢆ᭷ࡿࡍ LS8800ࢆෆⶶ࣮ࢧࣥࢭࠋࡿࡍ㸪୍ࣟࡀ࣮࢞యᆺ࡛ࡵࡓࡿ࠶࡛ࢺࢡࣃࣥࢥ㸪㔝
እ࡛ከᩘᆅⅬ࡛ ᐃࡿࡍሙྜ᭷ຠ࡛ࠋࡿ࠶ᮏㄪᰝ࡛ࡣቑᖜ⋡ࢆ 16ಸࠋࡓࡋほ ᮲௳࡚ࡋ㸪
ࡣ࿘Ἴᩘࢢࣥࣜࣉࣥࢧ 200Hz㸪 ᐃ㛫ࡣ༢Ⅼほ ࡛ 15ศ௨ୖ㸪࣮ࣞほ ࡛ 20ศ௨ୖࡋ

ࡣ࡛ 㸪༢Ⅼほࡓࡲࠋࡓ GPS࣮ࣔࡣࢻ OFFࡋ㸪࣮ࣞほ ࡢሙྜࡣ GPS้࡛ྠࢆᮇࠋࡓࡋ
ᴟᑠᚤື࣮ࣞ᥈ᰝࡣὸ㒊ᆅ┙ࡢ SἼ㏿ᗘᵓ㐀ࡵࡓࡿࡍࢆ㛗㸦2008㸧ࡾࡼᥦࢀࡉ㸪᭱
㏆㐺⏝ࡀቑ≉ࠋࡿ࠸࡚ࡁ࡚࠼㸪CCA➼ࡢ≉Ṧ࡞ゎᯒἲࢆ⏝ᩘࡤࢀࡍ༑㹫ࡢ࡛ࡲᆅ┙᥈
ᰝࠋࡿ࠸࡚ࢀࡉ⬟ྍࡀᮏ◊✲࡛ࡣ㸪୰ᚰ㸯ྎ㸪༙ᚄ 60cm 㛫㝸➼࿘ୖࡢ 3 ྎᚤືィ
࡚ࡋ⨨㓄ࢆ 4ྎྠᚤືࢆ ᐃࠋࡓࡋ 
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ᅗ 1� 㝣๓㧗⏣ࡢᆅᙧほ Ⅼ⨨ᅗ

 

ᅗ 2� ᩿㠃 AB㸪CDࡢᆅ㉁᩿㠃ᅗ� 㸦ᇶ┙ᒾࡣ࡚ࡋⰼᓵᒾ㸪⢓ᯈᒾ࡛ࡿ࠶㸧 
 

3㸬㸬ᚤືࡢ H/V 
� ゎᯒࡣ㸪ᖖᚤືゎᯒ࣮ࣝࢶ TremorDataView㸦ඛྡ㸪⸨ཎ㸪1984㸧ࢆ⏝ࠋࡓࡋ ᐃࡓࡋ
ᚤືグ㘓 0.05~20Hzࢆࢱࣝࣇࢫࣃࢻࣥࣂࡢฎ⌮ࡋ㸪༊㛫 ⟭ࢆ㸪H/Vࣝࢺࢡ࣌ࢫࡈ⛊60
ฟࡋ㸪༊㛫࡛ᖹᆒࠋࡓࡋH/Vࡣࢡ࣮ࣆ 10Hzࡢ࡛ࡲ⠊ᅖ࡛ㄞࠋࡓࡗྲྀࡳᅗ 3㸪ᅗ 4㸪ᅗ ࡑ5
ࡓࡋゎᯒࢆࢱ࣮ࢹ ༢Ⅼᚤືほࢀࡒࢀ 3ᡂศࡢຍ㏿ᗘἼᙧ㸪3ᡂศࣝࢺࢡ࣌ࢫ࢚࣮ࣜࣇࡢ㸪H/V
H/Vࠋࡍ♧ࢆࡢࣝࢺࢡ࣌ࢫ ᅗࠋࡓᚓ࡚ࡋୗື࡛㝖ୖࢆࣝࢺࢡ࣌ࢫᡂྜࡢᮾすື㸪༡ືࡣ 5

ࡣ࡛ 1.55Hz㸦0.645⛊㸧ࢆࢡ࣮ࣆ☜ㄆ࡛ࠋࡿࡁほ Ⅼ࡛ࢡ࣮ࣆ࿘ᮇࢆㄞࠋࡓࡗྲྀࡳ 
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� � ᅗ 3� 3ᡂศࡢἼᙧ� � � � � � � � � � � � � � � � ᅗ 4� 3ᡂศࣝࢺࢡ࣌ࢫ࢚࣮ࣜࣇࡢ 

�  

ᅗ 5� H/Vࣝࢺࢡ࣌ࢫ 
 

ᅗ 6 ࡢᚤືࡿࡅ࠾ほ Ⅼ H/V ࡀ࿘ᮇ᭱ࠋࡍ♧ࢆᅗ࣮ࢱࣥࢥࡢࡑ࿘ᮇศᕸࢡ࣮ࣆ
0.71⛊㸪᭱ᑠ࿘ᮇࡀ ࠾࡚ࡗࡲ㞟ẼᕝἙཱྀ㏆ࡢ୰ኸ༡㒊ࡀ࿘ᮇ࠸㛗ࠋࡿ࠸࡚ࡋ♧ࢆ⛊0.11
ᅗࠋࡿࡁㄆ࡛☜ࡀࡇࡿ࠸࡚ࡗ࡞ࡃ▷ࡀ࿘ᮇ➨ḟ࡚ࢀࡘࡃ࠸㸪㒊㸪ᮾ㒊㸪す㒊ࡾ 7㸪
ᅗ 8 ⥺ ࢀࡒࢀࡑ A’B’㸪CD㸦ᖜ⣙ 200m ௨ෆ㸧ࡿࡅ࠾ H/V ⥺ ࠋࡍ♧ࢆ࿘ᮇࢡ࣮ࣆ A’B’
㸪୍␒すഃ࡛⣙ࡣ࡛ 0.2 ⣙ࡿ࠼㉺ࢆ㸪Ẽᕝࡋ♧ࢆ࿘ᮇ࠸▷⛊ 0.7 ࡃ㛗ࡀ࿘ᮇᛴ⃭⛊
⣙ࡣ㸪୍␒ᮾഃ࡛ࡾ࡞ࡃ▷ࡀ࿘ᮇᛴ⃭ࡣᮾഃ࡛ࠋࡿ࡞ 0.2 ⥺ ࠋࡿ࠸࡚ࡋ♧ࢆ࿘ᮇ࠸▷⛊

CD࡛ࡣ㸪୍ ␒ഃ࡛⣙ ⣙ࡣ༡ഃ࡛␒୍ࡾ࡞ࡃ㛗ࡀ࿘ᮇࠎᚎ࡚ࢀࡘࡿࡍ㸪༡ୗࡋ♧ࢆ⛊0.2
ᅗࠋࡿ࠸࡚ࡋ♧ࢆ⛊0.7 ᅗ2 7㸪ᅗ ぢࡀࡇࡿ࠸࡚ࡋ㢮ఝࡀᙧࡶࡽࡕ㸪ࡿࡳ࡚ࡋẚ㍑ࢆ8
㸪ᇶ┙῝ᗘ࡚ࡗࡼࠋࡿࢀࡽࡅཷ H/Vࢡ࣮ࣆ࿘ᮇࡢ㛵ಀᛶ࡚ࡋ㸪ᇶ┙῝ᗘࡢὸࡣ࡛ࢁࡇ࠸
࿘ᮇࡃ▷ࡀ㸪ᇶ┙῝ᗘࡣ࡛ࢁࡇ࠸῝ࡀ࿘ᮇࡀ㛗ࡀࡇࡿ࡞ࡃ᥎ᐃࡓࡲࠋࡿࢀࡉ㸪ഃᮾഃ㸪

Ẽᕝࢆᣳ࡛ࢇすഃ࡛ࡣᇶ┙῝ᗘࡀὸࡃ㸪୰ኸ༡㒊࡚ࡅᇶ┙῝ᗘࡀࡇࡿ࠸࡚ࡗ࡞ࡃ῝ࡀ

᥎ᐃࠋࡿࢀࡉ 
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ᅗ 6�  H/Vࢡ࣮ࣆ࿘ᮇศᕸ࣮ࢱࣥࢥࡢࡑᅗ 
 

� �

ᅗ 7�  ⥺ A’B’ࡿࡅ࠾ H/Vࢡ࣮ࣆ࿘ᮇ� � � � ᅗ 8�  ⥺ CDࡿࡅ࠾ H/Vࢡ࣮ࣆ࿘ᮇ 
��

ࡿࡼ ほ࣮ࣞ�� SἼ㏿ᗘᵓ㐀ࡢ᥎ᐃ 
㏿┦ࡢࡈ࿘Ἴᩘࡾࡼ㛫⮬ᕫ┦㛵ἲ㸦Aki㸪1957㸧✵ࢆࢱ࣮ࢹࡓᚓ࡚ࡗࡼ ほ࣮ࣞ

ᗘ㸦ศᩓ᭤⥺㸧ࢆ⟬ฟྠࡣࢱ࣮ࢹࠋࡿࡍほ ࡓࡋ ෆ㸪ୖୗࡢࢱ࣮ࢹ ほࡢᚤືィࡢ4ྎ
ືᡂศࢆࡳࡢ⏝ࠋࡓࡋ⟬ฟࡓࢀࡉ┦㏿ᗘศᩓ᭤⥺ࢆ‶㊊࡞࠺ࡼࡿࡍ SἼ㏿ᗘᵓ㐀ࣔࢆࣝࢹ

༓⏣㸦1984㸧ࡢᆅ㉁᩿㠃ᅗࢆཧ⪃࡚ࡋ᥎ᐃࡋ㸪ࣔ ᅗࠋࡓࡋࢢࣥࣜࢹ 㸪࣮ࣞ㸪ᴟᑠࡣ9
20m࣮ࣞ㸪60mࡢ࣮ࣞ┦㏿ᗘ᥎ᐃࡓࡋ SἼ㏿ᗘᵓ㐀ࣔࡢࣝࢹ⌮ㄽศᩓ᭤⥺ࡇࠋࡍ♧ࢆ
ࡢ 3Ⅼࡣ 200m௨ෆࡾ࠶㸪༢Ⅼほ ࡿ࠶ࡶࢱ࣮ࢹࡢⅬ࡛ࠋࡿ࠶⾲ 1㸪ᅗ ࢀࡒࢀࡑ10 SἼ㏿
ᵓ㐀ࣔࣝࢹ㸪ࣔࡓࡋࢢࣥࣜࢹ᥎ᐃࡿࢀࡉ S Ἴ㏿ᗘᵓ㐀ࠋࡍ♧ࢆᅗ 9 㸪ࢀࡒࢀࡑࡣ⥺┤ࡢୗ㝈ࡢ
᭱ᑠᆅ㟈ィ㛫㝸ࡢ 2ಸࢆタᐃࠋࡓࡋㄞྲྀ⠊ᅖࡣᴟᑠࡀ࣮ࣞ⣙ 100ಸ㸪20m࣮ࣞ 60mࣞ
ࡀ࣮ 3㹼4ಸ࡛ࡲㄞࠋࡿࢀྲྀࡳᅗ ࡢ⥺㟷ࡢ10 SἼ㏿ᗘᵓ㐀ࡀ ሙྜࡓࡏࢃྜࡡ㔜ࢆ࣮ࣞࡢࡘ3

࡛㸪㉥⥺ࡣᴟᑠ࡛ࡳࡢ࣮ࣞ᥎ᐃࠋࡿ࠶࡛ࡢࡶࡓࡋᴟᑠࡣ࡛ࡳࡢ࣮ࣞ῝ᗘ 20mࡢ࡛ࡲ SἼ㏿
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ᗘᵓ㐀ࢆ᥎ᐃ࡛ࡀࡿࡁ㸪࠸῝࡚ࡗࡼࡇࡿࡏࢃྜࡳ⤌࣮ࣞ῝ᗘ࡛ࡲ᥎ᐃ࡛ࢆࡇࡿࡁ

ᅗࠋࡿ࠸࡚ࡋ♧ 2࡛㉥ࡃᅖࡓࡗ㒊ศᅗ ⮴୍ࡰࡀ⏺ቃࡢࡈᒙࡢ┙㸪ᆅࡿࡳ࡚ࡋẚ㍑ࢆ10
ࡓࢀࡉ᥎ᐃࠋࡿ࠸࡚ࡋ SἼ㏿ᗘᵓ㐀ࣔࡣࣝࢹ༑ศಙ㢗ᛶࡢ㧗࠸⤖ᯝࠋࡓࡋ♧ࢆ 
 

 
 
 

 
 
 

 

 

ᅗ 9� ┦㏿ᗘ⌮ㄽศᩓ᭤⥺� � � � � � � � � ᅗ 10� ᥎ᐃࡿࢀࡉ SἼ㏿ᗘᵓ㐀 
 

ᅗ 11 ⥺ 㸪ࡣ A’B’ CD ࡓࢀࡉ᥎ᐃ࡚࠸࠾ほ Ⅼ࣮ࣞᴟᑠࡓࡗἢ S Ἴ㏿ᗘᵓ㐀ࢆ♧
㸪ᅗࡣࣇࣛࢢࡿ࠶ࡀ⥺㟷ࠋࡿ࠸࡚ࡋ 10 ⥺ ࠋࡿ࠶࡛ࡢࡶࡢ୍ྠ A’B’ࡣ࡚࠸ࡘ㸪 ⥺ࡢ୧
➃㸪すഃᮾഃ࡛ࡣᇶ┙῝ᗘࡀὸࡃ㸪୰ኸ㒊࡛ࡣᇶ┙῝ᗘࠋࡿ࠸࡚ࡗ࡞ࡃ῝ࡀᅗ ᆅ㉁᩿㠃ࡢ2
ᅗ AB ⥺ ࠋࡿ࠸࡚ࡋ㢮ఝࡀ㸪ᙧࡿࡍẚ㍑ CD 㸪ᅗࡣ࡚࠸ࡘ 2 ࡽࡣᆅ㉁᩿㠃ᅗ࡛ࡢ
༡࡚ࡅᚎࠎᇶ┙῝ᗘࡀࡿ࠸࡚ࡗ࡞ࡃ῝ࡀ㸪࡞࠺ࡼࡢࡑࡣ࡛ࣝࢹࣔࡢࡇഴྥࡣぢࡎࢀࡽ㸪

ᆅ㉁᩿㠃ࡓࡋࡾࡁࡗࡣࡢ㛵ಀᛶࡶ⌧Ⅼ࡛ࡔࡲࡣ☜ㄆࠋ࠸࡞࠸࡚ࡁ࡛ࡀࡇࡿࡍ ⥺ CD
ࡣ࡚࠸ࡘ SἼ㏿ᗘᵓ㐀ࣝࢹࣔࡢ᥎ᐃࡢẁ㝵࡛㸪ࡔࡲಟṇ㸪ヨ⾜㘒ㄗࡢవᆅࠋࡿ࠶ࡀ 

 ᒙཌ㸦m㸧 Vs㸦m/s㸧 
1 5.0 130 
2 5.0 150 
3 10.0 170 
4 5.0 200 
5 5.0 500 
ᇶ┙ � 600 

⾲ 1� ᴟᑠ20ࠊ࣮ࣞm60ࠊ࣮ࣞmࡓࡏࢃྜࢆ࣮ࣞ SἼ㏿ᗘᵓ㐀ࣔࣝࢹ 
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ᅗ 11�  ⥺ A’B’ࡧࡼ࠾ ⥺ CDἢࡓࡗᚤື࣮ࣞほ ࡾࡼ᥎ᐃࡓࢀࡉ SἼ㏿ᗘᵓ㐀 

 

 ࡵࡲࡲ.5
ᮏ◊✲࡛ࡣ㸪㝣๓㧗⏣ᕷ࡚࠸࠾༢Ⅼᚤືほ ࡚ࡗࡼ H/Vࢡ࣮ࣆ࿘ᮇࡽᇶ┙ࡉ῝ࡢศᕸ

ࡢ┙ᒙᆅ⾲࡚ࡗࡼ ᚤືほ࣮ࣞࡧࡼ࠾ᢕᥱ㸪㠃ⓗࢆ SἼ㏿ᗘศᕸࢆ㠃ⓗᢕᥱࡑࠋࡓࡋ

࡚ࢀࡘࡃ࠸༡ࡽᯝ㸪⤖ࡢ H/Vࢡ࣮ࣆ࿘ᮇࡀ㛗ࡓࡲࠋࡓ࠸࡚ࡗ࡞ࡃ㸪ᮾࡽすࡃ࠸

࡚ࢀࡘ H/Vࢡ࣮ࣆ࿘ᮇࡀ㛗ࡾ࡞ࡃ㸪Ẽᕝࢆ㉺ࡿ࠼ᛴ࡚ࡗࡼࠋࡓ࠸࡚ࡗ࡞ࡃ▷㸪ࡽ༡

࠾㸪࠸ὸࡀ➃୧ࡃ῝ࡀ┙ᇶࡢ୰ኸ㏆ࡣ࡚ࡅᮾࡽ㸪すࡾ࡞ࡃ῝➨ḟࡀ┙ᒾࡣ࡚ࡅ

᳐ᆺࡢᵓ㐀ࡿ࠸࡚ࡋࢆ᥎ ࡢࡇࠋࡿࢀࡉ⤖ᯝࢱ࣮ࢹࢢ࣮ࣥࣜ࣎ࡣᇶ࡙ࡓ࠸༓⏣㸦1984㸧

ࠋ᭱ࡓ࠸࡚ࡋ㢮ఝ㠀ᖖࡶ࡚ࡋẚ㍑ᆅ㉁᩿㠃ᅗࡢ ῝㒊ࡢ⣙ 40m⛬ᗘࡢᇶ┙῝ᗘࡍ♧ࢆሙᡤ࡛

㸦1984㸧⏣㸪༓ࡤࢀࡍ⏝ేࢆほ ⤖ᯝࡢ࣮ࣞᴟᑠᚤື࣮ࣞᚤືࡢࢬࢧ࡞ࡁ㸪ࡣ

ᆅ㉁᩿㠃ᅗࡢ㸦1984㸧⏣༓㸪◊✲⤖ᯝ࡚ࡋయࠋࡍ♧ࢆᯝ⤖ࡓࡋྜᩚᆅ㉁᩿㠃ᅗࡢ

ࡿࡼࡳࡢ ほ࣮ࣞ㸪ᴟᑠࡋࡔࡓࠋࡓࡗ࡞ᯝ⤖ࡿࡍ㢮ఝࡶ࡚ࡋẚ㍑ࢆ SἼ㏿ᗘᵓ㐀ࡢ᥎ᐃ

 ࠋࡿ࠶ࡀవᆅࡿࡡ㔜ࢆヨ⾜㘒ㄗࡔࡲ㸪ࡣ࡚࠸ࡘ

 

ཧ⪃ᩥ⊩ 

༓⏣᪼㸪ᯇᮏⱥ᫂㸪ᑠཎ┿ 㸦୍1984㸧㝣๓㧗⏣ᖹ㔝ࡢἈ✚ᒙ᪂⏕ࡢᾏỈ‽ኚ� ᮾᆅ⌮ ➨

36ᕳ ➨ 4ྕ pp. 232-239 

ඛྡ㔜ᶞ㸪⸨ཎᗈ⾜㸦2008㸧ᖖ᥈ᰝほ ࡢ࣮ࣝࢶ㛤Ⓨ ࡢࡑ 1 -ᖖᚤືゎᯒ࣮ࣝࢶ-� 㜵⅏⛉

Ꮫᢏ⾡◊✲ᡤ◊✲㈨ᩱ ➨ 313ྕ p.133 

Aki,K.㸦1957㸧Space and time spectra of stationary stochastic waves, with special reference to 

microtremors, Tokyo University, Bull. Earthquake Res. Inst. 25, pp.415-457 

㛗㑳ኵ㸪ከ⏣༟㸪⠛ᓮ♸୕㸦2008㸧ᴟᑠࡿࡼࣞ᪂࠸ࡋᚤືほ ἲ㸸ὸ㒊ᆅ┙ᖹᆒ SἼ 

㏿ᗘࡢ⡆౽᥎ᐃ� ≀⌮᥈ᰝ 61 pp.457-468 
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* Estimation of S-wave velocity structures in Ichinoseki City by microtremor surveys using a miniature 
array by Yoko UBE, Hidekazu YAMAMOTO and Tsuyoshi SAITO 

ᴟᴟᑠᚤື࣮ࣞ᥈ᰝࡿࡼᒾᡭ┴୍㛵ᕷࡢᆅ┙ࡢ �Ἴ㏿ᗘᵓ㐀ࡢ᥎ᐃ㸨�

�

ᒾᡭᏛᏛ㝔ᕤᏛ◊✲⛉� �Ᏹ㒊㝧Ꮚۑ

ᒾᡭᏛᕤᏛ㒊� � � ᒣᮏⱥ� 㰺⸨๛�

�

1㸬 ⥴ゝ�
� ᖹᡂ 23 ᖺᮾᆅ᪉ኴᖹὒἈᆅ㟈ᖹᡂ 23 ᖺ 4 ᭶ 7 ᪥Ⓨ⏕ࡓࡋ M7.1 㸪୍࡚࠸࠾వ㟈ࡢ
㛵ᕷ࡛ࡣ㟈ᗘ 6ᙅࢆほ ࡋ㸪ఫᏯ࡞⿕ᐖࠋࡓࡗ࠶ࡀᆅ㟈⿕ᐖࡢཎᅉࢆᢕᥱࡵࡓࡿࡍ㸪୍
㛵ᕷᙺᡤࡢ༠ຊࢆᚓ࡚ 3᭶ࡢᮏ㟈 4᭶ࡢవ㟈ࡢ㝿ࢺ࣮ࢣࣥࡢ㟈ᗘㄪᰝࢆᐇࡓࡋ㸦ᒣᮏ
┙ᒙᆅ⾲ࡣ␗ᕪࡢࢀᦂࡢᆅ㟈ࠋࡓࡁㄆ࡛☜ࡀ␗ᕪࡢࢀᦂ࡞ࡁᯝ㸪ᕷෆ࡛⤖ࡢࡑࠋ㸪2012㸧
┙㸪ὸ㒊ᆅࡵࡓࡿࡅཷࡃᙉࢆᙳ㡪ࡢ SἼ㏿ᗘᵓ㐀ࢆ᫂ࡋࡽ㸪ᐇ㝿ࡢᆅ㟈ࡢᦂࡢࢀศᕸ
ẚ㍑ࡣࡇࡿࡍ㔜せ࡛ࠋࡿ࠶ 

ᑐ㇟ᆅᇦࢆ᥈ᰝ࣮ࣞᚤືࡢࢬࢧᑠつᶍ࡞࠺ࡼࡿ࠸࡚ࢀࡉ㸦2008㸧࡛ᥦ㸪㛗࡛ࡇࡑ
ࡿࡁ࡛ࡽ᫂ࡶ࡚࠸ࡘኚࡢ┙ᒙᆅ⾲ࡢ⠊ᅖ࡛࠸⊂㸪ࡾࡼࡇ࠺⾜㧗ᐦᗘ࡚࠸࠾

୰⾤࠸ࡋ㞴ࡀㄪᰝࡿࡼ࡞ࢢ࣮ࣥࣜ࣎㸪ࡣ᥈ᰝ࡛࣮ࣞᚤືࡢࢬࢧ㸪ᑠつᶍࡓࡲࠋࡓ࠼⪄

ࠋࡿ࡞⬟ྍࡀㄪᰝࡶሙᡤ࡛ࡔࢇ⤌ࡾධࡸሙᡤ࠸⊂ࡓࡗ࠸ࢁᚋࡢ㌴ࡸṌ㐨ࡤ࠼㸪ࢫ࣮࣌ࢫࡢ

ᮏ◊✲ࡣ㸪ᑠつᶍࡢࢬࢧᚤື࣮ࣞ᥈ᰝࢆ㧗ᐦᗘࡾࡼࡇ࠺⾜㸪ὸ㒊ᆅ┙ SἼ㏿ᗘᵓ㐀
㟈ᗘ࡞㛫ⓗ✵ࡓࢀࡽᚓࡽ㟈ᗘㄪᰝࢺ࣮ࢣࣥ㸪㉸㧗ᐦᗘ㟈ᗘࡋࡽ᫂ࢆኚ࡞ḟඖⓗࡢ

ศᕸẚ㍑ࢆࡇࡿࡍ┠ⓗࠋࡿ࠸࡚ࡋ  
 

2㸬 ࢺ࣮ࢣࣥ㟈ᗘㄪᰝ�
ᑐ㇟ᆅᇦࢆ 250mࣗࢩࢵ࣓ࡢ༊ษࡾ㸪

ࡑ㸪ࡋᖹᆒࢆ㟈ᗘࢺ࣮ࢣࣥࡢෆࣗࢩࢵ࣓

㟈ࢺ࣮ࢣࣥࡓࡋ௦⾲㟈ᗘࡢࣗࢩࢵ࣓ࡢ

ᗘศᕸࢆᅗ ࡢ㟈ᗘࡿࡼಶேᕪࠋࡍ♧1
೫ࢆࡾᑡࡵࡓࡿࡍࡃ࡞㸪࣓ࣗࢩࢵෆࣥࢧࡢ

ࡀࣝࣉ 3ᯛ௨ୖࡳࡢࣗࢩࢵ࣓ࡢ᭷ຠࠋࡓࡋ
㉥࡛ᅖࡔࢇ㉥Ⲷᆅ༊ࡸᒣ┠ᆅ༊ࡣ࿘ᅖ

ẚ࡚┦ᑐⓗࢺ࣮ࢣࣥ㟈ᗘࡢ࠸ࡁᆅ

༊࡛㸪㟷࡛ᅖࡢ࣮ࢱࣥࡔࢇᮾഃࡢᆅ༊㸪

ᕷᙺᡤࡢഃࡢᆅ༊ࡣ࿘ᅖẚ࡚┦ᑐⓗ

┦ࠋࡿ࠶ᆅ༊࡛࠸ࡉᑠࡢ㟈ᗘࢺ࣮ࢣࣥ

ᑐⓗ㟈ᗘࡢ࠸ࡁᆅ༊ᑠ࠸ࡉᆅ༊ࢆ

ẚ㍑ࡿࡍ㸪㟈ᗘ㝵⣭࡛ ࡽ3 4ẁ㝵⛬ᗘࡢᕪ␗ࡀㄆࠋࡓࢀࡽࡵ�
�

ᅗ 1�  㟈ᗘศᕸࢺ࣮ࢣࣥ
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3㸬㸬 ᴟᑠᚤື࣮ࣞ᥈ᰝ�
� ほ ࡣ㸪ࢺ࣮ࢣࣥ㟈ᗘㄪᰝࢆᐇ୍ࡓࡋ㛵ᕷ୰ᚰ㒊࡛⾜ࠋࡓࡗᚤືほ ࡣ࣮ࣞࡓ࠸⏝

୰ᚰ 1 ྎ㸪༙ᚄ 60cm ṇ୕ゅᙧᆺ࿘ୖࡢ 3 ྎ㸪ᚤືィࢆ㓄⨨ࡿࡍᙧ≧࡛ࠋࡿ࠶⏝ࡋ
⨨ⓑᒣᕤᴗᰴᘧ♫〇ᚤືほ ࡣᚤືィࡓ JU310࡛ࢢࣥࣜࣉࣥࢧࠋࡿ࠶࿘Ἴᩘࡣ 200Hz㸪ほ
 㛫 20ศ㸪 44ᆅⅬ࡛ほ ࠋࡓࡗ⾜ࢆほ 㢼ᬒࢆᅗ ほ Ⅼࡓࡲࠋࡍ♧2 A1㸫A44ࢆᅗ 3
⥺ ᮾす᪉ྥࠋࡍ♧ XX 㸪̓༡᪉ྥ ⥺ YY̓ࢆタᐃࠋࡓࡋ 

�

A㸫7࣮ࣞࡿࡅ࠾ほ ࡽᚓୖࡓࢀࡽୗືᚤືἼᙧࢆᅗ  ࠋࡍ♧4
 

ᅗ 3� ᴟᑠᚤື࣮ࣞほ Ⅼ ᅗ 2� ほ 㢼ᬒ 

ᅗ 4� ほ Ἴᙧ㸦A㸫7㸧 
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4㸬㸬 ┦㏿ᗘ 
✵㛫⮬ᕫ┦㛵ἲ㸦Aki㸪1957㸧ࢆ⏝ࡋ㸪┦㏿ᗘศᩓ᭤⥺ࢆồࠋࡓࡵ࡚ࡋほ Ⅼ A

㸫7㸪A㸫33ࡢ┦㏿ᗘศᩓ᭤⥺ࢆᅗ 5㸪ᅗ 㐪ࡢࡾ࡞≦ᙧࡢ⥺┦㏿ᗘศᩓ᭤ࠋࡍ♧6
 ࠋࡿࢀࡽぢࡀ࠸

 

5㸬 ᖹᆒ SἼ㏿ᗘ 
㛗ᑿ࣭⤃㔝㸦2002㸧ࡢ᪉ἲࢆཧ↷

ࡽ㸪┦㏿ᗘࡋ AVS10 ࠋࡓࡵồࢆ
AVS10㟈ᗘศᕸᅗࢆẚ㍑ࡿࡳ࡚ࡋ
ࡣᒣ┠ᆅ༊࡛ࡢ㸪ഃ AVS10ࡀ㐜

ࠋࡿศࡀࡇ࠸ࡁࡣ㟈ᗘࡘ㸪ࡃ

すഃࡢ㉥Ⲷᆅ༊ࡣ AVS10ࡃ㏿ࡣ㸪㟈
ᗘࡣࠋࡿ࠸࡚ࡗ࡞ࡃࡁ 

 
 

6㸬 ఝ SἼ㏿ᗘᵓ㐀 
� ྛほ Ⅼ࡚࠸࠾Ἴ㛗ࡢ 1/2 ࢆ┦㏿ᗘࡿࡍᑐᛂ㸪Ἴ㛗ࡋࡉ῝ࢆ S Ἴ㏿ᗘ࡚ࡋఝ S
Ἴ㏿ᗘᵓ㐀ࢆồࠋࡓࡵᶓ㍈ఝ SἼ㏿ᗘ㸪⦪㍈࡚ࡗࢆࡉ῝ఝ SἼ㏿ᗘᵓ㐀ࡋ⾲ࢆ㸪
࡚ࡋ A㸫7 A㸫33ࢆᅗ 8㸪ᅗ A㸫7ࠋࡍ♧9 A㸫33ࢆẚ㍑ࡿࡳ࡚ࡋ㸪῝ࡉ 5mᆅⅬ࡛
ఝࡢ SἼ㏿ᗘࡀ A㸫7࡛ࡣ 280m/s⛬ᗘࡢ࡞ᑐࡋ A㸫33࡛ࡣ 150m/s ⛬ᗘᕪ␗ࡀࠋ࠸ࡁ
ࡉ῝ 5m ᆅⅬ࡛ྛࡢほ Ⅼࡿࡅ࠾ఝ S Ἴ㏿ᗘࢆ 25m/s ᅗࢆࡢࡶࡓࡋࡅⰍศ࡚ࡗ༊ษࡈ
10 ఝࡣᒣ┠ᆅ༊㸪༡㒊࡛ࡢ㒊ࠋࡍ♧ S Ἴ㏿ᗘࡣ㐜ྠࠋࡿ࠸࡚ࡗ࡞ࡃᵝࡉ῝ 10m ᆅⅬ

ఝࡿࡅ࠾ほ Ⅼྛࡢ࡛ S Ἴ㏿ᗘࢆᅗ 11 ࠸࡚ࡋኚࡀᗘ㏿ᛴࡶ㒊㸪༡㒊ࠋࡍ♧
㸦ᅗࣥXX̓ࣛࠋࡿศࡀࡇࡿ 3ཧ↷㸧࡛ఝ SἼ㏿ᗘᵓ㐀ࢆࡢࡶࡓࡋ⾲ࢆᅗ ࠋࡍ♧12
す㒊ࡢ㉥Ⲷᆅ༊࡛ࡣ㟈ᗘࡀ࡛ࢁࡇ࠸ࡁఝ SἼ㏿ᗘࡀ㐜ࡃ㸪㟈ᗘࡀᑠࡣ࡛࢚ࣜ࠸ࡉఝ
S Ἴ㏿ᗘࡿ࠶ࡋࡋࠋࡿ࡞ࡃ㏿ࡀᆅⅬࢆቃ㸪ఝ S Ἴ㏿ᗘ㟈ᗘࡢᑐᛂ㛵ಀࡣ᫂☜࡛ࡃ࡞ࡣ
ఝ࡛ࣥYY̓ࣛࠋࡿ࡞ SἼ㏿ᗘᵓ㐀ࢆࡢࡶࡓࡋ⾲ࢆᅗ ࡣ࡚ࡅ୰ኸࡽ㒊ࠋࡍ♧13
㉥Ⲷᆅ༊ྠᵝ㸪㟈ᗘࡀ࡛ࢁࡇ࠸ࡁఝ SἼ㏿ᗘࡀ㐜ࠋࡿ࠸࡚ࡗ࡞ࡃ 

ᅗ 5� ┦㏿ᗘศᩓ᭤⥺㸦A7㸧� � � � � � � ᅗ 6� ┦㏿ᗘศᩓ᭤⥺㸦A33㸧 

ᅗ 7� AVS10㟈ᗘศᕸᅗ 

27



 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

ᅗ 8� ఝ SἼ㏿ᗘᵓ㐀㸦A㸫7㸧� � � � � ᅗ 9� ఝ SἼ㏿ᗘᵓ㐀㸦A㸫33㸧 

ᅗ 12� ఝ SἼ㏿ᗘᵓ㐀㟈ᗘࡢ㛵ಀ 

ᅗ 10� ఝ SἼ㏿ᗘᵓ㐀㸦5m㸧� � ᅗ 11� ఝ SἼ㏿ᗘᵓ㐀㸦10m㸧 
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7㸬㸬 ᥎ᐃ SἼ㏿ᗘᵓ㐀 
┦㏿ᗘࡽ⾲ᒙ SἼ㏿ᗘᵓ㐀ࡢ᥎ᐃࠋࡓࡗ⾜ࢆ⌮ㄽศᩓ᭤⥺ࡀ┦㏿ᗘศᩓ᭤⥺㔜ࡿ࡞

᥎ᐃࡀࢀࡑࡽࡓࡗ࡞㔜⥺┦㏿ᗘศᩓ᭤ࡀ⥺ㄽศᩓ᭤⌮ࠊࡋ᥎ᐃࢆᒙᵓ㐀࠺ࡼ SἼ㏿ᗘᵓ

㐀࡛ࠋࡿ࠶A㸫7ࡿࡅ࠾᥎ᐃ SἼ㏿ᗘᵓ㐀ࢆᅗ 14㸪A㸫33ࡿࡅ࠾᥎ᐃ SἼ㏿ᗘᵓ㐀ࢆᅗ 15
᥎ᐃࡢࡽࢀࡇࠋࡍ♧ SἼ㏿ᗘᵓ㐀ࢆ XX࡛̓ࣛࣥḟඖ᩿㠃ࢆࡢࡶࡓࡋ⾲࡚ࡋᅗ ♧16
㉥Ⲷᆅ༊࡛⾲ᒙࡢす㒊࠸ࡁࡢ㟈ᗘࠋࡍ 3m⛬ᗘ࡛ࡲ᥎ᐃ SἼ㏿ᗘࡢ㐜࠸ᒙࡀぢࠋࡿࢀࡽYY̓
ᅗ࡚࠸ࡘࣥࣛ ᒙ⾲ࡢᒣ┠ᆅ༊ࡢഃ࠸ࡁ㟈ᗘࠋࡍ♧17 3m⛬ᗘ࡛ࡲ᥎ᐃ SἼ㏿ᗘࡀ
100m/s⛬ᗘࡢᒙࡀぢࠋࡿࢀࡽ 

 

 
 
 
 
 
 

 
 
 
 
 
 

 

ᅗ 13� ఝ SἼ㏿ᗘᵓ㐀㟈ᗘࡢ㛵ಀ 

ᅗ 14� ᥎ᐃ SἼ㏿ᗘᵓ㐀㸦A㸫7㸧� � � � � ᅗ 15� ᥎ᐃ SἼ㏿ᗘᵓ㐀㸦A㸫33㸧 
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8㸬㸬 ⤖ゝ 
ᒾᡭ┴୍㛵ᕷ࡚࠸࠾ᴟᑠᚤື࣮ࣞ᥈ᰝࠋࡓࡗ࡞ࡇ࠾ࢆ㛗㸦2008㸧࡛ᥦࡿ࠸࡚ࢀࡉ

┙ᒙᆅ⾲ࠊࡾࡼࡇ࠺⾜㧗ᐦᗘ࡚࠸࠾ᑐ㇟ᆅᇦࢆ᥈ᰝ࣮ࣞᚤືࡢࢬࢧᑠつᶍ࡞࠺ࡼ

ࢆ⥺┦㏿ᗘศᩓ᭤ࠋࡓㄪ࡚࠸ࡘኚࡢ 5km⛬ᗘ࠸⊂ࡢ⠊ᅖ࡚࠸࠾ẚ㍑ࡶ࡚ࡳ࡚ࡋᕪ␗

ࡉ῝ࡈほ Ⅼࠋࡿࢀࡽࡵㄆࡀ 10mࡢ࡛ࡲᖹᆒ SἼ㏿ᗘࢆẚ㍑ࠊࡿࡳ࡚ࡋᒣ┠ᆅ༊ࡸ༡㒊

ఝࠋࡿ࠸࡚ࡗ࡞ࡃ㏿ࡣ㉥Ⲷᆅ༊ࠊࡃ㐜࡚ࡵ༊ᇦ࡛ᴟ࠸ࡁࡢ㟈ᗘ࡞ SἼ㏿ᗘᵓ㐀ࢆぢࠊࡿ

す㒊ࡢ㉥Ⲷᆅ༊࡛ࡣ㟈ᗘࡀ࡛࢚ࣜ࠸ࡁఝ SἼ㏿ᗘࡀ㐜ࠊࡃ㟈ᗘࡀᑠࡣ࡛࢚ࣜ࠸ࡉఝ

S Ἴ㏿ᗘࠋࡿ࡞ࡃ㏿ࡀ㒊ࡽ୰ኸࡣ࡚ࡅ㉥Ⲷᆅ༊ྠᵝࠊ㟈ᗘࡀ࡛ࢁࡇ࠸ࡁఝ S Ἴ

㏿ᗘࡀ㐜ࠊࡀࡍࡲ࠸࡚ࡗ࡞ࡃ༡㒊ࡣ≉ᐃࡢഴྥࡣぢࠋ࠸࡞ࢀࡽ┦㏿ᗘ⌮ㄽศᩓ᭤⥺ࡽ⟬

ฟࡓࡋ᥎ᐃ S Ἴ㏿ᗘᵓ㐀ࡣ⾲ᒙ㹼3m ⛬ᗘ࡛⣙ 100㹼150m/s ࡣ┙ᆅࡢᒙ㒊ศ⾲ࠊࡃ㐜㠀ᖖ

㠀ᖖᰂࡀࡇ࠸ࡽ᥎ ࡛ࡢࡑࠋࡿࡁᆅ༊ࢺ࣮ࢣࣥࡣ㟈ᗘࡶẚ㍑ⓗ࠸ࡁᆅ༊ࠋࡿࡍ⮴୍ 

 

ㅰ㎡ 

୍㒊ࡢᅗࡢసᡂࡣ㸪GMT㸦Wessel and Smith, 1998㸧ࠋࡓࡋࡲ࠸⏝ࢆグ࡚ࡋឤㅰ⮴ࠋࡍࡲࡋ 

 

ཧ⪃ᩥ⊩ 

(1)Aki, K.㸦1957㸧"Space and time spectra of stationary stochastic waves, with special reference to 

microtremors." Bull. Earthq. Res. Inst., No.35, pp.415-456.  

(2)㛗㑳ኵ㸪ከ⏣༟㸪⠛ᓮ♸୕㸪㸦2008㸧ᴟᑠࡿࡼࣞ᪂࠸ࡋᚤື᥈ᰝἲ㸸ὸ㒊ᆅ┙ᖹᆒ㹑

Ἴ㏿ᗘࡢ⡆౽᥎ᐃ㸪≀⌮᥈ᰝ㸪61, 457-468. 

(3)㛗ᑿẎ㸪⤃㔝ඞ㸦2002㸧ᖖᚤື࣮ࣞほ ᇶ࡙ࡃ⾲ᒙᆅ┙ࡢᖹᆒ SἼ㏿ᗘ᥎ᐃ⢭ᗘ

㛵ࡿࡍ◊✲㸪ᅵᮌᏛㄽᩥ㞟㸪No.696/I-58㸪pp. 225-235. 

(4)Wessel, P. and W.H.F.Smith,㸦1998㸧New, improved version of generic mapping tools rereased, EOS 

Trans. AGU, 79, 579  

(5)ᒣᮏⱥ㸪㰺⸨๛㸪Ἑཎṇᩥ㸪Ᏹ㒊㝧Ꮚ㸪㰺⸨Ⰻᖹ㸪୍ᡞḠஓ㸪⳥ụ⸅㸦2013㸧ᮾᆅ᪉

ኴᖹὒἈᆅ㟈ࡢࡑవ㟈ࢆᑐ㇟ࡓࡋᒾᡭ┴୍㛵ᕷࡿࡅ࠾㉸㧗ᐦᗘࢺ࣮ࢣࣥ㟈ᗘㄪᰝ㸪ᮾ

ᆅᇦ⅏ᐖ⛉Ꮫ◊✲㞟㸪➨ 49ᕳ, pp. 35-40 

ᅗ 16� ᥎ᐃ SἼ㏿ᗘᵓ㐀㸦XX’ࣛࣥ㸧 ᅗ 17� ᥎ᐃ SἼ㏿ᗘᵓ㐀㸦YY’ࣛࣥ㸧 
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Fundamental Study on Amplification Characteristics of Earthquake ground motion around the area with a 
shallow seismic bedrock by Yuto Hori and Susumu Nakamura 
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Fragility curve of the expressway on embankment based on the damaged data due to the 2011 off the 
Pacific coast of Tohoku Earthquake by Susumu Nakamura 
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*A study on the effect of earthquake damage to building structures before the arrival of the 
tsunami by Shingo Baba and Naofumi Teramoto 

大地震時における津波到達前の建築構造物への 
地震被害の影響に関する検討＊ 

 
秋田工業高等専門学校環境都市工学科  馬場伸吾 
秋田工業高等専門学校         寺本尚史 

 
1. はじめに 
 2011年 3月 11日に発生した東北太平洋沖地震は，M9.0の海洋型の大地震であり，東北・関東
地方に甚大な被害をもたらした。地震の被害に加え，二次災害である津波による被害も極めて大き

かったのが今回の地震の特徴であり，特に太平洋側の沿岸部では建築物が全壊・流出している被害

の大半が津波によるものであった。こうした津波被害に対し，住民が安全に避難できる建物をどう

設計するかが焦点となっており，実際の津波による被災調査結果を元に津波避難ビルの設計用津波

荷重や避難安全階の確保のための所要高さ等に関する提案がなされている 1) 。 
一方で，太平洋沿岸では，地震の揺れも大きい場所があり，そうした地域では地震で建物が損傷

を受けた後に津波の被害を受けている可能性もあることから，地震被害の検討も行う必要があると

思われる。 
 そこで本研究では，岩手県，宮城県および福島県沿

岸における東北太平洋地震の観測波およびその地域の

津波高さを元に，地震および津波による複合的な建物

への影響を検討した。 
 
2. 対象地域 
 対象とした地域および最大加速度を表 1 に示す。岩

手県，宮城県および福島県沿岸部における K-NET お
よび KiK-net観測点 2)で得られたデータを使用した。

地震波のうち，最大加速度の大きかった地点を含む 10
地点を対象地域とした。 
 
3. 解析方法 
 各地域において，観測された津波高さに耐えるように設計された津波避難ビルが，地震で被害が

生じないかどうか地震応答解析により検討を行った。解析は，1質点系による弾塑性応答解析とし，
非線形せん断バネは，最大耐力後も耐力が低下しない靱性型(図 1(a))および最大耐力後に耐力が低
下する耐力低下型(図 1(b))のモデルとした。 
津波避難ビルについては，館野ら 1)が，設計用津波荷重に対する津波避難ビルの建物規模に関す 

表 1 対象地域および最大加速度 

NS EW
IWT003 普代 114.8 148.5
MYG012 塩竈 758.4 1969.2
MYGH10 山元 870.8 852.7
MYG010 石巻 870.8 377
MYG013 仙台 1517.2 982.3
FKS005 原町 870.8 870.8
FKS010 広野 1115.9 882.3
FKS001 相馬 619.1 552.3
FKS007 大熊 608.5 690.7
FKSH20 浪江 394.3 660.5

観測地点
最大加速度(㎝/s²)

 



  
(a)靱性型        (b)耐力低下型 
図 1 せん断バネの非線形特性 

る基本的な検討として，想定される津波高さに対して建物の耐震設計用必要保有水平耐力がどれく

らい必要となるのかを検討している。本研究では，館野らの検討例を参考に，建物の各階高は 3.5m，
津波で浸水しない階を 2階分設けることとし，固有周期は，建物高さ(各階高 3.5m)に 0.02を乗じ
た値とした。各津波高さに対応する想定階および固有周期を表 2に示す。 
ベースシア係数については CB＝0.55もしくは 1.0のいずれかとし，津波波力により生じる各層
のせん断力が建物の設計外力を越えることがない値とした。津波波圧算定式 3)を式(1)に示す。 

 
𝑞𝑧 = 𝜌𝑔(𝑎ℎ − 𝑧)  (1) 

 

ここで，𝑞𝑧 は構造設計用の進行方向の津波波圧，𝜌は水の単位体積質量，𝑔は重力加速度，ℎは

設計用浸水深，𝑧は当該部分の地盤面からの高さ(0≦z≦ah)，𝑎は水深係数を示す。水深係数𝑎の値は，

建物の前に遮蔽物などがない場合は 3.0，遮蔽物があり海岸から 500m以内の場合は 2.0，遮蔽物が

あり海岸から 500m以上離れている場合は 1.5とされており，𝑎の値が大きいほど津波波力が大きく，

建物に要求される設計外力も大きくする必要があることになる。 

各津波高さにおいて，津波波力により生じる各層のせん断力が建物の設計外力を上回らないため

に必要なベースシア係数 CBを表 3に示す。なお，建物の設計外力については𝐴分布，建物の奥行
きは 24mとして算出した。表を見ると，津波高さ 5mの場合は水深係数𝑎の値に関わらず CB＝0.55
で設計可能であるが，津波高さが 10m以上の場合，𝑎 = 3.0および𝑎 = 2.0では，CB＝1.0としても
建物の一部の階において津波によるせん断力が建物の設計外力を上回る結果となった。そのため， 

CB
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表 2 各津波高さに対する建物の概要 

津波高さ
(m)

想定階
固有周期
(s)

5 5 0.35
10 6 0.42
15 8 0.56
20 10 0.70  

 
図 2 津波波圧 3) 



本研究では建物が𝑎 = 1.5，すなわち建物と海岸の間に遮蔽物があり，海岸から 500m以上離れてい

る場所に建てられていると仮定して応答解析を行った。 
 

4. 解析結果 
 靱性型および耐力低下型の非線形せん断バネを用いた応答解析結果を表 4(a)および(b)に示す。
なお，各地域の観測津波高さは文献 4)を参考に決めたが，普代，山元および原町については近くの
地域の津波高さをもとに推定した値を用いた。 
表中の塑性率は，観測波 EW，NS方向それぞれの最大応答塑性率のうち，最大のものを表示し
た。また最終的な OK／NGの判断は，応答解析結果で塑性率が 1.0を超えた場合は NG，超えな
かった場合は OKとした。 
表 4(a),(b)いずれも 10地点中，2地点(塩竃および仙台)の塑性率が 1.0を越え，地震により建物
に損傷が生じる結果となった。塑性率が 1.0を越えた 2地点における，靱性型および耐力低下型の
塑性率の大きさを比較すると，仙台は耐力低下型の方が靱性型よりもやや大きくなっているのに対

し，塩竃は耐力低下型が 1.58に対し靱性型が 2.00と靱性型の結果の方が大きくなる結果となった。
この理由については，主に両者の除荷時におけるループ形状の違いによると考えられる。耐力低下

型の場合，仮定した非線形バネモデルが降伏後も原点指向型となっているのに対し，靱性型の場合

降伏後は除荷時に残留変形が生じると仮定しており，そうした点が影響していると考えられる。 
 

表 4 応答解析結果 
(a)靱性型                  (b)耐力低下型 

地震波津波高さ(m)想定階必要CB 塑性率 評価
普代 8.5 5 1 0.058 OK
塩竈 4.3 4 0.55 2.002 NG
山元 10.5 6 1 0.592 OK
石巻 7.7 5 1 0.826 OK
仙台 12 6 1 1.243 NG
原町 10.5 6 1 0.348 OK
広野 16.5 7 1 0.222 OK
相馬 12.2 6 1 0.911 OK
大熊 12.2 6 1 0.484 OK
浪江 15.5 7 1 0.889 OK  

地震波津波高さ(m) 想定階必要CB 塑性率 評価
普代 8.5 5 1 0.058 OK
塩竈 4.3 4 0.55 1.577 NG
山元 10.5 6 1 0.595 OK
石巻 7.7 5 1 0.830 OK
仙台 12 6 1 1.286 NG
原町 10.5 6 1 0.347 OK
広野 16.5 7 1 0.223 OK
相馬 12.2 6 1 0.911 OK
大熊 12.2 6 1 0.485 OK
浪江 15.5 7 1 0.890 OK  

表 3 各津波高さにおける必要ベースシア係数 

a=1.5 a=2.0 a=3.0
5 5 0.55 0.55 0.55
10 6 1.00 1.00 NG(2階)
15 8 1.00 NG(2階) NG(5階)
20 10 1.00 NG(3階) NG(8階)

津波高さ(m)想定階
ベースシア係数(Cb)

 
 



   
(a) 塩竃              (b) 仙台 

図 3 最大応答変位時における最大耐力の低下状況(耐力低下型) 
 

次に塩竃，仙台の耐力低下型における，最大応答変位時の最大耐力の低下状況を図 3に示す。図
は非線形バネにおける水平せん弾力－水平変位関係を表わしており，最大水平変位時を丸で示した。

その時の水平せん断力を見ると，最大耐力比で塩竃では約 65％，仙台では約 83％に低下した。今
回の結果はあくまで一質点系による単純な地震応答解析の結果ではあるものの，特に強度型設計の

建物の場合，地震動の大きさによっては津波到来以前に構物に損傷が生じ，津波到達時には耐力が

低下している可能性があると言える。 
 

5. まとめ 
 本研究では東北太平洋地震の観測波およびその地域の津波高さを元に，地震および津波による複

合的な建物への影響を検討することを目的に，地震応答解析を行った。津波荷重に対応した建物と

して，ベースシア係数 0.55 および 1.0 の建物の地震応答解析を行った結果，地震動の大きい一部
の地域では，津波が到来する前の地震により，建物に構造的な損傷が生じる可能性がある結果とな

った。 
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An evaluation of the dynamic properties of traditional wooden shrines��
located in Yurihonjo, Akita 

�

Carlos Cuadra * 
�

1. Introduction 
Old traditional wooden constructions in Japan are declared as buildings of cultural interest and therefore 

efforts are done to preserve this kind of buildings. In this study old traditional wooden temples located in 
Yurihonjo city, Japan are investigated to determine their seismic characteristics and to evaluate their 
dynamic performance. The region is a zone of great seismic activity that can affect the integrity of the 
buildings. In this sense, the research is an attempt to evaluate the dynamic characteristics of these buildings 
by means of in-situ measurements of micro vibration. Structures correspond in general to framed wooden 
constructions with traditional connections between columns and beams. In general, nails are not used in 
these joints, and instead of them, the beam is narrowed at extreme to be inserted into a hole cut in the 
column. These buildings are supported by columns that rest directly on stone bases forming pinned joints. 
First, general evaluation to make a diagnosis of the structural condition was performed and building that 
presents some level of damages were chosen for this study. As an initial step to evaluate the seismic 
vulnerability of these historical buildings, dynamic characterization has been undertaken that is the 
predominant periods of vibration as well as the damping characteristics were estimated. For that purpose, 
measurements of the micro vibration of the building was planned and undertaken. Comparative study of 
the predominant periods of the structures is done by plotting these predominant periods versus building 
heights. Preliminary results show that wooden temples in this region have long periods in comparison to 
temples of other regions of Japan. In this way the present study has permitted to evaluate the structural 
integrity of these traditional temples which is fundamental step in the evaluation of their seismic 
vulnerability. 
�

2. Target Shrines 
In Yurihonjo city area there are 11 temples that are declared as local cultural heritage. For this study 9 

temples were investigated to determine their dynamic characteristics. Micro vibration measurements and 
the correspondent analysis were performed in these selected buildings. Photographs of some of these 
selected structures are shown in Figure 1. The dimensions of these buildings range from approximately 5 m 
by 5 m for the smallest to 10 m by 10 m for the largest dimensions in plan. Structures correspond to framed 
wooden constructions with traditional connections between columns and beams. In general, nails are not 
used in these joints, and instead of them, the beam is narrowed at extreme to be inserted into a hole cut in 
the column. These buildings are supported by columns that rest directly on stone bases forming pinned 
joints. 
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Fig. 1. Selected temples for the present study 
 
With exception of Tokusawa temple that is located near a vegetable field, all temples are located in the 

upper part of hills. The structure of all temples corresponds to a traditional wooden frame. The Tokusawa, 
Kumano and Inari temples have tile roof, the Hachiman and Omonoimi have thatched roof, and the 
Konpira, Kiritoshi, Shinmei and Suwa have thin steel plates as roof.  

The main damage observed in some temples was the gap between the base stone and the bottom part of 
the columns as can be observed in Figure 2. Apparently, this failure is due to the deformation of the girders 
of the bottom part of the structure. In some cases the failure is a combination of the settlement for the 
central part of the building with the bending of the girder. Also some elements are seriously deteriorated by 
the weather action. In all of the cases was observed that the maintenance of the temples are poor and 
administration and management offices are always closed if they exist and in other cases there are no 
administration offices. In general these temples are open during the corresponding local festival and during 
New Year Celebration, the rest of the year are closed. 
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Fig. 2. Details of the damages at the bottom of columns 
 

3. Measurements Results 
Micro vibrations of the selected temples were measured according to the scheme that is shown in 

Figure 3. One sensor was located on ground site (ch1) and four sensors were located at each corner or 
near the 4 corners of the building and on the upper beam of the first floor (ch3, ch4, ch5 and ch6). 
Measurements were performed separately for the two principal directions of the temples. To obtain the 
elastic viscous damping factor at the beginning of each measurement an impact force of a person was 
used to produce a free dumped vibration. In addition to the set of measurement for the building, the 3 
components of the ground vibration were measured for each site to estimate the ground vibration 
characteristics by using the H/V spectrum method. In all cases the sampling frequency was 100 Hz.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. General scheme for points of measurements 
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In Table 1 the results for selected temples are summarized. Results of predominant modes of 
vibration are expressed in terms of the period of vibration. In this table the calculated damping factor of 
the temples are also included.  

 
Table 1. Periods of vibrations and damping factors 

Temple Height 
(m) 

Main 
Direction 
Period (s) 

Ridge 
Direction 
Period (s) 

Damping 
Main Dir. 

(%) 

Damping 
Ridge Dir. 

(%) 
Tokusawa 5.00 0.30 0.37 4.55 4.20 
Hachiman 6.30 0.34 0.31 5.55 7.42 
Konpira 6.25 0.27 0.27 5.03 4.60 
Shinmei 7.13 0.32 0.45 2.89 2.42 
Kiritoshi 7.20 0.36 0.43 2.97 1.71 
Omonoimi 4.85 0.30 0.35 2.44 2.46 
Suwa 5.00 0.32 0.24 7.30 3.65 
Kumano 7.08 0.50 0.64 3.70 3.06 
Inari 4.37 0.32 0.43 3.92 2.49 

 
It can be noted that the general tendency is that periods for the ridge direction are longer than those 

obtained for main direction. These results are compared with the general tendency curve for traditional 
Japanese temples reported by Uchida et al (2001). Figure 4 shows this comparison where the periods for 
each direction are plotted versus the height of the temple. Results for Hachiman and Konpira temples are 
on the curve of general tendency or a little above the curve. These both temples were recently repaired at 
the foundation level and therefore this effect could be reflected in the measurements results. The results 
for other temples lay below the curve for both directions and it indicates the weakness of the temples 
with long period for the corresponding height. In general these temples show unbalanced results since 
for main direction the results are closer to the general curve and for the ridge direction the results differ 
more from the curve. In this case if some reparation work is planned it is necessary to consider the 
reinforcement of temples in the ridge direction. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4. Periods of vibration versus temple heights 
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The damping factor ranges from approximately 2% to 7%. However in previous studies of other 
traditional temples smaller values of the order of 2 % are reported. This fact could indicate that temples 
with high values of the damping factor present higher potential for energy dissipation. However, it is 
believed that the energy dissipation occurs due to the lack of appropriate stiffness of joints and supports 
and therefore could be an indicator of the vulnerability of the structure. When the damping factor is 
related to the period of the structure or to the height of the structure unclear relationships are obtained. 
Therefore, in this research the ratio of the number of spans versus the length is taken to establish a 
relation with the damping factor. That is the number of spans by unit length is plotted versus the value of 
the damping factor as is shown in Figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Number of span by unit length versus damping factor 
 

It can be noted that with the exception of one temple, the general tendency is to have a larger value 
of the damping factor when the number of span by unit length is increased. It is supposed that when the 
number of span by meter increases the structure presents more joints that could increase the dissipation 
of energy. However, the condition of the joints is an important factor as well as the distribution of joints 
along the height of the building which consider the presence of horizontal structural element like 
secondary beam.     

�

�

�

�

�

	




�

�

��� ��� ��� ��
 ��� ��� ���
��䛒䛯䜚䛾䝇䝟䞁ᩘ㻌����

ῶ
⾶
ᐃ
ᩘ
㻌
�
�

D
am

pi
ng

 ra
tio

 (%
) 

Spans by unit length 

Main direction 

�

�

�

�

�

	




�

�

��� ��� ��� ��
 ��� ��� ���
��䛒䛯䜚䛾䝇䝟䞁ᩘ㻌����

ῶ
⾶
ᐃ
ᩘ
㻌
�
�

Ridge direction 

D
am

pi
ng

 ra
tio

 (%
) 

Spans by unit length 

61



4. Conclusions 
 

Microtremor measurements have been successfully employed to determine the dynamic 
characteristics of traditional Japanese wooden temples of Yurihonjo city. The general tendency of the 
selected temples is that periods for the ridge direction are longer than those obtained for main direction. 
These results compared with the general tendency curve for traditional Japanese temples show that some 
temples have longer period for the corresponding height. In addition, most of the temples show 
unbalanced results since for main direction the results are closer to the curve than results for ridge 
direction. In this case if some reparation work is planned it is necessary to consider the reinforcement of 
the temples in the ridge direction. 

The damping factor were correlated with the number of spans of the structure and general tendency 
of increasing damping with increasing number of spans was found. However more analysis is required 
since it is believed that damping is strongly dependent of the number of joints and of the conditions of 
these joints. 
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ᮏᘓ≀䛾⿕ᐖ䛿䠈䛸䛧䛶䠈ᰕ㢌ᨭᢎ㒊䛾ᦆ

യ䠈2 ᒙᰕ⬮䛾᭤䛢䜂䜃䜜䠈䝃䝤䝖䝷䝇䛾ᗙᒅ
䛸䛺䛳䛶䛔䜛䚹⿕ᐖ䛾≉ᚩ䛷䛒䜛ᰕ㢌ᨭᢎ㒊䛾

ᦆയ䛿䠈1 ㏻䜚䠈11 ㏻䜚䛾ጔᵓ㠃㏆䛾ᵓ㠃䛻
ከ䛟ぢ䜙䜜䠈2ᒙᰕ⬮䛾᭤䛢䜂䜃䜜䛿 6㏻䜚㏆
㎶䛾୰ኸᵓ㠃䜢୰ᚰ䛻Ⓨ⏕䛧䛶䛔䜛䚹 

䛺䛚䠈䝃䝤䝖䝷䝇䛾ᗙᒅ䛿Ⅼᅾ䛧䛶ぢ䜙䜜䠈ᮏ

య⫱㤋䛜」㞧䛺ᣲື䜢♧䛧䛯䛣䛸䛜䛖䛛䛜䛘䜛䚹�

�

䠏䠊ゎᯒ䝰䝕䝹�

㕲㦵ᒇ᰿䜢そ䛖㒊ศ䛿䠈NS ᪉ྥ 11 ᵓ㠃䠈
EW ᪉ྥ 12 ᵓ㠃䛛䜙䛺䜛䛜䠈ᦆയ䛾⃭䛧䛛䛳䛯

NS᪉ྥ䜢ྲྀ䜚ୖ䛢䠈NS᪉ྥ䛾 1/2㒊ศ䠈༶䛱 1
䡚6ᵓ㠃䜢ゎᯒᑐ㇟䛸䛧䛯䚹ᅗ 3䛻㦵⤌䛾䝰䝕䝹
䜢♧䛩䚹1 ㏻䜚䛿䠈䜋䜌㠃䛜⪏ຊቨ䛷ᵓᡂ䛥䜜

ᅗ ���ᕷయ⫱㤋ᬒ�

ᅗ ���ᕷయ⫱㤋ᖹ㠃ᅗ�

㉥䠖ᰕ㢌ᦆയ
㟷䠖ᰕ⬮㒊䛾䜂䜃䜜
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䛫䜣᩿䝞䝛 䛫䜣᩿䝞䝛

䛯ጔᵓ㠃䛷䛒䜛䚹2䡚6 ㏻䜚䛿䠈㛗䛺∦ᣢ䛱ᰕ䜢

᭷䛩䜛ᙧ≧䛸䛺䛳䛶䛔䜛䚹ྛ㏻䜚䛿ᙎᛶ䛾䛫䜣᩿䝞

䝛䛷㐃⤖䛧䛶䛔䜛䚹ᅗ 4䛻㐃ᡂᵓ㠃䛾ゎᯒ䝰䝕䝹
䜢♧䛩䚹䛫䜣᩿䝞䝛䛾๛ᛶ䛻䛴䛔䛶䛿䠈䝖䝷䝇༢య

䛻ᑐ䛩䜛᭷㝈せ⣲ゎᯒ䜢⾜䛖䛣䛸䛻䜘䛳䛶ồ䜑䛯䚹 
Frame-D䛷䛿䠈ᰕ䞉ᱱ㒊ᮦ䜢ᅗ 5䛻♧䛩๛ᇦ䠈᭤

䛢䝞䝛䠈䛫䜣᩿䝞䝛䛷ᵓᡂ䛥䜜䜛⥺ᮦ䝰䝕䝹䛷⾲

⌧䛩䜛䚹ᒚṔ䝰䝕䝹䛿䠈᭤䛢䝞䝛䜢ᅗ 6䛻♧䛩
Takeda䝰䝕䝹䠈䛫䜣᩿䝞䝛䜢ᅗ 7䛻♧䛩ཎⅬᣦྥ
ᆺ䛾䝖䝸䝸䝙䜰䝰䝕䝹䛸䛧䠈ᢡ䜜Ⅼ䛾ྛ䝟䝷䝯䞊䝍䛿䠈

タィᅗ᭩䛻♧䛥䜜䛯㒊ᮦ䝸䝇䝖䛛䜙 RC つ‽ 4)䛻ᇶ

䛵䛝䠈⾲ 1䛻♧䛩䜘䛖䛻タᐃ䛧䛶䛔䜛䚹䝖䝷䝇ᱱ䛻㛵
䛧䛶䛿ᙎᛶᮦ䛸䛧䠈᭤䛢๛ᛶ䛜➼౯䛸䛺䜛⥺ᮦ䝰䝕

䝹䛻⨨䛧䛶䛔䜛䚹 
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RC ᰕ䛾ᰕ㢌䛻䛿䜰䞁䜹䞊䝪䝹䝖䛜ᇙ

䜑㎸䜎䜜䠈䝧䞊䝇䝥䝺䞊䝖䜢ᣳ䜣䛷䝪䝹䝖

᥋ྜ䛥䜜䛯㟢ฟᰕ⬮ᙧᘧ䛷䛒䜚䠈ᰕ㢌䛾

ヲ⣽䛿ᅗ 8䠈ᅗ 9䛻♧䛩䛸䛚䜚䛷䛒䜛䚹RC
ᰕ䛸䝖䝷䝇ᱱ䛾᥋ྜ㒊䛾ඖຊ䝰䝕䝹䛿

ᙎረᛶᆺ䛾䝞䜲䝸䝙䜰䝰䝕䝹䛸タᐃ

䛧䠈᥋ྜ㒊タィᣦ㔪 5)䛻ᇶ䛵䛝䠈㟢ฟᰕ

⬮䛻ೌ䛳䛶䠈ᘧ(1)䛻䜘䜚ᅇ㌿๛ᛶ KBS 䜢䠈

ᘧ(2)䛻䜘䜚⤊ᒁ᭤䛢⪏ຊ MU䜢⟬ฟ䛩

䜛䚹 
 
 
 

 
 

䛣䛣䛷䠈E䛿䜰䞁䜹䞊䝪䝹䝖䛾䝲䞁䜾ಀᩘ䠈nt䛿ᘬᙇഃ䜰䞁䜹䞊䝪䝹䝖䛾ᮏᩘ䠈Ab䛿䜰䞁䜹䞊䝪䝹䝖䛾
㍈᩿㠃✚䠈dt䛿ᰕ᩿㠃ᅗᚰ䜘䜚ᘬᙇഃ䜰䞁䜹䞊䝪䝹䝖᩿㠃⩌䛾ᅗᚰ䜎䛷䛾㊥㞳䠈dc䛿ᰕ᩿㠃ᅗᚰ䜘䜚
ᅽ⦰ഃ䛾ᰕ䝣䝷䞁䝆እ⦕䜎䛷䛾㊥㞳䠈lb䛿䜰䞁䜹䞊䝪䝹䝖䛾㛗䛥䛷䛒䜛䚹᭦䛻䠈TU䛿ᘬᙇഃ䜰䞁䜹䞊䝪
䝹䝖䛾⤊ᒁᘬᙇ⪏ຊ䠄TU = nt䞉Ab䞉F䠅䠈N䛿㍈ຊ䠈NU䛿ᇶ♏䝁䞁䜽䝸䞊䝖䛾⤊ᒁᅽ⦰⪏ຊ䠄NU = 0.85䞉B䞉
D䞉Fc䠅䠈B䛿䝧䞊䝇䝥䝺䞊䝖䛾ᖜ䠈D䛿䝧䞊䝇䝥䝺䞊䝖䛾㛗䛥䠈F䛿䜰䞁䜹䞊䝪䝹䝖䛾 F್䠈Fc䛿䝁䞁䜽䝸
䞊䝖䛾タィᇶ‽ᙉᗘ䛷䛒䜛䚹 
䠄1䠅䠈䠄2䠅ᘧ䜘䜚䠈ᅇ㌿๛ᛶ KBS䛿 C ㏻䜚ᰕ㢌䠖8.48㽢103 [kN䞉m]䠈M ㏻䜚ᰕ㢌䠖9.68㽢103 [kN䞉m]䠈

᭤䛢⪏ຊ MU䛿 C ㏻䜚ᰕ㢌䠖1.23㽢102 [kN䞉m]䠈M ㏻䜚ᰕ㢌䠖1.29㽢102 [kN䞉m]䛸䛺䜛䚹ᮏㄽ䛷䛿᪤ 
䛾ሗ࿌ 6)䜢ཧ⪃䛻䠈ᰕ㢌㒊䛻᭤䛢䛜ᙉไ䛥䜜䜛䛣䛸䛻䜘䜛◚ቯ䜢ᛕ㢌䛻ධ䜜䠈⤊ᒁ᭤䛢⪏ຊ䛻㐩䛧䛯

Ⅼ䜢ᰕ㢌ᦆയ䛸ᐃ⩏䛩䜛䚹 

タᐃ䛩䜛㉁㔞䛿䠈㍈ຊ⾲䛛䜙ồ䜑䠈2 ᒙᰕ⬮ཬ䜃ᰕ㢌䛻㉁㔞䜢㓄⨨䛧䛯䚹䜎䛯䠈↷᫂➼䛾タഛഛရ
䜢㝖䛟ᒇ᰿㔜㔞䛿䠈⿵ಟᕤ䛻䝆䝱䝑䜻䜰䝑䝥䛧䛯㝿䛾㔜㔞䛛䜙㏫⟬䛧䛯್䛜 120kg/m2䛷䛒䛳䛯䛣䛸

䛛䜙䠈ᵓ㐀ᅗ㠃䛛䜙ᒇ᰿ᢡᯈ䛾㔜㔞䛸タഛഛရ䜢⪃៖䛧䠈150kg/m2䛸タᐃ䛧䛯䚹 
 

䠐䠐䠊ᅛ᭷್ゎᯒ䛻䜘䜛ゎᯒ䝰䝕䝹䛚䜘䜃タᐃ㉁㔞䛾ᩚྜᛶ䛻㛵䛩䜛᳨ウ�

ᮏయ⫱㤋䛷䛿䠈⿕⅏ᚋ䠈ᖖᚤື ᐃ䛜ᐇ䛥䜜䛶䛔

䜛 2)䚹䛭䛾⤖ᯝ䜢ᅗ 10䛻♧䛧䠈ᅛ᭷್ゎᯒ䛻䜘䜚ᚓ䜙䜜䛯 1
ḟᅛ᭷࿘ᮇ䜢ేグ䛩䜛䚹 
ᅗ 10 䜘䜚䠈ᅛ᭷್ゎᯒ䛾⤖ᯝ䛸䠈ᚤື ᐃ䛾⤖ᯝ䛿Ⰻ

䛟୍⮴䛧䠈ᮏゎᯒ䝰䝕䝹䛚䜘䜃タᐃ㉁㔞䛜ᐇᵓ㐀≀䛾≉

ᛶ䜢ᤊ䛘䛶䛔䜛䛣䛸䛜☜ㄆ䛷䛝䜛䚹 
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䠑䠑䠊㟼ⓗቑศゎᯒ䛻䜘䜛ᦆയ䝯䜹䝙䝈䝮䛻㛵䛩䜛᳨ウ�

๓⠇䛾ᅛ᭷್ゎᯒ䛾⤖ᯝ䛻ᇶ䛵䛝䠈Ai ศᕸ䜢⟬ฟ䛧䠈ኚไᚚ䛻䜘䛳䛶 6 ㏻䜚ᵓ㠃ᰕ㢌䜢 3cmኚ
䛥䛫䛯䛸䛝䛾ረᛶ䛾≧ἣ䜢ᅗ 11 䛻♧䛩䚹䛺䛚䠈ᅗ୰䛾ᩘᏐ䛻䛴䛔䛶䛿䠈䛭䛾⟠ᡤ䛾ረᛶ⋡䜢♧䛧
䛶䛔䜛䚹 
ᅗ 11 䜘䜚䠈1 ㏻䜚ᰕ㢌䛜᪩ᮇ䛻᭤䛢㝆అ䛻⮳䜛䛣䛸䛜☜ㄆ䛷䛝䜛䚹䛣䜜䛿䠈ྛᵓ㠃䛾䝯䜲䞁䝖䝷䝇䜢⤖

䜆䝃䝤䝖䝷䝇䛻䜘䛳䛶䠈1㏻䜚ᰕ㢌䛻Ⲵ㔜䛜ఏ㐩䛥䜜䠈䛛䛴 1㏻䜚ᵓ㠃䛜⪏ຊቨ䛻䜘䛳䛶㧗䛔๛ᛶ䜢᭷䛩
䜛䛯䜑䛻ኚᙧ䛻㏣ᚑ䛷䛝䛪䠈⤖ᯝ䛸䛧䛶 RC ᵓ㠃䛸䝯䜲䞁䝖䝷䝇䛾᥋ྜ㒊䛻䛝䛺᭤䛢䝰䞊䝯䞁䝖䛜Ⓨ⏕

䛧䛯䜒䛾䛸⪃䛘䜙䜜䜛䚹 
䛣䛾ጔᵓ㠃䜈䛾ᰕ㢌⿕ᐖ䛾㞟୰䛿䠈2 ⠇䛷㏙䜉䛯䛸䛚䜚䠈ᐇ⿕ᐖ䛻䛚䛔䛶䜒☜ㄆ䛥䜜䛶䛔䜛䚹䛣䛾Ⲵ

㔜䛾ఏ㐩䛻䜘䜛ᰕ㢌ᨭᢎ㒊䛾◚ቯ䛿䠈ጔᵓ㠃䜢᭷䛩䜛㕲㦵⨨ᒇ᰿ᵓ㐀䛾௦⾲ⓗ䛺ᦆയ䝯䜹䝙䝈䝮䛸

⪃䛘䜙䜜䠈ᰕ㢌ᨭᢎ㒊䛾ಖ᭷⪏ຊ䛻ຍ䛘䠈䝃䝤䝖䝷䝇䛾㠃ෆ䛫䜣᩿๛ᛶ䜒⪃៖䛻ධ䜜䛯⪏㟈デ᩿䠈⪏

㟈⿵ᙉ䛾ᚲせᛶ䜢♧၀䛧䛶䛔䜛䚹 
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ᆅ㟈ᛂ⟅ゎᯒ䛷⏝䛔䜛ᆅ㟈Ἴ䛿ᅗ 12 䛻♧䛩ྎ㧗➼ᑓ㛛Ꮫᰯྡྲྀ䜻䝱䞁䝟䝇䛷ほ 䛥䜜䛯グ 
㘓䛸䛩䜛䚹䛣䜜䛿䠈ᑐ㇟≀௳䛛䜙 1.5km⛬ᗘ㞳䜜䛯ᆅⅬ䛷ᚓ䜙䜜䛯グ㘓䛷䛒䜛䚹ᅗ 13 䛻ຍ㏿ᗘᛂ⟅䝇
䝨䜽䝖䝹䠄h䠙0.03䠅䜢♧䛩䚹ᅗ 13 䛻♧䛩㏻䜚䠈ᮏయ⫱㤋䛾ᅛ᭷࿘ᮇ䛷䛒䜛 0.3 ⛊㏆䛻༟㉺࿘ᮇ䛜Ꮡ
ᅾ䛩䜛ᆅ㟈ື䛷䛒䜛䚹 
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ᆅ㟈ᛂ⟅ゎᯒ䛻䜘䛳䛶ᚓ䜙䜜䛯ྛᵓ㠃䛾᭱ᛂ⟅್䜢ᅗ 14䛻♧䛩䚹ᅗ 14䜘䜚䠈1㏻䜚䛻ẚ䜉 6㏻䜚

䛿ᛂ⟅ኚ䛷⣙ 2.4 ಸ䠈ᛂ⟅ຍ㏿ᗘ䛷⣙ 2 ಸ䛸䛺䛳䛶䛚䜚䠈୰ኸᵓ㠃䛜䛝䛟⭾䜙䜏䠈䜙䜜䜛ᛂ⟅䜢
♧䛩䚹6 ㏻䜚䛷䛿᭱ᛂ⟅ຍ㏿ᗘ䛷⣙ 2G 䛻㐩䛩䜛䚹�
�

�

�

�

�

�

�

�

�

ᅗ 15䛻ゎᯒ䛻䜘䜛ྛ䝣䝺䞊䝮䛾ረᛶ䛾≧ែ䜢♧䛩䚹ጔᵓ㠃䛾 1 ㏻䜚䝣䝺䞊䝮䛷䛿䠈RC ᰕ䛸䝖䝷䝇

ᒇ᰿䛸䛾ᰕ㢌᥋ྜ㒊䛜ረᛶ䛧䛶䛚䜚䠈⿕ᐖㄪᰝሗ࿌䛻䛚䛔䛶 1㏻䜚䛾ᦆയ䛜䛝䛛䛳䛯䛣䛸䛸䜒ᩚྜ
䛩䜛䚹䛧䛛䛧䠈5䠈6 ㏻䜚䛾 2 㝵 RC ᰕ䛾ᰕ⬮䛸䜼䝱䝷䝸䞊㒊䛾ᱱ䛷᭤䛢㝆అ䛧䛶䛚䜚䠈⿕ᐖ≧ἣ䛸␗䛺䛳
䛶䛔䜛䚹䛣䛾Ⅼ䛻㛵䛧䛶䛿ゎᯒ䝰䝕䝹䛾⢭ᗘ䛾ྥୖ䛻䜘䜚ᨵၿ䛥䜜䜛䛸⪃䛘䜙䜜䜛䚹 
䜎䛯䠈ᅇ⏝䛔䛯ᰕ㢌᥋ྜ㒊䛾ᒚṔ䝰䝕䝹䛿ᙎረᛶᆺ䛾䝞䜲䝸䝙䜰䝰䝕䝹䛸䛧䛶䛔䜛䛯䜑䠈ᦆ

യᚋ䜒䜶䝛䝹䜼䞊྾䜢⾜䛔ᵓ㠃䜈䛾ຊ䛾ศᩓ䜢పῶ䛧䛶䛔䜛䛣䛸䛻䛺䜛䚹ゎᯒ⤖ᯝ䛸䛧䛶 2䡚6 ㏻
䜚䛾ᰕ㢌᥋ྜ㒊䛷ᦆയ䛜⌧䜜䛺䛛䛳䛯䛣䛸䛻㛵䛧䛶䛿䠈䛣䛾䝰䝕䝹䛾タᐃ䛜䛝䛟ᙳ㡪䛧䛶䛔䜛䛣䛸䛜

⪃䛘䜙䜜䠈ᒚṔ䝰䝕䝹䛻㛵䛩䜛᳨ウ䛜ᚲせ䛸⪃䛘䜙䜜䜛䚹 
 
 
 
 
 

 

��

�

�

�

�

䠓䠊䝖䝷䝇䛾㠃ෆ䛫䜣᩿๛ᛶ䛻䜘䜛ᦆയ䛾ኚື䛻㛵䛩䜛᳨ウ�

௨ୖ䛾ゎᯒ⤖ᯝ䜘䜚䠈䝖䝷䝇䛾㠃ෆ䛫䜣᩿๛ᛶ䛜ጔᵓ㠃䜈䛾Ⲵ㔜㞟୰䛻䛝䛟ᙳ㡪䛧䛶䛔䜛䛣䛸䛜⪃

䛘䜙䜜䠈䛣䛣䛷䛿㠃ෆ䛫䜣᩿๛ᛶ䜢䝟䝷䝯䞊䝍䛸䛧䛯ᆅ㟈ᛂ⟅ゎᯒ䛻䜘䜚᳨ウ䜢῝䜑䜛䚹 
ᅗ 16(a)䛻䝖䝷䝇䛾ᒇ᰿㠃ෆ䛫䜣᩿๛ᛶ䜢ኚ䛥䛫䛯ሙྜ䛾ྛ䝣䝺䞊䝮ᰕ㢌㒊䛻స⏝䛩䜛䝰䞊䝯䞁䝖

䛾㛵ಀ䜢䠈ᅗ 16(b)䛻 2ᒙ RCᰕ䛾ᰕ⬮㒊䛻స⏝䛩䜛䝰䞊䝯䞁䝖䛾㛵ಀ䜢♧䛩䚹䛺䛚ྛᅗ䛾⦪㍈䛿ྛ㒊
ᮦ䛾᭤䛢⪏ຊ䛷ᇶ‽䛧䛶䛔䜛䚹 

䠖᭤䛢㝆అ� 䠖䜂䜃䜜�

����� ㏻䜚������ ㏻䜚������ ㏻䜚�

����	 ㏻䜚� ����
 ㏻䜚� ����� ㏻䜚�

ᅗ �
�ྛᵓ㠃䛾ረᛶ⋡ศᕸ�
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㠃ෆ䛫䜣᩿๛ᛶ䛾పୗ䛻క䛔 1㏻䜚䛻స⏝䛩䜛ᰕ㢌䝰䞊䝯䞁䝖䛿ῶᑡ䛧䠈ᐇ䝰䝕䝹䛾 10䠂䛾䛫䜣᩿

๛ᛶ䛻䛧䛯ሙྜ䛷䛿ᰕ㢌ᨭᢎ㒊⿕ᐖ䛿⌧䜜䛺䛟䛺䜛䚹㠃ෆ䛫䜣᩿๛ᛶ䛾䛝䛥䛻䜘䜚ጔᵓ㠃䠄1 ㏻䜚䠅
䛷㈇ᢸ䛩䜛ຊ䛜ኚ䛧䠈ᰕ㢌ᨭᢎ㒊䛾ᦆയ䜢ᕥྑ䛩䜛䛣䛸䛜䜟䛛䜛䚹䛭䛾୍᪉䠈୰ኸᵓ㠃䠄6 ㏻䜚䠅䛷䛿䠈
㠃ෆ䛫䜣᩿๛ᛶ䛾పୗ䛻క䛔ᰕ㢌䛻స⏝䛩䜛䝰䞊䝯䞁䝖䛜ቑຍ䛩䜛䛸䛸䜒䛻ᰕ⬮㒊䛻స⏝䛩䜛䝰䞊䝯

䞁䝖䜒ᚤቑ䛩䜛ഴྥ䛻䛒䜚䠈ᰕ㢌ᨭᢎ㒊䜔ᰕ⬮䛻䛝䛺ᦆയ䜢䜒䛯䜙䛩ྍ⬟ᛶ䜢᭷䛩䜛䚹 
䛫䜣᩿๛ᛶ䜢 150䠂䛻タᐃ䛧䛯ሙྜ䛷䛿䠈ጔᵓ㠃䛷㈇ᢸ䛩䜛ຊ䛾ቑ䛻䜘䜚 1㏻䜚ᰕ㢌䝰䞊䝯䞁䝖䛜

ቑຍ䛧䠈䛭䛾䛾㏻䜚䛷䛿ᰕ㢌䝰䞊䝯䞁䝖䛜ῶᑡ䛩䜛䛣䛸䛜☜ㄆ䛷䛝䜛䚹䜎䛯䠈ᰕ⬮䛻స⏝䛩䜛䝰䞊䝯䞁䝖

䛿ῶᑡ䛧䠈䛶䛾㏻䜚䛷⿕ᐖ䛜⌧䜜䛺䛟䛺䜛䚹 
��

�

�

�

�

�

�

�

�

�

�

䠔䠊䜎䛸䜑�

ᮏㄽ䛷䛿䠈ᮾᆅ᪉ኴᖹὒἈᆅ㟈䜢ཷ䛡䛯㕲㦵⨨ᒇ᰿ᵓ㐀䛾య⫱㤋䜢ᑐ㇟䛻䠈ᅛ᭷್ゎᯒ䠈㟼

ⓗቑศゎᯒ䠈ᙎረᛶᆅ㟈ᛂ⟅ゎᯒ䜢⾜䛳䛯䚹䛭䛾⤖ᯝ䠈ᅛ᭷್ゎᯒ䛻䜘䜚ᚓ䜙䜜䛯୍ḟᅛ᭷࿘ᮇ䛿䠈

ᚤື ᐃ䛾⤖ᯝ䛸䜋䜌୍⮴䛧䠈ᥦ䛧䛯ゎᯒ䝰䝕䝹䛚䜘䜃タᐃ㉁㔞䛜ጇᙜ䛷䛒䜛䛣䛸䛜☜ㄆ䛷䛝䛯䚹 
㟼ⓗቑศゎᯒ䛻䜘䜚䠈ጔᵓ㠃ᰕ㢌䛾ᦆയ䛿䠈2 ᒙᰕ⬮䛾᭤䛢㝆అ䛺䛹䛸ẚ㍑䛧䠈䛛䛺䜚᪩ᮇ䛻Ⓨ⏕

䛩䜛䛣䛸䛜᫂䜙䛛䛸䛺䛳䛯䚹䛣䜜䛿䠈䝖䝷䝇䛻ຍ䛥䜜䜛Ⲵ㔜䛜䠈ጔᵓ㠃ᰕ㢌䜎䛷ఏ㐩䛥䜜䜛䛣䛸䛻䜘䜛䛸

⪃䛘䜙䜜䠈ጔᵓ㠃䜢᭷䛩䜛㕲㦵⨨ᒇ᰿ᵓ㐀䛾௦⾲ⓗ䛺ᦆയ䝯䜹䝙䝈䝮䛷䛒䜛䛸⪃䛘䜙䜜䜛䚹 
ຍ䛘䛶䠈ᙎረᛶᆅ㟈ᛂ⟅ゎᯒ䛻䜘䜚䠈ゎᯒ⤖ᯝ䛸ᐇ⿕ᐖ䛸䛾ẚ㍑䞉᳨ウ䜢⾜䛳䛯䚹䛭䛾⤖ᯝ䠈ᐇ⿕ᐖ

䛻䜒ぢ䜙䜜䛯ጔᵓ㠃ᰕ㢌䜈䛾ᦆയ㞟୰䛜䝅䝭䝳䝺䞊䝖䛷䛝䛯䚹୍᪉䠈RC ᰕ䛾᭤䛢㝆అ䛺䛹䛾ᐇ⿕ᐖ䛸
␗䛺䜛⤖ᯝ䜒ᚓ䜙䜜䠈ྛᵓ㠃䜢⤖䜆 RC ᱱ䛺䛹䛾䜘䜚⢭☜䛺䝰䝕䝹䛜ᚲせ䛷䛒䜛䛣䛸䜒ㄢ㢟䛸䛺䛳䛯䚹 
䛥䜙䛻䝖䝷䝇䛾㠃ෆ䛫䜣᩿๛ᛶ䛜⿕ᐖ≧ἣ䛻ཬ䜌䛩ᙳ㡪䜢☜ㄆ䛧䛯䚹䛭䛾⤖ᯝ䠈䝖䝷䝇䛾㠃ෆ䛫䜣᩿

๛ᛶ䜢ᑠ䛥䛟䛩䜛䛸䠈ጔᵓ㠃ᰕ㢌ᨭᢎ㒊䛾ᦆയ䛜ぢ䜙䜜䛺䛟䛺䜛ሙྜ䛜䛒䜛䛜䠈ྠ䛻୰ኸᵓ㠃䛾 2ᒙ

ᰕ⬮㒊䛻䛚䛔䛶᭤䛢㝆అ䛜⏕䛨䜔䛩䛟䛺䜛䛣䛸䛜☜ㄆ䛷䛝䛯䚹 
ཧ⪃ᩥ⊩ 
1) ᪥ᮏᘓ⠏Ꮫ䠖2011 ᖺᮾᆅ᪉ኴᖹὒἈᆅ㟈⅏ᐖㄪᰝ㏿ሗ䠈ၿฟ∧ᰴᘧ♫䠈2011.7 
2) ⏿୰䠈⯪ᮌᑦᕫ䠈⸨⏣ᬛᕫ䠈⏣୰♩䠈ᰘ⏣᫂ᚨ䠖ᮾᆅ᪉ኴᖹὒἈᆅ㟈䛷⿕⅏䛧䛯㕲㦵⨨ᒇ᰿ᵓ㐀䛾⿕ᐖ
ㄪᰝ䛚䜘䜃ᖖᚤື ᐃ⤖ᯝ䠈ᮾᆅᇦ⅏ᐖ⛉Ꮫ◊✲ ➨ 49 ᕳ䠈pp.81-84䠈 2012.12 

3) ᚿ㈡ᩄ⏨䠖ᮾᏛᕤᏛ㒊ᘓタ⣔◊✲Ჷ䛾ᙉ㟈ᛂ⟅ᐇ 䛸䛭䛾ᙎረᛶᛂ⟅ゎᯒ䠈᪥ᮏᘓ⠏Ꮫㄽᩥሗ࿌㞟䠈
➨ 301 ྕ䠈pp.119-128䠈1981.3 

4) ᪥ᮏᘓ⠏Ꮫ䠖㕲➽䝁䞁䜽䝸䞊䝖ᵓ㐀ィ⟬ᇶ‽䞉ྠゎㄝ䠈2010 
5) ᪥ᮏᘓ⠏Ꮫ䠖㗰ᵓ㐀᥋ྜ㒊タィᣦ㔪䠈2012.3 
6) ᘓ⠏◊✲⯆༠䜋䛛䠖ᮾ᪥ᮏ㟈⅏䛻䛚䛡䜛㕲㦵⨨ᒇ᰿ᵓ㐀䛾⿕ᐖㄪᰝሗ࿌䠈2012 

䛫䜣᩿๛ᛶ50䠂
䛫䜣᩿๛ᛶ150䠂

䜾䝷䝣䝍䜲䝖䝹

䛫䜣᩿๛ᛶ25䠂
䛫䜣᩿๛ᛶ10䠂

䜾䝷䝣䝍䜲䝖䝹

ᐇ䝟䝷䝯䞊䝍
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����ᰕ㢌䝰䞊䝯䞁䝖䠄᥋ྜ㒊䠅� ����� ᒙᰕ⬮䝰䞊䝯䞁䝖�䝯䞁䝖䠄᥋ྜ㒊䠅 ����� ᒙᰕ⬮䝰

ᅗ ��� 䝖䝷䝇䛾㠃ෆ䛫䜣᩿๛ᛶ䛸ྛ䝰䞊䝯䞁䝖䛾㛵ಀ�
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Architecture & Building Science, � � �%� ���&�"#�$'��

2013ᖺᖺ 9᭶ 2᪥ᇸ⋢┴࡛࡞Ⓨ⏕ࡓࡋ❳ᕳࡿࡼᘓ≀⿕ᐖ�

�

ᮾᏛᏛ㝔ᕤᏛ◊✲⛉� � 㧘ᶫ㯞⾰㸪㔠༡᫇㸪㣤⏣᭷ᮍ㸪᳜ᯇᗣ�

�

 ࡵࡌࡣ .1
� 2013 ᖺ 9 ᭶ 2᪥ 14 㐣ࡂᇸ⋢┴࡛Ⓨ⏕ࡓࡋ❳ᕳࡾࡼ㸪ᅗ 1 ࡓ࠸ࡉ┴⋣ᇸ࠺ࡼࡍ♧
ࡓࢀࡉࡽࡓࡶࡀᐖ⿕࡞⏒࡚ࡅⲈᇛ┴ᆏᮾᕷἲᖌᡞࡽ⏣ᕷᒾᵳ༊ᑿࣨᓮ᪂ࡲ ࡢᕳ❲ࠋ(1

Ⓨ⏕ࢆṇ☜ணࡣࡇࡿࡍ㞴࠼࠺࠸ࡋ㸪❳ᕳࡢ⛣ື㏿ᗘࡣ⣙ 40km/h࡛ࡾ࠶㸪㠀ᖖࠋ࠸㏿
❳ᕳࡿࡼ⅏ᐖྎࡣ㢼⅏ᐖࡾ࡞␗㸪▷㛫࡛⏒࡞⿕ᐖࡵࡓࡍࡽࡓࡶࢆ㸪㐺ษ࡞ᑐ⟇᳨ࡢ

ウࡀᛴࠋࡿ࠸࡚ࢀࡀ⿕ᐖపῶࡎࡲࡣࡵࡓࡢ⿕ᐖࡢᐇែࢆᢕᥱࡀࡇࡿࡍ㔜せ࡛ࠋࡿ࠶ 
� ࡽ⏕ᕳⓎ❲ࡣࡽ⪅➹ 2᪥ᚋࡢ 9᭶ 4᪥㸪≉⿕ᐖࡀࡓࡗࡁ㉺㇂ᕷ❧㝧୰Ꮫᰯ㏆㸪
㉺㇂ᕷ❧⿄ᑠᏛᰯ㏆ཬࡧ༓ⴥ┴㔝⏣ᕷ┿ගᑎ㏆୕ࡢᡤࢆ୰ᚰᘓ⠏≀➼ࡢ⿕ᐖㄪᰝࢆ

�ࠋࡿࡵࡲࢆㄪᰝ⤖ᯝࡢࡑࡣᮏሗ࡛ࠋࡓࡗ⾜

  �

ᅗ 1� ❳ᕳ㐍⾜⤒㊰ཬࡧ⿕ᐖㄪᰝ⠊ᅖ�ྑ㸸⿕ᐖⓎ⏕ᆅᇦ 1)� ᕥ㸸⿕ᐖㄪᰝ⠊ᅖ��
2. ⿕ᐖࡢ≉Ⰽ 
Ẽ㇟ᗇࡣᅇࡢ❳ᕳࡢᙉࢆࡉ F2�᥎ᐃ㢼㏿ 50-69m/s�࡛ࡓࡋࡿ࠶ 㛗ࡣ⠊ᅖࡢ㸪⿕ᐖࡓࡲࠋ(1

ࡉ 19km㸪ᖜ⣙ 300m ࡿ࠶࡛ ࡓࡋ⏕Ⓨ㐣ཤࠋ(2 F2 ௨ୖࡢ࡞❳ᕳࡿࡼ⿕ᐖࡢᴫせࢆ⾲ 1 
ࡣఫᐙ⿕ᐖࡿࡼᕳ❲ࡢ㸪ᅇࡿࡼࢀࡇࠋࡍ♧ F2 㸪ẚẚࡢࡶࡢ㸪ࡣ࡚ࡋᕳ❲ࡢ
㍑ⓗࡓࡗ࠶࡛ࡢࡶ࡞ࡁゝࡣࢀࡇࠋࡿ࠼㸪⿕⅏ᆅᇦࡢᘓ≀ࡢᐦ㞟ᗘࡀ㧗ࡀࡇ࠸ᣲࠋࡿࢀࡽࡆ

2006ᖺ 9᭶ 17᪥ᐑᓮ┴ᘏᒸᕷ࡛ࡢ❳ᕳ�F2�࡛ྠࡶᵝ࡛2012ࠋࡿ࠶ᖺ 5᭶ 6᪥Ⲉᇛ┴ࡤࡃࡘ
ᕷ࡛Ⓨ⏕ࡓࡋ❳ᕳẚࡿࡳ࡚㸪ᅇࡢ❳ᕳࡢ᪉ࡣ࣮ࣝࢣࢫ⏣⸩ࡀᑠࡎࡽࢃࡶ࠸ࡉ㸪

㈇യ⪅ࡀከࡣࢀࡇࠋ࠸㸪ࡤࡃࡘᕷࡢ❳ᕳࡣ᪥᭙᪥Ⓨ⏕ࡢࡓࡋᑐࡋ㸪ᅇࡢ❳ᕳࡣᖹ᪥ࡢ᭶

᭙᪥Ⓨ⏕ࡵࡓࡓࡋ㸪እฟࡿ࠸࡚ࡋேࡀከࡃ㸪㣕᮶≀ࡿࡼ㈇യ⪅ࡀከࠋࡿࢀࡽ࠼⪄ࡓࡗ࡞ࡃ 
㸪1999ᖺࡓࡲ 9᭶ 24᪥ឡ▱┴㇏ᶫᕷࡢ❳ᕳ�F3ࡢ�ሙྜྠᵝ 3),4)㸪Ꮫᰯ࡚࠸࠾㣕᮶≀ࡼ

 ࠋࡿ࠶ཎᅉ࡛ࡶࡇࡓ࠸ࡃከࡀᚐ⏕ࡓࡋ㈇യ࡛ࢫࣛ࢞ࡓࢀࡾ

��পฦ৵৾ૅહڭ

�ઌگ��ઌહگ

��ਨ഻র৾ૅહڮ
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3. ⿕⿕ᐖᙧែ 
3.1 ᘓ⠏≀ࡢᵓ㐀㌣యࡢ⿕ᐖ 
� ┿ 1,2 ༑ศ࡛ࡀᅛᐃࡢ♏ᇶࡶࢀࡎ࠸ࠋࡿ࠶࡛ࡓࢀࡽぢࡀື⛣ࡢ㒊ᵓ㐀ୖࡢ≀ᘓ⠏ࡣ
ࠋࡿ࠶࡛ࡓࡗࡲࡋ࡚ࡋື⛣ᶓຊ࡛⡆༢ࡿࡼᙉ㢼ຊࡆୖ࠸྾ࡿࡼ㸪❳ᕳࡵࡓࡓࡗ࠶

┿㸪ࡓࡲ ࢇ㸪ࡀࡓ࠸࡚ࡗ㍕ࡀ㐨ሙࡣୖࡢ♏ᇶࡢࡇࠋࡿ࠶࡛ࡓࡗṧࡀࡅࡔ♏ᇶࡣ3
㸪 50mࡵࡓࡓࡗ࡞࠸࡚ࢀࡉᅛᐃ ⛬㣕ࡧ㸪┿ 4 ఫᐙ࠺ࡼࡢ 4 Ჷࡋ✺⃭㸪ࡢࡽࢀࡑఫ

ᐙ࡞ࡁ⿕ᐖ2006ࠋࡓࡋࡽࡓࡶࢆ ᖺ 11 ᭶ 6 ᪥ᾏ㐨బ࿅㛫⏫ࡢ❳ᕳ�F3�࡛ࡢࣈࣁࣞࣉࡣᕤ
⌧ሙົᡤࡀᮺᇶ♏ࡀࡓ࠸࡚ࢀࡽࡵ␃࡛࠸ࡀࡍ㸪❳ᕳࡾࡼ⡆༢྿ࡁ㣕ࡓࢀࡉࡤ ࠋ(4

┿ ࡋ࡛ࢇ㣕ࡁ྿⡆༢ࡶ࡛㏿㢼࠸㸪ẚ㍑ⓗప࡛ࡢ࠸࡞࠸࡚ࢀࡉ╔ᐃࢇ㸪ࡣ࡛≀ᘓࡢ3
┿ቯ�◚ࡢࡳ⤌ᑠᒇࡢᒇ᰿ࠋࡿࢀࡽ࠼⪄࠺ࡲ ┿ಽቯ�ࡿࡼ㸪⾪ᧁຊࡸ�5 ࠋࡓࢀࡽぢࡀ�6
 ࠋࡓࢀࡽぢࡃከࡣ㌿ಽࡸື⛣ࡢ⨨≀ࡢࡅࡔࡿ࠶࡚࠸⨨ࡔࡓ㸪ᆅ㠃ࡢࡇ

 
┿ 1� ୖ㒊ᵓ㐀ࡢ㣕ᩓ� � � ┿ 2� ୖ㒊ᵓ㐀ࡢ⛣ື� � � ┿ 3� 㐨ሙࡢᇶ♏ 

  

┿ 4� 㐨ሙࡢ㣕ᩓ� � � � ┿ 5� ᑠᒇ⤌ࡢ◚ቯ� � � ┿ 6� ୖ㒊ᵓ㐀ࡢಽቯ 

⾲ 1� 㐣ཤࡢ௦⾲ⓗ࡞❳ᕳࡢ⿕ᐖ�Ẽ㇟ᗇ HPࡾࡼసᡂ� 

Ⓨ⏕�

ᖺ᭶᪥�
Ⓨ⏕ሙᡤ�

⸨⏣�

䝇䜿䞊䝹�
⿕ᐖᖜ�

(m) 
⿕ᐖ㛗䛥�

(km)�
ேⓗ⿕ᐖ�ே�� ఫᐙ⿕ᐖ�Ჷ��

Ṛ⪅� ㈇യ⪅� ቯ� ༙ቯ� ୍㒊◚ᦆ�

2013.9.2 
ᇸ⋢┴㸪༓ⴥ┴㸪�

Ⲉᇛ┴�
F2 300 19 0 64 13 35 1349 

2012.5.6 
Ⲉᇛ┴ᖖ⥲ᕷ㸪�

�ᕷࡤࡃࡘ
F3 500 17 1 37 76 158 400 

2011.11.18 㮵ඣᓥ┴ᚨஅᓥ⏫� F2 100 0.6 3 0 1 0 0 
2006.11.7 ᾏ㐨బ࿅㛫⏫� F3 100-300 1.4 9 31 7 7 25 
2006.9.17 ᐑᓮ┴ᘏᒸᕷ� F2 150-300 7.5 3 143 79# 348# 753# 
1999.9.24 ឡ▱┴㇏ᶫᕷ� F3 50-550 18 0 415 40 309 1980 
1990.12.11 ༓ⴥ┴ⱱཎᕷ� F3 500-1200 6.5 1 73 82 161 1504 
1990.4.6 ▼ᕝ┴⩚㒆� F2 400-900 10 0 7 4 15 72 
1990.2.19 㮵ඣᓥ┴ᯖᓮᕷ� F2-F3 200 3.0-4.0 1 18 29 88 266 

 ࡴྵࢆᐖ⿕ࡿࡼ㇟⌧㇟Ẽࡢࡣ#
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3.2 ᘓᘓ⠏≀ࡢእᮦࡢ⿕ᐖ 
�1�ᒇ᰿ࡢ⿕ᐖ 
� ᅇࡢㄪᰝ࡛᭱ࡶከࡃ⿕ᐖࡀぢࡣࡢࡓࢀࡽ㸪እᮦࡢ◚ᦆ࡛ࠋࡿ࠶┿ ࡣ7 O୰Ꮫᰯࡢయ⫱
㤋ࡢᒇ᰿ࡀ㞳ࡓࡋ࡛ࠋࡿ࠶༡ഃࢇࡀࢫࣛ࢞❆ࡢ◚ᦆࡾࡼࡇࡓ࠸࡚ࡋ㸪ࡵࡌࡣ㣕

᮶≀࡛❆ࡀࢫࣛ࢞◚ᦆࡋ㸪ᘓ≀ෆ㢼ࡀ྿ࡁ㎸࡛ࡇࡔࢇ㸪ෆᅽ࡚ࡋ᪼ୖࡀࡢࡁྥୖ࡞ࡁຊ

 ࠋࡿࢀࡽ࠼⪄ࡢࡶࡓࢀࡉࡤ㣕ࡁ㔝ᆅᯈẖ྿ࡀ㸪ᒇ᰿ᮦࡋ⏝సࡀ
� ┿ ⪏㸪ࡎࢀࢃ⾜ࡀ⌮⟶㸪⥔ᣢࡾ࠶ᐙ࡛ࡁ✵ࡣ≀ᘓࡢࡇࠋࡿ࠶࡛ࡢ㞳⿕ᐖࡢᒇ᰿⎰ࡣ8
ຊࡀపୗࡵࡓࡓࡋ㸪࿘ᅖࡢᘓ≀ẚ࡚㸪࡞ࡁ⿕ᐖࡀⓎ⏕ࠋࡿࢀࡽ࠼⪄ࡓࡋ 
� ྎ㢼ࡢ࡞ᙉ㢼୰࡛ࡣ㸪ᒇ᰿ࡢ࿘㎶㒊ࡣ࡞ࡁᒁ㒊㢼ᅽࡀస⏝ࡵࡓࡿࡍ㸪࿘ᅖࡣ⎰ࡢ࡚

ୗᆅᅛᐃࡀࡿ࠸࡚ࡗ࡞ࡇࡿࡍ㸪୰ኸ㒊࡛ࡣᅛᐃࡢࡅࡔࡿ࠸࡚ࢀ⨨ࡎࢀࡉሙྜࡶከࠋ࠸

ྎ㢼ࡣ࡛࡞୰ኸ㒊ࢀࡑ࡞ࡁ㈇ᅽࡀస⏝ࡀ࠸࡞ࡋ㸪❳ᕳࡢሙྜ㸪ᙉ㢼ࡿࡼ㈇ᅽຍ

㸪࠸ࡲࡋ࡛ࢇ㣕ࡁ྿㸪⡆༢ࡣ⎰࠸࡞࠸࡚ࡋ㸪ᅛᐃࡵࡓࡿࡍ⏝సࡶຊࡆୖ࠸྾ࡣ୰ᚰ㒊࡛࡚࠼

┿  ࠋࡿࡍ⏕Ⓨࡶᐖ⿕࡞࠺ࡼࡢ9

┿㤋�⮬ࡓࡲ ࡗࡲࡋ࡚ࢀࡽࡆୖࡕᣢࡀ㸪ኳ㠃࡚ࡗࡼࡇࡓࡋ㞳ࡀᒇ᰿ᮦࡣ10�࡛
┿�ࡓ 11-12㸧ࠋⓎ⅏ᘓ≀ෆࡓ࠸ேࡢヰࡿࡼ㸪ኳ㠃୍ࡀᗘᾋࡾࡀୖࡁ㸪ඖࡢᡤ
ᡠ࠺ࡼࡢࡇࠋࡿ࠶࡛ࡇ࠺࠸ࡓࡗᒇ᰿ࡢ◚ᦆࡅࡔࢀࡑࡣṆࡎࡽࡲ㸪ᘓ≀ෆ㒊ࡢḟ㒊ᮦ

 ࠋࡿ࡞ཎᅉࡢᦆ◚ࡸቯ◚ࡢ

  
┿ 7� య⫱㤋ࡢ⿕ᐖ� � � �  ┿ 8� �ᐖ⿕ࡢᐙࡁ✵ � � � ┿ 9�  㞳⿕ᐖࡢ⎰

 

┿ 10� ⮬㤋ࡢእほ�  ┿ 11� ኳ㠃ࡢᵝᏊձ� � ┿ 12� ኳ㠃ࡢᵝᏊղ  

�2�እቨᮦࡢ◚ᦆ 
� ┿ 13 ᕳ❲ࡢ㸪㐣ཤࡣࡢࡇࠋࡓࢀࡽぢࡃከࡀࡿࡍᦆ◚ࡀእቨ࡚ࡗࡼ≀㣕᮶࠺ࡼࡢ
⅏ᐖㄪᰝሗ࿌᭩ 5)㸪6)࡛ࡶᣦࡾ࠾࡚ࢀࡉ㸪❳ᕳ⿕ᐖࡢ≉ᚩࡓࡲࠋࡿ࠼࠸ࡶ㸪┿ 14㸪15 ࡢ
ࠋࡓࢀࡽぢࡶࡿࡍ㒊㞳୍ࡀ㸪እቨᮦࡀ࠸࡞ࢀࡽぢࡣ㊧ࡢ≀㣕᮶ࡣ㸪እቨ㠃య࠺ࡼ

ࡃከ㒊➃ࡸቨ㠃㝮ゅ㒊≉㸪ࢀࡽࡳཎᅉࡀ�ᒁ㒊㢼ᅽ�㈇ᅽࡿࡍ⏝సቨ㠃㢼✺ࡣࢀࡇ
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ぢྎࠋࡓࢀࡽ㢼ྠᵝ㸪❳ᕳࡢ㢼ࡶ࡚ࡗࡼቨ㠃㝮ゅ㒊ࡸ➃㒊࡞ࡁᒁ㒊㢼ᅽࡀస⏝ࡿࡍ

┿ࠋࡿ࠸࡚ࡋ♧ࢆࡇ 15 ࡇ㸪ࡀࡿ࠸࡚ࡋ㸪ቨ㠃୰ኸ㒊࡛㞳ࡣቨ࡛ࣝࢱࣝࣔࢫ㸪ࣛࡍ♧
 ࠋࡿࢀࡽ࠼⪄ࡿ࠶ၥ㢟࡛ࡢຊ⪏ࡃ࡞ࡣእຊ࡛ࡣࢀ

 

┿ 13� 㣕᮶≀ࡿࡼᦆയ� � � � ┿ 14� እቨᮦࡢ㞳� � � ┿ 15� እቨᮦࡢ㞳 
� � � � � � � � � � � � � � � � � � �    �❔ᴗ⣔ࢢࣥࢹࢧ�� � � � ��ࣝࢱࣝࣔࢫࣛ�
�3�㛤ཱྀ㒊ࡢ◚ᦆ 
� ࡼ≀㣕᮶ࠋࡓࢀࡽぢࡃከࡀᐖ⿕ࡿࡍᦆ◚࡚ࡗࡼᒁ㒊㢼ᅽࡸ≀㸪㣕᮶ࡶ࡚࠸࠾ࢫࣛ࢞❆

ࢆ㸪㛤ཱྀ㒊࡚ࡗࡀࡓࡋࠋࡿ࡞ཎᅉࡢேⓗ⿕ᐖࡀࢀࡑ㸪ࡾᩓࡧ㣕ᐊෆ࡚ࢀࡀࢫࣛ࢞❆࡚ࡗ

㣕᮶≀ࡽ㜵ᚚࡣࡇࡿࡍேⓗ⿕ᐖࢆపῶࡶࡵࡓࡿࡏࡉ㠀ᖖ㔜せ࡛ࠋࡿ࠶┿ 16 ᱁Ꮚࡣ
ࡢ❆ࡁ⿕ᐖ࡛࠺ࡼࡢࡇࠋࡿ࠶㸪᱁Ꮚࡢ⪏ຊࡀ㊊ࡵࡓࡓࡋ㸪㣕᮶≀࡚ࡗࡼ᱁Ꮚࡀ❆

ඹ◚ᦆࠋࡓࡗࡲࡋ࡚ࡋ┿ 17 ࡉᦆ◚ࢆࢫࣛ࢞❆㸪ࡅᢤࡾࡍࢆ㛫ࡢ᱁Ꮚࡀ≀㣕᮶࡞ࡉ㸪ᑠࡣ
┿᪉㸪୍ࠋࡿ࠶࡛ࡓࡏ 18 ᦆࡢከᑡࡣ㸪㞵ᡞࡵࡓࡓ࠸࡚ࡵ㛢ࢆ㞵ᡞࡣⓎ⅏࠺ࡼࡢ
യࡀࡓࡅཷࢆ㸪❆ࡣࢫࣛ࢞⿕ᐖࡓࡗ࡞ࡌ⏕ࡀࡶከ࡚ࡗࡀࡓࡋࠋ࠸㸪㣕᮶≀ࡢࡽ㛤ཱྀ㒊

 ࠋࡿ࠼࠸ࡿ࠶᭷ຠ࡛ࡀ᪉ࡢ࣮ࢱࢵࣕࢩࡸ㞵ᡞࡶࡾࡼ㸪᱁ᏊࡣࡽほⅬ࠺࠸㜵ᚚࡢ

 
┿ 16� ᱁Ꮚ❆ࡢ⿕ᐖձ�      �  ┿ 17� ᱁Ꮚ❆ࡢ⿕ᐖղ�    ┿ 18� 㞵ᡞࡢ⿕ᐖ 
 

3.3 ᘓᘓ⠏≀௨እࡢ⿕ᐖ 
�1�ᕤస≀ࡢ⿕ᐖ 
� ᕤస≀ࡢ⿕ᐖࡶከࡃぢࠋࡓࢀࡽ┿ ┿㸪ࡓࡲࠋࡿ࠶ἣ࡛≦ࡿ࠸࡚ࡋഴᩳࡀᯈ┳ࡣ19 20㸪
ࢆᘓ⠏ᇶ‽ἲࡶ➽㸪㓄ࡃ↓ࡶቨ⿇ࡣሟࢡࢵࣟࣈࡢࡇࠋࡿ࠶࡛ࡢಽቯ⿕ᐖࡢሟࢡࢵࣟࣈࡣ21
ࡓࡗ࠶ຊ㊊࡛⪏ࡽ㸪᫂ࡃࡋⴭࡶ㣗⭉ࡢ➽㕲ࡢሟෆࢡࢵࣟࣈࠋࡓࡗࡔࡢࡶࡍࡓ‶࡚ࡌ࠺ࢁ

⏝㐺ࡣᘓ⠏ᇶ‽ἲࡣ≀ᑠつᶍᘓ⠏ᒓ࡞ࣝࢿࣃ㸪ኴ㝧ගࣝࢿࣃỈ ࡸᯈ┳ࠋࡿࢀࡽ࠼⪄

ࡸேⓗ⿕ᐖࡿࡍ㣕ᩓ࡚ࡋᦆ◚ࡀࢀࡇࠋࡿࡍ⏕Ⓨࡤࡋࡤࡋࡀᐖ⿕ࡶ࡛࡞㸪ྎ㢼ࡵࡓ࠸࡞ࢀࡉ
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ࡢᘓ⠏≀ࡢ⿕ᐖ�ḟ⿕ᐖࢆ�ᘬࡁ㉳ࡀࡇࡍࡇከࠋ࠸ 

┿ 22 ┿㸪ࡣ 3 ࡣሙྜࡢᕳ❲ࠋࡿ࠶࡛ࡓࡋ㌿ಽࡀࢼࢸࣥࢥᵝ㸪ྠ㐨ሙࡓࡋ♧
㢼ຊຍ࡚࠼྾ࡆୖ࠸ຊࡶస⏝ࡵࡓࡿࡍ㸪࠺ࡼࡢࢼࢸࣥࢥ㍍࠸ᵓ㐀≀࡛ࡣ⡆༢㌿ಽࡾࡓࡋ

 ࠋࡿࡍࡾࡓࡗࡀୖ࠸⯙
� ┿ࠋࡓࢀࡽぢࡀᐖ⿕ࡶࣝࢿࣃỈ ࡓࢀࡽࡅࡾྲྀ㸪ᒇ᰿ୖࡓࡲ 23 㸪ᒇ᰿࠺ࡼࡢ
┿ࡸࡓࡗࡲࡋ࡚ࡋᦆ◚ࡀࣝࢿࣃỈ ࡶ 24 ≀㣕᮶ࡀ㠃ࢫࣛ࢞ࡢࣝࢿࣃỈ ࠺ࡼࡢ
 ࠋࡓࢀࡽぢࡶࡿࡍᦆ◚࡚ࡗࡼ

 
┿ 19� ┳ᯈࡢᢡᦆ       ┿ 20� �ಽቯࡢሟࢡࢵࣟࣈ  ┿ 21�  ➽㓄ࡢሟࢡࢵࣟࣈ

 
┿ 22� ┿ಽቯ  ࡢࢼࢸࣥࢥ 23�  Ỉࡢࣝࢿࣃ⿕ᐖձ� ┿ 24 Ỉࡢࣝࢿࣃ⿕ᐖղ 

�2�㔝እࡢࢺ࣮ࢥࢫࢽࢸ⿕ᐖ 
� 㔝እࢺ࣮ࢥࡣ࡛ࢺ࣮ࢥࢫࢽࢸ 4㠃ศࡢேཱྀⰪࡀࡓ࠸࡚ࢀࡽ㈞ࡀ㸪❳ᕳࡿࡼ྾ࡆୖ࠸ຊࡼ

ࡢࡑ㸪࡚ࡗ 7㏆ࡀࡃ㞳ࡓࡗࡲࡋ࡚ࡋ�┿ ࡉ㧗ࡢࡵࡓࡿࡍᅛᐃࢆࢺࢵࢿ㸪ࡓࡲࠋ�25 4mࡢ
ᨭᰕࡣ༑ศ㓄➽ࡶࡓ࠸࡚ࢀࡉࡀ㛵ࡎࡽࢃ㸪ഴᩳ࣭ᢡᦆࡓ࠸࡚ࡋ�┿ ࡣࢺࢵࢿࠋ�26,27
ᐇ⋡ࡀᑠࡵࡓ࠸ࡉ㸪࡞ࡁ㢼ຊࡣస⏝ࡀࡿ࠶࡛ࡕࡀࢀࡽ࠼⪄࠸࡞ࡋ㸪ᐇ㝿ࡣᨭᰕࢆಽቯ

 ࠋࡿࡍ⏝సࡣᕳ❲ࡀຊࡢ⛬ࡿࡏࡉ

   
┿ 25� ேᕤⰪࡢ㞳     � � �  � ┿ 26� ᨭᰕࡢഴᩳ� �     ┿ 27 ᨭᰕࡢ⿕ᐖ 
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 ࡵࡲࡲ .4
㐣ཤࡢ❳ᕳ⿕ᐖㄪᰝ⤖ᯝࡶཧ⪃ࡋ㸪ᅇࡢㄪᰝ⤖ᯝᇶ࡙ࡁ㸪⿕ᐖࡢཎᅉᑐ⟇ࡵࡲࢆ

⾲ࡿ ࡚ࡅศࡃࡁࡣཎᅉࡢᐖ⿕ࠋࡿ࠶࡛࠺ࡼࡢ2 ࡶ࡚ࡗࡼ≀㣕ᩓ≉㸪ࡀࡿࢀࡽࡆ࠶ࡘ3
㸪୍᪉࡛㸪᪥㡭ࡋࡋࠋࡿ࠶࡛ࡢࡶ࡞⏒ࡣᐖ⿕ࡢ⪅㸪㈇യࡸ㒊ᦆቯ୍ࡢ≀㸪ᘓ⠏ࡿࢀࡉࡽࡓ

ḟࢀࡉ⾲ⓎࡀᕳⓎ⏕ሗ❲ࡣ⟇ᑐࡢ≀㣕ᩓࡍ♧⾲㸪≉ࠋ࠸ከࡶ⟇ᑐࡿࡁ࡛ࡀ࠺⾜ࡽ

➨㸪࠺⾜ࡄࡍ⿕ᐖࢆᖜῶࡓࡲࠋࡿࢀࡽ࠼⪄ࡿࡁ࡛ࡀࡇࡍࡽ㸪ᅇࡢ❳ᕳ࡛ࡣ㸪Ꮫ

ࡢᕳ❲ࡢ㸪Ꮫᰯ࡛ࡵࡓࡓࢀࡽぢࡶࡓࡋࢆᡃࡀᚐ⏕࡚ࡗࡼࢫࣛ࢞❆ࡓࡋ㣕ᩓ࡚࠸࠾ᰯ

ᑐᛂࡶ㔜せ࡛ࠋࡿ࠶ 

 

5. ㅰ㎡ 
ᅇࡢ❳ᕳࡢ⅏ᐖ࡛⿕⅏ࡓࢀࡉⓙᵝᚰ࠾ࡽぢ⯙ࡓࡲࠋࡍࡲࡆୖࡋ⏦࠸㸪ᮏㄪᰝࢆᐇࡍ

࠸ឤㅰࡃ῝ⓙᵝࡢఫẸࡓ࠸ࡔࡓ࠸࡚ࡋ༠ຊ㸪ㄪᰝࡎࡽࢃ㛵ࡶࡓࢀࡉ㸪⿕⅏࡚ࡗࡓ࠶ࡿ

�ࠋࡍࡲࡋࡓ

 

ཧ⪃ 
1) Ẽ㇟ᗇ㸸ࠕ⌧ᆅ⅏ᐖㄪᰝሗ࿌ ᖹᡂ 25ᖺ 9᭶ 2᪥ᇸ⋢┴ࡲࡓ࠸ࡉᕷ㸪㉺㇂ᕷ㸪ⴱ㣭㒆ᯇ
అ⏫㸪༓ⴥ┴㔝⏣ᕷ㸪Ⲉᇛ┴ᆏᮾᕷ࡛Ⓨ⏕ࡓࡋ✺㢼࡚࠸ࡘ 㸪ࠖ2013ᖺ 9᭶ 13᪥Ⓨ⾲ 

2) ᾘ㜵ᗇ㸸ࠕᖹᡂ 25 ᖺ 9 ᭶ 2 ᪥ࡢࡽ✺㢼ཬࡧ㞵ࡿࡼ⿕ᐖ≧ἣ࡚࠸ࡘ࡞�➨ 10 ሗ�ࠖ
2013ᖺ 9᭶ 13᪥Ⓨ⾲ 

グ㘓㸪1999ᖺࡢᶫᕷ❳ᕳ⅏ᐖグ㘓ࠖ⦅⧩ጤဨ㸸❳ᕳ㇏ࠕ (3 9᭶ 24᪥ 
 㸪2000ᖺ ࠸㯮ࡓࡗくࢆᶫᕷ❳ᕳ⅏ᐖグ㘓ࠖ⦅⧩ጤဨ㸸㇏ᶫᕷ㇏ࠕ (4

5) ᖹᡂ 18ᖺᗘ⛉Ꮫ◊✲㈝⿵ຓ㔠㸦≉ู◊✲ಁ㐍㈝㸧◊✲ᡂᯝሗ࿌᭩㸸ᾏ㐨బ࿅㛫⏫࡛Ⓨ⏕
�⪅⾲ㄪᰝ◊✲㸦◊✲௦ࡿࡍ㛵⅏ᐖ࡞⏒ࡿࡼᕳ❲ࡓࡋ ⏣ᮧᖾ㞝㸧㸪2007ᖺ 3᭶ 

6) ᖹᡂ 24 ᖺᗘ⛉Ꮫ◊✲㈝⿵ຓ㔠㸦≉ู◊✲ಁ㐍㈝㸧◊✲ᡂᯝሗ࿌᭩㸸ᖹᡂ 24 ᖺ 5 ᭶ 6 ᪥
㛵ᮾ࡛Ⓨ⏕ࡓࡋ❳ᕳࡢⓎ⏕࣓࣒ࢬࢽ࢝⿕ᐖᐇែࡢ⥲ྜㄪᰝ(◊✲௦⾲⪅� ๓⏣₶)㸪
2013ᖺ 2᭶ 

⾲ 2� ❳ᕳࡿࡼ⿕ᐖࡢཎᅉᑐ⟇ 
⿕ᐖࡢཎᅉ ᑐ⟇ 

ձᒁ㒊㢼ᅽࡢస⏝ ࣭㢼ᅽຊ࡚࠸ࡘṇ࠸ࡋ▱㆑ࢆᣢࡕ㸪༑ศ࡞ᙉᗘࢆⓎ࡛ࡿࡁᕤࢆ
 ࠋ࠺⾜
࣭ᕤస≀➼࣮࢝ࣥࡢᅛᐃࠋ࠺⾜ࢆ 
࣭㐺ษ࡞⥔ᣢ⟶⌮ 
 ᅛᐃࡢ⎰࣭
࣭ቨࡢ⪏ຊ☜ಖ 

ղ⿕ᐖࡓࡗ࠶ᘓ

⠏≀➼ࡢᙉᗘ㊊ 
 

ճ㣕ᩓ≀ ࣭❆ࡢࢫࣛ࢞ಖㆤࠋ᱁Ꮚ❆ࡾࡼ㞵ᡞ࣭ࡢ࣮ࢱࢵࣕࢩ᪉ࡀຠᯝⓗࠋ 
࣭㣕᮶≀㸪㣕ᩓ≀ࡢཎᅉࢆࡢࡶࡿ࡞ᒇእᨺ⨨ࠋ࠸࡞ࡋ 
࣭❳ᕳⓎ⏕ࡣ㛤ཱྀ㒊ࡽ㞳ࡓࢀ㸪ᒇෆ㑊㞴ࠋࡿࡍ 
࣭ᘓ⠏ᒓ≀�┳ᯈ㸪 Ỉࡢ�➼ࣝࢿࣃ⪏㢼ᛶ☜ಖࠋ 
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2013 ᖺᖺ 7 ᭶ᒣᙧ㞟୰㞵⿕ᐖࡢ≉ᚩ 㹼᭶ᕸᕝ୍ࢆ࡚ࡋ㹼㸨�

�

ᮾᏛᕤᏛ㒊� ᱵᯇ⌮⨾�

ᮾᏛ⅏ᐖ⛉Ꮫᅜ㝿◊✲ᡤ� ࿋ಟ୍࣭┿㔝࣭᫂᭷ാᜨᏊ�

� ᮾᏛᏛ㝔ᕤᏛ◊✲⛉� ⏣୰ோ�

�

�㸬 ࡵࡌࡣ�

㏆ᖺ㸪ᆅ⌫ ᬮࡢᙳ㡪➼࡛㸪ᒁᆅⓗ㞵ࡸ㞵ࡀ㢖Ⓨࡿ࠸࡚ࡋ㸬���� ᖺ �᭶ᒣᙧ┴࡛ࡣ�ᗘࡾࡓࢃᒁ

ᆅⓗ࡞㞟୰㞵ࡀⓎ⏕ࡓࡋ㸬ࡢࡑ୰࡛ࡶすᮧᒣ㒆ࢆ୰ᚰ࡚ࡋὶࡿࢀ᭶ᕸᕝὶᇦ㸦�⣭Ἑᕝ᭱ୖᕝỈ⣔㸧࡛ 㸪ࡣ

�᭶��᪥ࡧࡼ࠾��᪥�ᗘࡢ㞵ぢ⯙ࢀࢃ㸪Ụ⏫࡛Ꮩ❧㞟ⴠࡀⓎ⏕ࡢ࡞ࡿࡍ⿕ᐖぢ⯙ࡓࢀࢃ㸬ほ 

ᡤࡢࢱ࣮ࢹࡸᑡ࠸࡞ᒁᆅⓗ࡞ሙᡤ࡛㞵⿕ᐖࡀቑຍࡿࡍ୰࡛㸪Ẽ㇟ࣔࡸࣝࢹ㝆㞵ὶฟ࣭ ỏ℃ゎᯒࣔ࠸⏝ࢆࣝࢹ㸪

ᅵ◁⅏ᐖࡧࡼ࠾Ἑᕝỏ℃ࡢ༴㝤ᛶࢆ๓ᢕᥱࡣࡇࡿࡍᴟ࡚ࡵ㔜せ࡛ࡿ࠶㸬ὥỈⓎ⏕๓㛫ⓗవ⿱ࢆᣢࡗ

࣭ ணࡓ ணሗࡤࢀ࡞⬟ྍࡀ㸪ᮍ↛⿕ᐖࢆ㜵ࡢࡵࡓࡄ㑊㞴່࿌➼ࢆⓎ௧ࡿࡍ㝿㠀ᖖ᭷┈࡞ሗࡢᥦ౪ࡀ

㸬ࡿࢀࡽ࠼⪄ࡿ࡞⬟ྍࡀసᡂࡢࣥࣛࢻ࢞ࡸᣦᶆ࡞ᐃ㔞ⓗࡓࡅྥ㸪㑊㞴່࿌Ⓨ௧ࡶࡿ࡞⬟ྍ

⿕ࡿࡼ㞵࡞㸪ᒁᆅⓗࡋ┠╔ᐖ⿕ࡢ⏫Ụ≉㸪᭶ᕸᕝὶᇦ㸪࡚ࡋẁ㝵୍➨ࡢࡑ㸪ࡣ࡛✲◊㸪ᮏ࡚ࡗࡼ

ᐖࡢㄢ㢟ᢳฟ࠺⾜ࢆ㸬�

�

�㸬 ⿕ᐖࡢᴫせ�

����ᖺ�᭶��᪥ࡧࡼ࠾��᪥ࡢ㞵ࡿࡼᒣᙧ┴ᇦࡢ⿕ᐖࡣ㸪⾜᪉᫂⪅�ྡ㸪㈇യ࣭㍍യ⪅�ྡ㸪

ቯ�Ჷ㸪༙ቯ�Ჷ㸪୍㒊ᦆቯ�Ჷ㸪ᗋୖᾐỈ��Ჷ㸪ᗋୗᾐỈ���Ჷ࡛ࡿ࠶㸦����ᖺ��᭶�᪥⌧ᅾ㸧��㸬බඹ

ᅵᮌタ➼ࡢ⿕ᐖ㢠ࡣ㸪������ⓒ㸪㎰ᯘỈ⏘㛵ಀࡢ⿕ᐖ㢠ࡣ㸪�����ⓒࡿ࠸࡚ࡗ࡞㸬ᮏ◊✲࡛ᑐ㇟

㸪⃭ࡾ࠾࡚ࡗࡀᗈࡀఫᏯ㎰ᆅ㸪ᒣ㛫㒊ࡣ᭶ᕸᕝὶᇦࡿࡍ 㸪ὥỈỏ℃㸪ᅵ◁⅏ᐖ㸪Ꮩ❧㞟࠸క㞵࠸ࡋ

ⴠࡀⓎ⏕ࡢ࡞ࡿࡍ⿕ᐖࡓࡌ⏕ࡀ㸬ேⓗ⿕ᐖࡑࡇᑠつᶍ࡛ࡀࡓࡗ࠶㸪Ꮩ❧㞟ⴠࡀⓎ⏕ࡣࡇࡓࡋ㸪ᒁᆅ㞵

⅏ᐖࡿࡅ࠾㑊㞴່࿌࣭ᣦ♧Ⓨ௧ࡢࢢ࣑ࣥࢱࡢ㞴ࢆࡉࡋዴᐇ≀ㄒࡿ࠸࡚ࡗ㸬�

�

�㸬 ᭶ᕸᕝὶᇦࡢᴫせ�

� ᮏ◊✲࡛ᑐ㇟ࡿࡍ᭶ᕸᕝࡣ㸪�

⣭Ἑᕝ᭱ୖᕝࡢᨭᕝ࡛ࡿ࠶㸬ᅗ��

ὶᇦ⏺㸪Ἑᕝ⥙㸪ࡢ᭶ᕸᕝὶᇦ

ᶆ㧗ࡧࡼ࠾㞵㔞ほ ᡤ㸪Ỉほ 

ᡤࡢ⨨ࡍ♧ࢆ㸬ࡓࡲ㸪ᅗ��ὶ

ᇦ࿘㎶ࡢᅵᆅ⏝ࡢᴫせࡍ♧ࢆ㸬

᭶ᕸᕝὶᇦࡢὶᇦ㠃✚ࡣ ������

NP�㸦*,6ゎᯒࡾࡼ⟬ฟ㸧㸪ὶ㊰ᘏ㛗

��ࡣ���NP࡛ࡿ࠶㸬�

��	��!��#�!�"#��"� �����%&�!����������"�"#�!����������#���!����#$!�"� ���$�&�����������"��"#$�&��#��"$���$� ���%�!����# ���

�����#"$����$������$!������� ��� �����!���� �����
�# "����������

 
ᅗ��᭶ᕸᕝὶᇦ⏺㸪Ἑᕝ⥙㸪ᶆ㧗ࡧࡼ࠾㞵㔞࣭Ỉほ ᡤࡢ⨨ 
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ᅵᆅ⏝ࡢෆヂࡣ㸪᳃ᯘ �������

㎰ᆅ �������Ꮿᆅ ࡢࡑ������

㸪Ἑࡾࡼ��㸬ᅗࡿ࠸࡚ࡗ࡞����

ᕝἢ࠸㎰ᆅࡀከࡃᏑᅾࡿ࠸࡚ࡋ

Ỉࡢ᭶ᕸᕝࡢ㸬㐣ཤࡿࢃࡀࡇ

ᐖࡣ࡚ࡋ㸪᪤ ᭱ࡢࡶࡢ

��ࡀ�� ᖺ � ᭶ � ᪥ࡢỈᐖ㸦㏻⛠

��Ỉᐖ㸧࡛ 㸪᭱ࡾ࠶ ୖᕝὶᇦࡢᗈ

⠊ᅖ࡛⿕ᐖࡓࡌ⏕ࡢ ���� ᖺ � ᭶

��᪥ࡢ⩚㉺㞵ࡶࡾࡼ㸪ὶᇦ࠾

࠸క㞵࡞ᒁᆅⓗࡿࡅ �� Ỉᐖ

�㸬ࡓࡌ⏕ࡀᐖ⿕࡞ࡁࡀ࠺ࡢ

�

��㸬 㝆㞵ࡢ≉ᛶ�

ᖹᡂ���ᖺ ��᭶ ���᪥㹼���᪥㸪��᭶ ���᪥ᒣᙧ┴ࢆ��ᗘࡾࡓࢃくࡓࡗᱵ㞵๓⥺ᛶࡢ㞵ࡣ୧┴࠸࠾

࡚࡞ࡁ⿕⅏ࡓࡋࡽࡓࡶࢆ㸬࡞ᆅⅬࡢ㝆㞵㔞ࢆ௨ୗࡍ♧��⾲ࡢ��㸬��᭶ධ᩿ࡾ⥆ⓗ㝆㞵ࡾ࠶ࡀ㸪��᭶

��᪥ࡽ���᪥ࡢ࡛ࡲ㝆㞵㔞ࡣከࡢࡃ⟠ᡤ࡛��᭶ࡢᖹᖺ᭶㝆㞵㔞ࢆ㉸ࡓ࠸࡚࠼㸬ᩳࡾࡼࢀࡇ㠃ࡢ࡞ᅵተỈ

ศࡀ㠀ᖖࡾ࠶࡛₶‵㸪ᒣᆅࡀᚑ᮶ᣢࡘಖỈ⬟ࡀపୗࡓࡋ≧ែ࡛���᪥���᪥ࡢ㞵ࢆࢺࣥ࣋㏄ࡢࡶࡓ࠼

�㸬ࡿࢀࡉ ᥎

⾲���ྛせᆅⅬࡿࡅ࠾㝆㞵ࡢ≧ἣ�

�

�

ᅗ��㸪ἑᆅⅬࡧࡼ࠾ᕥἑᆅⅬࡿࡅ࠾᪥㞵㔞ࡢ⣔ิࢆ㸪ᅗ��୧ᆅⅬࡢ᭶㞵㔞ࡢ⣔ิࡍ♧ࢆ㸬

ἑᆅⅬࡣ࡚࠸࠾㸪᪥㞵㔞㸪᭶㞵㔞ࡶ����ᖺ�᭶ࡧࡼ࠾�᭶��᪥ࡢ㞵ࡀࢺࣥ࣋ほ ྐୖ᭱ࢆ

ほ ᆅⅬ
㝆㞵㔞

�����������㹼�����������
㝆㞵㔞

�����㹼�����
�᭶ࡢᖹᆒ᭶㝆㞵㔞

すᕝ⏫ἑ ����� ����� �����
Ụ⏫ᕥἑ ����� ����� �����
㭯ᒸᕷⲨἑ ����� ����� �����

ᅗ��᭶ᕸᕝὶᇦ࿘㎶ࡢᅵᆅ⏝ 

 
ᅗ���ἑࡧࡼ࠾ᕥἑᆅⅬࡿࡅ࠾᪥㞵㔞ࡢ⣔  ิ
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 ᕥἑほࡿࡍ⨨㸬᭶ᕸᕝὶᇦෆࡿ࠸࡚ࡋ♧

ᆅⅬࡣ࡚࠸࠾㸪᪥㞵㔞ࡣ �� Ỉᐖࡢ᪉ࡀ

ྐ ほࡣ࡚ࡋ㸪᭶㞵㔞ࡀࡿ࠸࡚ࡋ♧ࢆ್࠸ࡁ

ୖ࡛᭱ࡿ࠶ࡿࢃࡀ㸬ࡓࡲ㸪ᅗ��Ẽ㇟ᗇ

�᭶ࡢゎᯒ㞵㔞ࡢ �� ᪥ ���������� ��ࡢ࡛ࡲ

㛫⣼✚㞵㔞ࡍ♧ࢆ㸬ᅗࡍ♧��ゎᯒ㞵㔞ࡽ

᫂࠺ࡼ࡞ࡽ㸪᭶ᕸᕝὶᇦ㞟୰࡚ࡋᙉ㞵ࡀ

Ⓨ⏕ࡿࢃࡀࡇࡓ࠸࡚ࡋ㸬࠺ࡼࡢࡇ㸪����

ᖺࡢ⩚㉺㞵࡛ୖ᭱ࡣᕝỈ⣔ᇦ࡛ࡢ⿕ᐖ

㸪ࡣ��Ỉᐖ࡛ࡧࡼ࠾ࢺࣥ࣋㸪ᮏ㞵ࡀࡓࡗ࡞

᭶ᕸᕝὶᇦࢆ୰ᚰࡓࡋᒁᆅⓗ࡞㞵ࡀほ 

�㸬ࡿࢀࡉ ᥎ࡢࡶࡓ࠸࡚ࢀࡉ

�

��㸬 ᭶ᕸᕝࡿࡅ࠾Ỉࡢ⣔ิ㑊㞴ᣦ♧

�Ⓨ௧≧ἣࡢ➼

ᅗ�� 㸪᭶ᕸᕝⲶ㔝ᆅⅬ

ᕥࡧࡼ࠾⣔ิࡢỈࡿࡅ࠾

ἑᆅⅬࡢ㞵㔞ࡢ⣔ิࡍ♧ࢆ㸬

�᭶��᪥ࡢ�����⛬ᗘࡽ㝆㞵

Ỉ࡚ࡌᛂࢀࡑ㸪ࡾ࡞ࡃᙉࡀ

㸬ࡿࢃࡀࡇࡿ࠸࡚ࡋ᪼ୖࡀ

Ẽ㇟ᗇࡣ�� ᪥ �㸸�� ࡼ࠾ࡾࡼ

㞵㸦ᅵ◁⅏ᐖ㸧ࡁ࠾�㛫ࡑ

㆙ሗࡸὥỈ㆙ሗࢆฟࡓ࠸࡚ࡋ㸬

ᅗ࠺ࡼࡿࢀࡉ♧��㸪᭶ᕸᕝࡢ

Ỉࡣ��᪥����㡭ࡣ㑊㞴ุ

᩿Ỉࢆ㉺ࡾ࠾࡚࠼㸪ỏ℃༴㝤

Ỉࢆ㉸ࡓ࠼���⣙ࡽࡽ��

 
ᅗ���ἑࡧࡼ࠾ᕥἑᆅⅬࡿࡅ࠾᭶㞵㔞ࡢ⣔  ิ

ᅗ���᭶ᕸᕝὶᇦ࿘㎶ࡿࡅ࠾��㛫⣼✚㞵㔞�

㸦��᪥����������㸪Ẽ㇟ᗇゎᯒ㞵㔞㸧�

ᅗ���᭶ᕸᕝࡿࡅ࠾Ỉࣇࣛࢢࣟࢻࣁ�
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㛫ᚋࡢ���㸸ࡢ㸪���᪥ࡣಖᆅ༊࡛ஂࡢ㸪᭶ᕸᕝὶᇦࡽࡀ࡞ࡋࡋ㸬ࡓࢀࡉฟࡀ♧㑊㞴ᣦࡽ⏫Ụࡂࡍ��

�㸬ࡓࡗ࡞ែ≦ࡿࡍ❧Ꮩࡀ�ேࡢ㸪�ୡᖏࡋ㸧ࡾࡼㄪᰝࡳ㎸ࡁ⪺ࡢ㉺Ỉ㸦ఫẸࢆᶫࡢᆅ༊ࡀἙᕝỈࡣ��

ࡇࡓࡗࡋ㞴ࡀࢢ࣑ࣥࢱࡍฟࢆ♧㸪㑊㞴ᣦࡵࡓࡓࡋቑࡀࡉࡋ⃭ࡢ㝆㞵࡚ࡅ᪩ᮅࡽኪ῝࠺ࡼࡢࡇ

㞵ࡢᚋࡢࡑ㸬ᐇ㝿ࡿṧࡀドㄢ㢟᳨ࡢࡃ㸪ከ➼ࡢࡓࡗ࠶࡛⬟㑊㞴ྍᮏᙜࡶ࡚ࡋࡓࢀࡉⓎ௧㸪ᐇ㝿ࡸ

��ࢺࣥ࣋ ᭶ �� ᪥�࡛ࡣ㸪๓㑊㞴່࿌ࡀⓎ௧ࢀࡉ㸪ྛ⮬ࡀ㑊㞴ࢆᐇࡓࡁ࡛ࡀࡇࡿࡍ㸬࠺ࡼࡢࡇኪ༙

Ⓨ௧࣭࡞㏿㎿ࡢ♧㑊㞴ᣦࡣ࡛ࢺࣥ࣋ὥỈࡢ࡚ࡅ᪩ᮅࡽ ఏ㐩ࡀ࠺⾜࠸ࢆ㔜せ࡞ㄢ㢟ࡿ࡞㸬����

ᖺఀࡣ㇋ᓥ࡛ྠࡶᵝ῝ኪ࠸ࡋ⃭ࡢ㝆㞵ࡾࡼ㑊㞴ᣦ♧ࡀ㐜ࢀ㸪⿕ᐖࡀᣑࡿࡍࡓࡗ࠶ࡀ㸬ᚋ㸪̔̀ ኪ

ᣦᶆ࡞ᐃ㔞ⓗࡸࣥࣛࢻ࢞ࡢࡵࡓࡢ㑊㞴ᣦ♧Ⓨືࡧࡼ࠾ணሗࡢẁ㝵࡛࠸᪩ࡾࡼ㸪ࡵࡓࡿࡍᑐᛂ㞟୰㞵ࡢ

�㸬ࡿ࡞㔜せࡀࡿࡍసᡂࢆ

�

��㸬 ᭶ᕸᕝࡿࡅ࠾ὥỈࡢ⿕ᐖ≧ἣ�

� ����� Ụ⏫㈏ぢᆅ༊㸦᭶ᕸᕝ୰ὶ㒊㸧�

ᅗ��㸪Ụ⏫㈏ぢᆅ༊ᾐỈᐃᅗ

⥺㉥Ⅼࡢ㸬ᅗ��୰ࡣ㸬ᮏỈᐖ࡛ࡍ♧ࢆ��

㸬ྑᓊഃࡓࡌ⏕ࡀ㒊ศ࡛㸪⁄Ỉ⿕ᐖࡢ

Ỉ࠸కᨭᕝὶධࡢࡽᕥᓊഃࡧࡼ࠾

ࡋ᪼ୖࡀ㸪⁄Ỉࡢࡶࡓࡌ⏕ࡀ᥎ 

ࡢ㸪ᐙᒇࡾࡼ℃ὥỈỏࡢࡇ㸬ࡿࢀࡉ

ᗋୗᾐỈ㎰ᆅࡢᾐỈ⿕ᐖࡓࡌ⏕ࡀ㸬

㸦✚㸧ࡳ✚▼㸪࠺ࡼࡍ♧��㸪ᅗࡓࡲ

ㆤᓊࡀᔂⴠࡾ࠾࡚ࡋ㸪ࡢࡑᔂⴠࣥࢥࡣ

㸬ࡓ࠸࡚ࡌ⏕᥋⥆㒊࡛ࡢㆤᓊࢺ࣮ࣜࢡ

ࡿࡍᑐὥỈὶࡢ㒊ศ┠ࡂ࡞ࡘࡢ㸪ㆤᓊࡣࢀࡇ

⬤ᙅᛶࡿࢀࡽ࠼⪄ࡢࡶࡍ♧ࢆ㸬࠾࡞㸪ୖ グࡋ

㑊㞴ᡤࡣ࿘㎶ఫẸ࠸క♧㑊㞴ᣦࡢ⏫Ụࡓ

�㸬ࡓฟ᮶ࡀࡇࡿࡍ㑊㞴↓

���� Ụ⏫ஂಖᆅ༊㸦᭶ᕸᕝୗὶ㒊㸧�

� ᭶ᕸᕝ୰ὶᇦ⨨ஂࡿࡍಖᆅ༊㸦ᅗ��♧

㸪ࡣ㉥Ⅼ⥺㒊ศ㸧࡛ࡢಖᆅ༊ᾐỈᐃᅗ୰ஂࡍ

ୖグ࠺ࡼࡓࡋ᭶ᕸᕝᯫஂࡿಖᶫࡀᾐỈ

࡛ࡲࡂࡍṇ༗ࡽᮅࡢ��᪥ࡀ�ேࡢ㸪�ୡᖏࡋ

Ꮩ❧ࡿࡍ≧ែࡓࡗ࡞㸬ὥỈỏ℃ࡓࡌ⏕ࡀ⟠ᡤ

క⾜⺬ࡢࡇ㸪ࡾ࠶㒊࡛⾜⺬࡞ᛴࡣୗὶ㒊┤ࡢ

ࡿ࠶ἣ࡛≦࠸ࡍࡸࡌ⏕ࡀỈୖ᪼ࡢὶഃୖ࠸

㸪ࡿࡼㄪᰝࡳ㎸ࡁ⪺ࡢ㸬ఫẸࡿࢀࢃᛮ

᭶ᕸᕝࡢቑỈక࠸ከࡢࡃὶᮌࡾ࠶ࡀ㸪ࡽࢀࡑ

ὶᮌஂࡀಖᶫࡢḍᖸࢆሰ࡞࠺ࡼࡄ≧ែࡓࡗ࡞㸬ὥỈ�᪥ᚋஂࡢಖᶫࡢᵝᏊࢆᅗࡍ♧���㸬ࡢࡇࡓࡲὶᮌ

��㸪ࡾࡼࢀࡇ㸬ࡓࢀࡉㄆ☜ࡾࡼఫẸࡀሗ࿌ࡢࡓࢀࡉㄏᑟᕥᓊഃࡀ℃ỏࡢἙᕝࡾࡼ Ỉᐖ࡛ྑࡣᓊഃࡢ

ᅗ���Ụ⏫㈏ぢᆅ༊ᾐỈᐃᆅᅗ���

ᅗ���᭶ᕸᕝࡿࡅ࠾▼✚ㆤᓊࡢᔂⴠ⿕ᐖࡢᵝᏊ�
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ỏ℃ࡀࡓࡗ࠶࡛࣓ࣥࡀ㸪ᅇࡢฟỈࡣᕥ

ᓊഃࡢỏ℃Ỉ㔞ࡀࡓࡗ࡞ࡃࡁ㸬ᕥᓊഃ

Ẹᐙࡸ㐨㊰࠸కὶ⃮ࡢỏ℃Ỉࡢࡇ㸪ࡣ࡛

㸬ᗋୖᾐỈࡓ࠸࡚ࢀࡉᾐ㣗ࡃࡋ⃭ࡀᗋୗࡢ

ྲྀỈ⏝ሖྲྀ㸪ഃࡣẸᐙࡢᓊഃྑࡓࡋ

Ỉ⏝Ỉ㊰ࡀタ⨨ࡾ࠶࡚ࡋ㸪ྲྀࡢࡇỈ⏝Ỉ㊰

ࡓࡋὶධẸᐙࡀἙᕝỈࡢ㔞࡚ࡌ㏻ࢆ

ᶍᵝ࡛ࡿ࠶㸬��

����� Ụ⏫Ⲷ㔝ᆅ༊㸦᭶ᕸᕝୗὶ㒊㸧�

᭶ᕸᕝୗὶⲶ㔝ᆅ༊࡛ࡣ㸪᭶ᕸᕝୗὶ

ᚿὠᶫࡢ┤ୗὶ୧ᓊ࡛ὥỈὶࡀㆤᓊࢆ㉺

ὶࡓࡋ㸦ᅗࡍ♧���Ⲷ㔝ᆅ༊ᾐỈᐃᅗ

୰ࡢ㉥Ⅼ⥺㒊ศ㸧㸬ᕥᓊഃࡣ㎰ᆅ࡛ࡾ࠶Ẹᐙ

㸪ྑࡀࡓࡗ࡞ฟࡣᐖ⿕ࡢ➼ ᓊഃࡣẸᐙ

㸬ࡓࡗ⿕ࢆᐖ⿕ࡢᗋୗᾐỈࡀ௳�㸪ࡾ࠶௳�ࡀ

ỏ℃⟠ᡤࡣሐ㜵୍ࡀ㒊పୗࡿ࠸࡚ࡋ⟠ᡤࡀ

㸬࿘ࡓ࠸࡚ࡋ࿊ࢆ≦ᙧ࡞࠺ࡼࡢ㸪㉺ὶሐࡾ࠶

㎶ఫẸࡢヰࡿࡼ㸪��᪥༗๓��࠸ࡽࡃ��

ỈࡢẸᐙࡀὶฟỈࡽ࠺ࡢἑࡢ㸪ᒣᆅ

㊰ࡢᐜ㔞ࢆ㉸࠼Ẹᐙὶฟࢆጞࡵ㸪ࡢࡑᚋ

᭶ᕸᕝࡢỈࡀ�� ศ⛬ᗘ࡛ᛴ⃭ࡋ᪼ୖ㸪

ሐ㜵ࢆ㉺Ỉࡋỏ℃ỈࡀẸᐙὶධࡋ㸪ᗋୗ

ᾐỈࡓࡋ㸬Ⲷ㔝Ỉほ ᡤࢆࢱ࣮ࢹࡢぢࡿ

���� ௨㝆Ỉࡢᛴࡀ᪼ୖ࡞☜ㄆࡿࢀࡉ㸬

Ẹᐙ᭶ᕸᕝࡢ㛫ࡿ࠶ᯝᶞᅬࡣ㔞ࡢ

ᅵ◁ࡀሁ✚㸦ᅗ���㸧ࡾ࠾࡚ࡋ㸪Ẹᐙࡢ᪉ࠎ

��㸬ࡓ࠸࡚ࡋ❓ᑐᛂࡢᚋࡀ

�

�㸬 ᭶ᕸᕝࡿࡅ࠾ὥỈ⿕ᐖࡢㄢ㢟�

ᮏ◊✲࡛ᐇࡓࡋ⌧ᆅ㞵⿕ᐖㄪᰝࡸゎᯒࢆ㏻࡚ࡌ㸪ᒣᙧ㞵⅏ᐖ㸪≉᭶ᕸᕝࡿࡅ࠾⿕ᐖ࡛᫂࡞ࡽ

�㸬ࡿࡍᣲิ௨ୗࢆㄢ㢟ࡓࡗ

᪩ᮅࡢ㑊㞴ᣦ♧Ⓨ௧࣭㑊㞴ᐇࡢ㞴ࡉࡋ㸸� �

Ụ⏫ஂࡢಖᆅ༊࡛ࡣ㸪�᭶��᪥ࡢኪࡽ��᪥ᮅࡢ࡚ࡅ㞵ࡾࡼ᭶ᕸᕝࡢỈࡋ᪼ୖࡀἙᕝỈࡀᆅ

༊ࡢᶫࢆ㉺Ỉ�ୡᖏࡢ�ேࡀᏙ❧ࡿࡍ≧ែࡓࡗ࡞㸬ࡽࡀ࡞ࡋࡋ㸪�᭶��᪥ࡢ㞵ࡣ࡛ࢺࣥ࣋㸪༗ᚋ

㑊㞴່࿌ࡀ⮬ྛࢀࡉ࡞ࡀ㑊㞴ࢆᐇࡀࡇࡿࡍฟ᮶ࡓ㸬࠺ࡼࡢࡇኪ༙ࡽ᪩ᮅࡢ࡚ࡅὥỈ࡛ࢺࣥ࣋㑊

㞴່࿌࣭ᣦ♧ࡢ㎿㏿࡞Ⓨ௧࣭ఏ㐩ࢆዴఱࡀ࠺⾜㔜せ࡞ㄢ㢟ࡿ࡞㸬࡞࠺ࡼࡢࡇ᫂ࡅ᪉ࡢ㞵ᑐࡣ࡚ࡋ㸪

๓᪥ࡽవ⿱ࢆᣢ࡚ࡗ㑊㞴ࢆᐇࡀࡇࡿࡍ㔜せࡿ࡞㸬࡚ࡗࡼ㸪Ẽ㇟ࣔࡧࡼ࠾ࣝࢹ㝆㞵ὶฟ࣭ὥỈỏ℃ࣔࢹ

ࡀࡿࡍᐇࡃࡼ⢭ᗘࢆὥỈணሗࡓࡗᣢࢆ࣒ࢱࢻ࣮ࣜࡢ㸪�㛫㹼��㛫⛬ᗘࡋᐇᕝὶᇦᇦୖ᭱ࢆࣝ

ᅗ���Ụ⏫ஂಖᆅ༊ᾐỈᐃᆅᅗ���

ᅗ����ஂಖᶫࡢෙỈࡾࡼ㞟ⴠ୍ࡀᏙ❧�

㸦����ᖺ�᭶��᪥ᙳ㸧�
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㔜せ࠺ࢁ࠶࡛ࡿ࡞㸬�

ㆤᓊࡂ࡞ࡘࡢ┠㒊ศࡢ⬤ᙅᛶ㸸�

᭶ᕸᕝࡢㆤᓊ࡛⿕ᐖࡀⓎ⏕ࡓࡋ⟠ᡤࡣ㸪ㆤᓊ

⏕ࡃከ㐃⥆㒊࡛㠀ᖖࡿࡍኚࡀࣉࢱࡢ

ࡳ✚▼ࡽㆤᓊࢺ࣮ࣜࢡࣥࢥ㸪≉㸬ࡓ࠸࡚ࡌ

ㆤᓊኚࡿࡍሙᡤ࡛㸪▼✚ㆤᓊࡢᾐ㣗࣭ᔂ

ⴠࡀ㢧ⴭ࡛ࡓࡗ࠶㸬࡞࠺ࡼࡢࡇㆤᓊࡢࣉࢱ

㐃⥆㒊ศࡧࡼ࠾▼✚ㆤᓊࡢὥỈὶᑐࡿࡍ⬤

ᙅᛶᑐ࡚ࡋᚋ࡞࠺ࡼࡢᑐ⟇ࡣ࠺⾜ࢆ

ㄢ㢟ࡿ࠶࡛ࡘ୍ࡢ㸬�

⺬⾜㒊ࡸᨭᕝྜࡢὶ㒊࡛ࡢὥỈỏ℃㸸�

ỈᕤᏛࡢほⅬࡽ㸪ᙉ࠸⺬⾜㒊ࡢ┤ୖὶࡸ㸪ᨭᕝࡀ

ከࡃὶධࡿࡍ⟠ᡤ࡛Ỉࡣࡢ࠸ࡍࡸࡋ᪼ୖࡀ㸪ᐜ᫆

⌮ゎࡿ࠶࡛⬟ྍࡀ㸬�᭶��᪥ࡢ㞵కࡓࡌ⏕࠸ὥỈ

ỏ℃⟠ᡤࡣ㸪ࡢࡑṤࡀὥỈ࡛ࣉࢵ࣐ࢻ࣮ࢨࣁᾐỈࡀ

ᐃࡓ࠸࡚ࢀࡉ⟠ᡤ࡛ࡿ࠶㸬࡞࠺ࡼࡢࡇᒣ㛫㒊ࡢ⺬⾜

Ἑᕝࡿࡅ࠾⬤ᙅ㒊ศᑐ࡞࠺ࡼࡢ࡚ࡋᑐ⟇࠺⾜ࢆ

��㸬ࡿࢀࡽࡆᣲ࡚ࡋࡘ୍ࡢㄢ㢟ࡶࡢ

㧗㱋࣭㎰ᴗᚑ⪅ῶᑡ♫࡛ࡢ᪂࡞ࡓㄢ㢟㸸�

Ụ⏫ࡣ㸪ேཱྀ࣭㎰ᴗᚑ⪅ࡀῶᑡࡿࡍ⌧ᅾ࠸࠾

࡚㸪㎰ᆅࡢὥỈỏ℃ởἾࡢሁ✚ࡣ㸪㎰ᴗᚑ⪅ࡢῶᑡࡣࡽࡉᒣ㛫ᆅᇦࡢ㐣ࢆ㐍⾜ࡿࡏࡉ༴࠸࡚ࡋ

Ọ㐲ࢆ㎰ᴗάືࡀ㎰ᐙዎᶵࢆ㸪ὥỈࡵࡓ࠸࡞ࡁ㛤࡛ࡀ㎰ᴗࡽࡀ࡞↛ᙜ࡛ࡲࡿࡍࡀ㝖ཤࡢ㸬ỏ℃ởἾࡿ

㸬ࡓࡵ㐍ࢆ㝖ཤࡢỏ℃ởἾ㏿㎿ࡾࡼຓࡢ⏫ࡣ࡛⏫㸪Ụ࡚ࡗࡼ㸬ࡿ࠶࡛ࡵࡓࡿ࠶ࡀࢀᜍ࠺ࡲࡋ࡚ࡋṆ

ࡁチᐜ࡛Ᏻ᫆ࢆ℃ὥỈỏࡢ㎰ᆅࡣ㸪⌧௦♫࡛ࡾ࡞␗ࡣ௦ࡢேཱྀቑຍࡸ㸪㧗ᗘ⤒῭ᡂ㛗ᮇ࠺ࡼࡢࡇ

�㸬ࡿ࠶ၥ㢟࡛࡞㔜せ㸪㠀ᖖ࡚ࡋㄢ㢟ࡢ㞵⅏ᐖ࡞ࡓ᪂ࡿࡅ࠾௦♫⌧ࡣࢀࡇ㸬࠸࡞

�

ㅰㅰ㎡㸸ᮏ◊✲ࡣ㸪ᅵᮌᏛỈᕤᏛጤဨࡢᒣᙧ㞵ㄪᰝᅋ㸦ᅋ㛗㸸⏣୰ோ㸧ࡀᐇࡓࡋ⌧ᆅㄪᰝࡢࡑࡧࡼ࠾ᚋ

㸪㢼㛫⪽ඛ⏕㸪ᱵ⏣ಙඛ⏕㸪ᑠ᳃㍜ඛ⏕㸪୕ࡿ࠶࡛࣮ࣂ㸬ㄪᰝᅋ࣓ࣥࡿ࠸࡚࠸ᇶ࡙ゎᯒࡢ ᡞ㒊భኴඛ⏕㸦௨

ୖ㸪ᮾᏛ㸧㸪ᕝ㉺Ύᶞඛ⏕㸦⚟ᓥᏛ㸧㸪Ώ㒊ᚭඛ⏕㸦ᒣᙧᏛ㸧㸪⎼Ὀ㞝ඛ⏕㸦ᮾி⌮⛉Ꮫ㸧ࡣከ

㸪⅏ࡣ⏫㸪ᒣᙧ┴Ụࡣ㸪⌧ᆅㄪᰝ࡛ࡓࡲ㸬ࡓ࠸ᥦ౪㡬ࡈࢆሗࡢࡃከ㸪㠀ᖖ➼ࢱ࣮ࢹࡸぢ▱࡞┈᭷ࡢࡃ

ᐖᪧᑐᛂ୰ࡶ㛵ࡎࡽࢃ㸪ከࡢࡃ༠ຊ࣭ᨭࢆ㡬ࡓ࠸㸬ᮎᑿࡇࡇࡽࡀ࡞グ࡚ࡋㅰពࡿࡍ⾲ࢆ㸬���

�

ཧ⪃ᩥ⊩㸸 

1) 7᭶18᪥ࡢࡽ㞵ࡿࡼ⿕ᐖ➼ࡢᴫせ࡚࠸ࡘ㸦ᘵ35ሗ㸧㸪ᖹᡂ25ᖺ11᭶8᪥⌧ᅾ㸪ᒣᙧ┴⅏ᐖᑐ⟇ᮏ㒊 

2) 7᭶18᪥ࡢࡽ㞵ࡿࡼ⿕ᐖ≧ἣ࡚࠸ࡘ㸦ᘵ5ሗ㸧㸪ᖹᡂ25ᖺ7᭶19᪥18:00⌧ᅾ㸪ᒣᙧ┴༴ᶵ⟶⌮࣭ࡃ

 Ᏻᚰᒁ༴ᶵ⟶⌮ㄢࡋࡽ

3) Ụ⏫ὥỈ㑊㞴ᆅᅗ㸦ὥỈࣉࢵ࣐ࢻ࣮ࢨࣁ㸧㸪ᒣᙧ┴Ụ⏫ 

http://www.town.oe.yamagata.jp/modules/living/index.php?content_id=16 

ᅗ����Ụ⏫Ⲷ㔝ᆅ༊ᾐỈᐃᆅᅗ���

ᅗ����ὥỈỏ℃ᅵ◁࡛ᇙἐࡓࡋᯝᶞᅬ�
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�����ᖺ�᭶⛅⏣࣭ᒾᡭ㞵⅏ᐖࡢ≉ᚩ㸨�

�

࿋� ಟ୍㸪᳃ཱྀ࿘㸪ஂ⨾㸪Ᏻಸ� ⚈㸪&DULQH�<L㸪᭷ാᜨᏊ㸪┿㔝� ᫂�

ᮾᏛ⅏ᐖ⛉Ꮫᅜ㝿◊✲ᡤ�

�

�㸬 ࡵࡌࡣ�
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���P ⛬ᗘ㸪ࡾࡍ㠃ࡀࡉ῝ࡢ��P ⛬ᗘ㸪

ᩳ㠃ୗࡽⴠᓴᩳࡢ࡛ࡲ㊥㞳ࡣ���P⛬

ᗘ㸪ᩳ 㠃ゅᗘࡣ��ᗘ⛬ᗘࡢᛴ໙㓄࡛ࡿ࠶㸬

ᩳ㠃୰ẁࡽୗ㒊⾲㠃࡚ࡅᒾࡀ㟢ฟ

ࡾࡢษᅵࡣࡓࡲᆅᒣࡣ㒊ศࡢࡇ㸪ࡾ࠾࡚ࡋ

㠃࡛ࡿࢀࡽ࠼⪄ࡿ࠶㸬ᩳ 㠃ࡣୖࡢ㎰ᆅ

㸪㐀ࡣ㠃ୖ㒊ᩳࡓࡋ㸬ᔂቯࡿࢀࡽ࠼⪄ࡓࢀࡉ㐀ᡂ࡚࠸㛤ࡾษࢆᒣࡵࡓࡢ㎰ᆅ㛤Ⓨ㸪㐣ཤࡾ࠾࡚ࡗࡀᗈࡀ

ᡂࡓࢀࡉᅵᆅ୍ࡢ㒊࡛ࡾ࠶㸪┒ᅵ㒊ศ࡛ࡿ࠶ᛮࡿࢀࢃ㸬�

㸪㐣ࡶࡽㄪᰝࡾྲྀࡁ⪺ࡢࡽ㸪ఫẸࡎࡽ࠾࡚ࡋ⏕Ⓨࢇࡣᅵ◁⅏ᐖ࡛ࡲࢀࡇ㸪ࡣ࿘㎶࡛ࡢᆅᇦࡢࡇ

ཤࡢࡇᆅᇦࡀ࡞ࡁᅵ◁⅏ᐖࡢ⿕ᐖࡀࡇ࠸࡞ࡣࡇࡓࡗ࠶☜ㄆࡿ࠸࡚ࢀࡉ㸬ࡢࡇᔂቯࡀⓎ⏕⏤⌮ࡓࡋ

�㸬ࡿࢀࡽࡆᣲࡀせᅉࡢࡘࡃ࠸ࡶ௨እࢀࡑ㸪ࡀ࠸࡞࠸㛫㐪ࡣࡇࡓࡋㄏⓎࢆᔂቯࡀ㞵࡞㸪ᒁᆅⓗࡣ࡚ࡋ

㸪ᩳࡣ⏤⌮ࡢ┠ࡘ 㠃ୖ㒊ࡀ㎰ᴗ⏝㐀ᡂᆅࡢᛴ໙㓄࡞┒ᅵ㒊࡛ࡿ࠶࡛ࡇࡓࡗ࠶㸬ࡵࡓࡢࡇ㸪ࡢ㒊ศẚ࡚

ᔂቯ࠸ࡍࡸࡋ≧ែ࡛ࡓࡗ࠶ᛮࡿࢀࢃ㸬ࡣ⏤⌮ࡢ┠ࡘ�㸪ᩳ㠃࿘㎶ࡢỈ࡛ࡿ࠶㸬ᔂቯᩳ㠃㞄᥋࠺ࡼࡿࡍ

ᑠつᶍ࡞ἑࡾ࠶ࡀ㸪ࡢࡇ㒊ศỈ㊰ࡀタ⨨ࡿ࠸࡚ࢀࡉ㸬㏻ᖖࡣ㸪ᩳ 㠃ୖࡢ㎰ᆅࡢࡽỈࡢࡇࡣỈ㊰ࢆ㏻࡚ࡗ

Ẹᐙୗࡢ㎰ᴗ⏝Ỉ㊰ฟࡿࢀࡉ㸬ࡀࢁࡇ㸪ఫẸࡢドゝࡤࢀࡼ㸪ᅇࡢ㞵ࡣỈ㊰ࡽᑐഃࡢᔂቯ

㒊ศࡄࡍࡢ㞄࡛ᩳ㠃ࡽὶỈࡀ☜ㄆࡓࢀࡉ㸦ᅗ��㸧㸬ࡣࢀࡇ㸪ᩳ㠃ୖࡢ㎰ᴗ⏝ᆅࡢỈ㊰ࡀチᐜ㔞ࢆ㉸ࢀ⁄࡚࠼

ࡲ㞟ࡀỈ㸪ᔂቯ㒊ศ࿘㎶ࡾࡼࢀࡇ㸬ࡿࢀࢃᛮࡢࡶࡓࡋ⏕ⓎࡀࢀὶࡢỈሙᡤࡿ࡞␗ࡣ㸪㏻ᖖࡵࡓࡓ

ᖖࡣ㸪Ỉ⏣ෆ㒊ࡾ࠾࡚ࡋ᱂ᇵࢆ࢚ࣄࡣ࡛⏣Ỉࡢ㸪ᩳ㠃ୖࡓࡲ㸬ࡿࢀࡽ࠼⪄ࡓࡗࡀ࡞ࡘ㸪ᔂቯࡾ ��FP

⛬ᗘࡢỈ࡛ỈࡀᏑᅾࡓࡋ㸬ࡾࡼࢀࡇ㸪ᖖࡶᔂቯ㒊ศෆ㒊Ỉࡀ౪⤥ྍࡓ࠸࡚ࢀࡉ⬟ᛶࡿࢀࡽ࠼⪄ࡶ㸬ࡘ�

����㸪࡚ࡋ⏤⌮ࡢ┠ ᖺᮾᆅ᪉ኴᖹὒἈᆅ㟈ࡢᙳ㡪ྍࡓࡗ࠶ࡀ⬟ᛶࡿ࠶ࡀ㸬ఫẸࡢドゝࡤࢀࡼ㸪���� ᖺ

ࡢ㸪ᅇࡋ⏕Ⓨࡀࡳࡿࡺ㠃ᩳ࡚ࡗࡼࢀࡇ㸬ࡓࢀࡉㄆ☜ࡀட࡞ᔂቯ㒊ศ࿘㎶࡛ᑠつᶍࡢ㸪ᅇᆅ㟈ࡢ

㞵ࡀᘬࡁ㔠࡚ࡗ࡞ᔂቯࡀⓎ⏕ྍࡓࡋ⬟ᛶࡿ࠶ࡀ㸬�

㸪ே㛫άࡣ㸬ᚋࡿ࠶せὀព࡛ࡣᅵ㒊㸧┒≉㐀ᡂᆅ㸦ࡓࡏࡉኚࢆᙧࡢ↛⮬࡚ࡗࡼᡭࡢே㛫࠺ࡼࡢࡇ

࡞㔜せࡀ❧☜ࡢホ౯ᡭἲࡢ㸪ᅵ◁⅏ᐖ༴㝤ᗘࡓࡋ៖⪄ࢆ➼ᙳ㡪࡞㛗ᮇⓗࡢᮾᆅ᪉ኴᖹὒἈᆅ㟈ࡸᒚṔࡢື

��㸬ࡿࡃ࡚ࡗ

�

�㸬 ⛅⏣┴ᘬḞᕝࡢ◚ሐ�

㞵ࡾࡼἙᕝ⿕ᐖ୍ࡢ࡚ࡋ㸪⛅⏣┴⡿௦ᕝࡢᨭᕝ࡛ࡿ࠶ᘬḞᕝࡢ◚ሐ≧ἣࡢᴫせࢆグ㏙ࡿࡍ㸬◚ሐࡣ㸪

 
ᅗ���㞵ᩳ㠃ୖ㒊ࡢࡽὶỈࡀ☜ㄆࡓࢀࡉ⨨

㸦*RRJOH�PDSຍ➹㸧�
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⡿௦ᕝྜࡢὶᆅⅬࡽ⣙ ��NP ୖὶᆅⅬ࡛ྑ

ᓊഃᖜ⣙���P㸪㧗ࡉ⣙����P࡛⏕ࡓ࠸࡚ࡌ㸬

◚ሐ⟠ᡤࡣᅵᄞ✚࡛ࡆୖࡳᛂᛴᑐᛂ࡚ࢀࡉࡀ

ࡽ⏣Ỉὶ㒊ୖ┤ࡢ㸦ᅗ��㸧㸬◚ሐ⟠ᡤࡓ࠸

ࢆỈ㊰ࡢࡇࡣ㞵Ỉࡢ⏿⏣㸪ࡾ࠶ࡀỈ㊰ࡢ

㏻࡚ࡌᘬḞᕝྜὶࡿࡍ㸦ᅗ��㸧㸬�᭶�᪥ࡢ

㞵క࠸㸪⏣⏿ࡢ㞵Ỉࡀ㔞ࡢࡇỈ㊰ࢆ㏻

ὶ㔞ቑຍࡢࡽ㸪ἙᕝୖὶࡋὶධᘬḞᕝ࡚ࡌ

⮳ሐ◚ࡋ᪼ୖࡀὶ㒊࡛Ỉྜ࡚ࡏࢃྜ

�㸬ࡿࢀࡽ࠼⪄ࡀᛶ⬟ྍࡓࡗ

ࡀᐖ⿕࡞ࡁࡣᨭᕝ࡛ࡢ⡿௦ᕝ࠺ࡼࡢࡇ

ࡢ࡞㸪ሐ㜵Ỵቯࡣ㸪⡿௦ᕝᮏᕝ࡛ࡀࡓࡌ⏕

��㸪ᖹᡂࡿࡼㄪᰝࡳ㎸ࡁ⪺ࡢ㸬⛅⏣┴㮵ゅᆅᇦ⯆ᒁᘓタ㒊ࡓࡗ࡞ࡌ⏕ࡣᐖ⿕࡞ࡁᖺ�᭶ࡢฟỈ

ᐖ⿕ࡢ࡞ሐ㜵Ỵቯࡢᮏᕝ࡛ࡾ࠶㢧ⴭ࡛ࡀቑࡢὶ㔞ࡢ㸪ᮏᕝࡵࡓࡓࡗ࡞㞵࡞ࡁᗈᇦ࡛ࡢ⡿௦ᕝୖὶࡣ

ᖹᡂࡶㄪᰝ࡛ࡢᅇ㸬ᐇ㝿ࡿ࠶࡛࠺ࡑࡓࡗ࡞ࡌ⏕ࡣᮏᕝ࡛ࡣᐖ⿕࡞ࡁࡣฟỈ࡛ࡢ㸪ᅇࡀࡓࡌ⏕ࡀ ��

ᖺ�᭶ࡢ㞵࡛⿕ᐖࡓࡅཷࢆ⟠ᡤࢆᅇࡀࡓࡗ㸪࡞ࡁ⿕ᐖࡣ࡞☜ㄆࡓࡗ࡞ࢀࡉ㸬࠺ࡼࡢࡇ㸪ᅇࡢ㞵

⅏ᐖ࡛⿕ᐖࡢከࡓࡗ⟠ᡤࡣ�⣭Ἑᕝࡸᨭᕝ㸪Ỉ㊰ࡸᒣᆅࡢἑᩳࡸ㠃ࡢ࡞ᒁᡤⓗ࡞ᆅᇦ࡛ࡿ࠶㸬≉ୖグ

࠺ࡼࡢ㸪ᑠỈ㊰ࡢ࿘㎶࡛㐨㊰ࡸ㕲㐨⥺㊰㸪ሐ㜵➼ࡢ⿕ᐖࡀከࡃ☜ㄆࡿ࠸࡚ࢀࡉ㸬㞵క࠸ᑠỈ㊰ࡢタィ

ὶ㔞ୖࢆᅇࡿὶ㔞ࡀⓎ⏕ࡋ㸪ᐜ᫆㉺Ỉ࣭ỏ℃ࡿࢀࡽ࠼⪄ࡿ࠶࡛ࡵࡓࡿࡍ㸬࡞࠺ࡼࡢࡇᒁᡤⓗ࡞⟠ᡤࡣ᪥ᮏ

ࡍᢕᥱࢆ㸪⬤ᙅᆅⅬ࡚ࡗࡼ㸬࠸㏆⬟ྍࡣࡄ㜵ࢆỈᐖࡋഛᩚࢆ࡚ࡀ㸪⾜ᨻࡵࡓࡿࡍᏑᅾᩘ↓

࡞ᚲせྍḞࡀ㑅ูࡢᆅⅬࡁࡍ㜵ᚚ㸪ඃඛⓗࡋ៖⪄ࢆ࡞ඃඛ㡰ࡢᆅᇦࡸ⥙㸪㐨㊰㸪㕲㐨ࡶࡿ

���㸬ࡿ

�

�㸬 ����ᖺ⛅⏣࣭ᒾᡭ㞵⅏ᐖࡢᩍカ�

ᮏ◊✲࡛ᐇࡓࡋ⌧ᆅ㞵⿕ᐖㄪᰝࡸゎᯒࢆ㏻࡚ࡌ㸪⛅⏣࣭ ᒾᡭ㞵ࡢ⿕ᐖ࡛᫂ࡓࡗ࡞ࡽᩍカࢆ௨ୗ

ิᣲࡿࡍ㸬�

 
ᅗ���ᘬḞᕝࡢ◚ሐ⟠ᡤࡢ┤ୖὶ⨨ࡿࡍỈ⏣ࡢࡽỈ㊰㸬ྑࡣᘬḞᕝࡢỈ㊰ࡽỈ⏣ഃࢆᙳ 

 
ᅗ���ᘬḞᕝࡢ◚ሐ≧ἣࢆࢀࡑᅵᄞ࡛ᛂᛴᑐᛂࡿࡍᵝᏊ�
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ᒁᆅⓗⓎ⏕ࡓࡋ㞵⿕ᐖ㸸� �

ᅇࡢᮾᆅ᪉ࡢ㞵࡛ࡣ㸪ᗈ⠊ᅖྠࡘከⓎⓗ⿕ᐖࡀⓎ⏕ࡿ࠸࡚ࡋ㸬⿕ᐖࡢከࡀࡃ㸪⣭Ἑᕝࡸᨭᕝ㸪

Ỉ㊰ࡸᒣᆅࡢἑ࣭ᩳ㠃ࡓࡗ࠸ሙᡤ࡛ᒁᆅⓗࡿ࠸࡚ࡌ⏕㸬≉㸪㐨㊰ࡸ⥺㊰➼ࡢ⿕ᐖࡣ㸪㏆᥋ࡿࡍỈ㊰ࡸ

Ỉ㊰ࡢࡽᙳ㡪ࡿ࠸࡚ࡌ⏕ࡅཷࢆࡀከࡃ☜ㄆࡓࢀࡉ㸬࡞࠺ࡼࡢࡇᑠỈ㊰➼ࡣ㸪ᖹᖖࡣఱࡽၥ㢟ࡀ࠸࡞

㞵ࡢࡑࡣὶୗ⬟ຊࢆᖜୖᅇࡿὶ㔞ࡀⓎ⏕ࡵࡓࡿࡍ㸪⡆༢㉺Ỉ࣭ ỏ℃ࡋ࿘ᅖ⿕ᐖࢆཬࡍࡰࡽ࠼⪄ࡀ

�㸬ࡿ࠼

㐣ཤࡢ⅏ᐖ⤒㦂ୖࢆᅇࡿ⿕ᐖࡶ㉳ࡿ࠺ࡾࡇ㸸�

ᅵ◁⅏ᐖࡣ㸪ྠ ࢆࢀࡑ㸪ࡾ▱ࢆ⅏ᐖࡓࡁ㉳㸪㐣ཤࡵࡓࡘᣢࢆᛶ㉁࠺࠸ࡿࡍ⏕Ⓨࡋ㏉ࡾ⧞ሙᡤ࡛࡞࠺ࡼࡌ

㜵⅏ᙺ❧࡚ࡀࡇࡿ㔜せ࡛ࡿ࠶㸬ࡋࡋ㸪ᒁᆅⓗ࡞㞟୰㞵ࡢࡇࡣ࡚࠸ࡘ㝈ࡃ࡞ࡣ࡛ࡾ㸪㐣ཤࡢ⤒㦂࠶ࡀ

㸪ࡣሙྜࡿ࡞␗ࡶࡘ࠸ࡀἣ≦ࡢ㸪㝆㞵ࡣᆅᇦ࡛ࡿࡓ࠶㸪㞟Ỉᆅᙧ≉㸬ࡿ࠶ࡀࡇ࠸࡞ࡽ࡞⪄ཧࡾࡲ

ᖖᅵ◁⅏ᐖྍࡢ⬟ᛶࢆ⪃៖ࡿࡍࡀ㔜せ࡛ࡿ࠶㸬�

ࢆᏲࢆື⾜ࡿዴఱႏ㉳ࡿࡍ㸸�

ࡇࡿࡍㄆ☜ࢆ㛵┦࠸ᙉⓎ⏕⟠ᡤࡢᅵ◁⅏ᐖ㸪㝆Ỉ㔞ศᕸ࠼ቑࡀ༴㝤ࡢᅵ◁⅏ᐖࡣ㸪㞟୰㞵⯡୍

ࡢࢀ㸪ࡇ㸪ᚋ㸪ࡣ࡛࣮ࣝࢣࢫ࡞ࡉᑠࡶࡾࡼ㸪ᕷ⏫ᮧࡤࢀ࠼࠸㸪ゝ࡞ᒁᆅⓗࡋࡋ㸬ࡿࡁ࡛ࡀ

㞵ࢆࡿ࠶ࡀṇ☜ண ࡣࡇࡿࡍᅔ㞴࡛ࡿ࠶㸬ࡓࡲ㸪Ỉᐖ࡛ୖࡣ㝵ࡢᆶ┤㑊㞴ࡶ᭷ຠࡀࡔ㸪ᅵ◁⅏ᐖ࡛ࡣ㸪

༴㝤ࡽ࢚ࣜ㞳ࡿࢀ㑊㞴ࡀᚲせ࡛ࡿ࠶㸬ࡋࡋ㸪㑊㞴ࢆጞࡶ࡚ࡋ࠺ࡼࡵ㸪ᙉ࠸㞵ࡸ㐨㊰ࡢෙỈࡾࡼ࡞

㠃ᩳࡸἙᕝࡽ㸪᪥㡭ࡣࡵࡓࠖࡿࡍႏ㉳ࢆື⾜ࡿᏲࢆࠕ㸬ࡿࢀࡽ࠼⪄ࡶἣ≦࠸ࡋ㞴ࡀࡇࡿࡍ㑊㞴࡛ࡍ

℃ỏࡢἙᕝࡣ㸪㞵࡚ࡋࡑ㸪ࡇࡃ࠸࡚࠼ఏࢆ⟇ᑐ࡚࠼ࡲ㋃ࢆ⅏ᐖ⤒㦂ࡢ㐣ཤ࡞ᵝᏊࡢἣ㸪㞵≦ࡢ

ࡿࡍᅇ㑊ࢆ༴㝤࡛ࡳࡿࡄ㸪ᆅᇦ࡞ࡿࡵጞࢆ㑊㞴ࡽࡃ㸪᪩ࡋὀពሗࡿࡅࡧ࡞㆙ᡄࡢᅵ◁⅏ᐖࡸ

�㸬ࡿ࠶㔜せ࡛ࡀࡇࡃ࠸࡛ࢇ⤌ࡾྲྀື⾜

ே㛫άືࡢᒚṔࡸ����ᖺᮾᆅ᪉ኴᖹὒἈᆅ㟈ࡀᅵ◁⅏ᐖࡿ࠸࡚࠼ᙳ㡪㸸�

ே㛫ࡢᡭࡢ↛⮬࡚ࡗࡼᙧࢆኚࡓࡏࡉ㐀ᡂᆅ㸦≉┒ᅵ㒊㸧ࡣせὀព࡛ࡿ࠶㸬ᑠつᶍ࡛ྂ࠸㐀ᡂᆅ࡛ࡣ㸪

༑ศ࡞ᑐ⟇ࡀㅮࡶࢫ࣮ࢣ࠸࡞࠸࡚ࢀࡽࡌከࡃ㸪࡞࠺ࡼࡢࡑどⅬ࡛㜵⅏ᑐ⟇ࢆ㐍ࡿࡵᚲせᛶࡿ࠶ࡶ㸬ࡓࡲ㸪����

ᖺᮾᆅ᪉ኴᖹὒἈᆅ㟈ࡢ∎ࡣ㸪ᆅ┙࠺࠸ࡳ⦅ࡢᙧ࡚ࡗ࡞㛗࠸ᖺ᭶࠾࡞࡚⤒ࢆ⌧ᅾྛࡶᆅṧࡿ࠸࡚ࡗ

ྍ⬟ᛶࡿ࠶ࡀ㸬ᅵ◁⅏ᐖࡶ࡚࠸ࡘ㟈⅏ࡢᚋࡢ㛗ᮇⓗ࡞ᙳ㡪ࢆ⪃៖ࡓࡋホ౯ᡭἲࡀ❧☜ࡢᚲせ࡛ࡿ࠶㸬�

�

ㅰㅰ㎡㸸���� ᖺኟᏘࡢ㞵⅏ᐖࡾࡼ⿕⅏ࡓࢀࡉ᪉ࠎᚰ࠾ࡾࡼぢ⯙ࡶࡿࡆୖࡋ⏦ࢆ࠸㸪ᮏ⅏ᐖࡿࡼ

◁ᒾᡭ㞵࣭ᅵ࣭⏣⛅ࡢ㸪ᮾᏛ⅏ᐖ⛉Ꮫᅜ㝿◊✲ᡤࡣ✲◊㸬ᮏࡿ࠶࡛➨ḟࡿࡍ⾲ࢆពࡢယࡃ῝⪅≅≛

⅏ᐖ⥭ᛴㄪᰝᅋࡀᐇࡓࡋ⌧ᆅㄪᰝࡢࡑࡧࡼ࠾ᚋࡢゎᯒᇶ࡙ࡿ࠸࡚࠸㸬⥭ᛴ⅏ᐖㄪᰝᅋ࣓ࣥࡿ࠶࡛࣮ࣂ㸪
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ㅰ㎡㸸⌧ᆅㄪᰝࡾࡓ࠶㸪⛅⏣┴ᘓタ㒊Ἑᕝ◁㜵ㄢ㸪ᅜᅵ㏻┬ᮾᆅ᪉ᩚഛᒁ㐨ᅜᕝἙἑ

ົᡤ⬟௦Ἑᕝᅜ㐨ົᡤࡽㅖሗࡢᥦ౪ࡓࡅཷࢆ㸬ࡇࡇグ࡚ࡋㅰពࡿࡍ⾲ࢆ㸬�
�

ཧ⪃ᩥ⊩�

��⛅⏣Ẽ㇟ྎ㸸⛅⏣┴⅏ᐖẼ㇟㈨ᩱ㸦➨ � ሗ㸧� � ᭶ � ᪥ࡢ┴⏣⛅ࡢ㞵㸪1<<9���???�36+�7.<��

08�39�+42<+�9-/��	
�	�	�*;+20+232��9-/㸪��	
� ᖺ � ᭶ 
� ᪥ࢫࢭࢡ��

��ᯇⱥኵ㸸ᖹᡂ �� ᖺ �᭶⛅⏣࣭ ᒾᡭ㞵⅏ᐖࡢሗ࿌㸦㏿ሗ㸧㸪ᅵᮌᏛㄅ㸪(85�����78�
���99�����
�	
���

��ᕝ㉺Ύᶞ㸸⛅⏣㸪ᒣᙧ㸪⚟ᓥࡢ㞵≉ᚩᅵ◁⅏ᐖ㸪➨ 

� ᅇᮾỈᕤᏛ◊✲Ⓨ⾲㈨ᩱ㸪

�	
��	���
��

�

�

�

�

�

�

�

�
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*Survey on the Flood and Debris Flow at Akita by Tasuku Saitou, Takahiro Fukuda and Kazuya Watanabe 

⛅⛅⏣㞵⅏ᐖࢆᑐ㇟ࡓࡋ⌧ᆅほ ࡚࠸ࡘ�

㹼����ᖺ �᭶Ⓨ⏕ࡓࡋ㞵⅏ᐖࢆᑐ㇟࡚ࡋ㹼㸨�

�

⛅⏣ᏛᕤᏛ㈨※Ꮫ㒊� � � 㰻⸨� భ㸪⚟⏣ႛ�

⛅⏣ᏛᕤᏛ㈨※Ꮫ◊✲⛉� � � � � � Ώ㎶୍ஓ�

�

1㸬 ࡵࡌࡣ�
ᖹᡂ 25 ᖺ㸦2013 ᖺ㸧8 ᭶ 9 ᪥ࡧࡼ࠾┴⏣⛅ᒾᡭ┴࡚࠸࠾Ⓨ⏕ࡓࡋ㞵⅏ᐖࡣ୧┴⏒

࡞⿕ᐖࡢࡑࠋࡓࡋࡽࡓࡶࢆ⿕ᐖࡣ࡛┴⏣⛅ࡣ㤋࣭㮵ゅᕷࢆ୰ᚰࡓࡋ⡿௦ᕝὶᇦᕷ

⏣ἑ†⏣ἑ౪㣴షᆅ༊㸪ᒾᡭ┴࡛ࡣ┒ᒸ࣭ⰼᕳᕷࢆ୰ᚰࡓࡋୖᕝὶᇦ࡛ࠋࡓࡗ࠶ᅇࡢ⿕

ᐖࡢ≉ᚩࡣ࡚ࡋ㸪୍⣭Ἑᕝ࡞࠺ࡼࡢ࡞ࡁἙᕝࡢ࿘㎶࡛ࡣ⿕ᐖࡃ࡞ࡣ㸪⣭ἙᕝࡸỈ㊰࡞

 ࠋࡿ࠸࡚ࡗ⿕ࢆᐖ⿕࡞ࡁ࡚࠸࠾ᆅᇦ࠸࡞࠸࡛ࢇ㐍ࡢഛᩚࡾࡲ࠶ࡢ
⏣ᔂቯࡢ㊰┒ᅵ⥺ࡢ㮵ゅᕷࡓࡗࡁࡢᐖ⿕≉࡚࠸࠾┴⏣⛅ࡣ࡛✲◊㸪ᮏ࡛ࡇࡑ

ἑᩳࡿࡅ࠾㠃ᔂቯ࡚ࡋ┠╔ㄪᰝࠋࡓࡗ⾜ࢆ 
 

2㸬 㝆㞵ࡢᴫせ�
ᅗ�� ��㸬ᅗࡍ♧ࢆᴫせࡢ┴⏣⛅ࡓࡗࡁࡢ㞵࡛⿕ᐖࡢᅇ ࡶࡿ࠸࡚ࢀ㟷⥺࡛ᥥ

 ࡓࡗࡁࡢᐖ⿕≉㸪ࡀࡢࡶࡿ࠸࡚ࡋ♧㉥࡛ࡢὶ㒊ୖࡢࡇࠋࡿ࠶⡿௦ᕝ࡛ࡢ⣭Ἑᕝ୍ࡣࡢ
 

 
 

 
 
 
 

 
 

 
 

 
 
 
 

ᅗ��� ⿕ᐖᆅᇦࡢᴫせ 
 

東北地域災害科学研究　第50巻（2014） 91



㤋࣭㮵ゅᆅ༊࡛ࡓࡲࠋࡿ࠶㸪ᅗࡢ��୰ኸ㒊㟷࠸࡛♧ࡣࡢࡶࡿ࠸࡚ࢀࡉ⏣ἑ†࡛ࡇࠋࡿ࠶

ࡣᕷ⏣ἑ†౪㣴షᆅ༊࡛ࡢ㏆ࡢ ᩳࡓࡋࡽࡓࡶࢆᐖ⿕࡞⏒࡞࠺ࡼࡿࢀ࡞ࡃ↓ࡀ᪉ࡢ6ྡ
㠃ᔂቯࡀⓎ⏕ࠋࡿ࠸࡚ࡋᫍࡓࢀࡉ♧࡛ࢡ࣮࣐Ⅼࡢࢫࢲ࣓ࡣほ ᡤࡾ࠾࡚ࡋ♧ࢆ㸪㝆㞵ࡢᵝᏊ

 ࠋࡿࡍḟ⠇࡛ㄝ᫂ࡣ࡚࠸ࡘ
��

3㸬 㝆㞵ࡢᴫせ�
� ᅇࡢ㞵⅏ᐖࡿࡅ࠾㝆㞵ࡢᵝᏊࡣ㸪⛅⏣┴ࡣ࡚࠸࠾ᕷ㮵ゅᕷ࣭㤋ᕷ࡛ᙉ࠸㞵

 ほࡢẼ㇟ᗇࡀࡇࡓ࠸࡚ࡋ ほࢆ 1㸧ࡾࡼ᫂ࠋࡿ࠸࡚ࡗ࡞ࡽ�

ほ ᡤ୍࡛㛫᭱㝆࠸㏆ࡶࡗࡶ㸪ࡣᕷ⏣ἑ࡛㮵ゅᕷࡓࡗࡁࡢᐖ⿕≉ࡢ⏣⛅

Ỉ㔞ࡣ㸪㮵ゅ࡛ࡣ 108.5mm㸪ᕷ⏣ἑ㏆࠸㙚⏿࡛ࡣ 88.0mm㸪ᱠᮌෆ࡛ࡣ 81.0mm㸪ほ 
ྐୖ᭱ࡢ᪥୍᭱㛫㝆Ỉ㔞ࢆグ㘓ࡓࡲࠋࡓࡋ㸪᪥㝆Ỉ㔞ࡶ㮵ゅ࡛ࡣ 293.0mm㸪㙚⏿࡛ࡣ

278.0mmほ ྐୖ᭱ࢆグ㘓ࡣࢀࡇࠋࡓࡋᖺࡢ᭶ᖹᆒ㝆Ỉ㔞ࢆ㉸ࠋࡓࡗ࠶್࡛ࡿ࠼�
�

4㸬 ᕷ౪㣴షᆅ༊ࡿࡅ࠾⿕ᐖࡢ⣔ิኚ�
⛅⏣┴ᕷ⏣ἑ†౪㣴షᆅ༊࡛ࡣᅵ◁ᔂࡀࢀⓎ⏕ࡋ㸪ᅵ▼ὶࡾࡼ 9 Ჷࡀ༙ቯࡋ㸪6 ྡ

 ࠋࡍ♧�㸫⾲ࢆᐖ≧ἣ⿕ࡢሗ㐨࡛ࡢࡢࡑࠋࡓࡗ࡞ࡃஸࡀ᪉ࡢ
 

⾲��� ⏣ἑ†౪㣴షᆅ༊ࡿࡅ࠾⿕ᐖ≧ἣ�

�

�

�

�

�

�

�

�

�

�

⾲㸫ྛࡣ�ሗ㐨ࢆࢫ࣮ࣗࢽࡢࡽᢤ⢋ࡾ࠶࡛ࡢࡶࡓࡋ㸪ᐇ㝿ࡣᑠྜ࡚ࡏࢃ ���௨ୖࡢグ

�ࠋࡿ࠸࡚ࢀࡉ㓄ಙࡾࡼ♫ྛࡀ

ὀ࡛ࡇ࠺࠸ࡿ࠶㞵࡛࠸࡞ࡢࡇࡓࡋ㦂⤒࡛ࡲࢀࡇࡾࡼ㸪Ẽ㇟ᗇ࡚ࡋሗ㏿㸪᭱ึࡎࡲ

ពႏ㉳ࠋࡿ࠸࡚ࢀࡉ࡞ࡀᐇ㝿㸪ࡢࡇࡢ㙚⏿࡛ࡢ㝆Ỉ㔞ࡣ㸪1᪥࡛ 278.0ੈ㸪1㛫࡛᭱ࡢ
㝆Ỉ㔞ࡣ 88.0 ࡗ࠶㐺ษ࡛ࡣᣦࡢࡇࡶࡽࡇࡓࡗ࠶㝆Ỉ㔞࡛ࡢほ ྐୖ᭱ࡶࡽࡕੈ
⏕Ⓨࡀࢀᚋ㸪ᅵ◁ᔂࡢࡑࠋࡿ࠼ఛࡀࡇࡓ ࢀࡉሗ࿌ࡀࡇࡓࡗ࡞ᚰ⫵Ṇ≧ែࡀ᪉ࡢ1ྡ
ࡣ⪅Ṛ࡞㸪᭱⤊ⓗࢀࡉฟࡀ⅏ᐖᨭせㄳ㸪⮬⾨㝲ࡽࡉࠋࡿ࠸࡚ ⓗ⤊᭱ࠋࡿ࠸࡛ࢇཬ6ྡ

 15᪥ᨻᗓࡢࡇࡣ⅏ᐖ⃭ࢆ⏒⅏ᐖᣦᐃࠋࡿ࠸࡚ࡋ 
 

 

᪥ ෆᐜ ഛ⪃

������������ ㏿ሗ䚷䛣䜜䜎䛷⤒㦂䛧䛯䛣䛸䛾䛺䛔㞵䚷ὀពႏ㉳
������������ ᅵ◁ᔂ䜜䛻䜘䜚ᚰ㓄Ṇ㻝ྡ
������������� ᅵ◁⅏ᐖ䜈䛾ཝ㔜㆙ᡄ
������������� 䇥㑊㞴ᣦ♧䞉ᾐỈ⿕ᐖ
������������� Ẽ㇟ᗇ䛿グ㘓ⓗ▷㛫㞵ሗ䜢Ⓨ⾲
������������� ᅵ◁ᔂ䜜䛻䜘䜚㻡ྡ⾜᪉᫂䠈㻞ྡ㔜㍍യ䠈㻤Ჷὶฟ
����������
�� Ẽ㇟ᗇ䠈㞵䛻䜘䜛グ⪅ぢ
������������� ⛅⏣┴䛜⮬⾨㝲䛻⅏ᐖὴ㐵せㄳ
������������� 㻥Ჷ༙ቯ
������������	 ᤚ⣴䛔䛳䛯䜣ᡴ䛱ษ䜚 ⩣᪥㻡䜘䜚ᤚᰝ㛤ጞ
������������� 㻠ྡⓎぢ䛔䛪䜜䜒Ṛஸ☜ㄆ䚷Ṛ⪅䛿㻠ྡ
�������������� 㔜య䛾ዪᛶṚஸ䚷Ṛ⪅䛿㻡ྡ
�����������
�� 㻝ே䛾㑇యⓎぢ䚷᫂ዪᛶ䛛
�������������� ᫂ዪᛶⓎぢ䚷Ṛ⪅㻢ྡ䛻
��������	���� ᨻᗓ䛿㻝㻡᪥⃭⏒⅏ᐖ䛻ᣦᐃ
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ᅇᩳࡢ㠃ᔂቯࡿࡼᐙᒇࡢ◚ቯ≧ἣ࡚࠸ࡘ⌧ᆅㄪᰝࡓࡗ⾜ࢆ㸬ᅗࡣ��ᅇᔂቯᩳࡓࡋ㠃

 ࠋࡿ࠸࡚ࡋ⾲ࢆᵝᏊࡢ
 
 
 
 
 
 
 

 
 

 

ᅗ��� ᩳ㠃ᔂቯࡢᵝᏊ 
 

ᩳ㠃ᔂቯࡾࡼⓎ⏕ࡓࡋᅵ▼ὶࡣ㐨㊰┒ᅵἢࡓࡗὶࢀ┒ᅵࢆ㉺ࡢࡶࡓ࠼ 2᪉ྥࡢὶࡀࢀ

࠼㉺ࢆ㸪┒ᅵ㒊ࡾ࠾࡚ࡋቯࡣᐙ࡛ࡓࡅཷࢆᧁ┤ࡢ◁㸪ᅵࡵࡓࡢࡑࠋ㸦ᅗ��㸪ᅗ��㸧ࡓ࠸࡚ࡌ⏕

 ࠋ㸧	�㸦ᅗ��㸪ᅗࡓࡗ࠶ࡶᐙᒇࡿ࠸࡚ࡗࡲቯ࡛༙࡚ࡋ⾶ῶࡀጾຊࡣ࡛ࡢࡶࡓࡁ࡚
 
 
 
 

 
 

 

�

�

�

ᅗ��� 㐨㊰┒ᅵࢆ㉺ࡓ࠼ᅵ▼ὶࡢ⿕ᐖࡢᵝᏊ� ᅗ��� 㐨㊰┒ᅵἢࡓࡗᅵ▼ὶࡢ⿕ᐖࡢᵝᏊ 
�

 
 

 
 
 
 

 
 

ᅗ��� ᐙᒇࡢ⿕ᐖ≧ἣ㸦ቯ㸧� � � � � � ᅗ�	� ᐙᒇࡢ⿕ᐖ≧ἣ㸦༙ቯ㸧�
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5㸬㸬 㮵ゅᕷࡿࡅ࠾⿕⅏≧ἣ�
ᅵ῝㥐㏆ࡢࡃⰼ㍯⥺ࡢ⥺㊰࡛ࡣ㸪㏆ࡢࡃἑࡀቑỈ࡚ࡋỏ℃ࡓࡋ⤖ᯝ㸪┒ᅵ㒊ศࡀὶ࡚ࢀࡉ

⥺㊰ࡀᾋࡀࡇࡿ࠸࡚࠸☜ㄆ࡛ࡓࡁ㸦ᅗ�
㸪ᅗ��㸧ࡢࡇࠋᆅᇦ௨እ࡛ࡶⰼ㍯⥺ࡢ⥺㊰ἢ࡛࠸ᾐỈ

ࡓࡅཷࢆᐖ⿕ࡢࡿ࡞㐠ఇࡣ⥺㸪ⰼ㍯ࡵࡓࡢࡑࠋࡿ࠸࡚ࡅཷࢆᐖ⿕ࡢ࡞ࢀᅵ◁ᔂࡸ 2㸧ࠋ 
 
 
 
 
 

 
 

 
 

ᅗ�
� ⥺㊰┒ᅵࡢ⿕⅏≧ἣ㸪య㸦����ᙳ㸧� ᅗ��� ⥺㊰┒ᅵࡢ⿕⅏≧ἣ㸪㏆ᬒ㸦����ᙳ㸧�

�

ࢆᯝ⤖ࡓࢀࡽᚓࡾࡼ㔞 ࠋࡓࡗ⾜ࢆᆅᙧ 㔞ࡢᐖ┒ᅵ࿘㎶⿕࡚࠸⏝ࢆගἼ ㊥ࡣ࡛ࡇࡇ

ᅗ��ࡓࡲࠋࡍ♧㸪⊃✽㒊ࡢᵝᏊࢆᅗࠋࡍ♧����

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

ᅗ���  㔞ࡿࡼᆅᙧࢱ࣮ࢹ� � � � � � � ᅗ���� ⊃✽㒊㸦㕲㐨ᶫ㸧ࡢᵝᏊ�
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㕲㐨ᶫࡢࡇࡿ࠸࡚ࡗ࡞⊃✽㒊ࡣ࡚࠸࠾㸪୧ᓊ࡛ࢺ࣮ࣜࢡࣥࢥࡀᅛࠋࡿ࠸࡚ࢀࡽࡵ࿘ᅖࡣ㸪

ࡗࡀᗈࡀ⏣Ỉࡣὶഃୖࡢ㸪⊃✽㒊ࡣ࡚ࡋ௳ᆅᙧ᮲ࠋ࠸↓ࡀᡤ⟠ࡿࡅᢤࡢỈ㒊ศ௨እࡢࡇ

ࡑࠋࡓࡗ࠶ἣ࡛≦࠸ࡍࡸࡋ㞟୰ࡀỈࡵࡓࡿࡍᏑᅾࡀ࡞Ỉ㊰ࡢࡰࢇ⏣ࡸᑠᕝ࡞ࡉ㸪ᑠࡾ࠾࡚

㸪ࡋ᪼ୖࡀỈᅽࡢ㸪⥺㊰┒ᅵ㒊ศ࡛ࡵࡓࡓ࠼㉸ࢆὶ㔞࡞⬟㏻Ỉ㔞ྍࡢ㒊࡛✽⊂ࡢࡇ㸪ࡵࡓࡢ

◚ሐࠋࡿࢀࡽ࠼⪄ࡢࡶࡓࡗ⮳��

�

6㸬㸬 ࡢࡑࡢᆅᇦࡿࡅ࠾⿕ᐖ≧ἣ�
ୖグ௨እࡶ㸪୍⣭Ἑᕝ⡿௦ᕝἢ࡛࠸Ỉࡀ㧗ࡾ࡞ࡃ㸪ᅗ��� ᡪ⏣ᶫ㸪ྜྷᐩኈ㸪ୗࡓࡋ♧

ᕝἢࡢ 3ᆅⅬࡢỈほ ᡤ㸦ࡶࢀࡎ࠸㤋ᕷ㸧࡛ࡣ᪤ ᭱Ỉࢆ㉺ࡓ࠼㸦ᅗ���㸪��㸪��㸧ࠋ 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

ᅗ���� Ỉほ ᡤ⨨�

 

 
 

 
 

 
 
 
 
ᅗ���� ほ Ỉ᪤ ᭱Ỉࡢ㛵ಀ㸦ᡪ⏣ᶫ㸧ᅗ���� ほ Ỉ᪤ ᭱Ỉࡢ㛵ಀ㸦ྜྷᐩኈ㸧  

 

�

ୖୖὶ 
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� ᡪ⏣ᶫ࿘㎶ࡢ┿ࢆ┿��� ࠋࡍ♧�

Ἑᕝࡢ㧗Ỉᩜ࡛ࡲỈࡾࡀୖࡀ㸪࡞ࡳࡈ

��┿㸪ࡓࡲࠋࡓࢀࡽࡵㄆࡀ㊧ࡢ

ぢ࠺ࡼࡿࢀࡽ㸪⡿௦ᕝᮏᕝࡶ࡚࠸࠾

Ἑᓊᾐ㣗ࡢ㊧ࡀṧࠋࡓ࠸࡚ࢀࡉ┿ࡢ��

ᡪ⏣ᶫ㏆ࡣ࡚࠸࠾ᆅඖࡢ᪉ࡀసᴗࢆ

ࡲࢁࡇࡓࡋ♧㉥࡛㸪ᅗ୰ࡾ࠾࡚ࡋ

࡛Ỉࡢࡓࡋ᪼ୖࡀドゝࢆᚓࠋࡓ㊧

ࡶ࡚࠸࠾㸪⡿௦ᕝᮏᕝࡽࡇࡿ࠶ࡶ

ࡉㄆ☜ࡀࡇࡓࡗ࠶ࡀỈୖ᪼ࡢࡾ࡞

 ࠋࡓࢀ
 
 
 
 
 
 
 
 
 
 

┿��� ᡪ⏣Ỉほ ᡤ㏆ࡢ≧ἣ㸦8/12ᙳ㸧� � ┿��� ᡪ⏣ᶫ㏆ࡢ㊧㸦8/12ᙳ㸧 
 

7㸬 ⤊ࡾࢃ�
ᮏ◊✲࡛ࡣᖹᡂ 25 ᖺ 8 ᭶ 9 ᪥Ⓨ⏕ࡓࡋ㞵⅏ᐖ࡚࠸ࡘ㸪⛅⏣┴ഃࡢ⿕ᐖ࡚ࡋ┠╔ㄪ

ᰝࡢࡑࠋࡓࡗ⾜ࢆ⤖ᯝ㸪ᕷᩳࡢ㠃ᔂቯ࡛ࡣ 2᪉ྥࡢὶࡌ⏕ࡀࢀ⿕ᐖᕪࡀฟࡇࡓ㸪㮵ゅ
ࡶ࠸࡞࠸ฟ࡚ࡣᐇ⿕ᐖࡶ௨እࢀࡑ㸪ࡇࡓࡋὶฟࡀᅵ┒ࡋ㞟୰ࡀỈ㒊✽⊂ࡣ㕲㐨┒ᅵ࡛ࡢ
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*Characteristic of short period heavy rain that appear over the Tohoku Region.  

by Yuya Suzuki and Akira Watanabe (Fukushima University) 
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*Toward identification of structure and parameter of rainfall-runoff model by using hydrograph separation 
by Kentaro Haga , Syuhei Kobayashi and Yoshiyuki Yokoo 
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ᘧ(3)ࡿࡅ࠾ Įࡣ㔜ࡳಀᩘ࡛ࡾ࠶㸪ᡂศศ㞳๓ࡢὶ㔞ࡽᡂศศ㞳ࡓࢀࡉὶ㔞ࢆᘬ࡚࠸ồࡵ

 ࠋࡿࡍタᐃ࠺ࡼ࠸࡞ࡽ࡞್ࡢ㈇ࡀṧὶ㔞ࡓ
���� ᡂศศ㞳ࡓࢀࡉὶ㔞ࣝࢹࣔࢡࣥࢱࡢࡽᵓ⠏�
ࡧࡼ࠾ᩘࡢᡂศࡓࢀࡉศ㞳ࡢᡂศศ㞳⤖ᯝࡣᵓ⠏ࣝࢹࣔࢡࣥࢱ 3 ᖺ㛫ࡢศ㞳⤖ᯝࡕ࠺ࡢ

2007ᖺࡢศ㞳ࡓࢀࡉὶ㔞ࢆ⏝ࠋࡓࡋ 

ศ㞳ࡓࢀࡉᡂศᩘࡢࣝࢹࣔࢡࣥࢱࢆẁᩘࡋ㸪ศ㞳ྛࡓࢀࡉὶ㔞ࡢ⾲㠃ὶࡽᇶᗏὶࢆ࡛ࡲ

㡰␒ࡢࣝࢹࣔࢡࣥࢱ 1ẁ┠ࡽ nẁ┠ࡢ࡛ࡲἙᕝࡢὶฟ㔞ࡢࢡࣥࢱྛ࠾࡞ࠋࡓࡋഃ㠃
ࡣὶฟᏍࡿ࠶ 㸪᭱ࡋࡘ1 ୗᒙࡢ➨ nࡣࢡࣥࢱᾐ㏱ᏍࢆタࡎࡅὶฟᏍࡢࡽฟຊࠋࡓࡋࡳࡢ  
ὶ㔞ࡓࢀࡉศ㞳ᡂศࡢ㸪⾲㠃ὶࡣᵓ⠏࡛ࡢࣝࢹࣔࢡࣥࢱ Q1ࢆ 1ẁ┠ࡿࡅ࠾ࢡࣥࢱࡢἙᕝ

ὶฟ㔞ࡢ Qc1ࡋ㸪 Qc1ࢆ Q1ἢࢆࢱ࣮࣓ࣛࣃ࠺ࡼࡿࡏࢃỴᐃࡁࡢࡇࠋࡿࡍỴᐃࣃࡿࡍ

⋠ὶฟࡿࡍไ㝈ࢆὶฟ㔞ࡢࡽ㸪ὶฟᏍࡣࢱ࣮࣓ࣛ a1㸪ࢡࣥࢱᗏ㠃ࡽὶฟᏍࡢ࡛ࡲ㧗ࡉ z1㸪

ᾐ㏱Ꮝࡢࡽୗᒙࡢࢡࣥࢱࡢᾐ㏱㔞ࢆไ㝈ࡿࡍᾐ㏱⋡ b1㸪ࣝࢹࣔࢡࣥࢱෆึࡢᮇỈ h1(t=0)
ࡢ ➨㸪ࡋ⨨タࢆࢡࣥࢱୗᒙࡅࡔಶᩘࡢᡂศࡓࢀࡽᚓࡾࡼᡂศศ㞳ࡣ௨㝆ࠋࡿ࠶࡛ࡘ4 ࢱ1
ᵝྠࢡࣥ 1 ὶ㔞ࡓࢀࡉᡂศศ㞳࡚࠸࠾ෆࣝࢹࣔࢡࣥࢱࡢࡘ Qnᘧ(4)ࡾࡼồࡓࡵἙᕝ
ὶฟ㔞ࡢ Qcnࡀἢ᭱ࢆࢱ࣮࣓ࣛࣃ࠺ࡼ࠺㐺࠾࡞ࠋࡿࡍ 1 ẁ┠ࡢࢡࣥࢱࡢධຊࡣࢱ࣮ࢹ㞵㔞
P1࠸⏝ࢆ㸪2ẁ┠௨㝆ࡣᘧ(5)ࡾࡼᚓୖࡓࢀࡽẁࡢࡽࢡࣥࢱࡢᾐ㏱㔞 Pnࢆධຊ࡚ࡋࢱ࣮ࢹ

Ỉࡢෆࢡࣥࢱࡿࡍ㛫ኚືࡿࡅ࠾ᘧ(5)ᘧ(4)ࡓࡲࠋࡓࡋ⏝ hnࡣᘧ(6)࡛⾲ࠋࡓࡋ 

 
 
 
 

�� ⤖ᯝ�
���� ὶ㔞ࡢᡂศศ㞳⤖ᯝ�
   ほ ὶ㔞ࢆᡂศศ㞳ࡿࡍ㝿⏝ࡓࡋᐃᩘࠋࡓࡋ♧1-⾲ࢆᅗ-2ࡧࡼ࠾ᅗ-3ࡣ 2007ᖺ
ࡿࡍࡃࡍࡸぢࢆᡂศ࠸㐜ࡀὶฟࡢ࡞ᇶᗏὶࡣᅗ-3ࠋࡿ࠶ὶ㔞࡛ࡢᡂศྛࡢᡂศศ㞳ᚋࡿࡅ࠾
ࡣほ ὶ㔞ࡿࡅ࠾ᯝ㸪㜿ஂὠほ ᡤ⤖ࡢᡂศศ㞳ࠋࡓࡋ♧࡚ࡗࢆᑐᩘ↛⮬ࡢὶ㔞ࡵࡓ 4
ᡂศศࡢࡇࠋࡓࢀࡽࡅ 4ᡂศ Q1㸪Q2㸪Q3㸪Q4ࡣὶฟ࠺࠸ࡉ㏿ࡢほⅬࢀࡒࢀࡑࡽ⾲㠃ὶ㸪
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ὶ㔞ࡢᡂศศ㞳๓㝿ࡢᡂศศ㞳࠾࡞ࠋࡓࡋ࡞ぢᡂศࡢ୰㛫ὶ㸪ᇶᗏὶ࠸୰㛫ὶ㸪㐜࠸㏿

ὶࡓࢀࡉ㸪ศ㞳ࡀ࠺⾜࠺ࡼ࠸࡞ࡽ࡞್ࡢ㈇ࡀṧὶ㔞ࡓࡵồ࡚࠸ᘬࢆὶ㔞ࡓࢀࡉᡂศศ㞳ࡽ

㔞ࡀศ㞳๓ࡢὶ㔞ࢆ㉺ࡀࡇ࠺ࡲࡋ࡚࠼ᑡࡵࡓࡢࡑࠋࡿ࠶ࡎࡽ࡞ᡂศศ㞳ࡓࢀࡉὶ㔞ྜࡢィ

ࡢࢀࡒࢀࡑࡢほ ὶ㔞ὶ㔞ࡓࢀࡉᡂศศ㞳2-⾲ࠋ࠸࡞ࡋ⮴୍ࡶࡋࡎᚲࡣィྜࡢほ ὶ㔞

ྜィࠋࡓࡋ♧ࢆᡂศศ㞳ࡓࢀࡉὶ㔞ྜࡢィࢆほ ὶ㔞ྜࡢィ࡛ࡀၟࡓࡗ 1.03 ࡣㄗᕪࡾ࡞
ࠋࡿࢀࡽ࠼⪄࠸࡞ᑡࡣᨭ㞀ࡢ࡚ࡗࡓ࠶ᵓ⠏ࣝࢹࣔࢡࣥࢱ࡛ࡢࡓࡗࡲࡉ࠾3%  
 

����� ᡂศศ㞳ࡓࢀࡉὶ㔞ࣝࢹࣔࢡࣥࢱࡢࡽᵓ⠏�
ᡂศศ㞳ࡢ⤖ᯝࡽほ ὶ㔞ࡀ 4ᡂศศࢆࣝࢹࣔࢡࣥࢱ࡛ࡢࡓࢀ 4ẁࡋ㸪ᡂศศ㞳ࡉ

ὶฟ㔞ࡓࢀࡉ⟭ィ࡛ࣝࢹࣔࢡࣥࢱὶ㔞Qnࡓࢀ Qcnࡢᕪ᭱ࡀᑠࢆࢱ࣮࣓ࣛࣃ࠺ࡼࡿ࡞Ỵᐃ

3-⾲ࠋࡓࡋ ὶ㔞ࡓࡲࠋࡓࡋ♧ࢆࢱ࣮࣓ࣛࣃࡓࡋỴᐃ࡚࠸࠾ẁྛࡢࣝࢹࣔࢡࣥࢱ Qn ὶฟ

㔞 Qcnࡧࡼ࠾ほ ὶ㔞ࡢ 2007ᖺࡢࢀࡒࢀࡑࡿࡅ࠾ὶ㔞ྜࡢィࢆ⾲ ᅗ-7ࡽᅗ-4ࠋࡓࡋ♧4
␒㡰ࡣ 1ẁ┠ࡽࢡࣥࢱࡢ 4ẁ┠ࡢ࡛ࡲࢡࣥࢱࡢᡂศศ㞳ࡓࢀࡉὶ㔞Qnࡢࢡࣥࢱὶฟ㔞

Qcn ᅗ-8ࠋࡓࡋ♧ࢆ㛫ኚࡢ ⟭ィࡾࡼࣝࢹࣔࢡࣥࢱィྜࡢὶ㔞ࡢᡂศྛࡓࢀࡉศ㞳ࡣ
 ࠋࡓࡋ♧ࢆィྜࡢὶฟ㔞ࡢࢡࣥࢱྛࡓࢀࡉ

 
 
 
 
 

 
 

� Q4� Q3� Q2� Q1

ᐃᩘ Tc (/hour)� 1393.0 283.5 13.71 �
ศ㞳ࡓࢀࡉὶ㔞ྜࡢィ�(mm/hour)� 3173.0 
ほ ὶ㔞ྜࡢィ (mm/hour)� 3083.0 

�  1ẁ┠ (n=1) 2ẁ┠ (n=2) 3ẁ┠ (n=3) 4ẁ┠ (n=4) 
an 2.92E-02 1/h 1.17E-02 1/h 9.86E-04 1/h 7.35E-04 1/h 
bn 8.97E-02 1/h 1.05E-02 1/h 1.24E-03 1/h �  
zn 0.00 mm 0.00 mm 3.71 mm 51.6 mm 

hn(t=0) 1.49 mm 8.64 mm 61.1 mm 100 mm 

 ศ㞳ࡓࢀࡉὶ㔞 Qn ࡢࢡࣥࢱὶฟ㔞 Qcn ほ ὶ㔞 
ὶ(ฟ)㔞ྜࡢィ (mm/hour) 1013.0 943.3 980.5 

⾲-1 ᡂศศ㞳ࡢ㝿ࡢᐃᩘ Tc ⾲-2 ศ㞳ࡓࢀࡉὶ㔞ྜࡢィほ ὶ㔞ྜࡢィ�

ࢱ࣮࣓ࣛࣃࡓࡋỴᐃ࡚࠸࠾ẁྛࡢࣝࢹࣔࢡࣥࢱ 3-⾲  

⾲-4 ศ㞳ࡓࢀࡉὶ㔞ࡢࢡࣥࢱὶฟ㔞ࡧࡼ࠾ほ ὶ㔞ࡢ 2007ᖺྜࡿࡅ࠾ィ 

ᅗ-3� ὶ㔞ࡢᡂศศ㞳⤖ᯝ(ᑐᩘ) ᅗ-2� ὶ㔞ࡢᡂศศ㞳⤖ᯝ 
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ᅗ-5 ➨  ὶ㔞ࡓࢀࡉᡂศศ㞳ࡿࡅ࠾ࢡࣥࢱ2
 ὶฟ㔞ࡢィ⟬⤖ᯝࡢ࡛ࣝࢹࣔࢡࣥࢱ

ᅗ-7 ➨  ὶ㔞ࡓࢀࡉᡂศศ㞳ࡿࡅ࠾ࢡࣥࢱ4
 ὶฟ㔞ࡢィ⟬⤖ᯝࡢ࡛ࣝࢹࣔࢡࣥࢱ

ᅗ-4 ➨  ὶ㔞ࡓࢀࡉᡂศศ㞳ࡿࡅ࠾ࢡࣥࢱ1

 ὶฟ㔞ࡢィ⟬⤖ᯝࡢ࡛ࣝࢹࣔࢡࣥࢱ

ᅗ-6 ➨  ὶ㔞ࡓࢀࡉᡂศศ㞳ࡿࡅ࠾ࢡࣥࢱ3

 ὶฟ㔞ࡢィ⟬⤖ᯝࡢ࡛ࣝࢹࣔࢡࣥࢱ
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ᡂศศ㞳ὶ㔞�	

䝍䞁䜽䝰䝕䝹ὶฟ㔞��	
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䠈
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�

��
�

��	�������

ᡂศศ㞳ὶ㔞��

䝍䞁䜽䝰䝕䝹ὶฟ㔞���

⾲-3 ⋠ὶฟࡢࢱ࣮࣓ࣛࣃ࡚࠸࠾ anࡧࡼ࠾ᾐ㏱⋡ bnࡣୗᒙࡀ್ࡿ࡞ࢡࣥࢱࡢᑠࡃࡉ

ࡢୗᒙ᭱࠾࡞ࠋࡓࡗ࡞ 4ẁ┠ࡣ࡛ࢡࣥࢱࡢᾐ㏱Ꮝ࡛ࡢࡓࡗ࡞࠼⪄ࢆ b4ࡢỴᐃࡢࡇࠋࡓ࠸┬ࡣ

ὶฟᏍᾐ㏱Ꮝࡣ್ࡢࢱ࣮࣓ࣛࣃࡢ㸪Ⳣཎ (1972) ࡢᥦ♧ࡓࡋ᪥ὶ㔞ゎᯒᑐࡿࡍฟⓎࣔࣝࢹ

ࡶࡾࡼ್ࡢࢱ࣮࣓ࣛࣃࡢ 10-1 ◊㸪ᮏࡾ࠶᪥ὶ㔞ゎᯒ࡛ࡣ Ⳣཎ (1972)ࠋࡓࡗ࡞್࠸ࡉᑠ
ࡢࢱ࣮࣓ࣛࣃ㸪ࡀࡿࢀࡽ࠼⪄ࡶࡓࡌ⏕ࡽᕪ㐪࠺࠸ࡿ࠶ゎᯒ࡛ࡢ༢㛫 (1h) ὶ㔞ࡀ✲
Ỵᐃ࡚࠸࠾᭦ࡿ࡞ᨵၿࡀᚲせ࡛࠺࠸ࡿ࠶⤖ᯝࡶᤊࡓࡲࠋࡿࢀࡽ࠼㸪ࡢࢡࣥࢱᗏ㠃ࡽὶ

ฟᏍࡢ࡛ࡲ㧗ࡉ znࡣ 1ẁ┠ࡧࡼ࠾ 2ẁ┠࡚࠸࠾ࢡࣥࢱࡢ 0.0 mmࡣࢀࡇࠋࡓࡗ࡞ 1ẁ┠࠾
ࡧࡼ 2ẁ┠࡚࠸࠾ࢡࣥࢱࡢ㝆㞵ୖࡸẁࡢࡽᾐ㏱ࡓࡗ࠸ධຊࡓࡗ࠶ࡀሙྜ㸪ὶฟᏍࡢࡽ
Ἑᕝࡢὶฟᾐ㏱Ꮝࡢࡽୗᒙࡢࢡࣥࢱࡢᾐ㏱࠺࠸ ⾲ࢆࡇࡿࢀࡉ࡞ᖖࡀฟຊࡢࡘ2
᪉㸪3୍ࠋࡍ ẁ┠ࡧࡼ࠾ 4 ẁ┠ࡢࢡࣥࢱࡣ࡚࠸࠾ᗏ㠃ࡽὶฟᏍࡢ࡛ࡲ㧗ࡉ znࡀᏑᅾࡢࡿࡍ

Ỉࡢෆࢡࣥࢱ࡛ hnࡀ znࢆ㉺࠸࡞࠼㝈ࡾὶฟᏍࡢࡽἙᕝࡢὶฟࡣ㉳ࡎࡽࡇ㸪ࢡࣥࢱෆ㞵

㔞ࢆ㈓␃࠸ࡍࡸࡋᵓ㐀ࠋࡓࡗ࡞ 
 ほࡧࡼ࠾ィྜࡢὶ㔞ࡓࢀࡉᡂศศ㞳ࢆィྜࡢὶฟ㔞ࡓࢀࡉ⟭ィ࡛ࣝࢹࣔࢡࣥࢱ㸪ࡾࡼ4-⾲
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ὶ㔞ྜࡢィ࡛ࢀࡒࢀࡑࡀၟࡿ 0.93 ࡧࡼ࠾ 0.96 ィ⟬⤖ᯝࡢࣝࢹࣔࢡࣥࢱࡾࡲࡘࠋࡓࡗ࡞
ࢀࡒࢀࡑ࡚ࡋᑐほ ὶ㔞ࡧࡼ࠾ὶ㔞ࡓࢀࡉᡂศศ㞳ࡣ 7%  ࠋࡓࡗ࡞ㄗᕪࡢ4%
ᅗ-4ࡽᅗ-7ࡢࣝࢹࣔࢡࣥࢱ࡚࠸࠾ὶฟ㔞 Qcnࡣᡂศศ㞳ࡓࢀࡉὶ㔞 Qnࡢ㛫ኚືᑐᛂ

➨ࡽࡀ࡞ࡋࡋࠋࡓࡗࢆ≦ᙧࣇࣛࢢࡓࡋ ➨ࢡࣥࢱ1 ࡢࣝࢹࣔࢡࣥࢱ㸪ࡣ࡚࠸࠾ࢡࣥࢱ2

ィ⟬⤖ᯝ Qcnࡀᡂศศ㞳ࡓࢀࡉὶ㔞 Qnࢡ࣮ࣆࡢᑐ࡚ࡋᛂ⟅ࡀࡓࡋࡣ㸪ࡢࡑ್ࡢ㐩࡞ࡋ

➨ࠋࡓࡗ࠶ࡀሙྜ࠸ ࡣ࡛ࢡࣥࢱ1 9᭶ 7᪥࡚᭱࠸࠾࡛ 1.22 mm/hour ὶࡓࢀࡉศ㞳ࡀᕪ㐪ࡢ
㔞ࡢࣝࢹࣔࢡࣥࢱィ⟬್࡛⏕ࡢࡑࠋࡓࡌᕪࡣ➨ 2 ࡛ࡢࡿ࠸࡚ࡋᏑᅾᵝྠࡶ࡛ࢡࣥࢱ Qn

Qcn ᅗ-8ࡓࡋ♧ࢆィྜࡢࢀࡒࢀࡑࡢ ࡚࠸࠾
ࣝࢹࣔࡣࡇࡢࡇࠋࡿ࠸࡚ࡗ࡞ࡃࡁࡽࡉ

వᆅࡢᨵၿࡢỴᐃ᪉ἲࡢࢱ࣮࣓ࣛࣃࡸᵓ㐀ࡢ

ࡢࡋ┤ぢࡢࢱ࣮ࢹ⏝᪉࡛㸪୍ࡿ࠸࡚ࡋ♧ࢆ

ᚲせࢆ♧၀ࠋࡿࢀࡽ࠼⪄ࡶࡿ࠸࡚ࡋᮏ◊✲

 ほ࡚࠸࠾㜿ஂὠほ ᡤࡣࢱ࣮ࢹ⏝ࡢ࡛

ࡑࡸほ ᡤྠࡧࡼ࠾ࢱ࣮ࢹࡢἙᕝὶ㔞ࡓࢀࡉ

ࡲࡲࡢࡑࢆࢱ࣮ࢹࡢ㞵㔞ࡓࢀࡉ ㏆࡛ほࡢ

ࢹ㞵㔞ࡿࡍ⏝ࣝࢹࣔࢡࣥࢱࠋࡿ࠸࡚࠸⏝

┤Ἑᕝࡓ࠸ᘬࡋᕪࢆ➼Ⓨᩓ㔞࡚ࡋࢱ࣮

᥋ᙳ㡪ࢆࡿ࠼᭷ຠ㝆㞵ࡗ࠶࡛ࡁࡿ࠸⏝ࢆ

 ࠋࡿࢀࡽ࠼⪄ࡓ
 
4. ⪃ᐹ 
� ᮏ◊✲ࡣ☜ᐇᛶࢆᑡ࡛ࡇࡿࡍࡃ࡞㸪ࡾࡼ⌧ᐇ㏆࠸㝆㞵ὶฟࣔࢆࣝࢹᵓ⠏࡛࠺࠸ࡿࡁ

ࠋࡓࡗ⮳ᵓ⠏ࡢࣝࢹࣔࢡࣥࢱ࡚࠸⏝ࢆࢱ࣮ࢹὶ㔞ࡢẖࡢἙᕝࡓࢀࡉ 㸪ほࡁ࡙ࡶ࠼⪄

ࡓࡋỴᐃࢆ➼ᵓ㐀ࡢࣝࢹࣔࢡࣥࢱࡢయࡵࡌࡽ࠶࠺ࡼࡢᵓ⠏ࡢࣝࢹࣔࢡࣥࢱࡢ⯡୍ࡣࢀࡇ

ୖ࡛ヨ⾜㘒ㄗࡢᮎ᭱ࢆࢱ࣮࣓ࣛࣃ㐺ࣝࢹࣔࢡࣥࢱࡿࡍᵓ⠏ࡢ᪉ἲᮏ㉁ⓗࡾ࡞␗ࡣ㸪ྜྷ

ᕝ࠺ࡼࡢ�(1979)�ࡽὶᇦࡢ≉ᛶࢆࣝࢹࣔࡽᵓ⠏ࡃ࠸࡚ࡋ᪉ἲ࡛ࡋࡔࡓࠋࡿ࠶㸪ྜྷᕝࡢࡽ◊
ࠋࡿ࠸࡚ࡗ⮳ᵓ⠏ࡢࣝࢹࣔࢡࣥࢱࡢ⮬⊃㸪ࡾ࡞␗ࡣ≦ᙧࡢࣝࢹࣔࢡࣥࢱࡢᚑ᮶ࡣ࡚࠸࠾✲

ᮏ◊✲࡛ࡣᑐ㇟Ἑᕝ࡚࠸࠾᪥㔝࣭㛗㇂㒊 (1985) ࡢᡂศศ㞳ࢆ⏝ࡋ㸪ὶฟࡢ≉ᛶ୍ࡽ⯡

ⓗࡢࣝࢹࣔࢡࣥࢱ࡞ᵓ⠏ࡢࡇࠋࡓࡗ⮳᪉ἲࡣẚ㍑ⓗ⡆࡛᫆ࡶࡽࡀ࡞ࡾ࠶ὶฟ≉ᛶࢆ⪃៖ࡋ

ࢆಶᩘࡢࢡࣥࢱࡿࡍᙜ┦⛬ὶฟ㐣ྛ࡛ࡇࡿࡍศ㞳ᡂศࡢ⛬ὶฟ㐣ྛࢆὶ㔞ࡓࡲ㸪࡚࠸࡚

タᐃ࡛ࡁ㸪ྛࡽࡉὶฟ㐣⛬ศ㞳ࡓࢀࡉὶ㔞ࢆᇶࢡࣥࢱྛෆ࡛ࢆࢱ࣮࣓ࣛࣃỴᐃ࡛ࡢࡿࡁ

࡛㸪ࣝࢹࣔࢡࣥࢱయ୍࡛ᩧࢆࢱ࣮࣓ࣛࣃỴᐃࡿࡍ᪉ἲࡶࡾࡼ☜ᐇᛶࡢῶᑡࡀᮇᚅ࡛ࠋࡿࡁ 
ᅇࡢࣝࢹࣔࢡࣥࢱࡢィ⟬⤖ᯝࡢὶฟ㔞ᡂศศ㞳ࡓࢀࡉὶ㔞ࡢ⤖ᯝ࡛ࡿ࠶ᅗ 4 ᅗࡽ 7 ࢆ

ࡇࠋࡿศࡀࡇࡓࡋᑐᛂࡀィ⟬⤖ᯝࡢࣝࢹࣔࢡࣥࢱ㛫ኚືࡢὶ㔞ࡓࢀࡉ㸪ᡂศศ㞳ࡾࡼ

ࡀ࡞ࡋࡋࠋࡿศࡀࡇࡿ࠶࡛⬟ྍࡣᵓ⠏ࣝࢹࣔࢡࣥࢱࡓ࠸⏝ࢆᡂศศ㞳ࡢὶ㔞ࡽࡇࡢ

ࣝࢹࣔ࡞ࡔࡲ㸪ࡾ࠶ࡀሙྜ࠸࡞ࡋ㐩ࡀィ⟬⤖ᯝࡢࣝࢹࣔࢡࣥࢱ್ࡢࢡ࣮ࣆࡢ㸪ὶ㔞ࡽ

㸪ࡿ࠼ቑࡀᩘࡢᡂศࡓࡋศ㞳ࡿࡵồࡽ㏴ῶ㒊ࡢὶ㔞ࡣ࡛ (1979) ࡽ㸪ྜྷᕝࡀ࠸㞴࠸ゝࡣ
࣮ࣆࡢὶ㔞࡛ࡇࡍࡸቑࢆᩘࡢᡂศศ㞳ࡶ࡚࠸࠾✲◊㸪ᮏ࡛ࡢࡿ࠸࡚ࡋୖྥࡀ⢭ᗘࡢࢡࣥࢱ

ᅗ-8 ᡂศศ㞳ࡓࢀࡉὶ㔞ྜࡢィࢡࣥࢱ
 ὶฟ㔞ࡢィ⟬⤖ᯝࡢ࡛ࣝࢹࣔ

���

���

���

���

	��

	��


��

	������ 	������� 	����	� 	������	�

�
䠈
�
��
�	

	
��
�

��

��	� �����

ᡂศศ㞳䛥䜜䛯ὶ㔞䛾ྜィ

䝍䞁䜽䝰䝕䝹䛾ὶฟ㔞䛾ྜィ
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ࣝࢹࣔࢡࣥࢱ㸪ࡣⅬ࡛ࡿࡏࡉୖྥࢆ⢭ᗘࡢࣝࢹࣔࢡࣥࢱࡓࡲࠋࡿࢀࡽ࠼⪄ࡿࡁᑐᛂ࡛ࢡ

ᵓ⠏ࡢ㝿ࡿ࠸⏝㝆㞵ࡣ࠸ࡿ࠶ὶฟ㔞ࡢィ⟬ࡿ࠸⏝ㄗᕪࡢホ౯㛵ᩘࡢぢ┤ࡀ➼ࡋᣲࠋࡿࢀࡽࡆ�

ᮏ◊✲ࡀᚋ㸪ࡢࣝࢹࣔࢡࣥࢱ⢭ᗘࢆ௨ୖࡢ᪉ἲ➼ࡓࡏࡉୖྥࡾࡼሙྜ㸪ὶ㔞ࡢᡂศศ㞳

ࡽ࠼⪄ࡿࡁ࡛ࡀࡇࡿࡍ⌧⾲ࢆ⛬ὶฟ㐣࠸㏆ᐇ⌧ࡾࡼࡣ᪉ἲࡿࡍᵓ⠏ࢆࣝࢹࣔࢡࣥࢱࡽ

ῬỈࡸሙྜ㸪ᅵ◁⅏ᐖࡓࢀࡽࡵồࢆ㈓␃㔞ࡢᆅ୰ࡽ㛫ኚືࡢỈࡢෆࢡࣥࢱࡓࡋ㸪ᵓ⠏ࢀ

ၥ㢟㐺⏝࡛ࠋࡿࢀࡽ࠼⪄ࡿࡁ 
�

��� ⤖ㄽ�
� ᮏ◊✲ࡣ☜ᐇᛶࡢᑡ࠸࡞㝆㞵ὶฟࣔࡢࣝࢹ㛤Ⓨࢆ┠ⓗ࡚ࡋ㸪ࡢࣝࢹࣔࢡࣥࢱᵓ㐀ࡧࡼ࠾

㸪ࡋウ᳨ࢆ᪉ἲࡿࡍ⏝ࢆᡂศศ㞳ࡢἙᕝὶ㔞ࡵࡓࡿࡏࡉୖྥࢆṇ☜ᛶࡢ᥎ᐃࡢࢱ࣮࣓ࣛࣃ

௨ୗࡢ⤖ᯝࢆᚓࠋࡓ�

ձ ᡂศศ㞳⤖ᯝࡢࢡࣥࢱ࡚࠸⏝ࢆᵓ㐀ࢆࢱ࣮࣓ࣛࣃࡸ᥎ᐃࢀࡽ࠼⪄ࡿ࠶࡛⬟ྍࡣࡇࡿࡍ㸪
㐺⏝࡛ࢆࢱ࣮࣓ࣛࣃࡤࢀࡁỴᐃࡾࡲ࠶ࡇࡿࡍヨ⾜㘒ㄗࢆせࢆࣝࢹࣔࢡࣥࢱࡎࡉᵓ⠏࡛

ࠋࡿ࠶ᚲせ࡛ࡀ៖⪄ࡔࡲࡣ࡚࠸ࡘ㐺⏝᪉ἲࡢศ㞳⤖ᯝࡢࣝࢹࣔࢡࣥࢱࡋࡔࡓࠋࡿࡁ  
ղ ὶ㔞㞵㔞ࣝࢹࣔࡓ࠸⏝ࢆࡳࡢᵓ⠏ἲ࡛ࡾ࠶㸪ᅵᆅ⏝ࡸᅵᆅ⿕そ➼ࢆࢱ࣮ࢹࡢ⏝࡞ࡋ

 ࠋࡿ࠶⡆᫆ⓗ࡛ࡀᵓ⠏ࡢࣝࢹⅬ࡛ࣔ࠸

ճ ⌧ᐇࡢὶฟ㐣⛬ࢆ㢧ⴭࡢࣝࢹࣔࢡࣥࢱࡓࡋ⌧⾲ᵓ⠏ࡣ㸪㈓␃㔞ࢆᑟࡃᡭẁྍࡿ࡞⬟ᛶ
Ỉࡢෆࣝࢹࣔࢡࣥࢱࡣࡽࢀࡇࠋࡿ࠶ࡀ hὶᇦࡢ࣮ࣝࢣࢫ㞵Ỉ㈓␃㔞ࡢ㛵ಀࢆㄪ㸪
ᅵ◁⅏ᐖࡢᛂ⏝ࡧࡼ࠾ῬỈࡢᑐ⟇ྍࡢ⬟ᛶ᳨ࢆウࠋࡿࡍ  

� ᚋࡣᅇࡢ⤖ᯝࡾࡼᚓࡓࢀࡽㄢ㢟᳨࡚࠸ࡘウࡶࡿࡍ㸪ᑐ㇟ὶᇦࢆቑ࡚ࡋࡸࡢἙ

ᕝࡶ࡚࠸࠾ᡂศศ㞳ࣝࢹࣔࢡࣥࢱࡓ࠸⏝ࢆᵓ⠏ἲࡢ㐺⏝ᛶ᳨ࢆウࡓࡲࠋࡿࡍ㐣ཤ㉳ࡓࡁὥ

ỈࡸῬỈࡢࡑࡢ㈓␃㔞ࡢ≧ἣ᳨ࡽࣝࢹࣔࢆウࠋࡿ࠸࡚࠼⪄ࡶࡇࡿࡍ 
 
ㅰ㎡ 
ᮏ◊✲ࡣ㸪⛉Ꮫ◊✲㈝⿵ຓ㔠㸦ⱝᡭ◊✲ B㸪24760388㸧㸪ᮾᏛ⅏ᐖ⛉Ꮫᅜ㝿◊✲ᡤࠕ≉ᐃ

㈝㸦B-18㸧ࠖ㸪⎔ቃ┬⎔ቃ◊✲⥲ྜ᥎㐍✲◊ࢺࢡ࢙ࢪࣟࣉ S-8-1(4)㸪JST/JICA-SATREPSࠕẼೃኚ
ᵓ⠏㸦IMPAC-T㸧ࠖ㸪⛉Ꮫ◊✲㈝⿵ຓ㔠㸦ᇶࡢ࣒ࢸࢫࢩ㐺ᛂ⟇❧࣭ᐇᨭࡢỈศ㔝ࡿࡍᑐື
┙◊✲ B㸪22360192㸧㸪JST/CRESTࠕᏳ࡛ᣢ⥆ྍ⬟࡞Ỉ⏝ࡢࡵࡓࡢᨺᑕᛶ≀㉁⛣ὶᣑᩓ࣑ࢩ

ࠋࡓࡋ⏝άࢆࢫ࣮࣋ࢱ࣮ࢹỈᩥỈ㉁ࡢ┬ᅜᅵ㏻ࡓࡲ㸬ࡿ࠶㒊୍࡛ࡢᡂᯝࡢ㛤Ⓨࠖࡢࢱ࣮ࣞࣗ

 ࠋࡍグࢆㅰពࡇࡇ
 
ཧ⪃ᩥ⊩ 
ྜྷᕝ⚽ኵ࣭◁⏣᠇࿃࣭(1979) ࣥࣇ࣭ࣥࢯ࣭࢚ࣥࢢ㸪ὥỈὶ㔞㏴ῶ᭤⥺ࡢ≉ᛶࢆ⪃៖ࡓࡋὶฟࣔ

 㸪ᅵᮌᏛㄽᩥሗ࿌㞟㸪No.283㸪23-32㸬✲◊ࡿࡍ㛵ࣝࢹ
Ⳣཎṇᕭ (1972)㸪ỈᩥᏛㅮᗙ� ὶฟゎᯒἲ㸪ඹ❧ฟ∧㸬 
᪥㔝ᖿ㞝㸪㛗㇂㒊㞞ᙪ (1985)㸪Ỉᩥὶฟゎᯒἲ㸪᳃ฟ∧㸬 
�
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㛤ཱྀ㒊ࢆ᭷ࡿࡍ �� 㐀ᘓ≀ࡢ๓㠃ᾐỈ῝㸪⛣ື࣭㌿ಽ᮲௳�

�పῶࡢỈᖹὶయຊ
�

⛅⏣Ꮫ� ᯇⱥኵ �

⛅⏣Ꮫ� ᔱὠ� ᭸ �

⛅⏣Ꮫ� Ỵᚓඖᇶ �

�

㸯㸬ࡵࡌࡣ �

� 㕲➽ࢺ࣮ࣜࢡࣥࢥ㸦#�㸧㐀ᘓ≀ࡀὠἼᣢࡕሓࡿࡍุ᩿ࢆ࠺ࡿ࠼㔜せࢱ࣓ࣛࣃ࡞

῝๓㠃ᾐỈࡢ≀ᘓ࡚ࡋ � ✚ᾐỈ⦪᩿㠃 ��㸦҃༢ᖜᙜࡢࡾࡓᘓ≀㔜㔞㸧ࡾ࠶ࡀ㸪#�

㐀ᘓ≀ࡢ⛣ື࣭㌿ಽ᮲௳࡚ࡋ⌧ᆅㄪᰝᇶ࡙࡚࠸ḟᘧࢆᥦ♧ࡓࡋ ��㸬 �
� �5�	��	� t ���� � � � � � � � � � � � � � � ����

� ᘓ≀ࡢὠἼỈᖹຊࡣᘓ≀ࡢ㛤ཱྀ⋡ ࡀࡿࡍ౫Ꮡࡶ�	 �㸪ࡢࡑᇶᮏ≉ᛶࡗุࡃࡼࡔࡲࡣ

㸬࠸࡞࠸࡚ࢀࡉウ᳨ࢇࡶ㸪ᐇ㦂ⓗࡎࡽ࠾࡚ �

� ᮏ◊✲ࡣධᑕὠἼ᮲௳ࡓ࠸⏝ࢆ㛤ཱྀ㒊ࢆ᭷ࡿࡍᘓ≀ࡢ๓㠃ᾐỈ῝ࡢ⡆᫆᥎ᐃἲࡢࡑỈ

ࡓ࠸⏝ࢆ῝ #� 㐀ᘓ≀ࡢ⛣ື࣭㌿ಽ᮲௳ࢆᥦ♧ࡋ㸪ὠἼỈᖹຊࡢ㛤ཱྀ⋡ࡢ౫Ꮡᛶࢆᐇ㦂

ⓗ᳨ウࡿࡍ㸬㠀ἐỈ▴ᙧᘓ≀ࡢᢠຊಀᩘࡶ࡚࠸ࡘ್ࡢ⪃ᐹࡿࡍ㸬 �
�

㸰㸬ᐇ� 㦂 �

� ὠἼỏ℃ὶࢺ࣮ࢤࡣᛴ㛤ὶ࡛ࢀᶍᨃࡋ

⨨㓄ࡢᴫ␎㸪 ᐃᶵჾࡢ㸬ᐇ㦂Ỉ㊰ࡓ

ㅖグྕࡢᐃ⩏ࢆᅗ�
 ࡀࡉ㸬㧗ࡍ♧ �	���

5㸪ᖜࡀ �	��� 5㸪㈓Ỉ㛗 ࡀ�� �	�� 5㸪୍

ᵝỈ῝㒊㸦㟼Ỉ῝ ����	����5㸧㸪୍ᵝ໙㓄

ᩳ㠃㒊㸦໙㓄 
��
�㸧㸪ᖹᆠ࡞㝣ୖ㒊㸦ᆅ

┙㧗 ����	���5㸧ࡀ 	��5㸪㛗ࡀ ��	��5

�㸬ࡿ࠶㗰〇▴ᙧỈ㊰࡛ࡾᙇࢫࣛ࢞୧㠃ࡢ �ᅗ�
� ᐇ㦂Ỉ㊰㸪 ᐃᶵჾࡢ㓄⨨グྕࡢᐃ⩏ �

� ᐇ㦂ᑐ㇟ࡢᘓ≀ᶍᆺࢆᅗ�� ⦰㸬ࡍ♧ �

ᑻࡣ �
��� ࡛㸪ᘓ≀ࡢᗋྛࡣ㝵タࡀࡿ࠸࡚ࡅ㸪ᒇෆࡢ㛫ษࡣࡾタ࠸࡞࠸࡚ࡅ㸬#� 㐀ᘓ

㸪ࡾ࠾࡚ࡋᶍᨃࢆ≀ 㝵ᘓ࡚ࡣ㧗ࡉ �,5㸪� 㝵ᘓ࡚ࡣ㧗ࡉ ��,5 ࡛㸪ᐇ㝿ⓗࠕ࡞❆㸦㛤ཱྀ㒊㸧

⋠㛤ཱྀ�ࠖࡾ࠶ ࡶᾏഃ㸪㝣ഃࡣ�	 ��㸪���㸧㸪௬ⓗࡋ࡞❆ࠕ࡞㸦❆ࡶ࡚ࡗ࠶ࡀ㸪ቯ

㸧ࠖ࠸࡞ࢀ ィࡢࠖࡳࡢ⤌㦵ࠕ � ✀㢮ࢆస〇ࡓࡋ㸬ఱࡶࢀᖜࡣ �	�� ,5㸪ዟ⾜ࡣ �	�� ,5 ࠶࡛

๎ࢻ࣮ࣝࣇࡣ㸬㔜㔞ࡿ ࡢᐇ㝿�� #� 㐀ᘓ≀ࡢᖹᆒീࡀ �	�� ;/
5
㝵⛬ᗘ࡛ࢆࡇࡿ࠶⪃៖

ࡉ㸪㧗࡚ࡋ ��,5 ࡀࠖ����	ࠕࡢࡁࡢ ����0/㸦�	���!㸧㸪ࠕ	����ࡀࠖ� ���0/㸦�	���!㸧㸪ࠕ❆

�㸧ࠖ���	㸦ࡋ࡞ ࡀ ����0/㸦�	���!㸧㸪ࠕ㦵⤌ࡳࡢ㸦	�����㸧ࠖ ࡀ ���0/㸦�	���!㸧㸪㧗ࡉ ���,5

ࡀࠖ����	ࠕࡢࡁࡢ ����0/㸦�	���!㸧㸪ࠕ	�����㸧ࠖ ࡀ ����0/㸦�	���!㸧㸪ࡀࠖࡋ࡞❆ࠕ ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
���976;��6<6-*;276��.8;1��$42-260�"=.9;<96260��76-2;276�*6-��.,9.*:.�26�%:<6*52��792@76;*4��4<2-��79,.�7/�#��
�<24-260�>2;1��8.9;<9.� � � � � +?��2-.7� �%$&%" ���%75752�$�� �)&�*6-��.632���%%"�&�

��������
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�
�*��㧗ࡉ ��,5 ࡢ  㝵ᘓ࡚ᶍᆺ �

�
� �+��㧗ࡉ ���,5 ࡢ � 㝵ᘓ࡚ᶍᆺ �

ᅗᅗ��� ᐇ㦂ᑐ㇟ࡢᘓ≀ᶍᆺࡢヲ⣽㸦⦰ᑻ �
���㸧 �
�

⾲�
� ᐇ㦂᮲௳ �

㈓Ỉ῝� �����'�� 
�㸪�	㸪����㸪��㸪�����
㟼Ỉ῝� �	���'�� ����

ᩳ㠃໙㓄� �� 
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VALIDATION OF A NUMERICAL MODEL FOR TSUNAMI WAVES  
OVERTOPPING A COASTAL EMBANKMENT 

 
Nguyen Xuan Dao1, Mohammad Bagus Adityawan2, Hitoshi Tanaka3 

 
 

ABSTRACT 
 
A numerical model based on Reynolds Averaged Navier Stokes (RANS) equations, NumErical Water 
FLUME called NEWFLUME has been successfully simulated and validated for various types of flows and 
their interaction with different structures, porous or impermeable, moving or stationary with a short period 
waves. For a short period waves, the boundary layer is very thin that even the theory of inviscid flow can be 
applied in predicting and explaining the overall flow pattern. However, in most of sophisticated flow control 
strategies in engineering applications, we are concerned with the action of viscosity and turbulence. In 
addition, the flow formed by the more steady current is turbulent over the entire water depth and does not 
have the same boundary layer characteristics as the thin boundary layer formed by waves. Furthermore, the 
currently NEWFLUME model has not validated for a long period waves or a steady flow yet. Therefore, this 
study aims to validate the NEWFLUME model for tsunami waves overtopping a coastal embankment, the 
simulated results including water level, flow velocity and piezometric head were used to compare with those 
from hydraulic experiments carried out by Kato et al. (2013). In overall, NEWFLUME model has been 
found to be a useful tool for evaluating the influences of tsunami overtopping on coastal structures. 
 
1. INTRODUCTION 
 
The recent Great East Japan earthquake with M9 on March 11th, 2011 provided many lessons regarding the 
huge consequences and potential impact of megaearthquake and megatsunamis. Due to underestimated 
potential earthquake magnitude M9 generated tsunami off the East coast of Honshu Japan lead to many sea 
dikes and breakwaters along the country destroyed. Therefore, there is a need for scientist to understand 
tsunamis and to construct a highly resilient structure which can mitigate the impacts of tsunamis. In the 
coastal structures design, it is important to understand the wave interaction onshore and offshore structures. 
Also, wave force induced by tsunami is one of the factors leading to the failure of coastal embankment.  
Coastal and port-related structures have been designed based on design formula as well as hydraulic model 
experiments. Although hydraulic model experiments can precisely reproduce actual physical phenomenon, 
however, it often requires time and cost to create seabed configurations and model structures, and to measure 
various kinds of data such as wave height, wave pressure, overtopped water and the movement of targeted 
structures Hanzawa et al. (2012). In order to investigate more information about the causes of damages from 
the view point of fluid hydraulics, numerical model is currently a valuable tool to access coastal damages. 
Numerical studies for solitary wave interaction with porous breakwaters have been performed by Liu and 
Wen (1997) while Lin and Karunarathna (2007) studied solitary wave interaction with fully emerged 
rectangular porous breakwaters with different length and particle size. There are several numerical models, 
for example, a numerical wave flume called CADMAS-SURF (Super Roller Flume for Computer Aided 
Design of Maritime Structure), Isobe et al. (1999). CADMAS-SURF has been applied mainly to ordinary 
wave conditions such as wind waves, e.g. wave force on breakwaters and wave overtopping of seawalls 
Isobe et al. (2002). However, both of NEWFLUME model and CADMAS-SURF model have not validated 
for a long period wave or steady flow which has fully developed of boundary layer yet. In most of 
sophisticated flow control strategies in engineering applications, we are concerned with the action of 
viscosity and turbulence. Therefore, this study aims to validate NEWFLUME model for tsunami waves 
overtopping a coastal embankment by comparison simulated results to those from hydraulic experiments 
carried out by Kato et al. (2013). 
 
2. NUMERICAL MODEL 
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2.1  Governing equations  

For a turbulent flow, both the velocity fieldݑ� and the pressure field  can be split into mean component and 
turbulent fluctuations as follows: 

ݑ � ۄݑۃ ƍݑ �� ����� � ۄۃ  ���������������������������������������������������������������ƍ

in which i = 1,2 for a two-dimensional flow direction, ݑۃۄ and ۄۃ are the mean velocity and the mean 
pressure, ݑƍ �and ƍare the turbulent velocity fluctuation and  turbulent pressure fluctuation.  
If the fluid is assumed to be incompressible, the mean flow field is governed by the Reynolds equations as 
follows:  

ۄݑۃ߲
ݔ߲

� ������������������������������������������������������������������������������������������������������������������������ 
ۄݑۃ߲
ݐ߲  ۄݑۃ

ۄݑۃ߲
ݔ߲

�� െߩ�
ۄۃ߲
ݔ߲

 ݃ 
�
ߩ
ۄ߬ۃ߲
ݔ߲

െ ۄᇱݑᇱݑۃ߲
ݔ߲

���������������������������������

where ߩ is the fluid density, ݃ is the gravitational acceleration in the i-th direction, ߬ۃۄ�is the viscous stress 
tensor, and ݑۃᇱݑᇱۄ the Reynolds stress.  

An alternative to the Reynolds stress closure model is the so-called ݇ െ  model in which the Reynolds ߝ
stress tensor is assumed to be related to the strain rate of the mean flow through the algebraic nonlinear 
Reynolds stress model. 

ۄᇱݑᇱݑۃ � െ�߭௧ߪۃۄ
�
 ���������������������������������������������������������ߜ݇�

The governing equations for ݇ െ  :model are as follows ߝ

߲݇
ݐ߲  ۄݑۃ
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in which k is the turbulent kinetic energy (݇ � �� �Τ  is the dissipation rate of turbulent kinetic ߝ ,(ۄᇱݑᇱݑۃ
energy (ߝ � ݒ ᇱݑ൫߲ۃ Τݔ߲ ൯ଶۄ�, v is the kinematic viscosity, ݒ௧ is the eddy viscosity (ݒ௧ � ௗܥ ݇ଶ Τߝ ��ఌߪ��ߪ ,(
ଵܥ  and ܥଶ  are empirical coefficients. The recommended values for these coefficients are as follows (Rodi, 
1980): 

ௗܥ � ����� ଵܥ� � ����� � ଶܥ� � ������ ߪ� � ���� ఌߪ� � ���������������������������������������

2.2 Boundary conditions 
 
Appropriate boundary needs to be specified for the model. For rigid boundary conditions, the values of k and 
İ are specified in the turbulent instead of right on the wall. They are expressed as functions of distance from 
the boundary and the mean tangential velocity outside of the viscous sublayer. The velocity on the bottom 
are equal zero (no-slip condition). The initial for the mean flow is treated as still water with no current 
motion. For the free surface boundary condition, the zero gradient is imposed for both k and İ. The free 
surface motion is tracked by the volume of fluid (VOF) technique, Hirt and Nichols (1981). 

3. VALIDATION METHOD 
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Hydraulic experiments in the case of tsunami overflow were carried out by Kato et al. (2013) and used in 

this study. A coastal embankment model was placed in a water channel with a length of 40 m, a width of 1 m, 

and a height of 1.5 m to reproduce tsunami overflow by supplying water from channel end using a pump, 

then flow velocity and pressure near coastal embankment were measured. The reduction scale of the 

experiment was 1/25
th
. Water level and the piezometric head were measured at 60 points using a point 

gauges and manometer, respectively Kato et al. (2013). 
 

A computational domain was set as similar as a cross-sectional of physical experiment in real scale which 

was conducted by Kato et al. (2013) as seen in Figure 1. A coastal embankment was placed in a water 

channel with a height of 6 m, crown width 3 m and gradient 1:2. An initial steady flow runs from the left 

side of the numerical domain.   

 

 
Figure 1. Domain sketch for numerical model 

 
Figure 2. Typical mesh arrangement for the numerical model setup  

 
In which, d is the minimum grid spacing in both x and z direction as can be seen in Table 1. The domain has 

the length of 200 m and the height of 20 m. There are three mesh system in x direction and two mesh system 

in z direction. A uniform mesh system ¨xmin = ¨zmin = d is employed around the coastal embankment. In 

order to reduce simulation time, a non-uniform meshes system which is gradually increasing and employed 

far from the coastal embankment in both x and z direction as can be seen in Figure 1 and Figure 2. The time 

step ¨t was dynamically adjusted according to the stability criteria. 

 

There are three cases with different overflow water depth 2 m, 6 m and 10 m as similar as hydraulic 

experiment were carried out by Kato et al. (2013) as shown in Table 1. Simulated results of water level, flow 

velocity and piezometric head were then used to compare with those hydraulic experiments by Kato et al. 

(2013) as can be seen in Figure 3. 
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Table 1 Three cases used for validation of the numerical model 
Cases Embankment 

height (m) 
Overflow 
depth (m) 

Minimum grid 
spacing 
d (m) 

1 6 2 0.04 

2 6 6 0.05 

3 6 10 0.05 

 

 
Figure 3 Three simulated results compare to those from physical experiments 

 
4. RESULTS AND DISCUSSION 
 
Figure 4 to Figure 6 show the cross-sectional distribution of water level, flow velocity and piezometric head 
for the case of 2 m and 6 m and 10 m incoming waves, respectively. It can be seen that for all of the 
simulated cases, the calculated results for water level coincide well with the experimental results. The 
velocity in the experiment was obtained based on the flow discharge per water level at the given output 
points. In this study, depth-average flow velocity was calculated along the vertical axis. The calculated flow 
velocity was then compared to the experimental data. The magnitude of the computed velocity shows good 
agreement to that of the experimental data for all cases. The flow velocity increases from the embankment 
crest (x = 95 m) to landward areas (x = 117 m).  

 

 
 

Figure 4 Comparison of distribution of cross-sectional average flow velocity, water depth and 
piezometric head in the case overflow depth 2 m (smallest grid spacing 0.04 m x 0.04 m) 

����	��
�
�����	����
���������
���

�����

�����������

���������
���

����������
 ����

����������������

�����
�������������

����������������

�����
�������������

����������������

�����
�������������

�
�
�
�
�
��
��
��
��
��
��

�� �� ��� ��� ��� ��� ���

Embankment

Exp. water level

Sim. water level

Exp. velocity

Sim. velocity

Exp. piezometric head

Sim. piezometric head

E
le

va
ti

on
 (m

);
  W

at
er

 h
ea

d 
(m

);
  q

/h
 (m

/s
)

X (m)

Seaward Landward

136



 
 

Figure 5 Comparison of distribution of cross-sectional average flow velocity, water depth and 
piezometric head in the case overflow depth 6 m (smallest grid spacing 0.05 m x 0.05 m) 

 

 
 

Figure 6 Comparison of distribution of cross-sectional average flow velocity, water depth and 
piezometric head in the case overflow depth 10 m (smallest grid spacing 0.05 m x 0.05 m) 

 
As mentioned above, in the experiment, the piezometric head were measured at 60 points using a manometer. 
In this study, the pressure was computed and extracted from the grid at the bed. In general, the computed 
pressure correlates well and shows the same trend with the measured value. The pressure in the upstream and 
the downstream of the embankment shows similar value to the water level. This suggests that the pressure 
distribution relation to depth, as expected. On the top of the embankment, it was observed that there is a 
tendency of both simulated and experiment pressure on the surface of coastal embankment are reduced 
locally due to centrifugal action. This means that pressure on the coastal embankment surface is reduced in 
the landward slope top. In addition, negative pressure is generated at overflow depths of 6 m and 10 m in 
both simulated and measured. In contrast, the piezometric head increases locally in the landward toe with 
increased pressure. However, the simulated peak of the piezometric head at the embankment toe is lower 
than the experiment. This might be affected by the effect of grid spacing because at this location, the flow 
streamline separates from the bed. Thus a higher grid resolution will provide a higher accuracy here. It also 
can be seen from Figure 4 that the flow velocity pattern at the landward embankment slope is oscillated in 
comparison to the other two cases. This might be caused by the grid spacing in Case-1 at the embankment 
toe is relatively large compared to the overflowing water depth.  
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5. CONCLUSIONS 
 
This study has shown that the present NEWFLUME model is able to simulate well tsunami overtopping a 
coastal embankment. The tendency simulated results of piezometric head, water level and flow velocity 
show a good agreement with those from hydraulic experiment, especially flow velocity and water level. The 
results can still be improved with finer grid spacing around the embankment. In overall, the model has been 
validated for tsunami overtopping a coastal embankment. Finally, NEWFLUME model will be a valuable 
tool to assess tsunami risks, for example, reconstruction and implementation plans for post-tsunami 
reconstruction of coastal infrastructures such as coastal embankment etc. 
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ὠἼ㐳ୖ⤖ᯝᆅᙧኚᙧ㸪ᾋ㐟ᅵ◁≉ᛶࡢ≉ᛶࢆ᫂ࡢࡵࡓࡿࡍࡽゎᯒࢆᐇࡓࡋ㸬ᡂᯝ

㸬⚟ᓥ┴ἢࡿ࠸࡚ࡳヨࢆࡇࡿࡵồࢆᅵ◁ືែ≉ᚩࡶࡿࡍ⌮ᩚࢆ௳ㅖ᮲ࡢ㸪ྛὶᇦ࡚ࡋ

ᓊᇦἙᕝࢆᑐ㇟ࡵࡓࡿࡍἈ✚ᖹ㔝ෆ࡛ࡢᅵ◁ືែࡢᢕᥱࡶゎ㔘࡛ࡿࡁ㸬ྛὶᇦࡢᾋ㐟

◁≉ᚩ㸪ᾋ㐟◁ࡀሁ✚ࡿ࠺ࡋ᮲௳ࢆ᭷ࡿࡍ㸪ࡣࡃࡋࡶᾏᇦ฿㐩ࡿࡍቃ⏺ᇦ⨨ࡿ࠸࡚ࡋ

Ἀ✚ᖹ㔝ࡢᆅᙧ≉ᚩࢆ㔜࡚ࡏࢃྜࡡỈᇦ࡛ࡢ⎔ቃᙳ㡪ホ౯ࢆ㐍ࡢࡵࡓࡿࡵᇶ♏ⓗ࡞ゎᯒࡾྲྀ

�㸬ࡿ࠶࡛ࡢࡶࡔࢇ⤌

�

2㸬㸬 ゎᯒ᪉ἲ�

�

ἢᓊᇦ㠃ࡿࡍἈ✚ᖹ㔝ෆἙᕝᇦࡢᅵ◁ືែᢕᥱࡵࡓࡢᐇࡓࡋゎᯒࡣ௨ୗࡢձ㸪ղ♧

�㸬ࡿ࠶࡛ࡾ㏻ࡍ

�

ձ ᮾ᪥ᮏ㟈⅏ࡿࡅ࠾ἙᕝࡢὠἼ㐳ୖᆅᙧࡢゎᯒ�

ղ ᾋ㐟◁≉ᛶࡢゎᯒ�

�

௨ୗࡢࡑゎᯒ᪉ἲࡢヲ⣽ࢆㄝ᫂ࡿࡍ㸬�

�

ձ ᮾ᪥ᮏ㟈⅏ࡿࡅ࠾ἙᕝࡢὠἼ㐳ୖᆅᙧࡢゎᯒ�

�

Ἑᕝᙧ≧ࢆᢕᥱࡵࡓࡿࡍ㸪ᩘ್ᆅ

⌮ሗ�ᇶ┙ᆅᅗሗ�✵㛫ゎീᗘ

��ࢆ≦Ἑᕝ⦪᩿ᙧ࡚ࡋ⏝ࢆ���

㸬ࡓࡵồࢆ໙㓄ࡢ㸪Ἑᕝࡋࢱ࣮ࢹ

ࡿࡶ✚ぢࢆᙳ㡪ᗘࡢࡽ㸪ᾏᇦࡓࡲ

ᮾᨭࡿࡍ㛵㸪ᮾ᪥ᮏ㟈⅏ࡵࡓ

㒊Ꮫ⾡ㄪᰝጤဨࡢሗ࿌᭩ ྲྀࡾࡼ(4

ᚓࡓࢀࡉὠἼࡢἙᕝ㐳ୖࢆࢱ࣮ࢹ

ࢆ㛵ಀࡢὠἼ㐳ୖ㸪Ἑᕝ໙㓄ࡋ⏝

ẚ㍑ࡓࡋ㸬ࡓࡋ࠺ࡇẚ㍑⤖ᯝࡣ㸪Ἀ

✚ᖹ㔝ศᕸࡿࡍἙᕝࡿࡅ࠾ᾏᓊ

࡛ࡀࡇࡿࡶ✚ぢࢆᙳ㡪ᗘࡢࡽ

࡞ᇶ♏㈨ᩱࡢࡵࡓࡿ࠼ᤊᐃ㔞ⓗࢆᆅᙧⓎ㐩ࡢ➼୰ᕞ㸪◁ᕞࡧࡼ࠾ᅵ◁ሁ✚㸪ࡢ㸪Ἑ㐨ෆࡁ

 
ᅗᅗ 2�� ゎゎᯒᑐ㇟㡿ᇦ⨨ᅗ 
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Ἀ✚ᖹ㔝Ⓨࡢ࡛ࡲᅾ⌧ࡶ࡛ࡇࡿࡍẚ㍑᳨ウ㸪ㅖἙᕝࡋ♧ࢆ≦Ἑ㐨⦪᩿ᙧ࡞㸪༢⣧ࡓࡲ㸬ࡿ

㐩㐍⾜ᗘࢆぢ✚ࡿࡁ࡛ࡀࡇࡿࡶ㸬ᅗ ᓥ┴ἢᓊᇦせἙᕝ⚟ࡓࢀࡽࡵồࡽᆅ⌮ሗ್ᩘ�

Ἑᕝὶᮎᇦ࡚ࡌ⥲ࡣࢡࢵࣟࣈࡁࢃ࠸㸪ࢡࢵࣟࣈ㤿┦ࡽᅗࡢࡇ㸬ࡍ♧ࢆἙᕝ⦪᩿ᙧ≧ẚ㍑ᅗࡢ

࡛ᴟ࠸⦅࡚ࡵ໙㓄ࢆ࿊ࡇࡿࡍຍ࡚࠼㸪⦆໙㓄ࡢἙ㐨㊥㞳ࡀ㛗࠸≧ἣࡵࡓࡿ࡞Ἀ✚ᖹ㔝ࡀ

Ⓨ㐩ࡀࡇࡿ࠸࡚ࡋ⌮ゎ࡛ࡿࡁ㸬ࡓࡲ㸪ὶ㏦ຊࡶపῶࡵࡓࡿࡍᅵ◁ࡀࡇࡿ࡞ࡃࡍࡸࡾࡲࡓࡀ

⌮ゎ࡛ࡿࡁ㸬�

�

ղ ᾋ㐟◁≉ᛶࡢゎᯒ�

 

Ἀ✚ᖹ㔝ࡢᆅᙧኚᙳ㡪ࡿࡍ

ᾋ㐟◁ࡢὶฟ≧ἣࢆᢕᥱࡓࡿࡍ

ࢹࢆᾋ㐟◁ὶฟ≧ἣࡢ㸪ὶᇦูࡵ

ᅵ◁ὶࡢ㸪ྛὶᇦࡋࢫ࣮࣋ࢱ࣮

ฟᙳ㡪ࢆศᯒࡓࡋ㸬ᾋ㐟◁㛵ࡋ

Ỉ㉁ࡿ࠸࡚ࡋᐇࡢ┴㸪⚟ᓥࡣ࡚

 ᐃ㡯┠ࡢ SS ࢹ㸪Ἑᕝὶ㔞ࢱ࣮ࢹ

ᾋ㐟◁ὶฟ࡛ࡇࡿࡍ⏝ࢆࢱ࣮

㔞ࢆồࡓࡵ㸬ࡓࡲ㸪ᾋ㐟◁ὶฟ㔞 L
Ἑᕝὶ㔞 Q ࢀࡇ㸪ࡵồࢆ㛵ಀࡢ

ᐃᘧ(LQࢆࡽ ᘧ)࡛ࡇࡿࡍ㸪ὶ

ᇦࡢᾋ㐟◁ὶฟ≉ᛶࢆᐃ㔞ࡓࡋ

5)㸬ゎᯒᶍᘧᅗࢆᅗ 3 ࠺ࡇ㸬ࡍ♧

ὶᇦ࡛ࡇࡿࡵồࢆ㛵ಀᘧࡓࡋ

ᐃ㔞ࢆὶฟ≧ἣࡢ◁ᾋ㐟ࡿࡅ࠾

◁ᅵࡢ㸪Ἀ✚ᖹ㔝ࡁ࡛ࡀࡇࡿࡍ

Ἴཬᙳ㡪ࡢぢ✚ࢆࡾࡶຠ⋡ࡏࡉ

࡞ᇶ♏ሗࡢゎᯒࡢࡇ㸪࠾࡞㸬ࡿ

Ỉ㉁ ᐃࡿ࠸࡚ࡋᐇࡢ┴ᓥ⚟ࡿ

㡯┠ࡢ SS ᭶ࡣࢱ࣮ࢹ 1 ᅇࡢ㢖ᗘ࡛

ィ ࡿ࠶࡛ࡢࡶࡓࢀࡉ㸬ࡓࡲ㸪SS ࡢ

ࡣᚓᮇ㛫ྲྀࢱ࣮ࢹ 1980 ᖺࡽ 2010

ᖺࡢィ 31 ࣨᖺࡿ࠶࡛ࡢࡶࡢ㸬LQ ᘧ

 㸬ࡿ࠶࡛ࡾ㏻ࡍ♧ᘧ(1)ࡢ௨ୗࡣ
 

� � Ƚ ή ܳఉ----------------------------------(1) 
 

㸪LQࡓࡲ㸬ࡿ࠶ಀᩘ࡛ࡣ㸪Ƚ�Ⱦ࡛ࡇࡇ ᘧࡣἈ✚ᖹ㔝ෆࡢἙᕝ᭱ୗὶ᳨࡛ウࡿ࠸࡚ࡋ㸬 
� �

 
ᅗᅗ 3� ᾋ㐟◁ὶฟ㔞 L Ἑᕝὶ㔞 Q  㛵ಀᅗࡢ

 

ᅗ 4� Ἀ✚ᖹ㔝ෆࡢἙᕝ⦪᩿໙㓄 

㏕ᕝ I=2.308

ὸぢᕝ I=1.852 ฟᕝ I=1.825

ᐩᒸᕝ I=1.825

⸨ཎᕝ I=0.090

Ᏹከᕝ I=0.183

᪂⏣ᕝ I=0.954
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�

3㸬㸬 ἙᕝࡢὠἼ㐳ୖᆅᙧࡢゎᯒ⤖ᯝ�

�

ἙᕝࡢὠἼ㐳ୖᆅᙧゎᯒࡢ⤖ᯝ࡚ࡋ㸪ᅗ 4 Ἑᕝ⦪᩿໙㓄㸪ᅗࡢἈ✚ᖹ㔝ෆ 5 Ἑ㐨໙

㓄㸪Ἀ✚ᖹ㔝ᆅᙧὠἼ㐳ୖࡢ㛵ಀࡍ♧ࢆ㸬 
ᅗ 4 ࡣ࡚࠸࠾Ἑᕝ໙㓄ࡢἢᓊᇦࡾ㏻ࡿࢀࡉ♧ 0.090%㹼2.308%ࡢ⠊ᅖ࡛ㄆࡀࡿࢀࡽࡵ㸪┦

㤿ࡀࢡࢵࣟࣈᖹᆒ 0.6%㸪ⴥࡀࢡࢵࣟࣈᖹᆒ 1.3%㸪ࡀࢡࢵࣟࣈࡁࢃ࠸ᖹᆒ ㄆࡀᆅᇦᕪ0.8%

ࡶࢡࢵࣟࣈࡁࢃ࠸㸪ࢡࢵࣟࣈ㸬┦㤿ࡿࡍ࿊ࢆᛴ໙㓄ࡣἙᕝࡢࢡࢵࣟࣈⴥ࡚ࡌ⥲㸬ࡿࢀࡽࡵ

Ἑᕝ໙㓄⣙ࡾ࠶᪂⏣ᕝ࡛ࡣἙᕝ࡞ᛴࡣ㸪┦㤿࡛ࡀࡓࡋ♧ࡶඛࡣࡇࡿ࠶໙㓄⦅ᑐⓗ┦

⻄㸪ࡣ࡛ࢡࢵࣟࣈࡁࢃ࠸㸪ࡓࡲ㸬ࡿ࠸࡚ࢀࡉ♧ࡀᯝ⤖࠸࡞ᕪ⩌Ἑᕝࡢࢡࢵࣟࣈⴥ1.0%

⏣ᕝࡀἙᕝ໙㓄⣙ Ἀ✚ᖹࡾ࠾࡚ࡋ᥋ᒣᆅࡣ࡚ࡋ㛵㸪⻄⏣ᕝ࠾࡞㸬ࡿ࠶Ἑᕝ࡛࡞ᛴᓧ1.8%

㔝ෆࡢἙ㐨ᘏ㛗ࡵࡓ࠸▷ࡣ⌮ㄽⓗᛴᓧࡀࡿ࡞㸪᪂⏣ᕝ㛵ࡣ࡚ࡋἈ✚ᖹ㔝ࡢἙ㐨ᘏ㛗ࡶ㛗

ࡀᅵ◁⏕⏘ຊࡢὶᇦୖࡢ㐣ཤࡢ➼ࡿ࠸࡚ࡋⓎ㐩ࡀ㸬ᡪ≧ᆅᆅᙧࡿ࠸࡚ࡋ♧ࢆഴྥ࡞␗≉ࡵࡓ࠸

࡞ࡁᙧ㊧ࡶ᥎ ࡿࢀࡉ㸬ࡵࡓࡢࡑ⌧ἣࡢᖹᖖࡢὶ◁ࡣᑡࡶࡃ࡞㸪✺Ⓨⓗ࡞㐣࡞ᅵ◁⏕

⏘ຊቑຍྍࡿࡌ⏕ࡶ⬟ᛶࡶᣦࡿࢀࡉ㸬ᅵ◁ືែࢆホ౯ࡣࡵࡓࡿࡍ᭦Ἑ㐨ࡢᆅᙧ≧ἣࢆ⢭

ㄞࡶࡇࡿࡍᚲせࡿ࠼࠸㸬 
ᅗ 5 ᘏࡢ㸪Ἀ✚ᖹ㔝ഴྥ࠸ࡁࡀᙳ㡪(ὠἼ㐳ୖ)ࡢࡽ㸪ᾏᇦ⛬࠸⦅ࡀἙᕝ⦪᩿໙㓄ࡾࡼ

㛗ࡀ㛗࠸⛬㸪ᾏᇦࡢࡽᙳ㡪(ὠἼ㐳ୖ)ࡀࡿ࡞ࡃࡁഴྥࡀ᫂ࡓࢀࡉࡽ㸬ࡢࡽࢀࡇഴྥࡣ

ᆅᙧⓗぢᆅࡾࡼ⮬࡛᫂ࡢࡢࡶࡿ࠶㸪ࡿࢀࡉ♧ࡇࡇἙᕝ⩌࡚ࡋホ౯ࡤࢀࡍ㸪୍㒊ࡢἙᕝࢆ㝖

࡞ࢺࢵࣟࣉࡿࡁ࡛ࡀࡇࡍ♧ᙧⓗ࡛⥺ࡡᴫࡀ㛵ಀࡢὠἼ㐳ୖἙ㐨໙㓄㸪Ἀ✚ᖹ㔝ᆅᙧ࡚࠸

ࢆᛶ⬟ྍࡿࡁ࡛ࡢࡇࡿࡶ✚ぢࢆᙳ㡪ࡢᾏᇦࡾࡼ┠╔࡞㸪ᆅᙧⓗࡣᯝ⤖ࡓࡋ࠺ࡇ㸬ࡿ࠸࡚ࡗ

Ἑࡿ࡞␗ࡢᾏᇦᙳ㡪ࡢࡿ࠶್࡛ྠࡰࡀ㸪Ἑᕝ⦪᩿໙㓄㸪Ἀ✚ᖹ㔝ᘏ㛗ࡋࡔࡓ㸬ࡿ࠸࡚ࡋ♧

ᕝࡶᏑᅾࡾ࠾࡚ࡋ㸪┿㔝ᕝ㸪᪂⏣ᕝ㸪ㄳᡞᕝ㸪ኟᕝ➼ࡢࡑࡀ࡚ࡋᣲࡿࢀࡽࡆ㸬ᶓ᩿ⓗ

ホ౯࡛ࢆᅛ᭷ᛶࡢἙᕝࡿ࡞㸪᭦࡛ࡇࡿࡍẚ㍑ࡶ➼Ἑᕝᑐ⟇≧ἣࡸ⏕᳜ࡢἙᕝᙧ≧㸪Ἑ㐨ෆ࡞

 㸬ࡿ࠸࡚ࡋ᭷ࢆᛶ⬟ྍࡿࡁ

 
ᅗᅗ 5� Ἑ㐨໙㓄㸪Ἀ✚ᖹ㔝ᆅᙧὠἼ㐳ୖࡢ㛵ಀ 

ඬᢓɥƱඕ߷ጏૺѷᣐ�ඌᆢ�Ʒ᧙̞ ඬᢓɥƱඌᆢࡨᧈƷ᧙̞

┿㔝ᕝ

᪂⏣ᕝ

ኟᕝ

ㄳᡞᕝ
ㄳᡞᕝ

᪂⏣ᕝ

┿㔝ᕝ

ኟᕝ
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�

4㸬㸬 ᾋ㐟◁≉ᛶࡢゎᯒ�

ᾋ㐟◁≉ᛶゎᯒࡢ⤖ᯝ࡚ࡋ

ᅗ � ࡢὶᇦྛ 	
 ᘧࡢ㛵ಀẚ㍑

ᅗࡍ♧ࢆ㸬�

ᅗࡁࢃ࠸࡚ࡌ⥲ࡾࡼ㸪ⴥࣟࣈ

ഴ࠸ࡁࡀᾋ㐟ᅵ◁ὶฟ࡛ࢡࢵ

㸬ࡓࢀࡉࡽ᫂ࡀࡇࡍ♧ࢆྥ

ᅵᆅ⿕そࡣ࡚ࡋ␗ᕪࡓࡋ࠺ࡇ

┦≉㸪ࡀࡿࢀࡉ ᥎ࡀᙳ㡪ࡢ➼

㤿ࢡࢵࣟࣈࡿ࡞␗ࡃࡁⅬࡀ

㝆㞵≧ἣ࡛ࡾ࠶㸪ⴥ㸪ࣈࡁࢃ࠸

ࡋẚ㍑ࢡࢵࣟࣈ㸪┦㤿ࡣࢡࢵࣟ

࡚ྎ㢼᥋㏆ࡃࡍࡸࡋᆅᙧ᮲௳ࢆ

ᡂࡾ࠾࡚ࡋ㸪㝆㞵ᙉᗘ➼ࡢᙳ㡪ࡶ

♧၀ࡿࢀࡉ㸬ᾋ㐟◁ὶฟࡢᐃᘧ

ࡇ࠺⾜ࢆẚ㍑࡞ᐃ㔞ⓗࢀࢃ⾜ࡣ

㛵ಀᘧࡢࡇࡣ㸪ᚋࡀࡓࡁ࡛ࡀ

≦ᅵᆅ⿕そ㸪㝆㞵ࢱ࣮ࢹ♏ᇶࢆ

ἣࢆồࡿࡵពྥ࡛ࡿ࠶㸬�

ᕪࡢ✚㸪ྛὶᇦ࡛㞟Ỉᇦ㠃࠾࡞


	㸪ࡸ␗ᘧ⮬య࠸ࡃࡵࡣ࡚࠶

␗ᖖ࡞ᾋ㐟◁ቑຍࡶࢱ࣮ࢹࡢㄆ

㸬ࡓࢀࡉᢕᥱࡀࡇࡿ࠸࡚ࢀࡽࡵ

ᾋ㐟◁ࡢ␗ᖖቑຍࡢⓎ⏕ࡣ࡚ࡋ㸪ᖖㄆࡿࢀࡽࡵὶᅵ◁ὶฟ࡛࠸࡞ࡣ㸪✺Ⓨⓗ࡞ὶ୰ࡢ

ᔂቯࡢ࡞Ⓨ⏕ࡶ♧၀ࡿࢀࡉ㸬ࡓࡋ࠺ࡇၥ㢟ᑐᛂࡵࡓࡿࡍ㸪༢㠃✚ᙜࡾࡓ��ࡢ���ᖹᆒ್㸪

್᭱ࡢὶ㔞ᾋ㐟◁㔞ࡢᐇ⦼ࡋ⌮ᩚࢆࢱ࣮ࢹ㸪ࡢࡇ⤖ᯝࢆᅗ 㸪㛵࡚ࡋ㸬⤖ᯝࡿࡵࡲ�

ಀᘧྠᵝࡁࢃ࠸㸪ⴥࡢࢡࢵࣟࣈἙᕝࡢ␗ᖖᾋ㐟ᅵ◁ὶฟࡶ࠸ࡁഴྥࡀㄆࡿࢀࡽࡵഴྥ

㸬ࡿ࠸࡚ࡋ♧ࢆ್࡞ࡁࡶᖖᅵ◁ὶฟ␗ࡢᑠἨᕝࡢࢡࢵࣟࣈ㸪┦㤿ࡋࡔࡓ㸬ࡓࢀࡉࡽ᫂ࡀ

�㸬ࡿ࠼࠸ᚲせࡀࡇࡿࡵ㐍ࢆゎᯒ࡚࠼ຍ௳᮲ࡶᅵᆅ⿕そ㸪㝆㞵≧ἣࡶ࡚࠸ࡘᯝ⤖ࡢࡇ

�

5. ࡾࢃ࠾

�

⚟ᓥ┴ἢᓊᇦἙᕝࡢ୰㛗ᮇⓗ࡞Ỉᇦࡢ⎔ቃᨵኚࢆᢕᥱࡵࡓࡿࡍ㸪ձᾏᓊᇦࡢࡽᙳ㡪せ⣲㸪

ղᾋ㐟◁ࡢὶฟ≉ᛶࢆศᯒࡓࡋ㸬ࡢࡽࢀࡇ⤖ᯝࡾࡼồࡓࢀࡽࡵ⤖ㄽࡣ௨ୗࡍ♧㏻ࡿ࠶࡛ࡾ㸬�

�

ձ ᾏᓊᇦࡢࡽᙳ㡪せ⣲᳨ࡢウࡾࡼ㸪Ἑᕝᘏ㛗ࡀ㛗࠸⛬㸪Ἑᕝ⦪᩿໙㓄ࡃ⦅ࡣ㸪ἢᓊᇦࡢᙳ㡪

 
ᅗᅗ 6� ྛὶᇦࡢ LQ ᘧ㛵ಀẚ㍑ 
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Numerical analysis of tsunami wave intrusion into a river 
 

Min Roh1, Mohammad Bagus Adityawan2, Hitoshi Tanaka3  

 
ABSTRACT 

Tsunami intrusion into a river is crucial in natural disaster research. An estimated tsunami intrusion distance is 
useful to improve the evacuation plan for the second disaster in river upstream. However, it is difficult and 
complicated to understand the real phenomena of tsunami propagation into a river, especially the 2011 Tohoku 
tsunami. The analysis of field survey was not sufficient to assess the tsunami characteristics in rivers. Thus, a 
numerical analysis was carried out according to the river topographical feature. This study pointed out the 
problem of the empirical function based on the field survey. It was discussed that the characteristics of tsunami 
propagation into a river in this paper using a numerical analysis.  

 
1. INTRODUCTION 

On March 11, 2011, the off the Pacific Coast of Tohoku Earthquake of magnitude 9.0 generated a massive 
tsunami. It caused severe damages due to the tsunami waves in Tohoku District. Buildings and infrastructures 
were destroyed as well as almost hydraulic measurement stations near the coastal area. Moreover, river 
upstream area was influenced by the tsunami propagation into rivers. The tsunami wave caused the second 
disasters in the upstream area of river such as the tsunami overtopping over the river embankment and tsunami 
intrusion (Nandasena et al., 2012). Recently, this phenomenon is considered as the potential disaster due to the 
tsunami propagation into rivers. It is needed more study in understanding the tsunami phenomena. 

According to the tsunami intrusion into rivers, many researchers have found that a relationship between river 
topographical characteristics and various flow patterns (Abe, 1986; Saleh et al., 2013). It was found that the 
river bed slope is the one of important parameters when the tsunami wave propagates into the rivers by 
analyzing field survey data and numerical simulation (Yasuda, 2010; Adityawan et al., 2012). Kayane et 
al.(2013) suggested the empirical functions of the tsunami intrusion distance and tsunami height dissipation 
according due to river bed slopes using the field survey of three prefectures in Tohoku District after the 2011 
Tohoku Tsunami. However, the previous study has many difficulties that available field data was not sufficient 
because the measurement stations in rivers and coasts were washed away by the powerful tsunami. The 
empirical functions have been proposed without the effect of the initial tsunami height. It is difficult to 
generalize about each tsunami event. Thus, a numerical simulation is required to assess the tsunami propagation 
characteristics. It is crucial to show the relationship between the important parameters and real phenomena. 

In this study, the effect of river bed slope has been studied by a numerical simulation. To achieve the tsunami 
propagation characteristics in rivers, several river slopes and different initial wave conditions have been applied 
to hypothetical numerical domain. Furthermore, the problem of the empirical function will be pointed out in this 
paper. It would be suggested the improvement of the empirical function. This study can be used to identify the 
tsunami propagation characteristics into the river.  

 
2. NUMERICAL METHOD  

2.1 Governing equations  
The 1-D shallow water equations model is employed to assess the tsunami intrusion characteristics in rivers. 

The Manning roughness is used to solve the energy dissipation term in the momentum equation. Eq.(1) and 
Eq.(2) is the continuity equation and the momentum equation, respectively.  
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where, t is time, x is space, h is total water depth, u is depth average velocity, So and Sf is bed slope and friction 
slope, respectively, and g is gravity acceleration.  
 
2.2 Numerical schemes 

The numerical schemes are that FORCE-MUSCL scheme and 3-Order Total Variation Dimensionless (TVD) 
schemes are used to calculate the governing equations. Monotone Upstream-centered schemes for Conservation 
Laws (MUSCL) is widely used in many numerical analyses, especially it provides a high accuracy, and good 
performance for various flows such as a complex flow condition, further MUSCL scheme was combined with 
the First Order Centered scheme (FORCE) which was used to improve the numerical result (Liska and 
Wendroff, 1999). A shock capturing method using the Total Variation Diminishing Runge-Kutta scheme has 
been employed in this numerical model for reducing the numerical oscillations and wave shocks during the 
simulation. There schemes is commonly used in the numerical simulation. It was developed to improve the 
wave shock and numerical divergence.  

The governing equations which is continuity equation and momentum equation can be rewritten in vector 
form as Eq.(3) in order to apply the Finite Volume Method (FVM) solution,  
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where, it is shown that flux vector form can be expressed as 
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Eq.(3) is integrated over the element, and using Green’s Theorem is applied to the equation of vector form. 
Thus, Eq.(7) is written as  
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The space derivation function of F can be simulate by using finite volume center scheme as Eq.(8). This 
formulation depends on how the flux variables are evaluated. The FORCE-MUSCL schemes have been used to 
solve the flux variables. 

In the MUSCL scheme, the flux variables (h, hu) at the left and right side of the cell i is redefined that the 
variable value (hu) at the right (+) and left (-) of the cell i+1/2 are approximated as below 
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here, i : function of flux limiter, and ri : ratio of gradients on the cell interface. 
The flux limiter is commonly used in high resolution numerical schemes. It is very useful function in 

controlling the numerical simulation. The Superbee flux limiter is employed in this numerical model. The flux 
limiter value is determined by the ratio of gradients (Roe, 1986). 
 
2.3 Hypothetical cases and boundary conditions  

The numerical simulation is carried out to obtain the tsunami intrusion distance from the river mouth by using 
several hypothetical domains. The range of river slope is 0.00021 ~ 0.00193, 14 cases totally as seen in Table 1. 
As an example, Fig.1 shows the hypothetical calculation domain of river slope 0.00053.  

The computation conditions are that the grid size is 100 m and time interval is 1 sec. Total calculation time is 
7200 sec. At the river mouth boundary condition, 3 m and 5 m solitary wave is used in the numerical simulation 
as shown in Fig.2. The boundary condition of river upstream area is the open boundary condition. The river 
flow discharge was not considered as the significant parameter on the left-hand side in this numerical simulation. 
Manning coefficient was used to calculate the bottom friction term as 0.025.  

 
Table 1.  Hypothetical cases for river bed slope 

Case No. Slope Case No. Slope 
Case 1 0.00021 Case 8 0.00046 
Case 2 0.00025 Case 9 0.00049 
Case 3 0.00028 Case 10 0.00053 
Case 4 0.00032 Case 11 0.00088 
Case 5 0.00035 Case 12 0.00123 
Case 6 0.00039 Case 13 0.00158 
Case 7 0.00042 Case 14 0.00193 
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Fig.2  Wave inlet boundary condition at the river mouth (0.0 km) 

 
3. ANALYSIS RESULTS 

3.1 Empirical function of tsunami intrusion distance  
Iwate Prefecture is eight rivers, Miyagi Prefecture is 9 rivers, and Fukushima Prefecture is 21 rivers, total 38 

rivers data were used to estimate the tsunami intrusion distances. The empirical function was suggested by the 
relationship between tsunami intrusion distance and river slope using the field survey data (Kayane et al., 2013). 
The empirical function of the tsunami intrusion distance end was suggested as below 

     0.7148.4px S�       (13) 

where, xp is end of tsunami intrusion distance from river mouth, S is river bed slope.  
The empirical function was obtained from the single tsunami event. Therefore, it is needed that the effects of 

the tsunami height due to the different locations and tsunami events have to consider in determining the tsunami 
intrusion distance.  
 
3.2 Numerical simulation result 

Fig.3 shows the calculated wave heights at the river mouth, 2.0 km and 4.0 km from the river mouth during 
the numerical simulation. It is found that the wave height is related with increased propagation distance from the 
river mouth. The water level fluctuation was occurred due to the sloping river bed during the initial time step. In 
the numerical analysis, the end of the tsunami intrusion distance is defined that the water level variation is less 
than 10 cm at the longitudinal distance from the river mouth.  
 
3.3 Comparison on numerical simulation result and empirical function 

The computed tsunami intrusion distance can be indicated on the empirical function of tsunami intrusion 
distance. The comparison with the empirical function and the simulation result is depicted in Fig.4. Overall, the 
numerical simulation has produced similar reducing pattern of tsunami intrusion distance although the empirical 
function is based on the 2011 Tohoku Tsunami event. The overestimate of tsunami intrusion distance is shown 
in the range of mild river slope compared to the empirical function. As the result, it is found that the tsunami 
intrusion distance is deeply related to the river bed slope from the comparison result. It also depends on the 
initial tsunami height near the river mouth in the numerical simulation result. 
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Fig.3  Calculated temporal wave height along the river (S = 0.00053, H = 5 m) 
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Fig.4  Comparison between empirical function of intrusion distance and numerical analysis results due to wave 
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4. CONCLUSIONS  

- The 1-D numerical analysis has been carried out successfully to show the effects of river bed slope and 
initial tsunami height. It was found that the end of the tsunami intrusion distance was deeply related to 
the river bed slope as one of the significant parameters.  

- The tsunami intrusion distance into a river was influenced by the tsunami height at the river mouth 
although the decreasing patterns were similar in the different initial wave heights.  

- The previous empirical function of the tsunami intrusion distance was suggested without the effect of 
the tsunami height at the river mouth. It is required to improve the influence of the tsunami physical 
characteristics. The numerical analysis is also needed to reflect various natural parameters such as river 
width, curvature, etc. Furthermore, it would be able to discuss the relation of tsunami height dissipation 
along the river. Lastly, it is hoped that this study would be useful to understand the real tsunami 
phenomena into a river.   
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5㸬 ᆅᙧኚࡢ⌧ᛶ�

ᮏ◊✲࡛ィ⟬ࡓࡋᆅᙧኚ⌧ᆅࡢᆅᙧኚ≧ἣࢆẚ㍑ࡿࡍ㸪⌧ᆅࡣㆤᓊࡀタ⨨࠸࡚ࢀࡉ

ᡤ࡛⟠ࡓ �P㹼�P ⛬ᗘࡢ㣗◁ࡢᾘኻࡾ࠾࡚ࡌ⏕ࡀ㸪ㆤᓊ๓㠃ࡢ㣗㸦Ὑ᥀㸧ࡀࡿ࡞ࡃࡁ

ࡽࡉ㸪࡚ࡗకಽቯ࣭ὶฟࡢ㸪ㆤᓊࡣ㸪⌧ᆅ࡛ࡋࡋ㸬ࡿࡍྜ➢㒊୍ᆅ⌧ࡣഴྥ࠺࠸

つᶍ࡞㣗ࡾ࠾࡚ࡌ⏕ࡀ㸪ᘬࡁἼࡢᆅᙧኚ୍ࡢ㒊ࢆィ⟬ࡓࡋᮏ◊✲ࡢ༢⣧࡞ẚ㍑ࡁ࡛ࡣ

�㸬ࡿ࠶ᚲせ࡛ࡀホ౯ࡶ࡚࠸ࡘ㣗ࡢ➼ᆅᙧኚ㸪Ἀྜࡢ㸬ᢲἼ࠸࡞ �
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⾲����ᩘ್ἼືỈ㊰ࡢィ⟬᮲௳�

㡯䚷䚷┠ タ䚷䚷ᐃ

X᪉ྥ䠗䚷-952,536m䡚14,665m

Z᪉ྥ䠗-30䡚80m

Ỉ῝h 29.662m䠄ึᮇỈT.P.-0.338m䠅

䂴x 0.2m䡚276m

䂴z 0.2m䡚1m

䂴t 1.0D-6䡚0.1sec

ᕪศ䝇䜻䞊䝮 VP-DONOR

䝫䞊䝷䝇ୗ㝈್ 0.1

㐀Ἴ䝰䝕䝹 㐀Ἴ䝋䞊䝇䠄ὠἼἼᙧධຊ䠅

ྑ➃ഃ 㛤ቃ⏺

ቃ⏺᮲௳ SLIP

SubLoop 2ᅇ

ᆅᙧኚ
㛵ಀ

◁⢏䛾Ỉ୰ẚ㔜 1.65

◁⢏䛾⢏ᚄ 0.3mm

ィ⟬㡿ᇦ
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�

6㸬㸬 ࡵࡲ�

ᮾᆅ᪉ኴᖹὒἈᆅ㟈ὠἼࢆᑐ㇟್ᩘἼືỈ㊰ࡿࡼᘬࡁἼࡢὠἼᣲືࡢ⌧ィ⟬

ᆅᙧኚࣔࡢ࡛ࣝࢹ㣗㸦Ὑ᥀㸧᳨ࡢウࡓࡗ⾜ࢆ㸬ࡢࡑ⤖ᯝ㸪ᘬࡁἼࡢㆤᓊ๓㠃࡛ࡢ㧗ὶ㏿

㸪ㆤᓊಽቯࡣᆅ࡛⌧ࡓࡋ㇟㸬᳨ウᑐࡓࡁ࡛ࡀࡇࡿࡍ⟭ィࢆᆅᙧኚ㸦Ὑ᥀㸧࠺క⏕Ⓨࡢ

ࡢࡇ㸪ࡽࡇࡿ࠸࡚ࡌ⏕ࡀᾘኻ◁つᶍ㣗࠸࡞ࡽࡲ᥀Ὑࡢ㸪ㆤᓊ๓㠃࡚ࡗక

⤖ᯝ࡚ࡗࡶࢆᮏ◊✲ࡢ㐺⏝ᛶࡢホ౯࠸࡞ࡁ࡛ࡣ㸬ࡋࡋ㸪⌧ᆅㆤᓊࡢ◚ቯ≧ἣࡾࡼ㸪ᘬࡁἼ

࡛ࡢ◚ቯࡀ♧၀ࢆࡇࡿ࠸࡚ࢀࡉ㋃࠼ࡲ㸪ㆤᓊࡢᏳᐃᛶ࡞ࡁᙳ㡪ࢆࡿࢀࡽ࠼⪄ࡿ࠼

ㆤᓊ࿘㎶ࡢᆅᙧኚ࡚࠸ࡘ㸪᳨ࡽࡉウࢆ㐍ࡿࡵᚲせࡿ࠼⪄ࡿ࠶ࡀ㸬�

�

ཧ⪃ᩥ⊩�

	�� Ọ⃝� ࣭⏣୰� ோ�
�	
�㸸ὠἼࡿࡼつᶍᆅᙧኚࢀࡑక࠺ᵓ㐀≀ࡢ⿕⅏せᅉࡢศᯒ㸪ᅵᮌᏛ

ㄽᩥ㞟 �
㸦ᾏᓊᕤᏛ㸧㸪�-*�����-�
㸪..�	��	�	����

�� Ọ⃝� ࣭⏣୰� ோ�
�	��㸸ᮾᆅ᪉ኴᖹὒἈᆅ㟈ὠἼࢆᑐ㇟ࡓࡋㆤᓊࡢస⏝እຊ⿕⅏せᅉࡢศᯒ㸪

ᅵᮌᏛㄽᩥ㞟 �
㸦ᾏᓊᕤᏛ㸧㸪�-*�����-�
㸪..��!��	��!����
�ሗ್㏿ࡿࡼࠖࣉ࣮ࣝࢢᮾᆅ᪉ኴᖹὒἈᆅ㟈ὠἼྜྠㄪᰝࠕ ��
��� ᖹᡂ 
� ᖺ㸦
�		 ᖺ㸧ᮾ᪥ᮏ㟈⅏ 
� ศ 	 ᾐỈ⠊ᅖᴫἣᅗ㸦ᐑᇛ┴∧㸧ᅜᅵᆅ⌮㝔ᢏ⾡㈨ᩱ �࣭ 	��-�����

�-����
�� ᅵᮌᏛ�	����㸸Ỉ⌮බᘧ㞟�ᖹᡂ 		 ᖺ∧ 㸪ၿ�
��� 㧗ᶫᬛᖾ࣭㤳⸨ఙኵ࣭ᮧᩥᙪ࣭ὸ㍜�	����㸸ᤲὶ◁ᒙ࣭ᾋ㐟◁ᒙ㛫ࡢ◁㔞ࢆ⪃៖ࡓࡋὠἼ⛣ື

ᗋࣔࡢࣝࢹ㛤Ⓨ㸪ᾏᓊᕤᏛㄽᩥ㞟㸪➨ �� ᕳ㸪..������	���
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2001 ᖺᖺࡽ 2013 ᖺࡢ࡚ࡅྎ‴༡㒊ᾏᓊࡿࡅ࠾ᾏᗏᆅᙧኚ 

�

ᮾᏛᕤᏛ㒊� 㧗ᮧࡸࡲ�

ᮾᏛ⅏ᐖ⛉Ꮫᅜ㝿◊✲ᡤ� ᭷ാᜨᏊ࣭Ṋ⏣ⓒྜᏊ࣭┿㔝᫂�

�

1㸬 ⥴ゝ�

� 2011 ᖺ 3 ᭶ 11 ᪥Ⓨ⏕ࡓࡋᮾᆅ᪉ኴᖹὒἈᆅ㟈ὠἼࡾࡼ㸪ἢᓊᇦ࡛ࡣ⏒࡞◁㣗

ຠᯝࡿࡵᙅࢆἼຊࡢ࡞ὠἼࡸἼᾉࡿࡍ㸪᮶くࡸ⬟ᶵࡴ⫱ࢆែ⣔⏕࡞ከᵝࡣ◁ࠋࡓࡌ⏕ࡀ

ࡽࡵồࡀᅇࡢ◁ࡓࢀࡉ㸪㣗ࡾ࠶ࡶ㛫࡛✵ࡿࡁ࡛⏝࡞ᾏỈᾎࡣ㸪◁ࡓࡲࠋࡿ࠶ࡀ

ࡣ࡛✲◊ᮏࠋࡿࢀ 2011 ᖺὠἼࡿࡼ◁㣗⿕ᐖ≉ࡀࡓࡗࡁྎ‴༡㒊ᾏᓊࡢᒣඖᾏ

ᓊࢆᑐ㇟࡚ࡋ㸪ᾏᗏᆅᙧኚ≉ᛶࡽ◁ࡢᅇ㐣⛬ࢆ᫂ࢆࡇࡿࡍࡽ┠ⓗࠋࡿࡍ 

㸪ὠἼࡎࡏᏑᅾ༑ศࡀࢱ࣮ࢹᆅᙧࡢὠἼ௨๓ࡣᆅᇦ࡛ࡓࡋ⏕ⓎࡀṔྐⓗὠἼ࡛ࡲࢀࡇ

ᑐࡢ✲◊᪉㸪ᮏ୍ࠋࡓࡗ࡞ࡁ࡛ࡀࡇࡿࡍࡽ᫂ᐃ㔞ⓗࢆ⛬ᅇ㐣ࡸ㣗⿕ᐖ◁ࡿࡼ

㇟㡿ᇦ࡛ࡣὠἼ๓ࡢ࡛ࡲࢀࡇࡽᐃᮇⓗ࡞ᆅᙧࡸࢱ࣮ࢹ✵୰┿㸪ὠἼ᮶くࡧࡼ࠾᮶く┤ᚋ

ࡀࡇࡿࡍᢕᥱᐃ㔞ⓗࢆ⛬ᅇ㐣ࡉࡁࡢ㸪◁㣗⿕ᐖࡋᏑᅾࡀሗࡢ➼࢜ࢹࣅ✵ࡢ

 ࠋࡓࡗ࡞⬟ྍ

�

2㸬 ◊✲ᑐ㇟㡿ᇦࡢᴫせ 
(1) ◊✲ᑐ㇟㡿ᇦࡢ◁ᾏᓊ 

ᮏ◊✲࡛ࡣ㸪ྎ‴༡㒊ᾏᓊ࡛ࡿ࠶ᒣඖ

ᾏᓊࢆᑐ㇟ࡋ㸪㒊ࢆ㡿ᇦ 1㸪༡㒊ࢆ㡿

ᇦ 2 ᅗ) ࡿࡍ 1 ཧ↷) ࠋ 

ྎ‴༡㒊ᾏᓊࡣ㸪⚟ᓥ┴ࡢᓴ㣗ࡼ

Ἑᕝࡢ➼㜿Ṋ㝰ᕝ◁⁻ἢᓊࡢࡁྥࡿ

᥎ᐃࡓࢀࡉᙧᡂࡾࡼ◁౪⤥ᅵࡢࡽ

1950ࠋࡿࢀࡉ ᖺ௦ᚋ༙ࡽ⚟ᓥ┴ࡢᓴ㣗

㜵Ṇᑐ⟇ࡿࡼἢᓊ⁻◁ࡢῶᑡ㸪1960 ᖺ

ࡢ◁⁻ἢᓊࡿࡼഛᩚࡢ ᓥ┴┦㤿⚟ࡽ

㐃⥆ᛶࡢ㐽᩿ࡾࡼ㸪≉༡㒊࡛ 1970 ᖺ

௦࠸ࡋ⃭ࡽ㣗1990ࠋࡓࡌ⏕ࡀ ᖺ௦ᚋ༙

࠸࡚ࢀࡉࡀ⟇ᾏᓊ㣗ᑐ࡞つᶍࡽ

ᅜᅵ㏻┬ᮾᆅ᪉ᩚഛᒁ(௨ୗ㸪ᮾ)ࡓ

ᆅᩚグࡍ)㸪2009)ࠋ ᅗ 1㸸◊✲ᑐ㇟㡿ᇦࡢ⨨ 

Bed morphology change of Southern Sendai Coast from 2001 to 2013, Tohoku University School of 
Engineering by Maya Takamura, International Research, Institute of Disaster Science by Keiko Udo, Yuriko 
Takeda, Akira Mano 
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(2) ◊✲ᑐ㇟㡿ᇦࡢᆅᙧ 2011 ᖺὠἼࡢᴫせ 
2011 ᖺ 3 ᭶ 11 ᪥ 14  46 ศ㸪

ᒾᡭ┴୕㝣Ἀࢆ㟈※ࡿࡍᮾᆅ

᪉ኴᖹὒἈᆅ㟈ࢀࡑకࡓࡗᮾ

ᆅ᪉ኴᖹὒἈᆅ㟈ὠἼࡀⓎ⏕ࡋ

⣙ࡽ⏕ᆅ㟈Ⓨࠋࡓ 25 ศᚋᒾᡭ

┴Ἀタ⨨ࡓࢀࡉ GPS Ἴᾉィ᭱

Ἴࡀᤊࢀࡽ࠼㸪ࡽࡉ 40 ศ⛬ᗘ

⤒㐣ࡓࡋᚋ㸪ྎᖹ㔝ὠἼࡀく

᮶ࠋࡓࡋ 
� ᅗ 2 㸪2006 ᖺࢨ࣮ࣞ✵⯟ࡢ 

㔞ྲྀࡾࡼᚓࡓࢀࡉྎ‴ἢᓊ㝣

ᇦ㸪2010 ᖺ῝ὸ 㔞ྲྀࡾࡼ

ᚓྲྀྡࡓࢀࡉᕝἙཱྀࡽ㜿Ṋ㝰ᕝ

Ἑཱྀ࡚ࡅ∵ᶫἙἙཱྀࡽ☾

⁺ ࡢ࡚ࡅᾏᇦࡢᆅᙧࢆ♧

ᅜᅵ㏻┬ᮾᆅ᪉ᩚഛᒁ(௨)ࡍ
ୗ㸪ᮾᆅᩚグࡍ)ᥦ౪)ࡓࡲࠋ㸪

ᾏᓊ⥺᭱ࡽ 5km ௨ୖෆ㝣࠶

ᮾ) ࡍ♧ࢆ⏺ቃࡢᾐỈᇦࡣ⥺㟷ࡿ
⏕◊ᆅ⌫⎔ቃᕤᏛ◊✲࣮ࣝࢢ

 ࠋ(㸪2011ࣉ
� ᑐ㇟㡿ᇦ᭱ࡢᾐỈ㧗᭱ࡧࡼ࠾

㐳ୖ㧗ࡶࢀࡎ࠸ࡣᐑᇛ┴ர⌮㒆

ᒣඖ⏫ᆏඖ࡚࠸࠾㸪13.5m ࡧࡼ࠾

9.6m ᮾᆅ᪉ኴᖹὒἈ)ࡓࡗ࠶࡛

ᆅ㟈ὠἼྜྠㄪᰝࣉ࣮ࣝࢢ㸪2012)ࠋ 
 

3㸬㸬 ◊✲᪉ἲ�

◊✲ᑐ㇟㡿ᇦࡢ⯟✵┿(ᮾᆅᩚᥦ౪)⾨ᫍ⏬ീ(GeoEye)ࢆᖺ௦㡰୪◁ࡢኚࢆ☜

ㄆࡓࡋᚋ㸪ᆅ┙㧗ኚᅗࢆసᡂࡋ㸪◁ࡢኚᾏᗏᆅ┙㧗ኚࡢ㛵ಀ࡚࠸ࡘ⪃ᐹࠋࡓࡋ 
㝣ᇦ(ప₻⥺ࡾࡼ㝣ഃ)ࡣ࡚࠸ࡘὠἼ๓ࡢ 2006 ᖺࡧࡼ࠾ὠἼᚋࡢ 2011 ᖺ 3 ᭶ 5 ᭶ࡢ⯟✵

㔞 ࢨ࣮ࣞ 5m 㸪2001ࡣ࡚࠸ࡘ㸪ᾏᇦ(ྠᾏഃ)࡚࠸⏝ࢆࢱ࣮ࢹࣗࢩࢵ࣓ ᖺ 9 ᭶௨㝆 2013 ᖺ 1
᭶ࡢ࡛ࡲᓊἈ᪉ྥ ⥺( ⥺㛫㝸 0.2㹼1km)ࡢ῝ὸ 㔞ࢆࢱ࣮ࢹἢᓊ᪉ྥ⿵㛫ࢆࢱ࣮ࢹࡓࡋ⏝

㖄ࡶ࡚࠸ࡘࢀࡎ࠸㸪㝣ᾏᇦࡣ࡚࠸ࡘᆅ┙㧗ኚࡢὠἼ๓ᚋࠋࡓࡋసᡂࢆᆅ┙㧗ኚᅗ࡚࠸

┤᪉ྥࡢᆅẆኚື(ྎ‴࡛ࡣ 0.2㹼0.4m ⛬ᗘࡢᆅ┙ỿୗ㸹ᅜᅵᆅ⌮㝔㸪2011)ࢆᕪࡋᘬࡇࡃ

ᆅẆኚື(3mࡢỈᖹ᪉ྥࠋࡓࡵồࢆኚࡿࡼᅵ◁㍺㏦ࡾࡼ ⛬ᗘᮾ༡ᮾࡢ(ື⛣ᙳ㡪࡚࠸ࡘ

ࡣ㸪㝣ᇦࡣ 5m ࡀⅬ㛫㝸 ࡢᓊἈ᪉ྥࡣ㸪ᾏᇦࢱ࣮ࢹࣗࢩࢵ࣓ 10m  ࠋࡓࡋど↓ࡽࡇࡿ࠶࡛

ᅗ 2㸸ὠἼ᮶く๓ࡢྎ‴ᾏᓊྎᖹ㔝ࡢᆅᙧ 

158



4㸬㸬 ⤖ᯝ⪃ᐹ�

(1) 1963 ᖺࡽ 2012 ᖺ 11 ᭶ࡢ࡛ࡲ✵୰┿ 
� ᅗ 3  1963 ᖺࡽ 2012 ᖺ

11 ᭶ࡢ࡛ࡲᑐ㇟㡿ᇦࡢ✵୰

 ࠋࡍ♧ࢆ┿
1963 ᖺ-1989 ᖺ(ᾏᓊ㣗ᑐ

⟇௨๓ ࢇ㐍ࡀ㣗࠸ࡋ⃭ࡣ(

ࡢ༡ഃࠋࡿࡁㄆ࡛☜ࡀࡇࡔ

㡿ᇦ 2 㢧ⴭ࡛≉ࡣ࡛ 1963 ᖺ

ࡀ◁ࡓࡋᏑᅾ 1989ᖺࡣ

ᾘኻࠋࡿ࠸࡚ࡋ 
1989 ᖺ-2006 ᖺ(ᾏᓊ㣗ᑐ

⟇๓㹼ᑐ⟇ᚋ࣭㟈⅏๓)ࡣ 1990
ᖺ௦ᚋ༙ࡽ㐍ࡓࢀࡽࡵつ

ᶍ࡞ᾏᓊ㣗ᑐ⟇ࡢຠᯝࡼ

ࡉᢚไࡀ⾜㐍ࡢẚ㍑ⓗ㣗ࡾ

ᾏᓊࡢᒣඖᾏᓊࠋࡿ࠸࡚ࢀ

㣗ᑐ⟇ࡣ㸪ࢻࣥࣛࢻࢵ࣊ 11 ᇶ

㣴 320m3 㸪ᖹࢀࡉ⏬ィࡀ

ᡂ 24 ᖺ 12 ᭶ 27 ᪥Ⅼ࡛ࢵ࣊

ࢻࣥࣛࢻ 3 ᇶࡀᡂ㸪8 ᇶࡀᮍ

ᡂ࡛ࡿ࠶(ᮾᆅᩚ㸪2012)ࠋ 
2006 ᖺ 9 ᭶-2011 ᖺ 3 ᭶ 12

᪥(㟈⅏๓ᚋ)ࡢ┿ࡽ㸪2011
ᖺὠἼࡿࡼつᶍ࡞◁

㣗ࢆ☜ㄆ࡛≉ࠋࡿࡁἙཱྀࡸ

◚ሐᆅⅬ࡞ὠἼࡀ㞟୰ࡓࡋ

 ࠋ࠸ࡋ⃭ࡀ㣗ࡣ࡛ࢁࡇ

� 2011 ᖺ 3 ᭶ 12 ᪥-2012 ᖺ 3 
᭶(ὠἼᚋ 1 ᖺ㛫)ࡣᛴ㏿◁

ࡀᅇࡀࡇࡿ࠸࡚ࡋ☜ㄆ

ࡇࡓࡋᾘኻࡀ◁ࠋࡿࡁ࡛

࣏ෆ㝣ࡶࡾࡼ㟈⅏๓ࡣ࡛ࢁ

ࡀ◁࡞࠺ࡼࡢࢳ࣮ࣅࢺࢵࢣ

ᙧᡂࠋࡿ࠸࡚ࢀࡉ 
� 2012 ᖺ 3 ᭶-2012 ᖺ 11 ᭶ 
(㟈⅏ᚋ 1 ᖺᚋ௨㝆)ࡣ◁ࡢ

ᅇࢇࡣぢࠋ࠸࡞ࢀࡽ 
ᅗ 3㸸1963 ᖺࡽ 2012 ᖺ 11 ᭶ࡢ࡛ࡲ✵୰┿(ᅜᅵ㏻┬ 
ᮾᆅ᪉ᩚഛᒁᥦ౪㸪2012 ᖺ 3 ᭶ࡳࡢ⾨ᫍ⏬ീ GeoEye) 
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(2) 2001 ᖺ 9 ᭶ࡽ 2013 ᖺ 1 ᭶ࡢ࡚ࡅᾏᗏᆅ┙㧗ኚ 
�

�

�

�

� ᅗ 4  2001 ᖺ 9 ᭶ࡽ 2013 ᖺ 1 ᭶ࡢ࡚ࡅ

ᾏᗏᆅ┙㧗ኚᅗࠋࡍ♧ࢆ 
� 2001 ᖺ 9 ᭶ࡽ 2010 ᖺ 9 ᭶࡛ࡲ(㟈⅏௨๓)ྛࡣ

ᮇ㛫ࡢ㣗࣭ሁ✚ࡀᾏᓊἢ࡚ࡗᴫ୍ࡡᵝኚ

ࡽ࠼⪄ࡢࡶࡿࡼື⛣ࡢ࣮ࣂ㸪ࡣࢀࡇࠋࡿ࠸࡚ࡋ

2006ࠋࡿࢀ ᖺྎࡣ㢼 16 ྕ㸪17 ᙳ㡪࡛㸪ẚ㍑ⓗࡢྕ

ᆅ┙㧗ኚࡀ࠸ࡁ(ᮾᆅᩚ㸪2012)ࠋ�
� 2010 ᖺ 9 ᭶-2011 ᖺ 4 ᭶(㟈⅏๓ᚋ)ࡣ㸪యⓗ

㣗ࡾ࠾࡚ࢀࡉ㸪≉◚ሐᆅⅬ㏆࡛㢧ⴭ࡞㣗

῝ỈࡢἈࡢࡑ㸪ࡌ⏕ࡀ 5m㹼10m ㏆࡛ሁ✚ࡀぢࡽ

㣗ᵝ୍࡛ࡲᾏᓊࡽᾏᗏࡾࡼἼࡋᢲࠋࡿࢀ

ࡽࡉࡣሐᆅⅬ◚ࡓࡋ㞟୰ࡢἼࡁᚋ㸪ᘬࡢࡑ㸪ࢀࡉ

ࡃࡁ㣗ࢀࡉ㸪Ἀ㐍ࡳἼຊࡀᙅࡇࡓࡗ࡞ࡃ

 ࠋࡿࢀࡽ࠼⪄ࡓࡋ✚ሁࡀ◁ᅵࡓࡁ࡛ࢇ㐠࡛ࢁ
� 2011 ᖺ 4 ᭶-2012 ᖺ 2 ᭶(㟈⅏ᚋ 1 ᖺ)ࡣỈ῝ 5m
௨ὸ࡛㣗ࡀࡣࢀࡇࠋ࠸ࡁᾏᗏࡓࡗ࠶ᅵ◁ࡀ

㟈⅏ᚋ 1 ᖺࡢᛴ㏿࡞◁ᅇࡵࡓࡓࢀࢃ⪃

 ࠋࡿࢀࡽ࠼
� 2012 ᖺ 2 ᭶-2013 ᖺ 1 ᭶(㟈⅏ 1 ᖺᚋ௨㝆)ࡣ㟈⅏

௨๓ẚࡶ࡚ᆅ┙㧗ኚࡣᑡࠋ࠸࡞ᾏᗏࡢᅵ◁

ࡃ࡞ᑡࡣᅇࡢ◁ࡿࡼ↛⮬㸪ࡃ࡞ᑡࡀື⛣ࡣ

�ࠋࡿࢀࡽ࠼⪄࠸ࡋ㞴ࡣᮇⓗ▷ࡶ

�

ᅗ 4㸸2001 ᖺ 9 ᭶ࡽ 2013 ᖺ 1 ᭶ࡢ࡚ࡅᾏᗏ

ᆅ┙㧗ኚᅗ(㟈⅏๓ᚋࡳࡢ㝣ୖᆅᙧኚ(2006 ᖺ-
2011 ᖺ 3 ᭶࣭5 ᭶)ࡶ⾲♧) 
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5㸬㸬 ⤖ゝ�

ᮏ◊✲࡛ࡣ㸪㟈⅏ 1 ᖺᚋ௨㝆ࡢᾏᗏᆅ┙㧗ኚࡀᐃᛶⓗᑠࡽࡇ࠸ࡉ㸪ᾏᗏࡢᅵ◁ࡢ⛣

ࡢ㸪◁ࡋࡋࠋࡓ࠼⪄࠸ࡋ㞴ࡣᮇⓗ▷ࡶࡃ࡞ᑡࡣᅇࡢ◁ࡿࡼ↛⮬㸪ࡃ࡞ᑡࡀື

ᅇ㐣⛬ࢆ᫂ࡣࡵࡓࡿࡍࡽ㸪ᾏᗏᆅ┙㧗ኚᅗࡽࡳࡢᐃᛶⓗࡣ࡛ࡅࡔࡿࡍุ᩿༑

ศ࡛ࠋࡿ࠶ᚋࡣ㸪ᅵ◁ᨭࢆ⟬ฟ࡛ࡇࡿࡍᅵ◁⛣ືࢆᐃ㔞ⓗࡋ♧㸪Ἴᾉ᮲௳➼ࢆ⪃៖ࡋ

࡚㟈⅏௨๓㟈⅏ 1 ᖺᚋ௨㝆ࡢ㐪ࢆ࠸࡛᫂ࡇࡿࡍࡽ㸪◁ᅇ㐣⛬ࡾࡼࢆṇ☜ࡍ♧ᚲ

せࠋࡿ࠶ࡀ 

 

ㅰ㎡㸸ᮏ◊✲࡛⏝ࡓࡋᆅᙧࡧࡼ࠾ࢱ࣮ࢹ✵୰┿ࡣ㸪ᅜᅵ㏻┬ᮾᆅ᪉ᩚഛᒁྎἙᕝᅜ

㐨ົᡤࡾࡼᥦ౪ࡓࡲࠋࡓ࠸ࡔࡓ࠸㸪ᮏ◊✲ࡣ㸪⎔ቃ┬ࡢ⎔ቃ◊✲⥲ྜ᥎㐍㈝(S-8-1(4))ࡧࡼ࠾

ᮾᏛ⅏ᐖ⛉Ꮫᅜ㝿◊✲ᡤ≉ᐃࡢ✲◊ࢺࢡ࢙ࢪࣟࣉຓࡇࡇࠋࡓࢀࢃ⾜࡚ࡅཷࢆグ࡚ࡋㅰ

ពࠋࡿࡍ⾲ࢆ 

 

ཧ⪃ᩥ⊩�  
ᅜᅵ㏻┬ᮾᆅ᪉ᩚഛᒁ(2009)㸸ᖹᡂ 21 ᖺᗘᴗホ౯┘どጤဨ(➨ 3 ᅇ㈨ᩱ)㸪ᾏᓊᴗホ

౯� ྎ‴༡㒊ᾏᓊ� ᾏᓊಖタᩚഛᴗ㸪

http://www.thr.mlit.go.jp/bumon/b00097/k00360/h13jhyouka/2103hpsiryou/siryou210302.pdf 

ᮾ⏕◊ᆅ⌫⎔ቃᕤᏛ◊✲(2011)ࣉ࣮ࣝࢢ㸸⯟✵┿ࡾࡼసᡂࡓࡋᗈᇦࢯࣝ࢜⏬ീุㄞࡼ

 /㸪http://stlab.iis.u-tokyo.ac.jp/eq_dataࣥࣛὠἼ฿㐩(ᾐỈᇦ)ࡿ

ᮾᆅ᪉ኴᖹὒἈᆅ㟈ὠἼྜྠㄪᰝ(2012)ࣉ࣮ࣝࢢ㸸㊧ㄪᰝ⤖ᯝ 20121229 ∧㸪

http://www.coastal.jp/ttjt/index.php 

ᅜᅵᆅ⌮㝔(2011)㸸GPS 㐃⥆ほ ࡽᚓࡓࢀࡽ㟁Ꮚᇶ‽ⅬࡢᆅẆኚື㸪

http://www.gsi.go.jp/chibankansi/chibankansi40005.html 

ᐑᇛ┴Ἑᕝㄢ㸪ᮾᆅ᪉ᩚഛᒁྎἙᕝᅜ㐨ົᡤ(2012)㸸ᖹᡂ 23 ᖺᗘ� ⎔ቃㄪᰝ➼ࡢ⤖ᯝ

(୰㛫ሗ࿌)࡚࠸ࡘ㸪

http://www.thr.mlit.go.jp/sendai/kasen_kaigan/fukkou/image/kankyou02kaisai.pdf 

ᅜᅵ㏻┬ᮾᆅ᪉ᩚഛᒁ(2012)㸸ᖹᡂ 24 ᖺᗘᴗホ౯┘どጤဨ(➨ 5 ᅇ㈨ᩱ)㸪ᾏᓊᴗホ

౯� ྎ‴༡㒊ᾏᓊ� ᾏᓊಖタᩚഛᴗ㸪 

http://www.thr.mlit.go.jp/bumon/b00097/k00360/h13jhyouka/2405hpsiryou/siryou240502.pdf 
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ᅗ㸫㸵� ὠἼࡿࡼᆅᙧኚ࣮ࢱࣥࢥࡢᅗ�

�

�

�
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��㸬 ࡾࢃ࠾�

� ᮏㄽᩥࡣ࡚࠸࠾㸪�	

 ᖺᮾ᪥ᮏ㟈⅏ὠἼࡢ㝿ࡓࡌ⏕ᐑᇛ┴▼ᕳ‴ࡿࡅ࠾ᆅ┙ỿୗ㔞㛵᳨ࡿࡍウ

ᯝ⤖ࡢࡇ㸬ࡓࡗ࠶࡛ࡢࡶࡍ♧ࢆ⮴୍࠸Ⰻࢀࡑࡢ㝣ୖ㒊࡛ࡿࡼ㸪ᅜᅵᆅ⌮㝔ࡣỿୗ㔞ࡓࢀࡉ㸬᥎ᐃࡓࡗ⾜ࢆ

࡚ࡋពࢆࡇ࠺ࡲࡋ࡚ࡋ㐣ホ౯ࢆᆅᙧኚࡿࡼ㸪ὠἼࡿྲྀࢆᕪ༢⣧ࡽࢱ࣮ࢹὸ῝ࡢ㸪ὠἼ๓ᚋࡣ

ྍࡀࡇࡿࡵồ☜ṇࢆᆅᙧኚࡓࢀࡉࡽࡓࡶࡾࡼὶయຊࡢ㸪ὠἼࡾࡼࡇࡃ㝖ࡾྲྀࢆ㸬ᆅ┙ỿୗ㔞ࡿ࠸

�㸬ࡓࡗ࡞⬟

�
ㅰ㎡㸸ᮏ◊✲࠺⾜ࢆ㝿࡚ࡋᐑᇛ┴Ἑᕝㄢࡽ῝ὸ 㔞㈨ᩱࡢᥦ౪ࡓࡅཷࢆ㸬ࡓࡲ㸪�㈈�Ἑᕝ⎔ቃ⟶⌮㈈ᅋἙ

ᕝᩚഛᇶ㔠㸪ᮾᘓタ༠ᘓタᴗ㛵ࡿࡍᢏ⾡㛤Ⓨᨭ㸪ࡧࡼ࠾ᮾᏛ≉ᐃ◊✲ࡢࢺࢡ࢙ࢪࣟࣉຓᡂཷࢆ

�㸬ࡿࡍ⾲ࢆㅰពࡿ࡞⏒῝࡚ࡋグࡇࡇ㸬ࡓࡅ
�

ཧ⪃ᩥ⊩�


� ᅜᅵᆅ⌮㝔㸸ᖹᡂ �� ᖺ��	

 ᖺ�ᮾᆅ᪉ኴᖹὒἈᆅ㟈క࠺ᆅ┙ỿୗㄪᰝ⤖ᯝ࡚࠸ࡘ��
.::6���<<<�-9/�-5�06�951;)./1/0;4�951;)./1/0;4�			��.:32���	

��

�� ᆏ㞝ኴ࣭ Ἠᐑᑛ 㸸ྖ�!"ᆅẆኚࡓ࠸⏝ࢆࢱ࣮ࢹᮾᆅ᪉ኴᖹὒἈᆅ㟈ὠἼࡢἼ※ᇦࡢ㏫᥎ᐃࡑࡧࡼ࠾

�������66���㸪$52✲◊ࡿࡍ㛵⢭ᗘࡢ&
�
��&
�����	
���

�� �-;=+4�%;'4��'5࣭⏣୰� ோ࣭�5.'33'*��'-;9��*/:='<'4࣭┿㔝� ࣭᫂᭷ാᜨᏊ��ᮾ᪥ᮏ㟈⅏ὠἼࡼ

�������66���㸦ᾏᓊᕤᏛ㸧��$52��ᾏᆅᙧኚ��ᅵᮌᏛㄽᩥ㞟ࡢᕳᾏᓊ࡛▼ࡿ&��
��&������	
���

� 㧗 �ʟ ᚭ࣭⏣୰� ோ��▼ᕳ‴ࢻࣥࣛࢻࢵ࣊ࡿࡅ࠾ᕤࡿࡼ⁻◁ไᚚຠᯝ��ᾏᓊᕤᏛㄽᩥ㞟��➨ �� ᕳ��
66��
������		���

�� ⏣୰� ோ࣭ᯇⱥኵ࣭Ἠ� ὒ��ྂᆅᅗࡓ࠸⏝ࢆྎᾏᓊ࣭▼ᕳᾏᓊࡢ㛗ᮇố⥺ኚື㛵᳨ࡿࡍウ��ᾏᓊ

ᕤᏛㄽᩥ㞟��➨��ᕳ��66�������	���		���

�� ᮃ᭶ஓ࣭ Ᏹከ㧗࣭᫂ 㢮ග⏨࣭ ㇂㟹㑻��ྎ‴㒊ἢᓊࡢᾏኚᙧࡢᐇែ��ᾏᓊᕤᏛㄽᩥ㞟㸪➨��ᕳ㸪

66����������
��	��

�� �-;=+4�%;'4��'5࣭�5.'33'*��'-;9��*/:='<'4࣭⏣୰� ோ��ᾏᓊሐ㜵ࡢᵓ㐀౫ᏑࡓࡋὠἼ⿕ᐖ್ࣔᩘ

�������66���㸦ᾏᓊᕤᏛ㸧��$52��ド��ᅵᮌᏛㄽᩥ㞟᳨ࡿࡼࣝࢹ&����&��	���	
���

174



ྎᕷⵦ⏕ᖸ₲ࡢὠἼ⿕⅏ࡢࡑᚋࡢᆅᙧᅇ㸨�

�

ᮾᏛᏛ㝔ᕤᏛ◊✲⛉ᅵᮌᕤᏛᑓᨷ� � ⏣୰� ோ�

ᮾᏛᏛ㝔ᕤᏛ◊✲⛉ᅵᮌᕤᏛᑓᨷ����� � � � �����୕ᡞ㒊భኴ 
ᮾᏛᏛ㝔ᕤᏛ◊✲⛉ᅵᮌᕤᏛᑓᨷ Mohammad Bagus Adityawan 

�

�㸬 ࡵࡌࡣ�

� ྎᾏᓊࡿࡅ࠾ᆅᙧⓗ≉ᚩࡣࡘ୍ࡢ㸪Ἑཱྀ࿘㎶࣮ࣥࢢࣛᆅᙧࡀከࡃぢࡿࢀࡽⅬ࡛ࡿ࠶㸬㜿Ṋ㝰ᕝἙཱྀࡢ

㫽ࡢᾏ㸪ྡ ྲྀᕝἙཱྀࡢᡞᾆ࣭ᗈᾆ㸪⏣ᕝἙཱྀ⨨ࡿࡍⵦ⏕ᖸ₲ࡢࡑࡀ࡞௦⾲ⓗ࡞࡛ࡿ࠶㸬ࢀࡇ

ᚋ㸪ࡢࡑ㸪ࢀࡽࡆ᭤ୗᡭ᪉ྥ◁⁻ࡀὶ㊰ࡢἙཱྀ㒊ࡾࡼ༟㉺ࡢ◁⁻㸪ἢᓊࡾ࠾࡚ࡋඹ㏻ࡣᙧᡂせᅉࡢỈᇦࡢࡽ

ேᕤⓗ࡞Ἑཱྀ㛤ཱྀ⨨ࡢᅛᐃࡾࡼ௨๓ࡢὶ㊰࣮ࣥࢢࣛࡀᆅᙧࢆᙧᡂࡿ࠶࡛ࡢࡶࡓࡋ 1)㸬ࡢࡽࢀࡇỈᇦࡣ㈗㔜

ࡿ࠸࡚ࢀࡉ࡞ࡀㄪᰝࡢỈ㉁࣭⏕ែ⎔ቃ࡞ヲ⣽࡛ࡲࢀࡇ㸪ࡾ࠾࡚ࡋᙧᡂࢆỶỈ⎔ቃ࡞ 2)㸬ࡓࡲ㸪ྎ‴Ỉᇦ࠾

Ἑཱྀ࣭㨶ᮇ⛶ࡀ⣙༙ᩘࡓࢀࡉࡆ㸪Ỉᥭࡤࢀࡼศᯒࡢ▼⪥ࡢࣞ࢞ࢩࡿ࠶࡛※᭷⏝⁺ᴗ㈨ࡿࡅ ỶỈᇦࢆ⏕

⫱ሙࡾ࠾࡚ࡋ㸪ỶỈᇦࡢỈ⏘㠃࡛ࡢ㔜せᛶࡀᣦࡿ࠸࡚ࢀࡉ 3)㸬 

� 2011 ᖺ 3 ᭶ 11 ᪥Ⓨ⏕ࡓࡋᮾ᪥ᮏ㟈⅏ὠἼ࣮ࣥࢢࣛࡢࡽࢀࡇࡣᆅᙧ࣭Ἑཱྀᆅᙧࢆࡃࡁኚᐜࡓࡏࡉ 4)㸬

㸪୍ࢀࡽぢࡀẁ㝵࡛ᆅᙧᅇ࠸᪩ࡣἙᕝࡿ࠶㸪ࡾ࠾࡚ࡗ࡞␗ࡃࡁἙᕝẖࡣᆅᙧኚࡢᚋࡢࡑ ᪉࡛㸪ࡃἙ

ཱྀᆅᙧࡢᅇࡀぢ࠸࡞ࢀࡽἙᕝࡿ࠶ࡶ 5)㸬ࡕ࠺ࡢࡇ㸪ⵦ⏕ᖸ₲ࡢᏑᅾࡿࡍ⏣ᕝࡢᆅᙧࡣ㸪⌧ᅾ㸪௨๓㏆

ࡢ㸰ࣨ᭶ࡣࡓࡲ㸯ࣨ᭶ࡽⓎ⏕๓ࡢ㸪ὠἼࡣ࡚࠸࠾✲◊㸪ᮏ࡛ࡇࡑ㸬ࡿ࠸࡚ࢀࢃゝࡿ࠶ࡘࡘࡾᡠ≦ᙧ࠸

㛫㝸࠺࠸ᴟ࡚ࡵ㧗㢖ᗘ࡛ᙳࡿ࠸࡚ࢀࡉ✵୰┿࡚࠸⏝ࢆ㸪ⵦ⏕ᖸ₲ᆅᙧࡢᅇ㐣⛬㸪ࡀࢀࡑࡧࡼ࠾౫↛ᢪ

�㸬ࡓࡋࡽ᫂ࢆၥ㢟Ⅼࡿ࠼

 

�㸬 ⵦ⏕ᖸ₲ࡢᴫせ�

� ᅗ�� Ꮡᕥᓊࡢ㸪⣭Ἑᕝ⏣ᕝἙཱྀࡋ⨨ྎᕷⵦ⏕ᆅඛࡣ₲㸬ⵦ⏕ᖸࡓࡋ♧ࢆᴫせࡢ₲ⵦ⏕ᖸ

ᅾࡿࡍ㸬⏣ᕝࡶࡶࡣ⌧Ἑཱྀ㏆

⣙࡛ࡃ 1km ୖࡽ࡚ࡋྎ‴ὀ࠸

ἢᓊ⁻◁༟㉺ࡓࡋඛ㏙ࡣࢀࡇ㸬ࡓ࠸࡛

᪉ྥࡀ༡ࡽࡿ࠶࡛ࡵࡓ࠺ྥ㸬

 40 ᖺ௦ྎ ࡢᘓタࡀጞࡾࡲ㸪

㸪ᑟὶሐࡾษࡵ⥾ࢆᪧἙཱྀ࠸కࢀࡇ

ࡑ㸬ࡓࢀࡉᅛᐃ⨨⌧ࡣἙཱྀࡾࡼ

ⵦࡀἙ㐨㒊ࡓ࠸࡚ࡋୖࡢ㸪௨๓࡚ࡋ

⏕ᖸ₲࡚ࡋṧࡓࢀࡉ㸬 
 

�㸬 ⵦ⏕ᖸ₲ࡢᆅᙧኚ�

(1)  ᮾ᪥ᮏ㟈⅏ὠἼ௨๓ࡢᆅᙧኚ 
���!#"�!�!��������� ���!�����!����!! ��&��%!� %���������$&� ���� ���%$����!'�#)���%!$����� ������&%����%!���� ��

�!�������
��&$�	��%)�(� �

 
 
 
 
 
 
 
 
 

ᅗ-1� ⵦ⏕ᖸ₲ࡢᴫせ 
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ⵦ⏕ᖸ₲࡛ࡣ㸪㧗ἼᾉἼࢆୣ◁ࡀ㉺࡚࠼ᅵ◁ࡢὶධࡍࡽࡓࡶࢆ 6)㸬ࡾࡼࢀࡇ㸪ᖸ₲ࡢὸࡀ㢧ᅾࡋ

㸪ᖹᡂࡵࡓࡔࢇ㐍ࡀᝏࡶ㸪ᖸ₲ෆỈ㉁⎔ቃࡓࡲ㸬ࡓ 17 ᖺࠕⵦ⏕ᖸ₲⮬↛⏕༠㆟ࠖࡀ⤖ᡂࢀࡉ㸪ࡑ

 㸬ࡓࢀࡽࡵ㐍ࡀ࡞ᘓタࡢ㉺Ἴ㜵Ṇሐࡸ๐᥀ࡢ➽⃢ࡶࢆ༠㆟ࡢ࡛ࡇ

ᅗᅗ���D�ࡣὠἼ᮶く๓ࡢἙཱྀᆅᙧ࡛ࡿ࠶㸬ྎᾏᓊ࡛ࡣୖࡀ◁⁻ࡿࡍ༟㉺ࡋ㸪ࡵࡓࡢࡇ⏣ᕝἙཱྀ࡛

➃ᕥࡢ㸪Ἑཱྀ㛤ཱྀ㒊ࡵࡓࡢࡇ㸪ࡾ࠾࡚ࢀࡉᘓタࡀᑟὶሐ࡛ࡲố⥺㒊ࡣ㸬ᕥᓊࡿ࠶㢧ⴭ࡛ࡀⓎ㐩ࡢᓊ◁ᕞྑࡣ

 㸬ࡿࢀࡽࡵㄆࡀ㉺ὶ㜵Ṇሐࡣ㒊◁ࡢ㸬┿ᕥഃ࠸࡞ࡣࡇࡿ࠼㉺ࢆ⨨ࡢᑟὶሐࡢࡇࡣ

(2)  ᮾ᪥ᮏ㟈⅏ὠἼࡿࡼᆅᙧኚ 
ᅗ���E�ࡣ 2011 ᖺ 3 ᭶ 12 ᪥ࡢὠἼ᮶く┤ᚋࡢἙཱྀᆅᙧ࡛ࡾ࠶㸪࣮ࣛࣥࢢᆅᙧࡀᾘኻࡋ㸪ᓥ≧ศ᩿ࡓࢀࡉ

ᆅᙧࡀṧࡿ࠸࡚ࢀࡉ㸬ࡓࡲ㸪௨๓࣮ࣥࢢࣛࡢෆࡢ◁ࡿࡅ࠾ሁ✚ࡀㄆࡿࢀࡽࡵ㸬Ἑཱྀᕥᓊᾏഃࡣ๓㏙ࡢᑟὶ

ሐࡀぢࢀࡽ㸪≉ᕥᓊᾏ࡛ࡢố⥺ࡢᚋ㏥ࡀ㢧ⴭ࡛ࡿ࠶㸬 

(3)  ᮾ᪥ᮏ㟈⅏ὠἼᚋࡢᆅᙧᅇ 
㸪ẚ⨨Ἑཱྀ◁ᕞᙧᡂࡢὠἼ᮶く๓ࡢ�D���㸬ᅗࡓࡋⓎ㐩ࡀἙཱྀ◁ᕞᵝࡢ�G���F�㸪ᅗ���ᚋ㸪ᅗࡢࡑ

Ἑᕝୖὶ㐳ࡓࡗ⟠ᡤ◁ᕞⓎ㐩ࡀぢࡿࢀࡽⅬࡀ࡞ࡁ≉ᚩ࡛ࡿ࠶㸬ྠ ᵝࡣ㇟⌧࡞ࡢἙᕝࡶ࡚࠸࠾ぢࢀࡽ

ࡿ࠸࡚ 5), 7)㸬ὠἼࡾࡼἙཱྀ㒊ࡀὙᇼࢀࡉ㸪Ἑཱྀෆ㒊࡛ࡲ㐍ධࡓࡋἼᾉࡾࡼ㸪ᅗ���F�㸪ᅗ���G�ࡢᵝ࡞◁ᕞ

ࡿࢀࡽ࠼⪄ࡢࡶࡓࡌ⏕ࡀᙧᡂࡢ 7)㸬 

ᚋ㸪2011ࡢࡑ ᖺ 8 ᭶ 10 ᪥ࡣ⌧ᆅ࡚࠸࠾Ἑཱྀ㛢ሰࡀ☜ㄆࡿ࠸࡚ࢀࡉ㸬㛢ሰᚋࡢ✵୰┿ࢆᅗ���H�♧

ࡣ࡚࠸࠾㸬⏣ᕝࡍ 1990 ᖺ௦࡛ࡲἙཱྀ㛢ሰࡀ㢖⦾Ⓨ⏕ࡓࡋ 1)㸬ḟࡢἙཱྀ㛢ሰᚋ⏣ᕝἙᕝὶࡣ

㈆ᒣ㐠Ἑࢆ㏻ྲྀྡ࡚ࡌᕝὀࡔ࠸㸬ࡵࡓࡢࡇ㸪Ἑᕝࡢ⮬ᕫὶ㔞ࡿࡼሁ✚◁ࡎࡌ⏕ࡣࣗࢩࢵࣛࣇࡢ㸪ᅗ���H�

 㸬ࡓࢀࡓែ࡛ಖ≦ࡓࡋᏳᐃࡀᆅᙧࡓࡋ♧

2011ᖺ9᭶22᪥ྎ㢼15ྕࡿࡼฟỈࡓࡌ⏕ࡀ㸬ࡵࡓࡢࡇ㸪ᅗ���I�ぢ࠺ࡼࡿࢀࡽ௨๓ࡢⵦ⏕ᖸ₲ዟ

㒊ᑐᛂࡿࡍ⟠ᡤ࡛◁ࡢ breaching ᭤Ἑ㐨‴ࡿࢀὶࢆⵦ⏕ᖸ₲ෆࡢ㸬௨๓ࡓࢀࡉᙧᡂࡀἙཱྀ࡞ࡓ㸪᪂ࡌ⏕ࡀ

ᆅᙧࡣ㸪ὥỈỈࡿࡼࡆୖࡁࡏỈᏳᗘࡢపୗ㸪ࡧࡼ࠾ᖸ₲ࡢỶỈ⎔ቃ႙ኻࡢၥ㢟ࢆᢪࡓ࠸࡚࠼㸬ࡢࡑ

㸪2012ࡵࡓ ᖺ 3 ᭶ୖ᪪㸪ⵦ⏕ᖸ₲࣭⏣ᕝᮏᕝࢆ㝸࡚ࡿᑟὶሐࢆᔞୖ࡛ୖࡓࡋࡆ㸪௨๓ࡢἙཱྀ㛤ཱྀ㒊ࡢ

⨨࡛ேᕤ㛤๐ࡓࢀࢃ⾜ࡀ㸦ᅗ���J�㸧㸬᥀๐ᅵࡣἙཱྀᕥᓊࡓࢀࡽ࡚❧ࡾ┒㸬ࡢࡑᚋ㸪9᭶ࡢฟỈࡾࡼᙧᡂ

 K�㸧㸬���㸦ᅗࡓࡋᏳᐃࡀἙཱྀሙᡤࡌྠࡢ㸪ὠἼ᮶く๓ࡋ㛢ሰࡣ㛤ཱྀ㒊ࡓࢀࡉ

ᅗ���L�ࡣኟᏘᙳࡾ࠶࡛ࡢࡶࡓࢀࡉ㸪ὶ㔞ࡢቑຍࡾࡼ⏣ᕝἙཱྀᖜࡀቑࡿ࠸࡚ࡋ㸬ࡢࡑᚋ㸪⛅Ꮨ㸪

ᏘࡣἙᕝὶ㔞ࡀῶᑡࡋ㸪Ἑཱྀᖜࡀᴟ➃ῶᑡࡿࡍ㸦ᅗ���M�㸪ᅗ���N�㸪ᅗ���O�㸧㸬࠾࡞㸪ᅗ���N�ࢀࡼ

㸪ሷศࡾ࠾࡚ࡗ࡞ἣ≦ࡿࡍὶධෆ࣮ࣥࢢࣛ᥋ⓗ┤ࡀሷỈࡢࡽ㸪ᾏᇦࢀࡉቯ◚ࡀ㒊୍ࡢ㸪ᕥᓊᑟὶሐࡤ

 㸬ࡿࢀࡉ༴ࡀኚࡢែ⣔⏕࠺కࢀࡑࡸ᪼ୖࡢ

ḟ㸪ⵦ⏕ᖸ₲Ỉᇦࡢᙧ≧ࡣ࡚࠸ࡘᅗ���F�௨㝆㸪࡞ࡁኚࡣぢ࠸࡞ࢀࡽᵝ࡛ࡿ࠶㸬࡛ࡇࡑ㸪ࡢࡇⅬࢆ

☜ㄆࡵࡓࡿࡍ㸪ᅗࡽ��ᾏᓊࡢ࣮ࣥࢢࣛࡧࡼ࠾Ỉ㝿⥺ࢆㄞࡾྲྀࡳ㸪ᅗࢆࡢࡶࡓࡋᅗࡍ♧��㸬ᅗࡼ��
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ABSTRACT 
This paper investigates the land subsidence at the Kobama harbor caused by the 2011 off the Pacific Coast of 

Tohoku Earthquake as detected by the water level measurement data. The continuous water level measurement 
data were compared to the astronomical tide. It was found that before the earthquake, the recorded water level 
coincide well with the astronomical tide. The land subsidence caused vertical dislocation of the measurement 
device. Therefore, the measured water level deviates from the astronomical tide. This deviation corresponds to 
the subsidence. It was found that the earthquake caused an approximately 39 cm of subsidence at Kobama port. 
The result correlates well with the reported height change, issued by the Geospatial Authority of Japan (GSI). 
The water level analysis can be used to monitor the land subsidence and therefore, will be beneficial in 
reconstruction process concerning future disaster. 
 
1. INTRODUCTION 

The 2011 off the Pacific Coast of Tohoku Earthquake occurred at 14:46 on March 11, 2011. The earthquake 
was recorded at 9.0 (Japan Meteorological Agency (JMA)) with the epicenter approximately 70 km east of the 
Oshika Peninsula of Tohoku. The hypocenter was located at an underwater depth of approximately 30 km. The 
earthquake violently rocked the Tohoku Region to the Kanto Region, and triggered a massive tsunami wave that 
caused severe damages to the coastal area.  

Imakiire and Koarai (2012) provided an overview of the crustal deformation caused by the earthquake. They 
had shown that both the horizontal and the vertical deformation occur along the affected regions, including in 
the Pacific coastal area. The subsidence of several tens of centimeters was recorded along the coast in Miyagi to 
the Ibaraki Prefecture. The GPS Earth Observation Network (GEONET) detected that the earthquake caused a 
great displacement. GSI (2011a) reported that a wide area was affected by this displacement with a maximum 
subsidence of 1.20 m occurred at the Oshika site in Ishinomaki City, Miyagi Prefecture, based on the GPS data, 
as shown in Fig. 1.  

This deformation greatly changed the height of the benchmark points such as that on 14 March, the GSI 
decided that the control points and benchmarks were no longer usable. Their locations and elevation had greatly 
changed by the earthquake. Therefore, the GSI resurveyed and issued a corrected version on 31 October (2011b). 
The height change based on the survey is shown in Fig. 2, which correlates well with those obtained from GPS 
data in Fig. 1. The maximum height change was approximately -1.14 m at the same location.  

The water level data in coastal area, when available, may provide an efficient way to estimate the magnitude 
of land subsidence, following a mega earthquake. Yeh et al. (1995) had shown that a continuous water level 
measurement data in coastal area could be applied to estimate the magnitude of subsidence. They analyzed the 
water level data at Malokurilskaya Bay during the 1994 Shikotan Earthquakes and Tsunami and found that the 
earthquake caused an approximately 53 cm of subsidence.  

Unfortunately, the tsunami triggered by the 2011 off the Pacific Coast of Tohoku Earthquake caused damages 
to most of the water level measurement devices along the coast. However, Kakehi (2011) measured the water 
level data continuously at Kobama harbor during the earthquake. This data set can be used to estimate the 
subsidence at the corresponding location. In this study, the continuous water level measurement data at Kobama 
port were analyzed and compared to the astronomical tide provided by the Japan Meteorological Agency (JMA) 
at Sendai Port. 
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Fig. 1 Vertical displacement caused by the 2011 off the 

Pacific Coast of Tohoku Earthquake (GPS), GSI (2011a) 
 

 
Fig. 2 Height change along the leveling survey, 

GSI (2011b) 

 
 
2. STUDY AREA AND DATA 

The study area is the Kobama harbor, which is located in Sendai Bay, Miyage Prefecture as shown in Fig. 3.  
This harbor is located at the north east of the Sendai Port. Kakehi (2011) measured the water level at this 
location. Although this area was severely damaged by the tsunami, the measurement device in Kobama harbor 
did not suffer from any significant damages and continued to record the water level data continuously with a 10 
minutes interval. It was confirmed that the measurement device was still secured in its position after the tsunami 
with no significant damages (Kakehi, 2011). On the other hand, the measurement device at the Sendai Port was 
damaged by the tsunami and the tidal level was not measured continuously. Nevertheless, the astronomical tide 
at Sendai Port is available. Further discussions in this study will be based on these two sets of water level data.  
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Fig. 3 Study area 
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Fig. 4 Water level data (Kobama) and astronomical tide (Sendai Port), GMT +09:00 

Kobama 

Sendai Port 

183



In this study, the measurement data at Kobama harbor, starting from 14 January to 6 April was obtained and 
used for analysis. The measurement device here was not tied to any control points or benchmarks. Therefore, the 
data were converted based on the average water level from 15 January 2011 00:00 to 11 March 2011 00:00. The 
mean sea level is estimated at +2.08 m. The astronomical tide was obtained at the nearest location, Sendai Port, 
given at an hour interval (JMA, 2011). The mean sea level at Sendai port is +0.90 m. The measurement data at 
Kobama harbor were obtained with an interval of 10 minutes. Thus, the astronomical tide at Sendai Port was 
interpolated. 

The converted data for water level at Kobama harbor and astronomical tide at Sendai Port are shown in Fig. 4.  
The raw data clearly shows the tsunami wave that was caused by the 2011 off the Pacific Coast of Tohoku 
Earthquake. It is also shown here that both data overlaps each other well prior to the earthquake. However, the 
water level at Kobama port shows a consistent shift from the astronomical tide after the tsunami. Hence the 
elevation of the measurement device was lower in the period after the earthquake than in the before. This 
suggests that land subsidence occurred at this location, which will be discussed further in the next section. 
 

3. RESULTS AND DISCUSSIONS 
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Fig. 5 Water level data (Kobama) after removal from the astronomical tide, GMT +09:00 
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Fig. 6 Daily average data, GMT +09:00 
 

The data were analyzed in details to estimate the subsidence in the study area. The water level data were 
separated from the astronomical tide and the result is shown in Fig. 5. According to this figure, the first tsunami 
wave peak arrived at 16:00, or approximately 74 minutes after the earthquake. The water level at this time was 
approximately 5.42 m. The water level drops prior to this peak was approximately 0.78 m at 15:40. Thus, the 
incoming tsunami wave height is approximately 6.19 m, measured from the lowest water level before the peak. 
This agrees well with the results obtained by Kakehi (2011).  

Figures 4 and 5 both show that this shift appears after the initial wave. However, the initial subsidence 
occurrence might be earlier than the tsunami wave. A closer look at Fig. 5 at the period (i) shows a vertical shift 
occurred almost immediately after the initial shock from the earthquake. The water level recorded at 14:40, 6 
minutes before the earthquake was approximately +2.89 cm. The water level suddenly increased to +9.22 cm at 
14:50, 4 minutes after the earthquake. This suggests that the subsidence process may have started although it has 
not reached the maximum value. It should be noted that the subsidence in coastal area might occur due to the 
shock from the earthquake itself and the pore water pressure, in which the later is usually larger. Thus, the initial 
subsidence immediately after the earthquake can be lower. Unfortunately, the sudden drop of water level due to 
the incoming tsunami wave soon followed this shift. Thus, the gradual increased of the subsidence cannot be 
further analyzed.  

Daily averaged water level data were computed based on the measurement data and further adjusted by 
eliminating the daily variations caused by astronomical tide. The results are presented in Fig. 6. It was 
confirmed that the daily averaged water level before the earthquake did not show significant deviation to zero. 
However, their values were greatly increased after the earthquake. This figure shows the shifting of the mean 
water level of approximately 39 cm after the earthquake and tsunami. This vertical shift correlates well within 
the range of the surveyed height change by GSI around Sendai Bay (Fig.2 (i)), from 31 cm to 50 cm. This value 

Mean water level shift 
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also agrees well with the reported seabed subsidence at the nearby southern end of Suzaki Coast (Tanaka et al., 
2014). It is also shown here that after the earthquake on 11 March, there were no significant deviations to the 
new value of mean water level. This suggests that there were no additional subsidence in the following days 
after the major earthquake although there were several major aftershocks occurred. Interesting to note that this 
mechanism is different to the subsidence occurred at Malokurilskaya Bay. There, the subsidence occurred 
gradually which lasted for several days in which the main subsidence was followed by smaller ones due to the 
aftershocks as reported by Yeh et al. (1995). 

 
4. CONCLUSIONS 

The water level data at Kobama harbor has been successfully used to estimate the subsidence caused by the 
2011 off the Pacific Coast of Tohoku Earthquake at the corresponding location. The magnitude of the land 
subsidence was estimated by computing the mean water level shift from the astronomical tide. In addition, the 
water level analysis also shows that the first tsunami wave arrived at approximately 74 minutes after the 
earthquake with a wave height of approximately 6.19 m. 

The water level data at the Kobama harbor correlate well with the astronomical tide prior to the earthquake. 
However, the water level data shifted from the astronomical tide after the earthquake. The subsidence started 
immediately after the initial shock. It was found that the Kobama harbor area suffered from an approximately!
39 cm of subsidence, which corresponds well to the general range of subsidence in this area.  

The methods has shown that the water level data can be used to assessed the subsidence in coastal area that 
can be very useful in the early stage of recovery process concerning future disasters. The method should be 
applied and verified with other data set in various locations.  
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�

1㸬 ࡵࡌࡣ�
⌧ᅾᐇ⏝ࡿ࠸࡚ࢀࡉὠἼ್ᩘࡢゎᯒࣔࡣࣝࢹ⥺ᙧ㛗Ἴᘧࡸ㠀⥺ᙧ㛗Ἴᘧࢆᨭ㓄᪉⛬ᘧ

࠸࡞ࡋ៖⪄ࢆศᩓຠᯝࡵࡓ࠸▷ࡀఏ㊥㞳ࡣ㏆ᆅὠἼࡿࡍ⏕㸪᪥ᮏ㏆ᾏ࡛Ⓨ⯡୍ࠋࡿ࠸࡚ࡋ

ሙྜࡀከࠋ࠸㤳⸨ (1976)ࡣ㸪ᑡ୕ࡶࡃ࡞㝣Ἀ࡛Ⓨ⏕ࡿࡍὠἼ್ᩘࡢィ⟬࠺⾜ࢆሙྜ㸪ศᩓ㡯

ࡋࡋࠋࡿ࠸࡚㏙࠸ࡼࡶ࡚ࡋ㝖እࢆ 1983ᖺ᪥ᮏᾏ୰㒊ᆅ㟈ὠἼ࡛ࡣὸᾏᇦ࡚࠸࠾ὠἼࡀ

┦ࡢศᩓຠᯝ㠀⥺ᙧຠᯝࡣศࣥࢺࣜࢯࡢὠἼࠋࡓࢀࡉㄆ☜ࡀᵝᏊࡍࡇ㉳ࢆศἼࣥࢺࣜࢯ

స⏝ࡵࡓࡿ࠶࡛ࡢࡶࡿࡌ⏕ࡾࡼ㸪㠀⥺ᙧศᩓἼ⌮ㄽࢆᨭ㓄᪉⛬ᘧ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋ

ᚋ⸨ (1984a)ࡣ㏙ࠋࡿ࠸࡚㛫℩ࡣ(2007) ࡽỈᖹᗋࢆఏࣥࢺࣜࢯࡿࡍศἼࡢỈ⌮ᐇ㦂ࢆ⾜

➨ࢆ㸪ศᩓᛶ࠸ 4ḟ࡛ࡲ⪃៖ࡓࡋ Boussinesq (1878)್ᩘ࡚࠸⏝ࢆィ⟬ࠋࡓࡗ⾜ࢆ㛫℩(2007) ࡽ

ࡿࡁ࡛⌧ࡣഴྥ࡞యⓗࡢ⛬ศ㐣ࣥࢺࣜࢯ㸪ࢁࡇࡓࡋẚ㍑ࢆィ⟬⤖ᯝ್ᩘᐇ㦂⤖ᯝࡣ

ࠋࡿ࠸࡚㏙ࡓࡗከࡀࡇࡿࢀࡽぢࡀ㐪┦ࡣ⪅୧ࡣヲ⣽ࡀ  

㠀⥺ᙧศᩓἼᘧࡣ┤᥋○ἼࡿࡼἼ㧗ῶ⾶ࡀィ⟬࡛࠺࠸࠸࡞ࡁၥ㢟ࢯࡵࡓࡢࡇࠋࡿ࠶ࡀ

ὶࡣἼ○ࡋࡋࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡤࢀࡅ࡞ࡽసࢆࣝࢹ㸪ࣔࡋゎ⌮ࢆ㇟⌧Ἴ○ࡢศἼࣥࢺࣜ

యຊᏛⓗࡶᮍゎ᫂࡞ၥ㢟ࡀከࡃ㸪ࣥࢺࣜࢯศἼࡢ○Ἴᣦᶆࡣᐇ㦂ⓗᚓࡓࢀࡽᣦᶆ࠸⏝ࢆ

 ࠋ࠸࡞࠸࡚ࡁ៖࡛⪄༑ศࢆᙳ㡪ࡢἼᙧࡸᆅᙧࡵࡓࡢࡇࠋࡿ࠶࡛≦⌧ࡀࡢࡿ࠸࡚

௨ୖࣥࢺࣜࢯࡽࡇࡢศἼࢆ㧗⢭ᗘ್ᩘィ⟬ࡵࡓ࠺⾜ࢆゎỴࡁࡍㄢ㢟ࡀṧࢀࡉ

ࡢศἼࣥࢺࣜࢯ㸪࠸⾜ࢆㄪᰝ⫣ᩥࡿࡍ㛵ศἼࣥࢺࣜࢯࡣ✲◊ᮏ࡛ࡇࡑࠋࡿ࠼࠸ࡿ࠸࡚

ᩘ್ィ⟬ࡢ㧗⢭ᗘࡅྥᚋ࡞࠺ࡼࡢ᪉㔪࡛ࣥࢺࣜࢯศἼࢆ࠸ࡼࡤ࠼⾜ࢆ✲◊ࡢᥦ

 ࠋࡿ࠶࡛ࡢࡶࡿࡍ

 

2㸬 ࣥࢺࣜࢯศἼࡢ◊✲ືྥ�
2.1.� 㠀⥺ᙧศᩓἼ⌮ㄽࡢ◊✲ືྥ 
ࡣศἼࣥࢺࣜࢯ 1983 ᖺ᪥ᮏᾏ୰㒊ᆅ㟈ὠἼ࡛☜ㄆ࡚ࢀࡉ௨᮶㸪ᩘ್ィ⟬Ỉ⌮ᐇ㦂ࢆ୰

ᚰࡀ✲◊㐍ࠋࡓࡁ࡚ࢀࡽࡵ๓❶࡛㏙ࣥࢺࣜࢯ࠺ࡼࡓศἼ್ᩘࡢィ⟬ࡣ㠀⥺ᙧศᩓἼ

⌮ㄽࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞࠸⏝ࢆ௦⾲ⓗ࡞㠀⥺ᙧศᩓἼ⌮ㄽࡣ Boussinesq (1878)ࡢᘧ㸪Peregrine 

 ᘧ㸪Madesen andࡢሙྜ࠸ࡁࡀᩘࣝࢭ࣮ࡢᘧ㸪ᚋ⸨ (1984b)ࡢᘧ㸪Kakutani (1971)ࡢ(1967)

Sørensen (1992)ࡢᘧࡕ࠺ࡢࡇࠋࡿ࠶ࡀᚋ⸨ (1984b)ࡢᘧ௨እࡢᘧࡣἼ㧗Ỉ῝ẚ┦ᑐỈ῝ࡶࡀ

ࡀᩘࣝࢭ࣮ࡃࡉᑠ ࡣᘧࡢ᪉㸪ᚋ⸨ (1984)୍ࠋࡿ࠸࡚ࢀᑟ࡚ࡋ௬ᐃࡿ࠶࡛࣮ࢲ࣮࢜ࡢ1

Ἴ㧗Ỉ῝ẚࡀ 㛗ࠋࡿ࠸࡚ࢀᑟ࡚ࡋ௬ᐃ࠸ࡁࡀᩘࣝࢭ࣮ࡃࡉᑠࡀ῝ᑐỈ┦࡛࣮ࢲ࣮࢜1

ᑿࡣ(1985) ࡽ㠀⥺ᙧศᩓἼ⌮ㄽࡢ⢭ᗘࢆẚ㍑ࡵࡓࡿࡍỈ⌮ᐇ㦂ࠋࡓࡗ⾜ࢆ㛗ᑿᩘࡀ(1985) ࡽ
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್ィ⟬࡛⏝ࡓ࠸ᘧࡣ Peregrine (1967)ࡢᘧᚋ⸨ (1984b)ࡢᘧ࡛ࡢࡇࠋࡿ࠶⤖ᯝ㸪Peregrine (1967)
㐣ࢆἼ㧗ࡿ࡞ࡃࡁࡀ㸪Ἴ㧗Ỉ῝ẚࡀࡿࡁ࡛⟭ィࡃࡼ⢭ᗘ࠸ࡉᑠࡀἼ㧗Ỉ῝ẚࡣᘧ࡛ࡢ

ホ౯ࡓࡲࠋࡿࡍ㸪Ἴࡢศࡶᐇ㦂್ࡶࡾࡼ᪩ࡃ㉳ࠋࡿࡇᚋ⸨ (1984b)ࡢᘧ࡛ࡣἼ㧗Ỉ῝ẚࡀ
ࡢ㠀⥺ᙧศᩓἼ⌮ㄽࡶ(2002) ࡽ℩ᒾࡽࡉࠋࡓࡗࢃࡀࡇࡿࡁ࡛⟭ィࡃࡼ⢭ᗘࡶ࡚ࡗ࡞ࡃࡁ

⢭ᗘࢆẚ㍑ࡵࡓࡿࡍỈ⌮ᐇ㦂್ᩘィ⟬ࠋࡓࡗ⾜ࢆᒾ℩ࡣ(2002) ࡽᚋ⸨ (1984b)ࡢᘧࡣᐇ㦂
㸪̔̀ࡾ࠾࡚㏙ࡿ࡞ࡃపࡀἼ㧗࡚ẚ್ ᾏᇦ࡛ࡣ Madesen and Sørensen (1992)ࡢᘧࡀ㸪ὸᾏ
ᇦ࡛ࡣ Peregrine ࡚࠸⏝ࡀ(2002) ࡽ℩ᒾࡋࡔࡓࠋࡿ࠸࡚㏙ࡿࡁ࡛⟭ィ್ᩘࡃࡼ⢭ᗘࡀᘧࡢ
ࡿ࠸ Peregrine ࡓࡋศ✚Ỉ῝᪉ྥࡓࡋᨵⰋ࡛(1988) ࡽ℩ᒾࡣᘧࡢ Peregrine ࡢᮏ᮶ࡾ࠶ᘧ࡛ࡢ
Peregrine (1967)ࡢᘧ࡛ࠋ࠸࡞ࡣᒾ℩ࡣ(2002) ࡽ Peregrineࡢᘧ㸪Madesen and Sørensen (1992)ࡢ
ᘧࡣඹ㏻࡚ࡋ➨ 2Ἴ┠௨㝆ࡢศἼᙧࡧࡼ࠾○Ἴ┤๓ࡢᛴ⃭࡞Ἴ㧗ቑᖜࢆ⌧࡛ࡇ࠸࡞࠸࡚ࡁ
ࡿ࠶ࡀᚲせࡃ࠸࡚ࡋウ᳨ࢆࣝࢹಟṇࣔࡢࡽఱ࡚ࡋ㛵␗ᕪࡢ್⟭ィ㸪ᐇ㦂್ࡋᣦࢆ

㏙ࠋࡿ࠸࡚ 
2.2.��  ྥື✲◊ࡢἼ○ࡢศἼࣥࢺࣜࢯ
㠀⥺ᙧศᩓἼ⌮ㄽࡣ㛗ἼࣥࢺࣜࢯࡀศἼኚᙧࡿࡍ㐣⛬ࢆ⌧ࡀࡿࡁ࡛ࡣࡇࡿࡍ㸪ࣜࢯ

㢼Ἴࡣబ⸨ (1995)࡚ࡅྥゎỴࡢၥ㢟ࡢࡇࠋ࠸࡞ࡁ࡛ࡣࡇࡿࡍ⌧ࢆἼኚᙧ○ࡢศἼࣥࢺ
Ἴᣦᶆ○ࡢศἼࣥࢺࣜࢯࡿࡍఏࢆỈᖹᗋࡣ(2001) ࡽ℩ᒾࠋࡓࡵồࢆ⏺Ἴ㝈○ඖࢆᐇ㦂ࡢ

㸪(2001) ࡽ℩ᒾࠋࡓࡵồࢆἼᣦᶆ○ࡢศἼࣥࢺࣜࢯࡿࡍ㐳ୖࢆ໙㓄⦅ࡣ(2005) ࡽ㸪ᯇᒣࡵồࢆ
ᯇᒣࡢ(2005) ࡽᣦᶆࡣඹỈ⌮ᐇ㦂࡚ࡗࡼᚓࡣ(2002) ࡽ⃝῝ࠋࡿ࠶࡛ࡢࡶࡓࢀࡽᒾ℩ࡽ 
ࡀ໙㓄࡚࠸⏝ࢆἼᣦᶆ○ࡢศἼࣥࢺࣜࢯࡓࡵồࡀ(2001) 1/15 ࣥࢺࣜࢯࡿࡍ㐳ୖࢆ㝣ୖࡿ࠶࡛
ศἼࡢ㐳ୖᐇ㦂್ᩘィ⟬ࠋࡓࡗ⾜ࢆᅗ-1ࡢ(2002) ࡽ⃝῝⤖ᯝࠋࡍ♧ࢆ 
ᅗ-1ࣥࢺࣜࢯࡽศἼᩳࡀ㠃ࢆ㐳ୖࡿࡍ┤๓ࡢ○Ἴ⌧㇟ࢆ㧗⢭ᗘィ⟬࡚ࡁ࡛ࡀࡇࡿࡍ

ࢆ㠃ᩳࢆࣝࢹἼࣔ○ࡢ(2001) ࡽ℩ᒾࡣ(2002) ࡽ⃝῝ࡽᯝ⤖ࡢࡇࠋࡿࢃࡀࡇ࠺࠸࠸࡞࠸
㐳ୖࣥࢺࣜࢯࡿࡍศἼࡢ○Ἴࣔࡣࡿࡍࣝࢹ㝈⏺ࡋࡿ࠶ࡀ㸪ᩳ㠃ୖ࡛ࣥࢺࣜࢯࡶศἼ

 ࡣᐇ㦂ࡢ(2005) ࡽ᪉㸪ᯇᒣ୍ࠋࡿ࠸࡚㏙ࡿ࠶ᚲせ࡛ࡀࣝࢹࣔࡿࡁ࡛⌧㧗⢭ᗘࢆἼ○ࡢ

ᅗ-1�  ᅗࢪ࣮࣓ࡢᯝ⤖ࡢ(2002) ࡽ⃝῝

188



ᐇ㝿ࡢ㝣ᲴࢆᐃࡓࡋỈᗏ᮲௳ࡢୗ࡛⾜ࡓࡗᐇ㦂࡛ࡵࡓࡿ࠶㸪⌧ᐇࣥࢺࣜࢯࡢศἼࡢ○Ἴ

ኚᙧ㏆ࠋࡿ࠶࡛ࡢࡶ࠸ᯇᒣࡣ(2006) ࡽᯇᒣࡀ(2005) ࡽồࡓࡵᣦᶆ࡚࠸⏝ࢆ⦆໙㓄ୖࢆ㐳ୖࡍ
ࢆἼἼ㧗○῝㸪○ἼỈ࠸⾜ࢆ⟭ィ್ᩘỈ⌮ᐇ㦂ࡢศἼࣥࢺࣜࢯࡿ ⠊ᅖ࡛᥎ࡢㄗᕪࡢ10%
ᐃ࡛ࠋࡓࡋࡿࡁ 

௨ୖࡢ㠀⥺ᙧศᩓἼ⌮ㄽ○ἼᣦᶆࣥࢺࣜࢯࡾࡼศἼ್ᩘࡢィ⟬ࡀࡢࡿ࠸࡚ࢀࢃ⾜ࡀ

᪥ࣥࢺࣜࢯࡢศἼ◊✲ࠋࡿ࠶࡛≦⌧ࡢ 
 
3㸬㸬 ㄢ㢟ᥦ�
ࡣㄢ㢟ࡓࡅྥ㧗⢭ᗘࡢ⟭ィ್ᩘࡢศἼࣥࢺࣜࢯ 3Ⅼࠋࡿ࠶ձึᮇἼᙧࡢᢕᥱ㸪ղศᩓ

㡯㸪ճ○ἼࡢᨵⰋ࡛ࡢࡇࠋࡿ࠶ 3Ⅼ࡚࠸ࡘ㏙ࠋࡿ�
3.1.� ึᮇἼᙧࡢᢕᥱ 
� ᭱㏆ࡢ㛫℩ึ࡚ࡗࡼ(2007) ࡽᮇἼᙧࡢ㐪ࣥࢺࣜࢯࡾࡼ࠸ศἼࡢⓎ㐩ࡢᵝᏊࡀ㐪ࡇ࠺
ࡋࡋࠋࡿ࠼࠸ࡿ࠶㔜せ࡛ࡣࡇࡿࡍỴᐃ㧗⢭ᗘࢆᮇἼᙧึࡵࡓࡢࡇࠋࡿ࠸࡚ࡗࢃࡀ

ᐇ㝿ึࡣᮇἼᙧࢆ㧗⢭ᗘỴᐃࡣࡿࡍㄢ㢟ࡀከࠋ࠸  
� ึᮇἼᙧࡢỴᐃࡢ᪉ἲࡣ ➨ࠋࡿ࠶ࡘ2 ᪉ἲ࡛ࡿࡵỴࢆᆅ┙ኚ㔞ࡽ㸪ᆅ㟈グ㘓ࡣ᪉ἲࡢ1
ࡣ᪉ἲࡢࡇࠋࡿ࠶ Mansinha and Smylie (1971)ࡢ⤖ᯝ᩿࡚࠸⏝ࢆᒙ㏆ࡢࡃᾏᗏ㠃࡛⏕ࡓࡌ㖄┤ኚ

ࡢሙᡤⓗศᕸࢆỴࡵ㸪ὠἼึࡢᮇἼᙧࢆồࡋࡋࠋࡿ࠶࡛ࡢࡶࡿࡵ㸪ࡢࡇ᪉ἲࡣᆅ㟈᩿ᒙࣔ

࡛⟭㸪ィࡵࡓࡿ࠸࡚ࡋ௬ᐃࡿ࡞ኚື㔞ࡢᾏ㠃ࡲࡲࡢࡑࡀ㖄┤ᆅ┙ኚࡿࢀࡉ⟭ィࡽࣝࢹ

ᚓึࡓࢀࡽᮇἼᙧࡀᐇ㝿ࡢ㇟⌧ࡢ⛬ᗘ୍⮴ࡣࡢࡿ࠸࡚ࡋ࡛᫂ࡽࡉࠋࡿ࠶ὠἼึࡢᮇ

Ἴᙧࡢࡢࡶࡢࡑほ ࡵࡓ࠸࡞ࡀ㸪ࡢࡑၥ㢟᳨ࡀウ࠺࠸࠸࡞࠸࡚ࢀࡉㄢ㢟ࡀᑠụࡽ  (2001)
 ࠋࡿ࠸࡚ࢀࡉᣦ࡚ࡗࡼ
� ➨ ᪉ྥ࡞ࠎᵝࡽᆅⅬྛࡢᾏᓊࡣ᪉ἲࡢࡇࠋࡿ࠶᪉ἲ࡛ࡃᥥࢆ㏫ఏᅗࡢ㸪ὠἼࡣ᪉ἲࡢ2
ࡉ⾜㏫᪉ࡢᾏࡽᆅⅬྛࡅࡔศࡢ㛫ࡓࡋせ࡛ࡲ㸪ὠἼ฿㐩ࡁᥥࢆ⨨ࡢἼ㠃ࡿࡍᨺᑕ

᪉ἲࡢࡇࠋࡿ࠶᪉ἲ࡛ࡿࡍἼ※ᇦࢆ⥺⤡ໟࡢἼ㠃⤊᭱ࡢࡽᆅⅬྛࡓࢀࡽᚓ࡚ࡋ࠺ࡇࠋࡿࡏ

㤳⸨ (1981)ࡀၥ㢟࠺࠸࠸࡞ࡁ࡛ࡣࡇࡿࡍᐃ☜ࢆࡉࡁࡢኚ⛣㔞ࡀࡿࢃࡣἼ※ᇦࡣ࡛
 ࠋࡿ࠸࡚ࢀࡉᣦࡾࡼ
3.2.� ศᩓ㡯 
ศᩓ㡯ࡣ࡚࠸ࡘ, 㛫℩ࡢ(2007) ࡽᐇ㦂࡚ࡗࡼᐇ㦂್ィ⟬್࡛ἼࡢศࡢᵝᏊࡀ㐪࠺

 ࡽ℩㛫ࠋࡓࢀࡽᚓࡀᯝ⤖࠺࠸࠸࡞ࡏぢฟࡀ㈏ᛶ୍ࡶ␗ᕪࡢࡑ㸪ࡾ࠾࡚ࢀࡉㄆ☜ࡀࢁࡇ
ᅗ-2㸪ᅗ-3ࢆᯝ⤖ࡢ(2007) ᅗ-2ࠋࡍ♧ ィ⟬⤖ᯝ್࡛ᩘᐇ㦂⤖ᯝࡢሙྜࡿࡲጞࡽἼࡋᢲࡣ
➨ࡣሙྜࡿࡲἼ࡛ጞࡋᢲࠋࡿ࠶ 1Ἴ┠ࣥࢺࣜࢯࡢศࢆ⌧࡛ࡓࡲࠋࡿࢃࡀࡇ࠸࡞࠸࡚ࡁ
ᘬࡁἼࡽጞࡿࡲሙྜࡣᐇ㦂್ẚ࡚ィ⟬್ࡀ㐣ᑠホ౯ࠋࡓࢀࡉ㛫℩್ᩘࡢ(2007) ࡽィ⟬࡛
➨ࢆศᩓ㡯ࡣᘧࡓࢀࡽ࠸⏝ 4ḟ࡛ࡲ⪃៖ࡿࡍ㏆ఝᗘࡢ㧗࠸ᘧ࡛ࣥࢺࣜࢯࡀࡓࡗ࠶ศࡀ㧗⢭ᗘ
ࡵࡓࡿࡍ⟭ィ㧗⢭ᗘࢆศἼࣥࢺࣜࢯࡽᯝ⤖ࡢࡇࠋࡓࢀࡽᚓࡀᯝ⤖࠺࠸࠸࡞ࢀࡉ⌧

 ࠋࡿ࠼࠸࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋ⟭ィ࡚ࡆୖࢆ㏆ఝ⢭ᗘࡽࡉࡣ
3.3.� ○ἼࡢᨵⰋ 
⌧ᅾࣥࢺࣜࢯࢁࡇࡢศἼࡢ○Ἴࡣᐇ㦂ⓗᚓࡓࢀࡽᣦᶆ࡛⪃៖ࡵࡓࡿ࠸࡚ࢀࡉ㸪ᆅᙧࡸ

Ἴᙧࡢᙳ㡪ࢆ༑ศ⪃៖࡛ࠋ࠸࡞࠸࡚ࡁᒾ℩ࡣ(2001) ࡽỈᖹᗋࢆఏࣥࢺࣜࢯࡿࡍศἼࡢ○ 
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Ἴ᮲௳ࢆᐇ㦂ⓗồࡵ㸪ࡢࡇሙྜࡢ○Ἴ᮲௳ࢆὶ㏿Ἴ㏿ẚࡀ ᯇࡽࡉࠋࡓࡋࡁࡿ࡞0.59
ᒣࡣ(2005) ࡽᐇ㝿ࡢ㝣Ჴࢆ㐳ୖࣥࢺࣜࢯࡿࡍศἼࡢ○Ἴ᮲௳ࢆᐇ㦂ⓗồࡵ㸪ࡢࡇሙྜࡢ
○Ἴ᮲௳ࢆὶ㏿Ἴ㏿ẚࡀ 0.5-1.2  ࡽ℩ᒾࡣ௳Ἴ᮲○ࡓࡵồࡀ(2005) ࡽᯇᒣࠋࡓࡋࡿ࠶㛫ࡢ
 ࡽᯇᒣࠋࡓࡗࢃࡀࡇࡿࢆ್࡞ࡁࡶࡾࡼ್ࡢ௳Ἴ᮲○ࡢศἼࣥࢺࣜࢯࡓࡵồࡀ(2001)
ࡣ(2001) ࡽ℩㸪ᒾ࡚࠸ࡘࡇࡿ࡞ࡃࡁࡶࡾࡼ್ࡓࡵồࡀ(2001) ࡽ℩ᒾࡣ(2005) 3/20໙㓄࡛
ᛴ⃭ὸỈኚᙧࡇࡿ࠸࡚ࡏࡉᑐࡋ㸪ᯇᒣࡢ(2005) ࡽᐇ㦂࡛ࡣ 1/200-1/100 ໙㓄࡛⦅࠺࠸
ὸỈኚᙧࡾ࠾࡚ࡏࡉ㠀⥺ᙧᛶศᩓᛶࡃࡼࡀࢫࣥࣛࣂࡢ㸪ศᩓἼࡢᏳᐃᛶࡀ㧗ࡵࡓ࠸㏙࡚

ࡇࡿ࡞␗ࡃࡁࡀ௳Ἴ᮲○ࡾࡼ࠸㐪ࡢᆅᙧࡽᐇ㦂ࡢ(2005) ࡽᯇᒣ(2001) ࡽ℩ᒾࠋࡿ࠸
⌧ࡀࡢ࠸࡞ࡁ࡛ࡣࡇࡍ⾲࡛ୖ್ᩘࢆᙳ㡪ࡿ࠼௳Ἴ᮲○ࡀ࠸㐪ࡢᆅᙧࡋࡋࠋࡓࡗࢃࡀ

 ࠋࡿ࠶࡛≦
ㄝࢆἼኚᙧ○ࡢศἼࣥࢺࣜࢯ㸪ໟᣓⓗࡋゎ⌮ὶయຊᏛⓗࢆἼኚᙧ○ࡢศἼࣥࢺࣜࢯ

ᅗ-2 ᢲࡋἼࢪ࣮࣓ࡢࢫ࣮ࢣᅗ ᅗ-3 ᘬࡁἼࢪ࣮࣓ࡢࢫ࣮ࢣᅗ�

ᅗ-4 ࣥࢺࣜࢯศἼ◊✲ࡢㄢ㢟ᥦ�
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࡛᫂ࡿࡁ⌮ㄽࡀᚲせ࡛ࠋࡿ࠼࠸ࡿ࠶ 
௨ୖᩥࡢ⊩ㄪᰝㄢ㢟ࡢᢳฟ࡚ࡋࡵࡲࡢ㸪ࣥࢺࣜࢯศἼ◊✲ࡢᚋࡢᒎ㛤ࡢ࡚࠸ࡘ

ᥦࢆᅗ-4ࠋࡓࡵࡲᅗ-4ࡢձࡽճࡀࡿ࠶ࡣ✲◊ࡿ࠸࡚ࡗ⾜ูࢀࡒࢀࡑ࡛ࡲ㸪3 Ⅼࢆ⥲
3ࠋ࠸࡞ࡔࡲࡣ✲◊ࡿ࠸࡚ࡗ⾜࡚ࡋྜ Ⅼࢆ⥲ྜⓗ᳨ウࣥࢺࣜࢯࡀࡇ࠺⾜ࢆ✲◊࡚ࡋศἼ

 ࠋࡿ࠼࠸ࡿ࠶ࡀ᪂つᛶࡢ✲◊ࡢࡇࡇࡇ㸪ࡾ࠶ᥦ࡛ࡢ࡚࠸ࡘᒎ㛤ࡢᚋࡢ✲◊
�
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᪥ᮏᅜࡢᒣᆅὶᇦࡢẼೃ࣭ᆅ⌮᮲௳ὶἣ᭤⥺ᙧ≧ࡢ㛵ಀ㸨�

�

⚟ᓥᏛ⌮ᕤᏛ⩌ඹ⏕࣒ࢸࢫࢩ⌮ᕤᏛ㢮� ཎ⏣� ㈼ᕞ�

⚟ᓥᏛඹ⏕࣒ࢸࢫࢩ⌮ᕤᏛ㢮࣭⚟ᓥᏛ⎔ቃᨺᑕ⬟◊✲ᡤ� ᶓᑿ� ၿஅ�

�

1㸬 ᗎㄽ�
� ὶἣ᭤⥺ࡣỈィ⏬➼ࢀࡽ࠸⏝㸪ຠ⋡ⓗ࡞Ỉ⏝࡛ୖ࠺⾜ࢆ㔜せ࡛ࡀࡿ࠶㸪Ἑᕝὶ㔞ࡢほ ࠸࡚ࢀࢃ⾜ࡀ

Ẽೃ࣭ࡢ㸪ὶᇦࡋᑐࢀࡇࠋ࠸࡞ࡁ࡛ࡀࡇࡿࡍᚓྲྀࢆࢱ࣮ࢹὶ㔞࡞ᚲせ⏬ᥥࡢ⥺ὶἣ᭤ࡣὶᇦ࡛࠸࡞ ᆅ⌮

ᆅ⌮᮲ࡢ➼ᆅᙧ㸪ᆅ㉁㸪ᅵተࡸ௳Ẽೃ᮲ࡢ➼㸪㝆Ỉ㔞㸪Ⓨᩓ㔞ࡽࡇࡿ࠶ᐜ࡛᫆ࡣᚓྲྀࡢࢱ࣮ࢹࡿࡍ㛵

㸪Famer et al. (2003)㸪ᶓᑿ࣭ࡤ࠼ࠋࡿ࠸࡚ࢀࡉ࡞ࡀ✲◊ࡢࡃከ࡚࠸ࡘᡭἲࡿࡍ᥎ᐃࢆ≦ὶἣ᭤⥺ᙧࡽ௳
᭷ാ (2007)㸪Mohamoud (2008)ࡣ㸪ࡢࣝࢹࣔ㐺ྜᛶࡋ┠╔㸪᥎ᐃᡭἲ࡚࠸ࡘሗ࿌ࡓࡲࠋࡿ࠸࡚ࡋ㸪ᚿ
Ỉ (1980)㸪᫂(1981) ࡽ㸪ᆅ㢌⳦࣭➉ୗ (1987)㸪ᶓᑿ࣭Ἀ (2010)ࡣ㸪ὶᇦࡢẼೃ࣭ᆅ⌮᮲௳ὶἣࡢ㛵ಀ

≦ὶἣ᭤⥺ᙧ௳Ẽೃ᮲ࡣSugiyama et al. (2003)㸪ᑠᯇ࣭ᶓᑿ (2013)ࡶ௨እࡽࢀࡇࠋࡿ࠸࡚ࡋㄝ࡚᫂࠸ࡘ
 ࠋࡿ࠸࡚ࡋ⌮ᩚ㝵ᒙⓗࢆ㛵ಀࡢ
� ၥ㢟࠺ࡲࡋ࡚ࡋ౫Ꮡࡃࡁࡀ᥎ᐃ⤖ᯝࡢ≦ὶἣ᭤⥺ᙧὶᇦ≉ᛶࡢᑐ㇟ὶᇦࡣ✲◊ ᪤ࡢࡽࢀࡇ㸪ࡋࡋ

Ⅼࡣࢀࡇࠋࡿ࠶ࡀ㸪ᑐ㇟ὶᇦᩘࡀᑡࡇ࠸࡞㸪ᑐ㇟ὶᇦࡢ㑅ᐃࡀᒁᡤⓗ࡛ࡀࡇࡿ࠶ཎᅉ࡛ࡾࡼࢀࡇࠋࡿ࠶

ὶἣ᭤⥺ᙧ≧ࡢ᥎ᐃᡭἲࢆᑐ㇟ὶᇦ௨እ㐺⏝࡛ྍ࠸࡞ࡁ⬟ᛶࠋࡿ࠶ࡀ 
� 㛵ಀࡢ௳㸪Ẽೃ࣭ᆅ⌮᮲ࡋ㇟ᑐࢆᒣᆅὶᇦ144ὶᇦࡢ㸪᪥ᮏ࠼ࡲ㋃ࢆၥ㢟Ⅼࡢࡇࡣ࡛✲◊㸪ᮏ࡛ࡇࡑ

ࡗ⾜ࢆẚ㍑᳨࣭ドࡢ᥎ᐃ್್ 㸪ᐇ࠸⾜ࢆ᥎ᐃࡢ≦ὶἣ᭤⥺ᙧࡽゎᯒ⤖ᯝࠊࡓࡲࠋࡓࡗ⾜ࢆゎᯒ࡚࠸ࡘ

 ࠋࡓ
�

2㸬 ᪉ἲ�
2.1.� ᑐ㇟ὶᇦ⏝ࢱ࣮ࢹ 
ᮏ◊✲࡛ࡣ᪥ᮏᅜෆࡢᒣᆅὶᇦ144ὶᇦࢆᑐ㇟ࠋࡓࡋ

ᅗ-1 ὶ㒊ୖࡣᑐ㇟ὶᇦࠋࡍ♧ࢆ⨨ほ Ⅼࡢᑐ㇟ὶᇦ
࠼⪄࠸࡞ᑡࡀᙳ㡪࡞㸪ேⅭⓗࡃ࡞ࡀほ ᡤࡸ࣒ࢲࡢ

᮲ࢆࡇ࠸࡞ࡀḞᦆࡢࢱ࣮ࢹ㸪ὶ㔞ࡇࡿ࠶⨨ࡿࢀࡽ

3ࡢ2007ᖺ~2005ࢆᑐ㇟ᖺᗘࡣࢱ࣮ࢹ⏝ࠋࡓࡋ㑅ᐃ௳
ᖺ㛫ࡋ㸪3ᖺศࡢᖹᆒ್ࢆ⟬ฟࢹࡢࢀࡒࢀࡑࠋࡓ࠸⏝ࡋ
ࢫ࣮࣋ࢱ࣮ࢹỈᩥỈ㉁ࡢ┬ᅜᅵ㏻ࢆࢱ࣮ࢹὶ㔞ࡣࢱ࣮

ࢫࢲ࣓ࡢẼ㇟ᗇࢆࢱ࣮ࢹ 㸪᪥㝆Ỉ㔞㸪᭶ูᖹᆒẼࡽ

ࢲᅜᅵᩘ್ࡢ┬ᅜᅵ㏻ࢆࢱ࣮ࢹ㸪ᆅᙧ㸪ᆅ㉁㸪ᅵተࡽ

ࢆ༢ࡣࢱ࣮ࢹὶ㔞ࠋࡓࡋᚓྲྀࡽࢫࣅ࣮ࢧࢻ࣮ࣟࣥ࢘

mm/dayኚࡋ㸪᪥ὶ㔞ࠋࡓ࠸⏝࡚ࡋ 
2.2.� ὶ㔞Ẽೃ࣭ᆅ⌮᮲௳タᐃ 

ᅗᅗ-1� ᑐ㇟ὶᇦࡢほ Ⅼ⨨ 
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ᮏ◊✲࡛ࡣὶἣ᭤⥺ࡢ࡚࠸࠾᮲௳ࡢࡀ㒊ᙳ㡪ࢆཬࢆࡿ࠸࡚ࡋࡰ☜ㄆࡵࡓࡿࡍ㸪≉ὶἣ᭤⥺  ୖ

ὶἣ᭤ࡢᑐ㇟ὶᇦྛࠋࡍ♧ࢆ⥺ὶἣ᭤ࡢᑐ㇟144ὶᇦࡓࡋసᡂᅗ-2ࠋࡓࡋ┠╔ὶ㔞ࡢࡳ㉸㐣☜⋡5%้ࡢ
⥺㞵ἣ᭤ࡢᑐ㇟144ὶᇦࡽ᪥㝆Ỉ㔞ࡓࡋᚓྲྀḟࠋࡓ࠸⏝ゎᯒࡋฟ⟭ࢆὶ㔞Qࡢࡳ㉸㐣☜⋡5%้ࡢୖ⥺
᪥㝆Ỉ㔞ࡢࡳ㉸㐣☜⋡5%้ࡢୖ⥺㞵ἣ᭤ࡢᑐ㇟ὶᇦྛࠋࡍ♧ࢆ⥺㞵ἣ᭤ࡢᑐ㇟144ὶᇦᅗ-3ࠋࡓࡋసᡂࢆ
Pࢆ⟬ฟࡋ㸪᭶ูᖹᆒẼ ඹẼೃ᮲௳࡚ࡋタᐃࡓࡲࠋࡓࡋ㸪ྲྀᚓࡓࡋᆅᙧ㸪ᆅ㉁㸪ᅵተࡽࢱ࣮ࢹGIS

 ࠋࡓࡋタᐃ࡚ࡋ௳㸪ᆅᙧ᮲ࡋฟ⟭ࢆ✚㠃ࡢᆅᙧ㸪ᆅ㉁㸪ᅵተᡂศྛࡢᑐ㇟ὶᇦෆ࡚࠸⏝ࢆ
2.3.� ┦┦㛵ゎᯒ 
� ὶᇦࡢẼೃ࣭ ᆅ⌮᮲௳㛵ࡿࡍ≉ᛶ್ࡀἙᕝࡢὶἣ᭤⥺ࡽᚓࡿࢀࡽὶἣᅉᏊࡿ࠼ᙳ㡪ࢆㄪࡵࡓࡿ୧

ࡵࡓࡿࡍࡃࡍࡸࡾศࢆࡿ࠸࡚ࡋᗘᙳ㡪⛬ࡢࡀ௳᮲ࡢ㒊࡛ࡢࡢୖ⥺ὶἣ᭤ࠋࡓࡗ⾜ࢆ㛵ゎᯒ┦ࡢ⪅

⌮Ẽೃ࣭ᆅࡈ༊㛫࡚ࡋศ3༊㛫ࢆ⥺ὶἣ᭤⪄ཧࢆ㸪Yokoo and Sivapalan(2011)㸪ᑠᯇ࣭ᶓᑿ(2013)

᮲௳ὶἣᅉᏊࡢ㛵ಀࢆㄪ3ࠋࡓ༊㛫ࢀࡒࢀࡑࡣ㉸㐣☜⋡0~30%㸪㉸㐣☜⋡30~70%㸪㉸㐣☜⋡70~100%࡛
ศࠋࡓࡋᮏ◊✲࡛ࡣィ144ὶᇦࢆᑐ㇟࡛ࡢࡓࡋ㸪ᶆᮏᩘࡢ200ࡀሙྜ5ࡢ%᭷ពỈ‽1ࡧࡼ࠾%᭷ពỈ‽㸪
 ࠋࡓࡋᐹ⪄࡚ࡋ┠╔㛵ಀࡓࢀࡽᚓࡀ㛵ಀᩘ┦࡞᭷ពࡿ࠼㉸ࢆ‽㸪5%᭷ពỈᇶࢆ0.139㸪0.182ࢀࡒࢀࡑ
 

3㸬 ⤖ᯝ�
3.1.� ㉸㐣☜⋡ 0~30%༊㛫ࡿࡅ࠾ὶ
㔞Ẽೃ࣭ᆅ⌮᮲௳ࡢ㛵ಀ 
� ┦㛵ゎᯒࡢ⤖ᯝ㸪㉸㐣☜⋡ ࡢ30%~0
༊㛫ࡿࡅ࠾ὶ㔞 Qmax~Q30ࡣ࡚࠸ࡘ

᪥㝆Ỉ㔞 Pࡢ┦㛵ࡶ᭱ࡀᙉࡀࡇ࠸
ศࠋࡓࡗᅗ-4㉸㐣☜⋡5%้ࡢࡳ㝆
Ỉ㔞Pmax~P30㉸㐣☜⋡5%้ࡢࡳὶ㔞

Qmax~Q30ࡢ┦㛵ゎᯒ⤖ᯝࠋࡍ♧ࢆᮏ

ࡢQPࡃ࡞㛵ಀ⋠☜㉸㐣ࡣ࡛✲◊
㛵ಀᘧࢆ༢⣧1ᘧ࡛♧1ࠋࡓࡋᘧ࡛♧
㸪ࡀࡿࢀࡽぢࡀᕪࡢὶᇦ㛫ࡾࡼࡇࡍ

㉸㐣☜⋡ࡈPQࡢ㛵ಀᘧࢆồࡵ
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ᅗ-3� ᑐ㇟144ὶᇦࡢ㞵ἣ᭤⥺ 

ᅗ-4� ㉸㐣☜⋡0~30%㛫ࡢPQࡢ㛵ಀ 

Q = 0.7455P1.0249

R² = 0.6476
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ࠋࡿ࠶ࡀᛶ⬟ྍࡿ࠸࡚ࡋ㐺ࡀ᪉ࡍ♧1ᘧ࡛ࡣ࡛ࡇࡇࡽࡇࡿ࡞ࡃࡉᑠࡶỴᐃಀᩘ್R2ࡾῶࡀᩘࣝࣉࣥࢧࡿ

௨ୖࡽ᪥㝆Ỉ㔞Pὶ㔞Qࡢ㛵ಀࡣᙉࡓࡲࠋࡿࢃࡀࡇ࠸㸪㉸㐣☜⋡ ⥺ὶἣ᭤ࡣ࡚࠸ࡘ༊㛫ࡢ30%~0
ᙧ≧ࢆ㞵ἣ᭤⥺࡚࠸⏝ࢆㄝ࡛᫂ྍࡿࡁ⬟ᛶࠋࡿ࠸࡚ࡋ♧ࢆࡇࡿ࠶ࡀ 
3.2.�� ㉸㐣☜⋡30~70%ࡢ༊㛫ࡿࡅ࠾ὶ㔞Ẽೃ࣭ᆅ⌮᮲௳ࡢ㛵ಀ 
� ┦㛵ゎᯒࡢ⤖ᯝ㸪㉸㐣☜⋡ ὶ㔞ࡿࡅ࠾༊㛫ࡢ70%~30 Q30~Q70ࡣ࡚࠸ࡘⅆᒣᛶᒾ▼㸪῝ᡂᒾ㢮ࡢ┦㛵

⋠☜㸪㉸㐣ࡋࡋࠋࡓࡗศࡀࡇࡿ࠶ࡀ ࡽࡇ࠸పࡀ⋠ኚࡢὶ㔞ࡣ࡚࠸ࡘ༊㛫ࡢ70%~30 Q30 Q70

᥎ᐃࡢ≦ὶἣ᭤⥺ᙧࡣ࡛✲◊ᮏࠋࡿ࠶ࡀᛶ⬟ྍࡿࡁ࡛⌧ࢆ≦ὶἣ᭤⥺ᙧ࡛ࡇࡪ⤖ᑐᩘ㍈ୖ࡛ࢆ2Ⅼ㛫ࡢ

㛵ࡣ࡚ࡋQ30Q702ࡢⅬ㛫ࢆᑐᩘ㍈ୖ࡛⤖࡚ࡗࡼࡇࡪ⌧ࠋࡓࡋࡇࡿࡍ 
� ௨ୖࡽ㸪㉸㐣☜⋡30~70%ࡢ༊㛫ࡢὶ㔞Q30~Q70ࡣ࡚࠸ࡘⅆᒣᛶᒾ▼㸪̔̀ ᡂᒾ㢮ࡢ┦㛵ࡀᙉࡃ㸪Q30

Q702ࡢⅬ㛫ࢆᑐᩘ㍈ୖ࡛⤖࡚ࡗࡼࡇࡪὶἣ᭤⥺ᙧ≧ࢆ⌧࡛ྍࡿࡁ⬟ᛶࠋࡿ࠶ࡀ 
3.3.� ㉸㐣☜⋡70~100%ࡢ༊㛫ࡿࡅ࠾ὶ㔞Ẽೃ࣭ᆅ⌮᮲௳ࡢ㛵ಀ 
� ὶ㔞 Q70~Q100ⅆᒣᛶᒾ▼ V⅊Ⰽᅵ
ተ Gࡢ┦㛵ゎᯒ⤖ᯝࢆᅗ-5㸪ᅗ-6ࡑ

▼ⅆᒣᛶᒾࡽᅗࡢࡽࢀࡇࠋࡍ♧ࢀࡒࢀ

⅊Ⰽᅵተ㛵ࡣ࡚ࡋὶ㔞ࡢ┦㛵ಀᩘࡀ

ᑠࡃࡉ㸪┦㛵࠺ࡼ࠸࡞ࡀぢཷࠋࡿࢀࡽࡅ

ⅆᒣὶ㔞ྛࡢ࡛ࡲ㸪ὶ㔞Q70~Q100ࡋࡋ

ᛶᒾ▼ V㸪⅊Ⰽᅵተ G ࡇ࠸ᙉࡣ㛵┦ࡢ
⋠☜㉸㐣ࡽ ὶ㔞ࡢ༊㛫ࡢ100%~70 Q
ⰍᅵተG⅊ⅆᒣᛶᒾ▼Vࡣ࡚ࡋ㛵
 ࠋࡿ࠼࠸ࡿ࠶ࡀ㛵┦㛫ࡢ
༊㛫ࡢ㉸㐣☜⋡30~70%㸪ඛ࡛ࡇࡇ
ࡽࡇ࠸పࡀ⋠ኚࡢ㸪ὶ㔞࡚࠸ࡘ

Q30Q70ࡢ 2Ⅼ㛫ࢆᑐᩘ㍈ୖ࡛⤖ࡇࡪ
࡛ὶἣ᭤⥺ᙧ≧ࢆ⌧࡛ྍࡿࡁ⬟ᛶ࠶ࡀ

ὶ㔞ࡈὶᇦࡣ༊㛫ࡢࡇ㸪ࡀࡓ㏙ࡿ

ࡶ⋠ኚࡢὶ㔞ࡓࡲ㸪ࡃࡁࡀࡁࡘࡽࡤࡢ

ࡵࡓ࠸ࡁ㉸㐣☜⋡30~70%ࡢ༊㛫࠺ࡼࡢ
 Q70~Q100ࡢ 2 Ⅼ㛫ࢆᑐᩘ㍈ୖ࡛⤖ࡇࡪ
࡞ࡉ㐺ࡣࡢࡿࡍ⌧ࢆ≦ὶἣ᭤⥺ᙧ࡛

࠸࠾༊㛫ࡢࡇ㸪࡚ࡗࡼࠋࡿࢀࡽ࠼⪄࠸

▼ⅆᒣᛶᒾࡣ࡚ V㸪⅊Ⰽᅵተ Gὶ㔞Q
ࡿࡍ᥎ᐃࢆ≦ὶἣ᭤⥺ᙧࡽ㛵ಀᘧࡢ

 ࠋࡿࢀࡽ࠼⪄ࡿࡍ㐺ࡀࡢ
� ⋠☜㉸㐣㸪ඛࡓࡲ ༊㛫ࡢ30%~0
ࡘ㛵ಀᘧࡢὶ㔞Q᪥㝆Ỉ㔞P࡚࠸࠾
㸪ࡀࡓࡋ♧1ᘧ࡛ࡃ࡞㛵ಀ⋠☜㉸㐣࡚࠸

ୖ㏙ࡢࡇ࠺ࡼࡢ༊㛫ࡣὶ㔞ࡢኚ⋡ࡀ

ᅗᅗ-5� V㉸㐣☜⋡70~100%㛫ࡢQࡢ㛵ಀ 

ᅗ-6� G㉸㐣☜⋡70~100%㛫ࡢQࡢ㛵ಀ 

Q = 1.0874V0.1053

R² = 0.0402
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ࡵࡓ࠸ࡁ㸪1ᘧ༢⣧ࡎࡏࡣࡇࡿࡍ㉸㐣☜⋡5%้ࡢࡳὶ㔞Qࡈᘧࢆồࡵ᥎ᐃࠋࡓࡋࡇ࠺⾜ࢆ 

� ௨ୖࡽ㸪㉸㐣☜⋡70~100%ࡢ༊㛫ࡢὶ㔞Q70~Q100ࡣ࡚࠸ࡘⅆᒣᛶᒾ▼V㸪⅊ⰍᅵተGࡢ┦㛵ࡀᙉࡃ㸪
ⅆᒣᛶᒾ▼V㸪⅊ⰍᅵተGࡽὶ㔞Q70~Q100ࢆ᥎ᐃ࡛ྍࡿࡁ⬟ᛶࡀࡇࡿ࠶ࡀศࠋࡿ 
3.4.�� ᐇ ್᥎ᐃ್ࡢẚ㍑ 
� ゎᯒ⤖ᯝࡽᚓࡓࢀࡽ▱ぢࢆᇶᑐ㇟

ὶᇦࡢᐇ ್ࡽసᡂࡓࡋὶἣ᭤⥺㛵

ಀᘧࡽ᥎ᐃࡓࡋὶ㔞ࢆᇶసᡂࡓࡋὶ

ἣ᭤⥺ࡢᙧ≧ࡢẚ㍑㸪᳨ ドࠋࡓࡗ⾜ࢆ㉸

㐣☜⋡ ᥎ࡢὶ㔞Qmax~Q30ࡢ༊㛫ࡢ30%~0

ᐃ್ࡣᅗ-4 ୰ࡢᘧྛ࡚࠸⏝ࢆὶᇦࡢ
Pmax~P30ࡽ⟬ฟࠋࡓࡋ㉸㐣☜⋡70~100%
ὶ㔞ࡢ༊㛫ࡢ Q70~Q100ࡢ᥎ᐃ್ࡣ㉸㐣☜

ⅆᒣᛶᒾ▼V㸪⅊Ⰽᅵተࡈࡳ5%้⋠
Gࡢ㛵ಀᘧࢆồࡵ㸪⟬ฟࡓࡲࠋࡓࡋ㸪㉸
㐣☜⋡ ࡣ࡚࠸ࡘ༊㛫ࡢ70%~30 Q30

Q702ࡢⅬ㛫ࢆᑐᩘ㍈ୖ࡛⤖࡛ࡇࡪᙧ≧
 ࠋࡓࡋ⌧ࢆ
� ᅗ-7㸪ᅗ-8㸪ᅗ-9ࢀࡒࢀࡑᅇࡢᑐ㇟
ὶᇦࡽ㑅ฟࡓࡋᑎෆほ ᡤᒾฟほ 

ᡤ⚟ᒣほ ᡤࡢᐇ ್ࡽసᡂࡓࡋὶ

ἣ᭤⥺᥎ᐃ್ࡽసᡂࡓࡋὶἣ᭤⥺ࢆ

 ࠋࡍ♧ࢀࡒࢀࡑ
� ᅗ-7 ㏻ࢆయࡣ࡚࠸ࡘᑎෆほ ᡤࡢ
ᙧ≧⮬యࡢࡢࡶࡿ࠶ࡣᕪ್ࡢ㸪ὶ㔞࡚ࡋ

⋠☜㉸㐣≉ࠋࡿ࠸࡚ࡁ࡛⌧ẚ㍑ⓗࡣ

⌧ࡲࡲࡢࡑࡰࢆ≦ᙧࡣ༊㛫ࡢ70%~30
 ࠋࡿ࠸࡚ࡁ࡛
� ḟᅗ-8 ࡁࡀ್ࡢ᥎ᐃ್್ ᐇࡣ
࠸⏝ᅇࡣࢀࡇࠋࡿ࠸࡚ࡗࡲࡋ࡚ࡗ࡞␗ࡃ

Ẽೃ࣭ࡓ ᆅ⌮᮲௳௨እὶ㔞ኚືస⏝ࡋ

ࡿ࠸࡚ࡋᏑᅾࡣὶᇦࡢࡇࡀせᅉࡿࡃ࡚

ẚ㍑ⓗࡣ㸪ᙧ≧⮬యࡋࡋࠋࡿࢀࡽ࠼⪄

 ࠋࡿࢀྲྀࡳㄞࡀࡇࡿ࠸࡚ࡁ࡛⌧ࡃࡼ
� ᅗ-9 ≦᥎ᐃ್࡛ᙧ್ ᐇࡣ࡚࠸ࡘ
⋠☜㉸㐣≉ࠋࡿ࠸࡚ࡗ࡞␗ࡃࡁࡀ

࡞␗ࡀ≦ᙧࡃࡁ࡚࠸ࡘ༊㛫ࡢ70%~30
᥎ᐃࡢQ70Q30ࡽࡇࡢࡇࠋࡿ࠸࡚ࡗ

┤ࡵࡓࡿ࠸࡚ࡗ࡞␗ࡃࡁ್ ᐇࡀ್

ᅗᅗ-7� ᑎෆほ ᡤࡢᙧ≧ẚ㍑ 

ᅗ-8� ᒾฟほ ᡤࡢᙧ≧ẚ㍑ 

ᅗ-9� ⚟ᒣほ ᡤࡢᙧ≧ẚ㍑ 
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☜㉸㐣༊㛫ࡢ㉸㐣☜⋡0~30%ࡣ࡚ࡋ㛵ᒣほ ᡤὶᇦ⚟ࠋࡿࢃࡿ࠸࡚ࡗ࡞ࡃᝏࡀ⌧ᛶ㝿ࡔࢇ⤖࡛⥺

 ࠋࡿࢀࡽ࠼⪄ᚲせࡀゎᯒࡢ௳Ẽೃ࣭ᆅ⌮᮲࡚ࡋ⣽ศ᭦࡚࠸ࡘ༊㛫ࡢ100%~70⋠
 

4㸬㸬 ⪃ᐹ 
� ᅗ-4 ⋠☜㉸㐣ࡽ ⥺ὶἣ᭤ࡓ࠸⏝ࢆ᥎ᐃ್್ 㸪ᐇࡃᙉࡶ᭱ࡀ㛵┦ࡢ᪥㝆Ỉ㔞ὶ㔞ࡢ༊㛫ࡢ30%~0
ᑠᯇ࣭ࠋࡓ࠸࡚ࡁ࡛⌧ẚ㍑ⓗࡣ≦ᙧࡶᙧ≧ẚ㍑࡛ࡢ ᶓᑿ (2013)ࡢࡇࡶ࡛✲◊ࡢ༊㛫ࡣ㞵ἣ᭤⥺ࡽὶἣ᭤⥺
ᙧࡢ⥺ὶἣ᭤ࡣ᥎ᐃ್್࡛ ᐇ࠺ࡼࡢ㸪ᅗ-7㸪ᅗ-8ࡋࡋࠋࡿ࠸࡚ࡋࡿ࠶ࡀᛶ⬟ྍࡿࡁㄝ࡛᫂ࢆᴫᙧࡢ

㸪್ࡀࡓ࠸࡚ࡁ࡛⌧ẚ㍑ⓗࡣ≦ 㸪ὶᇦࡎࡏ៖⪄ࢆẼೃⓗ࣭ᆅ⌮ⓗከᵝᛶࡣࢀࡇࠋࡓ࠸࡚ࡗࡲࡋ࡚ࡗ࡞␗ࡣ

࡛㞵ἣ᭤⥺ࡢ୍ྠࡢ㛵ಀᘧࡽヨ⟬ࠋࡿࢀࡽ࠼⪄ࡵࡓࡓࡗ⾜ࢆMohamoud (2008)ࡢ࣓࢝ࣜࡣ୰㒊すὒ
ἢᓊᆅᇦࢆᑐ㇟ࡢ✲◊ࡓࡗ⾜࡚ࡋ୰࡛㸪㉸㐣☜⋡0~30%ࡢ༊㛫ࡿࡅ࠾ὶἣᅉᏊ࡚ࡋQ0.1㸪Q0.5㸪Q1㸪Q5㸪

Q10㸪Q20㸪Q30ࡀࡿ࠸࡚ࡗᢅࢆ㸪ࡢࡑ୰࡛Q0.1~Q5ࡢᙳ㡪ࡣ࡚࠸ࡘᆅ⌮᮲௳ࡢ᪉ࡀẼೃ᮲௳ẚ࡚࠸ࡁ

㸪ᅇࡋ⣽ศࢆ⋠☜㉸㐣ࡽࡉࡣ࡚࠸ࡘὶ㔞ࡢ༊㛫ࡢࡇࡽࡇࡢࡇࠋࡿ࠸࡚ࡋ♧࡚ࡗࡼࣝࢹࣔࢆࡇ

 ࠋࡿࢀࡽ࠼⪄ࡿ࠶ᚲせ࡛ࡀᙧ㊧࡚࠼ຍࡶ௳᮲ࡢᆅ⌮᮲௳௨እࡓ࠸⏝

� ḟᅗ-5㸪ᅗ-6ࡽ㉸㐣☜⋡70~100%ࡢ༊㛫࡛ࡣⅆᒣᛶᒾ▼⅊Ⰽᅵተࡢ㛵ಀࡀᙉࡃ㸪ࡢࡇ༊㛫ࡢὶἣ᭤
⥺ᙧ≧ࡢࡇࢆࡢࡘ᮲௳࡚࠸⏝ࢆㄝ࡛᫂ྍࡿࡁ⬟ᛶࡿ࠶ࡀศࠋࡓࡗ᫂(1981)ࡽ࡛ ὶἣᅉࡢᖹỈ㔞௨㝆ࡶ
Ꮚᑐࡿࡍつᐃຊࡀࡣࡢ࠸ࡁᆅ㉁せᅉ࡛ࡿ࠶ሗ࿌ࠋࡿ࠸࡚ࢀࡉᅗ-7㸪ᅗ-8㸪ᅗ-9࡛ࡶὶἣ᭤⥺ࡢᙧ≧ࡣẚ
㍑ⓗ⌧࡛ࡋࡋࠋࡿ࠸࡚ࡁ㸪ࡢὶᇦࡶᐇ ್᥎ᐃ್್ࡣᕪࡓࡲࠋࡓࡌ⏕ࡀ㸪ᑠᯇ࣭ ᶓᑿ (2013)㸪Castellarin 
et al. (2004)㸪Botter et al. (2008)ࡣẼೃ࣭ ᆅ⌮᮲௳ὶἣ᭤⥺ᙧ≧ࡢ㛵ಀᏘ⠇ᛶࡢᙳ㡪ࡇࡿ࠸࡚ࡋࡿ࠶ࡀ

㸪ࢀࡽ࠼⪄ࡿ࠸࡚࠼ࢆᙳ㡪ࡀせᅉࡓࡗ࠸㞵ᏘᏘࡧᏘ⠇ᛶཬࡓࡗ࡞࠸⏝ᅇࡣὶ㔞ࡢ༊㛫ࡢࡇ㸪ࡽ

ᚋࡢࡽࢀࡇࡣ᮲௳ࡶຍࡓ࠼ゎᯒࡀᚲせ࡛ࠋࡿ࠶ 
� ᭱ᚋὶἣ᭤⥺ᙧ≧ࡢ᥎ᐃ⤖ᯝࡿࡍ┠╔㸪ࡡࡴ࠾࠾ᅗ-7㸪ᅗ-8࠺ࡼࡢẚ㍑ⓗᙧ≧ࢆ⌧࡛ࡀࡿ࠸࡚ࡁ
ᅗ-9࠺ࡼࡢࡃࡁᙧ≧ࡿ࡞␗ࡀὶᇦࡶᏑᅾࡣࢀࡇࠋࡓࡋ㝆㞷ࡢ᭷↓ࡸ↓㝆㞵᪥ᩘ➼ࢆ⪃៖ࡵࡓ࠸࡞࠸࡚ࡋ
Ẽೃ࣭ࡓ࠼ຍࢆࡽࢀࡇࡣ࡚ࡋ㛵ὶᇦࡓࡗ࡞␗ࡀ≦ᙧ࠺ࡼࡢᅗ-9ࡣ㸪ᚋࢀࡽ࠼⪄ ᆅ⌮᮲௳ࡢぢ┤ࡀࡋᚲせ

 ࠋࡿࢀࡽ࠼⪄

 

5㸬 ⤖ㄽ 
� ᮏ◊✲࡛ࡣ᪤ ◊✲ࡶࡾࡼᑐ㇟ὶᇦࢆᣑࡋ㸪ὶ㔞Ẽೃ ᆅ࣭⌮᮲௳ࡢ㛵ಀࢆ⪃ᐹࡇࡿࡍ㸪⪃ᐹ⤖ᯝ

Ẽೃ࣭ὶ㔞㇟ᑐࢆᒣᆅὶᇦ144ὶᇦࡢ㸪᪥ᮏ࡚ࡋⓗ┠ࢆࡇ࠺⾜ࢆ᥎ᐃࡢ≦ὶἣ᭤⥺ᙧࡽ ᆅ⌮᮲௳

 ࠋࡍ♧௨ୗࢆᯝ⤖ࡓࢀࡽᚓࠋࡓࡗ⾜ࢆ㛵ゎᯒ┦ࡢ
ձ ㉸㐣☜⋡ ࠋࡓࡗศࡀࡇࡿ࠶ࡀᛶ⬟ྍࡿࡁㄝ࡛᫂ࢆ≦ᙧࡢ⥺ὶἣ᭤࡚࠸⏝ࢆ⥺㞵ἣ᭤ࡣ༊㛫࡛ࡢ30%~0
 ࠋࡿ࠶ᚲせ࡛ࡀゎᯒࡓ࠼ຍࡶ௳㸪ᆅ⌮᮲ࡋ⣽ศࢆ⋠☜㉸㐣ࡣ࡚࠸ࡘ␗ᕪࡢ᥎ᐃ್್ 㸪ᐇࡋࡋ

ղ ㉸㐣☜⋡30~70%ࡢ༊㛫࡛ࡣQ30Q702ࡢⅬ㛫ࢆᑐᩘ㍈ୖ࡛⤖࡛ࡇࡪὶἣ᭤⥺ᙧ≧ࢆ⌧࡛ྍࡿࡁ⬟ᛶ
 ࠋࡓࡗศࡀࡇࡿ࠶ࡀ

ճ ㉸㐣☜⋡70~100%ࡢ༊㛫࡛ࡣⅆᒣᛶᒾ▼⅊Ⰽᅵተࡢ┦㛵ࡀᙉࡃ㸪ὶἣ᭤⥺ࡢᴫᙧࢆㄝ࡛᫂ྍࡿࡁ⬟ᛶ
ࡓ࠼ຍࡶ௳᮲ࡓࡗ࠸㞵ᏘᏘࡸᏘ⠇ᛶ࡚࠸ࡘ␗ᕪࡢ᥎ᐃ್್ ᐇࡣᚋࠋࡓࡗศࡀࡇࡿ࠶ࡀ

ゎᯒࡀᚲせ࡛ࠋࡿ࠶ 
մ ὶἣ᭤⥺ᙧ≧ࡢ᥎ᐃ࡚࠸ࡘᙧ≧⮬యࡣ⌧࡛ࡿ࠸࡚ࡁὶᇦࡃࡁᙧ≧ࡿ࡞␗ࡀὶᇦศࡲࡋ࡚ࢀ
ࡢ௳Ẽೃ࣭ᆅ⌮᮲ࡓ࠼ຍࢆ➼᭷↓㸪↓㝆㞵᪥ᩘࡢ㝆㞷ࡣ࡚ࡋ㛵ὶᇦࡓࡗ࡞␗ࡀ≦ᙧࡃࡁࡣᚋࠋࡓࡗ
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ぢ┤ࡀࡋᚲせ࡛ࠋࡿ࠶ 

 

ㅰㅰ㎡ 
� JST/JICA-SATREPSࠕẼೃኚືᑐࡿࡍỈศ㔝ࡢ㐺ᛂ⟇❧࣭ᐇᨭࡢ࣒ࢸࢫࢩᵓ⠏㸦IMPAC-T㸧ࠖ㸪ᮾ

Ꮫ⅏ᐖ⛉Ꮫᅜ㝿◊✲ᡤࠕ≉ᐃࢺࢡ࢙ࢪࣟࣉ◊✲㸦B-18㸧ࠖ㸪⛉Ꮫ◊✲㈝⿵ຓ㔠㸦ⱝᡭ◊✲ B㸪24760388㸧㸪⛉

Ꮫ◊✲㈝⿵ຓ㔠ᇶ┙◊✲B㸪22360192㸧ࡢᡂᯝ୍ࡢ㒊࡛ࡿ࠶㸬ᮏ◊✲࡛ࡣ㸪ᅜᅵ㏻┬ᡤ⟶ࡢỈᩥỈ㉁ࢱ࣮ࢹ

 ࠋࡍ⾲ࢆពࡢឤㅰࡇࡇࠋࡓࡋ⏝άࢆẼ㇟⤫ィሗࡢ㸪Ẽ㇟ᗇࢫࣅ࣮ࢧࢻ࣮ࣟࣥ࢘ࢲ㸪ᅜᅵᩘ್ࢫ࣮࣋
 
ཧ⪃ᩥ⊩ 
Botter, G., Zanardo, S., Porporato, A., Rodriguez-Iturbe, I., Rinaldo, A. (2008), Ecohydrological model of flow duration 

curves and annual minima, Water Resour. Res., 44, W08418, doi:10.1029/2008WR006814. 

Castellarin, A., Vogel, R. M., Brath, A. (2004), A stochastic index flow model of flow duration curves, Water Resources 
Reserch., 40, W03104. 
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Res.,39,1035, doi: 10.1029/2001 WR000328. 
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flow duration curves, Hydrol. Sci. J., 53, 706-724. 
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141-147. 
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B1(ỈᕤᏛ)㸪Vol.69㸪481-486㸬 
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㸨Exploring the relationships between low-flows and physiographic watershed characteristics by Yuuichi 
Sato and Yoshiyuki Yokoo 

ὶὶᇦࡢẼೃ࣭ᆅ⌮᮲௳ῬỈẚὶ㔞ࡢ㛵ಀ��

⚟ᓥᏛඹ⏕࣒ࢸࢫࢩ⌮ᕤᏛ㢮� బ⸨� 㞝୍�

⚟ᓥᏛඹ⏕࣒ࢸࢫࢩ⌮ᕤᏛ㢮� ᶓᑿ� ၿஅ�

�

1㸬ࡵࡌࡣ�
� ῬỈὶࠋ࠸࡞࠸࡚ࢀࡉᐃ≉ࡔᮍࡢ࠸ࡁࡀὶᇦ࡛ῬỈὶ㔞ࡿ࠶ὶᇦ᮲௳ୗ࡞࠺ࡼࡢ

㔞ࡀ࠸ࡁὶᇦࡣᆅୗỈࡢࡑࢆ㉳※ྍࡿ࠸࡚ࡋ⬟ᛶࡀ㧗ࡵࡓ࠸㸪ῬỈὶ㔞ࡀ࠸ࡁᆅᇦඹ

㏻ࡿࡍὶᇦ᮲௳ࢆ⌮ゎࡤࢀࡅ࡞ࡋ㸪ᆅୗỈࡢ⏝ಁࢆ㐍ࡶ࡚ࡋⰋ࠸ᆅᇦ᥍ࡁࡿ࠼ᆅᇦࢆ᫂

ࡢὶᇦ㸪ῬỈὶ㔞ࡣ�ᚿỈ�1980࡚ࡋᑐၥ㢟ࡢࡇࠋࡿ࠶≦⌧࠸࡞ࡁ࡛ࡀࡇࡿࡅぢศ☜
ᆅ㉁࣭ᆅᙧ࣭᳜⏕ࡢ㛵ಀ᳨࡚࠸ࡘウ࡛ࡇࡿࡍ㸪5✀㢮ࡢᆅ㉁(➨ᅄ⣖ⅆᒣᒾ㢮㸪➨୕⣖ⅆ
ᒣᒾ㢮㸪ⰼᓵᒾ㢮㸪୰࣭ྂ⏕ᒙ㸪➨୕⣖ᒙ)ࡽῬỈὶ㔞ࡾࡼࡀ㇏ᐩ࡛ࡿ࠶ὶᇦࢆᢕᥱ࡚ࡋ㸪ࡑ
ᒣᆅࡢኴᖹὒഃࡣ��1981ࡽ㸪᫂ࡓࡲࠋࡓࡋᐹ⪄ࡿ࠶ὶᇦ࡛࡞Ⰻዲࡢ⬟Ỉ※ᾰ㣴ᶵࢆὶᇦࡢ
Ἑᕝࢆᑐ㇟ࡓࡋẼೃ༊ศ࣭ᆅ㉁༊ศูὶ㔞ࡢせᅉศᯒ᳨ࢆド࡛ࡇࡿࡍ㸪ᆅ㉁༊ศᑐ

ᛂ࡚ࡋὶᇦࡢᆅୗỈ㈓␃⬟ࡧࡽ࡞ὶฟㄪ⠇ᶵ⬟᭷ព࡞┦㐪ࡿ࠶ࡀ⪃ᐹࠋࡓࡋ�

ぢࢆࡏࢃྜࡳ⤌ࡢ௳᮲࡞㐺࡚᭱ࡋᆅୗỈᾰ㣴ᆅࡢ㸪᪥ᮏᅜ࡚࠼ࡲ㋃ࢆ✲◊⾜ඛࡢࡽࢀࡇ

ฟࡤࢀࡁ࡛ࡀࡇࡍ㸪Ỉ※ᆅࡢ≉ᐃྍࡿࡁ࡛ࡀ⬟ᛶࡀ㧗࠸⪃ᐹࠋࡿࡍ  
ὶᇦ࠸ࡁࡀࣝࣕࢩࣥࢸ࣏Ỉ※ᾰ㣴ࢆὶᇦࡍࡓ‶ࢆ௳㸪ὶᇦ᮲࠸ࡽ࡞��2011ࡽᶓᑿ࡛ࡇࡑ

ࡇࡿࡍసᡂ࡚ࡋࣉࢵ࣐ࣝࣕࢩࣥࢸ࣏Ỉ※ᾰ㣴ࡢ᪥ᮏᅜࡓࡋ♧⾲㸪ᆅᅗୖࡋ௬ᐃࡿ࠶࡛

௳Ẽೃ࣭ᆅ⌮᮲ࡢὶᇦෆࡢࡑῬỈὶ㔞ࡢሖ࣭ほ ᡤ࣭࣒ࢲ㸪ࡣ࡛✲◊ᮏ≉ࠋࡍᣦ┠ࢆ

ࡍⓗ┠ࢆࡇࡿࡍࡽ᫂ࢆ௳᮲ࡢὶᇦࡿ࠸࡚ࡋᏳᐃࡀῬỈὶ㔞ࡢࡃከࡾࡼ㸪ㄪࢆ㛵ಀࡢ

�ࠋࡿ

�

2㸬᪉ἲ�
2.1� ᑐ㇟ὶᇦࡢ㑅ᐃ 
� ᮏ◊✲ࡣ㸪ᅗ-1ࡍ♧᪥ᮏᅜࡢィ
㇟ᑐࢆሖ࣭ほ ᡤ࣭࣒ࢲࡢᡤ145
࠶㸪Ἑᕝୖὶࡣὶᇦࡢࡽࢀࡇࠋࡓࡋ

㸪ࡎࡽ࠾࡚ࡅཷࢇࢆᙳ㡪ࡢ㸪ேࡾ

ࠋࡔࢇ㑅ࢆὶᇦ࠸࡞ᑡࡀ Ḟࡢࢱ࣮ࢹ

㸪Ẽೃࡣὶᇦ࠸ࡉᑠࡀ✚㸪ὶᇦ㠃࠾࡞

ኚືࡸ㞟୰㞵ࡢᙳ㡪ࢆᙉࡿࡅཷࡃ

✚㸪ὶᇦ㠃ࡵࡓࡿࢀࡽ࠼⪄ 10km2௨ୗ

ࠋࡓࡋᑐ㇟እࢆሖ࣭ほ ᡤ࣭࣒ࢲࡢ  

2.2� ῬỈὶ㔞ࡢ⟬ฟ 
� ᑐ㇟ὶᇦࡢὶ㔞ࡣ㸪ᅜᅵ㏻┬ࡀᡤ

ᅗ-1� ᑐ㇟ὶᇦࡢ⨨ 

䠖ᑐ㇟ὶᇦ
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ࡁฟ࡛⟭ࡽ᪥ὶ㔞ࡣᅗ-2ࠋࡓࡋᚓྲྀࡽࢱ࣮ࢹ᪥ὶ㔞ࡿࡅ࠾ࢫ࣮࣋ࢱ࣮ࢹỈᩥỈ㉁ࡿࡍ⟶
࡛ୖ⥺ὶἣ᭤ࡣ㸪ῬỈὶ㔞࡚࠸࡚ࡋ♧ࢆ⥺ὶἣ᭤ࡿ 㸪ῬỈࡓࡲࠋࡿ࠶ὶ㔞࡛ࡿࡓ࠶┠␒355
ὶ㔞ࡣ 2005ᖺࡽ 2007ᖺࡢ࡛ࡲ᪥ὶ㔞ࢱ࣮ࢹ 3ᖺศࡢᖹᆒ್ࠋࡓ࠸⏝ࢆḞ ࡿ࠶ࡀὶᇦࡘ
ࡓࡗ⿵࡛ࢱ࣮ࢹࡢᖺࡃ㝖ࢆᖺ࠺ࡿ࠺㸪ࡣ࡚࠸ 3ᖺศࡢᖹᆒ್ࠋࡓ࠸⏝ࢆ 

2.3�� ᆅ⌮᮲௳ࡢ⟬ฟ 
� ὶᇦࡢᆅ⌮᮲௳ࢆᢳฟࡵࡓࡿࡍ㸪ᆅ⌮ሗ࣒ࢸࢫࢩ㸦Geographical Information Systems㸸GIS㸧
ࡢ⾜㸪ᅜᅵᆅ⌮㝔Ⓨࡣసᴗࡢࡇࠋࡓࡗ⾜ࢆసᴗࡍฟࡁᢤࢆࡳࡢᑐ㇟ὶᇦ࡚࠸⏝ࢆ 50m࣓ࢩࢵ
ィ⟬㸪ճࡢኚ㸪ղὶྥࡢࢱ࣮ࢹࢱࢫࣛࡢࢱ࣮ࢹࢺ࣏ࣥ㸪ձᶆ㧗ࡋ⏝ࢆࢱ࣮ࢹᶆ㧗ࡢࣗ

⣼✚ὶ㔞ࡢィ⟬㸪մ⣼✚ὶ㔞ࡓ࠸⏝ࢆ್ࡢᨭὶࡢศ㸪յ㞟Ỉᇦࡢࢱ࣮ࢹసᡂ㸪նసᡂࡓࡋ

ὶᇦෆࡢᆅᙧ᮲௳ࢆ⟬ฟࡵࡓࡿࡍ㸪࡚ࡗࡼࢡࢫ࣐ᐃ⩏ࡓࡋᶆ㧗ࡽࢱ࣮ࢹ㞟Ỉᇦࡢᶆ㧗࣮ࢹ

 ࠋࡓࡵ㐍ࢆసᴗ㡰ࡢᢳฟࢆࢱ
2.4� 㞷ᆅᖏࡢὶᇦ㠀㞷ᆅᖏࡢὶᇦࡢศ㢮 
� ኟᮇࡢ㝆Ỉᮇࡢ㝆Ỉ࡛ࡣὶฟ㐣⛬≉ࠋࡿ࡞␗ࡀ✚㞷ᆅᖏ࡚࠸࠾ᮇࡢ㝆Ỉࢇࡢ

ࡽ࠼⪄ࡿ࠸࡚ࡋࡰཬࢆᙳ㡪㸪ὶ㔞ࢀࡉ␃㛗ᮇ㛫㈓࡚ࡋ㞷✚ࡃ࡞ࡇࡿࡍὶฟࡄࡍࡣ

 ࠋࡿ࠶ࡀᚲせࡃ࠾࡚ࡋ༊ู࡛㠀㞷ᆅᖏ㞷ᆅᖏࡵࡓࡢࡑࠋࡿࢀ
ࡢ㸪ኟᮇ࠸ࡽ࡞(1987)ࡽ㸪ᆅ㢌ⷵࡣ࡛✲◊ᮏ࡛ࡇࡑ 6᭶ࡽ 10᭶ࡢ࡛ࡲ 5ࣧ᭶㛫ࡢὶ㔞

㝆㞷ࡧࡼ࠾⼥㞷ᮇࡿࡓ࠶ 11᭶ࡽ 5᭶ࡢ࡛ࡲ 7ࣧ᭶㛫ࡢὶ㔞ࡢᑠ࡛㠀㞷ᆅᖏ㞷ᆅ
ᖏࡢ༊ูࡣ࡛ࡇࡇࠋࡓࡋࢆ㸪ኟᮇࡢ 6᭶ࡽ 10᭶ࡢ࡛ࡲὶ㔞ྜࡢィࡀᖺ㛫ὶ㔞ྜࡢィࡢ 4௨
ୗ࡛ࡿ࠶ὶᇦࢆ㞷ᆅᖏࡢὶᇦࠋࡓࡋ 
㛵┦㸪ᖺ㝆Ỉ㔞ࡽࡇ࠸ከࡀሙྜ࠸࡞ࢀࡉ ほ☜ṇࡀ㞷㔞✚࡚࠸࠾㸪㞷ᆅᖏ࠾࡞

ࡍ♧㸪ᅗ-4ࡣศ㢮ࡢ㠀㞷ᆅᖏ㞷ᆅᖏࠋ㸦ᅗ-3㸧ࡓ࠸⏝࡚ࡋࡾࢃ௦ࢆᖺὶ㔞(=Q)࠸㧗ࡀ
 ࠋࡿ࠶࡛ࡾ࠾
 

 

2.5� ┦㛵ゎᯒ 
� ὶᇦࡢẼೃ࣭ᆅ⌮᮲௳㛵ࡿࡍ≉ᛶ್ࡀῬỈὶ㔞ࡿ࠼ᙳ㡪ࢆㄪࡵࡓࡿ㸪୧᪉ࡢ┦㛵ࢆ

ㄪࠋࡓ┦㛵ࡢ᭷↓ࡵࡓࡿࡍุ᩿ࢆ᭷ពỈ‽ 5㸣ࢆᇶ‽↓┦㛵᳨ᐃࠋࡓࡗ⾜ࢆ᭷ពỈ‽ 5㸣௨

ᅗ-2� ὶἣ᭤⥺ 
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ᖺ㝆Ỉ㔞����

y = 0.823x + 304 
R = 0.590
y:ᖺ㝆Ỉ㔞 x:Q
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ෆ┦㛵ಀᩘ Rࡀࡿࡲሙྜࡣ┦㛵ࡾ࠶㸪㉸ࡓ࠼ሙྜࡣ┦㛵࡚ࡋุ᩿ࡋ࡞㸪ࢀࡒࢀࡑᚓࢀࡽ
 ࠋࡓࡋᐹ⪄ࡁᇶ࡙㛵ಀࡓ

 
3㸬㸬⤖ᯝ 
3.1� 㞷ᆅᖏࡢὶᇦ㠀㞷ᆅᖏࡢὶᇦ 
ᑐ㇟ 145ὶᇦࡕ࠺ࡢ㸪㞷ᆅ

ᖏศ㢮ࡓࡋὶᇦࡣᩘࡢ 29 ὶ
ᇦ㸪㠀㞷ᆅᖏศ㢮ࡓࡋὶᇦ

ࡣᩘࡢ 116 ὶᇦࠋࡓࡗ࡞ᅗ-4
ὶᇦࡓࡋศ㢮㸪㞷ᆅᖏࡽ

ࡽᮾᆅ᪉≉᪥ᮏᾏഃ㸪ࡣ

㝣ᆅ᪉ࡢ࡚ࡅ᪥ᮏᾏഃ

㞟୰୍ࠋࡿࡁุ࡛᩿ࡿ࠸࡚ࡋ

᪉㸪㠀㞷ᆅᖏศ㢮ࡓࡋὶᇦ

࡚ࡋ㞟୰す᪥ᮏኴᖹὒഃࡣ

㸪ᆅࡣࢀࡇࠋࡿࡁุ࡛᩿ࡿ࠸

㢌ⷵࡢ(1987)ࡽ◊✲⤖ᯝྜᩚ
 ࠋࡿࡍ
3.2� 㞷ᆅᖏ 
ᅗ-5ࡣ㸪㞷ᆅᖏࡿ࠶ὶᇦࡢῬỈẚὶ㔞ᒣయࡢ㧗ࡢࡉ┦㛵ࠋࡿ࠸࡚ࡋ♧ࢆ┦㛵ಀᩘ Rࡀ

᭷ពỈ‽ 5㸣௨ୗࡽࡇࡿࡲῬỈẚὶ㔞ᒣయࡢ㧗ࡣࡉ┦㛵ࡓࡲࠋࡿࢃࡿ࠶ࡀ㸪ࡇ
 ࠋࡿࢀྲྀࡳㄞࡀഴྥࡿࡍቑຍࡀῬỈẚὶ㔞ὶᇦࡿ࠶ࢁࡇ࠸㧗ࡢᒣయࡽᅗࡢ
ᅗ-6ࡣ㸪㞷ᆅᖏࡿ࠶ὶᇦࡢῬỈẚὶ㔞ᅵᆅ㉳అࡢ┦㛵ࡢࡇࠋࡿ࠸࡚ࡋ♧ࢆᅗࡽ㸪ᅵ

ᆅ㉳అࡀ࠸ࡁὶᇦῬỈẚὶ㔞ࡀቑຍࡿࡍഴྥࡀㄞࡋࡔࡓࠋࡿࢀྲྀࡳ㸪ῬỈẚὶ㔞ᅵᆅ

㉳అࡣṇࡢ┦㛵ࡀࡿ࠶㸪ῬỈὶ㔞ࡀ⣙ 0.41mm/day㸪ᅵᆅ㉳అࡀ⣙ 452m࡛ࡿ࠶ἑ㔝ᶫほ
 ᡤ(ᐩᒣ┴)ࡣࡢᑐ㇟ὶᇦẚ㍑ࡿࡍ㸪ᅵᆅ㉳అࡣࡀࡍ♧ࢆ್࠸ࡁ㸪ῬỈὶ㔞ࡣᑠ࠸ࡉ
ཎᅉࡢࡇࠋࡓࡗ࡞ᯝ⤖ࡿࢀእࡃࡁࡽ⥺㏆ఝ᭤ࡣ㸪ἑ㔝ᶫほ ᡤࡵࡓࡢࡑࠋࡍ♧ࢆ್

 ࠋࡿ࠶ࡀᚲせࡿࡍゎ᫂ㄪࢆᚩ≉ࡢὶᇦࡢࡑ㸪࡚࠸ࡘ

  
� � � ᅗ-5� ᮲௳㸸ᒣయࡢ㧗ࡉ㸦㞷ᆅᖏ㸧 ᅗ-6� ᮲௳㸸ᅵᆅ㉳అ㸦㞷ᆅᖏ㸧 

�

�

�

�

�

�

� ��� ��� 	�� ��� ����

�
��

��
�
��
�

ᒣᒣయ䛾㧗䛥���

y = 0.00260x + 0.254
R = 0.361
y䠖ᒣయ䛾㧗䛥 x䠖355Q

�

�

�

�

�

�

� ��� ��� 	��

�
��

��
�
��
�

ᅵᆅ㉳అ���

y = 0.00380x + 0.433 
R = 0.433
y䠖ᅵᆅ㉳అ x䠖355Q

ᅗ-4� 㞷ᆅᖏ㠀㞷ᆅᖏࡢศ㢮 

䠖㠀㞷ᆅᖏ

䠖㞷ᆅᖏ
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ᅗ-7ࡣ㸪㞷ᆅᖏࡿ࠶ὶᇦࡢῬỈẚὶ㔞ᮇࡢ㝆Ỉ㔞ࡢ┦㛵ࡢࡇࠋࡿ࠸࡚ࡋ♧ࢆᅗࡽ㸪
ῬỈẚὶ㔞ᮇࡢ㝆Ỉ㔞ࡣṇࡢ┦㛵ࡾ࠶ࡀ㸪ᮇࡢ㝆Ỉ㔞ࡀ࠸ࡁὶᇦῬỈẚὶ㔞ࡀቑ

ຍࡿࡍഴྥࡀㄞࠋࡿࢀྲྀࡳᮇࡢ㝆Ỉࡄࡍࡣࢇࡢὶฟࡃ࡞ࡇࡿࡍὶᇦෆ✚㞷ࡋ

࡚㈓␃ࡽࡇࡿࢀࡉ㸪✚㞷㔞ࡢቑຍᙉࡃᙳ㡪ࡵࡓࡢࡑࠋࡿࡁุ࡛᩿ࡿࡍᐮ෭ࡢ‵₶Ẽೃ

࡛㸪✚㞷㔞ࡀከࡃᣢ⥆ᛶࡀⰋ࠸ᆅᇦῬỈὶ㔞ࡀࡾ࡞ࡃࡁ㸪Ỉ※ᾰ㣴ࡀࣝࣕࢩࣥࢸ࣏ࡁ

 ࠋࡿ࠼ゝࡿ࠶ὶᇦ࡛࠸

 
ᅗ-7� ᮲௳㸸ᮇࡢ㝆Ỉ㔞 

3.3�� 㠀㞷ᆅᖏ 
ᅗ-8ࡣ㠀㞷ᆅᖏࡿ࠶ὶᇦࡢῬỈẚὶ㔞ᒣయࡢ㧗ࡢࡉ┦㛵ࡀࡿ࠸࡚ࡋ♧ࢆ㸪↓┦㛵᳨ᐃ

ᯝ㸪┦㛵ಀᩘ⤖ࡢ Rࡀ᭷ពỈ‽ 5㸣ࢆ㉸ࡵࡓࡓ࠼┦㛵ྠࠋࡓࡋุ᩿࠸࡞ࡀᵝ㸪ᅗ-9ࡢ㠀
㞷ᆅᖏࡿ࠶ὶᇦࡢῬỈẚὶ㔞ᅵᆅ㉳అࡢ㛵ಀࡶゎᯒࡢ⤖ᯝ㸪┦㛵ࠋࡓࡗ࡞ࡀ 
ࡗࢃࡀࡇ࠸࡞ࢀࡉᙳ㡪௳᮲ࡢᅇࡣῬỈὶ㔞ࡢὶᇦࡿ࠶㸪㠀㞷ᆅᖏࡽࡇࡢࡇ

 ࠋࡓ

  
� � � ᅗ-8� ᮲௳㸸ᒣయࡢ㧗ࡉ㸦㠀㞷ᆅᖏ㸧� � � ᅗ-9� ᮲௳㸸ᅵᆅ㉳అ㸦㠀㞷ᆅᖏ㸧 
 
4㸬⪃ᐹ 
ᮏ◊✲ࡣ㸪ῬỈὶ㔞ࡀᏳᐃࡿ࠸࡚ࡋὶᇦࡢ᮲௳ࢆ᫂ࢆࡇࡿࡍࡽ┠ⓗࡋ㸪㞷ᆅᖏ

㠀㞷ᆅᖏศ㢮࣭࣒ࢲྛࡓࡋሖ࣭ほ ᡤࡢῬỈὶ㔞ࡢࡑὶᇦෆࡢẼೃ࣭ᆅ⌮᮲௳ࡢ㛵ಀࢆ

ㄪ㸪┦㛵ゎᯒࠋࡓࡗ⾜ࢆ 
ࡇࡢࡇࠋࡓࢀࡽࡳࡀ㛫࡛┦㛵ࡢ௳ᆅᙧ᮲ῬỈẚὶ㔞ࡣὶᇦࡓࡋศ㢮ᯝ㸪㞷ᆅᖏ⤖ࡢࡑ

�

�

�

�

�

�

� ���� ���� ����

�
��

��
�
��
�

ᖺᖺ㝆Ỉ㔞����

y = 0.00120x + 0.217 
R = 0.583
y䠖ᖺ㝆Ỉ㔞㔞 x䠖355Q

�
�
�
�
�
�
	


�

� ��� ���� ���� ����

�
��

��
�
��
�

ᒣయ䛾㧗䛥���

y = -0.000100x + 1326
R = 0.0316
y䠖ᒣయ䛾㧗䛥 x䠖355Q

�
�
�
�
�
�
	


�

� ��� ��� 	�� ���

�
��

��
�
��
�

ᅵᆅ㉳అ���

y = 0.00130x + 0.933 
R = 0.131
y䠖ᅵᆅ㉳అ x䠖355Q
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ὶᇦࡿ࠶ࢁࡇ࠸㧗ࡢᒣయࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡋᙳ㡪ࡀ㞷✚ቑࡢ㸪ῬỈὶ㔞ࡽ

ࡿࡁ㛗ᮇ㛫⥔ᣢ࡛ࢆែ≦ࡢ㞷ࡃపࡀ Ẽ✵㸪ୖࡣࡢࡓࢀࡽࡳഴྥࡿࡍቑຍࡀῬỈὶ㔞

㸪ᅵᆅᵝྠࠋࡿࢀࡽ࠼⪄ࡓࡋᏳᐃࡀὶ㔞ࢀࡉ⌮⟶ࡀỈ㔞ࡿࡍὶฟἙᕝࡋ␃㈓ࢆ㸪Ỉࡵࡓ

㉳అࡀ࠸ࡁὶᇦῬỈὶ㔞ࡀቑຍࡿࡍഴྥࡶࡇࡓࢀࡽࡳ✚㞷ࡢᾰ㣴ᶵ⬟ࡓ࠸ࡽࡓࡣࡀ

ࡀᆅ❑ᆅᇦ࠸ࡁࡀᅵᆅ㉳అ࡚ẚᆅᇦ࠸ࡉᑠࡀ㸪ᅵᆅ㉳అࡣࢀࡇࠋࡿࢀࡽ࠼⪄ࡔࡵࡓ

ከࡃᏑᅾࡋ㸪ࡇࡑⓎ⏕ࡓࡋ㞷ࡀࡾࡲࡔせᅉྍࡓࡗ࡞⬟ᛶࡀ㧗ࠋ࠸ 
୍᪉㸪㠀㞷ᆅᖏศ㢮ࡓࡋὶᇦ࡛ࡣῬỈẚὶ㔞ᆅᙧ᮲௳ࡢ㛵ಀ࡚࠸࠾┦㛵ࡗ࡞ࡣ

ࡋࠋࡿࢀࡽࡆᣲせᅉࢆࡇࡓࡗ࡞ࡀ⬟ᾰ㣴ᶵࡸಖỈຊࡿࡼ㞷✚࠺ࡼࡢ㞷ᆅᖏࠋࡓ

ࡀὶᇦ࠸ࡁࡀῬỈὶ㔞ࡾࡼὶᇦࡓࡋศ㢮㸪㞷ᆅᖏࡕ࠺ࡢὶᇦࡓࡋศ㢮㸪㠀㞷ᆅᖏࡋ

ࡿ࡞␗ࡀὶฟ≧ἣ࡚ࡗࡼ௳᮲ࡢ࡞Ẽೃ࣭ᆅ㉁࣭ᅵተࡶ࡛௳ᆅᙧ᮲ࡌྠࢇࠋࡓࢀࡽࡳ

࡞࡛ࡢࡿࡍ㆟ㄽࡳࡢᙧࡢᆅ⾲㠃ࡸ㸪✚㞷ࡶࡵࡓࡿࡍゎ᫂ࢆཎᅉࡢࡇࠋࡿࢀࡽ࠼⪄ࡔࡵࡓ

㸪Musiakeࡃ ࡢ‵Ẽ ࣭㝆Ỉ࣭᪥↷⋡࣭ࡢ(1981)ࡽ᫂ࡃࡌᆅ㉁࣭ᅵተศ㢮㸪ྠࡢ(1975)ࡽ 4
Ẽೃ࣭ᆅ࡞ࡲࡊࡲࡉ㸪࠸⏝ࢆ✲◊᪤Ꮡࡓࡗ࠸Ẽೃ༊ศࡓࡋ༊ศ࡚ࡏࢃྜࡳ⤌ࢆẼೃせ⣲ࡢࡘ

⌮᮲௳᳨ࢆࡏࢃྜࡳ⤌ࡢウ࡚᭱ࡋ㐺࡞᮲௳ࢆࡏࢃྜࡳ⤌ࡢ≉ᐃࡿࡍᚲせࠋࡿ࠶ࡀ 

 
5㸬㸬⤖ㄽ 
� ᮏ◊✲ࡣ㸪ῬỈὶ㔞ࡀᏳᐃࡿ࠸࡚ࡋὶᇦࡢ᮲௳ࢆ᫂ࢆࡇࡿࡍࡽ┠ⓗࡋ㸪㞷ᆅᖏ

㠀㞷ᆅᖏศ㢮ྛࡓࡋὶᇦࡢῬỈὶ㔞ࡢࡑὶᇦෆࡢẼೃ࣭ᆅ⌮᮲௳ࡢ㛵ಀࢆㄪ㸪┦㛵

ゎᯒࠋࡓࡗ⾜ࢆᚓࡓࢀࡽ⤖ᯝࢆ௨ୗࠋࡿࡵࡲ 
(1)� 㞷ᆅᖏศ㢮ࡓࡋὶᇦࡣࢇࡢ㸪ᮾ࣭㝣ᆅ᪉ࡢ᪥ᮏᾏഃ㞟୰ࠋࡓࡋ  
(2)� 㞷ᆅᖏศᕸࡿࡍὶᇦ࡛ࡣ㸪ᒣయࡢ㧗ࡀࡉ㧗࠸ὶᇦࡸᅵᆅࡢ㉳అࡀ࠸ࡁὶᇦῬỈ  

ὶ㔞ࡀቑຍࠋࡿࡍ 
(3)� ✚㞷㔞ࡢ࠸ࡁὶᇦῬỈ㔞ࢆቑຍࡿࡏࡉഴྥࠋࡿ࠶ࡀ 
(4)� ✚㞷㔞ࡣᾰ㣴ᶵ⬟ࠋࡿ࠶ࡀ 
(5)  㠀㞷ᆅᖏศᕸࡿࡍὶᇦ࡛ࡣ㸪ῬỈẚὶ㔞ᒣయࡢ㧗ࡉ㸪ࡧࡼ࠾ῬỈẚὶ㔞ᅵᆅ㉳అ 

 ࠋࡓࡗ࡞ࢀࡽࡳࡣ㛵ಀᛶࡢ
� ᚋࡣ㸪㞷ᆅᖏ࡛ࡢῬỈὶ㔞ᅵᆅ㉳అࡢ┦㛵ゎᯒࡢ⤖ᯝ࡛㏆ఝ᭤⥺ࡽࡃࡁእࡓࢀ

ὶᇦࡸ㸪㠀㞷ᆅᖏศ㢮ࡓࡋὶᇦࡕ࠺ࡢῬỈὶ㔞ࡀࡓࡋ♧ࢆ್࠸ࡁὶᇦࡢཎᅉゎ᫂ࡿࡍࢆ

ᚲせࠋࡿ࠶ࡀ✚㞷ࡿࡼᾰ㣴ᶵ⬟ࡢᙳ㡪࠸ࡃࡅཷࢆ㠀㞷ᆅᖏ㝈ᐃࡋ㸪ῬỈẚὶ㔞Ẽೃ࣭

ᆅ㉁࣭ᆅᙧ᮲௳ࡢ┦㛵ࢆゎᯒࡶࡿࡍỈ※ᾰ㣴ᆅࡢ≉ᐃ᳨ࢆウࡀࡇࡿࡍㄢ㢟࡛ࠋࡿ࠶ 

 
ㅰ㎡ 
ᮏ◊✲ࡣ㸪ᅜᅵ㏻┬ࡢỈᩥỈ㉁ࢫ࣮࣋ࢱ࣮ࢹ㸪ᅜᅵᆅ⌮㝔್ᩘࡢᆅᅗሗࢆά⏝ࡇࠋࡓࡋ

 ࠋࡍグࢆㅰពࡇ
 

ཧ⪃ᩥ⊩ 
ᚿỈಇኵ㸦1980㸧㸪ᒣᆅὶᇦࡿࡅ࠾ῬỈ㔞⾲ᒙᆅ㉁࣭ഴᩳ࣭᳜⏕ࡢ㛵ಀ㸪ᯘᴗヨ㦂ሙ◊✲

ሗ࿌㸪Vol.301㸪pp.109-128. 
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᫂ຌ⮧࣭㧗ᶫ⿱࣭Ᏻ⸨⩏ஂ㸦1981㸧㸪᪥ᮏࡢᒣᆅἙᕝࡢὶἣཬࡍࡰὶᇦࡢᆅ㉁ࡢຠᯝ㸪ᅵᮌ
Ꮫㄽᩥሗ࿌㞟㸪Vol.309㸪pp.51-62. 

ᶓᑿၿஅ㸪Ἀᖿ㸪ᕝ㷂㞞ಇ㸪ᆏ⏣ຍዉᏊ㸦2011㸧㸪ῬỈẚὶ㔞ࡢቑຍせᅉࡓࡋ┠╔᪥ᮏᆅ 
ୗỈᾰ㣴ࡢࣉࢵ࣐ࣝࣕࢩࣥࢸ࣏సᡂ㸪ỈᕤᏛㄽᩥ㞟㸪➨ 55ᕳ㸪pp.385-390. 

ᆅ㢌ⷵ㝯࣭➉ୗᩗྖ㸦1987㸧㸪ᒣᆅἙᕝࡢὶἣὶᇦ᮲௳ࡢ㛵ಀϩ㸬ὶᇦᆅ㉁ࡀὶἣཬࡍࡰᙳ
㡪㸪㮵ඣᓥᏛ㎰Ꮫ㒊₇⩦ᯘሗ࿌㸪Vol.15㸪pp.15-38. 

Musiake Katumi㸪Syohei Inokuti㸪Yutaka Takahashi㸦1975㸧㸪Dependence of low flow 
characteristics on basin geology in mountainous areas of Japan㸪IAHS Publication㸪117㸪
pp.147-156. 
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ࡓ࠸⏝ࢆ᫂↷࣮ࣥࢱࣃ࣮ࣛ࢝࢝ 3ḟඖᾋ㐟◁⃰ᗘศᕸィ ἲࡢ㛤Ⓨ*�
�

ᮾᏛᕤᏛ㒊� ⏣� 㐶�
ᮾᏛᏛ㝔ᕤᏛ◊✲⛉� ୕ᡞ㒊� భኴ�

ᮾᏛᏛ㝔ᕤᏛ◊✲⛉� ⏣୰� ோ�
�
 ࡵࡌࡣ .1
ᾏᓊ࡚࠸࠾Ⓨ⏕ࡿࡍ○Ἴࡣ㸪ከࡢࡃᅵ◁ࢆᕳࡆୖࡁ㍺㏦࡛ࡇࡿࡍἢᓊᇦࡿࡅ࠾ᆅᙧኚ

ࢆᨭ㓄ࡿࡍ㸬○Ἴࡣ㸪○Ἴඛ➃㒊࡛Ⓨ㐩ࡿࡍὶຍ࠼Ἴᓠ㏆ࡿࡅ࠾Ỉᖹ ࡸ○Ἴ

⫼ᚋࡵᩳࡿࡌ⏕ୗ᪉㍈ࡘࡶࢆ 㸦ᩳࡿࡺࢃ࠸㝆 㸧ࡢ࡞つᶍ ࡀᙧᡂࢀࡉ㸪」㞧ࡘ

3ḟඖⓗ࡞ὶࢀሙࡿ࠸࡚ࡌ⏕ࡀ㸦ℿᒸࡽ㸪1987㸧㸬࡞࠺ࡼࡢࡇ○Ἴୗࡿࡅ࠾ᅵ◁ࡢᣲືࢆㄪ
㍺༑ᖺ㛫㸪ᩘࡢࡇ㸬࠸࡞࠸࡚ࢀࡉࡽ᫂ࡔࡲ࠸ࡣ࣒ࢬࢽ࢝㏦࣓㍺ࡢࡑ㸪ࡾ࠶ᅔ㞴࡛ࡣࡇࡿ

㏦࣓࣒ࢬࢽ࢝ゎ᫂ࡵࡓࡢỈ⌮ᐇ㦂ࡿࡅ࠾ᾋ㐟◁⃰ᗘࡢィ ᩘࡀከࡿ࠸࡚ࡁ࡚ࢀࢃ⾜ࡃ㸬᪤ 

ࡇ㸪ࡀࡓࡁ࡚ࢀࢃ⾜ࡀ ィࡢᾋ㐟◁⃰ᗘศᕸ࡚࠸⏝ࢆィ ჾࡢ➼ᗘィ⃮࡚࠸࠾✲◊ࡢࡃከࡢ

ࢀὶ࡞㞧「ࡘ㸪3ḟඖࡵࡓࡿ࠶࡛ Ⅼィࡿࡍᚓྲྀࢆ⣔ิࡢᗘ⃰ࡢⅬ࡛ࡿ࠶ࡣ ィ࡞࠺ࡼࡢ
ሙࡿࡅ࠾✵㛫ศᕸࢆᢕᥱ࡛࠸࡞ࡁ㸬࡛ࡇࡑ⏬ീィ ἲࡾࡼᾋ㐟◁⃰ᗘࡢ✵㛫ศᕸྲྀࢆᚓࡍ

ᾋ㐟◁⃰ᗘࡿࡅ࠾㸪Ỉ୰ࡣ㸧㸬⏬ീィ ἲ࡛࡞㸪1991ࡽ⸩㸦బࡿ࠸࡚ࡁ࡚ࢀࢃ⾜ࡀࡳヨࡿ
ᾋ㐟◁⃰ᗘศᕸ࡚࠸ᇶ࡙㍤ᗘศᕸࡢᙳ⏬ീࡿࢀࡉỴᐃ࡚ࡗࡼᩓගᙉᗘศᕸࡿࡍ౫Ꮡ

ࡇࡿᚓࢆศᕸࡢ◁ᾋ㐟࡞㛫ⓗ▐ࡘ㸪ࡎࡉࢆࢀὶࡢ㸪Ỉᵴෆࡣィ ᪉ἲ࡛ࡢࡇ㸬ࡿࡍᐃ≉ࢆ

ࡢỈᵴഃቨ㏆ഐࡣീィ ἲ⏬ࡢ㸪ᚑ᮶ࡽࡀ࡞ࡋࡋ㸬ࡿࡁ࡛ࡀ 2ḟඖⓗ⃰࡞ᗘศᕸࢆィ ࡍ
ࡇࡿࡍㄝ᫂༑ศࢆ⛬ᾋ㐟◁㍺㏦㐣ࡿࡅ࠾ሙࢀὶࡢἼୗ○࡞㞧「ࡘ㸪3ḟඖࡾ࠶࡛ࡢࡶࡿ
ࡢ◁ᾋ㐟࡚࠸࠾ᐇ㦂ࡣ࡛✲◊ᮏ࡛ࡇࡑ㸬࠸࡞࠸࡚ࡁ࡛ࡀ 3ḟඖⓗ⃰࡞ᗘศᕸࢆィ ࡿࡍ᪂
 㸬ࡿࡍ㛤Ⓨࢆീィ ἲ⏬࡞ࡓ
 

2. ィ ࣒ࢬࣜࢦࣝ 
ᮏ◊✲࡛࡚࠸⏝ࢆࢱࢡ࢙ࢪࣟࣉࡧࡼ࠾࣓ࣛ࢝ࣝࢱࢪࢹࡣᾋ㐟◁⃰ᗘࢆィ ࡿࡍ㸬࣓ࣛ࢝ᑐ

㸪ࡋᑕ↷ࡽࢱࢡ࢙ࢪࣟࣉࢆ᫂㸧↷࣮ࣥࢱࣃ࣮ࣛ࢝᫂㸦↷ࡓࡏࡉኚࢆ࠸Ⰽྜ᪉ྥࡁ⾜ዟࡿࡍ

ᾋ㐟◁ࡿࡼᩓග࡛࣓ࣛ࢝ࣝࢱࢪࢹࢆᙳࡿࡍ㸦ᅗ-1 ཧ↷㸧㸬ࡾࡼࢀࡇᙳࡿࢀࡉᾋ㐟◁
㍤ᗘศᕸࡢⰍྛࡓࡋᢳฟࡽ㸪ᙳ⏬ീࡵࡓࡿࡍኚ࡚ࡌᛂ㊥㞳ࡢ࣓ࣛ࢝ࡣⰍࡢᩓගࡢ

ࡢᒙෆ࡛ࡢⰍࡢࢀࡒࢀࡑࡽ 2ḟඖⓗ࡞ᾋ㐟◁⃰ᗘศᕸࢆỴᐃ࡛ࡿࡁ㸬ྛⰍᑐᛂࡿࡍዟ⾜ࡁ

᪉ྥᗙᶆࢆணྲྀࡵᚓࡋ㸪ྜࡶࢆࢀࡑᡂ࡛ࡇࡿࡍ 1ᯛ࣮ࣛ࢝ࡢ⏬ീࡽ▐ࡢ 3ḟඖⓗ࡞
ᾋ㐟◁⃰ᗘྲྀࢆᚓࡿࡍ㸬 

 

3. ィ ᐇ㦂 
ᮏィ ἲࡢᐇ⏝ᛶࢆホ౯ࡵࡓࡿࡍ㸪1㎶ 10cm㸪ቨ㠃ࡢཌࡀࡉ 2mmࡢ㏱᫂ࣝࣜࢡ〇ࡢỈᵴ 

* Imaging technique for measuring 3D distribution of suspended sediment concentration with color pattern illumination, 

by Yosuke Imada, Yuta Mitobe and Hitoshi Tanaka 
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ᅗ-1� ィ ἲࢪ࣮࣓ࡢ 
 

㸦ᅗ-2㸧㸬⢏ᚄࡓࡗ⾜ࢆ ヨ㦂ィ࡚࠸⏝ࢆ 0.34mmࡧࡼ࠾◁◡ࡢỈࢆỈᵴᢞධࡋ㸪ᨩᢾࡓࡋ㝿
ᙳࡾࡼ࣓ࣛ࢝ࢆᩓගࡢࡑ㸪ࡋᑕ↷ࢆ࣮ࣥࢱࣃ࣮ࣛ࢝ࡽࢱࢡ࢙ࢪࣟࣉ◁ࡿࡀୖࡁᕳ

ࡣ㊥㞳ࡢỈᵴቨ㠃ࢬࣥࣞࡢ࣓ࣛ࢝㸦ᅗ-3㸧㸬ࡓࡋ 53cm㸪ࢬࣥࣞࡢࢱࢡ࢙ࢪࣟࣉỈᵴቨ㠃ࡢ
㊥㞳ࡣ 52cm 㸬ࡓࡋ⨨㓄࠺ࡼࡿࡍ┤ࡀᢞᙳ᪉ྥࡢࢱࢡ࢙ࢪࣟࣉᙳ᪉ྥࡢ࣓ࣛ࢝㸪ࡋ
ྛⰍࡢᒙࡢᖜࡢࡽࢱࢡ࢙ࢪࣟࣉࡣ㊥㞳ᛂ࡚ࡌኚࡀࡿࡍ㸪ᮏᐇ㦂࡛ࡢࡽࢱࢡ࢙ࢪࣟࣉࡣ

㊥㞳ᑐ࡚ࡋィ 㡿ᇦࡀ༑ศᑠࡵࡓ࠸ࡉ㸪ࡢࡑᙳ㡪ࢆ↓ど࡛ࡓࡋࡢࡶࡿࡁ㸬ᅇࡢィ ᐇ㦂

ࡢ㉥࣭⥳࣭㟷࡚ࡋࢫ࣮ࢣ࡞⡆༢ࡶ㸪᭱ࡣ࡛ 3Ⰽ࣮ࣥࢱࣃ࣮ࣛ࢝ࡿࡼ↷᫂ࡓ࠸⏝ࢆ㸬⏬ീゎ
ᯒ᪉ἲィ ⤖ᯝࢆḟ❶ࡍ♧㸬 

�

�
ᅗ-2� ᐇ㦂⨨ᖹ㠃ᅗ 

 

 

ᅗ-3� ᙳ⏬ീ 

 
4. ⏬⏬ീゎᯒ᪉ἲ 
㏻ᖖ㸪࡛࣓ࣛ࢝ࣝࢱࢪࢹᙳ࣮ࣛ࢝ࡓࡋ⏬ീྛࡢ⏬⣲ࡢⰍࡣ RGB㸦㉥࣭⥳࣭㟷㸧ࡢ 3ᡂศࡢ

ࡢ㉥࣭⥳࣭㟷ࡓ࠸⏝ᐇ㦂࡛ࡢ㸪ᅇ࡚ࡗࡀࡓࡋ㸬ࡿࢀࡉグ㘓࡚ࡗࡼ್ 3Ⰽࡿࡼ↷᫂ගࡢሙ

ྜ㸪ྛⰍࡢ㍤ᗘศᕸࡣ RGBྛᡂศࡢᙳ㍤ᗘศᕸ࡚ࡋ⡆༢ศ㞳ࡿࡁ࡛ࡀࡇࡿࡍ㸬 

10cm 

10cm 

◡◁�
ᨩᢾࡾࡼᕳࡓࡗࡀୖࡁ

ᾋ㐟◁�

ࢱࣃ࣮ࣛ࢝

࣮ࣥ↷᫂
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ᙳ⏬ീྛࡽⰍࡢᒙࡢ㍤ᗘศᕸࢆᢳฟᚋ㸪ྛࡢࡑⰍࡢ㍤ᗘศᕸࡽᾋ㐟◁⃰ᗘศᕸࢆỴᐃ

ᙳゎࡢ࣓ࣛ࢝㸪ࡾ࠾࡚ࡋ౫Ꮡ⢏ᚄࡢ◁ᾋ㐟ᙳゎീᗘࡢ࣓ࣛ࢝ࡣ᪉ࡾࡢ◁㸬ᾋ㐟ࡿࡍ

ീᗘࡀ㧗ࡢ◁ࡃ⢏ᚄࡀ࠸ࡁሙྜ㸪◁⢏Ꮚࡿࡼᩓගࡣ㍤Ⅼ࡚ࡋᙳࡿࢀࡉ㸬ࡵࡓࡢࡑ㸪

㍤Ⅼࢆᙳ⏬ീ᳨ࡽฟࡢࡑࡋ㔜ᚰ⨨ࢆồࡵ㸪ࡢࡑศᕸᇶ࡙࡚࠸ᾋ㐟◁ᩘᐦᗘศᕸࢆỴᐃ

㍤Ⅼࢆᩓගࡢ㸪◁⢏Ꮚࡣሙྜ࠸ࡉᑠࡀ⢏ᚄࡢ◁ࡃపࡀᙳゎീᗘࡢ࣓ࣛ࢝㸬୍᪉㸪ࡿࡁ࡛

ᩓࡿࡅ࠾Ⅼࡿ࠶ࡢ㸬Ỉ୰ࡿࢀࡉᙳࡀᩓගᙉᗘศᕸࡓࡌᛂᾋ㐟◁⃰ᗘࡎࡁᙳ࡛࡚ࡋ

ගᙉᗘࡣධᑕගᙉᗘࡢࡑࡧࡼ࠾Ⅼࡿࡅ࠾ᩓ፹㉁ࡕࢃ࡞ࡍᾋ㐟◁⃰ࡢᗘẚࡵࡓࡿࡍ

㸦Lambert-beerࡢἲ๎㸧㸪࠸⾜ࢆࣥࣙࢩ࣮ࣞࣈࣜࣕ࢟ணࡢࡑࡵẚᐃᩘྲྀࢆᚓ࡛ࡇࡿࡍᙳ㍤
ᗘศᕸࡽ┤᥋⃰ᗘศᕸࢆ᥎ᐃ࡛ࡿࡁ㸦⚄⏣ࡽ㸪1998㸹⚄⏣ࡽ㸪1999㸧㸬ᮏᐇ㦂࡛⏝ࡓࡋ⢏ᚄ
0.34mmࡢ◁◡ࡢሙྜ㸪ᾋ㐟◁ࡢᩓගࡣ㍤Ⅼ࡚ࡋᙳࡵࡓࡓࢀࡉ㸦ᅗ-4ཧ↷㸧㸪௨ୗ࡛ࡣ๓
 㸬ࡍ♧ࢆヲ⣽ࡢീゎᯒ᪉ἲ⏬࡚࠸ࡘ᪉ἲࡢ⪅

 
4.1. ⰍⰍࡢ⿵ṇ࣭ᢳฟ 
㸪◁⾲㠃ࡸᛶ≉ࡢ※ගࢱࢡ࢙ࢪࣟࣉࡣⰍࡢ᫂↷࣮ࣥࢱࣃ࣮ࣛ࢝ࡓࢀࡉᑕ↷ࡽࢱࢡ࢙ࢪࣟࣉ

ࡍኚ࡚ࡌᛂ௳᮲࡞ከᵝࡢ➼ࢱࣝࣇ࣮ࣛ࢝ࡢ࣓ࣛ࢝ศග㏱㐣⋡㸪ࡢࢬศගᑕ⋡㸪ࣞࣥࡢ

㸪୍ࡵࡓࡿ ⯡ⓗᢞᙳ⏬ീࡢⰍࡿ࡞␗Ⰽ࡛ᙳࡿࢀࡉ㸬࡛ࡇࡇᢞᙳ⏬ീࡢRGB್ሾܴ ܩ ሿܤ
ᙳࡽ RGB್ሾ ோܸ ܸீ ܸሿࡢⰍࡢኚࢆ㸪Ⰽኚ⾜ิ Fࢆᐃ⩏ࡋ㸪௨ୗࡍ⾲࠺ࡼࡢ㸬�


ோܸ
ܸீ
ܸ
൩ ൌ �ࡲ� 

ܴ
ܩ
ܤ
൩㸪� ࡲ �ؠ 

ோோܨ ܨீ ோ ோܨ
ோீܨ ܨீ ீ ீܨ
ோܨ ܨீ  ܨ

൩� � � � � � � � � � (1) 

 㸪ࡿࡍኚᙧࢆࢀࡇ


ܴ
ܩ
ܤ
൩ ൌ �� 

ோோܨ ܨீ ோ ோܨ
ோீܨ ܨீ ீ ீܨ
ோܨ ܨீ  ܨ

൩
ିଵ

�
ோܸ
ܸீ
ܸ
൩� � � � � � � � � � � � (2) 

࡚ࡗࡀࡓࡋ㸬ࡿ࡞ Fࢆணࡵồ࡛ࡇࡃ࠾࡚ࡵᙳ RGB್ࡽᢞᙳ⏬ീࡢ RGB್ࢆ᥎ᐃ࡛ࡁ

㸪㉥㸦ሾܴ࡛ࡇࡇ㸬ࡿ ܩ ሿܤ ൌ ሾͳ Ͳ Ͳሿ㸧㸪⥳㸦ሾܴ ܩ ሿܤ ൌ ሾͲ ͳ Ͳሿ㸧㸪㟷㸦ሾܴ ܩ ሿܤ ൌ
ሾͲ Ͳ ͳሿ㸧ࡢ༢Ⰽගࢆᢞᙳࡓࡋሙྜ㸪ࡢࡑᙳ RGB್ࢀࡒࢀࡑࡣ� ሾ ோܸ ܸீ ܸሿ ൌ�
�ሾܨோோ ோீܨ ܨோሿ㸪ሾீܨ ோ ܨீ ீ ܨீ ሿ㸪ሾܨோ ீܨ ࡢ㸪㉥࣭⥳࣭㟷࡛ࡢࡿ࡞ሿܨ 3Ⰽࡢ↷᫂ᑐ
ᙳࡢ◁ᾋ㐟ࡿࡍ RGB್ྲྀࢆᚓ࡛ࡇࡿࡍ Fࢆồࡿࡁ࡛ࡀࡇࡿࡵ㸬ࡢࡇ᪉ἲࡾࡼⰍ⿵ṇ
ࡽീ㸦ᅗ-5㸧⏬ࡓࡗ⾜ࢆ RGBྛᡂศࢆศ㞳࡛ࡇࡿࡍ㸪㉥࣭⥳࣭㟷ྛⰍࡢ㍤ᗘศᕸࢆᢳฟࡍ
 㸬ࡿ
 

4.2. ㍤Ⅼ᳨ࡢฟ 
ᅇࡢィ ᐇ㦂ࡣ࡚࠸࠾ỈᵴෆࡢỈࡿࢀࡲྵᚤ⢏Ꮚࡿࡼ↷᫂ගࡢᩓࡵࡓࡓࡌ⏕ࡀ㸪

ᾋ㐟◁ࡢ࠸࡞࠸࡚ࡗ⫼ᬒ㒊ศࡽࡀ࡞ࡎࢃ㍤ᗘࡢศᕸࡀぢࡓࢀࡽ㸬ࡽࡉ㸪ᩓక࠺㏱

㐣ගࡢῶ⾶ࡢࡽࢱࢡ࢙ࢪࣟࣉ࡚ࡗࡼ㊥㞳ᛂ࡚ࡌ㸪㍤Ⅼࡧࡼ࠾⫼ᬒ᪉㍤ᗘࡢῶᑡࡳࡀ

㸪ᮏࡾ࠶ᅔ㞴࡛ࡣࡇࡿࡍฟ᳨ࢆ㍤Ⅼࡋタᐃࢆ㜈್ࡢ㸪ᙳ⏬ീయ୍࡛ᐃࡵࡓࡢࡑ㸬ࡓࢀࡽ

 ᚋࢢࣥࣜࢱࣝࣇ㍤ᗘศᕸࡢ㸬ඖࡓࡗ⾜ࢆฟ᳨ࡢ㍤Ⅼ࡚࠸⏝ࢆࢱࣝࣇᒁᡤᖹᆒࡣ࡛✲◊
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(a)� � � � � � � � � � � � � � � � � � � (b) 

�  

(c)� � � � � � � � � � � � � � � � � � � (d) 

�  

ᅗ-4� ⿵ṇ๓ࡢᙳ⏬ീ㸦a㸧ࡧࡼ࠾ RGBྛᡂศࡿࡅ࠾Ⅼ⥺㒊ศࡢᣑ⏬ീ 
㸦b㸸㟷࣭ዟ⾜ࡁ 0㹼3.3cm㸪c㸸㉥࣭ዟ⾜ࡁ 3.3㹼6.7cm㸪d㸸⥳࣭ዟ⾜ࡁ 6.7㹼10cm㸧 

 

(a)� � � � � � � � � � � � � � � � � � � (b) 

�  

(c)� � � � � � � � � � � � � � � � � � � (d) 

�  

ᅗ-5� ⿵ṇᚋࡢᙳ⏬ീ㸦a㸧ࡧࡼ࠾ RGBྛᡂศࡿࡅ࠾Ⅼ⥺㒊ศࡢᣑ⏬ീ 
㸦b㸸㟷࣭ዟ⾜ࡁ 0㹼3.3cm㸪c㸸㉥࣭ዟ⾜ࡁ 3.3㹼6.7cm㸪d㸸⥳࣭ዟ⾜ࡁ 6.7㹼10cm㸧 

 

�

�

�

� �

�

�

� �

�

�	
�

㟷�
㉥�

⥳�

�

��	
�

㟷�
㉥�

⥳�
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ฟ᳨ࢆ㍤Ⅼ࡚ࡋࢡ࣮ࣆࡢ㍤ᗘ࡞ᑐⓗ┦ࡿࡍᑐࡉࡿ᫂ࡢ㸪࿘ᅖ࡛ࡇࡿࢆẚࡢ㍤ᗘศᕸࡢ

㸬ࡓࡋ㝖ཤࢆ㍤Ⅼࡢ㸪10pixel௨ୗࡵࡓࡓࡌ⏕ࡀㄗᢳฟࡢࢡ࣮ࣆ㍤ᗘࡿࡼࢬࣀ࠾࡞㸬ࡿࡁ࡛
᳨ฟࡓࡋ㍤Ⅼ࡚࠸ࡘ㍤ᗘࡿࡼຍ㔜ᖹᆒ࡛ࡇࡿࢆ㔜ᚰ⨨ࢆ⟬ฟࡋ㸪ࢆࢀࡇᾋ㐟◁ࡢ

ᙳ⏬ീᗙᶆ࡚ࡋỴᐃࡿࡍ㸦ᅗ-6㸧㸬 
 

 

ᅗ-6� ㍤ᗘศᕸ㸦ᅗ-4(b)㸧ࡢࡽ㍤Ⅼ᳨ฟ⤖ᯝ㸬ᅗ୰ࡢⅬ᳨ࡣฟࡓࡋ㔜ᚰ⨨ 
 

4.3. ᗙᗙᶆኚᩘᐦᗘศᕸࡢỴᐃ 
ᢳฟࡓࡋᾋ㐟◁ࡢ⏬ീᗙᶆࢆỴᐃᚋ㸪ᾋ㐟◁⏬ീᗙᶆࢆᐇᗙᶆኚࡋ㸪ࢀࡇᇶ࡙ᩘ࡚࠸

ᐦᗘศᕸࢆỴᐃࡿࡍ㸬ᐇ㦂ணࡵᐇᗙᶆࡀ᪤▱ࡢ᱁ᏊⅬࢆᥥࢆࢻ࣮࣎ࢻࢵࣜࢢࡓ࠸ᙳࡋ㸪

ࡾࡼ㸬௨ୖࡿࡍኚᐇᗙᶆࢆ㸪ᾋ㐟◁⏬ീᗙᶆࡁᇶ࡙㛵ಀࡢᙳ⏬ീᗙᶆᐇᗙᶆࡢࡑ

ྲྀᚓࡓࡋᾋ㐟◁ᐇᗙᶆ⩌ࡽ௵ពタᐃࡓࡋ᱁Ꮚෆࡿࡅ࠾ᾋ㐟◁ࡢಶᩘࢆồᩘ࡛ࡇࡿࡵᐦ

ᗘศᕸࢆỴᐃࡿࡍ㸬 
ᅗ-7ࡣᅗ-4(a)Ⰽࡢ⿵ṇࢆຍࡓ࠼ᚋ RGB࡛ศ㞳ࡓࡋ⏬ീ㸦ᕥ㸧㸪᱁Ꮚ㛫㝸ࢆ 0.25cm㛫㝸

ࡇ㸪ࡣീィ ἲ࡛⏬ࡿࡍ㸬ᅇ㛤Ⓨࡿ࠸࡚ࡋ⾲ࢆᐦᗘศᕸ㸦ྑ㸧ᩘࡢ◁ᾋ㐟ࡓࡵồ࡚ࡋタᐃ

 㸬ࡿࡁᚓ࡛ྲྀࡀᾋ㐟◁⃰ᗘศᕸࡢᒙࡢᩘ「ࡿ࡞␗ࡢ᪉ྥᗙᶆࡁ⾜ዟ࣓ࣛ࢝࠺ࡼࡢ
 

 ࡵࡲ .5
ᮏㄽᩥ࡛ࡣ㸪࣮ࣥࢱࣃ࣮ࣛ࢝↷࡚᫂࠸⏝ࢆᾋ㐟◁ࡢ 3ḟඖⓗ⃰࡞ᗘศᕸࢆィ ࡿࡍ⏬ീィ 

ἲࢆᥦࡋ㸪ᑠᆺࡢỈᵴࡢࡑ࡚ᐇ⏝ᛶࢆ☜ㄆࡢࡵࡓࡿࡍᐇ㦂ࡓࡗ⾜ࢆ㸬ᙳ⏬ീྛࡽⰍࡢ

㍤ᗘศᕸࢆᢳฟࡋ㸪㍤Ⅼ᳨࡚ࡋฟࡓࡋᾋ㐟◁ࡢᗙᶆᇶ࡙ࡁᾋ㐟◁ᩘࡢᐦᗘศᕸࢆỴᐃ࡛ࡁ

ࡣ࣮ࣥࢱࣃ࣮ࣛ࢝ࡓ࠸⏝ᅇࡓࡲ㸬࠺⾜ࢆ⢭ᗘ᳨ド࡞㸬ᚋ㸪ヲ⣽ࡿ 3Ⰽ࡛ࡾ࠶㸪࣓࢝ࡣࢀࡇ
ࣛዟ⾜ࡁ᪉ྥ 3 ᒙࡋศ㞳࡛ࡎࡁ㸪3 ḟඖⓗ࡞ᾋ㐟◁⃰ᗘศᕸࢆィ ࡣࡿࡍ༑ศ࡛࠶
ྍ⌮ฎࢆീ⏬ࡓࡋࡸቑࢆᩘࡢⰍࡢ࣮ࣥࢱࣃ࣮ࣛ࢝ࡾࡼࡇࡿࡍᨵⰋࢆ᪉ἲࡿࡍศ㞳ࢆ㸬Ⰽࡿ

ࡋ⏕Ⓨࡾࡼᚋ㸪㐀ἼỈᵴෆ࡛○Ἴࡢࡑ㸬ࡿࡍ㧗ゎീᗘ᪉ྥࡁ⾜ዟ࣓ࣛ࢝ࢆ 㸪ィࡋ⬟

 㸬ࡿࡍ⏝㐺ᐇ㦂ࡿㄪࢆ㛫ኚࡢ㸪3ḟඖᾋ㐟◁⃰ᗘࡋᙳ⏬ືࢆᵝᏊࡢ◁ᾋ㐟ࡓ
 
 
 
 

 

�

�
㸩㸸ᢳฟࡓࡋ㍤Ⅼࡢ�
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(a)㟷㸸ዟ⾜ࡁ 0㹼3.3cm 

�  

(b)㉥㸸ዟ⾜ࡁ 3.3㹼6.7cm 

�  

(c)⥳㸸ዟ⾜ࡁ 6.7㹼10cm 

�  

ᅗ-7� RGBྛⰍࡢ㍤ᗘศᕸ㸦ᕥ㸧ᩘᐦᗘศᕸ㸦ྑ㸧 
 

ཧཧ⪃ᩥ⊩ 
1) ℿᒸኵ࣭ ୖ㔝ᡂ୕࣭ ༑ᔒ❳⾜㸸� ○Ἴᖏෆ୕ࡢḟඖⓗつᶍ ᵓ㐀ᾋ㐟◁ࡢ⌧ᆅほ 㸪

➨ 34ᅇᾏᓊᕤᏛㅮ₇ㄽᩥ㞟㸪pp.21-25㸪1987 
2) బ⸨ᵐྖ࣭ஂಖ⏣ὒḟ㸸� ➨ゎᯒ㸪ࡢ㇟⌧◁ᾋ㐟ࡢἼⅬ㏆○ࡓ࠸⏝ࢆീ⏬࢜ࢹࣅ 38 ᅇᾏ
ᓊᕤᏛㄽᩥ㞟㸪pp.251-255㸪1991 

3) ⚄⏣ᚭ࣭ᐑᮏோᚿ࣭ᮾ㔝ㄔ࣭ᒾぢ㸸� ⏬ീࡢ㍤ᗘሗࡓ࠸⏝ࢆᾋ㐟Ἶ⃰ᗘࡢィ 㸪Ỉᕤ
Ꮫㄽᩥ㞟㸪➨ 42ᕳ㸪pp.553-558㸪1998 

4) ⚄⏣ᚭ࣭ ᐑᮏோᚿ࣭ ᒾぢ㸸� ගࡢከ㔜ᩓࡢᙳ㡪ࢆ⪃៖ࡓࡋᾋ㐟≀㉁⃰ᗘࡢ⏬ീィ ἲ㸪

ỈᕤᏛㄽᩥ㞟㸪➨ 43ᕳ㸪pp.767-772㸪1999 
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ὶὶᇦᛂࡓࡌᅵ◁ὶฟ≉ᛶ㛵ࡿࡍ◊✲�

�

⚟ᓥᏛඹ⏕࣒ࢸࢫࢩ⌮ᕤᏛ㢮� ఀ⸨� ᆂ♸�

Ụᆏ� ᝆ㔛�

⚟ᓥᏛ⎔ቃᨺᑕ⬟◊✲ᡤ� ᕝ㉺� Ύᶞ�

�

1㸬 ࡵࡌࡣ�

ᆅ⌫ ᬮక࠺Ẽ 㸪ࡧࡼ࠾ᾏỈ ᪼ୖࡢᚑ࠸Ỉᚠ⎔ࡢኚࡀぢ✚ࡾ࠾࡚ࢀࡽࡶ㸪Ẽ

୰ࡢ㣬ỈẼᅽࡢቑຍ㸪ᾏỈ ୖ᪼కྎ࠺㢼ᙉᗘࡢቑ➼ᚑࡓࡗ㞵ࡢ㔞ⓗቑຍ㸪ࡼ࠾

ࡿ࠸࡚ࢀࡉணぢࡀቑࡢฟ⌧㢖ᗘࡧ 1)㸬ᩘ್Ẽೃࣔࡾࡼࣝࢹゎᯒࡓࢀࡉ⤖ᯝࡤࢀࡼ㸪ள⇕

ᖏẼೃ༊ ᖏẼೃ༊ࡢቃ⏺ᇦ࡛ࡢẼೃ㑄⛣ᚑ࠺㞵ࡢᙧែኚࡀぢ✚ࡀࡿ࠸࡚ࢀࡽࡶ㸪ࡇ

ࡿ࠸࡚ࢀࡉ᥎ィࡀቑࡢ㢖ᗘ㔞ࡢ㞵ࡶ᪥ᮏิᓥࡿࡍᒓᆅᇦࡢ 2)㸬ࡓࡲ㸪ྛ㒔㐨ᗓ┴ࡢ≧

ἣࡤࢀࡍ┠╔㸪⌧⾜࡛ྎ㢼ࡢᙳ㡪ᗘࡢప࠸᪥ᮏิᓥ㒊ᇦࡢ㞵ࡢ≧ἣࡀᑗ᮶ᩘࡢᖺࡅࢆ

ᙳ㡪ࡢࡇ㸪᪤࡚࠼ຍ ᑗ᮶ணࡓࡋ࠺ࡇ㸬ࡿ࠸࡚ࢀࡉ♧ࡶࡇࡿࡍኚࢡࢵࢸࢫࣛࢻ࡚

ࡾ࠾࡚ࢀࡉᓥྛᆅ࡛グ㘓ิࡶ㝆㞵㔞ᴟ್᭦᪂ࡿࡍ၀♧ࢆࡇࡿ࠸࡚ࡅཷࢆ 3)㸪ྛ࡛ࠎ▷㛫㝆

㞵㔞㉳ᅉࡓࡋ⅏ᐖࡀከࡃㄆࡿ࠸࡚ࢀࡽࡵ㸬ࡓࡋ࠺ࡇᮍ᭮᭷ࡢ㝆㞵㔞ࡢⓎ⏕ࡣ㸪Ᏻ࡞ᅜᅵࢆ

ᵓ⠏࡛ୖࡿࡍ㸪㞵㔞ᑐࡿࡍ♫ᇶ┙ࡢタィᇶ‽ࢆ㉸㐣ࡿ࠺ࡋ㇟ࢆண ࡚ࡋ⦆⟇㸪㐺ᛂ⟇

 㸬ࡿ࠶࡛ࡢࡶࡿࡍ၀♧ࢆᚲせᛶࡁࡿࡌㅮᛴ⮳ࢆ

᪥ᮏิᓥࢆᑐ㇟ࡓࡋሙྜ㸪ኴᖹὒ㐀ᒣᆅᇦᒓࡋ㸪ᛴᓧ࡞ᆅᙧ㸪⬤ᙅ࡞ᆅ㉁ࢆ࿊ࡇࡿࡍ

࣮࣒ࢫ࣐ࡿ࡞᭦ࡣ㞵ቑຍࡢ㸪ᑗ᮶ࡵࡓࡢࡑ㸬ࡿ࠸࡚ࡋ᭷ࢆᚩ≉ࡿ࠶άⓎ࡛ࡀ⏘⏕◁㸪ᅵࡽ

ࡿࡍᏑᅾࡀ㇟⌧࡞ࠎᵝ࡚ࡋ㛵㐃㐍ಁࡢࢺ࣓ࣥࣈ࣮࣒ࢫ࣐㸬ࡿ࠶࡛ࡢࡶࡿࡏࡉ㐍ಁࢆࢺ࣓ࣥࣈ

 㸬ࡿ࠶ᅵ▼ὶ࡛ࡀࡢࡿࢀࡽࡆᣲ࡚ࡋࡢࡶ࡞ࡁࡢࢺࢡࣃࣥ㸪♫ⓗࡀ
ձ ᆅࡾࡍ㸪ᒣయᔂቯࡢ㞟ྜయ࡛ࡾ࠶㸪ὶᇦࢆ༢ࡵࡓࡿ࠶࡛㇟⌧ࡓࡋつᶍࡀ࠸ࡁ㸬 
ղ ᅵ◁㸪Ỉࡀΰྜ࡚ࡋὶయࡵࡓࡿࡍ㸪ຍ㏿ᗘࡀࡃࡁ㸪Ἴཬࡶᗈ⠊ࡿ࠺ࡾ࡞㸬 

௨ୖࡢձ㸪ղࡢ࣒ࢬࢽ࣓࢝ࡍ♧≉ᚩࡽ♫ᇶ┙㝸㞳࡛࢚ࣜࡓࢀࡉⓎ⏕࠶࡛㇟⌧ࡓࡋ

㛵◁ᅵ≉㸬ࡿࢀࡉ ᥎࠸㧗ࡀᛶ⬟ྍࡪཬࢆᙳ㡪㡿ᇦࡿ࠺ࡋ㞟୰ࡢ⏘㸪ே㸪㈨ࡶ࡚ࡗ

ࡓࡢࡑ㸬ࡿ࠸࡚ࡋ᭷ࡶᛶ≉࠸ࡃࡋどྍࢆᣲືࡵࡓࡿ࠶ᆅ୰࡛ࡀ㉳ືᇦࡢ㇟⌧㸪ࡣ⅏ᐖࡿࢃ

ࢀࡽ▱ࡶࡇ࠸ࡍࡸࡌ⏕ࡀேⓗ⿕ᐖࡾ࠶ᅔ㞴࡛ࡶࡇࡿࡍ▱ணࢆ༴㝤ᛶࡢ๓ࡾࡼ㸪┘どࡵ

ࡿ࠸࡚ 4)㸬ࡓࡋ࠺ࡇᅵ▼ὶࡣ┤᥋ⓗ࡞⿕ᐖࢆ࠸࡞࡛ࡅࡔࡿ࠼㸬ࡢࡑᅵ◁ࡢἼཬᛶࡽᗈ⠊㡿

ᇦ⎔ቃᙳ㡪ࢆཬྍࡍࡰ⬟ᛶࡾ࠶ࡀ㸪ࡤ࠼㸪⌧ᅾᨺᑕᛶᅵተࡢศᕸࡀ᫂ࡿ࠸࡚ࢀࡉࡽ⚟

ᓥ┴ࢆᑐ㇟ࡤࢀࡍ㸪ᐃእࡢᅵ◁ືែࢆᘬࡁ㉳ྍࡍࡇ⬟ᛶࡶ᥎ ࡿࢀࡉ㸬ࡵࡓࡢࡑ㸪┤᥋㸪

㛫᥋ࡶ♫ࡀࢺࢡࣃࣥࡢ࠸ࡁ୰Ṇࡢᚲせࡿ࠶࡛ࢺ࣓ࣥࣈ࣮࣒ࢫ࣐࡞ホ౯࡛ࡿࡁ㸬�  
௨ୖࡢ⫼ᬒࢆ㋃࠼ࡲ㸪ᮏ◊✲࡛ࡣ㸪ὶᇦᛂࡓࡌᅵ◁ὶฟ≉ᛶ࡚ࡋᅵ▼ὶホ౯ࡢᇶ♏࡞

ࡢ࡚ࡋ㸪ᅵ▼ὶࡋつᶍ࡛㞟ࡢ᪥ᮏิᓥᇦࢆᇶ♏ሗࡢ⅏ᐖᐇ⦼㸪ᆅᙧ㸪ᆅ㉁㸪㝆Ỉ㔞ࡿ

༴㝤ࡢ㧗ࡿࡲ㡿ᇦࡢᒎᮃࡔࢇ⤌ࡾྲྀࡇࡍ♧ࢆ㸬௨ୖࡢ⫼ᬒࢆ㋃࠼ࡲ㸪ᮏ◊✲࡛ࡣ㸪ὶᇦ

ᛂࡓࡌᅵ◁ὶฟ≉ᛶ࡚ࡋᅵ▼ὶホ౯ࡢᇶ♏ࡿ࡞⅏ᐖᐇ⦼㸪ᆅᙧ㸪ᆅ㉁㸪㝆Ỉ㔞ࡢᇶ♏ሗ

*Research on sediment dynamics types for basin scale in Japan by Keisuke Ito, Yuri Esaka and Seiki Kawagoe 
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ࡋ㸪ᅵ▼ὶࡋつᶍ࡛㞟ࡢ᪥ᮏิᓥᇦࢆ

ࡇࡍ♧ࢆᒎᮃࡢ㡿ᇦࡿࡲ㧗ࡢ༴㝤ࡢ࡚

ྜࡡ㔜ࢆࢫ࣮࣋ࢱ࣮ࢹࡓࡋ࠺ࡇ㸬ࡔࢇ⤌ࡾྲྀ

ᛂ⌧㸪㞵ฟ࡛ࡇࡃ࠸࡚ࡋゎᯒ࡚ࡋࡏࢃ

༴㝤ᗘࡢᅵ▼ὶࡿ࠺ࡋ⏕᪥ᮏิᓥ࡛Ⓨࡓࡌ

ࢆᒎ㛤✲◊ࡢᵓ⠏ࣝࢹࣔࡍ♧࡚ࡋᐃ㔞ࢆ

ᅗࡾ㸪ᚋࡢ♫ᇶ┙ᩚഛࡢ㐺ᛂ⟇ࡢ㈉

 㸬ࡿ࠶ពྥ࡛࠸ࡓࡾᅗࢆ⫣
 

2.� ゎゎᯒ᪉ἲ㸪ࢺࢵࢭࢱ࣮ࢹࡧࡼ࠾�

ᮏ◊✲ࡢゎᯒ᪉ἲࡣ㸪௨ୗࡢձࡽճ♧

�㸬ࡿ࠶࡛ࡾ࠾ࡍ

ձ ᪤ ᅵ▼ὶ⅏ᐖศᯒ�

ղ ὶᇦࡢᆅᙧゎᯒ�

ճ ὶᇦࡢᆅ㉁ゎᯒ�

� ゎᯒ᪉ἲձ㛵ࡣ࡚ࡋ㸪ᅜᅵ㏻┬Ἑᕝᒁ

┘ಟࡿࡼᖹᡂ 10 ᖺࡽᖹᡂ 22 ᖺ∧ࡢỈᐖ

⤫ィࢆᇶᅵ▼ὶ⅏ᐖࢆᢳฟࡋ㸪⌧㇟Ⓨ⏕ᆅᇦ㸪ᅵ▼ὶⓎ⏕ࡢ㝆Ỉ≧ἣࡓࡋ⌮ᩚࢆ㸬ࡲ

ᅵ▼ὶࡣࢱ࣮ࢹ㸬㝆㞵ࡓࡳヨࢆศᯒࡢ㝆㞵≧ἣࡿ࠺ࡌ⏕ࡢᅵ▼ὶࢫ࣮࣋ࢆሗࡢࡽࢀࡇ㸪ࡓ

Ⓨ⏕⨨᭱㏆㞄ࡢ AMeDAS ほ ᡤྲྀࡾࡼᚓࡋ㸪ᅵ▼ὶⓎ⏕ࡢ㝆㞵≧ἣࡓࡋ㸬ᅵ▼ὶⓎ⏕

㝆㞵㔞ࡣ࡚ࡋ࣮ࣝࢣࢫ࣒ࢱࡢ㸪᪥㞵㔞㸪㐌㛫㞵㔞ࢆ㞟ィࡓࡋ㸬᪥㞵㔞ࢆ▷㛫㞵㔞㸪㐌㛫

㞵㔞ࢆඛ⾜㞵㔞᳨ࡢウ࡚ࡋࢫ࣮ࢣタᐃࡿ࠸࡚ࡋ㸬ᐇ㉁ⓗ࡞ᅵ▼ὶⓎ⏕㛵࡚ࡋ㸪▷㛫ࡋ

㸪ิᓥࡀࡿࢀࡉᐃࡶࢫ࣮ࢣࡿࡍタᐃࢆ㛗ᮇ㛫᭦ࡣ࡚ࡋ㸪ඛ⾜㞵㔞ࢫ࣮ࢣࡢ㛫༢ࡣ࡚

ᇦࢆໟᣓⓗホ౯ࡽࡇࡿ࠸࡚ࡋ㸪⣽ࢆ࡛ࡲ࣮ࣝࢣࢫ࡞ᑐ㇟ࡓࡋሙྜ㸪ㅖ≉ᚩࡾࡼ

㛫㍈ࡢഴྥࡀⓎᩓྍࡿࡍ⬟ᛶࡴྵࢆ㸬᭦ࡿ࡞㛫㍈ᆅᇦ㸪ࡧࡼ࠾ᅵ▼ὶࡢ≉ᚩᛂ࡚ࡌ㝆㞵

ࡢࡶࡿ࠼ࡽࢆഴྥ࡞యⓗࡣ㸪ᮏศᯒ࡛ࡋ᪉㔪ࡃ࠸࡚ࡋウ᳨ẁ㝵ⓗࡣ࡚ࡋ㛵ࢫ࣮ࢣࡢ

 㸬ࡿࡍタᐃඛ⾜㞵㔞ࢆ㛫㞵㔞㸪㐌㛫㞵㔞▷ࢆ㸪᪥㞵㔞࠼ᤊ
ゎᯒ᪉ἲղ㛵ࡣ࡚ࡋ㸪ὶᇦᛂࡓࡌἙᗋࡢ໙㓄ࢆồࡵ㸪໙㓄ᛴᓧࡢ⛬ᗘࡾࡼゎᯒࢆヨ࡚ࡳ

ᨭᕝࡢᑠ༢᭱ࡢࡇ㸬ࡿ࠸࡚ࡋタᐃ㇟ᑐࢆᑠ༢᭱ࡢᨭᕝࡿࡅ࠾Ỉ⣔ࡣ༢ࡢ㸬ὶᇦࡿ࠸

�Ἑ㐨�㸪ὶᇦࡣ㸪ᅜᅵᆅ⌮㝔┘ಟ್ᩘࡢᆅᅗ ࡢࣗࢩࢵ࣓��� ���ሗࢆ⏝࡛ࡇࡿࡍồࡽࡵ

ồࢆ㸪㇂ᆅ㸪❑ᆅࡋ⟭ィࢆഴᩳᗘ㸪᪉ྥࡾࡼᶆ㧗ᕪẚ㍑ࡢ(↷ᅗ-1 ཧ)ࣝࢭࢻࢵࣜࢢࡢ㸬㸷ࡓࢀ

ࢢ㸬ࡓࢀࡉฟ⟭ࡀᇶ♏ሗࡢὶᇦ࡛ࡇࡿࡍ⌮᪥ᮏิᓥᇦᶆ㧗࡛㐃⥆ฎࢆ࣒ࢬࣜࢦࣝࡿࡵ

ࡋሗࡢὶᇦࢆࡢࡶࡓࡏࡉ⥆㐃ࢆἙ㐨㸪ᑿ᰿㒊ࢆࡢࡶࡓࡏࡉ⥆㐃ࢆᆅ㇂࡚ࡌᛂࣝࢭࢻࢵࣜ

࡚ᩚഛࡓࡋ㸬DEM ሗࢆ⏝ࡓࡋὶᇦᩚഛࡾࡼồࡓࢀࡽࡵὶᇦࡣ㸪289,236 ࣨᡤ࡛ࡿ࠶㸬ὶᇦ

༢ࡢἙ㐨ୖ᭱ࡢὶ➃⨨᭱ࡿࡍᶆ㧗᭱ୗὶ➃᭱ࡢᑠᶆ㧗ࡢᕪ㸪Ἑ㐨ᘏ㛗ࡢẚࡾࡼ

Ἑᗋ໙㓄ࡣồࡿ࠸࡚ࢀࡽࡵ㸬໙㓄ᛴᓧࡢ⛬ᗘࡣ㸪ᅜᅵᢏ⾡ᨻ⟇⥲ྜ◊✲ᡤ㈨ᩱࡢ◁㜵ᇶᮏィ⏬

⟇ᐃᣦ㔪(ᅵ▼ὶ࣭ὶᮌᑐ⟇⦅)ゎㄝࡿࢀࡉ♧ᅵ◁⛣ືࡢᙧែࡢᗋ໙㓄ࡿࡼ┠Ᏻࢆཧ⪃

ᅗ��� ὶᇦᆅᙧᢳฟᶍᘧᅗ�
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ᅵ◁ືែᛂࢱ࡚ࡌ

㸯ࣝ࣋ศ㢮�ࣞࣉ

༴㝤࡛ࡇࡿࡍ�㸳ࡽ

ᗘࡓࡋูุࢆ �ᅗ -2 
ཧ↷��ุู࡚࠸ࡘ㸪

໙㓄 ��
 ௨ୖ࣋ࣞࡢ

ࣝ㸳㸪໙㓄 ��
 ࡽ

ᛴᓧࡢ㸲ࣝ࣋ࣞࡢ���

㸪ᅵ◁⏕⏘ᇦࡣἙᗋ࡞

༴㝤ᗘࡵࡓࡿࡍᒓ

㧗ࡃ㸪ⴠୗ㸪ሁ✚㸪ᤲ

ὶࣝ࣋ࣞࡓࡏࢃྜ

ࡢࡶ࠸࡞ࡣᅵ▼ὶᙳ㡪ࡰࡣ㸪ᤲὶ༊㛫ࡾ࠶࡛ࡢࡶࡿࡁホ౯࡛࠸༴㝤ᗘప࡛ࡇࡿࡍኚ

ࡿ࠸࡚࠼ᤊࢆ㐠ືᛶࡿ࠺ࡋὶୗࡢ◁ᅵࡣ༴㝤ᗘࡿࢀࡽࡵồࡾࡼゎᯒࡢࡇ㸪࠾࡞㸬ࡿࡁゎ㔘࡛

ࡢỈ◁㸬ᅵࡿ࠸࡚ࡋホ౯ࢆࣝࣕࢩࣥࢸ࣏ࡿࡏࡉㄏᑟࢆ⠊ᅖࡿ࠺ࡋἼཬࡀ℃㸪ᅵ◁ỏࡽࡇ

ΰྜ⋡㸪ࡧࡼ࠾ᅵ▼ࡢ⢓ᛶࡸὶᇦࡢ➼⏕᳜ࡢㅖ᮲௳୍ࡣ࡚ࡗࡼᴫᅜᅵᢏ⾡ᨻ⟇⥲ྜ◊✲ᡤ

㈨ᩱࡢ໙㓄㐠ື≉ᛶྍࡿ࡞␗ࡀ⬟ᛶࡀࡿ࠶ࡶ㸪ࡢࡇⅬࡣໟᣓⓗ࡞ホ౯ࡓࡗ⾜ࢆᚋࡽࡉ⢭

ᰝࡃ࠸࡚ࡋᚲせࡿ࠶ࡀ㸬�

ゎᯒ᪉ἲճ㛵ࡣ࡚ࡋ㸪ゎᯒղ࡛ᩚഛࡓࢀࡉὶᇦࢱ࣮ࢹ㸪ࡧࡼ࠾Ἑᗋ໙㓄ホ౯⤖ᯝᅜᅵ

㏻┬ᅜᅵᨻᗓᒁᅜᅵሗㄢᩚࡢഛࡓࡋ �� ศࡢ㸯ᅵᆅศ㢮ᇶᮏㄪᰝࡢ⾲ᒙᆅ㉁ࢆࢱ࣮ࢹ㔜ࡡ

ࡿ࠸࡚ࡋࡏࢃྜࡡ㸬㔜ࡿ࠶࡛ࡢࡶࡓࡳヨࢆ㸪ゎᯒࡋศ㢮ࢆᆅ㉁≧ἣࡢ㸪ὶᇦ࡛ࡇࡿࡍࡏࢃྜ

ᆅ㉁≧ἣࡢሗࡣᆅ㉁ᖺ௦ᒾ▼࡛ࡿ࠶㸬ᮏゎᯒࡾࡼᚓࡣࢺࢵࣉࢺ࢘ࡿࡁ࡛ࡢࡇࡿ㸪Ἑᗋ

໙㓄࡛ồࡓࢀࡽࡵ༴㝤ᗘࡢὶᇦᑐࡿࡍᆅ㉁≧ἣࢆồࡵࡓࡿࡁ࡛ࡀࡇࡿࡵ㸪ᆅᙧࡾࡼồࡽࡵ

㸪➨ᅄ⣖㉳ࡋ౫Ꮡ㸬�⥆ᡂᮇ㛫ࡿ࠶࡛ࡢࡶࡓࢀࡉ᭦᪂༴㝤ᗘࡓ࠼ࡲ㋃ࡶᆅ㉁≧ἣࢆホ౯ࡓࢀ

࡚ࡋ㛵㸪ⰼᓵᒾࡓࡲ㸬ࡿࡁゎ㔘࡛࠸ከࡀࡢࡶࡢ⤖ᅛ༙ࡣ㸪➨୕⣖ሁ✚ᒾࡾ࠶࡛⤖ᮍᅛࡣ※

㸬ࡿࡍኚ┦ᵝ࠸㧗ࡀ㸪ᅵ◁⛣ືᛶࡵࡓࡿ࠶ࡶᛶ≉ࡿ࠺ࡋኚ≦◁ࡽᒾయ࠸క㸪㢼ࡣ

ぢ㡿ᇦ࠸ࡁࡢࢡࢫᅵ▼ὶࣜ≉㸪ࡣ࡚ࡋ㛵ὶᇦࡿࡍศᕸࡢᆅ㉁≧ἣࡿࢀࡽࡆᣲࡽࢀࡇ

ࡼ㸪ࡵࡓࡢࡑ㸬࠸࡞࠸࡚ࡋウ᳨ࢆሗࡢ㸪᩿ᒙ㸪◚○ᖏࡣ࡚ࡋ㛵㸪ᮏゎᯒ࠾࡞㸬ࡿࢀࡽࡶ✚

�㸬࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋຍࡶᆅ㉁ሗࡓࡋ⢭ㄞࡾࡼ㸪ࡣࡵࡓ࠺⾜ࢆホ౯࡞ᐦ⦔ࡾ

 

3.� ᪤᪤ ᅵ▼ὶ⅏ᐖศᯒ�

ᖹᡂ ��ᖺࡽᖹᡂ 		ᖺ∧ࡢỈᐖ⤫ィࢆᇶ᪥ᮏิᓥࡢᅵ▼ὶ⅏ᐖࢆᢳฟࡓࡋ⤖ᯝ㸪�


ᖺ㛫࡛ィ �		ࣨᡤࡢᅵ▼ὶⓎ⏕ࡀグ㘓ࡿ࠸࡚ࢀࡉ㸬ᅗ-3 ࠶࡛ࡢࡶࡓࡋᅗࢆ⨨ᅵ▼ὶⓎ⏕ࡣ

ᕞᆅ᪉㸪᪥ᮏࡽ㸪୰ᅜᆅ᪉す㒊ࡣ࢚ࣜ࠸ከࡢ㸪ᅵ▼ὶⓎ⏕ಶᡤࡾࡼ㸬ᢳฟ㞟ィ⤖ᯝࡿ

᪥ᮏิᓥ࡛㞵Ⓨᑐⓗ┦ࡣ࡚ࡋ㛵ᕞᆅ᪉ࡽ㸬୰ᅜᆅ᪉す㒊ࡿ࠸࡚ࡋ㞟୰࿘㎶ࢫࣉࣝ

࡚ࡋ㛵࿘㎶ࢫࣉࣝ㸪᪥ᮏࡓࡲ㸬ࡿࡍ᭷ࢆᛶ⬟ྍࡿ࠸࡚ࡋᙳ㡪ࡀࡇࡿ࠶ἣ࡛≦࠸ࡍࡸࡋ⏕

ࡋᙳ㡪ࡀᆅᙧᆅ㉁せᅉࡢ㸪Ẽ㇟௨እࡽࡇࡿ࠶࡛࢚ࣜࡿࡍ࿊ࢆᆅᙧ࡞ᛴᓧ≉ࡶᓥ࡛ิࡣ

㸪ᗈᓥ┴(110ࡣ┴㒔㐨ᗓࡢ㸪ᅵ▼ὶⓎ⏕ಶᩘୖ࠾࡞㸬ࡿ࠶᭷ຊ࡛ࡀࡇࡿ࠸࡚ ࣨᡤ)㸪㛗㔝┴

ᅗ-2� Ἑᗋ໙㓄ࡿࡼ༴㝤ᗘホ౯ᇶ‽ 
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(83 ࣨᡤ)㸪᪂₲┴(63 ࣨᡤ)㸪

㮵ඣᓥ┴(42 ࣨᡤ)㸪㤶ᕝ┴

(40 ࣨᡤ)࡛ࡿ࠶㸬ᗈᓥ┴

㛵ࡣ࡚ࡋᅵ◁⅏ᐖ㜵Ṇἲᡂ

ᖹᡂࡓࡗ࡞ዎᶵࡢ❧ ��

ᖺ  ᭶ 	� ᪥ࡢ㞟୰㞵㸪

᪂₲┴㛵ࡣ࡚ࡋᖹᡂ �

ᖺ �᭶ࡓࡌ⏕᪂₲⚟ᓥ

㞵㸪ࡧࡼ࠾᪂₲⚟㞵

༨࡞ࡁࡀ⏕ᅵ▼ὶⓎࡿࡼ

ᣐ⋡ࡿ࠸࡚ࡋ♧ࢆ㸬ཧ⪃ࡲ

㸪ᅗ-3࡛ ᖹᆒࡢᅵ▼ὶ

Ⓨ⏕㠃✚ࡀࡍ♧ࢆ㸪┦ᑐⓗ

ᅵ▼ὶつᶍࡢᓥす༡㒊ิ

࠸࡚ࡋ♧ࢆഴྥ࠸ࡁࡀ

⏕ࡢ㸪ከ㞵ࡣᯝ⤖ࡢࡇ㸬ࡿ

㸪ࡣᓥす༡㒊࡛ิ࠸ࡍࡸࡌ

ฟỈࡢከࡾࡼࡉẚ㍑ⓗ㠃

ࡀὶᇦ࡛ᅵ▼ὶ࡞ࡁࡢ✚

࡚ࡋ၀♧ࢆࡇࡿ࠸࡚ࡌ⏕

✚㠃ࡢ┴㸪⚟࠾࡞㸬ࡿ࠸

つᶍࡀࡣࡢ࠸ࡁ㸪⏒࡞

㝆㞵㔞ࢆグ㘓ࡓࡋ᪂₲⚟

㞵ࡾ࠶࡛ࡢࡶࡿࡼ㸪ࢧ

ࡽࡇ࠸࡞ᑡࡶᩘࣝࣉࣥ

౫Ꮡᗘࡢࢺࣥ࣋㝆㞵ࡢࡇ

��㸬ࡿࡁゎ㔘࡛ࡢࡶ࠸㧗ࡀ

ᅗ�4 ࡓࡋ♧࡛᫂ࢺࢵࣟࣉࡢᆅ᪉ẖࢆ㛵ಀࡢ㐌㛫㝆㞵㔞᪥㝆㞵㔞ࡢ㸪ᅵ▼ὶ⅏ᐖⓎ⏕ࡣ

㛵(Ỵᐃಀᩘ┦࠸ᙉࡡᴫࡣ㛵ಀࡢ㐌㛫㝆㞵㔞᪥㝆㞵㔞ࡢ㸬ᅵ▼ὶ⅏ᐖⓎ⏕ࡿ࠶࡛ࡢࡶ

R2=0.67)ࡀࡇࡿ࠸࡚ࡋ♧ࢆ᫂ࡓࢀࡉࡽ㸬ࡢࡇ⤖ᯝࡣ㸪ᅵ▼ὶࢆ࣒ࢬࢽ࣓࢝ࡢ⪃៖ࡓࡋሙ

ྜ㸪≉ᅵ◁ࡢ⏕⏘㡿ᇦ࡚࠸ࡘᅵተࡢ㞵Ỉ㈓␃ࢆ㋃ࡿ࠼ࡲᚲせ୍ࡿ࠶ࡀ᪉࡛㸪᪥㝆㞵㔞ࡼ

༴ࡢᅵ▼ὶ㸪⡆᫆ⓗࡵࡓࡢࡑ㸬ࡿ࠸࡚ࡋ၀♧ࢆᛶ⬟ྍࡿࡁホ౯࡛ࢆ༴㝤ᗘࡢᛂ┦ࡶホ౯࡛ࡿ

㝤ᗘࢆホ౯ࡣ࡚࠸࠾ࢫ࣮ࢣࡿࡍ㸪᪥㝆㞵㔞ࢆ⪃៖ࡶࡇࡿࡍ᭷ຠ࡞ᡭẁྵࡶࡇࡿ࠺ࡾ࡞

ࡇࡿ࠸࡚ࡋ⏕ᅵ▼ὶⓎࡶ㝆㞵㔞࡛࠸࡞ࡣ࡛⏒ᑐⓗ┦ࡣᮾᆅ᪉ࡾࡼ㸪ᅗࡓࡲ㸬ࡿ࠸࡛ࢇ

ࡣ࡛⏒㸪┦ᑐⓗࡣ㸪ᮾᆅ᪉ࡿ࠼ࡲ㋃ࡶつᶍࡢ⦼ᅵ▼ὶᐇࡓࡋ♧㸬ඛࡿ࠸࡚ࢀࡉ♧ࡶ

ࡘࡶࢆ༴㝤ᛶࡿ࠺ࡋ⏕㸪ᑠつᶍὶᇦ࡛ᅵ▼ὶⓎࡋ♧ࢆឤᗘࡢ⏕ᅵ▼ὶⓎ࠸ᙉࡶ㝆㞵㔞࡛࠸࡞

ホ౯࡛ࡿࡁ㸬ཧ⪃࡚ࡋ㸪ᅗ-4 ୰ᖹᡂ 25 ᖺᮾᆅ᪉࡛⏕ࡓࡌᅵ▼ὶࡢ㝆㞵ሗࡶ㏣ຍࡋ

㸪ᖹᡂࡀࡿ࠸࡚ 25 ᖺ 7 ᭶ 22 ᪥ࡓࡌ⏕⚟ᓥ┴႐ከ᪉ᕷ⇕ሷຍ⣡࡛⏕ࡓࡌᅵ▼ὶࡶᐇ⦼୰࡛┦

ᅗ-3� ᅵ▼ὶᐇ⦼ᅗ 

ᅗ-4� ᅵ▼ὶⓎ⏕ࡢ㞵≧ἣ 
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ᑐⓗᑡ㞵ࡓࡌ⏕ࡾࡼ⅏ᐖ࡛ࡀࡇࡿ࠶⌮ゎ࡛ࡿࡁ㸬ࡓࡲ㸪ᅗ-5 ᅵ▼ὶⓎ㝆㞵⋠☜

ࡿ࠶ὶಖ☜⋡ᖺ࡛࡞ⓗ⯡୍ࡣ㸬ᅵ▼ὶⓎ⏕ࡍ♧ࢆ㛵ಀࡢ⏕ 50 ᖺ☜⋡㞵㔞௨ୗ࡛Ⓨ⏕

ὶᇦ࠸࡞࠸࡚ࡋ㐩࡛ࡲᶆ┠ࡔᮍࡀ㸪ᑐ⟇ᩚഛࡣᯝ⤖ࡢࡇ㸬ࡿ࠸࡚ࢀࡉࡽ᫂ࡀࡇࡿ࠸࡚ࡋ

ࡁࡍ⿵ࢆ⟇ᑐࡧࡼ࠾㸪ࡿࡵ㧗ࢆ㐍ᤖࡢ㸪ᑐ⟇ᩚഛࡾ࠾࡚ࡋ၀♧ࢆࡇࡿ࠸࡚ࡋᏑᅾࡃከࡀ

㐺ᛂᩚഛࡢᚲせᛶࡿ࠸࡚ࡋ♧ࢆ㸬 

�

4.� ᆅᆅᙧ࣭ᆅ㉁ゎᯒ�

⾲-1 ศ㢮⤖ᯝ㸪ᅗ-6ࣝ࣋༴㝤ᗘࣞࡿࡼἙᗋ໙㓄ࡢὶᇦࡿࡅ࠾ᓥิ ᆅ㉁ࡧࡼ࠾ᆅ㉁㸪

ᖺ௦ᛂࡓࡌἙᗋ໙㓄ࡿࡼ༴㝤ᗘࣞࣝ࣋⤖ᯝࡍ♧ࢆ㸬ᅗ-6 ࠾ᖹᆒ್㸪ࡣἙᗋ໙㓄ࡓࢀࡉ♧

�㸬ࡿ࠸࡚ࡋ⾲ࢆ್⾲௦ࡢ㸪ᆅ㉁≧ἣࡾ࠶࡛ࡢᶆ‽೫ᕪᖹᆒ್ࡧࡼ

⾲-1 ࣝ࣋ࣞࡀࡡ㸪ᴫࡣὶᇦࡿࡍศᕸᓥิࡿࢀࡉศ㢮ࡾࡼἙᗋ໙㓄ࡾࡼ 1,2 ࡾ࠾࡚ࢀࡲྵ

┦ᑐⓗప࠸༴㝤ᗘࡢࡢࡶࡍ♧ࢆ㸪ࣞ ࣝ࣋ 4,5 ࡶ༴㝤ᗘ࠸㧗ࡿࢀࡲྵ 6%Ꮡᅾࡀࡇࡿ࠸࡚ࡋ

᫂ࡓࢀࡉࡽ㸬 
ᅗ-6 㸪⾲-1ࡣ࡛ ࣝ࣋ࣞࡡᴫ࡚ࡋ㸪ᖹᆒ್ࡾ࠾ࡿࢀࡉ♧ ࡿࢀࡲྵࡀ༴㝤ᗘࡢὶᇦ	��

ࡶࡁࡘࡽࡤࡢὶࡓࡌᛂᆅ㉁࡚ࡋഴྥ࡛ࡇࡿ࠼ຍࢆ೫ᕪ㸬ᖹᆒ್ࡿ࠸࡚ࢀࡉ♧ࡀࡇ

㋃ࡓ࠼ࡲ㞟⣙≧ἣࢆᢕᥱ࡛ࡀࡿࡁ㸪ᆅ㉁࡛≉ࡣᏳᒣᒾ㸪◁ᒾ࣭㡫ᒾ࣭♟ᒾࡀᛴᓧ࡞Ἑ㐨໙㓄

ᒙ㢼⾲ࡣ࡚ࡋ㛵ὶᇦࡿࡍศᕸࡢ㸬Ᏻᒣᒾࡓࢀࡉࡽ᫂ࡀഴྥࡿࡍศᕸ༴㝤ὶᇦࡿࡍ࿊ࢆ

క࠺ᒾࡢ㞳᩿ࡸᒙ࣭◚○ᖏࡢ㛵㐃ᛶ␃ព࡚ࡋ᭦ὀど࡚ࡋ༴㝤ᗘࢆぢ✚ࡿࡶᚲせ࠶ࡀ

㢼ࡢᒙ⾲≉ࡽࡇࡿ࠶㸪ሁ✚ᒾ࡛ࡣ࡚ࡋ㛵ὶᇦࡿࡍศᕸࡢ㸪◁ᒾ࣭㡫ᒾ࣭♟ᒾࡓࡲ㸬ࡿ

ࡶⴭྍࡿ࡞ࡃࡋ⬟ᛶࡵࡓࡿ࠶ࡶ᭦ᅵ▼ὶࡢ༴㝤ᛶࡀ㧗ࡿࡲ༴㝤ᛶࢆ᭷ࡿ࠸࡚ࡋ㸬࠾࡞㸪ᆅ

㉁≧ἣࡢ⤖ᯝࡾࡼὀ┠ࡁࡍ⤖ᯝࡣ㸪ⰼᓵᒾศᕸࡿࡍὶᇦࡢἙ㐨໙㓄ࡀࡾ࠶࡛ࡇ࠸ࡁ㸪ᖹ

ᆒ೫ᕪࡢ࡛ࣞࣝ࣋ 
ⰼᓵࡢ᪥ᮏิᓥࡣ࡚ࡗࡼ㝆㞵≧ἣࡢ㸬ᚋࡿ࠸࡚ࡋ⨨⏺ቃࡢ��

ᒾศᕸᇦࡿࡅ࠾ᅵ▼ὶቑຍࡶ༴ࡿࢀࡉ㸬ᆅ㉁ᖺ௦࡛ࡣ㸪≉➨୕⣖ሁ✚ᒾ㢮ࡀᛴᓧ࡞Ἑ㐨

໙㓄ࢆ࿊ࡿࡍ༴㝤ὶᇦศᕸࡿࡍഴྥࡀ᫂ࡓࢀࡉࡽ㸬➨୕⣖㉳※ࡢᆅ㉁ᖺ௦㛵ࡣ࡚ࡋ㸪

᪂➨୕⣖㸪ྂ➨୕⣖ࡾࡼ⥆ᡂ≧ἣࡶࡾ࡞␗ࡃࡁ㢼ಁ㐍ᗘࡶኚࡵࡓࡿࡍ㸪᭦⦓ᐦ࡞ゎ

ᯒࢆᐇ᭱ࡋ⤊ⓗ࡞ホ౯⤖ᯝࢆồࡿࡵᚲせࡿ࠶ࡀ㸬ࡓࡲ㸪ὀ┠ࡁࡍ⤖ᯝ࡚ࡋ㸪➨ᅄ⣖㉳※

⾲-1 ὶᇦ༴㝤ᗘศ㢮⤖ᯝ 

ᅗ-5� ☜⋡㝆㞵ᅵ▼ὶⓎ⏕ࡢ㛵ಀ 
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࡛ࣝ࣋ࣞࡢ೫ᕪᖹᆒࡶ≀✚ሁࡢ 
㸪ᮍࡣᯝ⤖ࡓࡋ࠺ࡇ㸬ࡓࢀࡉࡽ᫂ࡀࡇࡿࡍ⨨

ᅛ⤖ࡢᆅ㉁ࡢศᕸࡿࡍ༴㝤ᗘࡢᴟ࡚ࡵ㧗࠸ὶᇦิࡀᓥᏑᅾࡾ࠾࡚ࡋ♧ࢆࡇࡿࡍ㸪ࡓࡋ࠺ࡇ

ὶᇦࣉࢵ࣐ࢆሗ࡚ࡋ᫂ࡶࡿࡍࡽ㸪⌧⾜ࡢᅵ▼ὶᑐ⟇≧ἣᑗ᮶ࡢ㝆Ỉ᥎ィࡶ㔜

�㸬ࡿ࠶ࡀᚲせࡿࡍウ᳨ࢆᑐᛂࡢ㸪⮳ᛴ࠸⾜ࢆホ౯࡞ⓗྜ⥲࡚ࡏࢃྜࡡ

�

5.� �ࡾࢃ࠾࠾

ᮏ◊✲ࡾࡼࡳ⤌ࡾྲྀࡢ㸪ձิᓥ༡す㒊࡛ࡣ㸪㝆㞵≉ᛶᚑ࠸ฟỈࡢከࡾࡼࡉẚ㍑ⓗ㠃✚

㝆㞵㔞࡛ᅵ࠸࡞ࡣ࡛⏒㸪┦ᑐⓗࡣ㸪ղᮾᆅ᪉࡛ࡇࡿ࠸࡚ࡌ⏕ࡀὶᇦ࡛ᅵ▼ὶ࡞ࡁࡢ

▼ὶⓎ⏕ࡇࡿࡎ⏕ࡀ㸪ճ㝆㞵ᑐ⟇タィᇶ‽᳨ࡢࡾࡼドࡾࡼᑐ⟇ᩚഛࡀᮍࡔ┠ᶆ࡛ࡲ㐩࡚ࡋ

ᅵ▼ὶ༴㝤ὶࡿࡼ㸪ᆅᙧ࣭ᆅ㉁ࡓࡲ㸬ࡓࢀࡉࡽ᫂ࡀࡇࡿ࠸࡚ࡋᏑᅾࡃከࡀὶᇦ࠸࡞࠸

ᇦูุࡢ㛵ࡣ࡚ࡋ㸪ࢱ࣮ࢹࡽࡉ⢭ᰝࡀࡇࡃ࠸࡚ࡋᚲせ࡛ࡿ࠶㸬�

ᚋࡣ㸪ձᆅᙧᆅ㉁ࡢศᯒ⢭ᰝࡶᅵᆅ⿕そ㸪Ẽೃ�㝆Ỉ�≉ᛶࡶຍࡓ࠼ᅵ▼ὶ༴㝤ὶᇦ

㸪ࡓࡲ㸬࠺⾜ࢆᅵ▼ὶホ౯ࡢ᪥ᮏิᓥᇦ࠸⾜ࢆẚ㍑᳨ウ⦼㸪⅏ᐖᐇࡶࡿࡵ㐍ࢆูุࡢ

ᑗ᮶ⓗ್ᩘࡣẼೃࣔࡶࣝࢹ⏝ࡋ㸪ᑗ᮶ࡢ༴㝤ᗘࢆぢ✚ࡿࡶணᐃ࡛ࡿ࠶㸬�

ㅰ� � ㎡㸸ࡣ✲◊ࡢࡇ㸪⎔ቃᨺᑕ⬟◊✲ᡤࠕࢺࢡ࢙ࢪࣟࣉ㝣ᇦࡽỈᅪࡿࡍ⾜⛣ᨺᑕᛶ≀㉁ࡢ

ᢕᥱࡢ࣒ࢬࢽ࣓࢝⾜⛣ゎ᫂  㸬ࡓࢀࡉᐇࡾࡼᨭࡢቃ◊✲⥲ྜ᥎㐍㈝㸦S-8㸧⎔ࡢ┬ቃ⎔ࡧࡼ࠾ࠖ

ཧ⪃ᩥ⊩㸸 

1)ࡤ࠼ᴋཎၨྑ࣭⏣⏤⣖Ꮚ࣭ⱂᙪ࣭᳃ṇே࣭㰓ಙḟ㑻:☜⋡ྎ㢼ࣔࡓ࠸⏝ࢆࣝࢹ㏆ᮍ᮶ྎ㢼

ホ౯,ᅵᮌᏛㄽᩥ㞟ࢡࢫࣜ B,Vol.68,pp.445-450,2012 

2)ᕝ㉺Ύᶞ࣭Ụᆏᝆ㔛㸸Ẽೃࡢ࣒ࢸࢫࢩ ᬮᩳࡿࡼ㠃ᔂቯᙳ㡪ேཱྀࡢ㛵ಀ㛵ࡿࡍ᥎ィ㸪ᅵ

ᮌᏛㄽᩥ㞟 G,Vol.68,I_287-I_296,2012 

3)㨣㢌㞝 :㜵⅏ᙳ㡪ホ౯ࡢࡵࡓࡢᴟ➃Ẽ㇟⌧㇟ࡢᑗ᮶ኚண  ,⮬↛⅏ᐖ⛉Ꮫ㸪Vol.28,� pp.281-

282,2010. 

4) ∵ᒣ⣲⾜࣭ᶓᖥ᪩Ꮨ :Ⓨ⏕ሙᡤูぢࡓ㏆ᖺࡢ㞵⅏ᐖࡢ⪅≅≛ࡿࡼ≉ᚩ ,⅏ᐖሗ ,No.11, 

pp.81-89,2013. 

�ᆅ㉁༴㝤ࣞࡢࣝ࣋㛵ಀ�� �ᆅ㉁ᖺ௦༴㝤ࣞࡢࣝ࣋㛵ಀ�
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* Variability and its modeling of Cs-137 concentration in the dehydrated sewage sludge in Fukushima by 
Naoya Miura, Yoshiyuki Yokoo. 

⬺⬺ỈởἾ୰ࡢ Cs-137ࡢኚື≉ᛶࢢࣥࣜࢹࣔ㸨�

�

⚟ᓥᏛඹ⏕࣒ࢸࢫࢩ⌮ᕤᏛ㢮� ୕ᾆ� ᑦஓ�

⚟ᓥᏛඹ⏕࣒ࢸࢫࢩ⌮ᕤᏛ㢮࣭⚟ᓥᏛ⎔ቃᨺᑕ⬟◊✲ᡤ� ᶓᑿ� ၿஅ�

�

1㸬 ࡵࡌࡣ�
2011ᖺ 3᭶ 11᪥Ⓨ⏕ࡓࡋᮾ᪥ᮏ㟈⅏ࡿࡼᮾி㟁ຊᰴᘧ♫⚟ᓥ➨୍ཎᏊຊⓎ㟁ᡤࡢ

୍㐃ࡢᨾⓎ⏕ᚋ, ⚟ᓥ┴ෆࡢୗỈฎ⌮ሙ࡚ୗỈởἾ➼ࡽᨺᑕᛶ≀㉁᳨ࡀฟࢀࡇࠋࡓࢀࡉ
╔ᅵተࡢᕷ⾤ᆅࡀᨺᑕᛶ≀㉁ࡓࡋᣑᩓᓥᇦ⚟ࡾࡼᨾ ,ࡣ , 㝆㞵࡚ࡗࡼୗỈ⟶
ᅵተࡀὶධ, ᭱⤊ⓗୗỈฎ⌮ሙࡀࡇࡿ࠸࡚ࡋ⾜⛣ཎᅉ࡛ࠋࡿࢀࡽ࠼⪄ࡿ࠶ ᐃ࣭බ㛤
ࡣᨺᑕᛶ≀㉁ࡿ࠸࡚ࢀࡉ I-131, Cs-134, Cs-137ࡢ 3✀㢮࡛ࡓࡲࠋࡿ࠶, ᨺᑕᛶ≀㉁ࡣ⬺ỈởἾ୰
ࡢ㛫 ,ࡋ᪼ୖ㝆㞵ᚋࡣ್ࡢᨺᑕᛶ≀㉁ࡿࢀࡉฟ᳨ࠋࡿ࠸࡚ࢀࡉබ㛤࡚ࡋ ᗘ (Bq/kg)⃰ࡢ

⤒㐣ࡶᚎࠎῶᑡࡿࡍഴྥࡢࡇࠋࡿ࠶ࡀῶᑡࡢഴྥࡣ㝆㞵ᚋࡢἙᕝὶ㔞ࡢῶᑡࡢഴྥ

ఝ࡚࡛ࡇࡑࠋࡿ࠸ᮏ◊✲ࡣୗỈ⟶ὶධࡿࡍᨺᑕᛶ≀㉁ືࡢែࢆ᫂ࢆࡇࡿࡍࡽ┠ⓗࡋ

࡚, ᪥㔝࣭㛗㇂㒊 (1985) ࡢᡂศศ㞳ᡭἲ࡚࠸⏝ࢆ Cs-137 ࡋゎᯒỈᩥᏛⓗࢆࢱ࣮ࢹ⣔ิࡢ
 ࠋࡓ
 

2㸬 ᪉ἲ�
2.1 ᑐ㇟ᆅⅬࡧࡼ࠾⏝ࢱ࣮ࢹ 
ᮏ◊✲࡛ࡣ⚟ᓥ┴ෆࡢ 2⟠ᡤࡢୗỈฎ⌮ሙ (ฎ⌮ሙ A, ฎ⌮ሙ B) ࢆᑐ㇟ࠋࡓࡋ⬺ỈởἾ୰

ỈởἾ⬺ࡿ࠸࡚ࡋ⏕ฎ⌮ሙ࡛Ⓨྛࢱ࣮ࢹࡢࡇ ,ࡋᚓྲྀࢆࢱ࣮ࢹࡢ ᨺᑕᛶ≀㉁⃰ᗘ (Bq/kg)ࡢ
㔞 (kg/d) ࢆ್ࡢ1 ,ࡏࢃྜࡅ ᪥Ⓨ⏕ࡿࡍ⬺ỈởἾ୰ࡿࢀࡲྵᨺᑕᛶ≀㉁⥲㔞 (Bq/d) ࡢ
᭱ࡀῶᮇ༙ࡕ࠺ࡢᨺᑕᛶ≀㉁ࡿ࠸࡚ࢀࡉබ㛤ࡀࢱ࣮ࢹࡣ࡛✲◊ᮏ ,ࡓࡲࠋࡓࡋ⏝ࡋฟ⟭ࢆ್
㛗࡛ࡿ࠶ Cs-137᳨࡚࠸ࡘウࠋࡓࡋᅗ-1, ᅗ-2 ࡣ⬺ỈởἾ୰ࡢᨺᑕᛶ≀㉁⃰ᗘ㝆㞵ࡢ㛵ಀ, 

ᅗ-3, ᅗ-4 ࡣᨺᑕᛶ≀㉁⃰ᗘ⥲㔞㝆㞵ࡢ㛵ಀࡢᅗࢆグ㍕ࠋࡿࡍ  
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2.2 ᐃᩘ Tcࡢ⟬ฟ 
ᐃᩘ Tc ᨺᑕᛶ≀㉁ ,ࡋసᡂࢆࣇࣛࢢࢺࢵࣟࣉᑐᩘࡢ ᨺᑕᛶ≀㉁⥲㔞 (Bq/d) ,ࡣฟ࡛⟭ࡢ

⥲㔞ࡢ㏴ῶ㒊ศࡢ໙㓄ኚࢆ⥺┤࡚࠸ࡘᘬࢆ⥺┤ࠋࡓ࠸ᘬࡓ࠸༊㛫ᑐᛂࡿࡍᨺᑕᛶ≀㉁⥲

㔞ࡢ༊㛫ࢆᢳฟࡋᣦᩘ㏆ఝࠋࡓࡗ⾜ࢆᣦᩘ㏆ఝ࡛ᚓࡓࢀࡽᘧ(1)ࡢ Įtࡢࡑࡽ㏫ᩘ࡛ࡿ࠶ᐃᩘ
TcࢆồࠋࡓࡵĮࡣ㏴ῶಀᩘ (/d) ࡛ࡾ࠶, tࡣ㛫㛫㝸 (d) ࡛ࠋࡿ࠶ồࡓࢀࡽࡵᐃᩘ1-⾲ࡣ
 ࠋࡍ♧
 
 
 

 

⾲-1 ⟬ฟࡓࡋᐃᩘ Tc 
� ฎ⌮ሙ A� ฎ⌮ሙ B�

�

ᐃᩘ Tc�
Tc1=18.2d 
Tc2=8.3d 
Tc3=2.5d�

Tc1=27.0d 
Tc2=11.2d 
Tc3=2.7d 
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ᅗ-4 Cs-137⥲㔞㝆㞵ࡢ㛵ಀ (Bฎ⌮ሙ)�
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2.3 ᡂᡂศศ㞳᪉ἲ 
Tc ࡛ࡇࡿࡍ௦ධᘧ(6) ,(5)ࢆ 0C  1C 0C ,ࡵồࢆ  1C ࣮ࢱࣝࣇ್ᩘࡋ௦ධᘧ(3)ࢆ
� �WZ ࣮ࢱࣝࣇ್ᩘࠊ࡚ࡋࡑࠋࡓࡵồࢆ � �WZ ࡛ࡇࡿࡍ௦ධᘧ(4)ࢆ Cs-137⥲㔞 (MBq/d) ࡢ

ᡂศศ㞳ࠋࡓࡗ⾜ࢆᮏ᮶࡛ࡤࢀ࠶᪥㔝࣭㛗㇂㒊 (1985) ࡢᡂศศ㞳ᡭἲࡣἙᕝὶ㔞ᑐ࡚ࡋ⏝
ࡣ࡛✲◊ᮏ ,ࡀࡿ࠶ᡭἲ࡛ࡿࢀࡽ࠸ Cs-137⥲㔞 (MBq/d) ᑐࡣࢀࡇࠋࡓࡗ⾜࡚ࡋ Cs-137ࡀ
Cs-137 ,ࡸࡇࡿ࠸࡚ࡋື⛣ࡶ㝆Ỉࡀᅵተࡓࡋ╔ ⥲㔞ࡢῶᑡഴྥࡀ㝆ỈᚋࡢἙᕝὶ㔞ࡢ
ῶᑡഴྥ㢮ఝࡇࡿ࠸࡚ࡋ㉳ᅉࠋࡿࡍ 
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3㸬 ⤖ᯝ�
3.1 Cs-137⥲㔞ࡢ⟬ฟ㛫⤒㐣 
ᅗ-3, ᅗ-4 Cs-137⥲㔞 (MBq/d) ࡢ⟬ฟ⤖ᯝࠋࡓࡋ♧ࢆ⬺ỈởἾ୰ࡢ Cs-137⃰ࡢᗘ (Bq/kg)

≦ᙧࣇࣛࢢࡢ Cs-137 ⥲㔞 (MBq/d) ࣇࣛࢢࡢᙧ≧ࡣఝ࡚ࡀࡇࡿ࠸ศࡣࢀࡇࠋࡓࡗ, ฎ⌮
ሙ࡚ฟࡿࢀࡉ⬺ỈởἾ㔞ࡀᖺ㛫ࢆ㏻୍࡚ࡋᐃࠋࡿ࠶࡛ࡽࡿ࠸࡚ࡋ♧ࢆ್ࡢCs-137⥲㔞ࡣ

ཎᏊຊⓎ㟁ᡤࡢᨾᙜึࡣ㧗ࡀࡓ࠸࡚ࡋ♧ࢆ್࠸, 㛫ࡀ⤒㐣ࡶࡿࡍῶᑡࡋ, ⌧ᅾࡣప
ࡣᮇ㛫࠸㧗ࡀ್ࡢCs-137⥲㔞ࠋࡓࡗศࡀࡇࡿ࠸࡚ࡋ♧ࢆ್࠸ Aฎ⌮ሙ࣭Bฎ⌮ሙඹ 2011
ᖺ 6 ᭶ୗ᪪ࡽ 8 ᭶ୖ᪪ࡀࡇࡿ࠶࡛࡚ࡅศࡣࢀࡇࠋࡓࡗ, Cs-137 ࡀᅵተࡓࡋ╔ࡀ 6
᭶ୗ᪪ࡢࡽᱵ㞵࡚ࡗࡼᢲࡋὶࡀࡇࡓࢀࡉཎᅉ࡛ࡿ࠶ゝ2012 ,ࡓࡲࠋࡿ࠼ᖺࡢᱵ㞵ࡢᮇ
㛫ࢆぢࡿ, ୧ฎ⌮ሙඹ๓ᖺᗘ㧗᳨ࡣ್࠸ฟࡣࢀࡇࠋ࠸࡞࠸࡚ࢀࡉ , ᕷ⾤ᆅᏑᅾࡿࡍ
ᨾ⏤᮶ࡢ Cs-137ࡀ㝆㞵ࡿࡼἙᕝࡸୗỈ⟶ࡢὶฟ, ࡣࡓࡲ㝖ᰁάື࡚ࡗࡼῶᑡࡇࡓࡋ

 ࠋࡿ࠼ゝࡿ࠶ཎᅉ࡛ࡀ
3.2 ⬺ỈởἾ୰ࡢ Cs-137ࡢᡂศศ㞳�
ᡂศศ㞳ࡢ⤖ᯝࢆᅗ-7, ᅗ-8࡛ࡇࡇࠋࡍ♧ Q1, Q2, Q3, Q4ࡢࢀࡒࢀࡑࡣᇶᗏὶฟ, 㐜࠸୰㛫

ὶฟ, ㏿࠸୰㛫ὶฟ, ⾲㠃ὶฟ࡛ࠋࡿ࠶Q1ࡽ㡰ὶฟኚືࡀࡇࡿ࠸࡚ࡗ࡞ࡃࡋ⃭ࡀศࡾ, 
⾲㠃ὶฟࡣ㝆㞵ᩄឤᛂࡀࡇࡿ࠸࡚ࡋศࡓࡲࠋࡓࡗ, ฎ⌮ሙ A, Bࡢᡂศศ㞳⤖ᯝࢆẚ
㍑ࡿࡍ, ฎ⌮ሙ Aࡢ⾲㠃ὶฟࡀฎ⌮ሙ Bࡀࡇ࠸ࡋ⃭ࡶࡾࡼศࡣࢀࡇࠋࡓࡗฎ⌮ሙࡢୗỈ

A ,ࡾ࠶࡛ࡢࡶࡿ࠸࡚ࡁࡽ࠸㐪ࡢ⟶㓄ࡢ⟶ ฎ⌮ሙࡢ᪉ࡀ B ฎ⌮ሙࡶࡾࡼ㝆㞵ࡢᙳ㡪ࢆࡃࡁ

͐ (3) 

͐ (4) 

͐ (5) 

͐ (6) 
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ᡂศࡢࡢࡑࠋࡿศࡀࡇࡿ࠸࡚ࡅཷ Q1㹼Q3 ࡋ╔ࡀᨺᑕᛶ≀㉁ࡿ࠼⪄ࡽᐃᩘ ,ࡣ

⣙࡛ࡲࡿࡍὶฟ࡚ࡋฎ⌮ሙෆ࡛⬺ỈởἾ ,ࡋὶධ⟶ୗỈࡀᅵተࡓ 1㹼2 ᪥ࡇࡿ
 ࠋࡿ࠼ゝࡿ࠸࡚ࡋ⾲ࢆ⛬㐣ࡢ௨๓ࡿࡍὶධ⟶ୗỈࡀᅵተ ,ࡽ

3.3 Cs-137㝆㞵ࡢ㛵ಀ 
Cs-137⥲㔞 Q (MBq/d) 㝆㞵 P (mm/d) 

ᅗ�9��ᅗ�10ࢆ㛵ಀࡢ ��௨ࡓࡲࠋࡍ♧
ୗࡢᅗࡣᅵተࡀ㝆㞵࡚ࡗࡼୗỈ⟶ὶධ

⣙࡛ࡲࡿࡍὶฟ࡚ࡋỈởἾ⬺ࡋ 1㹼2
᪥᳨��ࡽࡇࡿฟࡿࢀࡉ Cs-137 ⥲
㔞 (MBq/d) ࡢࡑࢆ್ࡢ๓᪥ࡢ㝆Ỉ㔞ᑐ
ᛂࡓࡏࡉᅗ࡛ࠋࡿ࠶ᅗ-9, ᅗ-10 ࡽ Cs-137
⥲㔞 (MBq/d) 㝆㞵ࡢ㛫ࡣᙅ࠸┦㛵
ࡽࡇࡢࡇࠋࡓࡗศࡀࡇࡿ࠶ࡀ , 

Cs-137 ⥲㔞  (MBq/d)ࡢὶฟᡂศࡢ୰㝆
㞵ࡢ┦㛵ࡿ࠶ࡀᡂศࡀࡇࡿ࠶ࡀศࡗ

㠃ὶฟ⾲ࡓࢀࡽᚓ࡚ࡋᡂศศ㞳 ,ࡓࡲࠋࡓ
Q4 (MBq/d) 㝆㞵 P (mm/d) ࡢ㛵ಀࢆᅗ
-11, ᅗ-12ࠋࡍ♧⾲㠃ὶฟ Q4㝆㞵ࡢ
┦㛵ࡣ, Aฎ⌮ሙ࣭Bฎ⌮ሙඹ Cs-137⥲

㔞 (MBq/d)㝆㞵ࡢ┦㛵ẚ࡚㧗࡞ࡃ
ࡽࡇࡢࡇࠋࡓࡗศࡀࡇࡿ࠸࡚ࡗ , 
⾲㠃ὶฟ Q4 ࡀࡇ࠸ࡁࡀᙳ㡪ࡢ㝆㞵ࡣ
ศࡓࡲࠋࡓࡗ, ᨾ⏤᮶ࡢ Cs-137ࡣ㛫
⤒㐣࡚ࢀࡘ╔ᐇࡢࡑࡢᏑᅾ㔞ࢆῶ࡚ࡋࡽ

࠸࡚ࡗ࡞ࡃࡉᑠࡶ⟆ᛂࡿࡍᑐ㝆㞵 ,ࡾ࠾

ࡢ㝆㞵Q1㹼3 ,ࡓࡲࠋࡓࡗࢃࡀࡇࡿ

ᅗ-7� ᡂศศ㞳⤖ᯝ(Aฎ⌮ሙ)�
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┦㛵ࡣ୧ฎ⌮ሙࡶࡽࡽࡕ☜ㄆ࡛ࡎࡁ, Q1㹼3ࡣ㝆㞵ࡢᙳ㡪ࡀᑠࡀࡇ࠸ࡉศࠋࡓࡗᐃᩘ

Tcࡢࡇ ,ࡶ࡚࠼⪄ࡽ್ࡢ⤖ᯝࡣṇ࠸ࡋゝࠋࡿ࠼ 

 

 
4㸬㸬 ⪃ᐹ�
ᮏ◊✲࡛ࡣ᪥㔝࣭㛗㇂㒊�(1985) ࡢᡂศศ㞳ᡭἲ࡚࠸⏝ࢆ Cs-137ࡢ⣔ิࢆࢱ࣮ࢹỈᩥᏛⓗ

ࡣ࡛✲◊ᮏ ,ࡀࡿࢀࡽ࠸⏝ሙྜࡿࡍศ㞳ࢆἙᕝὶ㔞ࡣᡂศศ㞳ࡤࢀ࠶ᮏ᮶࡛ࠋࡓࡋゎᯒ
Cs-137 ⥲㔞 (MBq/d) ࡢὶฟᡂศࢆศ㞳ࠋࡓ࠸⏝ࡵࡓࡿࡍฎ⌮ሙ A࣭ฎ⌮ሙ B ὶฟᡂࡶ

ศࡣ 4 ᡂศ࡛࠼⪄ࡿ࠶ศ㞳ࠋࡓࡋᐃᩘ Tc ᅗ-11, ᅗ-12ࡸ 㠃ὶฟ⾲ ,ࡶ࡚࠼⪄ࡽ Q4 㝆ࡣ
㞵ࡿࡼὶฟ࡛ࡿ࠶ゝࠋࡿ࠼Q1㹼3 ୗỈ⟶ෆ ,ࡀࡿࢀࡽ࠼⪄ࡿ࠶୰㛫ὶฟ࡛ࡸつᐃὶฟࡣ
ࡓࡋ╔ᅵተࡣ࡛ Cs-137ࡣᆅ㠃ᾐ㏱ࡎࡏ, ᡂศࡢࡈୗỈ⟶ෆࡢὶ㏿ᕪ␗࠸࡞ࡌ⏕ࡣ
ᐃᩘ ,ࡸࡇࡿࢀࡽ࠼⪄ Tcࡸ⬺ỈởἾࡢฎ⌮ᕤ⛬ࢆ⪃៖ࡶ࡚ࡋ, Q1㹼3ࡣୗỈ⟶ෆࡢ Cs-137
ᅵተ ,ࡽࡇࡢࡇࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡋ⾲ࢆᡂศࡢ௨๓ࡿࡍὶධ⟶ୗỈࡃ࡞ࡣ࡛⾜⛣ࡢ
ࡓࡋ╔ Cs-137ࡀᕷ⾤ᆅୖࢆ ࡼࠋࡿࡁ࡛ࡀࡇࡿ࠼⪄ࡿ࠸࡚ࡋື⛣࡚ࢀศᡂศࡢࡘ3

ᐃᩘ ,࡚ࡗ Tcࡢ⟬ฟ࡛ᚓࡓࢀࡽ㏿ᗘ࡛ Cs-137ࡀᕷ⾤ᆅࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡋື⛣ࢆ 
⌧Ⅼ࡛ࡣ, ⾲㠃ὶฟ Q4ࡀ㝆㞵ࡿࡼὶฟ࡛ࡀࡿ࠸࡚ࡗࢃࡀࡇࡿ࠶, Q1㹼3ࡢὶฟࡀఱ

ࡗ㎺ࢆὶฟ⤒㊰࡞࠺ࡼࡢࡀQ1㹼3 ,ࡣ࡚ࡋᒎ㛤ࡢᚋࠋ࠸࡞࠸࡚ࡗศࡀࡿ࠸࡚ࡋ㉳ᅉ
ᡂศศ㞳ࡢ᪥㔝࣭㛗㇂㒊(1985)ࡣ࡛✲◊ᮏ ,࡚ࡗ⮳ࢀࡑࠋࡿ࠶ࡀᚲせࡿࡍࡽ᫂ࢆࡿ࠸࡚
ᡭἲࡃ࡞ࡣ࡛ࡅࡔ, ⾲㠃ὶࣔࡿ࠶࡛ࣝࢹ kinematic waveἲ࡛ࡇࡿ࠸⏝ࢆ Q1㹼3ࡢὶฟᡂศࢆ
᫂ࡿࡍࡽணᐃ࡛ࠋࡿ࠶ 
 

5㸬 ⤖ㄽ�
ᮏ◊✲ࡣୗỈ⟶ὶධࡿࡍᨺᑕᛶ≀㉁ືࡢែࢆ᫂ࢆࡇࡿࡍࡽ┠ⓗ࡚ࡋ , ᪥㔝࣭㛗㇂

㒊 (1985) ࡢᡂศศ㞳ᡭἲ࡚࠸⏝ࢆ Cs-137ࡢ⣔ิࢆࢱ࣮ࢹỈᩥᏛⓗゎᯒࠋࡓࡋᚓࡓࢀࡽ⤖
ᯝࢆ௨ୗࠋࡿࡵࡲ 
ձ Aฎ⌮ሙ࣭Bฎ⌮ሙࡶ Cs-137ࡢὶฟᡂศࡣ �ᡂศ࡛ࠋࡿ࠶ 

ղ ᡂศศ㞳ࡓࡋ⤖ᯝࡿࡼ��⾲㠃ὶฟ Q4 ��Q1㹼3ࡀࡿ࠶ࡀ㛵┦㝆㞵ࡣ ࡀ㛵┦㝆㞵ࡣ

ᅗ-12� Q4㝆㞵ࡢ㛵ಀ(Bฎ⌮ሙ)�
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ࡣ࡛ࡅࡔᡂศศ㞳ᡭἲࡢ ��᪥㔝࣭㛗㇂㒊�(1985)ࡃ࡞ Q1㹼3 ࠸࡚ࡋ㉳ᅉఱࡀὶฟᡂศࡢ

�ࠋ࠸ࡋ㞴ࡣࡇࡿࡍᐃ≉ࢆࡿ

ᚋ��ᮏ◊✲ࡣ kinematic waveἲ࡛ࡇࡿ࠸⏝ࢆ Cs-137ືࡢែ㛵᳨ࡿࡍウࢆ㐍ࢆࡇࡿࡵ
᳨ウࠋࡿ࠸࡚ࡋ�

 

ㅰㅰ㎡ 
� ᮏ◊✲ࡣ, CRESTࠕᏳ࡛ᣢ⥆ྍ⬟࡞Ỉ⏝ࡢࡵࡓࡢᨺᑕᛶ≀㉁⛣ὶᣑᩓࡢࢱ࣮࣑ࣞࣗࢩ㛤

Ⓨࠖࡧࡼ࠾ᅜ❧Ꮫᨵ㠉ᙉ᥎㐍ᴗࠕ⎔ቃᨺᑕ⬟ືࡢែᙳ㡪ࢆゎ᫂ࡿࡍඛ➃◊✲ᣐⅬᩚࡢ

ഛࠖࡢᡂᯝ୍ࡢ㒊࡛ࠋࡿ࠶ 
 

ཧ⪃ᩥ⊩ 
᪥㔝ᖿ㞝࣭㛗㇂㒊ṇᙪ (1985), Ỉᩥὶฟゎᯒ, ᳃ฟ∧. 
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1. Introduction 

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. In this sense studies directed toward the analysis of the deposition phenomenon will be of great 

help. 

After sediment particles have been removed from the watershed surface, some of them are transported 

through the river system into a reservoir. Some of the eroded materials are transported to a lower area for 

temporary storage before they eventually move through the river system for a terminal point of 

deposition. Thus the amount of sediment deposition to a reservoir depends on the amount of sediment 

yield produced by the upstream watershed although this relationship was not yet clearly quantified; 

herein these patterns are analyzed for Lake Tuni. 

There are numerous studies on various aspects of soil erosion and sediment deposition that gave sights 

in the current study. Milan et al. (2007) and Hashimoto et al. (2013) proposed new techniques for field 

survey to estimate the sediment deposits volume. The sensibility of sediment yield to land use, soil 

coverage, soil formation, precipitation and area coverage was analyzed in the approaches of Hippe et al. 

(2012), Walling (1999), Kothyari et al. (1994) and Avendaño et al. (1997). These were very helpful for 

the interpretation of our results in comparison with the approach of Kawagoe (2012) who reported the 

current sediment yield of Tuni catchment area.  

 
2. Study Area  

In Lake Tuni were found two sand deposits, the sediment deposit of Tuni River and the sediment 

deposit of a nameless river, which surface area are 0.035 Km
2
 and 0.019Km

2
 respectively (Fig. 1).  

Tuni River originates in Tuni Glacier flows for 5.46 Km before draining into Lake Tuni, and has a 

contributing catchment area of 10 Km
2
. On the other hand, the above mentioned nameless river flows for 

0.94 Km before draining into Lake Tuni, and it has a contributing catchment area of 0.65 Km
2
. 

 

3. Methodology 
Digital Elevation Model 

Both sediment deposits were surveyed in early October 2013 with the 3D laser scanner, Quarryman 

Pro, in three parts to reduce the possibility of unscanned areas due to shadowing effect and with a high 
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definition of 0.20 [m] (vertical and horizontal interval between each observation). on each sand deposit 
respectively. The instrument combines reflectorless laser measurement technology with high-speed 
automatic robotic surveying to obtain topographical accurate measurements. Later MDL software is used 
to export that data into Global Mapper format, deriving in a digital elevation model (Fig. 2-3). 

 

Fig. 1 Location of Tuni River mouth and a nameless river mouth in Lake Tuni 
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Fig. 2 Topography of the sediment deposit of Tuni River 
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Fig. 3 Topography of the sediment deposit of a nameless river 

 

The bottom level of the sediment deposits 
Sediment movement is accompanied by the organization of grains into morphologic elements called 

bedforms. Hence in this study the bottom level of the sediment deposit is defined as the base over which 

the presence of bedforms started to be evident. Similar assumption was already validated in the study of 

Hashimoto et al. (2013). 

In the sediment deposit of Tuni River was performed two excavation points (Fig.4). Analyzing the 

excavation point T2, 4436 [m.a.s.l], was found the predominance of clay, without any presence of 

bedforms. In the other hand at the excavation point T1, 4437.1 [m.a.s.l], was appreciable the existence of 

two layers of gravel which thickness are 0.29[m] and 0.22 [m] respectively (Table 1). Below this 

bedforms, at the elevation of 4436.5 [m.a.s.l.], the composition of the soil suddenly changed from gravel 

to clay. 

 

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

T1 

T2 
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Table 1 Soil composition at Excavation Point T1 

Bedform 1st 2nd 3rd 
Thickness [m] 0.29 0.22 0.65 

Soil composition Gravel Gravel Clay 

 

For the sediment deposit of a nameless river was performed three excavation points (Fig.5). At the 

excavation point N1, 4437 [m.a.s.l], clay was found below three layers, at the elevation of 4435.9 

[m.a.s.l.]. These layers are composed by mixture sand and clay, which thickness are 0.2 [m], 0.5[m] and 

0.37[m] respectively. Although for the cases N2, 4436.3[m.a.s.l], and N3, 4436.5[m.a.s.l], the 

excavations was less depth than in case N1. Both cases present similar composition in the upper layers, a 

mixture of sand and gravel, and on the deeper layers a mixture of thinner sand and clay. The thickness of 

each layer is summarized in Table 2-4.  

Therefore 4436.5 [m.a.s.l] is the level assumed as the bottom of the sediment deposit of Tuni River 

and 4435.9[m.a.s.l] in the case of the sediment deposit of a nameless river. These levels are considered 

as a constant base height for the estimation of the sediment deposit volume.  

 

 

Fig. 5 Excavation points on the sediment deposit of a nameless river 

 

Table 2 Soil composition at Excavation Point N1 

Bedform 1st 2nd 3rd 4th 

Thickness [m] 0.2 0.5 0.37 0.19 

Soil composition Sand  Sand 
Mixture of 

sand and clay 
Clay 

 

Table 3 Soil composition at Excavation Point N2 

Bedform 1st 2nd 3rd 
Thickness [m] 0.12 0.33 0.55 

Soil composition Sand Sand 
Mixture of 

sand and clay 

 

N1 

N2 
N3 
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Table 4 Soil composition at Excavation Point N3 

Bedform 1st 2nd 3rd 4th  

Thickness [m] 0.06 0.1 0.18 0.6 

Soil composition Sand Sand Mixture of sand and clay 

 

4. Results and discussion 
Estimation of the sediment deposit’s volume and the rate of sediment deposition 
Based on the information collected with the 3D laser scanner and with the help of a tool menu in Global 
Mapper’s setup was estimated the sediment deposit volume. The same base height (the bottom elevation 
of the sediment deposit) relative to each vertex was specified as 4436.5[m.a.s.l] for the sediment deposit  
of Tuni River and 4435.9 [m.a.s.l] in case of the sediment deposit of a nameless river. These results were 
summarized in Table 5. 

Finally in order to estimate the rate of sediment deposition due to sediment transport by rivers, the 
total volume of sediment was divided by the length of time that the Dam is functioning of 34 years from 
1978 to 2013, showing the results in Table 6. 

Table 5 Volume of sediment deposits until 2013 [m3] 

Parameter Value 
Volume of Tuni sand deposit [m3] 4.63x104 
Volume of a nameless sand deposit [m3] 3.6 x104 

 
Table 6 Rate of sediment deposition [m3/year] 

Parameter Value 
Tuni sand deposit [m3/year] 1363 
A nameless sand deposit  [m3/year] 1068 

 

Comparison 
Kawagoe (2012) reported that the current rate of sediment yield of Lake Tuni catchment area is 76.7 

m3/year. This a much lower value than our estimations of the rate of sediment deposition, summarized in 
Table 2. Furthermore this value is low if we compared with other approaches with similar coverage area. 
Therefore the sensibility of sediment yield to different parameters (soil formation, soil coverage and 
precipitation) was analyzed to establish the reliability of our results. 

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 
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erosion rates. Therefore taking into account this factors can be explained the low rate of sediment yield 
reported by Kawagoe (2012). In the other hand it was exposed the necessity to establish the current rate 
of sediment deposition by other methodologies. 

 
5. Conclusions 

The estimation of the sediment deposit’s volume and the rate of sediment deposition was obtained by 
means of topographical measurements on the sediment deposits (performed with a 3D laser scanner) and 
information about bottom level of the sediment deposits.  

It was established that parameters such as: precipitation soil coverage and type of soil formation are 
influencing the low rate of sediment yield in Tuni catchment area. 

In order to establish the rates of sediment deposition with more accuracy it should be necessary to 
evaluate other techniques such as the comparison of the current measurements made on 2013 with a 
future one in 2014. 
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ࡡᴫࡣⱱ㝈⏺㧗ᗘ⦾⏕᳜ࡢ⾜⌧㸬ࡓࢀ �㸬ࡿࢀࡽ࠼⪄ࡿ࠶3࡛		��
�

㸲㸬ᆅᙧሗᩚഛᅵ◁⏕⏘ࡢ⪃ᐹ�

ᆅᙧሗᩚഛ㸪ࡧࡼ࠾ᅵ◁⏕⏘ᛶࢆ㋃ࡓ࠼ࡲ⪃ᐹࡢࡵࡓ࠺⾜ࢆ⤖ᯝ࡚ࡋ㸪ᅗ ᆅᙧุㄞ	

⤫ᣓᅗࡍ♧ࢆ㸬ᅗ ࡢᆅ〄ࡿࡍᑐ㸪ᩳ㠃࡚࠼ຍἙᗋ໙㓄㸪ᩳ㠃ᘏ㛗㸪ᩳ㠃ᩳᗘࡢὶᇦẖࡣ	

༨ᣐ⋡ࡿ࠸࡚ࡋ♧ࢆ㸬〄ᆅᆅᙧࡢሗࢆ㔜࡛ࡇࡿࡏࢃྜࡡᅵ◁⏕⏘ࡢάⓎ࠸ࡍࡸࡋ㡿ᇦ

 㸬ࡿࡁ࡛ࡇࡿࡍᢕᥱࢆ

Condriri ὶᇦ࡛ࡣ㸪〄ᆅࡀᗈࡾࡀ㸪ᩳ㠃ഴᩳᗘࡀ࡞ࡁ(ᕥᓊ㸪ྑᓊ᭱ࡶ 20°⛬ᗘ)㡿ᇦࡣ

L=6,500 ࡽ 7,000m ᆅⅬ࡛ᅵ◁⏕⏘ࡀάⓎྍࡿ࠺ࡌ⏕⬟ᛶࡀ♧၀ࡿࢀࡉ㸬࠾࡞㸪ࡢࡇ┤ୗὶ

ࢰ✚ᅵ◁ሁ㸪┤ୗࡾ㝈࠸࡞࡛⏘⏕࡞ࡁࡢ㸪つᶍࡵࡓࡢࡑ㸬ࡿ࡞ࡃ⦅࡚ࡋᛴኚࡣἙᗋ໙㓄ࡢ

ࡢࡢࡑ㸬ࡿࡁ࡛ ᥎ࡀ⛬㐣ࡃ࠸࡚ࡋἼཬ㈓Ỉụࡀ◁ᾋ㐟ᅵ࡞⣽ࡢ㸪⢏ᚄࢀࡉಖ☜ࡶ࣮ࣥ

Condoriri ὶᇦࡢ≉ᚩࡣ࡚ࡋ㸪ᶆ㧗 4,600m  㸬ࡿࢀࡽࡵㄆࡀഴྥࡿ࠸࡚ࡋᆅⅬ࡛〄ᆅᩳ㠃ቑຍࡢ

�
ᅗ �� ྛ᭶ࡢᖹᆒⓗᅵᆅ⿕そᅗ�

�

ᅗ �� 㞵Ꮨ��᭶�Ꮨ��᭶ࡢ�⤫ᣓẚ㍑ᅗ�
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� Tuni ὶᇦ࡛ࡣ㸪ὶᇦẚ㍑࡚ࡋ〄ᆅᩳ㠃ࡢ༨ᣐ⋡ࡀ㒊ศࢆ༨ࡿ࠸࡚ࡵ㸬ᩳ㠃ഴᩳᗘࡶᛴ

ᓧ࡛ࡾ࠶㸪ᆅᙧⓗࡣᅵ◁⏕⏘ࡀࣝࣕࢩࣥࢸ࣏㧗࠸᥎ ࡿࢀࡉ㸬Ἑᗋ໙㓄ࡶᛴ࡛ࡢࡢࡶࡿ࠶㸪

ὶᮎഃ࡛Ἑᗋᖜࡀᗈࡾ࠾࡚ࡗࡀ㸪ࡶࢫࣛࢸᙧᡂࡽࡇࡿ࠸࡚ࢀࡉ㸪㈓Ỉụᅵ◁ࡀὶධࡋ

 㸬ࡿ࠼࠸ࡿ࠸࡚ࡋᡂࢆ≦ᆅ㉁ᙧ࠸ࡃ

Huyna ὶᇦ࡛ࡣ㸪〄ᆅࡀᗈࡾࡀ㸪ᩳ㠃ഴᩳᗘࡀ࡞ࡁ(ᕥᓊ㸪ྑᓊ᭱ࡶ 20°௨ୖ)㡿ᇦࡣ

L=6,500m ௨㝆࡛ㄆࡿ࠸࡚ࢀࡽࡵ㸬ࡢࡇ≧ἣࡣ㸪L=6500 ࡍࡸࡋ⏘⏕◁ᅵࡀ࢚ࣜࡢὶഃୖࡾࡼ

ᛴᓧ(15°௨࡚ࡌ㏻ࢆὶᇦ༊㛫ࡣᓊഃྑࡢὶᇦࡢࡇ㸪ࡓࡲ㸬ࡿࢀࡉ ᥎ࡿ࠸࡚ࡋ࡞ࢆ≦ᙧ࠸

 㸬ࡿ࠼࠸ࡿ࠸࡚ࡋ᭷ࢆᆅᙧ≉ᚩ࠸ࡍࡸࡋᅵ◁ὶฟࡢᓊഃྑ≉㸪ࡾ࠶࡛(ୖ

 

㸳㸬ᩳ㠃ᵓᡂᅵተศᯒ 

⌧ᆅㄪᰝࡾࡼᢕᥱࡓࢀࡉᆅ㉁≧ἣ࡚ࡋ㸪Condoriri㸪Tuni ⢓ᯈᒾᇶᒾࡿࡍ࿊ࢆᬯ㟷⅊Ⰽࡣ࡛

᪉࡛㸪Huyna pototi୍ࡿࢀࡽࡵㄆࡀἣ≦ࡓࡋ㏆ఝཎⰍࡢ ⰍㄪࡢⰍ〓ࡿࡍ၀♧ࢆ㢼ຎࡣ࡛

ࡽ㸬Ⰽㄪࡿࡍ࿊ࢆ Huina potosi ࡛ᅵ◁⏕⏘࠸ࡍࡸࡋ≧ἣࡀ᥎ ࡿࢀࡉ㸬ᅵተ⢏ᗘศᯒࡢ⤖ᯝ

ᅗࡣ 
 ⢏ᚄࡾࡼഴྥࡢ㸬⢏ᗘࡿ࠶࡛ࡾ㏻ࡍ♧ᅵተ⢏ᗘศᯒᅗࡢ �33 ௨ୗࢆ◁ࡢᑐ㇟ࢀࡍ

ࡤ &:40ὶᇦ㸪�:<4(�659580ୖὶᇦ࡛ከࡃศᕸࡇࡿࡍ㸪ᴫࡢࡡὶᇦ࡛⢏ᚄ �		ȣ3௨ୗࡢ⣽

࠙Condoriri ゎᯒࠚ 

࠙ᖹ㠃⨨ࠚ ࠙Huyna pototi ゎᯒ  ࠚ

࠙Tuni ゎᯒࠚ 

ᅵ◁⏕⏘࣮ࣥࢰ 

ᅗ 	� ᆅᙧุㄞ⤫ᣓᅗ 
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ࡡᴫࡣ⢓ᅵࡽ◁ ࡽ��


᪉࡛㸪୍ࡿࡍศᕸࡢ�	

&:40 ὶᇦࡣ �	�௨ୖከ

㸬ࡓࢀࡉࡽ᫂ࡀᯝ⤖࠸

㍺㏦࠸ࡍࡸࢀࡉᅵ◁ࡣ⢏ᚄ

ⓗ &:40 ὶᇦከࡃศᕸ

࠸ࡍࡸࡋ㏦㍺≉㸪ࡀࡿࡍ

���ȣ3ࢺࣝࢩ ௨ୗࡶࡾࡼ�

ᑠ⢏ᚄࡢศᕸࡣ࡛᫂ࡿ࠶

ࡽࡉࢆ㸪ᚋ㸪ヨᩱࡵࡓ

⣽ศࡿࡍពྥ࡛ࡿ࠶㸬ࡲ

࠼ࡲ㋃ࡶศᯒࡢ◁㸪ᾋ㐟ࡓ

࡚ᅵ◁ືែࡢゎᯒࢆ㐍ࡿࡵ

ணᐃ࡛ࡿ࠶㸬 

 

㸴㸬ࡾࢃ࠾ 

�㸬ࡓᚓࢆᐹ⪄ࡢ௨ୗࡾࡼࡳ⤌ࡾྲྀࡢ✲◊
(� ᅵᆅ⿕そࡾࡼ㸪Ꮨ⠇ኚ࡛ᯤ࠸ࡃࢀ ᫂ࡀᛶ⬟ྍࡿࡍῶᑡࡣᆅ㡿ᇦ〄ࡾࡼᛶ≉⏕᳜ࡢ)1)#

�㸬ࡓࢀࡉࡽ
)� ᆅᙧሗᩚഛᅵᆅ⿕そࡢ㛵ಀࡾࡼ㸪�54+57070㸪�:<4(� 659580 ὶᇦࡢᅵ◁⏕⏘࠸ࡍࡸࡋ

㡿ᇦ &:40 ὶᇦ࡚ࡌ⥲ࡣᅵ◁⏕⏘ࡢࡢࡶ࠸ࡍࡸࡋὶฟ㒊ࡢࢫࣛࢸࡢᙧᡂࡾࡼὶฟไ㝈

�㸬ࡓࢀࡉࡽ᫂ࡀࡇࡿ࠸࡚ࢀࡉ
*� ᅵተ⢏ᗘศᯒࡾࡼ㸪&:4ὶᇦࡧࡼ࠾ �:<4(�659580ୖὶ࡛ࡣᅵ◁㍺㏦࠸ࡍࡸࡋ⣽⢏ᅵ◁⢏Ꮚ

�㸬ࡓࡋࡽ᫂ࢆࡇࡿ࠸࡚ࡋศᕸࡃከࡀ
ᚋ㸪ᾋ㐟◁ࡓࡵྵࡶᅵ◁Ꮫ⤌ᡂ㸪ࡧࡼ࠾⣽⢏⢏ᗘᵓᵓᡂࡓࡵྵࡶ⦓ᐦ࡞ゎᯒࢆຍ᭱࠼⤊

ⓗ࡞ᅵ◁ືែ㐣⛬ࢆㄏᑟࡿࡍ⤖ㄽࢆᑟࡁ㸪ịἙୗὶᇦࡢᅵ◁≉ᛶࢆ᫂ࡿࡍࡽ㸬㸬�
��
ㅰ㎡㸸ᮏ◊✲ࡣ㸪ᆅ⌫つᶍㄢ㢟ᑐᛂᅜ㝿⛉Ꮫᢏ⾡༠ຊᴗ�%�&$�#%ࡢ�ຓࡿࡼ �$�!��
�㸬ࡿ࠶࡛➨ḟࡍ♧ࢆㅰព࡚ࡋグࡇࡇ㸬ࡓࡋࡲࢀࡉᐇ࡚ࡗࡼ
�
ཧ⪃ᩥ⊩�

� �,74(7+��7(4*5:���+854�$(307,=���520;(7��(*,7,8�� (4+��(;0,7� ,4+5=(㸸�2(*0,7��;52:9054� 04� 9/,�

&7560*(2� �4+,8� +:704.� 9/,� 9/,� �(89� �,*(+,8� 5-� 9/,� �	9/� �,49:7<�� �� �5:74(2� 5-� 9/,� �:3(4�
�4;07543,49�'52������88:,����66�
�������			��

�� �566,8�� ��(4+� 549.53,7<����$���&/,�7,2(90;,�,--0*(*<�5-�-2:;0(2�(4+�.2(*0(2�,758054�5;,7�35+,74�95�
575.,40*�903,8*(2,8��!(9:7,��,58*0,4*,�����66�������		���

�� Ἠ┤ஓ㸪�()0(4(�3,7*(+5㸪ᕝ㉺Ύᶞ�⇕ᖏịἙὶᇦୗ᳜ࡢ⏕ኚࡀᅵ◁ᾐ㣗ཬࡍࡰᙳ㡪ࡢホ౯㸪�	
�
ᖺᗘỈᩥỈ㈨※Ꮫ◊✲Ⓨ⾲せ᪨㞟㸪66��
	��

���	
���

ᅗ 
� ᅵተ⢏ᗘศᕸᅗ�
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ἾἾⅆᒣᄇฟ≀ὶධక࣏࣭ࣥࣟࢩࢿࢻࣥ࠺ᕝࡢἙᗋኚື㸨�

�

ᮾᏛ� ᕤᏛ㒊� ᳃� ᩥ❶�

ᮾᏛ� Ꮫ㝔ᕤᏛ◊✲⛉� ୕ᡞ㒊� భኴ�

ᮾᏛ� ⅏ᐖ⛉Ꮫᅜ㝿◊✲ᡤ� ࿋� ಟ୍�

Institut Teknologi Sepuluh Nopember� Suntoyo 
ᮾᏛ� Ꮫ㝔ᕤᏛ◊✲⛉� ᱵ⏣� ಙ�

ᮾᏛ� Ꮫ㝔ᕤᏛ◊✲⛉� ⏣୰� ோ�

ᮾᏛ� ⅏ᐖ⛉Ꮫᅜ㝿◊✲ᡤ� ᭷ാ� ᜨᏊ�

ᮾᏛ� ⅏ᐖ⛉Ꮫᅜ㝿◊✲ᡤ� ┿㔝� ᫂�

�

�㸬 ࡵࡌࡣ�
2006ᖺ 5᭶ࣙࢪࣝࢻࢩ࣭ࢩࢿࢻࣥᕷ࡛ἾⅆᒣࡀⓎ⏕ࡋ㸪㔞ࡢởἾࡀᄇฟࡓࡋ㸬Ἶⅆ

ᒣࡣỈࢆከ㔞ࡴྵ⢓ᅵࡀᆅୗ࡚ࡗࡼࢫ࢞ࡢࡽᢲࢫ࢞ࢀࡽࡆୖࡋᄇฟᏍࡁ࡛ࡾࢃࡲࡢ

㸪Ἶⅆᒣࡾ࠶ᆅẆኚືᖏ࡛ࡢୡ⏺᭷ᩘࡣᓥ࣡ࣕࢪࡢࢩࢿࢻࣥ㸬ࡿ࠶࡛ࡇࡢୣࡢ㗹ᙧࡿ

άື㛫㝸࡛⇿Ⓨⓗࡢᅇ⛬ᗘ୍ᖺ㹼ᩘ༑ᖺᩘࡣ㸬Ἶⅆᒣࡿ࠸࡚ࡗࡇሙᡤ࡛㉳ࡢࡃከࡣ⏕Ⓨࡢ

ᩘ༑᭱ࡣởἾᄇฟ㔞ࡢࡽάື࡛Ἶⅆᒣࡢ㸪୍ᅇࡋ m3ྍࡿ࡞⬟ᛶࡿ࠶ࡀ(㧗ᶫࡽ㸪2006
ᖺ)㸬ࣙࢪࣝࢻࢩᕷ࡛Ⓨ⏕ࡓࡋἾⅆᒣࡢởἾศᯒ(US Geological Survey, 2013)ࡸἾⅆᒣࡢάື

⥅⥆ᮇ㛫ࡢゎᯒ(Davies et al, 2011)ࡀࡿ࠸࡚ࢀࢃ⾜ࡣ㸪Ἶⅆᒣᄇฟ≀ὶධక࠺Ἑᕝࡢᙳ㡪
≦✚ሁࡢởἾࡿࡍὶධᕝ࣏ࣥࣟࡣ࡛✲◊㸪ᮏ࡚ࡗࡼ㸬࠸࡞࠸࡚ࢀࢃ⾜ࡀウ᳨࡞༑ศࡣ࡚࠸ࡘ

ἣࡢホ౯ࢆ┠ⓗࡋ㸪࣏ࣥࣟᕝࡢἙᗋࡢ 㔞⤖ᯝࢆᇶࡢࡑኚືởἾሁ✚ࡢ㛵ಀ᳨࡚࠸ࡘ

ウࡓࡗ⾜ࢆ㸬�

  

�㸬 ◊✲ᑐ㇟⿕ᐖ≧ἣࡢᴫせ�
㛗 320km㸪ὶᇦ㠃✚ 12, 000m2/km࣡ࣕࢪࡢᓥ➨ ࢫୗὶᇦ࡛ࡣᕝࢫࢱࣥࣛࣈࡿ࠶Ἑᕝ࡛ࡢ2

㛗⣙ࡣᕝ࣏ࣥࣟ㸦ᅗ㸫1ཧ↷㸧㸬ࡿ࠸࡚ࡋศὶᕝ࣏ࣥࣟᕝࣖࣂࣛ 60kmࡢἙᕝ࡛ࡾ࠶㸪
⣙ࡽࣖࣂࣛࢫࡢᓥᮾ㒊࣡ࣕࢪ࣭ࢩࢿࢻࣥ 30km༡⨨ࡿ࠸࡚ࡋ㸬Ἑᕝᖜࡣ 150m㹼300m㸪
Ἑᕝ໙㓄ࡣ 1/3500㹼1/8000࡛ࡾ࠶㸪ኳᕝ༊㛫ࡀከࡃᏑᅾࡿ࠸࡚ࡋ㸬ὶᇦࡢᖺ㛫㞵㔞ࡣ 1500
㹼2000mm⛬ᗘ࡛ࡾ࠶㸪᫂░࡞㞵ᮇ㸦ᴫࡡ 10᭶㹼4᭶㸧ᮇ㸦ᴫࡡ 5᭶㹼9᭶㸧ࡀᏑᅾࡿࡍ�ᅗ
㸫2ཧ↷�㸬��

㸬ࡓࡋ㛤๐࡚ࡋὥỈỈ㊰ࢆᕝ࣏ࣥࣟ㸪19ୡ⣖ᮎࡀࡓࡗ࠶ᮏᕝ࡛ࡀᕝࣖࣂࣛࢫࡣࡶࡶ
㞵ᮇࣖࣂࣛࢫࡣᕝୗὶ⨨ࢆࣖࣂࣛࢫࡿࡍὥỈࡽᏲࡵࡓࡿ㸪ὥỈὶ࣏ࣥࣟࢆ࡚ࡍࡢᕝ

₅Ỉ㊰℺ࢱࣝࢹ࣭ࢫࢱࣥࣛࣈᕝࣖࣂࣛࢫࡾࡼ࣒ࢲࣥࢥ᪂ࣞࣥࡣ㸬୍᪉࡛ᮇࡿ࠸࡚ࡋὶ

�㸬࠸࡞ࢀࡉ⤥౪ࢇࡣᕝ࣏ࣥࣟ㸪ࢀࡉỈྲྀ

࡛⣙᭱ࡀᄇฟ㔞ࡢἾࡣἾⅆᒣ࡛ࡢᕷࣙࢪࣝࢻࢩ 18 m3/dayࡶ㐩ࡋ㸪ࡢࡑᚋ㝖ࠎᄇ

*River bed variation in Prong River in Indonesia due to sediment inflow from mud volcano by Fumiaki Mori, Yuta 

Mitobe, Shuichi Kure, Suntoyo, Makoto Umeda, Hitoshi Tanaka, Keiko Udo, and Akira Mano �
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ฟ㔞ࡀῶᑡࡀࡿ࠸࡚ࡋ㸪Ⓨ⏕ࡽ 7ᖺ௨ୖ⤒㐣ࡓࡋ⌧ᅾࡶᄇฟࡿ࠸࡚࠸⥆ࡀ㸦⾲㸫1ཧ↷㸧㸬ࡇ

ࡀ㑊㞴ఫẸࡾࡼ⅏ᐖࡢ 4ே㐩ࡓࡋ 2006ᖺ 7᭶ἾࡁࡏࢆṆࡢࡵࡓࡿࡵሐ㜵ࢆタ⨨ࡀࡓࡋ㸪
୍㒊ࡢሐ㜵࡛ࡣỴቯࡸἾࡢ㉺ὶࡌ⏕ࡀ㸪ࡾࡼࢀࡇබඹᶵ㛵ࡢᙳ㡪ࡿ࠸࡚ࡌ⏕ࡶ㸬ሁ✚࣭㈓

ⶶ㝈⏺㐩ࡓࡋἾࡣ 2006ᖺ 11᭶ 22᪥௨㝆࣏ࣥࣟᕝฟࡾ࠾࡚ࢀࡉ㸪⌧ᅾ࡛ࡶ㔞ࡢởἾࡀ�
�ࡑࡼ࠾ࡽἙཱྀࡶࡽࡕ㸪ࡾ࠶⟠ᡤࡣởἾὶධཱྀࡢᕝ࣏ࣥࣟ㸬ࡿ࠸࡚ࢀࡉฟᕝ࣏ࣥࣟ
28kmᆅⅬᏑᅾࡿ࠸࡚ࡋ㸬�

 

��㸬 ◊✲᪉ἲ�
ࡢᨻᗓࢩࢿࢻࣥ Lumpur Sidoarjo(LUSI)Ἶⅆᒣ⅏ᐖࡢᢸᙜ㒊ᒁ࡛ࡿ࠶BPLS� (Badan 

Penanggulangan Lumpur Sidoarjo - Sidoarjo Disaster Recovery Agency)ࡀ�ởἾᄇฟᚋ 㔞1ࡓࡋk
㹫ẖࡢἙᗋ᩿㠃ࢱ࣮ࢹ�ᅗ㸫3ཧ↷࡚࠸⏝ࢆ�㸪Ἑ㐨㒊ࡢᆅᙧኚ㐣⛬ࢆㄪࡓ㸬ࡋࡔࡓ㸪Ἑᗋ᩿
㠃ࡢࢱ࣮ࢹᇶ‽Ⅼࡣ 㔞᪥ẖࡾ࡞␗�ᅗ㸫3��ཧ↷�㸪ࡓࡲᶓ᩿㠃ࡢ 㔞㛫㝸୍ࡀᐃ࡛࠸࡞ࡣ㸬
࡚࠸ࡘࢱ࣮ࢹࡢ�ᅗ㸫3���ཧ↷�㸪⿵ṇᚋ࠸⾜ࢆṇ⿵‽ᇶࢆ⨨ሐ㜵࠸࡞ࡢ㛫ኚື࡛ࡇࡑ
⥺ᙧ⿵㛫࡛ࡇ࠺⾜ࢆᶓ᩿㠃᪉ྥ1㹫㛫㝸ྲྀࢆࢱ࣮ࢹࡢᚓࡓࡋ㸬ࢆࢀࡇởἾᄇฟ㔞ࡸὶ㔞㸪ཬࡧ

ࢆᙳ㡪ࡓ࠼Ἑᗋኚືࡀ㸪ởἾὶධࡋẚ㍑ᫍ⏬ീ⾨ࡿ࠸࡚ࡋබ㛤ࡀᅜ❧Ꮫ࣮࣏ࣝ࢞ࣥࢩ

ホ౯ࡿࡍ㸬��

⾲㸫㸯ởἾᄇฟ㔞�࿋ࡽ㸪2013� 
ᖺ ᖹᆒᄇฟ㔞 

㸦༓ m3/day㸧 
᭱ᑠᄇฟ㔞 
㸦༓ m3/day㸧 

᭱ᄇฟ㔞 
㸦༓ m3/day㸧 

2006 100 90 180 
2007 80 60 95 
2008 60 20 80 
2009 50 5 75 
2010 40 1 70 
2011 30 0 70 
2012 20 0 70 

ᅗ㸫�� �ࡿࡅ࠾ᕝὶᇦࢫࢱࣥࣛࣈ
᭶ᖹᆒ㞵㔞�࿋ࡽ�������

ᅗ㸫�� ᑐ㇟㡿ᇦ�
�

�� ��

�ࣖࣂࣛࢫ

�ᕝࢫࢱࣥࣛࣈ

200km�

��

᪂࣒ࣞࣥࢲࣥࢥ�

ᄇฟཱྀ�ᄇฟཱྀ

�ࢱࣝࢹ࣭ࢫࢱࣥࣛࣈ

� � � � � � ℺₅ᆅᇦ�

10km�

ởἾὶධཱྀ�
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		㸬 ᖹᆒἙᗋ㧗�
ᅗ㸫4(a)ᖹᆒἙᗋ㧗ࡢἙ㐨⦪᩿᪉ྥศᕸࡍ♧ࢆ㸬ởἾὶධཱྀୖὶࡢ 152�� ࡀἙᗋኚືࡣ࡛

ࡋ㸪ὶධࡾ࠾࡚ࡌ⏕ࡀἙᗋኚື࡞ࡁࡣୗὶഃ࡛ࡾࡼ᪉࡛㸪ởἾὶධ୍ཱྀ࠸࡞ࢀࡽࡳࢇ

ࡓࡲ㸬ࡿࢃࡀࡇࡿ࠸࡚ࡋࡰཬࢆᙳ㡪࡞ࡁἙᗋኚືࡿࡅ࠾ᕝ࣏ࣥࣟࡀ≀✚ሁࡢởἾࡓ

ᮇ࡛ࡢἙᗋୖ᪼㔞ࡣởἾὶධཱྀ㏆࡛᭱ࡿ࠸࡚ࡗ࡞㸬ởἾᄇฟ㔞ࡀᑡ࠸࡞ 2009ᖺࡢἙᗋ
ኚືࡿࡳࢆᮇࡢ㛫࡛ࡢἙᗋ㧗ࡢቑຍ㔞ࡣ ���� ᖺᮇࡢቑຍ㔞ẚᑠ࠸ࡉ�ᅗ㸫4(b)ཧ↷)㸬

ởἾὶධཱྀࡾࡼୗὶഃ࡛ࡣ ����ᖺᮇ㸦ᴫࡡ 
᭶㹼�᭶㸧ࡃࡁἙᗋࡋ᪼ୖࡀ㸪㞵ᮇᛴ⃭
ࡣ㸪�����㏆࡛ࡀࡿ࠸࡚ࡋῶᑡ ����ᖺᮇἙᗋࡓࡋ᪼ୖࡀᚋ㞵ᮇ�����ᖺ 
᭶㹼���ᖺ
�᭶�࡛ࡢῶᑡ㔞ࡀ᩿ࡢ㠃ẚ㍑࡚ࡋᑠ࠸ࡉ㸬� � �

20010/4 
0 100 200

í10

0

10

(a)� �

�����
⿵ṇ๓�

 (b)�

� ����

1

(m) 

2006/11 

������
⿵ṇᚋ�

� ����

20010/4 

	��

160KP�� 180KP� 200KP�

220KP�

240KP�

260KP��

ởἾᄇฟཱྀ�

ởἾὶධཱྀ ��ὶධ �
ởἾὶධཱྀ ��

�����

⿵ṇᚋ�

(m) 

���

ᅗ㸫�� 	��
����ࡢࢱ࣮ࢹ㸬��� 㔞᩿㠃㸪��� 㔞ࢱ࣮ࢹἙᗋ 㔞ࡿࡼ�⿵ṇ๓�㸪�
��� 㔞ࡢࢱ࣮ࢹ����
�⿵ṇᚋ�䠊ࡢ⥺ࡢ�������Ⰽࡣ㛫ࡍ♧ࢆ�
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㸬 ⤒㦂ⓗᅛ᭷㛵ᩘἲࡿࡼἙᗋኚືゎᯒ�
ゎᯒ᪉ἲࡢࡇ㸬ࡓࡗ⾜ࢆゎᯒࡿࡼ㸪⤒㦂ⓗᅛ᭷㛵ᩘࡵࡓࡿ᥈ࢆᅉࡢἙᗋኚືࡢᕝ࣏ࣥࣟ

ǡݔᅛ᭷㛵ᩘ݁ሺࡢ㛫᪉ྥ✵ࢆ✵㛫ศᕸࡢ➼ࢱ࣮ࢹ㸪ᆅᙧ࠺ࡼࡢḟᘧࡣ ᅛ᭷㛵ࡢ㛫᪉ྥሻݕ
ᩘܿሺݐሻࡍ⾲࡛✚ࡢ㸪ᡂศศᯒࡾ࠶࡛✀୍ࡢ㸪ࡢࡽࢀࡇᅛ᭷㛵ᩘࢆࢱ࣮ࢹࡣᇶ⤒㦂ⓗỴᐃ
�㸦ຍ⸨࣭ྜྷᯇ㸪1984㸧㸬ࡿࢀࡉ �
�

ሺ�ǡכ� �ǡ �ሻ ൌ �ሺ�ǡ �ǡ �ሻ െ �ଵሺ�ǡ �ǡ �ሻ ൌ σ �୬ሺ�ሻ�୬ሺ�ǡ �ሻ
ୀଵ �          � � � (1) 

 

ᮏ◊✲࡛ࡣከ᩿ࡢࡃ㠃࡛᭱పἙᗋࡓࡗ࡞ 2007 ᖺ 6 ᭶ࡢἙᗋ�ଵሺ�ǡ �ǡ �ሻࡢࡽኚື㔞
ሺ�ǡכ� �ǡ �ሻ࡚࠸ࡘゎᯒࡓࡗ⾜ࢆ㸬ࡢࢻ࣮ࣔྛࡓࡲᐤ⋡�୬ࡣᑐᛂࡿࡍᅛ᭷್ Ȝiࡽ௨ୗࡢ

 㸬ࡿࡁ࡛⟭ィ࠺ࡼ

� ൌ ɉ୧
σ ɉ୧୩
୧ୀଵ

൘                                        (2) 

ᅛ᭷㛵ᩘܿሺݐሻ݁ሺݔǡ ଵǡܿࢻ୍࣮ࣔ➨㡰࠸ࡁࡢᐤ⋡�୬ࡣሻݕ ݁ଵ��➨࣮ࣔࢻ� ܿଶǡ ݁ଶ�͐ࡪ
�㸬ࡿࡍࡇ

BPLS ࢹࡣ㸪ᅇࡾ࠶ࡀ㊊ࡸ㒊Ḟᦆ୍ࡀࡿ࠸࡚ࢀࢃ⾜㛫㝸࡛ࡢᗘ⛬ᗘ୍᭶ࡣ㔞 ࡿࡼ
࠸ẚ㍑ⓗከࡀࢱ࣮ 152KP㹼200KPࡢ༊㛫࡛ 2006ᖺ 11᭶㹼2010ᖺ 4᭶࡚࠸ࡘ⤒㦂ⓗᅛ᭷㛵ᩘ

ゎᯒࡓࡗ⾜ࢆ㸬ᅗ㸫
ǡݔᅛ᭷㛵ᩘ݁ሺࡿࡍ㛵㛫✵ࡢ࡛ࡲࢻ࣮ࣔ୕➨ࡽࢻ୍࣮ࣔ➨��� ྛࡢሻݕ
᩿㠃࡛ࡢᖹᆒࢆ㸪ᅗ㸫
࡛ࢻ୍࣮ࣔ➨ࡣ⋠㸬ᑦ㸪ᐤࡍ♧ࢆሻݐᅛ᭷㛵ᩘܿሺࡿࡍ㛵㛫���
83.5㸣㸪➨࣮࡛ࣔࢻ 12.2㸣㸪➨୕࣮࡛ࣔࢻ 1.3㸣࡛ࡾ࠶㸪➨࣮࡛࡛ࣔࡲࢻ 95.7㸣㐩ࡓࡿࡍ
�㸬࠺⾜ࢆᐹ⪄ࡢᅉࡢ࡛ࡲࢻ࣮ࣔ➨ࡵ
ࡣ㠃ᖹᆒ್᩿ࡢ㛫㛵ᩘ݁ଵ✵ࡢࢻ୍࣮ࣔ➨ �
���㹼����� ࠾࡚ࡋ♧ࢆ್ࡢṇ࡛࡚ࡍࡢ༊㛫ࡢ

ࡿࡍቑຍࡀ㛫㛵ᩘܿଵࡣࢻ୍࣮ࣔ➨㸬ࡿ࠸࡚ࡋᑐᛂ⛬ሁ✚࣭ᾐ㣗㐣࡞యⓗࡢ㸪Ἑᗋෆ࡛ࡾ

ᅗ㸫4� ᖹᆒἙᗋ㧗㸬⦪᩿᪉ྥศᕸ(a)㸪㛫ኚ����

 (a)� �

 ����

a)(a

ởἾὶධཱྀὶධཱྀὶධཱྀ
2�

ởἾởἾ
1�

����ᖺ �᭶� � � � � ���� ᖺ �᭶�

����ᖺ ��᭶� � � � � � � ����ᖺ ��᭶�

���ᖺ �᭶� � � � � � � � � ���� ᖺ �᭶�

160� 170� 180� 190� KP�210� 220� 230� 240� 260�

��᭶ۍ� �����ᖺ͐͐͐�ۍ�

�ۑ���

Ɇ�Ɇ�Ɇ����ᖺ �Ɇ Ɇ Ɇڧ�

�ۑ

ᖺ�Ɇ�Ɇ�Ɇ�� � ���� ᖺɆ Ɇ Ɇڧ�
��᭶ۍ�� ����ᖺ �͐�ۍ͐ۍۍۍۍ�

ᅗ㸫4 ᖹᖹᆒἙᗋ4 ᖹ a)㸪㛫ኚ���ᗋ㧗㸬⦪᩿᪉ྥศᗋ㧗㸬 ศᕸ(aa)㸪᩿᪉ྥศ ���

����� 160 701 801 1901 P210 2202 2302 4024 KP2600

㸫152KP� � 㸫��160KP 

͐170KP� ࣭㸫࣭190KP�
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����ᖺ 
᭶㹼����ᖺ ��᭶㸦ᮇ㛫Ϩ㸧ཬࡧ ����ᖺ �᭶㹼����ᖺ �᭶㸦ᮇ㛫Ϩ’㸧࡛ࡣἙᗋୖ᪼

ࡿࡍῶᑡࡀ㸪㛫㛵ᩘܿଵࡋᐤ 2007ᖺ ��᭶㹼���ᖺ �᭶㸦ᮇ㛫ϩ㸧ཬࡧ ����ᖺ �᭶㹼����
ᖺ 	 ᭶㸦ᮇ㛫ϩ’㸧࡛ࡣἙᗋῶᑡᐤࡿ࠸࡚ࡋ㸬ࡢࡇ㛫㛵ᩘܿଵࡢኚືࢆὶ㔞�ᅗ㸫6 ཧ↷�
ẚ㍑ࡿࡍὶ㔞ࡢᑡ࠸࡞ᮇቑຍࡋ㸪ὶ㔞ࡢከ࠸㞵ᮇῶᑡࡿࢃࡀࡇࡿ࠸࡚ࡋ㸬ࡀࡓࡋ

ሁࡿࡅ࠾㞵ᮇࡓࡋቑຍࡢὶ㔞ࡧሁ✚ཬࡢởἾࡿࡅ࠾ᮇ࠸࡞ᑡࡢὶ㔞ࡣࢻ୍࣮ࣔ➨㸪࡚ࡗ

✚ởἾࡢᾐ㣗ࡿ࠸࡚ࡋ⾲ࢆ㸬ᮇ㛫Ϩ’ࡢ㛫㛵ᩘܿଵቑຍ㔞ࡣᮇ㛫Ϩẚᑠࡃࡉ㸪ࡣࢀࡇởἾᄇ
ฟ㔞ῶᑡక࣏ࣥࣟ࠺ᕝࡢởἾὶධ㔞ࡢῶᑡࡿࢀࡽ࠼⪄ࡢࡶࡍ⾲ࢆ㸬�

➨࣮ࣔࡢࢻ✵㛫㛵ᩘ݁ଶ᩿ࡢ㠃ᖹᆒ್ࡣ ����� ࡛㈇ࡿ࠶ࡀࢡ࣮ࣆࡢ್ࡢ㸬160KP࡛ࡣ㛫㛵
ᩘܿଶࡀῶᑡࡿࡍᮇ㛫Ϩ݁ࡣଶܿଶࡀ✚ࡢṇࡾ࡞㸪Ἑᗋୖ᪼ᐤࡀࡿ࠸࡚ࡋ㸪ᮇ㛫Ϩ’ࡣ
㛫㛵ᩘܿଶࢇኚࡎࢀࡽࡳࡀ㸪Ἑᗋୖ᪼ᐤࡿࢃࡀࡇ࠸࡞࠸࡚ࡋ㸬⾨ᫍ⏬ീࡽ
2007 ᖺᮇࡣởἾὶධཱྀ㸯ࡢࡽởἾࡢὶධࡀ☜ㄆ࡛ࡀࡿࡁ㸦ᅗ㸫7(a)ཧ↷㸧㸪2009 ᖺᮇ
㛫ࡿࡅ࠾�����㸪࡚ࡗࡀࡓࡋ�ᅗ㸫7(b)ཧ↷�㸬࠸࡞ࡁㄆ࡛☜ࡀὶධࡢࡽởἾὶධཱྀ㸯ࡣ
㛵ᩘ݁ଶࡣࢡ࣮ࣆࡢởἾὶධཱྀࡢኚࡿࡼởἾሁ✚⨨ࡢኚᑐᛂࡿࢀࡽ࠼⪄ࡢࡶࡓࡋ㸬 � �

ᅗ㸫
� ⤒㦂ⓗᅛ᭷㛵ᩘ㸬���✵㛫㛵ᩘ㸪���㛫㛵ᩘ�

ᅗ㸫�� ᭶ᖹᆒὶ㔞�

(m) 

� ����

Ϩ Ϩϩ ϩ

0 15 30
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KP�190�
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ࡓࡲ �
��㹼��
ǡݔ㛫㛵ᩘ݁ଶሺ✵ࡳࡢ༊㛫ࡢ�� ࡢࢻ㸬➨࣮ࣔࡿ࠸࡚ࡗ࡞ṇࡀ㠃ᖹᆒ್᩿ࡢሻݕ
㛫㛵ᩘܿଶࡢࢻ୍࣮ࣔ➨ࡣ㛫㛵ᩘܿଵࡀῶᑡࡿࡍᮇ㛫ϩ࡚࠸࠾ቑຍࡋ㸪ࡢࡑᚋࡣ࡞ࡁኚ
㸬 2007ᖺ࠸࡞ࢀࡽࡳࡀ 11᭶㹼2008ᖺ 2᭶࡛ࡢᖹᆒἙᗋ㧗ࡢኚࡿࡳࢆ�ᅗ㸫	ཧ↷�㸪�
��
㹼��
ࡗṧࡀ㒊୍ࡢởἾࡓࡋ✚ሁࡶᚋࡢ㸪㞵ᮇࡃࡉᑠࡀపୗࡢἙᗋ࡚ࡋẚ㍑ࡣ༊㛫࡛ࡢ��
ࡿࡅ࠾ࢻ㸬➨࣮ࣔࡿࢃࡀࡇࡿ࠸࡚ �
��㹼��
ᒁᡤࡣ༊㛫ࡿ࠸࡚ࡗ࡞ṇࡀྕ➢ࡢ��
ⓗ࡞ᾐ㣗ഴྥࡢ㐪࠸㉳ᅉࡿ࠶࡛ࡢࡶࡿࡍ㸬�௨ୖ࠺ࡼࡢ➨࣮ࣔࡣࢻᒁᡤⓗ࡞ሁ✚࣭ᾐ㣗ഴ
�㸬ࡿ࠸࡚ࡋ⾲ࢆ␗ᕪࡢྥ
�

��㸬 ࡾࢃ࠾�
ởἾὶධᚋ࣏ࣥࣟࡢᕝࡢἙᗋ 㔞࡚࠸ࡘࢱ࣮ࢹ⤒㦂ⓗᅛ᭷㛵ᩘࡿࡼゎᯒ࠸⾜ࢆ㸪࣏ࣥࣟ

ᕝࡢἙᗋኚືࡢᅉࢆᢳฟ࡛ࡓࡗࢃࡀࡇࡿࡁ㸬➨୍࣮ࣔࡣࢻయⓗ࡞ởἾሁ✚࣭ᾐ㣗ഴྥ

ࡀ㔞ᮇ㛫 ࡣ㸬ᚋࡿ࠸࡚ࡋ⾲ࢆởἾሁ✚࣭ᾐ㣗ഴྥ࡞ᒁᡤⓗࡣ࡛ࢻ㸪➨࣮ࣔࡾ࠾࡚ࡋ⾲ࢆ

ᑡ࠸࡞ୗὶᇦ࡚ࡵྵࡶゎᯒ࠸⾜ࢆ㸪Ἑ㐨ᇦ࡛ࡢởἾሁ✚࣭ᾐ㣗㐣⛬᳨࡚࠸ࡘウ࠺⾜ࢆ㸬 
 

ㅰ㎡㸸ᮏ◊✲ࡣ JSPS⛉◊㈝㸦ㄢ㢟␒ྕ ࡧࡼ࠾24404014 24404015㸧ࡢᨭ࡚ࡅཷࢆᐇࡓࢀࡉ㸬�
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�.㸪2013࣒࢘ࢪ࣏ࣥࢩὶฟ࣭ሁ✚≧ἣ㸪ᆅ⌫⎔ቃࡢ≀Ἶⅆᒣᄇฟࡿࡅ࠾ᕝ࣏ࣥࣟ
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LUSI mud volcano, East Java, Journal of the Geological Society, Vol.168, pp.517-523, 2011. 

doi: 10.1144/0016-76492010-129 
US Geological Survey:Preliminary Analytical Results for a Mud Sample Collected from the LUSI Mud 

Volcano, Sidoarjo, East Java, Indonesia, 2008, 2008. 
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* Aquatic environment of Porong River downstream of inflow from mud volcano by Makoto Umeda, 
Fumiaki Mori, Hitoshi Tanaka, Shuichi Kure, and Suntoyo. 
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*Relationship between quantity and quality of surface water flowing into the Bisyamon Pond during a 
snowmelt season by Jun Miura, Yasuyoshi Watanabe, Yoshiyuki Yokoo and Shiho Yabusaki 

☬ᲓẝἋ㛛⼥㞷ᮇࡢὶධ⾲ὶỈ㔞Ỉ㉁ࡢ㛵ಀ㸨 

 

⚟ᓥᏛඹ⏕࣒ࢸࢫࢩ⌮ᕤᏛ㢮� ୕ᾆ� � ῟ 
⚟ᓥᏛᏛ㝔ඹ⏕࣒ࢸࢫࢩ⌮ᕤᏛ◊✲⛉� Ώ㎶� Ὀୡ 

⚟ᓥᏛඹ⏕࣒ࢸࢫࢩ⌮ᕤᏛ㢮࣭⚟ᓥᏛ⎔ቃᨺᑕ⬟◊✲ᡤ� ᶓᑿ� ၿஅ 
⚟ᓥᏛඹ⏕࣒ࢸࢫࢩ⌮ᕤᏛ㢮� ⸭ᓮ� ᚿ✑ 

 
1㸬 ࡵࡌࡣ 
☬ᲓⰍ†⩌ࡣ 1888ᖺࡢ☬Დᒣᄇⅆ࡚ࡗࡼᙧᡂࠋࡓࢀࡉ༓ⴥ(1988)ࡿࡼⰍ

†⩌ࡢỈ⣔ࡣ㸪⍠⍵Ѝ㟷ЍᘚኳᘺභЍ∗ЍẕЍᰗࡢ ࢀࡇ㸪ࢀࡽࡅศࡘ2
 ࠋࡿ࠸࡚ࡋࡿ࠸࡚ࢀࡉฟ㸪㛗℩ᕝࢀὶ㡰ࡢЍ῝ἾЍẝἋ㛛❲ࡋὶྜࡀỈ⣔ࡢࡽ
†Ⰽࡣ(2013)ࡽΏ㎶ࠋࡿ࠸࡚ࢀࢃ⾜ࡀㄪᰝࡢỈ㉁ࡽ௨๓࡚ࡗࡼ࡞(1986)ࡽ㸪༓ⴥࡓࡲ

⩌ࡢᮎ➃⨨ࡿࡍẝἋ㛛࡚࠸࠾Ỉ㔞ࡢ㐃⥆ほ ࠸⾜ࢆ㸪Ⰽ†⩌ࡢ⾲ὶỈ㔞ࡢᢕ

ᥱ࠺ࡼࡢࡇࠋࡿ࠸࡚ࡗ⾜ࢆⰍ†⩌ࡢ⾲ὶỈࡢὶືࡸὶ㔞㸪Ỉ㉁ᙧᡂ࡚࠸ࡘㄪᰝ㸪◊

 ࠋࡿ࠸࡚ࢀࢃ⾜ࡀ✲
㏆ᖺ࡚ࡗ࡞㸪⚟ᓥ┴(2012)ࡀ☬Დ†ࡢỈ㉁⎔ቃᇶ‽ࡀ㐩ᡂࡇࡑࡸࡇ࠸࡞࠸࡚ࢀࡉ

ࡢ†ⱑ௦⫞ࡿ࠸࡚ࡋὶධࡀỈࡽ pH࡞ࡇࡿ࠸࡚ࡋ᪼ୖࡀỈ⎔ቃኚ࡚࠸ࡘሗ࿌ࠋࡿ࠸࡚ࡋ
⛬ὶฟ㐣ࡾࡲࡘ㸪ࡿ࠸࡚ࢀὶࢆࡇࡢὶᇦෆࡀỈࡣࡵࡓࡿࡍゎ⌮ࢆỈ⎔ቃኚ࡞࠺ࡼࡢࡇ

㉁≀ࡿࡍᏑᅾ㸪Ỉ୰ࡾ࠶ỈᩥᏛⓗㄢ㢟࡛ࡣゎ᫂ࡢ⛬ὶฟ㐣ࠋࡿࡃ࡚ࡗ࡞㔜せࡀࡇࡿ▱ࢆ

ࠋࡿ࠸࡚ࢀࢃ⾜ࡀ✲◊ࡿࡍࡽ᫂ࢆ⛬ὶฟ㐣ࡽ㛵ಀࡢỈ㉁Ỉ㔞࡚࠸⏝࡚ࡋ࣮ࢧ࣮ࣞࢺࢆ

Ⰽ†⩌࡛ࡣỈ㔞Ỉ㉁ࡢㄪᰝࡀࡿ࠸࡚ࢀࢃ⾜ࡣ㸪࡚ࡏࢃྜࡳ⤌ࢆࡽࢀࡇὶฟ㐣⛬ࢆゎ᫂

 ࠋ࠸࡞࠸࡚ࢀࢃ⾜ࡣ✲◊ࡿࡍ
ὶࡸ 㐃⥆ほࡢỈ㉁ࡓࡋ㇟ᑐࢆ㸪⼥㞷ᮇࡀࡿ࠶ᆅᇦ࡛ࡿࡍ༟㉺ࡀ㞷ฟỈ⼥ࡣ㸪☬Დࡓࡲ

ฟ㐣⛬㛵ࠋ࠸࡞࠸࡚ࢀࢃ⾜ࡣ✲◊ࡿࡍ⼥㞷ὶฟ㐣⛬㛵ࡣ࡚ࡋ✲◊ࡿࡍ㸪㕥ᮌࡢ (1987)ࡽ

ࡋㄝ᫂ࢆ⛬ὶฟ㐣ࡢࡽᆅ୰ࡸ⾲㸪ᆅ࠸⏝࡚ࡋ࣮ࢧ࣮ࣞࢺࢆỈ㉁ࡢ㞷ᮇ㛫୰⼥ࠋࡿ࠶ࡀ✲◊

⛬㸪ὶฟ㐣ࡅࡘࡳࢆ࣮ࢧ࣮ࣞࢺ࡛ࡇ࠺⾜ࢆ 㐃⥆ほࡢỈ㉁ࡢⰍ†⩌࡛⼥㞷ᮇࠋࡿ࠸࡚

ࡢỈ㉁ὶỈ㔞⾲ࡿࡍὶධẝἋ㛛ࡢ㞷ᮇ⼥ࡣ✲◊㸪ᮏ࡛ࡇࡑࠋࡿࢀࡽ࠼⪄ࡿࡁゎ࡛᫂ࢆ

㛵ಀࡽⰍ†⩌ࡢὶฟ㐣⛬ࢆ᫂ࢆࡇࡿࡍࡽ┠ⓗࠋࡿࡍ 
 

2㸬 ◊✲᪉ἲ 
2.1  ᑐ㇟ㄪᰝᆅⅬ 
ᮏ◊✲࡛ࡣ⚟ᓥ┴ࡢ☬Დᆅᇦࡿ࠶Ⰽ†⩌ẝἋ㛛ࡢὶධཱྀ(⦋ �����ƍ㸪ᮾ⤒

������ƍ�࡛ㄪᰝࡓࡗ⾜ࢆ(ᅗ-1)ࠋὶᇦ㠃✚ࡣ 10.54km2࡛ࠋࡿ࠶ 
2.2  Ỉ㉁ ᐃࡧࡼ࠾⏝ࢱ࣮ࢹ 
ᖹᡂ 25ᖺ 3᭶ 4᪥ࡽ  ᰴᘧ♫, WQC-24㸧, ᖹᡂ࣮ࢣ࣮ࢣ࣮ࢹグỈ㉁ィ㸦ᮾள⮬ࡢ1ྎ
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25ᖺ 4᭶ 9᪥࠺ࡶࡽ グỈ㉁⮬ࡢ1ྎ

ィ㸦࣡ࢡࢵࢸࣀࢼ࣭ࢫ࢚ᰴᘧ

♫, EXO 2㸧ࢆタ⨨ࡋ㸪ẖࡢỈ㉁ࡢ㐃

⥆ほ 2ࠋࡓࡗ⾜ࢆ ✀㢮ࡢỈ㉁ィ࡛ඹ

㏻ࡿ࠸࡚ࡋ㡯┠ࡣ㸪pH㸪⁐Ꮡ㓟⣲(DO)㸪

㟁Ẽఏᑟ⋡(EC)㸪⃮ᗘ㸪⥲⁐ゎᅛᙧศ

(TDS)㸪ሷศ㸪Ỉ ࡛ࠋࡿ࠶K+, Cl-, Ca2+

ࠋࡿ࠶࡛┠㡯ࡓࡋᐃ ࡛ࡳࡢWQC-24ࡣ

㓟㑏ඖ㟁(ORP)㸪⥲ᠱ⃮≀㉁(TSS)㸪

⺯ග⁐Ꮡ᭷ᶵ≀(fDOM)ࡣ EXO2࡛ࡳࡢ ᐃࠋࡓࡋ 
ᅇ㸪⤖ᯝࡍ♧Ỉ㉁ࡣࢱ࣮ࢹ≉ᚩࡓࡗ࠶ࡢ K+, Cl-, Ca2+࡛ࡓࡲࠋࡿ࠶㸪ὶ㔞ࡣΏ㎶(2013) ࡽ 

⦌ᱠཎほ ᡤ(ࡢẼ㇟⤫ィሗࡢ㸪Ẽ㇟ᗇࡣ㝆Ỉ㔞ࠋࡓ࠸⏝ࢆࢱ࣮ࢹࡢ �����ƍ㸪ᮾ⤒ ������ƍ�
 ࠋࡓ࠸⏝ࢆࢱ࣮ࢹࡢ

2.3  ゎゎᯒ᪉ἲ 
ゎᯒᮇ㛫ࡣᖹᡂ 25ᖺ 3᭶ 4᪥ࡽ 7᭶ 3᪥࡛ࠋࡿ࠶Ỉ㉁㡯┠㸪ὶ㔞㸪㝆Ỉ㔞ࡢ⣔ิኚ㸪 

Ỉ㉁㡯┠ྠኈࡢ┦㛵㛵ಀ㸪ὶ㔞Ỉ㉁㡯┠ࡢὶฟ㈇Ⲵ㔞ࡢ┦㛵㛵ಀࡽゎᯒࠋࡓࡗ⾜ࢆὶฟ

㈇Ⲵ㔞㛵ࡣ࡚ࡋᶲࡢ(1996)ࡽ᪉ἲࢆ⏝ࠋࡓࡋὶฟ㈇Ⲵ㔞⃰ࡣᗘὶ㔞ࡽ✚ࡢồࢀࡽࡵ㸪

 ࠋࡿ࠶ᐃᩘ࡛ࡣὶ㔞㸪C㸪nࡣὶฟ㈇Ⲵ㔞㸪Q(mm/h)ࡣL(mg/m2࣭h)ࠋࡿࡏ⾲ᘧ࡛(1)ࡿࡍ⌮ᩚ

nQCL �                                   (1) 

 

3㸬㸬 ⤖ᯝ 
3.1  Ỉ㉁㡯┠㸪ὶ㔞㸪㝆Ỉ㔞ࡢ㛵ಀ 
ᅗ-2 Ỉ㉁㡯┠㸪ὶ㔞(Q)㸪㝆Ỉ㔞

(Precipitation)ࡢ⣔ิኚࠋࡍ♧ࢆ 

ὶ㔞ࡣ㸪3᭶ୗ᪪ࡽቑຍࡋጞࡵ㸪4

᭶ୖ᪪ࡢࡑ࡛ࡲഴྥࡑࠋࡿ࠸࡚࠸⥆ࡀ

㸪᥎ࡽࡀ࡞ࡋ㏉ࡾ⧞ࢆ㸪ቑῶࡣ௨㝆ࢀ

㸪5ࡋࡋࠋࡿ࠸࡚ࡋ⛣ ᭶ୗ᪪ࢁࡈ

ࡋῶᑡࡣὶ㔞ࡽ 6᭶ึࡽࡵᏳᐃ࡚ࡋ

ࡗࢃ⤊ࡀࢡ࣮ࣆࡢ㞷⼥ࡽࢀࡇࠋࡿ࠸

ὶ㔞ኚື࡞࠺ࡼࡢࡇࠋࡿࢀࡽࡳࡓ

 ࠋࡓࡋ㞷ᮇ⼥ࢆᮇ㛫ࡢࡇࡽ

6 ᭶ୗ᪪ὶ㔞ࡀ▷㛫ቑຍ࠸࡚ࡋ

ቑⓗ୍ࡋᛂ㝆Ỉࡣࢀࡇ㸪ࡀࡿ

ຍࠋࡿࢀࡽࡳࡓࡋ 

ࡣ࡚࠸ࡘࣥ࢜ྛ 4᭶ 8᪥ࡣ࡛ࡲ, 

ὶ㔞ࡢቑຍ⃰ࡶᗘ࠸࡚ࡋ᪼ୖࡀ

ᅗᅗ-1ㄪㄪᰝᆅⅬ 

ᅗᅗ-2 ỈỈ㉁㡯┠㸪ὶ㔞㸪㝆Ỉ㔞ࡢ⣔ิኚ 
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ࡢ௨㝆ࢀࡑࠋࡿ K+, Cl-⃰ᗘࡣὶ㔞ఝࡓኚື5 ,ࡀࡓ࠸࡚ࡋ♧ࢆ᭶ 10᪥ࢆቃῶᑡࡓࡋᚋ, Ᏻ

ᐃࡾ࠾࡚ࡋഴྥࡀኚࠋࡓࡗࢃCa2+⃰ᗘࡣ 6᭶ 18᪥࡛ࡲὶ㔞ఝࡓኚືࡋ♧ࢆ, ௨㝆ࡣᛴῶᑡ
 ࠋࡓࡗ࡞ࢀࡽࡳࡀ㛵ಀ≉ࡣ࡚࠸ࡘ㝆Ỉ㔞ࣥ࢜ࠋࡿ࠸࡚ࡋᚋ㸪Ᏻᐃࡓࡋ
 㛵ಀࡢࣥ࢜ྛྛ  3.2
ᅗࢆ㛵ಀᅗࣥ࢜ྛ ᅗࠋࡍ♧5~3

-3࡛Ỵᐃಀᩘࡣ +㸪Kࡾ࠶0.787࡛ Cl-

ࡋኚື࡞࠺ࡼࡌྠࡾ࠶ࡀ㛵┦ࡢṇࡣ

ࠋ୍ࡿศࡀࡇࡿ࠸࡚ ᪉㸪Ca2+ K+㸪

Ca2+ Cl-ࡢ㛫ࡣ┦㛵࡞ࢀࡽࡳࡀ

 ࠋࡓࡗ
ࡢὶ㔞ὶฟ㈇Ⲵ㔞ࡢࣥ࢜ྛ  3.3
㛵ಀ 
� ゎᯒᮇ㛫ࢆ༊ศࡋὶ㔞ࡢࣥ࢜ྛ

ὶฟ㈇Ⲵ㔞ࡢ㛵ಀࢆࡢࡶࡓࡋ⾲ࢆᅗ

㸪L8~6 Qࡢ࡚࠸ࡘ┦㛵ಀᩘ R㸪
(1)ᘧࡽᚓࡓࢀࡽ n㸪Cࢆ⾲  ࠋࡍ♧1
� ᶲࡿࡼ(1996)ࡽ n>1 ሙྜ㸪ὶࡢ
㔞ࡢቑ㸪ࡕࢃ࡞ࡍ㞷ゎࡅỈࡢὶฟ

ࡇࡿ࠸࡚ࢀࡉฟ࠸Ὑࡽ⾲ᆅࡶ

㸪n<1ࡓࡲࠋࡿ࠸࡚ࡋࡍ♧ࢆ ࡍ♧ࢆ
ࡾィᅇ࡚ࢀࡘࡴ㐍ࡀ㸪⼥㞷ࡇ

ὶ㔞ࡀᗘ⃰ࡣࡇࡿࡍ⛣᥎ࡀࢱ࣮ࢹ

࠸࡚ࡋࡍ♧ࢆࡇࡿࢀࡉᕼ㔘࡚ࡗࡼ

 ࠋࡿ
� Ca2+ࡢὶฟ㈇Ⲵ㔞ࡣ㸪┦㛵ಀᩘࡀ

0.835 㧗ࡀ㛵┦ࡢṇࡣ㸪ὶ㔞ࡾ࠶࡛
⾲㸪ࡓࡲࠋࡿ࠼࠸ࡀࡇ࠸ ࡓࡋ♧1࡛
nࡣ್ࡢ㸪n>1࡛ࠋࡓࡗ࠶ᅗ 㸪ࡣࡽ6
ࡿ࠸࡚ࡋ⛣ഴྥ࡛᥎ࡌ㸪ྠࡣ࡛ࡲ6/10
ࡀ㛵ಀᩘ┦ࡣ-᪉㸪Cl୍ࠋࡿศࡀࡇ

పࡓࡲࠋࡓࡗ㸪n<1 ᮇ㛫ࠋࡓࡗ࠶࡛

ィࢀࡘࡴ㐍ࡀ㞷⼥ࡣࢱ࣮ࢹࡢࡈ

ᅇࡾ᥎⛣ࡀࡇࡿ࠸࡚ࡋศࠋࡿK+

ࡶ Cl-ྠᵝ┦㛵ࡎࢀࡽࡳࡀ㸪n<1㸪
ྠࡶ࡛⛣᥎ࡢࢱ࣮ࢹࡢࡈ㸪ᮇ㛫ࡓࡲ

ᵝࡢഴྥࡢࣥ࢜ྛࠋࡓࢀࡽࡳࡀὶฟ

㈇Ⲵ㔞ࡣ㸪ὶ㔞㛵ಀᛶࡀࡇࡿ࠶ࡀ

ศࠋࡓࡗ 

ᅗᅗ-4 Ca2+ K+ࡢࡢ㛵ಀ 
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ᅗᅗ-3 K+ Cl-ࡢࡢ㛵ಀ 

ᅗᅗ-5 Ca2+ Cl-ࡢࡢ㛵ಀ 
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4㸬㸬 ⪃ᐹ 
⼥㞷ᮇࡢὶ㔞ኚືࡀỈ㉁ᙳ㡪ࢆࡀࡇࡿ࠼ศࡣࣥ࢜ࠋࡓࡗ≉ᚩⓗ࡞ኚືࠋࡓ࠸࡚ࡋࢆ

 ࠋࡿࡍᐹ⪄ࢆࡢࡓࡁ࡚ࡋ㐣⛬࡛ὶධ࡞࠺ࡼࡢࡀࡽࢀࡑ
� Ca2+ࡣ㸪ᅗ-6 㸪n>1ࡓࡲࠋࡓࢀࡽࡳࡀ㛵┦ࡢṇὶ㔞ࡽ 㸪࠺ࡼࡓᯝ࡛㏙⤖ࠋࡓࡗ࠶࡛
ὶ㔞ࡢቑ࡚ࡗࡼᆅ⾲ࡽὶࡽࢀࡇࠋࡿ࠸࡚ࢀࡉࡍ♧ࢆࡇࡓࡁ࡚ࢀࡉ Ca2+ࡣ㸪⼥㞷ฟ

Ỉࡶ⾲ᒙᅵተࡽὶࠋࡿࢀࡽ࠼⪄࠸࡞ࡣ࡛ࡢࡓࡁ࡚ࢀࡉ㬼ᮌࡣ(2002)ࡽ㸪ᆅ⾲㠃

㐩ࡓࡋ⼥㞷Ỉࡣᅵተࡀ⤖ࡁ࠸࡞࠸࡚ࡋᆅୗᾐ㏱ࡋ㸪ᅵተ⾲ᒙࡀ⤖ࡣࡓࡲ㣬≧ែࡢ

 ࠋࡿ࠶ࡀᚲせࡿࡍ៖⪄ࡶ࡚࠸ࡘែ≦ࡢᒙᅵተ⾲ࠋࡿ࠸࡚ࡋࡿࡍὶฟࢆᆅ⾲㠃ࡣࡁ
Cl- K+ࡣ㸪⼥㞷㛤ጞᮇࡽ 5 ᭶ 10 ᪥࡛ࡲࢁࡈὶ㔞ఝࡓኚືࡋࡋࠋࡓ࠸࡚ࡋࢆ㸪Ca2+

(2005)ࡽ▱ᚿࠋࡿศࡀࡇࡿ࠸࡚࠼ࡴࢆࢡ࣮ࣆ㸪4᭶ୖ᪪ࡇ࠸࡞ࢀࡽࡳࡀ㸪┦㛵࠸㐪ࡣ
㸪ࡣࢀࡇࠋࡿ࠸࡚ࢀࡽ▱ࡀࡇࡿ࡞㧗⃰ᗘࡣỈ㉁ࡢࢁࡇࡓࡗࡲጞࡀ㞷⼥㸪୍⯡ⓗࡤࢀࡼ

⼥㞷ᮇ࡛ࡲ✚㞷୰✚ࡋ㸪࡚ࡋ⦰⃰ࡀࢀࡑ⼥㞷ฟỈࡶὶฟࡀࡇࡓࡁ࡚ࡋཎᅉ࡛ࡿ࠶

㞷⼥ࡢప⃰ᗘࡽ㞷୰✚ࡣࢀࡇ㸪ࡀࡿࡍపୗࡀᗘ࡚⃰ࢀࡘࡴ㐍ࡀᚋ㸪⼥㞷ࡢࡑࠋࡿ࠸࡚ࡋ

Ỉࡀ㈇Ⲵࡿࢀࡉᕼ㔘ຠᯝࡓࡲࠋࡿ࠸࡚ࢀࡉࡿ࠶࡛ࡢࡶࡿࡼ㸪ᅗ-7㸪8 ࣮ࢹࡢࡈᮇ㛫ࡽ
⾲㸪ࡇࡓ࠸࡚ࡋ⛣᥎ࡾィᅇ࡚ࢀࡘࡴ㐍ࡀ㞷⼥ࡣࢱ ࡽ1 n<1࡛ࡽࡇࡿ࠶⤖ᯝ࡛㏙

⾲⾲ 1-ὶ㔞ὶฟ㈇Ⲵ㔞ࡢ㛵ಀ 
N:ᩘࣝࣉࣥࢧ R:┦㛵ಀᩘ n㸪C:ᐃᩘ 

ᅗ-8 K+ࡢࡢὶฟ㈇Ⲵ㔞ὶ㔞ࡢࡢ㛵ಀ 

ᅗ-7 Cl-ࡢࡢὶฟ㈇Ⲵ㔞ὶ㔞ࡢࡢ㛵ಀ 
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ᅗ-6 Ca2+ࡢࡢὶฟ㈇Ⲵ㔞ὶ㔞㔞ࡢ㛵ಀ 

㡯┠ N R n C 
Ca2+ 2913 0.835 1.34 424 
Cl- 2913 0.00548 0.00498 26.4 
K+ 2913 0.273 0.345 1.45 
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㸪࠸⏝࡚ࡋ࣮ࢧ࣮ࣞࢺࢆࣥ࢜ྛࡽࡽࢀࡇࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࢀࡉᕼ㔘ࡀᗘ⃰࠺ࡼࡓ

⼥㞷Ỉࡀ⾲ὶỈ࡚ࡋ┤᥋ὶฟࢆࡇࡿ࠸࡚ࡋㄝ࡛᫂ࡋࡋࠋࡿ࠼⪄ࡿࡁ㸪ᆅୗỈ࡞ᇶᗏ

ὶฟ࡚ࡗࡼ㐠ࡓࡁ࡚ࢀࡤ㐣⛬࡚࠸ࡘㄝ࡛᫂ࡢࡓࡗ࡞ࢀࡽࡅࡘࡳࢆ࣮ࢧ࣮ࣞࢺࡿࡍᚋࡣ

ᅇほ ࡓࡗ࡞ࡋỈ㉁㡯┠ࡶ࡚࠸ࡘ⪃៖ࡿࡍᚲせࠋࡿ࠶ࡀ 
� 㸪ୖࡓࡲ ὶࡽὶධࡿࡍỈ࡚⃰ࡗࡼᗘࡀኚືྍࡿ࠸࡚ࡋ⬟ᛶࢆᣲࡣࢀࡇࠋࡿࡆ༓ⴥ(1986)ࡽ
࡚࠸ࡘỈ㉁ࡢ⩌Ⰽ†ࡀ Ca-SO4 ᆺ Na-Cl ᆺࡢΰྜ࡚ࡗࡼ⏕ᡂࡾ࠾࡚ࡋࡿ࠸࡚ࡋ㸪

ࡲྵࡃከ᪉ࡢ⪅㸪ᚋࡃ࡞ᑡࡣ᪉ࡢᆺࡢ⪅๓ࡣ+Kࠋࡿ࠶࡛ࡽࡿ࠼⪄ࡿ࠸࡚ࡋᙳ㡪ࡀࢀࡇ

ࡇࠋࡿ࠸࡚ࢀࡲྵࡃከࡶᆺࡢࡽࡕࡣ+Ca2ࠋࡿ࠸࡚ࢀࡲྵࡃከ㠀ᖖ⪅ᚋࡣClͼࠋࡿ࠸࡚ࢀ

ࡢ 2 㸪ࡓࡲࠋࡿࢀࡽ࠼⪄࠸࡞ࡣ࡛ࡢࡿࡍኚືࡀᗘ࡛⃰ࡇࡿࡍኚ㞷ᮇ⼥ࡀྜࡢᆺࡢ✀

ᅧࡿࡼ(2013)ࡽẝἋ㛛ὶධࡣࡢࡿࡍ῝Ἶ௨እ㉥ࡢ࠺࠸⣔ࡶᒓ࠸࡞ࡉ†

ྍࡢ⬟ᛶࢆᣲࡾ࠾࡚ࡆ㸪ࡢࡽࢀࡑ†ࡢỈ㉁ࡢẚ㍑ࡸẝἋ㛛ࡢὶධྜࡶ࡚࠸ࡘ⪃

៖ࡋ㸪ྛ࡞࠺ࡼࡢࡀࣥ࢜㐣⛬࡛㐠᳨ࢆࡓࡁ࡚ࢀࡤウࡿࡍᚲせࠋࡿ࠶ࡀ 
 

5㸬㸬 ⤖ㄽ 
� ẝἋ㛛ὶධཱྀ࡛Ỉ㉁ ᐃ࠸⾜ࢆ㸪ࡢ࡛ࡇࡑ⼥㞷ὶฟ࡚࠸ࡘゎᯒࡋ㸪௨ୗࡢ⤖ᯝࢆᚓࠋࡓ 
ձ ⼥㞷ᮇ࡚࠸࠾ K+㸪Cl-㸪Ca2+⃰ࡢᗘኚືࡣὶ㔞ࡢ㛵ಀᛶࡓࡲࠋࡓࢀࡽࡳࡀ㸪K+ Cl-ࡢ

⃰ᗘࡣṇࡢ┦㛵ࠋࡓࢀࡽࡳࡀ 
ղ K+, Cl-ࡢὶฟ㈇Ⲵ㔞ὶ㔞ࡢ㛵ಀࡽᮇ㛫㔞㈓␃ࡀࡢࡶࡓ࠸࡚ࢀࡉὶฟࡋ㸪4 ᭶ୖ

᪪࠼ࡴࢆࢡ࣮ࣆ㸪ࡢࡑᚋࡣὶ㔞ࡢቑຍ࡚ࡗࡼᕼ㔘ࢆࡇࡓࢀࡉㄝ࡛᫂ࠋࡓࡁCa2+

ㄝ᫂ࢆࡇࡿ࠸࡚ࢀࡉฟ࠸Ὑࡶ㸪⼥㞷ὶฟࢀࡽࡳࡀ㛵┦ࡢṇࡣὶ㔞ὶฟⲴ㔞ࡢ

࠸ࡘ⛬㐣ࡿࡍ᥋ὶฟ┤ࡀ㸪⼥㞷Ỉࡾ࡞࣮ࢧ࣮ࣞࢺࡢ㞷ᮇ⼥ࡣࣥ࢜ࡢࡽࢀࡇࠋࡓࡁ࡛

࡚ㄝ࡛᫂ࠋࡿࡁ 
ճ ὶฟ㐣⛬ࡾࡼ࡚࠸ࡘ᫂☜ࡵࡓࡿࡍᇶᗏὶฟࢆㄝ࡛᫂ࡇࡿࡅࡘࡳࢆ࣮ࢧ࣮ࣞࢺࡿࡁ

㸪✚㞷ࡓࡲࠋࡿ࠶ࡀᚲせࡿࡍᐃ ࡶ࡚࠸ࡘ┠Ỉ㉁㡯ࡓࡗ࡞ࡋ㸪ᅇ ᐃࡾ࠶ㄢ㢟࡛ࡀ

୰ࡢᡂศ㸪ᅵተ㸪ࡢ†ࡶ࡚࠸ࡘ⪃៖ධ᳨࡚ࢀウࡿࡍᚲせࠋࡿ࠶ࡀ 

ᚋࡣᅇᚓࡓࢀࡽㄢ㢟᳨࡚࠸ࡘウࡃ࠸࡚ࡋணᐃ࡛ࡓࡲࠋࡿ࠶㸪⼥㞷ᮇࡃ࡞࡛ࡅࡔᖺ㛫ࢆ

㏻࡚ࡋỈ㉁ࡢ㐃⥆ほ ࡋࢆ㸪Ⰽ†⩌ࡢὶฟ㐣⛬ࢆゎ᫂ࠋࡿ࠸࡚࠼⪄ࢆࡇࡃ࠸࡚ࡋ 
 

ㅰ㎡ 
� ᮏ◊✲ࡣ⚟ᓥᏛඹ⏕࣒ࢸࢫࢩ⌮ᕤᏛ◊✲⛉ࠕ✲◊ࢺࢡ࢙ࢪࣟࣉ㑄⛣㏵୰ࡿ࠶⮬↛⎔ቃࢆ

⮬↛㑇⏘࡚ࡋⰋዲಖࡢࣝࢹࣔ✲◊ࡢࡵࡓࡿࡍ⟇ᐃ-☬Დᮅ᪥ᅜ❧බᅬࡢே㛫-⮬↛⎔ቃ⣔

(⏕≀ከᵝᛶࡢಖ)㛵ࡿࡍ◊✲- 㹙ࠖᩥ㒊⛉Ꮫ┬≉ู⤒㈝㸦ࢺࢡ࢙ࢪࣟࣉ㸧᥇ᢥᴗ㹛㸪⛉Ꮫ◊
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Abstract 
We present the results of questionnaire survey to identify the flood awareness in Jakarta. Three locations 

were selected as the study areas to represent three different types of flood in populated city. First is the area 
along the river that frequently inundates by the overflow water during the rainy season. Second is the area 
that often inundates temporarily due to insufficient drainage and the third is an area near the coast that 
frequently flooded by the ocean water during the high tide. We hypothesized that those different types of 
flood may affects in determining the awareness, which we parameterized in the evacuation activity before 
and/or during the flood. The analyses indicated that the evacuation is indeed determined by the actual flood 
height –that reflects different types of flood, and its impact on the respondent’s house. However, this result 
also emerges that the awareness is very low because people start the evacuation not before the flood arrives 
but after it impacts their house and after the flood height has been very dangerous to their safety.  
 
1. Introduction 

Jakarta has undergone frequent floods in every five years since 1996 (1996, 2002, 2007 and 2013). The 
last two events caused 87 deaths in 2007 and 47 deaths in 2013 respectively. Of the total number of 
casualty in 2013, some of them occurred in the central business region of Jakarta City, where a part of the 
flood canal’s dike were collapsed and suddenly flashed the most important economic district with deluge 
including the presidential palace. Up to present, there was no systematic flood early warning and no 
official evacuation sites developed by the government. Thus, awareness and evacuation response is mostly 
based on people’s judgment and their personal risk perception at the time of the flood. Noting this fact, we 
carried out questionnaire survey to determine the evacuation response of people during the flood. We 
aimed to demonstrate that evacuation response might be different depending on the type of flood, which 
represent the actual flood risk during the event.  

We distributed around 600 questionnaires and collected around 448 valid results in three places (Fig. 1). 
These three places represent different types of flood namely riverine flood, local urban flood and 
coastal/tidal flood. Two villages located along the Ciliwung River were selected to reflect area that is 
prone to riverine flood, namely Cililitan and Manggarai. In these villages, flow capacity of the river has 
been decreased in the last three decades due to sediment and illegal settlements (Steinberg, 2007). This 
yields to the frequent floods with a height up to 9 meter once a heavy rainfall occurred in the upstream. 
The second study area located near the central business district namely Cikini District. Here, local urban 
flood with a height less than 0.5 meter often occurred due to insufficient city drainage and not well 
maintained water paths. The third area located nears the coast namely Pademangan District, where the 
tidal flood is frequently occurred during the high tide (up to 1 meter). Pademangan District has also 
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undergone massive subsidence (up to 1.5 meter) since the last three decades (Abidin et al. 2011) and it was 
surrounded by rivers where the water surfaces area lower the mean sea level. The river flow is transferred 
to the ocean by using water pumping, which is not also well maintained.  

 
Figure 1. The location of study areas in the City of Jakarta, Indonesia. 

 
2. Data and methodology 

We developed set of questions consist of three major parts that are evacuation response, risk perception 
and socio-economic including the trash and garbage management problem. In addition, basic 
demographic data is also collected. The respondents are ‘accidentally’ selected, which means the 
haphazard sampling method is applied. The results of the questionnaire survey were analyzed by means of 
logistic regression analysis (Eq. 1) to identify factors contributed on decision to evacuate (fig. 2).  

       (1) 

 
Figure 2. The data processing steps to analyze the influential aspects in the evacuation activity. 
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The tendency to evacuate is analyzed to be correlated with actual perceive risk (actual flood height and 
inundated or not, house damage and etc.), experiences (past maximum flood height, estimated return 
period and etc.), demographic (age, gender, occupation and etc.), ownership (house ownership, duration of 
stay, house material and etc.), risk perception (type of flood, estimated flood hazard/harmful or not, 
estimated height of dangerous flood and etc.), and early warning (availability, received it or not and etc.).  

By referring to Fig. 2, we are first analyzing the influence of each component (single explanatory 
variable) in the evacuation activity (response variable), which we represent in binomial number; 1 for 
evacuate and 0 for not-evacuate. Next, we exercise the influence of the other factors by adding more 
explanatory variables in the Eq. 1 and check their contribution to improve the statistical correlation 
between the expected frequencies with the observed ones. The results of the regression are analyzed by 
means of various statistical coefficients and methods. Among them G-test (e.g. Hoey, 2012) is chosen to 
be presented in this paper. 

 
3. Discussions  

The low-income families mostly dominate the respondents in the first and third areas. Some of them 
live in illegal settlement along the Ciliwung River with the dominant demographic parameters are female 
(64%), elderly (35.9%) and unemployed (63.6%). This class represents the most vulnerable people in the 
society since they are more depending to the other class (i.e. young, male and etc.) in deciding and do the 
evacuation during the flood. In contrary, respondents in the second area are junior high school students 
who live in the central city and mostly come from the high-income family.  

The general statistical description of the respondent and their primary responses in a closed-type 
question for the variables described in the previous chapter is given in Table 1. 

 
Table 1. The statistical descriptions of the respondent and their primary responses on flood awareness 
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The breakdown of the general perception and knowledge about flood and the awareness in each area 
are given in Table 2. Here, we can see that most of respondents said garbage disposal into the river is the 
primary causes of the flood, regardless the type of the flood (Table 2). This may indicates that flood in 
Jakarta has been shifted from the purely natural phenomenon into the social driven (human-made) flood.  

The respondent in each area can also identify the type of flood that occurs in their neighborhood. This 
reflects that people experienced not only the cause but also the characteristics of flood in each area. The 
evacuation response is found to be associated to the actual flood height and feeling worries/afraid. It 
explains the reason why most of respondent in area 1 evacuated while in area 2 and area 3 were not. In area 
1, the flood height can reach up to 9 m, so the hazard is perceived to be harmful on property as well as the 
life. However, flood height in area 2 and area 3 exceed no more than 1 m yields less awareness and reduce 
pretension to evacuate. There is an exception in area 3 where feeling worries is the most dominant factor in 
the perception of flood hazard. This is because the respondent is perturbed by the appearance of animals, 
flood-debris and the potential of outbreaks during the flood.  

 
Table 1. General findings from the questionnaire survey 
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We continue the analysis by using logistic regression to check the influence of each variable in the 
questionnaire and the combination of them in affecting the evacuation response. The maximum likelihood 
G for the single parameter is shown in Fig. 3.  

 
Figure 3. The result of G-test for each parameter in each area. Blue circles represent results from the area 1, 

green circles from the area 2 and red circles from the area 3 respectively. 
 

In area 1, we found that the evacuation activity (evacuate or not) is mainly influenced by the actual 
flood height and with the actual perceived risk (whether the respondent’s house is damaged or not). There 
is no significant influence of the early warning to urge people to evacuate. This is because of the term of 
‘early warning’ refers to the chain of information about the water level between people in the upstream 
with people in the downstream. However, the information is sometime biased and yields distrust among 
people in the downstream about the validity of the warning. 

In area 3, the actual perceived risk (house damage or not) is the most influential parameter to urge 
people to evacuate. This result underlies by the fact that the typical tidal flood in this area requires longer 
time to recede. Thus, people whom their house are damaged by the flood will be more convenient to stay 
in the evacuation shelter, particularly for elderly and jobless person.  

In area 2, we obtained inconsistent answer on the above parameters. We supposed that this is because of 
the impact of flooding in their neighborhood is not severe; some of them are even not impacted at all. This 
situation makes them unable to answer the question appropriately.  
 
4. Conclusions 

The results we presented above highlight that decision to evacuate are highly depending on the actual 
perceived risk (the actual flood height and its impact on respondent’s house). There is no influence of the 
community based flood early warning is found. It means people will evacuate not before the flood arrives, 
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but after the flood has been inundated their neighborhood and damages their house, or after they felt that 
flood height has been very dangerous for their safety. This result emerges that the flood awareness may 
still very low. Thus, education and socialization are urgently needed. 
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Questionnaire survey on tsunami and earthquake of self-governing bodies of the coastal cities and towns 
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*Study on Education of the Disaster Reduction from Regional Characteristics in Akita Prefecture by Asami 
Ito, Takanobu Kamataki, and Kazuya Watanabe 

�ウ㸸᳨ࡢ࡚࠸ࡘ⫱㜵⅏ᩍࡓࡋ៖⪄ࢆᆅᇦ≉ᛶࡿࡅ࠾┴⏣⛅⛅

ᑠᏛᰯࡢඣ❺࣭ಖㆤ⪅ࢆᑐ㇟ࢺ࣮ࢣࣥࡓࡋㄪᰝࢆᇶ㸨�

�

⛅⏣ᏛᕤᏛ㈨※Ꮫ㒊ᅵᮌ⎔ቃᕤᏛ⛉� � � � � � � �ࡳࡉ࠶⸩ఀ

⛅⏣Ꮫᆅᇦ⏕࣮ࢱࣥࢭᆅᇦ㜵⅏㒊㛛� � � � � � 㙊� Ꮥಙ�

⛅⏣ᏛᏛ㝔ᕤᏛ㈨※Ꮫ◊✲⛉ᅵᮌ⎔ቃᕤᏛᑓᨷ� Ώ㎶� ୍ஓ�

�

㸯㸬ࡵࡌࡣ 

ᑡᏊ㧗㱋ࡧࡼ࠾㐣ࡀ㐍ࡣ࡛┴⏣⛅ࡴ㸪ᆅᇦ㜵⅏ຊࡵࡓࡿࡏࡉୖྥࢆ 20 ௦ࡽ 40 ௦

ࡵࡓࡢࡑࠋࡿ࠶ἣ≦࠸࡞ࡽ࡞ࡤࢀࡅ࡞࠸࡚ࡗᢸᴟⓗ✚ࡀ⏕㧗ᰯࡸ⏕୰Ꮫࢆᙺࡢ⪅ⱝࡢ

┴ෆ࡛ࡣ㸪ⱝᖺ㱋ࡢࡽⓎ㐩ẁ㝵ᛂࡓࡌ㐺ษ࡞㜵⅏ᩍ⫱ࢆ㐍ࡵࡓࡿࡵ㸪2012 ᖺࡾࡼ⛅⏣┴ᩍ

⫱ጤဨࡀ୰ᚰ࡚ࡗ࡞㸪Ꮫᰯࡿࡅ࠾㜵⅏ᩍ⫱ࡢᙉ୍ࠋࡿ࠸࡛ࢇ⤌ࡾྲྀ᪉⛅⏣┴ࡅ࠾

ࡣἢᓊ⮬య࡛ࡴྵࢆ㸪⛅⏣ᕷࡿࡳ࡚ࡳࢆᐖ≧ἣ⿕ࡿࡼᆅ㟈ࡿ 1983 ᖺ᪥ᮏᾏ୰㒊ᆅ㟈௨㝆㸪

30 ᖺ࡚ࡗࡓࢃ⏒࡞⿕ᐖࢆక࠺ᆅ㟈ࡣⓎ⏕࡞࠺ࡼࡢࡑࠋ࠸࡞࠸࡚ࡋ⫼ᬒࡶࡢ㸪⛅⏣┴ࡣኴ

ᖹὒഃྛࡢ⮬యẚ㍑࡚ࡋ┴Ẹࡢᆅ㟈ࡸὠἼᑐࡿࡍ㜵⅏ព㆑ࡸࡸࡀప࠺࠸࠸సᴗ௬ㄝࢆ

⏣⛅㸪ࡣⓗ┠ࡢ✲◊ᮏࠋࡓࡁ࡚ࡗ࡞ࡇ࠾ࢆㄪᰝࢺ࣮ࢣࣥࡿࡍ㛵㜵⅏ព㆑ࡢ㸪⛅⏣┴Ẹ࡚ࡓ

 ࠋࡿ࠶࡛ࡇࡿᚓࢆሗ࡞ᇶ♏ⓗࡢࡵࡓࡿࡍウ᳨ࢆෆᐜࡢ⫱㜵⅏ᩍࡓࡋ๎ᆅᇦ≉ᛶࡢ┴
 

㸰㸬ㄪᰝ᪉ἲ 

⛅⏣┴⏨㮵ᕷࡧࡼ࠾⛅⏣ᕷࡢᑠᏛᰯ 3 ᐇࢆㄪᰝࢺ࣮ࢣࣥࡿࡍ㛵㸪㜵⅏ព㆑࡚࠸ࡘᰯ

ࠋࡓࡋ㇟ᑐࢆᑠᏛᰯࡓࡋᐇࢆฟ๓ᤵᴗࡿࡍ㛵ὠἼᆅ㟈ࡀ㸪እ㒊ㅮᖌࡣㄪᰝࡢᅇࠋࡓࡋ

࠸ᗘྜࡢᇶ♏▱㆑㸪㛵ᚰࡢᆅ㟈࣭ὠἼ㜵⅏ࠕ㸪ࡣ㉁ၥෆᐜࡢࢺ࣮ࢣࣥ 㸪ࠖࠕᐙᗞ࡛⾜ࡿ࠸࡚ࡗ⅏

ᐖᑐ⟇ 㸪ࠖࠕᮾᆅ᪉ኴᖹὒἈᆅ㟈ࡽ࡞࡚ࠖ࠸ࡘᵓᡂࢀࡉ㸪ඣ❺⏕ᚐ㸪ಖㆤ⪅ࡧࡼ࠾ᩍ⫋

ဨྥࡢࡅ 3 ✀㢮ࢆࢺ࣮ࢩࢺ࣮ࢣࣥࡢసᡂୖࡽࡉࠋࡓࡋグࡢෆᐜຍ࠼㸪ඣ❺࣮ࢣࣥࡢ

㸪ࡣ࡛ࢺ࣮ࢣࣥࡢᩍ⫋ဨࡸ⪅㸪ಖㆤࢆ㉁ၥࡢ࡚࠸ࡘᑐฎࠖࡢᆅ㟈ࡢά✵㛫࡛⏕ࠕ㸪ࡣ࡛ࢺ

2011ࠕ ᖺᮾᆅ᪉ኴᖹὒἈᆅ㟈๓ᚋ࡛ࡢ㜵⅏ព㆑ࡢኚࠖࡸ㸪1983ࠕ ᖺ᪥ᮏᾏ୰㒊ᆅ㟈ࡢ⤒㦂

Ꮫࡣ࡚ࡋ㛵❺ඣࠋࡓࡗ࡞ࡇ࠾ࢆ㉁ၥࡢ࡞㛵ಀࠖࡢ㜵⅏ព㆑ࡢᅾ⌧ῐ⃰ࡢ᠈グࡸ↓᭷ࡢ

ᰯ㸪Ꮫᖺࡈ㞟ィࡾ࠾࡚ࡋ㸪ಖㆤ⪅ࡣᏛᰯࡈ㞟ィ࣭ゎᯒࡀࡿ࠸࡚ࡋࢆ㸪ᅇࡣ㞟ィேᩘ

ࡗ⾜ࢆ㞟ィ࡚ࡅศࡈᏛᖺࡣ❺㸪ඣࡎࢃ⾜ࡣẚ㍑ࡢࡈᏛᰯࡵࡓࡿ࠸࡚ࡗ೫ࡶᆅᇦࡃ࡞ᑡࡀ

㸪12ࡋබ❧ᑠᏛᰯࡢෆྛᆅ┴⏣⛅ࡣ㇟ㄪᰝᑐࠋࡍ♧ࢆࢱ࣮ࢹࡓ ᭶⌧ᅾ࡛࡛ࡲ 3 ᑠᏛᰯࡢᰯ

❺ඣࡽ 609 ே㸪ಖㆤ⪅ 205 ேศࡢᅇ⟅ࢆᚓ࡚ࠋࡿ࠸௨ୗ୍ࡢࡑ㒊࡚࠸ࡘ㸪㉁ၥࡧࡼ࠾ᅇ⟅

 ࠋࡍ♧ࢆ㞟ィ⤖ᯝࡢ

 

㸱㸬⤖ᯝࡢࡑゎ㔘 
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㸱㸫㸯㸬ඣ❺ᑐࢺ࣮ࢣࣥࡿࡍ⤖ᯝ࡚࠸ࡘ 

2ࠕ㉁ၥࡿࡍ㛵᠈グࡢᮾᆅ᪉ኴᖹὒἈᆅ㟈ࡿࡍᑐ❺㸪ඣࡎࡲ ᖺ๓ᮾ᪥ᮏ㟈⅏࠾ࢆ

㸪ᅗࡋᑐ㉁ၥ࠺࠸ࠖࡍࡲ࠸࡚࠼ࡰ࠾ࢆᆅ㟈࡞ࡁࡓࡋࡇ 1㸦Წࣇࣛࢢ୰ᩘࡢᏐࡣேᩘ㸸

ྠࡶࣇࣛࢢࡢᵝ㸧࡞࠺ࡼࡢᅇ⟅⤖ᯝࢆᚓ

ࢀࡘࡿࡀୖࡀᏛᖺࠋࡓ ࠖࡿ࠸࡚࠼ࡰ࠾ࠕ࡚

ࡀࡇࡿ࠸࡚࠼ቑࡀྜࡢ❺ඣࡓࡋ⟆ᅇ

࠾ࡋᑡࠕࡣࡓࡲࠖࡿ࠸࡚࠼ࡰ࠾ࠕ㸪ࡀࡿࢃ

ࡣపᏛᖺ࡛ࡣ❺ඣࡓࡋ⟆ᅇࠖࡿ࠸࡚࠼ࡰ

⣙ 75㸣㸪୰Ꮫᖺࡽ㧗Ꮫᖺࡣ 90㸣௨ୖࡢ

ྜ࡛ᏑᅾࡣࢀࡇࠋࡿࢃࡶࡇࡿࡍᏛᰯ࡛

ᮾ᪥ᮏ㟈⅏ࡸࡇ࠺ᢅࡾྲྀࢆ㸪࣓ࢹ

ࡍ㛵㟈⅏࡚ࢀࡽࡆୖࡾྲྀᐃᮇⓗ࡛࡞

せࡀ࡞ࡇ࠸ከࡀᶵࡿࡍ┠ࢆሗࡿ

ᅉ࡛ࡋࡋࠋࡿࢀࡽ࠼⪄ࡿ࠶㸪࡛ࡇࡇὀ

㸪ᑠᏛᰯࡣᯝ⤖ࡿࡍ್┠ 1 ᖺ⏕࡛ࡣ⣙ 3

ࡢඣ❺ࠖ࠸࡞࠸࡚࠼ࡰ࠾ࠕࡀᅇ⟅ࡓࡋ

ᑠᏛᰯࡢᅾ⌧ࠋࡿ࠶࡛ࡇ 1 ᖺ⏕ࡣ㸪㟈⅏

ᙜ 4 ṓࡀࡿ࡞ࡇ࠺࠸㸪ࡢࡑᖺ㱋࡛

ࡽṧ᠈グࡤࢀࡅ࡞࠸࡚ࡋ⅏⿕㸪ᐇ㝿ࡣ

 ࠋ࠸࡞ࢀࡋࡶࡢ࠸ከࡀ᪉ࡢࡇ࠸࡞

࡚ࡋ㛵᠈グࡢ㟈⅏ࡃࡋヲࡽࡉ㸪ࡓࡲ

ࡿ࠸࡚࠼ࡰ࠾ࠕ 㸪ࠖࠕᑡࠖࡿ࠸࡚࠼ࡰ࠾ࡋ

㸪ࡁࡓࡌឤࢆࢀᦂࡢᆅ㟈ࠕேࡓ࠼⟆

㉁ၥ࠺࠸ࠖࡓࡋࡲࡾࢆື⾜࡞࠺ࡼࡢ

ࡓࡗ࡞ࡋࡶఱࠕࢆ⊫㑅ᢥࡿࡍᑐ ࡢᮘࠕࠖ

ୗ࡚ࡗࡄࡶ㢌ࢆᏲࡄࡍࠕࠖࡓࡗᐙࡸᘓ≀

ࡓฟእࡢ 㸦ᅗࢁࡇࡓࡋ㉁ၥ࡚ࡋࠖ 2㸧㸪

ࡗᏲࢆ㢌࡚ࡗࡄࡶୗࡢᮘࠕࡶᏛᖺ࡛ࡢ

࠸࠸ከ␒୍ࡀྜࡢ❺ඣࡓࡋ⟆ᅇࠖࡓ

࡛⦏㸪㑊㞴カࡣᯝ⤖ࡢࡇࠋࡓࡗ࡞ᯝ⤖࠺

ᒇෆࡎࡲࡣࡁࡿ࠸ᮘࡢࡍ࠸ࡸୗ㌟ࢆ

㞃ࡋ㢌ࢆᏲࢆࡇ࠺࠸ࡿᩍࢀࡽ࠼㸪ࢀࡑ

ゎࡵࡓࡓࡗከࡀ❺ඣࡿ࠸࡚࠸ࡘ㌟ࡀ

㔘6ࠋࡓࡋ ᖺ⏕࡛ࠕఱࢆࠖࡓࡗ࡞ࡋࡶ㑅

ᢥࡿ࠸࡚ࡋྜࡀከࡀ࠸㸪ࡣ⏤⌮ࡢࡇ㸪

ᚋ㸪⪺ࡾྲྀࡁㄪᰝ➼࡚ࡗࡼ࡚᫂ࡋࡽ

 ࠋࡿ࠸࡚࠼⪄࠸ࡓࡁ࠸

ᅗᅗ 1� ᮾ᪥ᮏ㟈⅏ࡢグ᠈1 ࡚࠸ࡘ 

ᅗ 2� ᮾ᪥ᮏ㟈⅏ࡢグ᠈࡚࠸ࡘ 2 

n=609

n=558

n=545 

ᅗ 3� 㜵⅏ᩍ⫱ࡓࡅཷࢆ๓ᚋࡢ࠼⪄ࡢኚ 
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ḟ㸪እ㒊ㅮᖌࡿࡼ㜵⅏ᩍ⫱ࡢฟ๓ᤵᴗࡓࡅཷࢆඣ❺ᑐࡢ࡚ࡋ㉁ၥࠕ㜵⅏ࡢᤵᴗࡅཷࢆ

ࡶᏛᖺ࡛ࡢࡣ㉁ၥ࡛࠺࠸ࠖࡓࡋࡲࡾࢃኚࡣ࠼⪄ࡢ࡚ࡋᑐᚋ࡛㸪ὠἼ๓ࡿ 60㹼70㸣๓

ᚋࡢඣ❺ࠕࡀኚࠖࡓࡗࢃᅇ⟅ࡾ࠾࡚ࡋ㸪Ꮫᖺࡈ࡞ࡁᕪࡣぢࡓࡗ࡞ࢀࡽ㸦ᅗ 3㸧ࠋ 

㉁࠺࠸ࠖࡓࡋࡲࡾࢃኚ࠺ࡼࡢࡣ࠼⪄ࠕேࡓ࠼⟆ࠖࡓࡗࢃኚࠕ㉁ၥ࡛ࡢࡇ㸪ࡓࡲ

ၥࡋࢆ㸪ࠕヰࡃ⪺ࢆ๓࠼⪄ࡢ 㸦ࠖᅗ 4㸧㸪ࠕヰࡓ࠸⪺ࢆᚋ࠼⪄ࡢ 㸦ࠖᅗ 5㸧࡛ࡌྠࢀࡒࢀࡑ㑅ᢥ⫥ࢆ

タࡅ㸪ᅇ⟅ࢆᚓࠋࡓヰࡃ⪺ࢆ๓࠼⪄ࡢ㸪⪺ࡓ࠸ᚋࢆ࠼⪄ࡢẚ㍑ࡿࡍᏛᖺඹ㏻࡚ࡋヰࢆ⪺

ࡣᕪࡣ࡛࠼⪄ࡢᚋࡓ࠸⪺ࢆ㸪ヰࡀ࠸ከ␒୍ࡀ❺ඣࡿ࠸࡚ࡋ⟆ᅇࠖ࠸ࢃࡇࡣὠἼࠕ༢ࡣ๓ࡃ

ࡇࡿࡆ㏨ࡽὠἼࡤࢀࡤࢇࡀࠕ㸪ࡾῶࡀ❺ඣࡿ࠸࡚ࡋ⟆ᅇࠖ࠸ࢃࡇࡣὠἼࠕ༢ࡢࡢࡶࡿ࠶

ࡢὠἼ࡚࠸⪺ࢆ㸪ᤵᴗࡽᯝ⤖ࡢࡇࠋࡿࢀࡽぢࡀഴྥࡿ࠸࡚࠼ቑࡀ❺ඣࡓࡋ⟆ᅇࠖࡿࡁ࡛ࡀ

≉ᛶᑐฎࢆᏛࡧ㸪⮬ศࡶὠἼࡽ㏨ࡿࡁ࡛ࡀࡇࡿࡆ㸪Ꮫࡓ࠼⪄࠺ࡑ⏕ࢆࡇࡔࢇඣ❺

᪉୍࡛ࠋࡿࢀࡽ࠼⪄ࡓࡗከࡀ 4 ᖺ⏕㸪6 ᖺ⏕࡛ࠕࡣὠἼࡽ㏨ࢆࠖ࠸࡞ࡁ࡛ࡣࡇࡿࡆ㑅

ᢥࡓࡋඣ❺ࡀቑ࡚࠸࡚࠼㸪ࡓࡲ㸪ヰࡃ⪺ࢆ๓ࠕࡣὠἼࢆࠖ࠸࡞ࡃࢃࡇࡣ㑅ᢥ࡚࠸࡚ࡋヰ࠸⪺ࢆ

࠸ࢃࡇࡣὠἼࠕᚋࡓ 㸪ࡾసࢆἼ࡚ࡋᶍࢆὠἼࡣ㸪ᤵᴗ࡛ࡣᯝ⤖ࡢࡇࠋࡓ࠸ࡶ❺ඣࡓࡋ㑅ᢥࠖࢆ

ࡊ㐲ࡽᾏᓊ࡚ࡗ㉮ࡔࡓ㸪ࡸࡇࡿࡏぢࢆᫎീ࠺࠸ࡿ࠸࡚ࡗᣢࢆຊࡢࢀࡀἼࡢࡑ

ࡇࡣὠἼࠕࡁᢪࢆᜍᛧᚰࡽࡇࡑ㸪࡛ࡢࡓ࠸࡚ࡋࢆヰ࠺࠸࠸࡞ࢀࡁࡆ㏨ࡽὠἼࡣ࡛ࡅࡔࡿ

࠸ࢃ 㸪ࠖࠕὠἼࡽ㏨࠸࡞ࡁ࡛ࡣࡇࡿࡆ 㸪ࡽࡇࡢࡇࠋࡓࡋ᥎ᐹࡓ࠼ቑࡀ❺ඣࡓࡋ㑅ᢥࠖࢆ

ඣ❺ࡢᆅ㟈࣭ὠἼ㜵⅏ᩍ⫱࡚ࡗࡓ࠶࠺⾜ࢆ㸪⅏ᐖࡢᜍᛧᚰࡽࡎࡓ࠸ࢆࡇ࠺ࡲࡋ࡚࠼

 ࠋࡓࡋㄆ㆑࡚ࡵᨵࢆࡇࡿ࠶ࡀ༴㝤ᛶ࠺ࡲࡋ࡚ࡆ࡞ࡘື⾜ࡢࠖࡵࡽࡁ࠶ࠕ㸪ࡣ
 

㸱㸫㸰㸬ಖㆤ⪅ᑐࢺ࣮ࢣࣥࡿࡍ⤖ᯝ࡚࠸ࡘ 

ಖㆤ⪅ᑐࠕ࡚ࡋᮾ᪥ᮏ㟈⅏ࡀ㉳ࡿࡇ๓

ᚋ࡛⅏ᐖࡢព㆑࠺ࡣኚࠖࡓࡋࡲࡋ

㟈⅏๓㸦ᅗ 6㸧㸪㟈⅏ᚋ㸦ᅗ 7㸧ࡢ⅏ᐖᑐ⟇

㛵ࡿࡍ㉁ၥࢁࡇࡓࡋࢆ㸦ᅗ 6㸧㸪ࠕ⅏ᐖᑐ⟇

ࡓࡗࡔࡣ 㸪ࡃ࡞ࡶࡘ୍ࡣᐙᗞࡓࡋ⟆ᅇࠖ

༙ᩘ௨ୖࡢᐙᗞ࡛ࡾࡲ࠶ࠕᑐ⟇ࡗ࡞࠸࡚ࡋ

n=362
ᅗᅗ 4� 㜵⅏ࡢᤵᴗࡿࡅཷࢆ๓࠼⪄ࡢ 

n=362
ᅗ 5� 㜵⅏ࡢᤵᴗࡓࡅཷࢆᚋ࠼⪄ࡢ 

n=205

ᅗ 6� ᮾ᪥ᮏ㟈⅏ࡀ㉳ࡿࡁ๓ࡢ⅏ᐖᑐ⟇ 
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⣙ࡽࡉ㸪ࡾ࠾࡚ࡋ⟆ᅇࠖࡓ 23㸣ࡢᐙᗞࠕࡣ⅏ᐖࡀ᮶ࡣࡿᛮࠖࡓࡗ࡞࠸࡚ࡗᅇ⟅࡚ࡋ

࡚ࡋ♧ዴᐇࢆࡉపࡢ㜵⅏ព㆑ࡢẸ┴⏣⛅ࡢ௨๓ࡿࡍ⏕Ⓨࡀ㸪ᮾ᪥ᮏ㟈⅏ࡣᯝ⤖ࡢࡇࠋࡿ࠸

ࡓࡋᙉࢆ⟇ᑐࡾࡼ㸪࡞ࡿࡌㅮࢆ⟇ᑐ࡞ࡓ᪂࡛ࡇࡓࡗࡇ㉳ࡀ㸪㟈⅏ࡓࡲࠋ࠺ࡼ࠼࠸ࡿ࠸

ᐙᗞࡣ 52㸣ࡾ࠾࡚ࡗࡲ␃㸪㟈⅏ࢆ⤒㦂ࡶ࡚ࡋ㜵⅏ࡳ⤌ࡾྲྀࡢ᪉ࡀኚ࠺࠸࠸࡞ࡽࢃᐙᗞࡶ

ከࡢࡇࠋࡓࡗࢃࡀࡇ࠸⤖ᯝࡽ㸪ᚋඣ❺ࡃ࡞࡛ࡅࡔ㸪ಖㆤ⪅ᑐࡿࡍ㜵⅏ᩍ⫱ࡢᚲせᛶ

 ࠋࡿࢀࡽ࠼⪄ࡿ࠶ࡶ

ඛࡢ㉁ၥ࡛ࠕ㟈⅏๓࡛ࠖ㑅ࡔࢇᅇ⟅

㟈⅏ᚋࠕ㸪ࡈ ࡿ࠸࡚ࡋ⟆ᅇࢆࡽࡕࠖ

㸦ᅗࡿࡳ࡚ࡋࣇࣛࢢࢆ 8㸧㸪ࡿ࠶⛬ᗘ

ᑐ⟇ࡿ࠸࡚ࡋᐙᗞࡶࡾࡼᑐ⟇ࡗ࡞࠸࡚ࡋ

㸪ࡃከࡀྜࡿ࠸࡚ࡋᙉࢆ⟇ᐙᗞ࡛ᑐࡓ

࡞ࡁᕪࡢࢀࡒࢀࡑࡀ࠸࡞ࡣᅇ⟅࡛ 40㹼

50㸣ࡢᐙᗞ࡛ࡣ㜵⅏ࡿ࠸࡚ࡋ┤࠼⪄࡚࠸ࡘ

 ࠋࡓࡗࢃࡀࡇ

᪥ᮏᾏ୰㒊ᆅ㟈ࡢ⤒㦂ࡢ᭷↓㛵ࡿࡍ㉁ၥ

㸦ᅗࡣ࡚࠸ࡘ 9㸧㸪68㸣ࡢಖㆤ⪅ࠕࡀ⤒㦂ࡀ

ࡢࡾ㸪ṧࡋ⟆ᅇࠖࡿ࠶ 32㸣ࠕࡀ⤒㦂ࡀࡓࡋ

ᗂ࠸࡞࠸࡚࠼ࡰ࠾ࡵࡓࡓࡗ 㸪ࠖࠕࡣࡓࡲ⤒㦂

 ࠋࡿ࠸࡚ࡋ⟆ᅇࠖ࠸࡞ࡀ

ḟࠕ᪥ᮏᾏ୰㒊ᆅ㟈ࡢ⿕ᐖ≧ἣ࡚ࡗ▱ࢆ

㸦ᅗࡣ㉁ၥ࡛࠺࠸ࠖࡍࡲ࠸ 10㸧㸪⤒㦂ࡋ

⤒㸪ࡣࡓࡲ㸪࠸࡞࠸࡚ࡋ㦂⤒⪅ಖㆤࡿ࠸࡚

㦂࠸࡞࠸࡚࠼ࡰ࠾ࡀࡓࡋᅇ⟅ࡓࡋಖㆤ⪅࡛

ẚ㍑ࡿࡍ㸪⤒㦂ࡿ࠸࡚ࡋಖㆤ⪅ࡣ 75㸣ࡀ

࠸࡚࠼ࡰ࠾㸪ࡾ࠾࡚ࡋ⟆ᅇࠖࡿ࠸࡚ࡗ▱ࠕ

ࡣ⪅ಖㆤ࠸࡞࠸࡚ࡋ㸪⤒㦂࠸࡞ 20㸣⛬ᗘ

୰࡛ࡢ⪅ಖㆤࡿ࠸࡚ࡋ㦂⤒ࠋࡿ࠸࡚ࡗࡲ

24㸣ࠖ࠸࡞ࡽ▱ࡾࡲ࠶ࠕࡀᅇ⟅ࠋࡿ࠸࡚ࡋ

ࡰ࠾ࡣࡇࡓ࠸࡚ࡋ㦂⤒ࢆ㸪ᆅ㟈ࡣᯝ⤖ࡢࡇ

ࡿ▱࡚ࡵᨵࢆヲ⣽ࡢᚋᆅ㟈ࡢࡑ㸪ࡀࡿ࠸࡚࠼

ᶵࢀࡽ࠼⪄ࡍ♧ࢆࡇ࠺࠸ࡓࡗ࡞ࡀ

య࡛㸪⮬ࡸᏛᰯྛࡣ㸪ᚋ࡚ࡗࡀࡓࡋࠋࡿ

㐣ཤࡢ⅏ᐖࡢ࡚࠸ࡘ⌮ゎࡢࡵࡓࡿࡵ῝ࢆᬑ

ཬάືࡶࡇ࠺࡞ࡇ࠾ࢆ㔜せࢃࡀࡇ࠺࠸

 ࠋࡓࡗ
 

 

 

ᅗᅗ 8� ⅏ᐖᑐ⟇ࡢኚ 

ᅗ 9� ᪥ᮏᾏ୰㒊ᆅ㟈ࡢ⤒㦂ࡢ᭷↓ 

ᅗ 10� ᪥ᮏᾏ୰㒊ᆅ㟈ࡢ⿕ᐖ≧ἣ࡚࠸ࡘ 

n=205

ᅗ 7� ᮾ᪥ᮏ㟈⅏ࡀ㉳ࡓࡁᚋࡢ⅏ᐖᑐ⟇ 

n=186

n=205

n=205
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㸲㸬ࡵࡲ 

ᅇࢺ࣮ࢣࣥࡢㄪᰝ࡚ࡗࡼ௨ୗࡀࡇࡢ☜ㄆ࡛ࠋࡓࡁ 

ձ ᑠᏛᰯ 1 ᖺ⏕ᑐࢺ࣮ࢣࣥࡿࡍㄪᰝ࡛ࡣ㸪3 ௨ୖࡢඣ❺ࡀᮾ᪥ᮏ㟈⅏ࠕࢆぬ࠸࡚࠼

ᮾࠕ㸪ࡣ㝿࠺࡞ࡇ࠾ࢆ⫱㜵⅏ᩍࡿࡍᑐୡ௦ࡢୗࡶࡾࡼࢀࡇᚋ㸪ࠋࡓࡋ⟆ᅇࠖ࠸࡞

᪥ᮏ㟈⅏ࠖ࠸࡞ࡽ▱ࢆඣ❺ࢆࡇࡿ࠸ࡀᛕ㢌ᤵᴗࡿ࡚❧ࡳ⤌ࢆᚲせࠋࡿ࠶ࡀ�
ղ ⌧ᅾྲྀࡿ࠸࡛ࢇ⤌ࡾඣ❺ࡢᆅ㟈࣭ὠἼ㜵⅏ᩍ⫱࡛ࡣ㸪⅏ᐖࡢ㐣ᗘ࡞ᜍᛧᚰࢆࡋ࡚࠼

ᕤࡿ࡞ࡽࡉ㸪ࡵࡓࡿ࠶ࡀᛶ⬟ྍࡿ࠸࡚ࡗࡀ࡞ࡘື⾜ࡢࠖࡵࡽࡁ࠶ࠕ㸪࡛ࡇࡿ࠸࡚ࡗࡲ

ኵࡀᚲせࠋࡿ࠼࠸�
ճ ಖㆤ⪅ᑐࢺ࣮ࢣࣥࡿࡍ⤖ᯝ࡛ࡣ㸪㟈⅏ࢆ⤒㦂ࡣ࡛ࡅࡔࡓࡋ㜵⅏ព㆑ࡀ࡞ࡘࡣୖྥࡢ

�ࠋࡿ࠶ᚲせ࡛ࡶ⫱㜵⅏ᩍࡿࡍᑐ㸪ேࡽࡇࡿࢀࡽ࠼⪄࠸࡞࠸࡚ࡗ
մ ���� ᖺ᪥ᮏᾏ୰㒊ᆅ㟈ࡢグ᠈㛵ࡿࡍㄪᰝࡽ㸪⛅⏣┴ࡢఫẸࡢ㜵⅏ព㆑ࡿࡏࡉୖྥࢆ

�ࠋࡿ࠶㔜せ࡛ࡀࡇ࠺ࡽࡶ࡚ࡗ▱ࡃࡋヲࡾࡼ࡚࠸ࡘ⅏ᐖࡢ㐣ཤࡢᆅᇦࡢࡑ㸪ࡣࡵࡓ
յ ᚋ㸪ᏛᰯࡸࡈᏛᰯࡢ❧ᆅ᮲௳➼ࢺ࣮ࢣࣥࡿࡼ⤖ᯝࡢẚ㍑ࢆ㐍ࡁ࠸࡚ࡵ㸪⛅⏣┴ࡢ

ᆅᇦ≉ᛶࢆ⪃៖ࡓࡋ㜵⅏ᩍ⫱ࠋ࠸ࡓࡁ࠸࡚࠼⪄࡚࠸ࡘ�
 

ㅰ㎡ 

ඛ⏕᪉㸪ࡢᩍ⫋ဨࡿࡍࡵࡌࡣࢆ㛗ᰯࡢබ❧ᑠᏛᰯࡢᕷ⏣⛅ࡧࡼ࠾㸪⏨㮵ᕷࡣㄪᰝࢺ࣮ࢣࣥ

ඣ❺ࡧࡼ࠾ಖㆤ⪅ࡢ᪉ࡢࠎ༠ຊࢆᚓ࡚ᐇࡢࢺ࣮ࢣࣥࠋࡓࡋᅇ⟅ࡧࡼ࠾ㄪᰝࡈ༠ຊࡓ࠸

 ࠋࡍࡲࡋࡓ࠸ㅰ῝ࠎ᪉ࡓ࠸ࡔ
 

 

 

 

 

 

 

 

�
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*Questionnaire survey of the tsunami disaster prevention focused on the commuting time of the students at 
Akita National College of Technology by Shoma Hoshino and Naohumi Teramoto 

⛅⛅⏣ᕤᴗ㧗➼ᑓ㛛ᏛᰯࡢᏛ⏕ࢆᑐ㇟ࡓࡋ㏻Ꮫ୰ࡢ�

ὠἼ㜵⅏㛵ࢺ࣮ࢣࣥࡿࡍㄪᰝ㸨�

�

⛅⏣ᕤᴗ㧗➼ᑓ㛛Ꮫᰯ⎔ቃ࣒ࢸࢫࢩᕤᏛᑓᨷ� ᫍ㔝⩧☻�

� ⛅⏣ᕤᴗ㧗➼ᑓ㛛Ꮫᰯ� � � � � � � � � � � ᑎᮏᑦྐ�

�

1㸬ࡵࡌࡣ 
� ࡣ࡛┴⏣⛅ 1983ᖺࡢ᪥ᮏᾏ୰㒊ᆅ㟈࡛Ⓨ⏕ࡓࡋ࡞ࡁὠἼࡾࡼ㸪ከࢆ⪅≅≛ࡢࡃฟࠋࡓࡋ

ࣉࢵ࣐ࢻ࣮ࢨࣁࡢ᪂᭱᪤ࡣ࡛┴⏣⛅㸪ࡅཷࢆὠἼ⿕ᐖࡿࡅ࠾㸪ᮾ᪥ᮏ㟈⅏ࡓࡲ [1](ᅗ 1)

࡛᭱ࡣᕷ࡛⏣⛅ࡤ࠼㸪ࡾ࠾࡚ࢀࡉ⾲බࡀ 10m ࠋࡿ࠸࡚ࢀࡉ ணࡿ࡞ࡉὠἼ㧗ࡿ࠼㉸ࢆ

ᅗ) [2]ࣥࢧࡢ♧⾲ᾏᢤ࠸㸪せ㐨㊰ἢࡸ⦏ὠἼ㑊㞴カࡿࡅ࠾㸪ἢᓊ㒊ࡽᬒ⫼ࡓࡋ࠺ࡇ

ࡆ࡞ࡘព㆑ྥୖ㸪⿕ᐖపῶࡢὠἼ㜵⅏ࢆࡳ⤌ࡾྲྀࡓࡋ࠺ࡑ㸪ࡾ࠾࡚ࡋ࡞ࡿࢀࡉ⨨タࡀ(2

㏻㸪ࡶሙྜ࡛ࡢᆅᇦࡿࡍ⨨እࡢࣉࢵ࣐ࢻ࣮ࢨࣁ㸪ࡓࡲࠋࡿࢀࢃᛮࡿ࠶㔜せ࡛ࡀࡇࡿ

㏻Ꮫ㐼ྍ࠺⬟ᛶࡽࡇࡿ࠶ࡶ㸪ᑗ᮶ⓗࡓࡋ࠺ࡑࡣⅬࡓࡵྵࡶ⥲ྜⓗ࡞ᑐ⟇ࡀᚲせࡿ࡞

ࣥࡿࡍ㛵ᑐฎࡢ㸪ὠἼ⿕ᐖ㇟ᑐࢆ⏕Ꮫࡢ㸪⛅⏣㧗ᑓࡣ࡛✲◊ᮏ࡛ࡇࡑࠋࡿࢀࡽ࠼⪄

࡚ࡋ⨨ሙᡤ࠸㏆㸪ᾏᓊࡀࡿ࠶ὠἼᾐỈ༴㝤༊ᇦእ࡛ࡣ㧗ᑓ⏣⛅ࠋࡓࡋᐇࢆㄪᰝࢺ࣮ࢣ

㸪ࡣෆᐜࡢࢺ࣮ࢣࣥࡵࡓࡢࡑࠋࡿ࠶ࡀᛶ⬟ྍࡿࡅཷࢆὠἼ⿕ᐖ㏵୰ࡢ㏻Ꮫ㊰ࡀ⏕㸪Ꮫࡾ࠾

㏻Ꮫ୰ࡢὠἼࡢᑐฎ㛵ࠋࡓࡋࡢࡶࡿࡍ 

� � � � �  

� � � � � ᅗ 1� ᭱᪂[1]ࣉࢵ࣐ࢻ࣮ࢨࣁࡢ�  � � � � � � � � ᅗ 2� ᾏᢤ⾲♧┳ᯈࡢ[2] 
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2㸬㸬ㄪᰝ᪉ἲ 
⎔ቃ㒔ᕷᕤᏛ⛉ 3 ᖺ⏕ 39 ே㸦ࡕ࠺᭷ຠᅇ⟅ 38 ே㸧ࢆᑐ㇟ 2013 ᖺ 9 ᭶ 30 ᪥ࢺ࣮ࢣࣥ

ㄪᰝࠋࡓࡗ⾜ࢆᅇㄪᰝࡓࡗ⾜ࢆ⛅⏣㧗ᑓ⏕ࡣࢇࡢ⛅⏣ᕷෆఫࠋࡿ࠸࡛ࢇෆᐜࡣ㸪

ࢺ࣮ࢣࣥࠋࡿ࠶࡛ࡢࡶࡿࡍㄪᰝࢆព㆑ࡿࡍᑐὠἼ㏻Ꮫ᪉ἲ࡞ࡲࡢ⏕Ꮫྛ࡚ࡅศࡃࡁ

ࡕ࠺ࡢ┠㡯ࢺ࣮ࢣࣥࡣ㸪ᮏㄽ࡛࠾࡞ࠋࡓࡋウ᳨࡚࠸ࡘᚋ㸪ྛ㉁ၥࡓࡋ㞟ィࢆ 5 㡯┠(⾲ 1)
 ࠋࡿ㏙࡚࠸ࡘᯝ⤖ࡢ
 

⾲㸯�  㒊୍ࡢ┠㡯ࢺ࣮ࢣࣥ

 
 

3㸬ㄪᰝ⤖ᯝ 
ᅗ 3 ⾲㡯┠㸦ࢺ࣮ࢣࣥ 1㸧ࡕ࠺ࡢ㸪ձࡢ㡯┠ࡢ⤖ᯝ38ࠋࡍ♧ࢆ ே୰༙ศ௨ୖࡢ 25 ேࡀ

ὠἼࡀ᮶ࡓ㸪㧗ྎ㏨ࡿࡆ㸦ᅗ୰ B ே㸦ᅗ୰ࡓ࠼⟆ࡿࡆ㏨㧗ᑓࡾ࠾࡚࠼⟆ᅇ⟅㸧ࡢ

C ィࡿࡏࢃྜࡶᅇ⟅㸧ࡢ 29 ே㸦」ᩘᅇ⟅ࡿࡼ㔜」ࢆ㝖ࡃ㸧࡛ࠋࡓࡗ࠶㏆ࡢࡃᘓ≀㏨ࡿࡆ

㸦ᅗ୰ A ࠼⪄ࢆ㑊㞴᪉ἲࡢࡽఱࡿ᮶ࡀὠἼࡀேࡢ㸪㒊ศࡿࡵྵࡶ⟆ᅇࡢ➼ᅇ⟅㸧ࡢ

 ࠋࡓࡗศࡀࡇࡿ࠸࡚
 

 

ᅗ 3� ⾲㸯ࡢձࡢ㡯┠ࡢ⤖ᯝ 

㏻Ꮫ୰ὠἼࡀ᮶࠺ࡼࡋ࠺ࡁࡓᛮࡍࡲ࠸㸽㸦」ᩘᅇ⟅ྍ㸧

�㸬㏆ࡢࡃᘓ≀㏨ࠉࡿࡆ�㸬㧗ྎ㏨ࠉࡿࡆ�㸬㧗ᑓࠉࡃ⾜�㸬ᐙࡃ⾜

�㸬ఱࠉ࠸࡞ࡋࡶ�㸬ᛮࠉ࠸࡞ࡘ࠸�㸬ࡢࡑ

ᘓ≀ࡸ㐨㊰࡛ぢࡿࡅᾏᢤࡿࡍ♧⾲ࢆ┳ᯈࡣཧ⪃ࡿ࡞ᛮࡍࡲ࠸㸽

�㸬ࠉ࠸ࡣ�㸬ࠉ࠼࠸࠸�㸬ぢࠉ࠸࡞ࡀࡇࡓ�㸬࠸࡞ࡽࢃ

㸽ࡍࡲ࠸࡚ࡋ㏻Ꮫ࡚ࡗࢺ࣮ࣝࡢ

�㸬⯪ᕝ⾤㐨㸦ᅜ㐨�ྕࡢഃ㸸ୖ㣤ᓥ᪉㠃㸧ࠉ�㸬⮫ᾏࢫࣃࣂ㸦ᅜ㐨�ྕࡢ༡ഃ㸸ᅵᓮ᪉㠃㸧

�㸬⮬⾨㝲㏻ࡢࡾᮾഃࠉ�㸬⮬⾨㝲㏻ࡢࡾすഃࠉ�㸬㧗ᑓࡢᮾഃ㸦㣤ᓥ୰ࠊ⤌ྜ㝔᪉㠃㸧

�㸬ዟ⩚ᮏ⥺ࡾࡼすഃ㸦 ᪉㠃㸧ࠉ�㸬Ꮫ⏕ᑅࠉ�㸬ࡢࡑ

㏻Ꮫ୰ὠἼࡀ᮶ࡍࡲࡾ࠶ࡣࡇࡓ࠼⪄࠸࡞ࢀࡋࡶࡿ㸽

�㸬ࠉ࠸ࡣ�㸬࠼࠸࠸

⮬ศࡢᐙࠊ㏻Ꮫ㊰ࡀὠἼᾐỈᐃ༊ᇦ㸦ὠἼࡢ⿕ᐖࡿࡅཷࢆሙᡤ㸧ධࢆࡿ࠸࡚ࡗ
㸽ࡍࡲࡾ࠶ࡀࡇࡓࡋㄆ☜࡛࡞ࣉࢵ࣐ࢻ࣮ࢨࣁ
�㸬ࠉࡿ࠶�㸬࠸࡞

մ

յ

ձ

ղ

ճ
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ᅗ 4 ⾲ 1 ࡢᅗ୰)ࡿ࡞⪄ཧ࡚࠸ࡘᯈ┳ࡿࡍ♧⾲ࢆᾏᢤࠋࡍ♧ࢆᯝ⤖ࡢ┠㡯ࡢղࡢ A)

ࡣேࡓ࠼⟆ 39㸣࡛ࡾ࠶⣙ 4ࡢேࡀ┳ᯈࢆཧ⪃ࡀࡇࡿ࠸࡚࠼⪄ࡿ࡞ศࠋࡓࡗᾏᢤ⾲♧
┳ᯈࡀཧ⪃࡚࠸ࡘ⏤⌮ࡓ࠼⟆ࡿ࡞ᅇ⟅⪅ࡾྲྀࡁ⪺ࡽㄪᰝࢁࡇࡓࡗ⾜ࢆ㸪⮬ศࡀ⌧ᅾ

࠺࠸ࡿ࡞⪄ཧࡢ࠺࠸㧗ࡀ㸪ᶆ㧗࠸ࡍࡸࡾྲྀࡀື⾜㑊㞴࡛ࡢࡿศࡀᾏᢤࡢሙᡤࡿ࠸

ᅇ⟅ࡢ㸪10m௨ୗࢆప࠸ᶆ㧗࡚࠼⪄㸪ὠἼࡀ᮶ࡿᜍࡿ࠶ࡢࢀࡣ㏨ุ᩿ࡿࡆᇶ‽࡚ࡋ
㸪࠸࠸ࡀ࠺ࡓࡏ㍕ᯈ┳ࢆ༳▮ࡍಁ࠺ࡼࡿࡆ㏨᪉㸪㧗ྎ୍ࠋࡓࡗ࠶ࡶ⟆ᅇ࠺࠸㸪ࡿ࠸

ࡿ࠸࡚ࢀࡉ♧⾲ᯈ┳ࡣேࡿ࠸࡚ࡋ⪄ཧࢆᯈ┳ࡽពぢࡢࡽࢀࡇࠋࡓࢀࡽࡏᐤࡀពぢ࠺࠸

ᾏᢤࡢ㧗࡚ࡗࡼࡉὠἼᑐࡿࡍ㑊㞴ࡾ࠾࡚࠼⪄࠺ࡼࡋุ᩿ࢆ㸪┳ᯈࡀタ⨨⪅࠸≻ࡢ㏻ࡾᆅ

㟈ࡿࡼὠἼⓎ⏕ࡢ≧ἣᢕᥱࡧࡼ࠾ὠἼ⿕ᐖࡢ㍍ῶࡵࡓࡢ⏝ࡀࡇࡿ࠸࡚ࢀࡉศࠋࡓࡗ 
ཧ⪃࠸࡞ࡽ࡞➼㸪A ௨እࡢᅇ⟅⪅ࡾྲྀࡁ⪺ࡔࡲࡣ࡚࠸ࡘㄪᰝࡎࡽ࠾࡚ࡗ⾜ࢆ㸪ᚋᨵࡵ

࡚ㄪᰝ࠺⾜ࢆᚲせࡀࡿ࠶ࡀ㸪ཧ⪃࠸࡞ࡽ࡞(ᅗ୰ࡢB)㸪ศ࠸࡞ࡽ(ᅗ୰ࡢD)ࡣ⏤⌮ࡓ࠼⟆㸪
┳ᯈ᭩ࡿ࠸࡚ࢀᾏᢤࡀࡉ῝ࡢᆅ㟈ࡢࡉࡁᑐ࠸ࡽࡃࡢ࡚ࡋ᭷ຠࡀࡢ࡞ศ࠸࡞ࡽ㸪

ࠋࡿࢀࡽ࠼⪄࠸࡞ࡣ࡛ࡽ࠸࡞ࡽࢃࡢࡿࡍⓗ┠ࢆఱࡀෆᐜࡢᯈ┳ࡶࡑࡶࡑࡣ࠸ࡿ࠶

ࡢᅗ୰)࠸࡞ࡀࡇࡓ㸪ぢࡓࡲ C)࠺࠸ேࡣ࡚ࡋ⏤⌮ࡢ㸪ᐇ㝿ࡢࡑ┳ᯈࡢ๓ࢆ㏻ࡿ࠸࡚ࡗ
 ࠋࡿࢀࡽ࠼⪄ࡿ࠶ࡶᛶ⬟ྍࡿ࠸࡚ࡋࡾ⣲㏻ࡃ࡞ࡀᐇឤࡢ
 

 

ᅗ 4� ⾲㸯ࡢղࡢ㡯┠ࡢ⤖ᯝ 
 

ᅗ ᅗࡧࡼ࠾5 ⏕Ꮫࡿ㏻ࢆࢺ࣮ࣝࡢࡑࡧࡼ࠾ࢺ㏻Ꮫ࣮ࣝࡢ⏕ෆᐜ࡛⛅⏣㧗ᑓᏛࢺ࣮ࢣࣥࡣ6
㸪ᅗࡾ࠶࡛ࡢࡶࡓࡋ♧ࢆᩘ すഃࡢ㧗ᑓ⏣⛅ࠋࡿ࠶࡛ࡢࡶࡓࡋᣑࢆ㧗ᑓ࿘㎶㒊⏣⛅ࡿࡅ࠾1
ᅜ㐨すഃࡢࡑ㸪ࡾ࠾࡚ࡗ㏻ࡀ⥺ዟ⩚ᮏ 㸪ࡅศࡘ㒊࡛㸵ࡣࢺ࣮ࣝࠋࡿ࠸࡚ࡗ㏻ࡀ⥺7ྕ

ᅜ㐨 ࢺ࣮ࣝࡀேࡿ᮶ࡽഃࡢ⥺7ྕ 1㸪༡ഃࡽ᮶ࡿேࢺ࣮ࣝࡀ 2㸪㝣ୖ⮬⾨㝲⛅⏣㥔ᒡᆅࡢ
ᮾഃࡽ᮶ࡿேࢺ࣮ࣝࡀ 3㸪すഃࡽ᮶ࡿேࢺ࣮ࣝࡀ 4㸪ෆ㝣ഃࡽ᮶ࡿேࢺ࣮ࣝࡀ 5㸪 ᪉㠃
ࢺ࣮ࣝࡀேࡿ᮶ࡽ 6㸪⛅⏣㧗ᑓࡢᏛ⏕ᑅఫࡿ࠸࡛ࢇேࢺ࣮ࣝࡣ 7 㸪࣮ࣝࡕ࠺ࡢࡇࠋࡓࡋ
ࢺ 1㸪2㸪4㸪6ࡢኴ⥺࡛♧ࡀࢺ࣮ࣝࡍὠἼࡢ༴㝤ᛶࠋࡿ࠸࡚ࡗ࡞ࢺ࣮ࣝࡿ࠶ࡀᅗ ࣝྛࡍ♧6
ࢺ࣮ࣝࡿ࠶ࡀ༴㝤ᛶࡢ㸪ὠἼࡾࡼᩘ⏕Ꮫࡿ㏻ࢆࢺ࣮ 1㸪2㸪4㸪6 ィ࡛ྜࡣ⏕Ꮫࡿ࠸࡚ࡋ㏻Ꮫࢆ
46㸣ࠋࡓࡗ࡞ 

 

 

��� ��� ��� ���

�� ��� ��� ��� 	�� 
�� ��� ��� �� ��� ����

�㸬�	�ᾏᢤࡿࡍ♧⾲ࢆ┳ᯈࡣཧ⪃ࡿ࡞ᛮࡍࡲ࠸㸽
�㸬ศ࠸࡞ࡽ�㸬ぢ࠸࡞ࡀࡇࡓ�㸬ཧ⪃࠸࡞ࡽ࡞A㸬ཧ⪃ࡿ࡞ 

㸦㸣㸧 
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ᅗ 5� ⛅⏣㧗ᑓᏛ⏕ࡢ㏻Ꮫ࣮ࣝࢺ 

 

 

ᅗ 6� ⾲㸯ࡢճࡢ㡯┠ࡢ⤖ᯝ 
 

ḟ㸪ᅗ ⾲7 ᅗࠋࡍ♧ࢆᯝ⤖ࡢ┠㡯ࡢմࡢ1 ࡞࠸࡚ࡗᣢࢆ༴㝤ព㆑ࡢὠἼࡢ㏻Ꮫ୰ࡾࡼ7
ࡣே࠸ 82㸣ࠋࡓࡗ࡞ᅗ ィ࡛ྜࡀ⏕Ꮫࡿ࠸࡚ࡋ⏝ࢆࢺ࣮ࣝࡿ࠶ࡀ༴㝤ᛶࡢ㸪ὠἼᯝ⤖ࡢ7

46㸣ࡓࡗ࡞⤖ᯝࢆẚ㍑ࡿࡍ㸪㏻Ꮫ୰ࡿࡅ࠾ὠἼࡢ༴㝤ព㆑ࡾࡲ࠶ࡣ㧗ࡀࡇ࠸࡞ࡃศ
 ࠋࡓࡗ
ᅗ ⾲8 ᅾ⌧ࠋࡍ♧ࢆᯝ⤖ࡢ┠㡯ࡢյࡢ1 Webୖ࡛බ㛤࡛ࣉࢵ࣐ࢻ࣮ࢨࣁࡿ࠸࡚ࢀࡉ⮬ศࡢ

ᐙ㸪㏻Ꮫ㊰ࡀὠἼᾐỈ༴㝤༊ᇦධࢆࡿ࠸࡚ࡗㄪࡿ࠶ࡀࡇࡓேࡣయࡢ 5㸣ࡗࡲ
ࡇ࠸࡞࠸࡚ࢀࡉ㓄ᕸࡀࣉࢵ࣐ࢻ࣮ࢨࣁᐙᗞྛࡔࡲࡣ㸪⛅⏣ᕷ࡛࡚ࡋ⏤⌮ࡓࡗࡲ␃5㸣ࠋࡓ
ᥦ౪ᕷ⏫ᮧࡣ㒊୍ࡢᡂᯝࡢᆅ㟈⿕ᐖᐃㄪᰝࠖ[3]ࠕࡓࢀࡉᅾ㸪┴࡛ᐇ⌧ࠋࡿࢀࡽ࠼⪄ࡀ

ࡣ࡛࡞㸪⛅⏣┴⏨㮵ᕷࡾ࠾࡚ࢀࡉ⏝άࡵࡓ࠺⾜ࢆ➼ࡋ┤ぢࡢࠖࣉࢵ࣐ࢻ࣮ࢨࣁὠἼࠕ㸪ࢀࡉ

 

���� ��� �	� ���� ���� ��� �

�� ��� 	�� ��� �� ����

㸯㸬�	�ᅗ
㸽ࡍࡲ࠸࡚ࡋ㏻Ꮫ࡚ࡗࢆࢺ࣮ࣝࡢࡢ

ࡢࡑ

ࢺ࣮ࣝ 1 

㸦㸣㸧 ࣮ࣝࢺ 2 

ࢺ࣮ࣝ 3 

ࢺ࣮ࣝ 4 

ࢺ࣮ࣝ 5 

ࢺ࣮ࣝ 6 

ࢺ࣮ࣝ 7 

�

�
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ὠἼࡢᾐỈண ༊ᇦࢆぢ┤ࡀࣉࢵ࣐ࢻ࣮ࢨࣁࡓࡋ᪤ྛᐙᗞ㓄ᕸࠋࡿ࠸࡚ࢀࡉ⛅⏣ᕷࡢࡇࡶ

㸪ࡾࡀୖࡀㄆ▱ᗘࡢࣉࢵ࣐ࢻ࣮ࢨࣁ࡚ࡗࡼࡇࡿࢀࡉ㓄ᕸࡀࣉࢵ࣐ࢻ࣮ࢨࣁᐙᗞྛ࠺ࡼ

㜵⅏ព㆑ࡿࡀ࡞ࡘࡶୖྥࡢᛮࠋࡿࢀࢃ 
 

 

ᅗ 7� ⾲㸯ࡢմࡢ㡯┠ࡢ⤖ᯝ 

 

ᅗ 8� ⾲㸯ࡢյࡢ㡯┠ࡢ⤖ᯝ 
 

4㸬㸬ࡵࡲ�  
ᮏ◊✲࡛ࡣ⛅⏣㧗ᑓࡢᏛ⏕ࡀ㏻Ꮫ୰ὠἼ⿕ᐖྍࡿࡅཷࢆ⬟ᛶࡿ࠶ࡀ㸪ࡓࡲ㐼ࡓࡗሙྜ

㒊ศࡢ⪅㇟ㄪᰝᑐࡣㄪᰝ࡛ࡢᅇࠋࡓࡋᐇࢆࢺ࣮ࢣࣥⓗ┠ࢆࡢࡿࡍᑐฎ࠺ࡼࡢ

 ࠋࡓࡗศࡀࡇࡿ࠸࡚ࡗᣢࡣព㆑ࡿࡍᑐὠἼ࠺ࡼ࠺࠸ࡿࡆ㏨㧗ྎࡽࡓ᮶ࡀὠἼࡣ

୍᪉㸪ὠἼ㑊㞴ࡢ㝿ཧ⪃ࡿ࡞ᛮࡿࢀࢃᾏᢤ⾲♧┳ᯈࢆཧ⪃ࡿ࠸࡚࠼⪄ࡿ࡞ேࡣ 4
ࡾྲྀࡁ⪺ࠋࡓࡗࡲㄪᰝࡾࡼ㸪┳ᯈࢆཧ⪃ࡿ࠸࡚ࡋேࡣ┳ᯈࡢ㧗ࢆࡉཧ↷࡚ࡋ㑊㞴ࢆ

ࡿ࠸࡚ࡋ↷ཧࢆᾏᢤࡵࡓࡢἣᢕᥱ≦ࡢὠἼⓎ⏕ࡿࡼ㸪ᆅ㟈ࡾ࠶ࡀពぢ࠺࠸ࡿ࠸࡚࠼⪄

ࠋ୍ࡓࡗศࡀࡇ ᪉㸪ཧ⪃࠺࠸ࡿ࠸࡚ࡋᅇ⟅ࡀయࡢ 4ࡿ࠼⪄ࢆࡇࡓࡗࡲ㸪
┳ᯈタ⨨ࡽࡉ࡚࠸ࡘ➼⏤⌮ࡢ࿘▱ࡿࡍඹ㸪ࢺ࣮ࢣࣥᑐ㇟⪅ࡾࡼࡢヲ⣽ࡾྲྀࡁ⪺࡞

࠶ࡀᚲせ࠺ࡽࡶ࡚ࡋㄆ㆑ࢆ༴㝤ᛶࡢὠἼேࡢࡃከࡾࡼ㸪ࡋศᯒヲ⣽ࢆ⏤⌮⟆ᅇࡾࡼ࡞

 ࠋࡿࢀࡽ࠼⪄ࡿ

 

�� ��

�� ��� ��� ��� 	�� 
�� ��� ��� �� ��� ����

�㸬���㏻Ꮫ୰ὠἼࡀ᮶࠸࡞ࢀࡋࡶࡿ
㸽ࡍࡲࡾ࠶ࡣࡇࡓ࠼⪄

1㸬2 ࡿ࠶㸬࠸࡞ 

㸦㸣㸧 

 


� �
�

�� ��� 	�� ��� �� ����

�㸬�
�⮬ศࡢᐙࠊ㏻Ꮫ㊰࡛࡞ࣉࢵ࣐ࢻ࣮ࢨࣁࢆ
☜ㄆࡍࡲࡾ࠶ࡀࡇࡓࡋ㸽

㸦㸣㸧

�㸬࠸࡞

1㸬ࡿ࠶ 
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࠙࠙ཧ⪃ᩥ⊩ࠚ 
[1] ⛅⏣┴㸸ᾏᇦ A㸩B㸩C㐃ື᭱ࡢᾐỈศᕸᅗ(㈨ᩱ 3P9)㸪 

http://www.pref.akita.lg.jp/www/contents/1356530698859/files/siryou3p9.pdf㸪2013.12.06ཧ↷ 

[2] ⛅⏣Ἑᕝᅜ㐨ົᡤ㸪⬟௦Ἑᕝᅜ㐨ົᡤ㸸ᾏᢤ⾲♧ࢺ࣮ࢩタ⨨᪉㔪㸦㸧㸪 

http://www.thr.mlit.go.jp/bumon/kisya/kisyah/images/44963_1.pdf㸪2014.01.17ཧ↷ 

[3] ⛅⏣┴㸸ࠕ⛅⏣┴ᆅ㟈⿕ᐖᐃㄪᰝࠖಀࡿὠἼ㛵㐃ࢱ࣮ࢹ㸪 

http://www.pref.akita.lg.jp/www/contents/1377750769093/index.html㸪2013.12.06ཧ↷ 
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*Implementation of “Reconstruction Map Making Program” at Kazuma elementary school in Ishinomaki-City  
by Eriko Tokuyama,Aiko Sakurai,Yoshiyuki Murayama� and Takeshi Sato 

▼▼ᕳᕷ❧㮵ጔᑠᏛᰯ䛻䛚䛡䜛⅏ᐖ⯆ᩍ⫱䛾ᐇ㊶�

䇷䛄⯆䝬䝑䝥䛵䛟䜚䛅䝥䝻䜾䝷䝮䇷䠆�

�

䚽ᚨᒣⱥ⌮Ꮚ䠄ᮾᏛ䠅䠈ᱜឡᏊ䠄⚄ᡞᏛ䠅䠈ᮧᒣⰋஅ䠄ᒣᙧᏛ䠅䠈బ⸨䠄ᮾᏛ䠅�

�

1䠊䛿䛨䜑䛻�
䛂⯆䝬䝑䝥䛵䛟䜚䛃䝥䝻䜾䝷䝮䛿䠈ᮾ᪥ᮏ㟈⅏௨๓䛛䜙➹⪅➼䛜㛤Ⓨ䛸ᐇ㊶䛻ྲྀ䜚⤌䜣䛷䛔䛯

๓ண㜵ᆺ䛾㜵⅏ᩍ⫱ᐇ㊶䝥䝻䜾䝷䝮 1),2)䜢䜰䝺䞁䝆䛧䛯⅏ᐖ⯆ᩍ⫱䝥䝻䜾䝷䝮䛷䛒䜛�బ⸨䜙 3)䛻䜘䛳

䛶ሗ࿌䛥䜜䛯ᖹᡂ ��ᖺᗘ䛾▼ᕳᕷ❧㮵ጔᑠᏛᰯ䛷䛾ᐇ㊶䛻䛴䛔䛶䠈ᮏሗ䛷䛿䛭䛾ᡂᯝ䛸ㄢ㢟䠈䛚䜘

䜃 25 ᖺᗘ䛾ྲྀ䜚⤌䜏䛻䛴䛔䛶ሗ࿌䛩䜛��
�

2䠊▼ᕳᕷ❧㮵ጔᑠᏛᰯ䛾ᴫせ�
▼ᕳᕷ❧㮵ጔᑠᏛᰯ䛿䠈▼ᕳᕷ୰ᚰ㒊䛾ᮾ᪉⣙ 4km䠈ᾏᓊ⥺䛛䜙⣙ 1km䛾Ἀ✚పᆅୖ䛻⨨䛩

䜛�࿘㎶ᆅᇦ䛿䠈䜒䛸䜒䛸」ᩘิ䛾ሐୖ䛻㞟ⴠ䛸⏿䠈ሐ㛫పᆅ䛿Ỉ⏣䛷䛒䛳䛯䛜䠈1970ᖺ௦௨㝆ᛴ⃭
䛻㒔ᕷ䛧䛶䠈1986ᖺྠᰯ䛜㛤ᰯ䛧䛯�Ꮫ༊ෆ䛾䜋䛸䜣䛹䛿ᶆ㧗 2�⛬ᗘ䛷䠈ഃ䛾ୣ㝠ᆅ䛾〈䛷䜘䛖

䜔䛟ᶆ㧗 5m 䛻㐩䛩䜛�Ꮫ༊䛿ὠἼ䛻䜘䛳䛶㠃ⓗ䛻ᾐỈ䛧䠈㮵ጔᑠ䛷ᗋୖ 10cm ⛬ᗘᾐỈ䛧䛯�Ꮫ༊
䛾༡㒊䠄ᾏഃ䠈ᾏᓊ䛛䜙⣙ 300䡚500m䠅䛷䛿ᐙᒇ䛾ὶฟ䜒䛒䜚䠈⌧ᅾ䜒᭦ᆅ䛿ᑡ䛺䛟䛺䛔䛜䠈ഃ䠄ෆ㝣
ഃ䠅䜋䛹⿕ᐖ䛜ᑠ䛥䛔ഴྥ䛜䜏䜙䜜䜛��

�

3䠊䛂⯆䝬䝑䝥䛵䛟䜚䛃䝥䝻䜾䝷䝮䛾ᴫせ�

㮵ጔᑠᏛᰯ䛷䛾䛂⯆䝬䝑䝥䛵䛟䜚䛃

䛿䠈௨ୗ䛾┠ⓗ䛷⾜䜟䜜䛶䛔䜛��

䐟 ඣ❺୍ே䜂䛸䜚䛜⿕⅏䛾⤒㦂䛸ྥ
䛝ྜ䛔䠈ᆅ㟈䛸ὠἼ䛛䜙❧䛱┤䜚

䛴䛴䛒䜛㮵ጔ䛾䛾ᵝᏊ䜢䜎䛱Ṍ

䛝䛻䜘䜚☜ㄆ䛧䠈⯆䝥䝻䝉䝇䛻

యⓗ䛻㛵䜟䜛䛝䛳䛛䛡䜢䛴䛟䜛䛣

䛸��

䐠 㮵ጔ䛾⯆䛾グ㘓䜢䛂䝬䝑䝥䛃䛸䛧
䛶ṧ䛧䠈䛣䜜䛛䜙䜒⥆䛟㮵ጔ䛾⯆

άື䜔䠈ᗈ䛟᪥ᮏ䜔ୡ⏺䛾ே䚻䛾ᚋ䛾㜵⅏άື䛻ᙺ❧䛯䛫䜛䛣䛸��

ᖹᡂ 24 ᖺᗘ䛾䝥䝻䜾䝷䝮䛿䠈㮵ጔᑠᏛᰯ䛾 4 ᖺ⏕䛾⥲ྜⓗ䛺Ꮫ⩦䛾㛫䜢⣙ 20 㛫㈝䜔䛧䛶
⾜䜟䜜䛯�䝥䝻䜾䝷䝮䛾ᐇ㊶䛷䛿䠈ὠἼ⿕⅏䛾⤒㦂䜢ཷ䛡䛯ඣ❺䛜ᚰⓗ䛺䝇䝖䝺䝇䜢ཷ䛡䛺䛔䜘䛖䠈䜎

䛯⮬䜙䛾ᆅᇦ䜢⫯ᐃⓗ䛻ᤊ䛘䜙䜜䜛ྲྀ⤌䜏䛻䛺䜛䜘䛖䠈ᕤኵ䛸㓄៖䜢⾜䛔䠈ᩍ⫱⮫ᗋᚰ⌮Ꮫ䛾ᑓ㛛

ᐙ䛛䜙ຓゝ䜢ᚓ䛯�Ꮫ༊䜢 12䛾䜶䝸䜰䛻ศ䛧䠈4ᖺ⏕ 2 䜽䝷䝇䛾ඣ❺䛜 12䜾䝹䞊䝥䛻ศ䛛䜜䛶ά
ື䛻ྲྀ䜚⤌䜣䛰�䝥䝻䜾䝷䝮䛿䠈䜺䜲䝎䞁䝇䊻䜎䛱Ṍ䛝䊻䝬䝑䝥సᡂ䊻ᡂᯝⓎ⾲䛷ᵓᡂ䛥䜜䛯�䜎䛱Ṍ䛝

⾲⾲ 1� ⯆ሗ䛾ศ㢮�

�崊�� ൜಼峘峕峙峔岵峍峉峬峘峑൜಼峘峕ৗ峁岹峑岷峉峬峘�ஒ��

�崌�� ൜಼峘岵峳岬峍峉峬峘峑૩峼ਭ岻峉岶岽島峨峑峕ઉ岿島峉峬峘���

�崎�� 岮峨૦ਝরఊ৶র峘峬峘�້��

�崐�� ୮௪র峘峒岽峷ق岶島岷岶峔岹峔峍峐ତ৶岿島峉ಌ峙୮௪峘崡崧

嵤崰ك�崒嵔嵛崠��

�崒�� ૫峮ਂ峕ઓ岰ৃਚ峮峬峘���

�崓�� 峇峘峩峽峔岶્峕ਞહ岮峉ৃਚ峮峬峘ق௫峁岮岷島岮ঽཿ峑

岷峵ৃਚ峮峬峘ك�স��

��
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ᮇ άືෆᐜ ᤵᴗ㛫

䜺䜲䝎䞁䝇

䜎䛱Ṍ䛝䠄䠎ᅇ䠅

ሗᩚ⌮

ኟఇ䜏 ᐟ㢟䛂䛚䛖䛱䛾ே䜈䛾䜲䞁䝍䝡䝳䞊䛃

⯆䝬䝑䝥సᡂ

Ⓨ⾲䛾‽ഛ

ᏛᖺⓎ⾲

ᆅᇦⓎ⾲䛾‽ഛ䞉Ⓨ⾲

䠏ᖺ⏕䜈䛾Ⓨ⾲

䠑ᖺ⏕䜈䛾Ⓨ⾲䞉䝟䝛䝹䝕䜱䝇䜹䝑䝅䝵䞁

Ꮫ⩦䛾䜚㏉䜚

䠍Ꮫᮇ 㻝㻡㛫

䠎Ꮫᮇ 㻞㻡㛫

䠏Ꮫᮇ 㻝㻜㛫

⾲⾲ 2�� ᖹᖹᡂ 25ᖺᖺᗘᖺ㛫Ꮫ⩦ィ⏬��

䛷ᚓ䜙䜜䛯ሗ䛿⾲ 1䛻♧䛥䜜䜛䠄䜰䠅䛛䜙䠄䜹䠅䛾 6䛴䛾ศ㢮䛷ᩚ⌮䛥䜜䠈䝬䝑䝥ୖ䛻Ⰽศ䛡䛥䜜䛯䝅
䞊䝹䛷♧䛥䜜䛯䠄ᅗ 1䠅�ศ㢮䛾䠄䜰䠅䛛䜙䠄䜸䠅䛿⯆䛾ẁ㝵䛾グ㘓䠈䠄䜹䠅䛿Ꮚ䛹䜒䛾どⅬ䛷ᆅᇦ䛾Ⰻ
䛔ᡤ䜢グ㘓䛧䛶䛔䜛��

ℲℲ∄⇩⇽↝⇥⇊⇮∑Ⅴᰦڸ⇁↘⇂↙↭←↚ↆⅳⅺⅥ≋ɥ≌� �

ℳ⇖∑∞⇽ӸᨼӳϙჇ�⇥⇊⇮∑ɦ≏ɶځ≏ӫ�� �

ℴႆᙸ∃⇊∙⇮↝ϻ̊�⇥⇊⇮∑ɦ⅚�� �

ℵਃ࢘⇎∐⇈↝∄⇩⇽�ɶ࣎ᢿ�ϻ̊Ↄ↗↚ᑥК⇝∞∑↖ᅆↄ↻↕ⅳ↺ �

ℶऴإ⇑∞⇯≋∄⇩⇽ԗ↹≌ႆᙸ↝ϋܾ↚↓ⅳ↕ᛟଢↆ↕ⅳ↺ �

≋̊≝Ў�⇑�≝Ⅴⅼ↊↓↞↉↻↙↝↚↙↋ⅺ≋ᑶⅻ≌ↄⅳ↕ⅳⅥ≌ � �

ℷ⇊∙⇥⇹∋∞⇑∞⇯�∄⇩⇽ԗ↹�⇊∙⇥⇹∋∞ↆϋܾ≋̊≝οႊދ≝ʻ

���࠰ ↝�࠰ � உ↚Јஹ �≋ⅹܲↄ⇂↞≌� ଐ 	� ʴⅾ↸ⅳஹ↺ �� �

ℸᰦעڸғ↝μ˳ע≋ɦӫ≌ਃ࢘⇎∐⇈ⅻᅆↄ↻↕ⅳ↺� �

ℹ̾ʴ⇑∞⇯≋ɦ≌ᘙ↚↞ᐯЎ↝ӸЭ �⇁ⅾ↗≏ᩗ↝ࢸ↖ � ဪ۹ↆⅺ

→ↂ↗≏ܹ↝↗ⅼ↚ࢫ→↱↝≏ᰦڸ⇁↘⇂↙↭←↚ↆⅳⅺⅻⅺ↻

↕ⅳ↺�

ᅗ 1� 䛂⯆䝬䝑䝥䛃䛾୍�

4䠊ᖹᡂ 24ᖺᗘ䛾ᡂᯝ䛸ㄢ㢟�

� 24ᖺᗘ䛾᭱䛾ᡂᯝ䛿䠈Ꮫ◊✲⪅䠈Ꮫᰯ䠈NPO䠈ᩍ⫱ጤဨ䛸䛾༠ാ䛻䜘䜚䠈䛂⯆䝬䝑䝥䛵䛟䜚䛃
䛸䛔䛖⿕⅏ᆅ䛻䛚䛡䜛⅏ᐖ⯆ᩍ⫱䝥䝻䜾䝷䝮䛜ᙧ䛵䛟䜙䜜䛯䛣䛸䠈䜎䛯㮵ጔᑠᏛᰯ䛷 25ᖺᗘ䜒⥅⥆䛧
䛶ᐇ䛩䜛䛣䛸䛻Ⓨᒎ䛧䛯䛣䛸䛷䛒䜛�ᡂᯝⓎ⾲䜢⪺䛔䛯ಖㆤ⪅䛛䜙䜒䛂㟈⅏䛾⤒㦂䜢๓ྥ䛝䛻䛸䜙䛘䠈

ᆅᇦ䛾ᮍ᮶䛻ᙺ❧䛳䛶䜋䛧䛔䛃䛺䛹୍ᐃ䛾ホ౯䜢ཷ䛡䛯�䛥䜙䛻సᡂ䛥䜜䛯䛂⯆䝬䝑䝥䛃䛿▼ᕳᕷ䛾ὠ

Ἴ㑊㞴䝡䝹䜔Ꮫ༊ෆ䛾බᅬ䛻ᥖ♧䛥䜜䠈ᆅᇦఫẸ䛾┠䛻ゐ䜜䜛ᶵ䛻ᜨ䜎䜜䛯�䛭䛾୍᪉䛷䝥䝻䜾䝷

䝮䛾ᬑཬ䠈ᩍ⫱ⓗຠᯝ䛾᳨ド䜔䠈ᚋ⥅⥆䛧䛶䝥䝻䜾䝷䝮䜢ᐇ䛩䜛䛣䛸䜢⪃䛘䛯䛾⯆䝬䝑䝥䜔䛭

䛾ሗ䛾✚᪉ἲ䜔ά⏝᪉ἲ䛾᳨ウ䛜ᚲせ䛷䛒䜛��

�

5䠊ᖹᡂ 25ᖺᗘ䛾ྲྀ䜚⤌䜏�
25 ᖺᗘ䛾ྲྀ䜚⤌䜏䛿䠈ᆅᇦ䜈䛾ᬑཬ

ྍ⬟䛺Ꮫ⩦ᣦᑟ䛾సᡂ䠈㮵ጔᑠᏛᰯ䛻

䛚䛡䜛⥲ྜⓗ䛺Ꮫ⩦䛾㛫䛷䛾ᮏ᱁ᒎ㛤

䛸䛔䛖᪉ྥ䛷䛾άື䛜⾜䜟䜜䛶䛔䜛��

5.1� Ꮫ⩦ᣦᑟ䛾సᡂ 
  ඣ❺䛾Ⓨ㐩ẁ㝵䜔䠈ᩍ⛉䞉༢ඖ䛾┠ᶆ䜢
⪃៖䛧䛯ᵓᡂ䛻䛩䜛䛣䛸䛷䠈༢Ⓨ䛾䜲䝧䞁䝖

䝥䝻䜾䝷䝮䛛䜙ᣢ⥆ྍ⬟䛺ᩍ⫱䝥䝻䜾䝷䝮䜈

䛸㌿䛥䛫䜛䛣䛸䠈䛥䜙䛻Ꮫ⩦ᣦᑟ䜢ඹ᭷

䛩䜛䛣䛸䛻䜘䜚䠈䛂⯆䝬䝑䝥䛵䛟䜚䛃䝥䝻䜾䝷

䝮䛾ᆅᇦ䜈䛾ᬑཬ䜢┠ⓗ䛻ᣦᑟ䛾㛤
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Ⓨ䜢⾜䛳䛯 4)�Ꮫ⩦ᣦᑟィ⏬䛷䛿䠈య䛷 12 㛫䛛䜙 17 㛫䛷ᐇ䛷䛝䜛ィ⏬䛸䛧䠈䜎䛱Ṍ䛝䜢⾜䛖
ᅇᩘ䜔Ⓨ⾲䛾ᅇᩘ䛻䜘䛳䛶㛫ᩘ䛾ㄪᩚ䛜ྍ⬟䛷䛒䜛��

5.2�� 䛂⯆䝬䝑䝥䛵䛟䜚䛃䝥䝻䜾䝷䝮 
25 ᖺᗘ䛾⯆䝬䝑䝥䛵䛟䜚䛿䠈4 ᖺ⏕䛾⥲ྜⓗ䛺Ꮫ⩦䛾㛫䛾䝯䜲䞁䝔䞊䝬䛸䛧䛶⾲ 2 䛻♧䛩㏻䜚䠈

ᖺ㛫⣙ 50 㛫䛾ィ⏬䛷ᐇ䛧䛶䛔䜛. 
䝥䝻䜾䝷䝮䛾ෆᐜ䛿䠈24 ᖺᗘ䛾άື䜢䝧䞊䝇䛻䛧䛺䛜䜙䠈≉䛻ḟ䛻♧䛩䜘䛖䛺䠐䛴䛾ኚ᭦䜢ຍ䛘䛶䛔

䜛.䜎䛪᭱ึ䛻 2 ᖺ┠䛾ྲྀ䜚⤌䜏䛷䛒䜛䛯䜑䠈ᖺᗘ䛾ྲྀ䜚⤌䜏䜢ά䛛䛧䠈ᖺᗘ䛾ሗ䛸䛾ẚ㍑䜢䛩
䜛䛣䛸䛷ᆅᇦ䛾ኚ䜢☜ㄆฟ᮶䜛䜘䛖䛻䠈䜎䛱Ṍ䛝䛷⏝䛩䜛ᆅᅗ䛻ᖺᗘ䛾 4ᖺ⏕䛜ᙳ䛧䛯┿䜢
ຍ䛘䛯.ᅗ 2 䛻ᐇ㝿䛻ඣ❺䛜グ㘓䛧䛯ෆᐜ䛸ᙳ䛧䛯ᆅᇦ䛾┿䜢♧䛩. 
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ໜע �� �

�

�

�

�

үᨖ≆≆ᰦڸᇹʚπט↝⇻⇍∙⇟

Ⴚ→↕↪ↆⅳ�

�

�

�

�

�

ⅼ↻ⅳ↚Ⴚↄ↻↕ⅳ↺�

ᅗᅗ 2� ᆅᇦ䛾ኚ䛾୍�

 
ḟ䛻䠈ᆅᇦ䛸䛾䛴䛺䛜䜚䜢㔜ど䛧䠈๓䛻䜎䛱Ṍ䛝䛾㝿䛾䜲䞁䝍䝡䝳䞊䜢タᐃ䛧䛯䛣䛸䛜ᣲ䛢䜙䜜䜛.

⯆䝬䝑䝥సᡂᚋ䛻䛿䠈䛣䛾䝥䝻䜾䝷䝮䛾ᐇ䛻䛒䛯䜚䛤༠ຊ䛔䛯䛰䛔䛯ᆅᇦ䛾ே䜔ಖㆤ⪅䠈Ꮫ⏕䝪䝷䞁

䝔䜱䜰䜢ᑠᏛᰯ䛻ᣍ䛝䠈ඣ❺䛜సᡂ䛧䛯⯆䝬䝑䝥䛻䛴䛔䛶䛾Ⓨ⾲䜢⾜䛳䛯.ᆅᇦ䛾ே䜔䠈ಖㆤ⪅䛛
䜙䛿䛂ఫ䜣䛷䛔䜛䜎䛱䜢Ⰻ䛟▱䜛䛣䛸䜔䠈௰㛫䛷୍䛴䛾䛣䛸䜢䜔䜚㐙䛢䜛⤒㦂䛿䛩䜀䜙䛧䛔䛃䠈䛂Ꮚ䛹䜒㐩䛾

䛣䛾⤒㦂䛜↓㥏䛻䛺䜙䛺䛔䜘䛖䛻ே䛜䜒䛳䛸⯆䛻๓ྥ䛝䛻┿䛻ྲྀ䜚⤌䜎䛺䛔䛸䛸ᨵ䜑䛶ᛮ䛳䛯䛃䛸

䛔䛳䛯๓ྥ䛝䛺ឤ䛜ᚓ䜙䜜䛯. 
䜎䛯䠈䜎䛱Ṍ䛝䛷䛾ඣ❺䛾ぢᏲ䜚䛻䛿䠈ಖㆤ⪅䛻ຍ䛘䛶䠈ᮾᏛ䠈ᒣᙧᏛ䠈ᐑᇛᩍ⫱Ꮫ䠈ᮾ

⚟♴Ꮫ䛾Ꮫ⏕䝪䝷䞁䝔䜱䜰䛾༠ຊ䜢ᚓ䛯 .䛣䜜䛿䠈㟈⅏䛾⿕ᐖ䜢ཷ䛡䛶䠈Ꮫ༊እ䛾௬タఫᏯ䛻ఫ
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Fragility curve of the bridge member at National road based on the damaged data due to 
the 2011 off the Pacific coast of Tohoku Earthquake by Susumu Nakamura, Toshiya 
Kawamae, Satoshi Sasaki 
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