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要約 

 

東京大学生産技術研究所では、大学の研究機関として国際的な視野から都市基盤設備の整備と

維持管理を含めた安全工学を研究する国際研究センター (都市基盤安全工学国際研究センター

ICUS) を設立しました。これまでに生産技術研究所で蓄積された研究成果を融合することによっ

て、21 世紀の安全な都市の実現に向けて活発な研究活動を展開しています。ICUS は次の３つの

研究部門を立ち上げ、研究課題として、｢サステナブル・エンジニアリング部門｣では、構造物の

材料から構造全体までの基盤設備等の経年劣化による構造安全性の評価と維持管理技術を開発

するための研究を、｢都市防災・安全工学部門｣では、地震や洪水等による基盤設備の構造安全性、

ならびに災害時の使用安全性確保のための管理技術の開発を、｢都市情報ダイナミクス部門｣では、

都市基盤に関する様々な情報を常にモニタリングし、常時及び非常時の都市基盤施設の安全な運

用を確保するための動的制御技術の開発と評価を行っています。 

このたび、設立５周年にあたり、今までの５年間の活動と研究成果を中間報告としてまとめま

した。今後も ICUS の活動に対し、御理解と御協力をお願いします。 

 

 

The International Center for Urban Safety Engineering (ICUS) was established at IIS, The 

University of Tokyo, in response to a need of a center for studying urban safety engineering 

including maintenance and management of urban infrastructure from an international viewpoint. 

Based on the research results accumulated until now at IIS, comprehensive research activities are 

being implemented towards the realization of safer cities in the 21st century. Within ICUS, three 

divisions have been created namely: Sustainable Engineering, Urban Safety and Disaster Mitigation 

and Infrastructure Information Dynamics. Sustainable Engineering Dvision targets development of 

new technologies for maintenance and management and for the evaluation of structural safety, 

considering deterioration of both material and structure. Urban safety and Disaster Mitigation 

Division develops management technologies to ensure the structural safety of urban infrastructure 

during natural disasters such as earthquake, flood, etc. and their safety for use at the time of a 

disaster. Infrastructure Information Dynamics Division develops and evaluates technologies for 

monitoring information of urban infrastructure, ensuring their safety for daily use and in case of 

emergency.  

This report summarizes the first 5 years of ICUS, looking at activities, what have been done and how 

much have been achieved. 

 

東京大学生産技術研究所 都市基盤安全工学国際研究センター  

センター長 魚本 健人 
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1. はじめに   

 20 世紀の我が国は，欧米諸国に追いつくことを最大目標に，産業に育成，設備の拡充，

新製品の製造・輸出などに全力を尽くしてきた．その結果，経済は，高度に成長し，我が

国は世界的に見ても裕福な国に変貌した．しかしバブルがはじけ，1999 年から 2000 年の間

にマスコミが盛んに報道したように，原子力発電所での事故，新幹線のコンクリート剥落

事故，車両の脱線事故など，国民の大多数が日々生活している都市やインフラの安全性を

脅かす事故が多発するようになってきた．これらの原因を調査した結果，担当者への教育

の不備，現場での実際の管理とマニュアル等との不整合，従来は問題がないとされていた

検査・処置の誤りなど，いずれの場合にも管理が不十分であったことが明らかになった．

このまま従来と同じ管理法を継続すると，21 世紀には我が国の社会の根幹を揺るがすもっ

と大きな事故が生じる可能性が高い．これからの社会の要求は技術者が考えている「安全」

だけでなく，毎日を｢安心｣して生活できる基盤を整えることであるといっても過言ではな

い． 

 また目を海外に転じれば，発展途上国では従来都市基盤（インフラ）が貧弱であったが，

近年になって盛んにその整備が進められている．中でもアジア諸国は，現在世界で最も活

発にその整備活動が展開されている地域である．建設時からの適切な配慮が十分でなかっ

たために，今日我が国が直面している上記のような問題を生じさせないためには，建設ラ

ッシュの今からの適切な対応が不可欠である．欧米には見られない地域環境や文化に根ざ

したアジアの都市基盤の安全性に関する研究成果は，同様の問題を抱えている南米やアフ

リカ諸国にも適用可能であり，日本の科学技術の国際貢献にもつながる． 

 このような状況を背景に，東京大学生産技術研究所では，2001 年 3 月末日まで活動を続

けた｢国際災害軽減工学研究センター｣を改組し，大学の研究機関として国際的な視野から

都市基盤設備と維持管理を含めた安全工学を研究する｢都市基盤安全工学国際研究センタ

ー｣を 2001 年 4 月 1 日に設立した． 

 ここに，ICUS 設立以来 5 年間の活動内容の概要と，わが国における都市基盤安全工学研

究の国際的な重要性をまとめる．なお，別途，ICUS ホームページ（http://icus.iis.u-tokyo.ac.jp/）

に活動内容の概要等を記載している． 

 

 

2. ICUS 設立の事由 

 都市基盤安全工学国際研究センター（ICUS）は，10 年間の時限付で，設立当時，教授 2, 

助教授 3, 助手 2, 客員教授 2, 外国人客員教授 1 の合計 10 名で構成され，これまでに生

産技術研究所で蓄積された研究成果を融合することによって，上記の目的を達成できる研

究センターとして具体化されることになった． 
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 新センターでは，(1)サステナブル・エンジニアリング分野(サステナブル・エンジニアリ

ング部門)，(2)都市防災安全工学分野(都市防災・安全工学部門), (3)都市情報ダイナミクス

分野(都市基盤情報ダイナミクス部門)を掲げ，21 世紀の安全かつ安心して生活できる都市の

実現に向けて活発な研究活動を展開していく．具体的には，「サステナブル・エンジニアリ

ング分野」では，構造物の材料から構造全体までの基盤設備等の経年劣化による構造安全

性の評価と維持管理技術を開発するための研究を，｢都市防災安全工学分野｣では，地震や

洪水等により基盤設備の構造安全性，ならびに災害時の使用安全性を確保するための管理

技術の開発を目指す．また，｢都市情報ダイナミクス分野｣は，都市基盤に関する様々な情

報を常にモニタリングし，常時及び非常時の都市基盤施設の安全な運用を確保するための

動的制御技術の開発と評価を行う． 

 また，国際研究センターとして主にアジア諸国との連携をはかり，アジア工科大学院等

との安全性に関する共同研究を行うとともに，アジア共通のモデルコードの作成等を行う

予定である． 

 

 

3 大学における都市基盤安全工学と ICUS 

 現在社会は，環境問題・少子化・社会基盤の整備や管理・高度情報化による格差など，

様々な問題を内包している．これらの問題は，国民全体に影響を与える問題から個人のみ

に影響を与える問題まで存在し，異なったスケールの問題が複雑に絡み合った結果，さら

に新しい問題を発生させている．そのため，都市基盤の安全性に関しても，従来の考え方・

対応方法では解決が困難になってきている． 

 安全・安心かつ豊かな社会を実現しようと，中央省庁の直轄付置研究所，民間機関，NGO，

NPO などの組織が活動を始めているが，短期的な研究成果だけでなく，教育を通して社会

に貢献する人材の育成・輩出を行う大学に対して，特に，社会の期待も高い． 

 他の研究組織と大学が異なる点は，人材の育成だけはない．基礎的な研究成果や実社会

に反映させる応用研究も，長い時間スケールで進めるべきものである．多くの直轄付置研

究所が，短期的な解決や時代の政策に沿った研究課題の解決を求められるのに対し，大学

は，中立な立場で長期的なテーマに関する研究を進めることが出来る．この点は，都市基

盤の安全や安心を考える分野では特に重要である．さらに，応用研究，例えば，耐震設計

の考え方の統一に関わるような複数の研究分野を横断するような研究分野であり成果を求

められた場合，縦割り社会の直轄付置研究所のような組織ではすばやく成果まとめること

は難しい．けれども，中立的な立場である大学ならは，より早く成果をまとめることが可

能である． 

 しかしながら，都市基盤の安全・安心を実現するためには，大学だけの活動では不可能

である．研究者と実務者，研究機関と防災組織など協力体制が不可欠であること，都市基
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盤の安全・安心に関する知識者が社会のさまざまな分野で活躍することなどの必要がある． 

 東京大学生産技術研究所 都市基盤安全工学国際研究センター（ICUS）は，大学に期待

されることに対して応える組織体制を有しており，基礎から応用までの研究を進めるだけ

でなく，社会が求める人材を育成し，輩出すことを使命とし活動している．  

 

 

4. ICUS の取り組んでいる活動 

4.1 ICUS の設立から 5 年間の活動年表 

 ICUS が設立されてから現在に至る 5 年間の学内，学外活動を示す．ICSU では，都市基

盤の安全・安心に関する最新の研究報告や一般の方々への情報提供，さらに，海外の研究

者との情報交換や人的ネットワークの構築のため，国内において年に数回，公開講演会（オ

ープンレクチャ），国外において，アジア地域の巨大都市における安全性向上のため新技術

に関する国際シンポジウムを年に 1 回開催している．下記に ICUS 設立からの 5 年間の活動

年表を示す． 
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ICUS 設立からの 5 年間の活動 

2001 年 ・東京大学生産技術研究所 都市基盤安全工学国際研究センター（ICUS）設立

(2001/4/01) 

・第 1 回 ICUS/INCEDE オープンレクチャ (2001/5/22) 

・2001 年度生研公開 (2001/6/7-8) 

・ICUS 都市安全ワークショップ（アジア工科大学） (2001/9/21-22)  

・都市安全工学セミナー（東京大学生産技術研究所）(2001/12/11) 

2002 年 ・第 2 回 ICUS/INCEDE オープンレクチャ (2002/1/24) 

・第 3 回 ICUS/INCEDE オープンレクチャ (2002/10/7)  

・2002 年度生研公開 (2002/6/6-7) 

・第 1 回アジア地域の巨大都市における安全性向上のため新技術に関する国際 

 シンポジウム (2002/10/28)  

・アジア工科大学に Regional Network Office(RNUS)開設 (2002/10/29) 

2003 年 ・BUET との研究協力式 (2003/2/21) 

・BES との研究協力式 (2003/2/21) 

・第 4 回 ICUS/INCEDE オープンレクチャ (2003/3/11) 

・2003 年度生研公開 (2003/6/5-6) 

・第 5 回 ICUS/INCEDE オープンレクチャ (2003/7/3)  

・第 2 回アジア地域の巨大都市における安全性向上のため新技術に関する国際 

 シンポジウム (2003/10/30-31)  

2004 年 ・第 6 回 ICUS オープンレクチャ (2004/4/9) 

・2004 年度生研公開 (2004/6/6-7)  

・第 7 回 ICUS オープンレクチャ (2004/9/4)  

・第 3 回アジア地域の巨大都市における安全性向上のため新技術に関する国際 

 シンポジウム (2004/10/18-19)  

・インド工科大学・カンプール校との協力協定式 (2004/10/20) 

2005 年 ・第 8 回 ICUS オープンレクチャ (2005/2/28) 

・シンガポール国立大学・ナンヤン工科大学との協力協定式 (2005/4/20)  

・2005 年度生研公開 (2005/6/2-3)  

・第 9 回 ICUS オープンレクチャ(2005/9/29/)  

・第 4 回アジア地域の巨大都市における安全性向上のため新技術に関する国際 

 シンポジウム (2005/10/18-19)  

・千葉実験所公開 (2005/11/11)  

・メンテナンス・テクノショー2005 に出展(2005/11/15－18)  

・港湾技術研究所との協力協定式 (2006/1/3) 

・震災対策技術展に出展 (2006/2/2-3) 
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ICUS 設立メンバー 第 1 回国際シンポジウム（タイ王国） 

  

RNUS の開設 第 1 回国際シンポジウムにご出席された

米田副大臣とスーリア大臣 

  

  

第２回国際シンポジウム終了後の集合写真 

（日本） 

第２回国際シンポジウムで受付を手伝う

魚本センター長 
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第３回国際シンポジウム前夜のウェルカム

パーティー（インド） 

第３回国際シンポジウムでの開会式の光景 

  

第３回国際シンポジウムで訪れたタージマハ

ール宮殿 

第３回国際シンポジウムにてTVインタビュー

を受ける魚本センター長 

  

第４回国際シンポジウムの集合写真 

（シンガポール） 

国外の研究者と防災談義に熱中する目黒教授
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フランス公共事業連盟による視察風景 中央アジアからの視察団 

  

フランス公共事業連盟による視察風景 魚本センター長と AIT Armand 学長

との MOU 締結 

  

 

RNUS 開設時に主催されたセミナー風景 RC39 での会議風景 
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生産技術研究所  千葉実験場公開における

ICUS ブースの概況 

生研公開における ICUS ブースの概況 

  

 

メンテナンス・テクノショー2005 に出展 ICUS で行った救急医療講習会の風景 

 

4.2 都市基盤安全工学に向けた研究活動 

 4.2.1 ICUS 活動分野とメンバー 

 ICUS は国際的な視点から都市基盤技術の整備および維持管理を含めた安全工学に関する

研究を戦略的に進めるため，研究課題別に 3 部門に分かれている．また，学際的な研究を

迅速に進めるため，ICUS の研究者以外に国内・国外から第一線の研究者を招聘している．

ここに，各部門別の設立時からの現在に至る構成員とそれぞれの在籍期間を示す． 
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各部門の位置づけ 

 

 

 

 

 

1) サステナブル・エンジニアリング部門 

・魚本 健人 教授 センター長 (2001/04/01－) 

・天野 玲子 客員教授  (2004/03/01－) 

・加藤 佳孝 助教授   (2002/04/01－) 

  2006/04/01 より助教授 

・徳田 稔夫 客員研究員  (2005/05/01－) 

・Sudhir Misra 客員教授  (2001/09/01－2001/12/01， 

      2002/07/15－2003/07/20) 

 

     

 

魚本 健人 天野 玲子 加藤 佳孝 徳田 稔夫 Sudhir Misra  
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2) 都市防災・安全工学部門 

・林 省吾 客員教授  (2004/07/01－2006/09/30) 

・目黒 公郎 教授   (2001/04/01－ 

  2004/12/01 より教授 

・吉村 美保 助手   (2003/06/01－ 

・Dutta Dushmannata 助教授  (2001/04/01－2005/07/21) 

・高橋 健文 客員教授  (2001/12/01－2003/11/30) 

・Ansary Mehedi Ahmed 特任助教授 (2006/01/16－2006/03/15) 

 

      

目黒 公郎 林 省吾 吉村 美保 Dutta 

Dushmannata 

高橋 健文 Ansary 

Mehedi 

Ahmed 

 

3) 都市基盤情報ダイナミクス部門 

・沖 大幹 助教授   (2005/04/01－ 

・大岡 龍三 助教授   (2001/04/01－ 

・須崎 純一 講師   (2004/08/01－ 

・遠藤 貴宏 助手   (2003/04/01－ 

・安岡 善文  教授   (2001/04/01－2004/10/30) 

・瀬戸島 正博  客員教授  (2002/04/01－2004/06/30) 

・越智 士郎  助手   (2001/04/01－2003/03/31) 

 

      
沖 大幹 大岡 龍三 須崎 純一 遠藤 貴宏 安岡 善文 瀬戸島 正博

 

     

越智 士郎      
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4) 研究員 

・金田 尚志  特任助手   (2005/08/01－ 

・ Raktipong Sahamitmonkol 研究員  (2005/10/01－ 

 

  

    

金田 尚志 Raktipong 

Sahamitmonkol 

    

 

5) 秘書 

吉本 英子     (2002/09/01－ 

志内 典子     (2001/04/01－2002/06/30) 

Vasanthadevi Aravinthan    (2001/04/01－2001/12/31) 

村上 千春     (2001/08/01－2002/09/30) 

越智 由里子     (2002/09/01－2003/05/30) 

Shaveni Hazarika     (2003/06/01－2003/11/30) 

藤田 智子     (2003/09/01－2005/08/15) 

Rasimi Iyengar     (2005/04/01－2006/03/31) 

 

     

 

吉本 英子 村上 千春 志内 典子 越智由里子 藤田 智子  
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 4.2.2 各部門および ICUS としての活動  

 4.2.2.1 サステナブル・エンジニアリング部門 

  1）魚本研究室 （都市基盤安全工学） 

 都市基盤を支えているコンクリート構造物の安全性は非常に重要であるが，昨今，

コンクリートの早期劣化や，耐震強度偽造問題などコンクリート構造物への不信が拡

大している．これらの問題を解決するためには正確な診断とその診断結果を踏まえて

適切な対応を行う必要がある．当研究室では，既設コンクリート構造物の検査･診断

技術，補修･補強に関する研究を行っており，構造物のモニタリング技術，新しい非

破壊検査手法の開発，補修･補強技術の評価を行っている． 

 

 

  

 

 

魚本研究室の研究テーマ 
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魚本研究室所有の計測機器の概要 

 

2）Misra 研究室 （コンクリート工学） 

 ミスラ研究室では，コンクリート構造物の劣化機構，特に塩害や中性化によって鉄

筋が腐食する機構についての研究と劣化構造物の補修補強方法や合理的な維持管理

について検討を行っている．また，長期における構造物の劣化が都市の安全性に及ぼ

す影響を把握するために，劣化による品質の低下が構造安全性や耐震性に及ぼす影響

について検討を行っている．さらに，アジア地域における共通のモデルコードの制定

に向けて，構造物の施工と耐久性に関して草案を作成している．その一環として，コ

ンクリート標準示方書（英語版）土木学会編の出版に関わる活動を主に行った． 

 

  
コンクリート標準示方書（英語版） 
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  3）加藤研究室 （建設材料マネジメント） 

加藤研究室では，膨大な都市基盤ストックを戦略的に維持管理するために必要な技

術開発，現象の解明，計画論に関する研究を行っている．都市基盤施設の劣化（エイ

ジング）は，地震や台風に代表される災害のように，局所的な時空間軸で甚大な被害

をもたらす現象ではないが，全ての施設で必ず生じる現象である．都市基盤施設にと

って，災害をフィニッシュブローに例えれば劣化はボディーブローに，また，事故死

に例えれば病死に例えることができる．人間の健康管理と同じように，施設の維持管

理も，検査，診断，将来予測，対策等の様々なアクションを適切な時期に実施するこ

とが極めて重要である．特に，都市基盤施設において主要なコンクリート構造物の劣

化は，環境，施工，材料非均質性などの影響による不確定性が多いため，適切な維持

管理を実施することが難しいとされている．我々の研究室では，リスク評価による効

率的な維持管理計画論，劣化外力評価，施工の定量評価，劣化機構解明とモデル化，

効果的な検査手法の開発等の検討を実施している． 

 

 
 

加藤研究室の研究対象 
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研究成果の一例 

 

  4）天野研究室 （都市防災工学） 

 天野研究室は，東京大学生産技術研究所で蓄積された研究成果をより効果的に社会

に還元する目的で，産官学連携の場として，2004 年 3 月～2007 年 3 月に設立された

研究室である．都市基盤の安全に関する研究開発として，以下の 3 項目を行っている． 

1. 水幕式火災防災システムの開発 

大深度地下利用法の施行や都市再生の進展に伴い，地下空間は，人間の利用空間とし

て，より重要なものとなっている．そのため，水の幕(ウォータースクリーン)を用い

て火災を区画化して，熱や煙の拡散を抑制し，有害浮遊粒子を補足・洗浄することに

よって，被災者の避難経路を確保して避難安全性を向上させた火災防災システムを開

発している． 

 

  

火災実験状況 ウォータースクリーン 

  



ICUS Summarizing the Activity of Quinquennium 
 

 
16          

  

道路トンネルへの適用例 熱流解析結果 

 

2. 防災拠点の耐震化促進資料作成 

 2004 年 10 月に発生した新潟県中越地震では，防災拠点となるべき施設の耐震化の

必要性が示された．そのため，産官学連携事業の先駆けとして，総務省消防庁・鹿島

建設と連携して，地方公共団体担当者のための「防災拠点の耐震化促進資料」をまと

めた．これは，総務省ホームページに掲載されている．更に，この資料を用いて，具

体的に和歌山市へ適用した． 

 

 

総務省 HP 掲載資料 防災拠点となる公共施設 

 

3. 東大病院の災害拠点病院としてのあり方の検討 

 東大病院は災害拠点病院に指定されており，東京大学は災害時の広域避難場所にも

指定されている．よって，東大病院は，防災拠点病院としての機能を担うとともに，

広域避難場所内の医療施設という特殊な機能も合わせ持っている． 

そこで，ICUS が参加している「防災対策マニュアル及び地震時の東大病院の防災拠

点としてのあり方」WG のメンバーとして検討した． 
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検討のフロー 東大病院配置図 

 

 4.2.2.2 都市防災・安全工学部門 

1）目黒研究室 （都市震災軽減工学） 

目黒研究室では，地震を中心としたハザードを原因として発生する人的・物的な被

害や社会機能の障害を，ハード的な対策とソフト的な対策とをバランス良く講じるこ

とによって，最小限に抑えるための戦略について研究している．兵庫県南部地震をは

じめとして，最近の内外の地震被害の最大の教訓は，人的な被害の軽減はハードな対

策なしには実現できないこと，最近盛んな「リアルタイム地震防災システム」などの

ソフトな対策は，社会機能の迅速な復旧と復興を主眼としている点である．この教訓

と，「現場を見る」「実践的な研究」「最重要課題からタックル」を研究上のモットー

に，地震による構造物被害のコンピュータ解析から，都市ライフラインの災害対策，

災害時の避難行動，リアルタイム地震防災，既存不適格構造物の耐震補強推進政策，

地震予知情報の工学的活用，次世代型防災マニュアル，災害時最適人材運用法など，

様々な視点から都市の安全と災害軽減に向けた研究を行っている．多数の途上国の地

震防災の立ち上げ運動にも参加し，世界の地震防災上の最重要課題である組積造建物

を世界中で入手可能な安い材料(荷造り紐)と対応可能な工法で耐震補強する工法（100

ドル耐震補強法）の研究にも取り組み，内外の注目を集めている． 

http://risk-mg.iis.u-tokyo.ac.jp/index2.htm 
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Numerical

構造物の破壊解析

Exp1 Exp2

 

危機管理/防災ステーション 

 

組積造の簡便で効果的な耐震補強法の研究と普及に関する研究 
（パキスタン北部地震の被災地で実施した公開振動台実験の様子(左)と 

提案手法で補強した実構造物(右)，補強費用は 30US ドル） 

 

2）林研究室 (防災行政学) 

 林研究室では，都市の安全や防災力の向上と，危機管理体制の充実を実現するため

に，関連施策や制度設計と，その効果的な実現に向けた研究と教育を行っている．研

究テーマは，1）効果的な防災対策の立案と実施方法，2）災害対応の実践的なマニュ

アル化，3）防災行政と学術調査機関の効果的な連携スタイル，4）防災行政と防災

NGO との効果的なスタイルの 4 点である．これらに注目し，研究が推進するよう活動

しています．例えば，天野研究室と共同で，防災拠点の耐震化促進資料作成やその結
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果を地方自治体である和歌山市に適用するなどを行っている． 

 

3）Dutta 研究室 (水文気象学) 

ダッタ研究室では，1）洪水氾濫モデルの開発と都市河川流域への適用，2）洪水被

害予測手法の開発と適用，3）リモートセンシングデータによる土地被覆分類を利用

した，広域の洪水氾濫モデルの開発を主なテーマとして研究を進めています．また，

発展途上国の研究者・関係機関の方々の学術的な能力開発も重要な課題と考えていま

す．そのため，タイの国家評議会にデータサーバを設置し，日本の研究者とデータを

共有しりことにより，タイの研究者がタイ政府とともに研究を進めことを可能にする

システムを構築しました． 

  

 

タイ王国のチャオプラヤ川流域における洪水予測に関する研究の一例 (対象エリア) 

 

  

新規に堤防を作成した場合における，浸水深シ

ミュレーション結果の一例 

新規に堤防を作成した場合における，建物被害

結果の一例 

 

4）高橋研究室 （都市防災工学） 

高橋研究室では，都市防災のあり方を研究している．災害が頻発するわが国では，

避けることが出来ない災害に対する備えを平素からしておくことが，被害を最小限に
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抑えるために不可欠である．そのためには，災害に関する観測情報や学術研究成果を

防災政策に的確に反映させていくことが求められている．そのため，研究機関と行政

の連携をより一層深めていくことが重要課題だと考えている．そこで，それぞれ立場

の異なった機関の担当者間の情報交換を行う場として，多分野交流防災研究会を立ち

上げ，2 ヶ月に一度のペースで．セミナーを開催している． 

 

5）Ansary 研究室 

Ansary 研究室では，バングラディシュ人民共和国の首都ダッカ市の都市の安全に関

して研究を進めている．ダッカ市が地震に襲われた場合，その影響は国全土に長期に

渡って及ぶことは明らかである．ダッカ市周辺の小さな町や村からの移住民とまった

く不十分な都市計画，さらに低品質に建物ストックによって，最近の数十年で急激に

巨大がしている．人口の 6 割は，スラム街の違法な低品質な建物に住んでいるし，ス

ラム街以外の地域でも住環境のレベルは非常に低い．そのため，ダッカ市は，人的災

害，自然災害の両面に対する適正な対策が迫られている状況であります．そこで，本

研究では，ダッカ市の災害危険度マップを作成し，この結果を基に地震被害解析を行

うことに主眼をおいて，研究を進めている．具体的には， 市内各地の地形データや

地質データ，人口分布，建物分布とその特性，道路ネットワーク，ライフラインデー

タ，そして過去の地震履歴データなどを収集する．次に，構造物の地震被害特性を分

析する．そして，シナリオ地震を作成し，被害評価を行う． 

 

  4.2.2.3 都市基盤情報ダイナミクス部門 

1）大岡研究室 （サステナブル都市環境工学） 

 近年，都市化の進行に伴い，ヒートアイランド現象，都市火災を含め都市安全問題

等様々な環境・社会・安全問題を深刻化しており，都市環境の改善が急務な課題にな

っている．そこで，当研究室では，サステナブル都市を達成することを目指し，実験

とコンピュータシミュレーションの両方に基づく都市・建築環境工学分野において，

特に 1）都市温熱環境，2)都市エネルギー代謝，3)都市火災を含め都市安全等のテーマ

について研究を行っている． 
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Research Area（大岡研究室 研究テーマ） 
 

都市環境最適化都市空間最適化 都市安全最適化

“Sustainable Urban Environmental Engineering” 

 
大岡研のテーマ 

 

 
 

研究設備及び解析結果 

 

2）沖研究室 （地球水循環システム工学） 

 自然界における水の循環を水文学的循環(hydrologic cycle), 縮めて水文的 循環また

は水循環といいます．この水循環を中心概念とする学問分野が水文学(hydrology) です． 

水文学が扱う研究分野は降水研究，雪氷，蒸発散，地表水，侵食と堆積，水質， 水
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資源システムとその相互作用などです．降水や蒸発散は，かつて気象学の中心的なテ

ーマでしたが，今ではいずれも 水循環の重要な過程として，水文学の中に含められ

ています．雨・雪などの降水から流出までの，主に流域を扱う分野を流域水文学，地

球規模での降水， 蒸発散，水蒸気輸送なども含めた領域を扱う分野を地球水文学と

わけることができます． 当研究室の研究内容は大きく流域水文学と地球水文学とに 

分けられます． 

 

 

  

水循環と学問分野 水文学・水資源工学分野に関係する他の学問分野

  

 水文学・水資源工学は多くの学問と密接な関わりがあります．その理由は水文学が

狭義の陸地の水のありかた， 循環，分布，特質を自然科学的に研究する学問分野で

ある事だけでなく，水資源の開発，水の適正な利用， 水と環境との関係，水文環境

の管理など，人間と水との係わりあいに関する研究を含む，水に関する総合科学であ

るからです． 

 

3）安岡研究室 (空間情報工学) 

 我々は，環境のモニタリング・モデリング手法の開発とその応用を行っています．

特に，リモートセンシングおよび GIS といった新しい手法による環境計測と評価が中

心的な課題です．今日の我々は，地域レベルから地球レベルまでの様々な環境問題を

抱えています．モニタリングとモデリングは，より良い環境を創出するための第一歩

であり，我々の研究を通して環境問題の解決に役に立ちたいと望んでいます．我々の

研究室では，1）衛星リモートセンシング，2）陸域生態系モデルと衛星データの統合

化，3）ハイパースペクトルリモートセンシング，4）都市の３Ｄモデリングの分野で

研究を進めています．衛星リモートセンシングでは，東京大学生産技術研究所で受信

をしている NOAAA/AVHRR，Terra・Aqua /MODIS を中心として様々な地球観測衛星

データを用い，解析の前処理手法や変化抽出のためのモデルの開発をしています．東

南アジアにおける水田マップの作成や，北東アジアにおける植生生物季節モニタリン
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グが現在の主なテーマです．過去にも，シベリアの森林火災モニタリングやメタン発

生量の推定，東京都市圏の潜熱マップの作成，産業廃棄物の不法投棄モニタリングな

どの研究を行ってきました．陸域生態系モデルと衛星データの統合化では，生物圏モ

デルは様々な時間・空間スケールでの炭素循環を理解する上で欠かすことができませ

ん．しかし，広域を対象とした場合，モデルへのインプットパラメータの集積は非常

に困難です．そこで，衛星データから計測した生態系パラメータを生態系プロセスモ

デルで利用するための研究をしています．ハイパースペクトルリモートセンシングで

は，ハイパースペクトルセンサは対象物を高い波長分解能で計測することができ，波

長分解能が粗い従来のマルチスペクトルセンサでは計測することが不可能であった

新たなパラメータを計測できる可能性があります．このセンサを用いて，植物のクロ

ロフィル量の推定や生物多様性が豊かな地域での生物物理パラメータの推定，コンク

リートの劣化評価などに取り組んでいます．都市の３Ｄモデリングでは，近年，都市

気候解析や交通ナビゲーション，景観計画など様々な分野で都市の３Ｄモデルが必要

とされてきています．本研究室では高解像度衛星と航空機搭載型のレーザースキャナ

データを用いて，都市域における人工物の３Ｄモデルのみならず，樹木の抽出・３Ｄ

モデル化も試みています． 

  

  

衛星から見た関東エリア 日本周辺域の海水温温度分布 

 

4）須崎研究室 （都市基盤情報工学） 

地球観測センサの発展に加え，コンピュータの処理速度やネットワークの通信速度

の向上に伴い，大量の衛星画像を使って，物理的に意味のある定量的な情報が求めら

れるようになっています．例えば，昔は都市域の分布が把握できれば十分であったも

のが，都市域内の細かい地表面温度分布，さらに 1 度以内の推定精度も求められてい

ます．このように地表面での物理量を精度高く推定するには，幾つかの段階が必要に

なります．(1)地上での継続的な計測，(2)推定モデルを通じて得られた物理量と地上計

測データとの比較，(3)推定モデルの物理的な意味を理解した上でのモデルの改良，と

いう段階です．(3)では，地表から上空のセンサまで電磁波が大気を通過する様子を再
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現した放射伝達モデル，地表面での複雑な散乱を近似するモデルの改良等が挙げられ

ます．また衛星センサは，光の領域の電磁波を利用した光学センサと，雲の影響を受

けにくいマイクロ波センサに大別され，目的に応じて使い分けられます．当研究室で

は，光学センサもマイクロ波センサも対象にして，地上計測に始まり衛星画像処理に

至る一連の過程を通じた，物理量推定に関する研究を行っています． 

1993/03/12 1995/03/30 

1997/04/16 1998/04/03 

 
旱魃の影響評価のためにマイクロ波データから推定された土壌水分の経年変化 

（タイ東北部ブリラム県の水田の体積土壌水分） 

 

5）瀬戸島研究室 

瀬戸島研究室では，GPS や航空機レーザ測量などの新しい計測技術を利用して，社

会基盤の維持・管理手法の高度化を行っています．例えば，斜面防災を含めた広い意

味での社会基盤の維持・管理を高度化するためには，面的に広範な変位を安定して長

期間にわたり精密に計測ができ，耐久性に優れた手法が求められます．しかしながら，

現状は，地形や地物の計測に，多大な時間と労力を投入しているのが現状です．その

解決策として，GPS の利用と航空機によるレーザスキャナ計測の適用があります．  
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最新の航空機測量技術（レーザプロファイラ

ー） 

レーザプロファイラ技術を利用した都市域の

３D モデル 

  

 
レーザプロファイラ技術を利用した土石流シミュレーション結果の一例 

 

 4.2.3 産学連携研究の活動 

  4.2.3.1 RC39 

ICUS では(財)生産技術研究奨励会の特別研究会として「RC39 サステナブル都市システム

研究委員会」を発足し，民間企業 15 社(平成 17 年度)とともに平成 14 年度から活動を開始し

ました． 

20 世紀の我国は欧米諸国に追いつくことを最大目標に，産業の育成，設備の拡充，新製品

の製造等に全力を尽くしてきた．その結果，経済は高度に成長し，我国は世界的に見ても裕

福な国に変貌した．都市基盤設備のストック状況として，橋梁を例にとると，1950 年からピーク

時の 1970 年頃まで年平均約 2500 の橋梁が新設され，現在約 13.6 万橋のストックが存在して

いるといわれている．これは，日本の全人口で考えれば，約 1000 人に 1 橋の割合で存在して

いることとなる．年平均 2500橋が新設されてきたということは，今後，同程度の割合で維持管理

(長寿命化)あるいは更新をすることを物語っており，更新は大量の建設廃棄物が発生すること

に直結してくる．更に，高度経済成長の代償として地球温暖化に代表される環境破壊が問題

視され，温室効果ガスの大幅な削減，最終処分場の逼迫や天然資源の消費抑制のために循

環型社会形成が急務であるとされている．今後，日本の人口が減少していく状況で，これまで
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の大量生産･大量消費型から脱却し，全く異なる視点で膨大な社会資本ストックを管理してい

かなければならない． 

都市基盤設備は，大量の資源(天然，リサイクル)が投入され，製造･施工過程を経て建造さ

れるサービスを開始する．このとき，全ての場面において環境負荷が発生すると考えられる．例

えば，天然資源を利用すること，製造･施工時の環境汚染，都市基盤設備を利用することによ

る環境負荷，更新時に発生する産業廃棄物など．また，都市基盤設備は，供用期間中に様々

な環境作用(荷重，炭酸ガス，塩化物イオンなど)を受けることにより，構造性能が低下し，社会

情勢の変化に伴いユーザーニーズに合致しなくなるなど，その機能は経時的に変化する．更

に，地震，洪水，火災などの突発的に発生する環境作用によって，その機能が著しく低下する

ことがある． 

このように，都市基盤の観点から考えると，「都市基盤設備自体に関する問題」とそれが与え

る「環境インパクトに関する問題」を解決していくことが，持続的な生存を可能とするためには必

要不可欠であるといえる．そこで，本委員会では，都市基盤設備自体の問題として「老朽化構

造物」，「防災」，「環境」を取り上げ，検討している．都市基盤設備自体の問題は，膨大な社会

資本ストックの有効活用および災害に強い社会システムの形成により，常時･非常時への対策

を検討し，環境インパクトは，都市基盤設備のライフサイクルにおける環境への影響を検討し

ている．平成 17 年度は，「老朽化構造物 WG」，「防災 WG」，「環境 WG」の 3 つワーキングを

軸に以下の研究テーマに取り組んできた． 

①老朽化構造物の寿命予測，簡易で精度の高い管理手法の構築 

②災害情報データベースの構築，耐震補強推進のための地震リスクファイナンス金融商品

の開発 

③都市環境指標の調査，持続可能な都市形成のための環境総合評価指標 

各年度にその成果を報告書にまとめ，また，その研究成果を学会等で発表している．それに

合わせ，情報交換を目的に各分野の方に講演をして頂いています．ここに，過去 5 年間

に行った RC39 での特別講演の講演者，講演題目および参加企業一覧を示します． 

 

  

研究報告会 (その１) 研究報告会 (その２) 
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RC39 で取りまとめた都市の持続性に関する報告書 

 

参加企業一覧 

平成 14 年度 

 アジア航測 株式会社 清水建設 株式会社 

 鹿島建設 株式会社 西武建設 株式会社 

 基礎地盤コンサルタンツ 株式会社 株式会社 竹中土木 

 株式会社 計測リサーチコンサルタント 株式会社 千代田コンサルタント 

 株式会社 建設企画コンサルタント 東京電力 株式会社 

 株式会社 建設技術研究所 東電設計 株式会社 

 国際航業 株式会社 株式会社 東横エルメス 

 三協 株式会社 中日本航空 株式会社 

 16 社 

 

平成 15 年度 

 アジア航測 株式会社 首都高速道路公団 

 鹿島建設 株式会社 西武建設 株式会社 

 基礎地盤コンサルタンツ 株式会社 株式会社 竹中土木 

 株式会社 計測リサーチコンサルタント 株式会社 千代田コンサルタント 

 株式会社 建設企画コンサルタント 東京電力 株式会社 

 株式会社 建設技術研究所 東電設計 株式会社 

 国際航業 株式会社 株式会社 東横エルメス 

 三協 株式会社 中日本航空 株式会社 

 清水建設 株式会社 三井住友建設 株式会社 

 18 社 
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平成 16 年度 

 アジア航測 株式会社 清水建設 株式会社 

 鹿島建設 株式会社 株式会社 竹中土木 

 基礎地盤コンサルタンツ 株式会社 株式会社 千代田コンサルタント 

 株式会社 計測リサーチコンサルタント 東京電力 株式会社 

 株式会社 建設企画コンサルタント 東電設計 株式会社 

 株式会社 建設技術研究所 株式会社 東横エルメス 

 国際航業 株式会社 三井住友建設 株式会社 

 三協 株式会社  

 15 社 

 

平成 17 年度 

 アジア航測 株式会社 清水建設 株式会社 

 鹿島建設 株式会社 大成建設 株式会社 

 基礎地盤コンサルタンツ 株式会社 株式会社 竹中土木 

 株式会社 計測リサーチコンサルタント 株式会社 千代田コンサルタント 

 株式会社 建設企画コンサルタント 東京電力 株式会社 

 株式会社 建設技術研究所 東電設計 株式会社 

 国際航業 株式会社 株式会社 東横エルメス 

 三協 株式会社 三井住友建設 株式会社 

 16 社 

 

講演題目と講演者所属 

日時 氏名・所属 講演題目 

2003 年 12 月 高橋健文 

ICUS 客員教授･首都高速道路公団 

首都高速道路の防災対策 

 天野玲子 

鹿島建設 

水幕式火災防災システム 

2004 年 2 月 
大岡龍三 

ICUS 助教授 

建物モデルと都市気候モデルを連成し

た都市の温熱環境評価手法の研究 

 
安岡善文 

ICUS 教授 

サステナブル都市システムの構築の為

の情報基盤とは 

3 月 
加藤佳孝 

ICUS 講師 

研究グループ紹介 

  
目黒公郎 

ICUS 助教授 

研究グループ紹介 
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9 月 
林 省吾 

ICUS 客員教授･総務省消防庁長官 

地域防災力 

12 月  
須崎純一 

ICUS 講師 

衛星リモートセンシングにより環境モ

ニタリングの動向 

 
目黒公郎 

ICUS 教授 

新潟県中越地震に関して 

2005 年 3 月 
岡田敬一 

清水建設(株) 

構造物におけるモニタリングシステム

の展開 

  
小林 裕 

大成建設(株) 

建築・土木分野における耐火研究の現況

4月 
目黒公郎 

ICUS 教授 

スマトラ島沖地震津波調査報告 

7 月 
安藤尚一 

(財)日本建築センター 

我が国の防災対策 

10 月  
魚本健人 

ICUS センター長 

石綿(アスベスト）および石綿製品の現

状と問題点 

12 月 
松田 隆 

大林組技術研究所 土木構造研究室 

土木構造物の簡易地震被害予測及び復

旧費用算定システム 

2006 年 3 月 
Suvit Vibulsresth 

IIS 客員教授(GISTDA） 

タイ国における都市サステナビリティ

のモニタリング 

 
松本由美子 

(株)竹中土木 技術本部技術グループ

スマトラ沖地震・津波災害現場について

 

  4.2.3.2 多分野交流防災研究会 

ICUS では，防災の実務に携わる行政職員と工学・法学・社会学等の多分野の研究者

との意見交換を図るため，2003 年 2 月に ICUS 多分野交流防災研究会を発足した．研究

会では，防災に関わる様々な分野の実務者を招き，最新の動向に関する話題を提供して

もらった後に，参加者全員による討議を行っている．2003 年度から 2005 年度にかけて，

計 27 回の研究会を開催した．各会の議題ならびにゲスト講師は以下の通りである． 
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表 2003 年度に開催した研究会一覧 

 

No. 日時 議題 話題提供者 

自己紹介   

1 
2 月 4 日 

18:00-20:00 行政における意思決定の流れ
前内閣府政策統括官 

（防災担当） 
高橋健文先生

2 
2 月 27 日 

18:00-20:00 
防災気象情報の改革について 気象庁長官 山本孝二氏 

3 
3 月 6 日 

18:00-20:00 

今後の地震防災の課題に 

ついて 

東京大学生産技術研究

所助教授 
目黒公郎先生

4 
3 月 28 日 

18:00-20:00 
内閣官房の役割について 

内閣副長官補（安全保

障・危機管理担当）付参

事官 

足立敏之氏 

5 
4 月 17 日 

18:00-20:00 
我が国の砂防事業について 国土交通省砂防部長 岡本正男氏 

6 
5 月 26 日 

18:00-20:00 

被災者の生活再建支援の 

現状と課題について 

内閣府政策統括官付 

防災総括担当参事官 
田中裕司氏 

7 
6 月 26 日 

18:00-20:00 

防災分野の若手研究者に対す

る法学者からのメッセージ 
学習院大学法学部教授 櫻井敬子先生

8 
8 月 21 日

18:00-20:00 

三宅島噴火災害への対応に 

ついて 
前東京都副知事 青山やすし氏

9 
9 月 11 日 

18:00-20:00 

最近の中央防災会議の審議状

況を踏まえた防災行政の課題

と最新の動向 

内閣府政策統括官付 

防災総括担当参事官 
田中裕司氏 

10 
10 月 10 日 

18:30-20:30 

富士山、雲仙普賢岳、有珠山、

三宅島等における火山防災政

策について 

国土交通省河川局 

河川計画課長 
布村明彦氏 

11 
11 月 18 日 

18:00-20:00 
住宅政策と防災について 

国土交通省住宅局 

住宅政策課長 
佐々木基氏 

12 
2 月 9 日 

19:00-21:00 

危機管理行政と政治の 

リーダーシップ 

内閣府大臣政務官 

参議院議員 
森元恒雄氏 

13 
3 月 5 日 

19:00-21:00 
三位一体改革について 消防庁長官  林省吾氏 

14 
3 月 11 日 

18:00-20:00 
日本文明と今後の行方 前国土交通省河川局長  竹村公太郎氏
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表 2004 年度に開催した研究会一覧 

 

表 2005 年度に開催した研究会一覧 

 

No. 日時 議題 話題提供者  

1 
5 月 13 日 

19:00-21:00 
我が国の安全保障 前防衛事務次官 伊藤康成氏 

2 
6 月 9 日 

18:00-20:00 
立法作業の実態 内閣法制局参事官 山崎篤男氏 

3 
6 月 28 日 

18:00-20:00 
長良川河口堰と吉野川第十堰

国土交通省河川局 

事業監理室長 
森北佳昭氏 

4 
11 月 8 日 

18:00-20:00 

政府の都市再生政策全般に 

ついて 

内閣都市再生本部 

事務局長 
澤井英一氏 

5 
11 月 24 日 

18:00-20:00 
河川情報の提供と危機管理 

(財)河川情報センター 

理事長 
藤井友竝氏 

6 
2 月 10 日 

18:00-20:00 

官庁施設の耐震性確保の 

取り組み 

社団法人公共建築協会 

副会長兼専務理事  
春田浩司氏 

7 
3 月 1 日 

18:00-20:00 
災害現場における建設機械 

国土交通省総合政策局 

建設施工企画課長 
関克巳氏 

No. 日時 議題 話題提供者  

1 
6 月 15 日 

18:00-20:00 

日本の統治システムにおける

政策決定過程…永田町と霞が

関 

月刊「論座」編集長 薬師寺克行氏

2 
7 月 6 日 

18:00-20:00 

水をめぐる現在の諸問題につ

いて  

～第３回世界水フォーラムの

体験を踏まえて～ 

日本水フォーラム 

事務局長 
尾田栄章氏 

3 
8 月 3 日 

18:00-20:00 

首都高速におけるトンネル防

災について 

首都高速道路公団理事

（工務、保全施設担当） 
日月俊昭氏 

4 
10 月 31 日 

18:00-20:00 
都市防災対策の課題 

国土交通省都市・地域整

備局技術審議官 
斎藤親氏 

5 
11 月 14 日 

18:00-20:00 
首都直下型地震対策 

内閣府（政策統括官防災

担当）付総括参事官 
山本徳治氏 

6 
3 月 1 日 

18:00-20:00 
国土技術政策から見た防災 

国土交通省国土技術 

政策総合研究所長 
望月常好氏 
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ICUS 多分野交流防災研究会の様子 
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  4.2.3.3 防災マニュアル－消防庁 

ICUS は，総務省消防庁と共同で，関係建築事務所・建築事業者のご協力を得て，「防

災拠点の耐震化促進資料」を作成しました．これまでも，多くの建物耐震化事例集が出

版・公表されておりますが，この「防災拠点の耐震化促進資料」は，災害時に防災拠点

としての機能を果たすことが期待されている市町村庁舎，学校校舎・体育館，消防署等

の特徴的な構造を持つ建物を対象とし，耐震診断・改修工事が必要かどうかの判断，耐

震診断・改修工事の効果的な実施方法について，代表的な工法の解説，工事の効果，必

要な費用・工期，工法の選定等についてわかりやすく記述するとともに，実際に耐震補

強工事が行われた事例を収録しています． 

 

 

地方公共団体 担当者のための防災拠点の耐震化促進資料 

URL: http://www.fdma.go.jp/neuter/topics/taishin/index-j.html 
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第１章 防災拠点になぜ耐震改修を？ 

 

  

  

 

第２章 耐震診断を進めるためには？ 
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第３章 耐震改修の方法と実例は？ 

 

  

  
 

  4.2.3.4 防災マニュアル－和歌山市 

ICUS と総務省消防庁は，産官学の連携事業として，地方公共団体の防災拠点の耐震

化を進めるために，2004～2005 年度に「地方公共団体担当者のための防災拠点の耐震化

促進資料」を作成し，その資料を総務省消防庁のホームページ上に公開した．2006 年度

には，更なる連携事業として，和歌山市を事例として，「地方公共団体担当者のための

防災拠点の耐震化促進資料」に基づいた検討を行い，和歌山市職員への教育および防災

拠点の具体的な耐震化促進策を提案した． 

 

  4.2.3.5 防災マニュアル－東大病院 

ICUS は、医学部付属病院（以下、東大病院と記す）と協力し、平成 17 年 10 月に「防

災対策マニュアル及び地震時の東大病院の防災拠点としてのあり方」WG を結成し、2年

間（1次計画）の共同検討を開始した。本 WG は、東京大学安全管理委員会防火・防災対

策部会の下に設置され、平成 17 年度には「①地震時の東大病院の防災拠点としてのあ

り方に関する検討」を実施し、平成 18 年度後半からは「②東大病院の防災対策マニュ

アルに関する検討」も行う予定である。 

東大病院は災害拠点病院に指定されており、東京大学は災害時の広域避難場所にも指

定されている。よって、東大病院は防災拠点病院としての機能を担うとともに、広域避

難場所内の医療施設という特殊な機能も合わせ持っている。地震時の東大病院の防災拠

点としてのあり方を考えるにあたっては、文京区・東京都・国の防災計画に基づき、周
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辺地域からのニーズを整理する必要があるが、その際には災害時の東大病院の機能を考

えるとともに、発災前からの入院患者のケアやケアできない患者の病院外への搬送など

も考慮する必要がある。 

WG では、まずは東京都福祉保健局、文京区、消防庁、厚生労働省、内閣府等の関係各

所へのヒアリング調査を行い、現状の法制度において定められている各機関の平常時・

急性期(直後 48 時間以内)での対応計画を把握した。また首都直下地震被害想定結果に

基づき、直下地震発生時に東大病院に来院することが想定される重症患者数の推計も行

った。さらに災害発生後の受入れ可能患者数を推定するため、現状での東大病院の人的

(マンパワー)･物的(施設面)の評価にも着手した。マンパワーに関しては、東大病院の組

織別・フロア別スタッフ数の整理を行い、災害時の医療行為ならびに災害対応に従事で

きるスタッフ数の推計に着手した。施設に関しては、ライフライン・医療機器・治療室・

病床・医薬品・貯蓄食糧の現状を把握した。今後はさらにこれらの定量化を図ることに

より、患者対応におけるボトルネックやクリティカルポイントの把握が可能になるとと

もに、災害対策の優先順位づけや他病院への患者搬送計画の立案が可能になると考えら

れる。 
今後は、上で述べたような検討結果を踏まえながら、災害発生後の情報連絡手段、広

域医療搬送活動時における病院内での意思決定プロセスや病院外との連携プロセス、避

難民滞留時の病院の対応等について、より詳細な検討を行い、平成 18 年度後半からは

新しい防災マニュアルシステムに関する検討も開始する予定である。 
 

東京湾北部地震（M7.3)発生時
に想定される重症者数

0-54

55-137

138-786

787-1321

1322-1791

199-351

352-470

471-665

666-1020

1021-1423

広域搬送拠点

災害拠点病院
の病床数

 

首都直下地震時に想定される重症者数と災害拠点病院の分布状況 



ICUS Report 15 
 

 
37 

4.3 ICUS としての災害情報の共有化 

 4.3.1 自然災害の調査  

  4.3.1.1 地震 

 日本ならびに海外で災害が発生した際には，被害状況に関する情報収集と現地への研

究成果の普及を目的として，災害被害調査を実施している．2001 年度から 2005 年度に

かけて実施した災害調査の実施期間，対象地域，調査参加者は以下の通りである． 
特に新潟県中越地震後には，ICUS メンバーらによる調査結果を ICUS ニュースレター

特集号としてまとめ，諸外国へ向けて調査結果の情報発信を行った． 
 

調査内容 調査期間 対象地域 参加者 

インド・グジャラート地

震被害調査 
2001.3.4-3.11 

 

インド・グジュラート

州 

目黒公郎 

ペルー地震被害調査 2001. 7.14-7.22  ペルー 目黒公郎 

WTC テロ被害調査 2002.2.24-3.3 米国 ニューヨーク

市 

目黒公郎・吉村美保 

アルジェリア・ブーメル

ダス地震被害調査 
2003. 7.13-7.22 アルジェリア・ブーメ

ルダス地域 

目黒公郎 

イラン・バム地震被害調

査 
2004.2.16-2.26 イラン・バム市・テヘ

ラン市 

目黒公郎・吉村美保 

新潟中越地震被害調査 2004.10.25-10.26 新潟県中越地方 目黒公郎 

新潟中越地震被害調査 2004.10.23 

 

新潟県中越地方 魚本健人・加藤佳孝 

スマトラ地震津波被害調

査 
2005.2.17-2.25 スリランカ 目黒公郎 

スマトラ地震津波被害調

査 
2005.3.9-3.13 タイ・プーケット県・

パンガー県 

目黒公郎 

インド・パキスタン国境

カシミール地震被害調査 
2005.10.22-11.01 パキスタン 目黒公郎 

 

 

 

アルジェリア・首都アル

ジェ圏の地震 マイクロ

ゾーニング調査 

2006.3.17-3.21 アルジェリア 目黒公郎 

インド・パキスタン国境

カシミール地震被害復

旧・復興調査 

2006.3.22-3.26 パキスタン 目黒公郎 
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アルジェリア・ブーメルダス地震による 

RC ビルの崩壊被害（写真撮影：目黒公郎）

イラン・バム地震によるアドベ(日干し煉瓦）

建物の崩壊被害（写真撮影：目黒公郎） 

  

スマトラ地震津波によって削られたスリラン

カの海岸の自然堤防（写真撮影：目黒公郎） 

スマトラ地震津波によって被災したタイの 

リゾートホテル（写真撮影：目黒公郎） 

  

 
パキスタン北部地震によって壊滅的な被害を

受けた集落（写真撮影：目黒公郎） 

新潟県中越地震によって被災した新幹線の 

RC 橋脚（写真撮影：目黒公郎） 
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  4.3.1.2 水害 

   既存の容易に得られる地理情報データをベースとして，メコン川流域を対象とした

分布型水文流出モデルを開発した．この分布型水文流出モデルを用いた流量シミュレー

ション値を観測値と比較した結果，様々な開発シナリオ下での影響評価に用いるために

は，既存のデータセットを相当程度，改良することが必要であることが判明した．その

ため本研究では，流域の水文データ，気象データ，地形データなど現地においてしか得

られない物理データの取得に力を注ぐこととした．これらデータ収集の結果としてメコ

ン流域全体の水文流出シミュレーションのための地理情報データセットの改良が行わ

れ，また，入力となる 90 地点の流量観測データ，99 地点の雨量観測データもデータベ

ース化された．土地利用，標高，土壌特性のデータも流域全体において整理された．特

に標高データに関しては，ホートン係数を様々な流出寄与域密度に対して計算し，妥当

性の検証を行った．これらの修正，構築されたデータセットおよび開発されたモデルを

用いて，過去 20 年にわたるメコン川の流量特性の変化を算定した．その結果として，

流域の流量特性が水関連社会基盤の開発によって大きく変化してきたことが判明した．

低水は一般に増加し，高水は一般に減少している．一方で，一般的傾向はそうであるも

のの，過去の記録を超えるような極端な高水や極端な低水も見られるようになった．ま

た，場所によっては，水需要が当該地域の流出を上回り，本流の水資源を減らす方向に

働いていることも示された．また，加えて，洪水浸水とその被害予測の数値モデリング

研究も行った．さらに，将来の水需要アセスメントを行う際の大きな障害は水関連社会

基盤の情報が得られないことであるが，email ベースのデータ収集システムを開発した． 

 

  4.3.1.3 コンクリート橋梁 

少子高齢化社会の到来に伴う投資余力の減少と維持･管理業務に携わる技術者の不足

が予想される中で，建設分野における既存ストックの有効活用が議論されており，道路

橋など，既存コンクリート構造物の維持管理の重要性が高まっている．現存する膨大な

数のコンクリート構造物の維持管理を効率的に行っていくためには，モニタリング技術

などを活用しながら構造物の健全度を定量的に評価していくことが重要であると考え

られる． 

ICUS では，既設コンクリート道路について，モニタリングによる健全度評価システ

ムを開発した．対象としたコンクリート道路橋は架設から 35 年が経過した RC T 桁道路

橋で，自動車荷重に対する主桁の応答，地震時の橋脚の応答モニタリングを試験的に実

施している． 
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モニタリング･システムの概要 

 

上図に示すように，常時設置したセンサによる現地での対象橋の計測，光ケーブルを用いた計

測データの伝送，ICUS でのデータ監視･収録，計測データの処理･評価を行っている． 

橋梁の一次点検としてまず目視点検が行われる．コンクリート構造物の劣化診断は，専門的な

知識や経験を要するため，エンジニアの裁量に依存することころが大きい．点検対象となる構造物

の増加により，点検結果，診断データ量も膨大となり，また，点検者の交代等により，後任者へ点検

履歴の引継ぎが確実に行われていないのが現状である．このような現状を支援するため，コンクリ

ート構造物の劣化診断プログラムの開発をした．本システムは，専門家でなくとも，簡単に劣化診

断が行えるように，サンプル等を提供し，入力しやすいユーザーインターフェースを提供している． 

 

 

 
劣化診断プログラムの概要 

 

  

 

計測データの通信

モニタリング対象橋

センサの設置

モニタリング室(東京大学ICUS）

 

目視点検 変状の入力
診断結果の表示
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4.3.2 インターネットを活用した都市基盤安全工学情報の発信 

ICUS の Activities を Web サイトで公開している．日本語版と英語版が準備されており，

国内外で災害が発生した際の情報提供，各種行事の案内，活動報告，出版物の案内，

Newsletter の配布を行っている． RNUS の Web サイトともリンクし，海外拠点での成果

も閲覧可能となっている．ICUS のホームページ：http://icus.iis.u-tokyo.ac.jp/，RNUS のホ

ームページ：http://www.sce.ait.ac.th/rnus/．一ヶ月の国別アクセス数の例を下記に示す．国

別アクセス数に示すとおり，日本国外から多数のアクセスがある．アジアはもちろんであ

るが，欧米諸国からの注目が高いことが確認できる． 

 

ICUS のホームページの英語版 
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一ヶ月の国別アクセス統計 

 

 4.3.3 公開講演会 

 2001 年 5 月 22 日に，ICUS として最初の ICUS 公開講座を生産技術研究所にて開催しま

した． 公開講座は，ICUS の前身である INCEDE の時代に開始されたもので，10 年間の継

続されていたプログラムです． 公開講座の目的は，一般の市民と直接知識と情報を共有す

ることです．INCEDE の時代，主要なテーマは，天災に関する知識を共有し，何が危険であ

るのか，災害の後何が起こるのかを理解することでした． ICUS では，さらにその考えを

進め，我々の生活圏として，特に都市の安全に関する問題を取り上げ，年に 2 回の頻度で

公開講座を続けています． 

 

 
第 1 回 ICUS 公開講座で講演する魚本センター長 
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ここに，今までに開催された ICUS 公開講座の講演題目および講演者リストを示します． 

日時 主催タイトル 講演者氏名 所属 題目 

 2001 年 

5 月 22 日 

都市基盤安全工学

国際研究センター

（ICUS/INCEDE)発

足のご挨拶 

須藤 研 元 INCEDE センター

長 

INCEDEの活動を振り返

って ―ICUS/INCEDE

に期待すること― 

   
目黒 公郎 ICUS/助教授 都市の安全と防災対策

 

   

安岡 善文 ICUS/教授 リモートセンシングに

よる都市基盤の計測と

評価 

 

   

大岡 龍三 ICUS/助教授 都市気候を考慮した持

続可能な都市開発 

 

 

   
魚本 健人 ICUS/教授 コンクリート構造物の

劣化と診断技術 

 2002 年 

1 月 24 日 

都市の安全を考え

る ―21 世紀の安

全な都市をめざし

て― 

片山 恒雄 (独)防災科学技術

研究所理事長 

我が国の地震防災研究

の方向性 

    瀬戸島 政博 国際航業㈱地球環

境事業室長 

リモートセンシングに

よる都市環境の評価 

    高橋 健文 内閣府政策統括官

（防災担当） 

我が国の防災対策 

    村井 俊治 慶応大学大学院教

授 

都市災害・環境評価の

ためのリモートセンシ

ング・GIS 
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 2002 年

10 月 7日 

都市の熱環境 ―

ヒートアイランド

はどのような災害

をもたらすか― 

大岡 龍三 ICUS/助教授  ヒートアイランドモデ

ル 

    三上 岳夫 東京都立大学教授 ヒートアイランドの計

測と評価 

    竹村 公太郎 前国土交通省河川

局長 

温暖化と都市災害 

    稲葉 裕 順天堂大学教授 ヒートアイランドと熱

中症 

 2003 年 

3 月 11 日 

21 世紀 アジアの

巨大都市における

水問題 

Prof.Ashim 

Das Gupta 

Asian Institute of 

Technology 

アジア発展途上国の成

長中の巨大都市におけ

る水供給需要の直面す

る問題に対する新たな

挑戦 

    虫明 功臣 東京大学生産技術

研究所教授 

 

都市河川流域の総合的

水管理に向けての展開

    Prof.Tawatch

ai 

Tingsanchali

Asian Institute of 

Technology 

バンコクの洪水災害に

対する対処方法 ―タ

イ政府の計画― 

    Prof.A.W.Jay

awardena 

University of 

Hongkong 

香港の水供給の持続可

能な発展とその管理に

向けて 

 

    竹内 邦良 山梨大学教授 統合型都市水管理への

水文予測の重要性につ

いて 

 2003 年 

7 月 3 日 

都市火災とその安

全対策 ―都市火

災の教訓と対策を

考える― 

北里 敏明 地域振興・防災研究

会主宰（前消防庁次

長） 

わが国の都市火災の現

状と安全対策 

    日月 俊昭 首都高速道路公団

理事 

首都高速道路における

トンネル防火対策 
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    辻本 誠 名古屋大学教授 韓国大邱(テグ)市地下

鉄火災での課題 

    目黒 公郎 ICUS/助教授  都市火災と避難対策 

 2004 年 

4 月 9 日 

世界と日本 平和

と防災 

福和 伸夫 名古屋大学教授 守りから攻めへ，官か

ら市民へ，研究から啓

発・実践へ，地域での

巨大地震との戦い方～

名古屋圏での実践を通

して～ 

    須藤 研 CTBTO  より安全で平和な地

空のために取り組んで

きた私の活動 

    岡田 弘 北海道大学教授 直撃を避けることがで

きた自然災害・・・映

像で見る有珠山噴火と

安心・安全の支援科学

 2004 年 

9 月 29 日 

地球規模災害の予

測と対策 ーアジ

アー 

木本 昌秀 東京大学気候シス

テム研究センター

教授 

地球規模での気候の変

動とその予測 

    寶 馨 京都大学防災研究

所教授 

風水害の地球規模での

監視と対策 

    川津 拓幸 気象庁防災企画調

整官 

地震，火山の国際監視

ネットワーク 

    河村 宏 国立身体障害者リ

ハビリテーション

センター研究所，障

害福祉研究部長 

障害者の視点から見た

災害 

 2005 年 

2 月 28 日 

地震･台風･火災 

－災害現場からの

メッセージー 

林 省吾 総務省消防庁長官，

ICUS 客員教授 

2004年度に発生した大

規模災害への消防庁の

取り組みと今後の課題

    鶴田 俊 独立行政法人消防

研究所基盤研究部

特殊火災研究グル

ープ長･消化研究グ

ループ長 

特殊災害事例と教訓 
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    関 克巳 国土交通省総合政

策局建設施工企画

課長 

災害現場から見る危機

管理 

    田村昌三 東京大学名誉教授，

横浜国立大学大学

院安心･安全の科学

研究教育センター

客員教授 

最近の安全問題と 21

世紀の安全 

 2005 年 

9 月 29 日 

我国の構造物と安

全性 

石橋忠良 東日本旅客鉄道株

式会社，理事，建設

工事部担当部長兼

構造技術センター

所長 

地震の被害復旧と耐震

補強について 

    金氏 眞 鹿島建設㈱土木管

理部土木技術部リ

ニューアルグルー

プ長 

道路橋アセットマネジ

メントと安全性確保 

    藤森 照信 東京大学生産技術

研究所 教授 

歴史から見た我国の構

造物の安全性に対する

考え方 

 2006 年 

3 月 16 日 

科学・安全技術の

コミュニケーショ

ン 

大島まり 東京大学生産技術

研究所 教授 

研究における科学技術

コミュニケーションの

重要性 

    吉川肇子 慶應義塾大学商学

部 助教授 

リスクをどう伝えるか

    田中弥生 東京大学大学院工

学系研究科 助教授

ここがおかしい，技術

者のコミュニケーショ

ン 
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4.3.4 国際シンポジウムの開催 

ICUS は，2002 年から毎年，アジア地域の巨大都市における安全性向上のため新技術に

関する国際シンポジウムを幾つかの学術的な研究機関と共に開催しています．シンポジウ

ムは，より安全な都会の環境の実現をため，都市計画と開発，新技術の適用，構造や補強

技術に対する非破壊評価などの多様な領域における意思決定者，実務担当者，そして研究

者に情報を共有し，議論する場を提供することを目指しています．なぜならば，世界の人

口の半分以上が世界の表面の約 4 パーセントを占める都市部に集中していると考えるな

らば，そのような議論の場の必要性は明白です．特に，巨大都市(1000 万の人口を超える)

は，高い人口密度と都市基盤への強大な負荷が特徴です．急速な市街化と経済開発は，物

凄い人口増加率を伴います． 2015 年までには，アジアが世界の巨大都市の 50%以上を有

する地域になるのが見積もられます．これらの都市において，建物の高層化や他の社会基

盤の整備が驚異的な速度で進められることが見通されているけれども，整備と保守とのバ

ランスが，成り立つかどうかは分かりません． 

リモートセンシング，地理的情報システム，GPS，および他のコンピュータツールを含

む様々な技術の最近の進展は，災害時の構造物への被害を低減することや都市の資産管理

に新しい技術として利用できる可能性があると考えられます．アジアにおける巨大都市が，

社会基盤の健全性という点で危機的な状況であることは明白であり，より安全な社会を提

供するために，開発から学ぶべき点があります．研究者，実務担当者，意思決定者を含む

グループ間で関心と専門後術を共有できた時だけ，これを達成することが出来ます．  

幾つかの仕組みを通して，本シンポジウムは，アジアの巨大都市の安全性の様々な

問題を扱うアジア人の研究者，実務担当者および意思決定者の人的交流ネットワーク

を確立するのを助けます．シンポジウムの話題は，以下の幅の広い領域をカバーする

都市の安全とセキュリティのための先進技術を含んでいます： 

• Urban Disaster Mitigation  

• Safety and Security Assessment of Urban Infrastructure  

• Space Technologies and GIS for Monitoring and Assessment of Urban Safety 

• Planning and development of urban infrastructure  

• Threat reduction and consequence management  

• Environmental impact assessment of urbanization  

• Rehabilitation and retrofitting of structures against natural and manmade disasters  
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以下に，過去に開催したシンポジウムの概要を記します． 

・2002 年 
 ・概要 
第１回 アジア地域の巨大都市における安全性向上のため新技術に関する国際シンポジウム 

Venue Grand Pacific Hotel, Bangkok, Thailand 

Date Oct. 28, 2002 

Co-organizers ・School of Civil Engineering Asian Institute of Technology 

・The University of Tokyo 

Sponsors  

Features ・More than 20 technical papers were presented by participants from Thailand, 

Japan, Singapore and Hong Kong. 
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・第 1 回 ICUS シンポジウム開催案内パンフレット 
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・国別参加者内訳 総参加人数：314 名 

 Cambodia：1 名  Japan：16 名 Singapore：１名  

 Thailand：296 名  

 

・キーノートスピーチの概要 

 Shunji Murai  

 Professor Emeritus, University of Tokyo 

        Professor, Graduate School of Media and Governance, Keio University 

 

Advanced Technologies in Geoinformatics 

 Advanced technologies such as High Resolution Satellite Image, Hyper Spectral 

Remote Sensing, Geographic Information System/Science/Service(GIS), Global 

Positioning System(GPS) and Digital Photogrammetry are so called Geoinformatics, 

Geoinformatics is defined as a Multi-Disciplinary of science to acquire, store, Process, 

analyze and visualize geo-spatial data/information for decision support of location based 

project.  

 In the keynote address, the trend of advanced technologies in Geoinformatics is 

introduced, and the functions of AIT or Asian organizations for promoting this field of 

study for study for Urban Infrastructure Management and Urban Safety are discussed. The 

presentation uses many slides for high resolution satellite imageries, advanced airborne 

sensors, integrated sensors with surveying instrument, GPS and Modile Telephone System 

for Navigation and Mapping. 

 

 

        Wicha Jiwalai 

 Chairman of the Executive Board, The Geoinformatics and Space Technology 

Development Agency 

 

Information Needs for Urban Safety Assessment 

 Monitoring turban infrastructures and establishing urban information system is 

essential to the proper management of urban safety of sustainability. However, it requires 

the measurement and the collection of wide variety of parameters form social to social to 

physical aspects. Furthermore it needs to monitor spatial and temporal characteristics of 

parameters covering from local to regional scale and form short to long time scale. It is, 

therefore, not easy to collect information for urban safety and sustainability only with 

conventional survey methods. In order to establish effective information system for urban 
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infrastructure management it is necessary to introduce new technologies including remote 

sensing or geographic information system (GIS). 

 In this presentation information needs for urban safety and sustainability 

assessment are surveyed form science/technology aspects and from administrative aspects 

as well. In particular, requirements for the urban information system for Asia mega-cities 

are discussed with special emphasis on new information technologies. 

 

 

Suvit Vibulsresth 

Director, Geo-Information and Space Technology Development Agency 

 

Satellite Observation Programs in Asia 

 After the first earth resource monitoring satellite launched in 1972 by NAS/USA, 

Remote sensing technology has contributed in many fields of our society. The satellite 

data such as LANDSAT and SPOT has been mainly utilized for natural resource 

management and hazard monitoring in regional scale. 

 The trend of recent advanced satellite technology focuses on the following 

directions; 1) high spatial resolution sensor: IKONOS and QuickBird provide 1m or less 

spatial resolution satellite images of any place to anyone on the earth. The data can 

contribute to the field of survey and mapping of urban areas as well as the natural 

resource management in local scale. 2) medium spatial and high frequent monitoring 

sensor: MODIS on TERRA and AQUA, NOAA/AVHRR and SPOT vegetation can 

observe the earth surface in several times per day per spot with 250m-1000m spatial 

resolution. The data can contribute for monitoring earth environment for sustainable 

development. 3) hyper spectral sensor: HYPERION on EO-1 satellite, OrbView-4(but 

failed in 2001), and MODIS/1km data, those have about 30-200 spectral bands, have 

potential to monitor various parameters of objects on the earth such as air/water pollution, 

bio-physical/bio-chemical functions of vegetation. 4) small satellite: satellite technology 

is now available without huge budget by small/micro satellite. Thai Micro-satellite 

(TMSAT) was launched in 1988 with the effort of Thai scientist and engineers in 

collaboration with Univ. of Surrey, U.K. Both of the acquired images and the technology 

of satellite development are quite useful for the country. Korea also own small satellite 

(KOMSAT) in 1990’s.  

 In the presentation, the status of Remote Sensing and its mission in Asia are 

introduced. Furthermore the Remote Sensing program in Asia and its functions for urban 

safety are discussed. 
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Worsak Kanok-Nukulcahl 

Dean and Professor of Structural engineering, School of Civil Engineering, Asian Institute 

of Technology 

 

Activities for Urban Safety at AIT 

  The civil engineering profession has been a subject of critical debate. One of the 

major concerns is the ensuing negative image of engineers, brought about by the 

undesired impacts of engineering products on public safety. As premier educational 

institute in the region, Asian Institute of Technology strives to alter the roles of civil 

engineers in the public perception from disturbance to promotion of urban safety. Its 

School of Civil Engineering has prepared a new generation of civil engineers to be 

conscious of their roles in public safety through technological decision-making and 

policy-setting. This requires modernization of civil engineering curriculum by combining 

the elements of traditional technology-based engineering education with new technologies. 

This lecture serves to describe all the endeavors at AIT promote urban safety. 

 

・2003 年 

 ・概要 

第二回 アジア地域の巨大都市における安全性向上のため新技術に関する国際シンポジウム 

Venue Sanjo Kaikan Conference Hall, The University of Tokyo, Japan 

Date Oct. 30-31, 2003 

Co-organizers ・21st Century COE Program “Center of Excellence for Sustainable Urban 
Regeneration” of The University of Tokyo 

Sponsors ・Center for Sustainable Urban Regeneration, The University of Tokyo 

・21st Century Center of Excellence Program, The University of Tokyo 
Features ・A total of 72 papers were presented in ten technical sessions. Additionally two 

plenary sessions were held. 

・126 participants from 13 countries around the world joined the symposium. 
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・第２回 ICUS シンポジウム開催案内パンフレット 
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・国別参加者内訳 総参加人数：126 名 

 Bangladesh：1 名 China：1 名 India：1 名 Iran：1 名 

 Japan：102 名  Korea：2 名 Nepal：1 名 Philippine：2 名 

 Singapore：2 名  Sri Lanka：2 名 Thailand：6 名 Turkey：2 名 

 Uganda：2 名  UK：1 名  

 

・キーノートスピーチの概要 

Worsak Kanok-Nukulcahl  

Dean and Professor of Structural engineering, School of Civil Engineering, Asian Institute 

of Technology 

 

Health Monitoring of Highway Bridges 

  Structures such as bridges, buildings and infrastructure are constructed to serve 

the society over an expected long period of time. After some time, many of them become 

decaying due to age, deterioration, misuse, lack of proper maintenance. It is important to 

be able to identify and monitor the health status of these structures to prevent potential 

sudden structural failures. The objective of this study is to find the effective indication of 

the present health of existing structures. An index, known as “the flexibility matrix norm”, 

will be proposed as it is highly sensitive to the health deterioration of existing structures. 

This index is therefore useful for a decision on appropriate maintenance action.  In this 

study, a pilot laboratory  example is used to demonstrate the sensitivity of the proposed 

index with respect to variable levels of controlled damage that is imposed on the structure. 

Then, an actual field test is conducted to confirm the effectiveness of this flexibility 

matrix norm. 

 

 

Sudhir Misra 

Department of Civil Engineering, Indian Institute of Technology Kanpur 

 

A Case Report on Quality control in Concrete Construction  

  With better understanding of cement hydration, and developments in the field of 

chemical and mineral admixtures, concrete construction has become more complicated 

and requires strict measures for quality control. In several countries, including India, use 

of concrete mixed at site, often using primitive means of batching and construction is still 

quite common. This is especially true in building construction, where the volume of 

concrete involved is often small, and the job is carried out by smaller contractors.  
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This paper presents the results of some of the work carried out to highlight the importance 

of some of the aspects related to quality control in concrete construction. A survey was 

carried out using data from some building and industrial projects in the neighborhood.   

The results from a series of experiments carried out to study the implications of placing 

concrete through the reinforcement, in terms of the effect on its compressive strength, are 

also reported. It was found that the variations in the compressive strength values obtained 

in cases when strict measures for mixing, batching, etc. are not adopted, could be greater 

than those assumed in the codes. Further, it was found that there could be significant 

reduction in the compressive strength of concrete if it passes through congested 

reinforcement, on account of segregation and lack of proper vibration. 

 

 

T. C. Pan 

Professor and Director, Protective Technology Research Centre, School of Civil and 

Environmental Engineering, Nanyang Technological University 

 

Building Protection against Multiple Hazard 

  Located off the southern tip of Malay Peninsula, Singapore is an island city-state. 

It has a land area of around 600 sq km and a population of about 3.2 millions. Although 

small in size, the country’s gross domestic product per capita was about US$29,800 in 

2002, among the highest in Asia. Most people live in high-rise residential buildings due to 

the land shortage. Being a metropolis with highly active trades and commerce, Singapore 

has also seen in recent years many modern high-rise commercial buildings constructed in 

her central business district. 

This paper looks into the protective technologies for these modern high-rise residential 

and commercial buildings against multiple hazards. The hazards discussed here include 

both natural and man-made hazards. They are the effects resulting from the long-distance 

major Sumatra earthquakes, ground shocks induced by underground explosions, and blast 

loading from terrorist bombings. The consequences from any extreme event of the 

multiple hazards could be devastating to the society at large due to the high concentration 

of population as well as the high-value commercial and financial activities housed in these 

modern high-rise building structures. 
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W. C. Fan                   

State Key Laboratory of Fire Science, University of Science & Technology of China 

 

Urban Fire Safety Research in China 

  Urban fire research is becoming more and more important for city safety based 

on the characteristics of city development and current status of urban fire in China. In this 

paper, the progress of urban fire safety researches, such as dynamics of city fire growth, 

fire smoke toxicity, movement and its effect on human evacuation, performance-based fire 

safety design and risk assessment, structure response of building in fire, city fire 

decision-making system base on GIS and so on in China are introduced. 

 

 

Suvit Vibulsresth 

Director, Geo-Informatics and Space Technology Development Agency, Thailand 

 
Urban Land Use Study with High Resolution Satellite Imagery 

Multi temporal data of LANDSAT and SPOT recorded in 1988 and 2002 and IRS 

recorded in 2001 were used for a study site of Bangkok Metropolitan and its vicinity. The 

Pan-sharpened image of LANDSAT and high resolution IRS data revealed many different 

urban land use categories based on color differences and could be used for land use 

change detection on an operational basis. The urban land use can be grouped into 5 main 

types as follows: agriculture, forest land, water body, urban and built up land and 

miscellaneous land. It was found that during the 15 year period ( 1988 – 2001) the urban 

and built up land increased 1,222 sq.km. or 115 % while the agriculture areas and forest 

land decreased 1,242 sq.km. or 20 % and 37 sq.km. or 32 % respectively. 

 

 

Pennung Warnitchai 

Asian Institute of Technology, Thailand 

 

Development of Seismic Design Requirements for Buildings in Bangkok Against the 

Effects of Distant Large Earthquakes 

Even though Bangkok is located at a remote distance from seismic sources, a 

recent seismic hazard study shows that Bangkok is still at risk from damaging ground 

motions induced by distant large earthquakes. The risk is primarily caused by the ability 

of thick soft surficial deposits in Bangkok to amplify earthquake ground motions about 3 



ICUS Report 15 
 

 
57 

to 4 times. Furthermore, by the near-periodic, long-period, and long-duration nature of the 

amplified ground motions, tall buildings with fundamental periods near the predominant 

period of ground motions are likely to be significantly affected due to the resonant 

amplification of building responses. Three research studies are currently being carried out 

with an aim to develop appropriate seismic design requirements for buildings in Bangkok 

against the effects of distant large earthquakes. The first study is a preliminary seismic 

microzonation of Bangkok and neighboring provinces. Ambient vibrations on the ground 

surface at more than 150 sites are measured and analyzed by the Nakamura’s H/V method. 

The results show that the predominant period of ground motions varies from notably high 

values (1.0 s to 1.2 s) at sites near the gulf of Thailand to low values (around 0.4 s) at the 

boundary of the Bangkok basin. The second study is an ambient vibration survey of 

nearly 40 buildings with heights varying from 20 m to 150 m in order to identify their 

dynamic properties. A Bangkok-specific empirical formula for estimating building period 

is proposed. The third study is an evaluation of inherent seismic capacity of several 

typical non-seismically designed buildings in Bangkok by pushover analysis. A special 

care is given to the modeling of non-ductile RC columns, beam-column joints, flat 

slab-column connections, and pile foundations. The results from all these three studies 

will be critical ingredients for the development of Bangkok-specific seismic design 

criteria in the near future. 

Tawatchai Tingsanchali And Natchapon Vongvisessomjai 

School of Civil Engineering, Asian Institute of Technology, Thailand 

 
Effect of Wastewater Pumping Operation of Sewer System on Sedimentation and 

Overflowing of Wastewater from Sewer Pipes 

Wastewater pumping operation has significant impact to flow in sewer pipes and 

sedimentation in sewer systems. Sedimentation in sewer systems reduces flow carrying 

capacity of sewer pipes and induces overflowing of wastewater from sewer pipes over 

land area. Frequency and magnitude of wastewater overflowing increase with the amount 

of sedimentation deposit. In calculation of flow in complicated sewer systems, normally 

exist in mega cities, traditional hand calculation seems to be impossible. With the use of 

powerful computers nowadays, mathematical and numerical models can compute and 

simulate flow hydraulic and characteristic including sedimentation in complicated sewer 

systems. 

Many mathematical models for flow simulation in sewer systems are available. 

In this study the MOUSE ST model is used in computing and simulating flow and 

sedimentation during low flow in the wastewater collection system of the proposed Samut 
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Prakarn Wastewater Project, in the eastern suburban of Bangkok. By the fact that the 

Samut Prakarn wastewater project has not yet been complete, the MOUSE ST model has 

been verified with the Pattaya urban catchment in the east of Thailand to ensure the 

capability of modeling sediment transport in the sewer system. In the verification, various 

methods of sediment deposit predictions were used such as velocity criteria, bed shear 

stress criteria, dimensionless bed shear stress criteria, sediment transport capacity criteria 

and the use of sediment transport equation together with sediment continuity equation. 

The selection of prediction method is based on the input data requirement and the 

accuracy of results required. 

For Samut Prakarn province, by considering the self-cleansing criteria based on 

the critical velocity and the critical bed shear stress, the MOUSE ST is used to compute 

potential sedimentation locations in the sewer system. From the results of simulation, it 

was found that the self-cleansing criteria were not satisfied. The velocity in some 

branches was less than the critical flow velocity and the bed shear stress were less than the 

critical bed shear stress. The potential sedimentation in these branches was found to be 

nearly the same for both criteria. Various pumping operation schemes were also studied in 

the sewer system. It was found that with a proper pumping operation scheme, there would 

be no sedimentation in the sewer system. In case of pumping operation failure, 

overflowing of wastewater from the sewer system will occur and result in unacceptable 

environmental impacts to the project area. 

 

・2004 年 

 ・概要 

第三回 アジア地域の巨大都市における安全性向上のため新技術に関する国際シンポジウム 

Venue Jay Pee Palace Hotel Agra India 

Date Oct. 18-19, 2004 

Co-organizers Indian Institute of Technology Kanpur, India 

Sponsors ・Center for Sustainable Urban Regeneration, The University of Tokyo 

・21st Century Center of Excellence Program, The University of Tokyo 
Features ・Approximately 60 technical papers were presented in oral and poster sessions. 

・About 150 delegates from India and 36 delegates from other countries participated 
in the symposium. 
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・第 3 回 ICUS シンポジウム開催案内パンフレット 
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・国別参加者内訳 総参加人数：142 名 

 Bangladesh：1 名 India：106 名 Japan：24 名 Korea：1 名 

 Singapore：3 名  Thailand：4 名 Vietnam：3 名 

 

・キーノートスピーチの概要 

 MAHESH TANDON 

 Tandon Consultants Pvt Ltd, New Delhi, INDIA 

 

Technical Hurdles of Implementing Infrastructure Project 

 The current infrastructure scenario boasts of fast-track projects, many of which 

are in the process of being constructed with still others in the pipeline. While they are 

indicators of urban development and progress, they are not without their attendant ills: 

ugly dug-up trenches, diminished road-widths, crawling traffic, frequent bottle-necks, 

short-tempered commuters, etc. 

More often than not the implant of an infrastructure project in an urban landscape is in the 

nature of a fire-fighting exercise facilitating pedestrian cross-over at one intersection or 

removing vehicular congestion at another or providing a signal-free stretch elsewhere. 

Symptomatic solutions such as these however, pose technical hurdles that include 

construction technology, land acquisition, traffic diversions and disturbances, effect on 

environment, to name a few. This paper highlights the technical hurdles that challenge the 

implementation of infrastructure projects. 

 

 R.N. IYENGAR  

   Department of Civil Engineering, Indian Institute of Science, Bangalore, INDIA 

 

Seismic Hazard in Urban India with Delhi As A case Study 

 Strong earthquakes are rare events, rarer than cyclones, windstorms and tidal 

waves. Nevertheless, India has seen quite a few earthquakes in the recent past.  It is not 

that the frequency has suddenly increased.  Earthquakes have been known in this country 

from pre-historic times, more or less in the same regions, where they are presently felt.  

The present, apparent heightened awareness towards earthquake disaster mitigation in the 

country is attributable to large loss of life and property suffered during the Khillari (30th 

September 1993), Jabalpur (22nd May 1997) and Bhuj (26th January 2001) earthquakes.   

Post-event analysis of the regions affected by these earthquakes show that the pre-event 

seismic risk to structures was very high, and they were already in highly vulnerable 

conditions.  It is well recognized that the seismic hazard of a city or a region is a natural 
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property that cannot be altered.  Human intervention in a habitat is possible to the extent 

the vulnerability of the built environment can be reduced leading to decreased risk levels 

and hence mitigation of a foreseen disaster.  

 Indian cities have grown unplanned and uncontrolled in recent years.  In 1947 

the population of the country was 33 Crores, of which 14% was urban. Presently, it is 

estimated that about 33-35% of the total population of 100 Crores (one billion) is 

concentrated in some 25-30 urban centers.  Apart from the active migration of rural 

population to urban areas, it is observed that Indian cities have a tendency to expand and 

capture nearby villages into their territory.  Thus, about 25% of urban population in the 

country lives in slums.  In addition, there is always shortage in urban housing, which 

was estimated at 66.4 Lakh units in 2001.  Hence, we have a situation where the quality 

of life shows dramatic spatial variation in a city than in a village.  The same can be said 

about the vulnerability of constructions and infrastructures in big cities.  With reference 

to residential buildings; Kutcha (informal), Semi-Pucca (semi-formal) and Pucca (formal) 

houses in our cities are roughly in the proportion 8:16:76, whereas this figure is 34:35:31 

for rural areas.  The above classification approximately corresponds to A-type, B-type 

and C-type buildings of the seismic code IS-1893. The 76% C-type houses in urban areas 

are not necessarily built to high standards of safety.  They are particularly constrained by 

limits of affordability and acceptability. Thus, it is the social and economic rather than 

technological, issues that govern the safety of our cities during natural calamities. It is 

with these points in the background we have to discuss seismic hazard, vulnerability and 

risk to Indian cities. Success of disaster mitigation strategies depends on how well the 

stakeholders are sensitized to the necessity for reducing the vulnerability of their 

structures. Since earthquakes are rare and unpredictable, there is always a tendency 

among the less informed persons, in the local administration, to deny the importance of 

risk mapping of cities as a pro-active step in the right direction. In recent years, it has 

been well recognized that national level seismic zone maps are at best preliminary 

estimates.  They are useful as guides but cannot be substitutes for micro-zones of cities 

existing near active faults.  Microzonation, which maps the hazard, vulnerability and risk 

to the built environment in a city, targets the building owners, local administrators and 

elected representatives responsible for the welfare of a ward of the size of approximately 

one square kilometer.  The challenge one faces here, is to scientifically compute the 

basic hazard on small scales of the order of 1km x 1km, with faults that are hundreds of 

kilometers long at unknown depths, spread randomly in the contributing seismo-tectonic 

region of about 300,000 sq. km.  Municipal engineers who like to evaluate the 

vulnerability or safety of existing buildings, need to know how the ground will vibrate in 
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future at their sites within the city.  This ground motion lasting for a few seconds is due 

to the release of energy stored for centuries at the fault level, but is nonetheless strongly 

influenced by the local soil conditions at the site.   By superposing the building typology 

descriptions on the hazard map one can construct the vulnerability map, provided the 

damage probability matrices or motion-damage relationships are available. Damage 

statistics can be converted into financial loss estimates to create a risk map also for a city.  

Ultimately, seismic risk reduction achieved by a city habitat depends on how well the 

three key subjects namely engineering, earth sciences and social sciences are made to 

converge by the metropolitan administration. 

 In this article, the focus would be on how the seismo-tectonic knowledge of a 

region can be converted into a city level hazard map for engineering purposes. Delhi, the 

capital city of the country is taken as an example.  In a city like Delhi founded on the 

banks of a river, that has brought several million tonnes of sediments from Himalayas, 

surface level ground motion can vary dramatically within short distances.  A case study 

of mapping seismic hazard of Delhi through probabilistic seismic hazard analysis methods 

is presented with some limited and qualitative results on soil amplification.  

 

 

 T. C. Pan  

 Protective Technology Research Centre, School of Civil and Environment
alEngineering, Nanyang Technological University, Singapore 
 

From Ground Shocks to Air Blasts-Multiple-Hazard Protections 

 Singapore is an island city-state, located off the southern tip of Malay Peninsula. 

It has a land area of around 700 sq km and a population of about 3.5 millions of residents. 

Although small in size, the country’s gross domestic product per capita was about 

US$22,500 in 2003, among the highest in Asia. Most people live in high-rise residential 

buildings due to the land shortage. Being a metropolis with highly active trades and 

commerce, Singapore has also seen in recent years many modern high-rise commercial 

buildings constructed in her central business district. 

This paper looks into the protective technologies for these modern high-rise residential 

and commercial buildings against multiple hazards. The hazards discussed here include 

both natural and man-made ones. They are the effects resulting from the long-distance 

major Sumatra earthquakes, ground shocks induced by underground explosions, and blast 

loading from terrorist bombings. The consequences from any extreme event of the 

multiple hazards could be devastating to the society at large due to the high concentration 
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of population as well as the high-value commercial and financial activities housed in these 

modern high-rise building structures.  This paper summarizes the experiences that have 

been gained in Singapore dealing with protection requirements against the multiple 

hazards. 

 

・2005 年 

 ・概要 

第四回 アジア地域の巨大都市における安全性向上のため新技術に関する国際シンポジウム 

Venue Nanyang Technological University Exective Centre, Singapore 

Date Oct. 18-19, 2005 

Co-organizers Protective Technology Research Centre of the School of Civil and Environmental 

Engineering, Nanyang Technological University, Singapore. 
Sponsors ・Center for Sustainable Urban Regeneration, The University of Tokyo 

・21st Century Center of Excellence Program, The University of Tokyo 

・Ministry of Home Affairs (Singapore) 

・Shimizu Corporation 

・CPG Corporation Pte Ltd 

・Surbana International Consultants Pte Ltd. 
Features ・Seven keynote papers and 63 technical papers were presented. 

・97 delegates from 12 countries participated in the symposium. 
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・第４回 ICUS シンポジウム開催案内パンフレット 
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・国別参加者内訳 総参加人数：97 名 

 Australia：2 名  Bangladesh：1 名  China：5 名 

 India：3 名  Indonesia：1 名  Iran：2 名  

 Japan：31 名  Nigeria：1 名  Singapore：3 名 

 Taiwan：3 名  Vietnam：1 名 

 

・キーノートスピーチの概要 

Yoshifumi Yasuoka 
Professor, Institute of Industrial Science, The University of Tokyo 
 
Satellite Observation Network for Environment and Disaster 
  The Institute of Industrial Science, University of Tokyo (IIS/UT) 
established a satellite data receiving network, SEASON (Southeast and East 
Asia Satellite Observation Network), for monitoring environment and disaster in 
Asian regions. The SEASON receives satellite data from TERRA/MODIS and 
AQUA/MODIS as well as NOAA/AVHRR at Tokyo (IIS/UT Campus) and at 
Bangkok (Asian Institute of Technology; AIT Campus). The data from two 
receiving stations cover Southeast and East Asian regions. Although MODIS 
and AVHRR have coarse spatial resolution (MODIS; 1km, 500m and 250m, 
AVHRR; 1km) their frequent observation function (around twice a day at one 
point) enables us to monitor land/ocean surface in almost near-real time manner. 
Also their wide observation swath (more than 2000km) enables to observe 
regional to global scale phenomena such as deforestation, urbanization or land 
degradation. It is also expected that they may provide data for urban safety 
assessment in Asian mega-cities. This presentation introduces overview of the 
SEASON, and demonstrates its application examples. 

 

 

Kimoro Meguro 

Professor, Institute of Industrial Science, The University of Tokyo 

 

Shaking Table Test of 1/4 Scaled Masonry Models Retrofitted 

with PP-band Meshes 

Retrofitting of low earthquake-resistant masonry structures is the key issue for earthquake 

disaster mitigation in developing countries as only that can reduce the probable casualty 

significantly. Promotion of retrofitting is possible only if the retrofitting technique 
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considers issues of economical affordability and social acceptability together with 

technical feasibility. An appropriate PP-band retrofitting technique, which considers all 

these issues, has been developed and being studied at Meguro Laboratory, ICUS, 

Institute of Industrial Science, the University of Tokyo since some years. Shaking table 

experiment of two masonry building models was carried out in this year to test the 

effectiveness of the newly developed technique. The test reveled that the technique is very 

effective which could enhance the seismic capacity of masonry buildings by 10 times in 

terms of maximum base displacement and 4 times in terms of maximum velocity. The 

retrofitted model survived with life safety level damage until 15 more shakings than the 

shaking at which the non-retrofitted building model was totally collapsed. The result 

suggested that the technique can enhance safety of existing masonry buildings to survive 

even in worst case scenario of earthquake ground motion like JMA 7. This paper describes 

the process and preliminary outcomes of the experiment conducted. 

 

 

Teddy Boen  

Senior Advisor of WSSI (World Seismic Safety Initiative) 

 

Reconstruction of Houses in Ache Seven Months after the Earthquake & Tsunami, 

December 26, 2004 

The Dec 26, 2004 earthquake of M 9.0 that shook Aceh and the subsequent Tsunami 

catastrophe was one of the worst natural disasters in modern history. The world - 

governments and people – responded with unprecedented generosity in solidarity with the 

rescue and relief efforts of the affected communities and local and national authorities. 

This has been very useful in reducing or mitigating the consequences of the disaster, and 

particularly in speeding the current recovery and reconstruction efforts. In the wake of the 

recovery and reconstruction of houses in Aceh, many NGOs and donors tried to re-invent 

the wheel in earthquake resistant houses by introducing house types that are not 

compatible with the local culture and also neglect social problems. 

 

 

FAN Weicheng   

State Key Laboratory of Fire Science, University of Science and Technology of China 

 

Progress in Emergency Management Research for a Mega-city in China 

  The accident to the public safety of a mega-city could result in large-scale loss of 
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life and major economic impact. In order to improve the public safety for a mega-city, a 

series of emergency management research is ongoing in China. The emergency management 

research is structured around the science, engineering, and technology that support all 

emergency response plan and activities. Now research progress focuses on continuously 

improving city-level response plan, designing the prototype of emergency response platform 

and putting it in practice, and developing the key technology of emergency management 

activities.  

  In this paper, encompassing the emergency management and response process, the several 

study themes would be introduced as follows: 

1) Developing no-obstacle, auto-locating, and self-diagnosing detection and sensor systems. 

2) Exploring multi-scale disaster modeling, simulation, and forecasting in emergency 

response platform, building a fully integrated capability across all different disaster sectors 

and the key factors. 

3) Advancing risk assessment and decision support systems based on spatial technique, 

including information sharing and analysis on the critical public safety information found 

within massive data sets. 

4) Initiating a double nested city evacuation model considering the big region of urban and 

large quantity of people. 

5) Establishing the method and standard of alert response level about emergency event. 

6) Improving the response plan, and studying the techniques that could make the response 

plan more active and more optimizing. 

These research progresses are involved in the whole emergency response process, including 

monitoring and control, forecast and alert, command and decision-making, as well as 

analysis and assessment before and after the events. 

 

 

Pennung Warnitchai  

Professor, Asian Institute of Technology 

 

Lessons Learned form the 26 December 2004 Tsunami Disaster in Thailand 

  Triggered by a massive earthquake (Mw =9.3) in the area off the western coast 

of northern Sumatra, a series of destructive tsunami waves propagated through out the 

Indian Ocean and devastated communities along thousands of kilometers of exposed 

coastline. In Thailand, all provinces facing Andaman Sea were seriously attacked by 

tsunami waves, where the total death toll including missing of more than 8000 was reported. 

An international survey team, comprising members from Thailand, Japan, and USA, spent 
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four days from 8 to 11 January 2005 in several hard-hit areas to collect information on 

tsunami inundation, building damage characteristics, ground and foundation failures, and 

associated data from eyewitnesses and survivors. The areas investigated include Khao Lak 

(Phang-Nga), Phi Phi Island, and Phuket Island. Many lessons learned from this 

post-tsunami reconnaissance survey are briefly summarized in this paper. 

 

 

John Harrison 

International Centre for Political Violence and Terrorism Research 

 

The Changing Face of Urban Terrorism: From Politics to Warfare 

   Dr John Harrison will be providing the context for the profound shift the world 

community has seen in terrorism over the last decade. While this has been seen most 

dramatically since 9/11 the shift has been occurring since the mid-1990s where a paradox 

developed; while the number of terrorist incidents was declining their lethality was 

increasing. This is primarily attributed to the introduction, or reintroduction, of religion as a 

primary motivation for extremist violence. The constraints on mass causality attacks 

common to the secular groups of the 1960s and 70s, who used terrorism as political theater, 

were replaced by an almost sacred duty to kill anyone who did not follow the true faith. This 

desire for mass attacks has been aided by the access to weapons and the target rich 

environment offered by the world’s mega cities. The concentration of people, media, and 

targets has always made cites a target for extremists groups wanting to use violence to 

attract attention to a particular cause. It was only comparatively recently that much of the 

world, and Asia particularly, shifted from a predominantly diffuse rural society to a 

compact urban one. Well into the 1980s terrorism in this region was associated with rural 

insurgents, the only notable exception was the Japanese Red Army who shared the same 

ideological goals as their urban based European and North American counterparts. With 

the rise of the Asian mega city national attention has shifted from rural issues and 

insurgency urban issues and their violent political manifestations. Various extremists for 

their own ends are exploiting the richness of economic opportunities and cultural 

experiences that have attracted humans to cities since the rise of urbanizations. The large 

rapidly growing populations of various ethnic and religious groups and the anonymity 

common to urban environments provide ample opportunities to find recruits, infrastructure, 

financing, weapons, and targets for a terrorist to exploit. This potentially toxic mix, when 

wedded to the wide range of weapons available to terrorists, means that cities, particularly 

megacities, will remain prime targets for the foreseeable future. The case study is the Al 
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Qaeda Network, who recognized the above issues, as well as the disproportionate role 

megacities play in the world economy, to shift terrorism from an act of political theater to 

a battlefield in their war with the non-Islamic world. This rather bleak picture does not 

mean to imply that cities are undefendable or deathtraps. Technology, intelligence, 

policing, and most importunately public vigilance, can decrease the threat. The public must 

realize that while the threat posed by terrorism can never be eliminated it can be managed. 

 

 4.3.5 ICUS の刊行物  

 ICUS では，国内外のより多くの研究者と最新の情報を共有するために，多くの刊行物を

発行している．その中でも 1 年に 4 回発行される ICUS Newsletter と不定期の研究レポート

は，世界 150 余ケ国，在日本大使館・領事館および約 3000 の研究者と研究機関に送付して

います．それらは，ICUS のホームページ（http://icus.iis.u-tokyo.ac.jp/）からもダウンロード

することができます． 

また，ICUS の活動を直感的に理解して頂くために ICUS パンフレット（日本語版／英語

版）および ICUS 紹介ビデオ（日本語版／英語版）を作成しました．さらに，ICUS を表敬

訪問された方々へのプレゼントとして ICUS カレンダーを作成しています． 

 以下に過去 5 年間に発行した刊行物のリストを記します． 

 

・ICUS Newsletter Vol.1(1)－Vol.5.(4) 

・ICUS Report 

・SEIKIEN SYMPOSIUM 

・RC39  

・Annual Report 

・ICUS パンフレット 

・ICUS カレンダー 

・その他 

  - Know Risk 

  - 比較防災学ワークショップ みんなで防災の知恵を共有しよう 

  - ICUS 紹介ビデオ（日本語／英語） 

 



ICUS Summarizing the Activity of Quinquennium 
 

 
70          

・ICUS Newsletter 

2001 

VOLUME 1 NUMBER 1 APRIL - JUNE 2001 

Towards Safer Urban Cities in the 21st Century Taketo Uomoto 

VOLUME 1 NUMBER 2 JULY - SEPTEMBER 2001 

Traditional Architecture in Saint Lucia and Seismic 

Responses 

Anne L. D. French, Deputy National 

Disaster Coordinator, Saint Lucia 

VOLUME 1 NUMBER 3 OCTOBER - DECEMBER 2001 

Earthquake Safety of Existing Dams for Irrigation and Water 

Supply in Rural Areas 

Martin Wieland, Chairman, Committee 

on Seismic Aspects of Dam Design, 

ICOLD 

Analyzing "Heat Island" from Space Yoshifumi Yasuoka 

Bridging between Policy and Research Takefumi Takahashi,  Director General 

for Disaster Management at the Cabinet 

Office of the Government of Japan, 

ICUS Visiting Professor 

 

VOLUME 1 NUMBER 4 JANUARY - MARCH 2002 

Maintenance of Concrete Infrastructure - A New Challenge 

for Civil Engineers - 

Taketo Uomoto and Sudhir Misra 

Safety vs. Disaster Shunji Murai, Green Bench Research 

Group-Chairman 
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VOLUME 1 NUMBER 1 APRIL - JUNE 2001 の例 
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2002 

VOLUME 2 NUMBER 1 APRIL - JUNE 2002 

September 11 2001 Event and Lessons for Disaster 

Reduction 

Kimiro Meguro 

VOLUME 2 NUMBER 2 JULY - SEPTEMBER 2002 

Urban Warming and its ControlSeismic Responses Ryozo Ooka 

Expert Systems in Visual Inspection of Concrete Structures Sudhir Misra 

VOLUME 2 NUMBER 3 OCTOBER - DECEMBER 2002 

Remote Sensing Activities in India R. S. Tiwari, Adjunct Professor in the 

Dept of CE at Indian Institute of 

Technology, Kanpur and Onkar Dikshit, 

Associate Professor at Dept of CE at 

Indian Institute of Technology, Kanpur. 

Analyzing "Heat Island" from Space Yoshifumi Yasuoka 

VOLUME 2 NUMBER 4 JANUARY - MARCH 2003 

Creation of DEMs for Urban Areas from Airborne Laser 

Scanner Data and Their Applications 

Masahiro Setojima, Visiting Professor at 

ICUS from Kokusai Kogyo Co., Ltd., 

Tokyo, Japan. 

Eight Years after the Kobe Earthquake - Its impact on 

Earthquake Disaster Reduction Strategies in Japan - 

Kimiro Meguro 
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VOLUME 2 NUMBER 1 APRIL - JUNE 2002 の例 
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2003 

VOLUME 3 NUMBER 1 APRIL - JUNE 2003 

Flood Disaster Trends in Asia in the Last 30 Years Dushmanta Dutta 

VOLUME 3 NUMBER 2 JULY - SEPTEMBER 2003 

Issues Raised by Recent subway Fire in South Korea 

Matoko TSUJIMOTO, Professor, 

Department of Environment Studies, 

Nagoya University, Japan 

Study of Making a Database for Deteriorated Concrete 

Bridges 

Yoshitaka Kato and Somnuk 

Tangtermsirikul 

VOLUME 3 NUMBER 3 OCTOBER - DECEMBER 2003 

Protecting Buildings Against Multiple Hazards 

Tso-Chien PAN, Professor, Director of 

Protective Technology Research Centre, 

School of Civil and Environmental 

Engineering, Nanyang Technological 

University, Singapore 

VOLUME 3 NUMBER 4 JANUARY - MARCH 2004 

Structural Damage to Buildings due to Bam Earthquake of 

December 26, 2003, Iran 

Kooroush NASROLLAHZADEH 

NESHELI, Scientific Board Member, 

Building and Housing Research Center 

(BHRC), Iran 

Proposal of a New Economic Retrofitting Method for 

Masonry Structures 
Paola MAYORCA 

A Study on Approaches toward Building Disaster Resistant 

Communities in California 
Miho YOSHIMURA 
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VOLUME 3 NUMBER 1 APRIL - JUNE 2003 の例 
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2004 

VOLUME 4 NUMBER 1 APRIL - JUNE 2004 

Working at International Organizations 

Ken SUDO, Professor, CTBTO, 

Preparatory commission for the 

comprehensive nuclear-test-ban treaty 

organization, Vienna 

VOLUME 4 NUMBER 2 JULY - SEPTEMBER 2004 

Earthquakes do not Wait Let’s Construct a Bridge between 

The Research Offices and the Real Society 

Nobuo FUKUWA, Professor, 

Environmental and Safety Management, 

Graduate School of Environmental 

Studies, Nagoya University 

VOLUME 4 NUMBER 3 OCTOBER - DECEMBER 2004 

Disaster Preparedness of Persons with Disabilities 

Hiroshi KAWAMURA, Director of 

Department of Social Rehabilitation, 

National Rehabilitation Center for 

Persons with Disabilities(NRCD) 

Central Part of Niigata Prefecture was Striken by M 6.8 

Earthquake on October 23, 2004 
Kimiro MEGURO 

SPECIAL ISSUE January 2005 

Central Part of Niigata Prefecture, Japan was Striken by M 

6.8 Earthquake on October 23, 2004 
Kimiro MEGURO 

VOLUME 4 NUMBER 4 JANUARY - MARCH 2005 

Sumatra Earthquake and Tsunami, 26 December 2004 
Teddy BOEN, ICUS Network Member 

from Indonesia 

A Report on UN World Conference on Disaster Reduction 

in Kobe, Japan 
D. Dutta 
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VOLUME 4 NUMBER 1 APRIL - JUNE 2004 の例 
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2005 

VOLUME 5 NUMBER 1 APRIL - JUNE 2005 

Fire and Disaster Management Agency Activities in 2004 and 

an Approach to the Future 

Shogo HAYASHI, ICUS Visiting 

Professor, Commissioner of the FDMA, 

Ministry of Internal Affairs and 

Communications, Japan 

VOLUME 5 NUMBER 2 JULY - SEPTEMBER 2005 

WHY ARE YOU AFRAID OF ONLY EARTHQUAKES? Taikan OKI 

After ten years of my affiliation with INCEDE/ICUS - 

Greetings from the Monash University, Australia - 

Dushmanta Dutta, Lecturer, School of 

Applied Sciences Engineering, Monash 

University 

International Collaboration Between Asia-Pacific Space 

Agencies for Disaster Reduction 
Junichi Susaki 

Current Status and Countermeasures for Asbestos Problem Ryozo Ooka 

VOLUME 5 NUMBER 3 OCTOBER - DECEMBER 2005 

From Ground Shocks to Air Blasts:Multiple-Hazards 

Protection of Buildings 

TSO-CHIEN PAN, Director, Protective 

Technology Research Centre, Nanyang 

Technological University, Singapore 

Pakistan and India was Struck by a M 7.6 Earthquake on 

October 8, 2005 

Shinya Kondo, Researcher of Disaster 

Reduction and Human Renovation 

Institution 

Potential of Coastal Industry in Tsunami Disaster Reduction 

Masasuke Takashima, Lecturer of 

FujiTokoha University 

 

VOLUME 5 NUMBER 4 JANUARY – MARCH 2006 

Recent Earthquake Related Activities in Bangladesh 

Mehedi Ahmed Ansary, Professor, BUET, 

Dhaka, Bangladesh & Secretary General, 

Bangladesh Earthquake Society 

Comparative Study on Urban Earthquake Disaster 

Management 
Kimiro Meguro 

 

 

 

 

 

 



ICUS Report 15 
 

 
79 

 

 
 

VOLUME 5 NUMBER 1 APRIL - JUNE 2005 の例 
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・ICUS Report 

 2002 

  ICUS/INCEDE REPORT2002-01 

  “URBAN SAFETY ENGINEERING 2001” 
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  2003 

 ICUS/INCEDE REPORT2003-01 

 “NEW TECHNOLOGIES FOR URBAN SAFETY OF MEGA CITIES IN ASIA” 

  ICUS/INCEDE REPORT2003-02 

 “CONSTRUCTION OF A DATABASE FOR DETERIORATED CONCRETE BRIDGES” 

  ICUS REPORT2003-03 

 “2003 NEW TECHNOLOGIES FOR URBAN SAFETY OF MEGA CITIES IN ASIA” 
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  2004 

  ICUS REPORT2004-01 

 “SEISMIC RISK MANAGEMENT FOR COUNTRIES OF THE ASIA PACIFIC 

REGION”    

  ICUS REPORT2004-02 

 “2004 NEW TECHNOLOGIES FOR URBAN SAFETY OF MEGA CITIES IN ASIA” 
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  2005 

  ICUS REPORT2005-01 

 “REPORT ON THE 2004 SUMATRA EARTHQUAKE AND TSUNAMI DISASTER” 

  ICUS REPORT2005-02 

 “コンクリート道路橋の健全度モニタリング・システムの開発（HEALTH 

MONITORING SYSTEM)”  

  ICUS REPORT2005-03 

 “第８回 ICUS オープンレクチャ講演記録”   

 ICUS REPORT2005-04 

 “PROCEEDINGS OF THE FORTH INTERNATIONAL SYMPOSIUM ON NEW 

TECHNOLOGIES FOR URBAN SAFETY OF MEGA CITIES IN ASIA” 

  ICUS REPORT2005-05 

 “第９回 ICUS オープンレクチャ講演記録” 
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・SEIKIEN SYMPOSIUM 

  2003 

  SEIKIEN SYMPOSIUM 

 “PROCEEDINGS OF THE SECOND INTERNATIONAL SYMPOSIUM ON NEW 

TECHNOLOGIES FOR URBAN SAFETY OF MEGA CITIES IN ASIA” 

  2004 

  SEIKIEN SYMPOSIUM 37 

 “PROCEEDINGS OF THE THIRD INTERNATIONAL SYMPOSIUM ON NEW 

TECHNOLOGIES FOR URBAN SAFETY OF MEGA CITIES IN ASIA” 

  2005 

  SEIKIEN SYMPOSIUM 42 

 “PROCEEDINGS OF THE FORTH INTERNATIONAL SYMPOSIUM ON NEW 

TECHNOLOGIES FOR URBAN SAFETY OF MEGA CITIES IN ASIA 

(USMCA2005)” 

・RC39 

  2002 

  ICUS/INCEDE COMMITTEE REPORT2002-1 

 “サステナブル構造システム研究委員会”  

  2003 

  ICUS/INCEDE COMMITTEE REPORT2003-1 

 “サステナブル構造システム研究委員会”    

  ICUS/INCEDE COMMITTEE REPORT2003-2 

 “老朽化構造物のサステナビリティに関する研究”    

  ICUS/INCEDE COMMITTEE REPORT2003-03 

 “多様化する都市型災害の低減に関する研究”    

  ICUS/INCEDE COMMITTEE REPORT2003-4 

 “リモートセンセイングデータを用いた阪神地区の都市気候数値シミュレーシ

ョン” 

  ICUS/INCEDE COMMITTEE REPORT2003-05 

 “環境低負荷型都市のあり方に関する研究” 

  2004    

  ICUS COMMITTEE REPORT 2004-01 

 “サステナブル都市システム研究委員会” 

  2005     

  ICUS COMMITTEE REPORT 2005-01 

 “サステナブル都市システム研究委員会” 
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・Annual Report 

Annual Report 2001 年度 日本語版 
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Annual Report 2001 年度 英語版 
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・ICUS パンフレット 
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・ICUS カレンダー 
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・その他 

  2004 

 - Know Risk 

 

 

 

- 比較防災学ワークショップ みんなで防災の知恵を共有しよう 

  2001 

 第１回比較防災学ワークショップ みんなで防災の知恵を共有しよう                   

 (1st Workshop for “Comparative Study on Urban earthquake Disaster Management”) 

  2002 

 第２回比較防災学ワークショップ みんなで防災の知恵を共有しよう                 

 (2nd Workshop for “Comparative Study on Urban earthquake Disaster Management”) 
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  2003 

 第３回比較防災学ワークショップ みんなで防災の知恵を共有しよう                 

 (3rd Workshop for “Comparative Study on Urban earthquake Disaster Management”) 

  2004 

 第４回比較防災学ワークショップ みんなで防災の知恵を共有しよう                 

 (4th Workshop for “Comparative Study on Urban earthquake Disaster Management”) 

  2005 

 第 5 回比較防災学ワークショップ みんなで防災の知恵を共有しよう  

 (5th Workshop for “Comparative Study on Urban earthquake Disaster Management”) 
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- ICUS 紹介ビデオ（日本語／英語） 

 

 
ICUS 紹介ビデオ 

 

4.4 グローバル連携活動 

 ICUS は，インフラと都市の安全性にかかわる世界の人材ネットワーク（ICUS ネットワ

ーク）を構築し，関連情報の活発な交換を行っています．また，国内外の関係研究機関と

の研究協力協定の締結や国際共同プロジェクトも実施しています． 

 具体的には，2002 年にタイ・バンコク市にあるアジア工科大学院（AIT）にアジアでの活

動拠点として Regional Network office for Urban Safety（RNUS）を開設しまいた．RNUS を通

じてアジアの巨大都市の安全性に関する研究を実施しています．例えば，「アジア諸国の都

市化地域を対象とした構造物を含めた地域脆弱性の恵贈的定量手法の提案とそのためのデ

ータベースの構築」に関する研究を進めています． 
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ICUS

Reginal Network Office on Urban Safety
（Asian Institute of Technology）

South Asian Network of Urban Safety
(Bangladesh University of Engineering and Technology）

港湾技術研究所LCMセンター

Nanyang Technological University

National University of Singapore

Indian Institute of Technology, Kanpur

Chulaｌonkorn U.

Kasesart U.

Thammasart U.

Office派遣教員（Dutta助教授、
須崎講師、加藤助教授、徳田
研究員、ラクティポン連携研究員）

Office派遣教員なし
（Prof.Ansary研究員, Prof. Noor）

派遣なし（Prof.Misra研究員）

派遣なし（Prof.Pan研究員）

派遣なし（Prof.Tan研究員）

派遣なし（横田研究員、加藤
協力研究員）

派遣なし（Prof.Ekasit、Prof. Boonchai）

派遣なし（Prof.Somnuk）

ICUSのネットワーク

ICUS のネットワーク 

 

 4.4.1 研究協力協定の締結 

 現在 ICUS は，AIT（タイ），シンガポール大学（シンガポール），ナンヤン工科大学（シ

ンガポール），インド工科大学・カンプール校（インド），港湾技術研究所 LCM センター（日

本），バングラディシュ工科大学（バングラディシュ）と研究協力協定を締結している． 
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ICUS の研究協力協定先 

 

 4.4.2 Regional Network Office for Urban Safety (RNUS)  

 4.4.2.1 RNUS 設立の目的 

 RNUS は，アジア諸国の都市化地域を対象とした構造物を含めた地域脆弱性の継続的定

量評価手法の提案とそのためのデータベースの構築という研究を効果的に進めるため， 

2002 年 10 月 AIT 内に設立されました．本研究の対象エリアである東アジアや東南アジア地

域では，設計基準の不備，不十分な施工管理や維持管理等を理由として，都市を構成する

各種の構造物の脆弱性が大きな問題となっています．この問題の重要性は，地震などの特

別な外力が作用しない状態でも構造物が崩壊してしまう事故が多発している事実からもは

っきりしています．また，これらの地域では急激な地域開発が行われていることが多く，

品質に問題のある構造物が建設ラッシュ期に集中的に造られていることから，近い将来に

時期を同じくして問題が顕在化してくる可能性が高く．早急にこの問題に対する解決策を

提示しない限り，今後，これがアジア諸国に対して社会的・財政的に大きな問題を与える

ことは自明であります． 

 この問題に対処するには，構造物をはじめとする地域データ整備が不可欠であるが，ア

ジア地域でこれが整備されているところは少なく，建物一棟ずつ調べてデータベース化す

るなどの手段は現実的ではありません．そこで本研究では，これらの地域をカバーできる

地球観測衛星データを活用して，地域における市街地化の時系列情報を収集するとともに，

現地調査に基づいて市街地化の進行時期ごとの建築構造物をはじめとする地域のデータベ

ース化をはかります．さらに，このデータを活用して脆弱性評価モデルを構築すします．  

 このモデルにより，アジア諸都市の，どの地区が，将来のどの時期に構造的な危険が生

ずるかを予測することが可能となります．この調査研究は，アジア諸国の中でも問題の切

迫性の高いタイのバンコク市を対象として開始し，順次その対象を拡大します． 
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 AIT に設置するオフィスを活動拠点として，宇宙の視点と地上の視点からアジア諸都市の

構造物をはじめとする地域特性の情報をベータベース化するとともに，これらを活用した

地域の脆弱性評価モデルを構築します． 

 

RNUS のホームページ （http://www.sce.ait.ac.th/rnus/） 

 

 4.4.2.2 研究テーマ 

  • Development and applications of advanced technologies and tools on prediction of urban 

flood inundation. 

  • Urban flood risk mapping using GIS, RS and mathematical model 

  • Urban flood inundation modeling using physically based distributed hydrological model 

  • Health monitoring of urban infrastructure. 

  

 4.4.2.3 設備 

  • Advanced computing facilities 

  • Expertise in application of GIS and Remote Sensing software 

  • Distributed hydrologic model for real time urban flood inundation analysis 

  • Expertise on urban safety research 

 

 4.4.2.4 プロジェクト 

  RNUS では，タイを中心にプロジェクトを通して，東南アジア諸国の研究機関，研究
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者と協力して研究を進めています． 

  下記に設立からのプロジェクトを示します． 

  ・Catastrophic Flood Risk Analysis in Bangkok, Thailand. (United Nations University core 

research fund) 

  ・Flood Forecasting and Decision Support System for Chao Phraya River Basin, Thailand. 

(Grant-in-aid research project funded by National Electronics and Computer Technology 

Center (NECTEC), Thailand)  

  ・An Assessment of the Socio-economic Impacts of Floods under Climate Change Conditions 

in Large Coastal Cities in South and Southeast Asia”, (Grant-in-Aid research project funded 

by National Science Foundation (NSF) of USA under CAPaBLE Programme, Asia-Pacific 

Network for Global Change Research (APN)) 

  • “Study on Application o Fly Ash as Concrete Ingredient in Thailand” – CERES 

  • “Application of Ground Penetrating Radar Method to Inspect Post-tensioned Tendon” – 

Khongthon Limited, co. 

  • “Preliminary Canal Bridges Inspection in Bangkok Metropolitan Administration Area” – 

(with Prof.Somnuk Tangtermsirikul – SIIT, Thammasat) 

 

 4.4.2.5 ワークショップとセミナー 

  ワークショップリスト 

  • International Symposium on Role of Water Sciences in Transboundary River Basin 

Management, Ubon Ratchathani, Thailand, March 2005. 

   • Brainstorming Workshop “An Assessment of the Socio-economic Impact of Floods under 

Climate Change Conditions in Large Coastal Cities in South and South-east Asia”. AIT, 

Thailand, March 2005. 

   • International Symposium on “Floods in Coastal Cities under Climate Change Conditions”. 

AIT, Thailand, June 2005 

    

  セミナーリスト 

   • Physics and Integrated Enclosed Bay Model in Tokyo Bay, March 2005      

   • Advanced Technology for Urban safety against disasters and hazardous environment, 

October, 2005 

   • RNUS Seminar – Oct 20th, 2005 

  “Advanced Technology for Urban Safety – Againt Disasters and Harzarous Environment” 

  Prof. Taketo Uomoto, Prof. Reiko Amano, Prof. Kimiro Meguro, Associate professor Ryozo Ooka 

  • RNUS Seminar – Jan 17th, 2006 

  “Advanced Technologies toward Sustainable Concrete Structure” 
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   Prof.Toyoharu Nawa, Prof.Somnuk Tangtermsirikul, Dr.Pipat Termkhajornkit 

  • Special Seminar – March 15th,2006 

  “Niigata-Tyuetsu Earthquake on October 23, 2004” 

   Prof. Hiroshi Mutsuyoshi 
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4.4.3 スタッフ海外出張記録 

 

・2001 年度 

教官名 期間 場所 用向き 

7/15-7/20 Cambridge/ UK 
International Conference on Fibre Reinforced 

Plastic for Reinforced Concrete Structures 

8/16-8/21 California,/USA 
2nd International Conference on Engineering 

Materials  

魚本 健人 

12/3-12/4 
Kuala 

Lumpur/Malaysia 

The International Commission on Concrete 

Model Code for Asia(ICCMC) 

7/23-7/25 
Kuala Lumpur/ 

Malaysia 

The Eighth Asia-Pacific Regional Space 

Agency Forum  

11/5-11/9 Singapore 
The 22nd Asian Conference on Remote 

Sensing  

安岡 善文 

3/21-3/23 Bangkok/Thai research meeting 

越智 士郎 12/3-12/5 Kathmandu/ Nepal The 1st Asian Eco-Seminar  

7/19-7/20 Lima/ Peru 

Peru-Japan Joint Workshop on Earthquake and 

Tsunami Disaster Mitigation in the Asia and 

Pacific Region 

目黒 公郎 

2/24-3/3 New York/ USA 
Study the on-going rehabiliation activities 

aftermath of the WTC disaster 

11/18-11/20 Hanoi/Vietnam International Hydrological Programme(IHP-5)

3/4-3/9 Bern/ Switzerland 
The International Conference on Flood 

Estimation  

Dutta. D 

3/13-3/17 Thailand field survey for flood modeloing 

 

 ・2002 年度 

教官名 期間 場所 用務 

6/5-6/8 Montreal, Canada 30th Annual Conference-Canadian Society of 

Civil Engineering  

9/5-9/11 Dundee/UK International Congress on Challenges of 

concrete Construction  

魚本健人 

10/31-11/4 Seoul/Korea ISO panel TC 71 on concrete 

Misra S.  10/31-11/5 Seoul/Korea International Concrete Committee for Model 

Code and the Asian Concrete Forum  
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4/8-4/12 Buenos Aires/ 

Argentina 

29th Intl Symp on Remote Sensing of 

Environment  

6/23-6/27 Toronto/ Canada 2002 Intl Geoscience and Remote Sensing 

Symp 

10/22-10/27 Hangzhou/ China 3rd International Asia-Pacific Symposium on 

Remote Sensing of the Atmosphere Ocean 

Environment and Spae  

安岡善文 

3/13-3/14 Brussels/ Belgium 2nd EU-Japan Symposium on Climate 

Research 

9/10-9/12 Dehradun/ India 2nd Regional Seminar on Geo-Informatics for 

Asian Eco-System Management  

8/7-8/9 Bangkok/ Thailand Map Asia 2002 

越智士郎 

2/26-2/28 Bangkok/ Thailand Regional Conference on Digital GMS 

7/3-7/8 St. Petersburg/Russia Earthquake Related Insurance and Financial 

Risk Management  

7/14-7/19 Boulder/ USA 27th Annual Hazards Research and 

Applications Workshop 

目黒公郎 

  

3/23-3/26 Maui, Hawaii/USA US-Japan workshop on Urban Earthquake 

Disaster Mitigation 

大岡龍三 10/13-10/17 Shanghai/ China 2nd International Workshop on Energy and 

Environment of Residential Building China 

5/5-5/22 Australia Joint Research Studies on Urban Flood Risk 

Management and Improvement of Topography 

Data for Hydrological Modeling 

8/25-8/28 Hanoi/ Vietnam International Symposium on Geoinformatics 

for Spatial Infrastructure Development in 

Earth and Allied Sciences 2002 

Dutta D. 

2/16-2/20 Thailand field survey in the Pak-Mun River 

加藤佳孝 3/11-3/14 Bangkok/ Thailand Field experiment and demonstration related to 

urban infrastructure health monitoring 
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・2003 年度 

教官名 期間 場所 用務 

7/7-7/12 Singapore/Singapore FRPRCS-6 

7/20-7/24 Australia/Sydney ISO/T71 on concrete 

9/14-9/21 Germany/Berlin NDT-CE 2003 

魚本健人 

12/15-12/19 Indonesia/Bali EASEC-9 

5/28-5/31 Bangkok/Thailand Meeting on MODIS Satellite Receiving Station

7/9-7/21  Buenos Aires/ 

Argentine Republic 

Training for monitoring of the global 

environment（requested by JICA ）  

9/25-9/27 Seoul/Korea  International Academic Symposium 

安岡善文 

11/5-11/7 Busan/Korea Asian Conference on Remote Sensing 2003 

7/13-7/22 Rome/Italy,  

Algeria/Algeria 

A damage investigation of Algeria Earthquake 

10/5-10/9 Istanbul/Turkey The Study on A Disaster Prevention / 

Mitigation Basic Plan in Istanbul including 

Seismic Microzonation 

12/3-12/5 Singapore/Singapore Board Meeting of WSSI 

12/6-12/8 Bangkok/Thailand Seismic Risk Management for Countries of the 

Asia Pacific Region 

目黒公郎 

12/20-12/26 Teheran/Iran Study on the. Seismic Microzoning of the 

Greater Tehran Area 

8/30-9/6 Warsaw/Poland 5th International Conference on Urban Climate大岡龍三 

9/19-21 Hanoi/Vietnam Development of Urban and Building Models 

for Densely Populated Area with Minimized 

Environmental Load in Hot and Humid Climate

遠藤貴宏 11/5-11/7 Busan/Korea Asian Conference on Remote Sensing 2003 

7/13-7/18 Denver/U.S.A. 28th Annual Hazards Research and 

Applications Workshop  

吉村美保 

11/5-12/5 Berkley/U.S.A Urban Damage due to Earthquake 

Dutta D. 6/8-6/17 Bangkok/Thailand RNUS 
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・2004 年 

教官名 期間 場所 用務 

6/12-6/20 Zurich/Switzerland,  

Munchen,Berlin,Koln

/ Germany 

Research on shotcrete 

7/20-7/24 Calgary/Canada 4th International Conference on Advanced 

Composite Materials in Bridges and Structures 

8/16-8/20 Seoul/Korea 3rd Civil Engineering Conference in the Asian 

Region 

9/19-9/24 Istanbul/Turkey ISO/TC71- Concrete, Reinforced Concrete and 

Pre-stressed Concrete 

10/15-10/21 Agra,Kanpur/India 3rd International Symposium on "New 

Technologies for Urban Safety of Mega Cities 

in Asia " 

10/22-10/23 Bangkok/Thailand Research at ICUS, RNUS 

10/27-10/31 Chiang Mai/Thailand 1st International Conference of Asian Concrete 

Federation 

12/1-12/3 Kaohsiung/Taiwan Event of International Activities, CICHE2004 

(Selected for Joint-Seminar Speakers) 

魚本健人 

3/27-3/30 Singapore MOU with Nanyang Technological University, 

National University of Singapore 

2/24-2/28 Sri Samrong 

/Thailand  

Lectured at AIT in Thailand, and carried out a 

field survey 

6/23-6/26 Thailand/Bangkok Holding the 8th MODIS meeting with GISTDA 

and AIT for the management and utilization of 

MODIS data 

7/16-7/23 Turkey/Istanbul 20th International Society for Photogrammetry 

and Remote Sensing 

10/15-10/20 Agra/India 3rd International Symposium on " New 

Technologies for Urban Safety of Mega Cities 

in Asia " 

11/8-11/13 Honolulu/Hawaii SPIE Fourth International Asia-Pacific 

Environmental Remote Sensing Symposium  

安岡善文 

11/21-26 Chiang Mai/Thailand 25th Asian Conference on Remote Sensing 
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10/15-10/21 Agra,Kanpur/India 3rd International Symposium on " New 

Technologies for Urban Safety of Mega Cities 

in Asia " 

天野玲子 

10/22-10/23 Bangkok/Thailand Research at ICUS, RNUS 

2/16-2/26 Teheraｎ,Bam/Iran Damage investigation and an investigation 

report of Bam earthquake 

8/1-8/8 Vancouver/Canada 13th World Conference on Earthquake 

Engineering 

10/15-10/21 Agra,Kanpur/India 3rd International Symposium on " New 

Technologies for Urban Safety of Mega Cities 

in Asia " 

10/22-10/23 Bangkok/Thailand Research at ICUS, RNUS 

12/5-12/8 Singapore WSSI meeting at Nanyang University 

2/17-2/25 Sri Lanka Damage investigation and an investigation 

report of Sumatra Earthquake 

目黒公郎 

3/27-3/30 Singapore MOU with Nanyang Technological University, 

National University of Singapore 

3/20-3/28 Göteborg,Gavle 

/Sweden 

Attend an annual meeting on AGS and 

announces about The research result about earth 

environment and city environment. 

6/15-6/18 Hanoi/Vietnam Development of Urban and Building Models 

for Densely Populated Area with Minimized 

Environmental Load in Hot and Humid Climate

6/26-7/2 Nashville/USA Attended the annual meeting of ASHRAE 

8/21-8/28 Vancouver/Canada 5th Conference on the Urban Environment 

10/15-10/21 Agra/India Third International Symposium on " New 

Technologies for Urban Safety of Mega Cities 

in Asia " 

11/21-11/25 Bangkok/Thailand 

Tainan/Taiwan 

Celebration of the 60th anniversary of the 

Department of Architecture in National Cheng 

Kung University 

2/5-2/11 Orland/USA ASHRAE Winter Meeting 

3/16-3/19 Vancouver/Canada Geo Exchange meeting 

大岡龍三 

3/20-3/24 Boston/USA Annual meeting on AGS 
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3/11-3/13 Bangkok/Thailand Research at ICUS, RNUS 

3/14-3/17  Delhi,Agra/India  Investigation for research at ICUS,RNUS 

5/17-5/29 Bangkok/Thailand Research at ICUS, RNUS 

6/7-6/25 Bangkok/Thailand Research at ICUS, RNUS 

6/26-7/1 Soeul/Korea 4th International Conference on Concrete under 

Severe Conditions 

7/2-7/23 Bangkok/Thailand Research at ICUS, RNUS 

10/15-10/21 Agra/India 3rd International Symposium on " New 

Technologies for Urban Safety of Mega Cities 

in Asia " 

加藤佳孝 

10/27-10/31 Chiang Mai/Thailand 1st International Conference of Asian Concrete 

Federation 

2/10-3/31 Bangkok/Thailand Research at ICUS, RNUS 

2/14-2/22 Colombo/SriLanka Investigation for research at ICUS,RNUS 

4/2-5/30 Bangkok/Thailand Research at ICUS, RNUS 

6/15-8/31 Bangkok/Thailand Research at ICUS, RNUS 

7/4-7/9 Singapore 2nd APHW CONFERENCE 

9/7-11/27 Bangkok/Thailand Research at ICUS, RNUS 

9/13-9/18 Hanoi/Vietnam GeoInformatics for Spatial-Infrastructure 

Development in Earth & Allied Science: 

GIS-IDEAS2004 

Dutta D. 

10/16-10/21 Agra/India 3rd International Symposium on " New 

Technologies for Urban Safety of Mega Cities 

in Asia " 

8/15-8/27 Bangkok/Thailand Meeting on the operation of the MODIS 

receiving station and the research about 

MODIS data 

10/11-10/14 Bangkok/Thailand JICA, RNUS 

10/15-10/21 Agra/India 3rd International Symposium on " New 

Technologies for Urban Safety of Mega Cities 

in Asia " 

10/22-10/23 Bangkok/Thailand JICA, RNUS 

11/22-11/27 Chiang Mai/Thailand 25th Asian Conference on Remote Sensing 

須崎純一 

2/1-07/1/31 Bangkok/Thailand Secondment to AIT as a JICA expert of remote 

sensing 
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2/24-2/28  Sri Samrong 

/Thailand  

Lectured at AIT in Thailand, and carried out a 

field survey 

3/11-3/13 Bangkok/Thailand Research at ICUS, RNUS 

3/14-3/17  Delhi,Agra/India Investigation for research at ICUS, RNUS 

3/21-3/29 Chile Field survey of a eucalyptus 

6/23-6/26 Thailand/Bangkok Holding the 8th MODIS meeting with GISTDA 

and AITfor the management 

10/15-10/21 Agra/India 3rd International Symposium on " New 

Technologies for Urban Safety of Mega Cities 

in Asia " 

11/22-11/28 Chiang Mai/Thailand 25th Asian Conference on Remote Sensing 

遠藤貴宏 

3/13-17 Huay Kha Khaeng 

/Thailand 

Research for forest fire in Hauy Kha Khaeng 

Wildlife Sanctuary 

2/16-2/26 Iran/Teheraｎ/Bam Damage investigation and an investigation 

report of Bam earthquake 

3/11-3/13 Bangkok/Thailand Research at ICUS, RNUS 

3/14-3/17  Delhi,Agra/India Investigation for research at ICUS,RNUS 

吉村美保 

10/15-10/21 Agra/India 3rd International Symposium on " New 

Technologies for Urban Safety of Mega Cities 

in Asia " 

 

・2005 年度 

教官名 期間 場所 用務 

5/2-5/4 Bangkok/Thailand Meeting at  ICUS, RNUS 

8/21-8/26 Vancouver/Canada ConMat'05Third International Conference. 

Construction Materials: Performance, 

Innovations and Structural Implications 

9/3-9/5 Jeju/Korea Korea-Japan Joint Workshop on the 

Assessment of Infrastructures 

9/21-9/26 Mumbai/India 2nd ICI- Asian Conference on Ecstacy in 

Concrete 

魚本健人 

10/17-20 Singapore 4th International Symposium on New 

Technologies for Urban Safety of Mega Cities 

in Asia 
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10/20-21 Bangkok/Thailand RNUS Seminar on Advance Technology for 

Urban Safety Against Disasters and 

Hazardous Environment 

11/27-30 Seoul/Korea ISO/TC71－Concrete, Reinforced Concrete 

and Prestressed Concrete 

2/17-2/20 Bangladesh Visit BUET, field research  

魚本健人 

3/20-3/22 Bangkok/Thailand Sign of Chula Unisearch 

9/18-23 Beijing/the People's 

Republic of China 

8th International Symposium on Fire Safety 

Science (IAFSS)  

10/17-20 Singapore 4th International Symposium on New 

Technologies for Urban Safety of Mega Cities 

in Asia 

天野玲子 

10/20-21 Bangkok/Thailand RNUS Seminar on Advance Technology for 

Urban Safety Against Disasters and 

Hazardous Environment 

4/24-4/27 LakeTahoe/USA Earthquake Summit 

6/24-6/26 Bangkok/Thailand International Symposium on Floods in Coastal 

Cities under Climate Change Conditions 

9/15-9/19 Colmbo/Sri Lanka Take part in Workshop on 2004 Tsunami 

Impact 

10/17-20 Singapore 4th International Symposium on New 

Technologies for Urban Safety of Mega Cities 

in Asia 

10/20-21 Bangkok/Thailand RNUS Seminar on Advance Technology for 

Urban Safety Against Disasters and 

Hazardous Environment 

10/22-11/1 Pakistan To investigate into restoration and revival of 

the northern part of Pakistan  

 Singapore To take part in World Seismic Safety Initiative 

board meeting  

目黒公郎 

2/19～2/23 中華人民共和国 

（北京） 

To take part in Earthquake Summit 

5/30-6/4 Lasvegas/USA Global Advances in Heat Pump Technology 

Applications, and Markets 

大岡龍三 

6/25-6/30 Denver/USA ASHRAE Annual Meeting 
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9/11-9/14 Soul/Korea 6th Asia-Pacific Conference on Wind 

Engineering (APCWE-VI) 

9/18-9/23 Beijing/the People's 

Republic of China 

8th International Symposium on Fire Safety 

Science (IAFSS)  

10/16-20 Singapore 4th International Symposium on New 

Technologies for Urban Safety of Mega Cities 

in Asia 

10/20-21 Bangkok/Thailand RNUS Seminar on Advance Technology for 

Urban Safety Against Disasters and 

Hazardous Environment 

大岡龍三 

11/23-27 Xian/the People's 

Republic of China 

International Symposium on Subtainable 

Development of Asia City Environment 2005 

4/1-4/11 Iguassu/Brazil IAHS Hydrology 2020 Working Group 

Workshop 

7/24-27 Phisanulok/Thailand Visiting TMD,RID, Phitsanulok site for 

Meeting  

8/20-25 Stockholm/Sweden Attends Hydrology 2020Meeting 

11/4-7 Kanchanaburi/Thailand 2nd Post-GAME Planning Workshop 

11/19-24 Chiangmai/Thailand 2nd Post-GAME Research Meeting 

1/14-21 Melida/Mexico IPCC AR4 WG 2 Conference 

3/18-22 Bangkok/Thailand AGS Annual  Conference 

沖 大幹 

3/22-26 Oaha/Mexico Global Water System Project/Scientific 

Steering Committee 

1/22-3/29 Bangkok/Thailand Research at ICUS, RNUS 

2/7-2/15 Delhi, Guwahati/India Map India 2005 International 

Conference(Delhi),field survey and meeting 

in Guwahati towards developing a project on 

urban flood risk management(Guwahati) 

4/2-5/21 Bangkok/Thailand Research at ICUS, RNUS 

4/5-4/12 Iguassu Falls/Brazil 7th IAHS Scientific Assembly 

Dutta D. 

6/3-7/11 Bangkok/Thailand Research at ICUS, RNUS 

5/2-5/4 Bangkok/Thailand Meeting at  ICUS, RNUS 

5/24-7/21 Bangkok/Thailand Research at ICUS, RNUS 

8/1-9/8 Bangkok/Thailand Research at ICUS, RNUS 

加藤佳孝 

9/18-12/9 Bangkok/Thailand Research at RNUS for ICUS 



ICUS Report 15 
 

 
107 

10/15-20 Singapore 4th International Symposium on New 

Technologies for Urban Safety of Mega Cities 

in Asia 

10/20-21 Bangkok/Thailand RNUS Seminar on Advance Technology for 

Urban Safety Against Disasters and 

Hazardous Environment 

10/26-31 Qingdao/the People's 

Republic of China 

Durability of Reinforced Concrete under 

Combined Mechanical and Climatic Loads 

1110-13 Hanoi/Vietnam Vietnam Institute for Building Science& 

Technology 

1/10-1/18 Bangkok/Thailand Research at RNUS for ICUS 

2/27-3/22 Bangkok/Thailand Research at RNUS for ICUS 

加藤佳孝 

3/26-3/31 Bangkok/Thailand Research at RNUS for ICUS 

10/17-20 Singapore 4th International Symposium on New 

Technologies for Urban Safety of Mega Cities 

in Asia 

10/20-21 Bangkok/Thailand RNUS Seminar on Advance Technology for 

Urban Safety Against Disasters and 

Hazardous Environment 

11/06-10 Hanoi/Vietnam Attend and make a presentation at "The 26th 

Asian Conference on Remote Sensing 

(ACRS)" 

12/16-22 Tokyo/Japan Accompany AIT President and Vice President 

to visit universities, ministries and research 

organizations in Japan 

2/15-17 Hanoi/Vietnam Attend The ASEAN Subcommittee on Space 

Technology and Applications (SCOSA) 

須崎純一 

3/12-19 Tokyo, Kyoto/Japan Meeting with Prof. Masayuki Tamura, Kyoto 

Univ.; attend and make a presentation at "The 

15th Forum on Monitoring of Global 

Environment from Space"  

10/16-21 Singapore 4th International Symposium on New 

Technologies for Urban Safety of Mega Cities 

in Asia 

遠藤貴宏 

3/4-3/14 Bangkok/Thailand Data processing of ANHRR & MODIS 
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10/16-20 Singapore 4th International Symposium on New 

Technologies for Urban Safety of Mega Cities 

in Asia 

10/20-21 Bangkok/Thailand RNUS Seminar on Advance Technology for 

Urban Safety Against Disasters and 

Hazardous Environment 

吉村美保 

2/28-3/7 Istanbul/Turkey To make arrangements about joint workshop 

in September with Istanbul Institute of 

technology and to investigate into urban 

construction of Garata area. 

金田尚志 10/16-21 Singapore 4h International Symposium on New 

Technologies for Urban Safety of Mega Cities 

in Asia 

10/5-12/18 Bangkok/Thailand Research at RNUS for ICUS 

10/16-20 Singapore 4h International Symposium on New 

Technologies for Urban Safety of Mega Cities 

in Asia 

10/25-26 Rayong/Thailand 1st Annual Concrete Conference 

Raktipong S. 

12/29-3/28 Bangkok Research at RNUS for ICUS 

Ansary M. A. 2/17-2/20 Bangladesh Field research 

 
 
 4.4.4 受賞記録 

名前 研究室 年月 受賞名 受賞の対象 授与機関名 

竹内 渉 安岡研 2001.2. 論文奨励賞 第 8回リモートセン

シングフォーラム 

計測自動制御学会 

塚原 絵万 魚本研 2001.5. 吉田研究奨励賞 土木学会賞 (社)土木学会 

塚原 絵万 魚本研 2001.5. 奨励賞 コンクリート工学

協会賞 

(社)日本コンクリート工学協会

竹内 渉 安岡研 2001.6. 優秀論文賞 平成 13 年度春季年

次講演会 

日本写真測量学会 

塚原 絵万 魚本研 2001.7. 優秀講演賞 第 23 回コンクリー

ト工学講演会 

(社)日本コンクリート工学協会
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蔵重 勲 魚本研 2001.7. 優秀講演賞 第 23 回コンクリー

ト工学講演会 

(社)日本コンクリート工学協会

塚原 絵万 魚本研 2001.11. 優秀講演賞 年次学術講演会 (社)土木学会 

沼田 宗純 目黒研 2001.11. 優秀講演賞 年次学術講演会 (社)土木学会 

藤田 卓 目黒研 2001.11. 優秀講演賞 年次学術講演会 (社)土木学会 

榎本 美咲 目黒研 2001.11. 優秀講演賞 年次学術講演会 (社)土木学会 

石関 嘉一 

細川 佳史 

西村 次男 

魚本 健人 

魚本研 2002.5 技術賞 日本コンクリート

工学協会賞 

(社)日本コンクリート工学協会

杉山 知巳 魚本研 2002.6. 年次論文奨励賞 年次論文奨励賞 (社)日本コンクリート工学協会

宮本 一成 魚本研 2002.6. 年次論文奨励賞 年次論文奨励賞 (社)日本コンクリート工学協会

Pandey 

Bishunu 

Hari 

目黒研 2002.8. 優秀講演賞 第 4 回 International 

Summer Symposium 

(社)土木学会 

Mayorca 

Paola 

目黒研 2002.8. 優秀講演賞 第 4 回 International 

Summer Symposium 

(社)土木学会 

杉山 知巳 魚本研 2002.9. 優秀講演者賞 セメント技術大会 セメント協会 

金田 尚志 魚本研 2002.11. 優秀講演賞 年次学術講演会 (社)土木学会 

竹内 渉 安岡研 2002.11. 優秀論文賞 平成 14 年度秋季年

次講演会 

日本写真測量学会 

Mayorca 

Paola 

目黒研 2002.11 優秀講演賞 年次学術講演会 (社)土木学会 

榎本 美咲 目黒研 2002.11. 優秀講演賞 年次学術講演会 (社)土木学会 

藤田 卓 目黒研 2002.11. 優秀講演賞 年次学術講演会 (社)土木学会 

吉村 美保 目黒研 2002.11 論文奨励賞 平成 14 年度地域安

全学会講演会 

地域安全学会 

蔵重 勲 魚本研 2003.6. 奨励賞 日本コンクリート

工学協会賞 

(社)日本コンクリート工学協会

金田 尚志 魚本研 2003.7. 年次論文奨励賞 第 25 回コンクリー

ト工学講演会 

(社)日本コンクリート工学協会

吉國 美涼 魚本研 2003.7. 年次論文奨励賞 第 25 回コンクリー

ト工学講演会 

(社)日本コンクリート工学協会
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金田 尚志 魚本研 2003.9. Young 

Researchers 

Award 

Non-Destructive 

Testing in Civil 

Engineering 2003 

(社)土木学会 

白勢 和道 魚本研 2003.9. 優秀講演賞 土木学会年次学術

講演会 

(社)土木学会 

奥山 康二 魚本研 2003.9. 優秀講演賞 土木学会年次学術

講演会 

(社)土木学会 

杉山 知巳 魚本研 2003.9. 優秀講演賞 土木学会年次学術

講演会 

(社)土木学会 

金田 尚志 魚本研 2003.9. 優秀講演賞 土木学会年次学術

講演会 

(社)土木学会 

織田 浩平 目黒研 2003.11. 優秀講演賞 年次学術講演会 (社)土木学会 

菅野 有美 目黒研 2003.11. 優秀講演賞 年次学術講演会 (社)土木学会 

吉村 美保 目黒研 2003.11. 優秀講演賞 年次学術講演会 (社)土木学会 

山口 紀行 目黒研 2003.11. 優秀講演賞 年次学術講演会 (社)土木学会 

Pakawat 

Sancharoen 

魚本研 2004.5. 優秀講演賞 第 58 回セメント技

術大会 

セメント協会 

白勢和道 魚本研 2004.5. 優秀講演賞 第 58 回セメント技

術大会 

セメント協会 

大吉 慶 安岡研 2004.6. 優秀論文賞 写真測量学会年次

講演会 

日本写真測量学会 

近藤 伸也 目黒研 2004.9. 優秀講演賞 年次学術講演会 (社)土木学会 

根澤淳志 加藤研 2004.9. 優秀講演賞 
第 59 回土木学会年

次学術講演会 
(社)土木学会 

竹下 直樹 加藤研 2004.9. 優秀講演賞 第 59 回土木学会年

次学術講演会 

(社)土木学会 

沖 大幹 沖研 2005.5. バーチャルウォ

ーターに関する

一連の研究と社

会への普及活動 

土木学会賞：環境賞 (社)土木学会 

大岡龍三 大岡研 2005.5. 空気調和・衛生工

学会振興賞技術

振興賞 

  空気調和・衛生工学会 
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伊藤 正憲 魚本研 2005.6. 年次論文奨励賞 第 27 回コンクリー

ト工学講演会 

(社)日本コンクリート工学協会

魚本  健人 魚本研 2005.7. 功労賞   (社)日本コンクリート工学協会

Said A. 

Elkholy 

目黒研 2005.7. 優秀講演賞 第 7 回 International 

Summer Symposium 

(社)土木学会 

Said A. 

Elkholy 

目黒研 2005.12. 優秀論文賞 第 28 回地震工学論

文集論文奨励賞 

(社）土木学会地震工学委員会

大岡龍三 大岡研 2005.9. 優秀講演賞(ポス

ター） 

第3回人間生活環境

系国際会議 

人間生活環境系学会 

竹下 直樹 加藤研 2005.12 優秀講演者賞 優秀講演者 (社)土木学会 

伊藤大輔 目黒研 2005.12 優秀講演者賞 優秀講演者 (社)土木学会 

南條孝文 目黒研 2005.12 優秀講演者賞 優秀講演者 (社)土木学会 

沖大幹 

鼎信次郎 

平林由希子 

沖研 2006.3. 土木学会水工学

論文賞 

平成 17 年度土木学

会 

(社)土木学会 

目黒公郎 目黒研 2006.5. 「土と基礎」年間

優秀賞 

年間優秀論文 社団法人 地盤工学会 

Pakawat 

Sancharoen 

魚本研 2006.7. 年次論文奨励賞 第 28 回コンクリー

ト工学講演会 

(社)日本コンクリート工学協会
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A. 業績リスト 

 

2001 

1. 塚原絵万，加藤佳孝，魚本健人，(2001)，ひび割れを有する鉄筋コンクリートの腐食

に関する基礎的研究（２）～ひび割れ間隔に関する一考察～: 生産研究，53，11，12，

pp.99-102. 

2. 高羅信彦，魚本健人，(2001)，温度解析に基づいたサーモグラフィー法によるコンク

リート中のひび割れの検査方法に関する基礎的研究: 生産研究，53，11，12，pp.87-90. 

3. 蔵重勲，魚本健人，(2001)，硫酸腐食環境におけるコンクリートの劣化特性（４）: 生

産研究，53，11，12，pp.103-106. 

4. 宮本一成，魚本健人，(2001)，ホーン型レーダによるコンクリート構造物の欠陥探査

方法に関する基礎研究: 生産研究，53，11，12，pp.91-94. 

5. 魚本健人，(2001)，21 世紀の安全な都市をめざして－新研究センター「都市基盤安全

工学，国際研究センター」について－: 生産研究，53，11，12，pp.53-54. 

6. 魚本健人，(2001)，コンクリートの劣化診断: 生産研究，53，11，12，pp.55-59. 

7. 横澤祐希，加藤佳孝，魚本健人，(2001)，Damage Investigation on RC Beam Specimens 

Subjected to Static and Fatigue Loading Utilizing Laser Dopp.ler Vibrometer(LDV): 生産研

究，53，11，12，pp.95-98. 

8. 野村謙二，魚本健人，(2001)，道路橋における鉄筋コンクリート床版の防水工に関す

る研究（その５）－床版防水工上のアスファルト混合物の空隙率と透水性状－: 生産

研究，53，11，12，pp.107-110. 

9. 伊代田岳史，魚本健人，(2001)，初期乾燥を受けたセメントペーストの水和・細孔組

織に与える高炉スラグの影響: 生産研究，53，3，pp.38-41. 

10. 石関嘉一，西村次男，魚本健人，(2001)，吹付けコンクリートの特性に関する基礎的

研究（１７）－混和材が吹付けコンクリートの施工性およびリバウンドに及ぼす影響

ー: 生産研究，53，3，pp.42-45. 

11. 平田隆祥，魚本健人，(2001)，超音波法によるコンクリート構造物のひび割れ調査に

関する研究（２）－コンクリート内部の空隙の測定精度－: 生産研究，53，3，pp.46-49. 

12. 蔵重勲，魚本健人，(2001)，硫酸腐食環境におけるコンクリートの劣化特性(2)－侵食

および中性化の進行－: 生産研究，53，3，pp.50-53. 

13. 野村謙二，魚本健人，(2001)，道路橋における鉄筋コンクリート床版の防水工に関す

る研究（その１）－アスファルト舗装の締固め作業が床版防水工に及ぼす影響－: 生

産研究，53，3，pp.54-57. 

14. 野村謙二，魚本健人，(2001)，道路橋における鉄筋コンクリート床版の防水工に関す

る研究（その２）－床版防水工と鉄筋コンクリート床版の付着切れが与える影響－: 

生産研究，53，3，pp.58-61. 
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15. 高羅信彦，魚本健人，(2001)，温度解析に基づいたサーモグラフィー法によるコンク

リート中の空隙の検査方法に関する基礎的研究: 生産研究，53，3，pp.62-65. 

16. 許賢太郎，魚本健人，(2001)，水セメント比の違いが高流動コンクリートのコールド

ジョイントの性質に与える影響: 生産研究，53，3，pp.66-69. 

17. 魚本健人，(2001)，21 世紀の安全な都市をめざして－新研究センター「都市基盤安全

工学，国際研究センター」設立－: 生産研究，53，4，1 

18. 蔵重勲，魚本健人，(2001)，硫酸腐食環境におけるコンクリートの劣化特性（３）～

硬化体中の細孔空隙の影響～: 生産研究，53，5，pp.69-72. 

19. 伊代田岳史，魚本健人，(2001)，乾燥による水和停止後の水分再供給による水和進行
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化の屋外環境緩和効果の検討: 第 15 回 数値流体力学シンポジウム，pp.159. 
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126          

ンドに及ぼす影響の CFD 解析: 第 15 回 数値流体力学シンポジウム，pp.164. 
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特性－: 生産研究，54，3，pp.70-72. 

7. 藤井剛，細川佳史，石関嘉一，西村次男，魚本健人，(2002)，吹付けコンクリートの特
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TECHNICAL AND SOCIAL PROBLEMS OF CONSTRUCTION AND 

MAINTENANCE OF CONCRETE STRUCTURE 

Taketo UOMOTO1

ABSTRACT: Everyone knows that the most important work for civil engineers is to construct and 

maintain good concrete structures to the public and keep the society safe.  Recently, many different 

news were reported by mass media related to the false works of civil engineers in design, construction 

and maintenance works.  Such problems never appeared to the public up till now.  The causes of these 

problems are not only the technical matters but also social matters are included.  To deal with these 

problems, this paper explains some of the evidences and the reasons why such problems occurred in 

Japan, with the comments by the author. 

KEYWORDS: ethics, false work, construction, maintenance 

1. INTRODUCTION

In November 2005, a big shock struck Japanese society through newspapers, radios and TV programs.  

Mr. Hidetsugu Aneha, a first-class certified architect agreed that he faked records to make substandard 

buildings look like they met Japan's anti-earthquake requirements.  In the committee of Japanese 

parliament, he mentioned that he began faking earthquake safety data around 1998, when a developer 

asked him to cut costs by reducing the amount of steel reinforcements to below the compulsory 

minimum in a Tokyo apartment project.  He mentioned that he was under heavy pressure from 

developers to reduce steel reinforcements.  But considering the recent reduction in construction works, 

he could not resist up till the end.  The newspapers mentioned at least 71 structures which he has 

designed may collapse even in a moderate earthquake. 

Such news has never been reported in Japan up till now.  The person, who has bought the houses 

paying a large amount of money, has lost everything except the loan which was lent to the person from 

the banks.  If such a disaster was caused by the natural hazards (earthquake, tsunami, flood, fire, etc.), 

people and Japanese government may try to help the victims by all means.  But in this faked design 

case, as shown in Figure 1, it may not be easy to confess the people of our country to support the 

victims.

2. PROBLEMS RELATED TO FALSE WORKS 

The problems related to false works reported by the news papers, magazines, etc. can be classified as 

follows:

Group 1: Mistakes by the engineers and workers 

Group 2: False works due to insufficient knowledge 

Group 3: Intended false works knowing that it is difficult to be inspected 
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In case of Group 1, it is difficult to eliminate all.  Any people may make mistakes, and it is the most 

important concern for most of the engineers.  Considering these, most of the specifications, guides, 

instructions and books are published showing both how to prevent the mistakes and how to check the 

results.  If we look at some of the books, we can easily find the data showing the percentage of “error” 

based on numerous data surveyed from many construction works.  As an example, the design codes 

give the standard error in bar arrangements, form arrangements, etc. 

Figure 1. One of the faked hotel building designed by Mr. H.Aneha 

(This hotel was closed just after the news was reported) 

In case of Group 2, workers and engineers especially without sufficient knowledge and experience 

may easily perform such problems.  In 1960’s and 1970’s, chloride induced corrosion of steel 

reinforcing bars were reported by the researchers due to sea water, but concrete engineers did not mind 

much about the chloride contained in sea sand which was used as fine aggregate.  As a result, many 

important concrete structures deteriorated within 20-30 years.  One of the most famous structures is 

bridges for railways in western part of Honshu. (See Figure 2)  In the late 1980’s when evidences of 

“alkali-aggregate reaction of concrete structures” were reported to the Japanese concrete society, not 

only concrete engineers but also concrete researchers did not believe the problem.  Most of the civil 

engineers and concrete engineers in Japan believed that alkali-aggregate reaction does no occur in our 

country.  The teachers and professors who have been teaching concrete explained that no reports have 

been reported in Japan so far on alkali-aggregate reaction.  As a result, many concrete structures which 

used reactive aggregate formed large amount of cracks even with steel reinforcements. (See Figure 3) 

The “Aneha” problem is the typical example of Group 3.  May be it was not from the beginning, but as 

he knew that no warning was given to his works, he may have known that the system we use can not 

find out his faked works.  The similar problems are such as “addition of water” to ready mixed 

concrete at the site, lack of bond length of anchoring bars for anti-falling apparatus, etc. 

The details of these problems are explained in the following paragraph. 

3. PROBLEMS OF “WATER ADDITION” AND “ANCHORING BARS” 

3.1  ADDITION OF ILLEGAL WATER TO READY MIXED CONCRETE   

Addition of water to ready mixed concrete has been strictly prohibited in Japan.  But due to several 

reasons, such false works can be found in some of the construction sites.   
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Figure 2. Corrosion of steel due to the use of sea sand as fine aggregate 

Figure 3. Cracks of retaining wall due to the use of reactive aggregates 

As shown in Figure 4, when ready mixed concrete is carried from the concrete plant to the site, due to 

traffic conditions, it often takes time more than 30 minutes.  As a result, the slump of concrete reduces 

by the evaporation of mixing water especially in hot climate.  Since 1970’s, it is common to use 

concrete pump to transfer the concrete to the casting place.  The pumpability of concrete is mainly 

governed by the fluidity and segregation resistivity of concrete.  Generally speaking, it is easier to 

convey the concrete with higher slump to the casting place than lower slump concrete.  To increase the 

slump of transferred concrete, addition of water is the easiest without any additional cost.  Addition of 

such illegal water to concrete can be done within 30 seconds without being observed by the engineers 

at the site.  Even when additional water is added to the conveyed concrete, it is difficult to find out the 

amount by normal inspection method.  

As shown in Figure 5, if we have to increase the slump of concrete from 8cm to 18cm, with the same 

strength of concrete, the increment of cost will be about 1000 yen per cubic meter of concrete.  

Increment of cost will be about 8% when the strength of concrete is 30 N/mm2 even when plasticizer 

is used.  This cost increment is not affordable by the client or the constructor.  Such water addition 

reduces the strength of concrete about 15% and also the durability of concrete. 
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Figure 4. Illegal addition of water to ready mixed concrete 
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Figure 5. Price vs. strength of concrete with different slump (2003) 

Considering these evidences Ministry of Construction introduced a method to inspect the water 

content of concrete by NDT in 2003.  Although the NDT measuring apparatus is not always accurate 

enough, such a system may reduce the “illegal addition of water” to certain extent. 

3.2 ANCHOR BOLTS FOR SEISMIC SAFETY 

When Hanshin-Awaji Great Earthquake occurred in 1995, many bridge piers were destroyed due to 

enormous force acting on the structures, and many bridge girders fell off the piers by the seismic 

force.  The cars on the bridge may easily fall down from the bridge even after the earthquake.  To 

prevent such a disaster, as shown in Figure 6, several types of apparatuses were installed to the 

existing piers to prevent the fall of bridge girders and maintain the structures for longer period of time. 

To install such apparatuses, anchor bolts must be embedded into the existing piers by coring the 

concrete to the specified depth.  The existing structures have been used from 0 to 50 years and design 

drawings may not be available in some of the structures.  Even when design drawings are still 

available, the bar arrangements in the actual structure may not coincide well with the drawings.   
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Figure 6. Apparatus to prevent the fall of bridge girders 

When drilling is done, one can easily estimate that the core drill may hit the embedded steel bars.  

What the workers did?  They behaved in two ways explained below and shown in Figure 7:  

1) Stop the drilling at the depth of steel bars.   

2) Drill the concrete and steel to the specified depth.   

As a result, some anchored bolts lack bond length, and some reinforcing bars in the structures were 

cut.  In case of 1), anchor bolts may not be strong enough against seismic force, and strength of piers 

has reduced to form cracks in case of 2). 

The ministry of construction mentioned about 2% of the whole anchor bolts used in road bridges had 

problems so far and they asked the contractors to reinstall the false anchor bolts.  To prevent such 

problems, inspection must be done properly.  One of the most effective methods is to utilize Non-

Destructive Inspection.  The inspection must be done before and after the installation of anchor bolts.  

Ultrasonic method may be useful to inspect the length of bolts and electromagnetic method may be 

useful to detect the steel bars in concrete before drilling. 

4. SYSTEM WE HAVE TO SET UP

As explained above, many problems are occurring at the site.  Up till now, our systems now being 

used in our country are all based on Japanese culture and ethics that people will not try to do things 

bad, unless by accident.  But the evidences explained above gave us a big warning to our culture: 

Ethics is no longer efficient and “Learning makes a good man better and an ill man worse”.  The new 

system must be studied not only from technical point of view but also by incorporating the systems 

related to law, economics, insurance, etc.  

127



Coring of concrete

hits rebars in concrete

Bond length lacking

at coring stopped

Horizontal rebar is cut

when coring goes on

Anchor blot

Coring of concrete

hits rebars in concrete

Bond length lacking

at coring stopped

Horizontal rebar is cut

when coring goes on

Anchor blot

Figure 7. Drilling concrete to install anchor bolts 

Civil engineers have been working to offer better facilities to make the human society comfortable.  

“Safety”, “Serviceability”, “Durability” and “Esthetics” are the major requirements of the structures 

through out the life.  To deal with the problem, civil engineers have been working to offer better and 

safe structures to the society.  But the efforts we have been making may not be enough.  May be we 

have to widen our field of study not only technical problems but also insurance, law, economics, etc. 

to eliminate faked works which may not be revealed yet. 
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Figure 8. Old and new systems to prevent false works 

5. CONCLUSION 

Due to many reasons both technical and social problems, intended false works have been revealed in 

many civil engineering structures. Two frequently observed intended false works due to technical 

problems found in ready mixed concrete and anchor bolt have been discussed. Also the social 

problems in term of economics, illegal reducing amount of reinforcing steel was on the headline news 

recently in Japan. From now on, our civil engineering society cannot rely only on engineer’s ethics but 

also we have to develop the system to prevent the intended false work in the future.  
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terrestrial water cycle
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[1] A 100-year off-line simulation using a land surface model (LSM) was completed. The
long-term terrestrial water fluxes were estimated well using a LSM driven by long-term
atmospheric forcing data that were stochastically estimated from monthly mean time
series of precipitation and temperature. While high correlations between predicted and
observed annual runoff are obtained at many basins globally, correlations are low in
dry areas and in cool-temperate zones. These deficiencies of the simulation point out
which model processes should be investigated, which can lead to improved representation
of land surface processes in future LSMs from a global viewpoint. Annual snow covered
area in North America and northern Europe and annual summer soil moisture in
Mongolia were successfully replicated by the model. The descending trend of snow
covered area in North America and Europe and the increasing trend of summer soil
moisture in Mongolia, that were indicated by previous studies, were also replicated by the
simulation. With the benefit of 100-year simulation results for these variables, however,
these trends appear to reflect natural long-term variability rather than systematic changes in
hydroclimatological condition. The long-term estimation of hydrological components,
such as annual and inter-annual variation of runoff, snow and soil moisture, would be useful
for examining behaviors of a LSM. The methodology used in this study also has
applicability for long-term water resources assessment in poorly gauged basins, where
long-term atmospheric data are only available at a monthly scale, by providing predictions
of extreme behavior and long-term natural variability in various hydrological components.

Citation: Hirabayashi, Y., S. Kanae, I. Struthers, and T. Oki (2005), A 100-year (1901–2000) global retrospective estimation of the

terrestrial water cycle, J. Geophys. Res., 110, D19101, doi:10.1029/2004JD005492.

1. Introduction

[2] Long-term variations in water fluxes at the land
surface have been getting more attention in recent decades.
What is the natural temporal variability of runoff, snow and
soil moisture, and do these variables exhibit long-term
trends? How will they be impacted by future global warm-
ing? Recent analytical study based upon observation data
showed that spring snow covered area has been decreasing
in the northern part of the American continent and east
Eurasian continent [Groisman et al., 1999] and summer soil
moisture in Mongolia has been decreasing [Robock et al.,
2000]; however, there are not enough discussions with a
long-term viewpoint because of the lack of availability of
long-term data sets. To answer such questions, description,
understanding, and prediction of the global water cycle have
been promoted by numerical land surface models (LSMs)
(such as Nijssen et al. [2001a], Milly et al. [2002], Maurer

et al. [2002], and Fan et al. [2003]). LSMs range in
complexity from simple budget models, such as the tradi-
tional bucket model [Manabe, 1969], to sophisticated phys-
ically based models, such as SiB2 [Sellers et al., 1996] and
BATS [Dickinson et al., 1986], which incorporate radiation
transfer, evapotranspiration, runoff and snow processes.
These models solve energy and water balance equations,
driven by atmospheric forcing input such as precipitation,
radiation, and wind velocity, to estimate the time series of
runoff, snow and soil moisture. LSM simulations can either
be coupled with an atmospheric model, or be run off-line. In
a coupled simulation, fluxes calculated by the LSM are then
fed back into the atmospheric model when calculating
subsequent atmospheric conditions. There are two general
types of coupled simulation: a reanalysis simulation
involves periodic adjustments of atmosphere model state
variables based upon actual observations of atmospheric
conditions (wind speed, wind direction, temperature, hu-
midity, etc.), whereas a free-run simulation does not use
such corrections. In an off-line (uncoupled) simulation,
atmospheric forcing is used to drive the LSM without
feedback (i.e. LSM state variables do not impact atmo-
spheric model state variables). Where observed atmo-
spheric forcing data are used, hydrological variables
predicted by an off-line LSM simulation can be interpreted
as a mixture of model and observation.
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[3] One of the advantages of the use of LSMs to estimate
the global water budget is that these models can provide
estimates of water and energy components that are hard to
obtain directly from observations. For example, LSMs can
provide estimates of the global distribution of soil moisture,
which can not be obtained from direct observations except
for surface soil moisture information by satellite remote
sensing. These hydrological components estimated by
LSMs increase our understanding of land surface processes,
which can lead to improved representation of such pro-
cesses in future LSMs.
[4] Another advantage of LSM simulation is that the

global continuous distribution of land surface conditions
by a LSM can be applied to a broad range of research
objectives. Estimated hydrologic components, such as
global river discharge, have many potential applications.
For example, global time series of hydrological data sets
created by LSMs are widely used for global water resource
assessment [Vörösmarty et al., 2000; Oki et al., 2001].
Predictions of water storage and seasonal to interannual
variability of available fresh water amount by LSMs are
important for water resource management, especially in
regions with poor quality or non-existent runoff records.
[5] Global data sets of long-term soil moisture by LSMs

also have wide applicability due to the significant role that
soil moisture plays in many vegetation processes, including
crop growth and yield, as well as its impact upon controlling
the balance of energy and water fluxes between land and
atmosphere. Dirmeyer [1999a], Duville and Chauvin
[2000], and Hirabayashi et al. [2003] showed that seasonal
precipitation prediction by GCMs is improved when ade-
quate soil moisture estimation by LSM is used as a
boundary condition. Snow amount estimation by LSMs
are applicable not only for water resource assessment but
for studies on land-atmosphere interactions caused by large
changes in albedo [Hall, 2004].
[6] Because climatic forcing data, such as precipitation

and radiation, are needed to run LSMs, estimation of long-
term water fluxes has been performed mainly by LSMs
driven by atmospheric forcing provided by atmospheric
models. The usage of an atmospheric model is, however,
strongly dependent on the models’ ability to simulate
climate variability. There may be some discrepancies be-
tween values and patterns of long-term hydrological varia-
bles estimated by a LSM coupled with an atmospheric
model and values and patterns obtained from observation,
especially in relation to the spatial and temporal distribution
of precipitation. Long-term LSM output obtained from
global reanalysis simulation reduces the impact of this
problem, but may still contain biases in the predicted
hydrological cycle - especially in relation to precipitation.
For example, the NRA1 [Kalnay et al., 1996] long-term
surface water budget estimates, conducted by the U.S.
National centers for Environmental Prediction (NCEP)
and the National Center for Atmospheric Research (NCAR)
using reanalysis products, contains serious biases [Higgins
et al., 1996; Roads and Betts, 2000; Maurer et al., 2001].
The follow-up NCEP/NCAR reanalysis (NRA2 [Kanamitsu
et al., 2002]) have reduced these biases, though some
remains [Maurer et al., 2001]. However, NRA2 covers a
shorter period (1979–2000) than NRA1 (1949–present),
coinciding with the availability of satellite observations

[Maurer et al., 2002]. The 40-year reanalysis data (ERA-
40 [Simmons and Gibson, 2000]), produced by European
Centre for Medium-Range Weather Forecasts (ECMWF)
has similar been revised (ERA-15 [Gibson et al., 1999]) to
provide a better description of land surface hydrology -
albeit for a shorter coverage period (15-years from 1979 to
1993) coinciding with the availability of satellite data for
assimilation. These data sets (NCEP/NCAR and ECMWF)
are assimilated with respect to atmospheric conditions; they
are not assimilated with land surface data. In recent years,
the assimilation technique for the land surface has been
investigated (such as by Houser et al. [1998]). These
methods are, however, still under development and have a
limited in coverage period due to the relatively recent
availability of satellite data.
[7] There are a lot of global data sets obtained by off-line

LSM simulations. For example, the Global Soil Wetness
Project (GSWP) [Dirmeyer, 1999a] provided a two year
global data set of land surface conditions using two-year
atmospheric forcing from ISLSCP-I. The GSWP2 project
expands the period of the GSWP to 10 years using ISLSCP-
II data sets. Nijssen et al. [2001a] produced a daily set of
surface meteorological forcing data from the precipitation
and temperature series, and used this data as an input to an
off-line LSM simulation to estimate a set of hydrological
components for the period of 1979–93 for 2� � 2� grid cells
over the global land surface. Nijssen et al. [2001a] used the
daily temperature range as the basis for estimating down-
ward solar radiation. Other meteorological forcing data were
obtained using empirical relationships between these vari-
ables, as well as daily precipitation and daily minimum and
maximum temperature. For data sparse regions, Nijssen et
al. [2001a] applied stochastic models to generate daily
precipitation and daily temperature data. Model parameter
values in data-void regions were estimated by spatial
interpolation. Nijssen et al. [2001b] estimated the decadal
average and standard deviation of various hydrological
components in both gauged and poorly gauged regions.
The North American Land Data Assimilation system
(NLDAS) project produced retrospective (1996–2002)
and real-time (1999–present) data sets predicted using four
LSMs driven by hourly atmospheric forcing data obtained
from the Eta Data Assimilation System, measured precipi-
tation, and satellite-derived downward solar radiation
[Mitchell et al., 2004]. The usage of observed atmospheric
forcing supplemented by satellite, however, has been
limited since satellite observation is only available for
the last couple of decades in the 20th century. Maurer et
al. [2002] estimated long-term (50-year, 1950–2000) land
surface hydrology over the United States and parts of
Canada and Mexico with a spatial resolution of 1/8 degree,
using a similar methodology to that of Nijssen et al.
[2001a], as a part of the NLDAS project.
[8] The work of Nijssen et al. [2001a] and Maurer et al.

[2002] demonstrate that if daily observations of precipita-
tion, maximum temperature and minimum temperature are
available, terrestrial water and energy data sets are capable
of being estimated using LSMs. In this study we expand the
period of simulation to estimate conditions for the past
100 years, in order to establish long term trends and
variability. A 100 year simulation is sufficiently long
enough to obtain information about hydrological extremes,
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such as flood and drought. Assessing the ability of an off-line
LSM to simulate long-term variability is important for ensur-
ing that this type of model is suitable for hydrological
forecasting, including global warming simulations.
[9] Since no global data sets exist which extend back-

wards to 100 years ago, except for monthly precipitation
and monthly temperature, this study adopts a downscaling
method to create daily atmospheric forcing data sets from
these monthly data sets. The main target in this paper is
investigating new perspectives for validation of land surface
models and application of off-line simulation to climate-
oriented researches with the long-term (several decades)
data sets.
[10] In this paper, the creation of the global 100-year

forcing data is explained in section 2, a brief explanation of
the model structure and of the simulation is provided in
section 3, results are presented in section 4, and a summary
and discussion of findings are given in section 5.

2. Estimation of 100-Year (1901–2000) Global
Atmospheric Forcing Data

2.1. Atmospheric Forcing

[11] This subsection will explain the methodologies used
to create global 1� � 1� atmospheric forcing data for the
period 1901 to 2000. The minimum atmospheric forcing
data required to drive land surface models are daily tem-
perature, precipitation, wind, vapour pressure and down-
ward longwave and shortwave radiation, although sub-daily
data are preferable, where available. Table 1 summarizes the
global data sets that are used to derive global atmospheric
100-year forcing data sets in this study. The primary data
source used for the estimation of 100-year forcings was
monthly global data sets of CRU data (T. D. Mitchell et al.,
A comprehensive set of climate scenarios for high-resolution
grids of monthly climate for Europe and the globe: The
observed record (1901–2000) and 16 scenarios (2001–
2100), submitted to Journal of Climate, 2003) (hereinafter
referred to as Mitchell et al., submitted manuscript, 2003).
The CRU data are based upon an accumulation of global
meteorological gauge observations. Gridded CRU data was
derived from the average of data obtained from surrounding
stations for each 0.5�� 0.5� grid. Because many stations that
were used to create the CRU data set were based on the
‘‘World Meteorological Organization 1961–90 global stan-
dard normals’’, the number of the available stations was at a
maximum during the period. Therefore an average of the
monthly averages during the 1961–90 was used as a basic
value of the CRU data and yearly values were created by
adding the averages of anomalies of stations for neighbor

grids. Monthly average data for the period between 1960–90
was used for grid locations where no observed data was
available for the complete 100-year data record.
[12] Since only monthly data for precipitation, precipita-

tion days and maximum and minimum temperature were
available for the objective period (1901–2000), this study
used three procedures to derive higher resolution atmo-
spheric forcing data sets from the available monthly data;
these procedures are summarised in Figure 1. A stochastic
distribution model was used to disaggregate monthly pre-
cipitation into a daily time series, and a stochastic weather
generator was used to create daily downward shortwave
radiation and temperature time series data. Empirical equa-
tions were then used to obtain downward longwave radia-
tion and specific humidity. The parameters for these
statistical models and equations are estimated from avail-
able daily global data sets.
2.1.1. Precipitation: Gamma Distribution and
Markov Model
[13] A stochastic model was adopted to estimate daily

precipitation amount from monthly amount. Most stochastic
models used to estimate daily precipitation data consists of
two components: a model for generating the occurrence of
wet (rain) and dry (no rain) days, and a model for generating
the precipitation amount on wet days.
[14] Distributions of the wet days are decided by a first

order (lag one) Markov chain model [Gabriel and Neuman,
1962; Richardson, 1981]. In the first order Markov model,
the probability of occurrence of rain on any given day is

Table 1. Global Data Set for 100-Year Forcing

Data Reference Time Step Resolution Period

Prep. amount Nijssen Nijssen et al. [2001a] daily 2.0� 1979–1993
Prep. amount CRU 2.0 Mitchell et al. (submitted manuscript, 2003) monthly 0.5� 1901–2000
Prep. days CRU 1.0 New et al. [2000] monthly 0.5� 1901–1995
Prep. days GPCP 1DD Huffman et al. [2001] daily 1.0� 1997–2000
Max temp. Nijssen Nijssen et al. [2001a] daily 2.0� 1979–1993
Max temp. CRU 2.0 Mitchell et al. (submitted manuscript, 2003) monthly 0.5� 1901–2000
Min temp. Nijssen Nijssen et al. [2001a] daily 2.0� 1979–1993
Min temp. CRU 2.0 Mitchell et al. (submitted manuscript, 2003) monthly 0.5� 1901–2000
Short rad. SRB Damell et al. [1988] daily 2.5� 1984–1994

Figure 1. Schematic figure of the models to create 100
year forcing data set.
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dependent only upon the state (wet or dry) of the previous
day; this probability is therefore defined by two transition
probabilities: Pi(W/W) and Pi(W/D), where Pi(W/W) is the
probability of a wet day on day i when the status of day i �
1 is wet, and Pi(W/D) is the probability of a wet day on day i
when day i � 1 is dry. From these we can obtain

Pi W=Dð Þ ¼ 1� Pi D=Dð Þ

Pi W=Wð Þ ¼ 1� Pi D=Wð Þ
ð1Þ

Pi(D/D) is the probability of a dry day on day i when the
status of the day (i � 1) is dry and Pi(D/W) is the probability
of a dry day on day i when day (i � 1) is wet. In the Markov
chain model, the status of each day is determined by
comparing the relevant probability values to a daily
generated random parameter (e(i), which is uniformly
distributed, (0 � e(i) � 1)). For example, if the previous
day (i � 1) is a wet day and Pi(W/W) is 0.3, the ith day is
wet if e(i) is below 0.3. The Markov model was run
iteratively until the total number of wet days generated by
the model coincided with CRU monthly wet days data.
[15] For the generation of precipitation amount, a two-

parameter (l and h) Gamma distribution method [Geng,
1986] was used. It is widely recognized that relative
frequencies of daily precipitation amount can be approxi-
mated by a gamma-distribution [Thom, 1958; Groisman et
al., 1999]. This means that smaller precipitation amounts
occur more frequently than larger amounts. The probability
density function (PDF) of a gamma-distributed variable is
given by

f xð Þ ¼ lhxh�1e�lh

G hð Þ ; x � 0 ð2Þ

where f(x) is the density function for variable x, G(h) is
the Gamma function and l and h are distribution
parameters. The values of l and h are defined,
respectively, as

l ¼ x

s2x
ð3aÞ

h ¼ x2

s2x
ð3bÞ

where X is the average and sx is the standard deviation
of. Shver [1976], Groisman and Easterling [1994], and
Groisman et al. [1999] showed that the shape parameter
h is relatively stable with time. A comparison of Gamma
parameter values obtained from observed precipitation
data showed that the difference in the value of h between
wet year and dry years is less than 10%, whereas the
difference in the value of the scale parameter l is
between 30 to 40% [Groisman et al., 1999]. In order to
obtain Gamma parameters, this study therefore used the
following assumptions: (1) The shape parameter h varies
monthly, but monthly values are constant for every year
(i.e. no inter-annual variability). (2) The population
structure of monthly precipitation is stable. Based on
these assumptions, the value of l for month m in any

given year y can be obtained by combining equations
(3a) and (3b) to obtain

lm;y ¼
hm
xm;y

ð4Þ

where lm,y is the constant value of l for month m and
Xm,y is the monthly average of daily precipitation for
month m in year y obtained using the CRU data set.
Here, Xm,y is used in place of X in equations (3a) and
(3b), based upon the second assumption. The parameter
values for the Markov model and for the Gamma
distribution model were obtained from the global 1� �
1� gridded precipitation data of GPCP-1DD [Huffman et
al., 1997]. Because there were no global daily data sets
of precipitation for the objective 100-year period, the
parameters were calculated for each month by averaging
monthly parameter values obtained by analysis of the
1997 to 2002 period of the GPCP-1DD data set.
[16] It is well known that gauges frequently underesti-

mate precipitation amount, primarily caused by under-catch
due to wind and evaporative losses. The wind-induced
under-catch of precipitation is particularly a problem for
measurement of snowfall [Legates and Willmott, 1990]
(hereafter referred to as LW90). Gauge underestimation
typically ranges between 2 to 20% of actual precipitation
amount, but is sometimes larger (LW90).
[17] Adam and Lettenmaier [2003] proposed an update

to the LW90 method for global gridded mean monthly
gauge correction, using updated data. In addition to
undercatch due to wind and evaporation, recent studies
have demonstrated that existing precipitation data may
underestimate global precipitation by as much as 3% (and
up to 10% in orographically influenced regions in isola-
tion) due to the failure to account for orographic impacts
(J. C. Adam et al., Correction of global precipitation
products for orographic effects, submitted to Journal of
Climate, 2004).
[18] In this study, observed precipitation amounts were

scaled using monthly correction ratios, to account for
under-catch only. The monthly precipitation adjustment
ratio at a 0.5� � 0.5� grid scale was calculated from the
raw precipitation data of LW90 and the adjusted gauge
data of LW90. In order to avoid large adjustment which
may be due to the error in precipitation correction of
LW90, the maximum ratio was arbitrarily set to 3.0. The
minimum ratio value was set to 1.0, since a value less
than 1.0 is physically unrealistic.
2.1.2. Maximum Temperature, Minimum
Temperature, and Downward Shortwave Radiation:
Stochastic Weather Generator
[19] In order to obtain daily maximum temperature

(Tmax), minimum temperature (Tmin) and downward short-
wave radiation (Rs), a stochastic weather generator model
was used. Stochastic weather generators have been devel-
oped mainly for the generation of atmospheric forcing data
required as input for hydrological and ecological models.
The stochastic weather generator constructed in this paper
was based on the model by Richardson [1981].
[20] The basic concepts of the stochastic weather gener-

ator of Richardson [1981] are that (1) the atmospheric
component is related to the wet or dry status of the objective
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day and (2) shortwave radiation, maximum temperature and
minimum temperature values on any day may be correlated
to one another and to the values of each in preceding days.
In the stochastic weather generator, a time series of ‘residual
elements’ of Tmax, Tmin and Rs are created randomly in
keeping with these concepts. These residual elements are
defined as follows:

xy;m;i jð Þ ¼ Xy;m;i jð ÞXW

m jð Þ
sWm jð Þ Py;m;i > 0

� �
ð5aÞ

xy;m;i jð Þ ¼ Xy;m;i jð ÞXD

m jð Þ
sDm jð Þ Py;m;i ¼ 0

� �
ð5bÞ

where xy,m,i(j) is the residual element for variable j (j = 1 for
Tmax, j = 2 for Tmin and j = 3 for Rs) for day i occurring in
month m in year y, Xy,m,i(j) is the daily value of the variable,
Xm(j) is the daily mean and sm(j) is the standard deviation.
The superscript W refers to wet day values (precipitation
amount Py,m,i > 0) and D indicates dry day values (Py,m,i =
0). Values of Xm(j) and sm(j) were obtained from the global
daily data sets of Nijssen et al. [2001a] and Damell et al.
[1988] for wet and dry conditions, respectively (Table 1).
The daily residual elements of Tmax, Tmin and Rs values on
day n are assumed to be correlated to each other and to the
residual element value of each on the previous day (n � 1).
By solving the 3 � 3 matrix of the residual elements using
the method of Matalas [1967], the model generated these
three residual elements for the objective ith day simulta-
neously. Finally, separate daily values for each component
were calculated by adding the obtained residual elements to
the monthly average Xm(j) and standard deviation sm(j) for
wet and dry conditions.
[21] Because monthly mean data of Tmax and Tmin were

available for the 100-year period from CRU data (Table 1),
the estimated daily Tmax and Tmin were scaled against their
respective monthly average values. Three-hourly tempera-
ture variations within each day were created by fitting a
trigonometric function between the daily Tmax and Tmin

values.
2.1.3. Specific Humidity and Downward Longwave
Radiation: Empirical Equation Model
[22] Daily specific humidity (q) and downward longwave

radiation (RL) required for a LSM were calculated as a
function of daily precipitation Xy,m,i, Tmax, Tmin and Rs using
empirical equations. As with the case of the stochastic
weather generator, empirical equations were used to obtain
less well-known variables from well-known variables.
[23] Specific humidity (q[kg/kg]) was estimated from

vapour pressure (e [hPa]) and surface pressure (Ps [hPa])
using:

q ¼ 0:622e

Ps � 0:378e
ð6Þ

In equation (6), the ratio of molecular mass of dry air to
water vapour is assumed to be 0.622 for all conditions.
Because several sensitivity experiments (not shown)
demonstrated that the effect of surface pressure (Ps [hPa])
on the terrestrial water cycle are very small, and because

there are no 100-year data sets of surface pressure, daily
values were assumed to equal the monthly average values
for wet and dry days obtained from ISLSCP-II for the
100-year period.
[24] The vapor pressure (e) in the equation (6) was

estimated by an empirical equation given by Tetens [1930]:

e ¼ 6:1078� 10
17:27Tdew
237:3þTdew ð7Þ

where Tdew [�C] is the dewpoint temperature.
[25] Using the average of Tmax and Tmin (Tm [K]) and e,

daily atmospheric emissivity Ea was estimated approxi-
mately using the formula of Bras [1990]. The daily
average of downward longwave radiation (RL) [W/m2]
was then calculated from Tm and Ea;

RL ¼ Ea � sT4
m ð8Þ

Tm ¼ Tmax þ Tmin

2:0
þ 273:15 ð9Þ

Ea ¼ 0:70þ 5:95 � 10�5 � e � exp
1500

Tm

245 � Tm � 325; 3 � e � 28ð Þ ð10Þ

Ea ¼ 0:740 þ 0:0049e outside of the ranges of Tm and eð Þ

where s is the Stefan-Boltzmann coefficient (5.67 � 10�8

[W/m2/K4]). Based on previous studies, a maximum value
of 0.9 was assumed for Ea. The eqations for estimating q
and RL both require dew-point temperature (Tdew [�C]).
[26] Because observations of Tdew are limited, an assump-

tion that the daily value of Tdew is equal to the value of Tmin

[�C] is used in several research papers (such as Running and
Coughlan [1988]). Our methodology, therefore, involved
estimating Tdew by calculating sets of empirical equations
iteratively [Kimball et al., 1997] (equations (11) to (16)).

Tdew ¼ Tmin � �0:127þ 1:121� 1:003� 1:444EFðð
þ 12:312EF2 � 32:766EF3Þ þ 0:0006� Tmax � Tminð ÞÞ

ð11Þ

EF ¼ Ep

rw

� �
� tday=Pn ð12Þ

Ep ¼ 1:26� D= Dþ 0:66ð Þ½ 
 � 0:9Rn=l ð13Þ

Vps;max ¼ 6:1078� exp
17:269Tmax

237:3þ Tmax

� �

Vps;min ¼ 6:1078� exp
17:269Tmin

237:3þ Tmin

� �

D ¼ Vps;max � Vps;min

� �
= Tmax � Tminð Þ � 100

ð14Þ
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Rn ¼ 1:0� Alð Þ � Rs þ 1:0� Eað Þ � sT4
m ð15Þ

tday ¼ exp 7:42þ 0:045� latitudeð Þ � sin doy� 79ð Þðð
� 0:01721ÞÞ � 24þ 12� 3600 ð16Þ

where EF is the ratio of the maximum latent heat for
potential evapotranspiration to the annual precipitation (Pn

[m]), Ep[kg/m
2/s] is the daily potential evapotranspiration

based upon an equation developed by Priestley and Taylor
[1972], rw [kg/m3] is the density of water and tday[s] is
the day length, l is the latent heat of water and Rn [W/m2]
is daily downward net radiation. The value of l at 0 [�C],
2.5 � 106 [J/kg], was used in all cases. Note that this value
of Ep is used only for the estimation of longwave
radiation, and is not equal to the value of Ep used for
the estimation of evapotranspiration in the off-line LSM
simulation. The rate of change of saturated water vapour
pressure (D) [Pa/K] corresponding to a given change in
temperature was estimated using the equations of Murray
[1967]. Vps,max and Vps,min are the saturated vapour pressure
for Tmax and Tmin respectively. Rn [W/m2] was estimated
from Rs [W/m2], Ea, Tm and surface albedo (Al [�]).
[27] The value for Al is obtained from ISLSCP-II data by

averaging the monthly gridded albedo of the soil surface
and the albedo of the vegetation, weighted according to the
vegetation cover ratio. Average values of Al calculated for
each month from the period 1983 to 1995 were used for the
entire objective 100-year period. Note that the unit albedo
value was only used in this statistical model for estimating
the value of Rn. Spatially and temporally varying albedo
values are used elsewhere in the simulation. Because the
change of RL due to change of e based upon Tdew is
relatively small comparing to the effect of temperature on
it and the model results were not sensitive to the value of q
obtained from Tdew, so this simplification seems reasonable.
The value of tday in the equation (15) is estimated as a
function of the day of the year (doy) and latitude, using the
formula of Running and Coughlan [1988].
[28] Equations (11) to (16) are solved iteratively until the

value of Tdew converges, with Tdew limited to values greater
than �55�C to ensure stability of the iteration routine. In
order to save computation time, the initial value at the start
of the first iteration is assumed to equal Tmin. The calcula-
tion of the Tdew value is normally converged and the initial
Tmin value has any impact of the obtained value of Tmin.
Using the 3-hourly temperature and the daily Ea, 3-hourly
downward longwave radiation RL [W/m2] was estimated
using equation (8).
[29] Sensitivity analysis (not shown) demonstrated that

predictions obtained using an off-line simulation are insen-
sitive to annual variability in wind velocity. Given this, and
insufficient historical data records of wind velocity, and
(also considering that wind velocity can not be calculated
using other data sets), 3-hourly surface wind data for 1995
from ISLSCP-II [Hall et al., 2004] was arbitrary used for
the whole 100-year simulation.
2.1.4. Derived Atmospheric Forcing and Its Impact
on a LSM Simulation
[30] The derived atmospheric forcings and their impacts

on the land surface simulations were evaluated. Several

sensitivity tests (not shown) of the MATSIRO model, a
LSM used in this study, show that fluxes in the model are
sensitive to the temporal distribution of precipitation and
radiation, with the distribution of other forcing properties
(e.g. surface pressure, specific humidity and wind velocity)
having a much lower sensitivity. It is also indicated by a
sensitivity test that runoff estimation by an off-line
MATSIRO simulation driven with monthly averages of
radiation data for wet and dry day respectively is similar
to the runoff of the control experiment, suggesting that
radiation data do not impact high to runoff in the LSM if
they are given harmoniously with wet or dry conditions.
This subsection will then discuss mainly about the impacts
of downscaling of precipitation to model results.
2.1.4.1. Sensitivity of the MATSIRO Model to Temporal
Variation of Precipitation
[31] In this study, the monthly value of CRU precipitation

was disaggregated to obtain daily data and the daily
constant precipitation based on monthly totals were given
to the MATSIRO model. Figure 2 shows the difference of
annual runoff simulation by the MATSIRO model using
6-hourly precipitation (hereafter referred to as an ORG
experiment) and using monthly averaged precipitation
(MON experiment) in 1987. All input forcing for the
experiments were ISLSCP-I data sets, except for precipita-
tion distribution in the MON experiment. In the MON
experiment, monthly averaged values of the 6-hourly pre-
cipitation by ISLSCP-I was given to the model. Globally,
most regions show a much smaller annual runoff in the
MON experiment because of a larger total evapotranspira-
tion and soil evaporation in the MON experiment relative to
the ORG experiment. A land surface model with a structure
of explicit calculation of infiltration of water flux in soil and
canopy evaporation as the MATSIRO model is sensitive to
a time resolution of precipitation.
[32] Figure 3 shows the relationship between the differ-

ence of canopy evaporation and total amount of monthly
precipitation in the two experiments. Each dot show the
results of each individual model grid. The sensitivity of
canopy evaporation to the distribution of precipitation is at
its highest when monthly precipitation is about 100 mm per
month. When total monthly precipitation is large, canopy
evaporation is the same for both experiments. In the
MATSIRO model, just as with other LSM which include
explicit vegetation processes, maximum canopy water
capacity is related to the LAI value. Since the maximum
canopy water capacity in the MATSIRO model is 2 mm
multiplied by the LAI, the limitation of the sensitiveness
of precipitation amount to canopy evaporation of about
100 mm/mon is reasonable.
[33] Table 2 describes a set of experiments conducted to

investigate the sensitivity of the MATSIRO model to the
method used to downscale precipitation, simulating the
Chiba region (140.5�N, 35.5�E) in Japan. The period of
the experiment was from May 1st to August 31th in 1987,
where monthly precipitation was about 100 mm per month
and large impact of temporal variation of precipitation to
the model simulation was expected. All experiments used
the same atmospheric forcing as the ORG experiment in
Figure 2, except for precipitation. In the control experi-
ment (a), daily observations at the local gauge station were
given to the model. The daily precipitation totals were
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apportioned evenly over the model time step. In the
experiment (b), the monthly averaged value of precipita-
tion was used in the same way as the MON experiment. In
experiments (c) and (d), the rain day of experiment (a) was
given to the model, while the daily amount of precipitation
was uniformly distribted in experiment (c) and gamma-
distributed in experiment (d).
[34] As seen in the global sensitivity test of monthly

averaged precipitation in Figure 2, there is very little
transpiration and much larger canopy evaporation in exper-
iment (b), in comparison to experiment (a). The response of
experiment (c) is more similar to the control than the
experiment (b), while the difference in canopy evaporation
and soil evaporation are larger than in experiment (a). This
decrease in evapotranspiration in experiment (b) lead to a
smaller amount of runoff generation. The water balance
estimated in experiment (d) was closest to the control
experiment (a), which demonstrates that long-term hydro-
logical response is insensitive to different realizations of
wet day timing in a given month.
[35] The MATSIRO model used in this paper is originally

designed to couple with an atmospheric model of CCSR/
NIES Atmospheric General Circulation Model [Numaguti et
al., 1997]. The model time step should be less than a couple
of hours, since several model processes consider diurnal
change in forcing. Because the purpose of this paper is to
estimate surface water components for a period long enough
to obtain information about inter-decadal change of these
variables, shorter temporal distribution of precipitation than
daily time step is not incorporated in the simulation and
constant precipitation over the diurnal cycle was given
(Figure 4). Maurer et al. [2002] reported a set of sensitivity
analyses which showed that the diurnal distribution of
precipitation did not make significant difference to the
results in their model. On the other hand, Dirmeyer
[1999b] suggested that a realistic distribution convective
precipitation in space and time is necessary to simulate at
the grid scale adequately high values of runoff. In order to

evaluate the effect of dirunal pattern in precipitation on a
long-term MATSIRO simulation, a sensitivity test similar to
that of Dirmeyer [1999b] was conducted using three-hourly
precipitation estimates. The three-hourly precipitation was
assumed to follow a simple function scaled by the daily
precipitation value.
[36] Figure 5 and Figure 6 are comparisons of the mean

monthly averaged evapotranspiration and runoff from 1981
to 1990 by the daily precipitation run and the 3-hourly
precipitation run. These results are averages of the rectan-
gles appeared in the Figure 2. Most of the regions showed

Figure 3. Relationship between monthly total precipita-
tion and difference of canopy evaporation between MON
and ORG experiment.

Figure 2. Difference of annual runoff between MON and ORG experiment.
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that total evapotranspiration were lower in the experi-
ments of 3-hourly precipitation case. The difference
between them was large in tropical region such as
Amazon and Zaire, where evaporation is large. The
largest difference value of evapotranspiration was about
0.5 mm/day. These figures clearly showed that the
uniformly distributed daily precipitation decrease the
direct evaporation from canopy and soil, and increase
runoff, however, its impact on fluxes in the MATSIRO
model was limited. In addition, since there is no infor-
mation for partition of precipitation within a day globally,
this study then adopted uniform distributed value for sub-
daily time step.
[37] The created daily precipitation amount was ran-

domly distributed within months based upon random
parameters generated in the stochastic models. In order
to evaluate impacts of this randomness on estimation of
radiation forcing and model derived variables, the radia-
tion forcing and LSM results estimated with a different
ensemble sets of daily precipitation distribution were
compared. Results showed that the different ensembles
of daily precipitation did not make much difference
(maximum standard deviation was less than 1%) to the
both estimated forcing and LSM simulation in monthly
time scale. Figure 7 show histogram of daily discharge in
different ensemble simulation in Mississippi river and
Rhein river. The figure suggest that distribution of daily
discharge can be changed 5–10% for low discharge value
and less than 5% in high discharge with different sets of
precipitation in these basins.
2.1.4.2. Comparison of Radiation Data With Other
Global Data Sets
[38] The derived downward radiation data by a stochastic

methodology in this paper were compared with radiation
data of Nijssen et al. [2001a] (1979–93) and ISLSCP-II
(1986–95) corrected by GSWP2 in the global regions
indicated in the Figure 2. Since radiaiton data of ISLSCP-
II are pure reanalysis and are not corrected with observed
data as was done for the data of ISLSCP-I, GSWP2
removed the errors of the ISLSCP-II radiation data by
multiplication by a monthly scaling factor based on the
ratio of longwave and shortwave radiation data produced at
NASA Langley Research Center (LaRC) [Gupta et al.,
1999], which is named as the Surface Radiation Budget
(SRB).
[39] GSWP2 provided radiation data before 1986, how-

ever, these data sets contain gaps in values between before
and after 1986. It is also indicated that there are unaccept-
able value in last two months in 1995, because the SRB data
in thse period were not available when these radiation data
sets were created by GSWP2 (Masuda, personal communi-
cation, 2004).
[40] In Figure 8, the estimated short wave radiation are

larger than other two data sets. In tropical regions of
Amazon and Zaire, variations of low values of the

estimated shortwave radiation are flat and do not capture
the variation seen in the ISLSCP-II. In these tropical
regions and colder regions of Canada and Russia, the
maximum range of the estimated shortwave radiation
were also overestimated when compared with the
ISLSCP-II. Estimation by Nijssen et al. [2001a] are closer
to the ISLSCP-II at Amazon, Canada, Miss, Russia and
Zaire. On the other hand, the estimation in this paper was
closer to the ISLSCP-II than the Nijssen et al.’s [2001a]
value in India and Urguay.
[41] For the estimation of longwave radiation, the 100-year

estimation were closer to the longwave radiation of the
ISLSCP-II at all regions (Figure 9). The 100-year estimation
were lower than the ISLSCP-II at Amazon and Zaire and
larger in India and Urguay.
2.1.5. Land Cover and Leaf Area Index
[42] The most significant change in global land cover

types during the 20 century is the increase in crop area;
therefore this study used a global land cover type which
reflects the change of crop area of the past. Ramankutty
and Foley [1999] organized a global crop ratio data sets
for 1700 to 1992 at a 0.5 degree. On the other hand, U.S.
Geological Survey [2003] provides global land cover type
classification at a spatial resolution of 30 seconds, based
upon an analysis of satellite images obtained from the
Advanced Very High Resolution Radiometer (AVHRR) in
1992. From these two data sets, global 1� � 1� land
cover classifications for the objective years were created.
The USGS data was used represent 1992 land cover, and
the number of grids which are classified as crop in the

Figure 4. Comparison of water balance [mm] obtained by
MATSIRO model with different daily distributions of
precipitation from 1 May to 31 August in 1997 at Chiba.

Table 2. Simulation Design of Sensitivity Test in Chiba

Run Wet Day Allocation Amount

(a) observation observation
(b) every day linear interpolation
(c) observation liner interpolation
(d) observation gamma distribution
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USGS data was progressively reduced for each year
before 1992, along with the global crop ratio data of
Ramankutty and Foley [1999]. Potential vegetation clas-
sifications based upon the Ramankutty and Foley [1999]
data are used to determine the appropriate land cover type
to use in the pre-crop condition. Since the USGS land

cover data used was based on the satellite image of
AVHRR in 1992, this ‘dominant land cover’ reflected a
global land cover condition in 1992.
[43] The land cover data was aggregated from a 30 second

spatial resolution to a 1� resolution. The class occupying the
largest area in each 1�� 1� grid cell is used as the land cover

Figure 5. Comparison of evapotranspiration by a model simulation with daily precipitation (solid) and
3-hourly precipitation (dot).
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class for that cell. The potential vegetation class of
Ramankutty and Foley [1999] was then reclassified into
SiB2-type land cover classifications.
[44] Leaf Area Index (LAI) data were created from the

average of monthly average from ISLSCP-II [Hall et al.,
2004], for the period 1983 to 1995. Monthly LAI values

were assumed to be constant at each location from year to
year, except for when grid locations change from non-
cropped (potential vegetation) to cropped land cover clas-
sifications according to the methodology described above.
LAI values for the potential vegetation land cover classifi-
cation were estimated by averaging the LAI values of the

Figure 6. Comparison of runoff by a model simulation with daily precipitation (solid) and 3-hourly
precipitation (dot).
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grids of the same vegetation class that were situated in the
same 5� latitude band of the objective grid.

3. Modeling

3.1. Brief Description of the MATSIRO Model

[45] MATSIRO is a land surface process model, which is
a component of the general circulation model of the Center
for Climate System Research and National Institute for
Environmental Studies (CCSR/NIES), which balances both
energy and water, at spatial resolutions from a fraction of a
degree to several degrees latitude by longitude. A detailed
description of the MATSIRO model is given in Takata et al.
[2003]. In this paper, the grid size of MATSIRO was
defined as 1� � 1� globally.
[46] The MATSIRO model computes vertical energy and

water fluxes in a grid cell based upon specifications of soil
properties and vegetation coverage for each grid. In the
MATSIRO model, vegetation processes are mainly based on
the SiB2 model [Sellers et al., 1996], which uses the multi-
layer canopy model of Watanabe [1994].

[47] Runoff is modeled by simplifying the macro-scale
concept of Famiglietti and Wood [1991] and Stieglitz et al.
[1997], which is based upon the theory of the original
TOPMODEL [Beven and Kirkby, 1979].
[48] The macro-scale TOPMODEL implements the sta-

tistical distribution of a topography-soils index, in order to
represent a large land area such as GCM grid, that includes
several river basins in one grid.
[49] The simplified macro-scale TOPMODEL used by

MATSIRO does not require the statistical distribution of a
topography-soils index obtained from fine-scale elevation
data normally associated with the macro-scale TOPMODEL.
The subgrid topography in a grid cell is roughly approximi-
nated as repetition of a slope with a uniform slope angle
(bs) and the distance between ridge and valley of slope
base length. The slope base length Ls is estimated by

Ls ¼ 2
ffiffiffi
3

p
s= tan bs ð17Þ

where sz is the standard deviation of subgrid topography in
the grid box [Takata et al., 2003].
[50] The standard deviation and the averaged slope were

estimated for each 1� grid from the 30 arc seconds elevation
data by U.S. Geological Survey [1996]. In order to obtain
river runoff, the grid runoff estimation was then integrated
over the basin unit using a 1� � 1� version of the TRIP
model [Oki and Sud, 1998]; the combination is known as
the MATRIP (MATSIRO + TRIP) model.

3.2. Simulation Design

[51] This subsection will summarize the global 100-year
off-line simulation by the MATSIRO model. The horizontal
resolution of the MATSIRO model was 1� � 1�. Each grid
is resolved vertically using five soil layers and a maximum
of three snow layers. Monthly LAI and atmospheric forc-
ings, including daily precipitation, daily specific humidity,
daily shortwave radiation, 3-hourly longwave radiation and
3-hourly temperature, are used to drive the model. Atmo-
spheric forcing is regarded as uni-directional, in the sense
that atmospheric conditions impact land surface processes,
but are not themselves impacted by land surface processes
in an off-line simulation. Initial condition data was gener-
ated by spin-up, that is an iteration experiment using the off-
line MATSIRO model using 3-hourly atmospheric forcing
from ISLSCP-II for 1984. The first few years of the 100-year
experiment may be affected by the specific characteristics of
the initial condition.
[52] The time step of the model integration was 2-hourly,

with a 20 minute sub time step for simulating the vertical
movement of soil water. Daily or 3-hourly atmospheric
forcing data were linearly interpolated to a 2-hourly time
series from the original data, except for shortwave radiation
and precipitation. For shortwave radiation, a method based
on solar angle was used to estimate the fraction of two-
hourly shortwave radiation from the daily average. For
precipitation, the daily amount was assumed to fall uni-
formly over the entire day. Dirmeyer [1999b] demonstrated
that the sub-daily temporal distribution of precipitation
largely affected the water balance of the land surface.
However, because the MATSIRO model is specifically
designed for the simulation of daily to seasonal balances
of hydrologic fluxes at large spatial scales, a change in the

Figure 7. Comparison of histograms of daily discharge
estimation with different ensembles on daily precipitation.
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time resolution of precipitation data may require changes to
the time resolution of other model components, such as
interception and infiltration processes. Since the purpose of
this study was to estimate long-term variations in the
terrestrial water cycle, and since many studies (such as
Nijssen et al. [2001b] and Milly and Shmakin [2002]) have
somehow estimated hydrological components using daily

precipitation input, a daily time resolution for precipitation
data was considered to be sufficient.

3.3. Screening Out Poorly Gauged Grid Locations

[53] In addition to the gridded data itself, CRU also
provides details of how many observation stations were
used to create the data in each grid. Since the spatial density

Figure 8. Comparison of the estimated downward shortwave radiation (thin lines) with Nijssen et al.
[2001a] (dotted) and ISLSCP-II data corrected by GSWP2 (thick) [m3/s].
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of precipitation observations density is less than that of the
temperature, the monthly precipitation gauge number data
was used as the criterion for identifying poorly gauged grid
locations. Oki et al. [1999] examined the dependence of
model runoff error statistics on the precipitation gauge
density and found that the standard deviation of runoff
error was at a maximum at zero gauge density and asymp-

totically approached a minimum at a density of about 30 to
50 gauges per 106 km2. Another study by Milly and Dunne
[2002] found no significant relationship between precipita-
tion gauge density and simulated runoff errors in an off-line
simulation. However, since most of the gauge density data
used in the analysis of Milly and Dunne [2002] is limited to
densities greater than 30 gauges per 106 km2, the findings of

Figure 9. Comparison of the estimated longward shortwave radiation (thin lines) with Nijssen et al.
[2001a] (dotted) and ISLSCP-II data corrected by GSWP2 (thick) [m3/s].
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both studies are not necessarily contradictory. This study
adopted 30 gauges per 106 km2 as a critical CRU density
value for the purpose of screening poorly gauged grid
locations.
[54] For the analysis of the areally averaged result, the

precipitation gauge density of the objective area will be
shown together with the result. For runoff, which is respon-
sible for the upper basin, the precipitation gauge density of
the upper basin of the objective grid cell was estimated and
used to screen out poorly gauged basins.

4. Result

4.1. Runoff

[55] Figure 10 shows the global distribution of simulated
mean annual runoff. High runoff occurs in large river
basins, the humid Tropics, the eastern part of the North
American continent, and in the middle to western region of
the northern Eurasian continent.
[56] Figure 11 shows the standard deviation of the sim-

ulated annual runoff. In the humid Tropics, the annual
variability in predicted runoff is high, whereas the annual
variability in predicted runoff in northern high latitude, such
as the eastern part of the North America and middle to
western part of the northern Eurasian continent, is not high.
[57] Figure 12 shows observed mean monthly hydro-

graphs of maximum daily discharge with standard devia-
tions for 9 selected basins. These basins are selected from
large river basins where: (1) long-term observations (more
than 20-years) are available in GRDC and (2) gauge density
is sufficient in CRU during the observation period.
[58] Historical river discharge records were obtained from

the Global River Discharge Center (GRDC), from the
ISLSCP-I database [Hall et al., 2004], from the databases
of the U.S. Geological Survey (USGS) and from other data
sets that were collected by IIS, University of Tokyo. These

data sets contain daily or monthly time series of gauge
observations worldwide, along with pertinent station infor-
mation. For each discharge record, the corresponding drain-
age basin was identified at a 1� � 1� grid resolution, as used
by TRIP model.
[59] For the first step, longitude-latitude information

provided by the GRDC for each station site was used to
locate each station on the grid. The basin area information
was then compared with the basin area defined in TRIP.
[60] If the difference in basin area between TRIP basin

and notarial value was large, surrounding grid cells of the
most similar area were used to correct basin boundaries in
TRIP. In order to avoid the problem of incorrect basin
selection using this second procedure, this study considers
only basins with a large (more than 10000 km2) area.
[61] Overestimation of peak runoff by the MATRIP

model occurs for the Niger, Obi, Rein and Volga rivers.
The monthly standard deviations of maximum daily dis-
charge for these regions are large, indicating the sensitivity
of these regions to variability in precipitation. Over-predic-
tions of peak runoff may be caused by water usage and
flood control impacts in these rivers, such as irrigation and
dams, which are not considered by the MATRIP model.
Potential usage of river water during the dry season may be
considered as a another cause of the over-prediction.
[62] Differences in the predicted and observed timing of

peak discharge are obvious in the Yenisei, Mekong,
Mackenzie and Volga rivers. The most probable reason
for these differences in the timing of discharge peaks is
the value of unit velocity used in the TRIP model for
these river basins; in the Yenisei river, for example, the
model-estimated value is smaller than the observed value.
[63] Replication of the seasonal variation of runoff by an

LSM without calibration is generally considered to be
difficult. For example, Nijssen et al. [2001b] calibrated
global runoff estimation in 9 selected large river basins

Figure 10. Mean annual runoff [m3/s].
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and applied the parameters obtained from the 9 rivers to 17
other continental river basins. Milly and Shmakin [2002]
also tuned the parameter of their model to mitigate the
runoff errors. Lohmann et al. [2004] indicated that none of
the four LSMs driven by hourly forcing data sets captured
streamflow in most basins within the United States without
more work done on parameter estimation and calibration
techniques. Therefore, we focus on the long-term variation
of annual runoff created by the MATRIP model rather than
the seasonal pattern of runoff.
[64] Figure 13 shows a map of the correlation coefficients

between simulated and observed time series of annual
runoff. Correlation coefficients were estimated at locations
where discharge records were available for more than
10 years during the 100-year period.
[65] High correlations are obtained at basins along the

west coast and eastern regions of the North America, as well
as South America, Western Europe, Sahel, the Indochina
peninsula and the central and southern regions of China.
Correlations are low in dry areas, such as the central regions
of the USA, the mid-latitude regions of the Eurasian
continent and most parts of Australia. Low correlations
are also obtained in cool-temperate zones, such as the basins
of Canada, Eastern Europe and Russia.
[66] One possible reason of low correlations in dry

areas is that MATSIRO model may not adequately
estimate very low flow since runoff generation processes
in the model are based on TOPMODEL. Because TOP-
MODEL was originally developed to simulate catchment
under humid conditions (such as in the U.K, in the
eastern USA and Scotland) [Beven, 1997], the model
has not likely provided good simulation of discharge
under dry conditions.
[67] Another possible reason of low correlations in dry

areas is human effect, because the percentage of total river
water usage may be higher in dry regions. Inadequate

detection of snow phase of precipitation and inadequate
snow melting process, may lead inadequate runoff by snow
melting in cool-temperate zones. River freezing and its
break, that are not included in the TRIP model may play
some role of poor estimations. Using calendar year to define
annual runoff rather than defining annual cycle of runoff
based upon minimum value in a year may be a cause of low
correlation of annual runoff.
[68] Since MATRIP do not employ calibration of model

parameter values for specific river basins, Figure 13 pro-
vides an overview of the model’s ability to simulate the
annual variation in basin hydrology for a range of soil type,
vegetation type, basin sizes and topographies, and contrast-
ing climatic conditions around the globe.
[69] Only the global long-term simulation which is firstly

conducted in this paper enable to provide this kind of global
analysis of LSMs. Deficiencies of LSMs indicated from
long-term LSM simulation would be helpful to improve
future LSMs, with a help of detailed analysis in basin-scale
validation such as a Project for Intercomparison of Land-
Surface Parameterization Schemes (PILPS).
[70] LSM validation, especially for runoff simulation, has

been conducted by comparing predicted and observed
seasonal patterns in runoff hydrographs for locations with
short historical runoff records, and using longer term
comparisons for specific basins with longer historical
records. The results shown in Figure 13 stress the impor-
tance of long-term validation of LSMs, particularly if they
are to be used for long-term climate simulations.

4.2. Snow

[71] Snow is one of the most important components of the
land surface hydrology and climate system. The appearance
and disappearance of a surface snowpack leads to large
changes in surface albedo, and variability in the snow
amount strongly impacts climate variability [Hall, 2004].

Figure 11. Standard deviation of annual runoff [m3/s].
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Normally, the estimation of snow covered area is difficult in
spring due to snow melting processes.
[72] Snow covered area is defined in the MATSIRO

model using a simple relation with snow amount as below:

Asn ¼ min
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Sn=Snmax

p
; 1

h i
ð18Þ

where Asn is the snow covered area fraction in a grid cell
[km2/km2], Sn [kg/m

2] is the snow amount in the grid, and
Snmax is the critical snow amount. Snmax is obtained by
Takata et al. [2003] by the calibration of snow covered area
with satellite observation, with a value of 100[kg/m2]. This
critical snow amount value is also employed in this paper.
[73] Figure 14 shows global distribution in average snow

covered areas during 1967 to 2000 in fall (average of
November and December), winter (average of January and
February) and spring (average of April and March). The left
plots show observed data obtained by the National Snow
and Ice Data Center (NSIDC) [Chang, 1995], while the
middle plots show model predictions for the same period.
The right plots is the differences between NSIDC and model
predictions. Changes in the average snow covered area
between these three seasons are generally successfully
simulated by the model, although snow covered area is
under-predicted in Alaska, the eastern part of the former
Soviet Union and in the Tibetan plateau. Significant under-
prediction of snow covered area is found in fall (ND),
comparing to the other two seasons. Possible reason of
the under-prediction of snow covered area in fall is that
MATSIRO defines snow from precipitation when surface
temperature is below 0�C. This threshold for the determi-
nation of the phase of precipitation may be small, leading
the under-prediction of the snow amount especially in
beginning of the snow season. Several studies assume 2�C
as limit between liquid and mixed precipitation and 0�C as
limit between mixed and solid precipitation [Forland et al.,
1996; Rubel and Hantel, 1999]. Inclusion of a suitable

method for the determination of the phase of a precipitation
event may be expected to improve the snow amount in fall.
[74] The usage of the grid averaged surface temperature

by CRU is thought to be one of the reason of the overall
under-prediction of snow covered area. The CRU data sets
is obtained from station observations without any correction
based on elevation. If available stations within a grid are
distributed mainly in lower elevations rather than moun-
tainous places, the temperature data of the CRU would be
higher than the exact averaged temperature of the objective
grid.
[75] Figure 15 plots predicted and observed annual var-

iations in the spring (April and March average) snow
covered area for the North America and Canada (upper),
and for the Eurasian continent (lower). Bars along the top of
each plot indicate the fraction of the overall objective area
which was not covered by CRU precipitation gauging in
each year of the objective period. For both North America
and Eurasia, gauge coverage exceeds 95% of the objective
are since 1950.
[76] Average spring snow covered area is under-predicted

in every year between 1967 and 2000 for both regions,
while estimation of snow covered area using different Snmax

(with value of 50[kg/m2], apprared as dotted line) show
closer values. Groisman et al. [1999] analyzed the snow
covered area data obtained by satellite from 1973 to 1995
and showed that averaged snow area of April and March is
clearly decreasing in the Northern hemisphere in spring; this
reduction is also predicted by the 100-year simulation
results shown in Figure 15. However, if the historical trends
obtained by the model are correct, the decrease in spring
snow covered area from the 1970’s actually reflects decadal-
scale natural variability rather than a specific trend.

4.3. Soil Moisture

[77] Figure 16 shows 100-year average of annual soil
moisture. Annual soil moisture is high in East part of North
America, north to middle part in South America, European

Figure 13. Correlation coefficient of annual runoff between model and observation.

D19101 HIRABAYASHI ET AL.: A 100-YEAR OFF-LINE SIMULATION BY A LSM

17 of 23

D19101



F
ig
u
re

1
4
.

A
v
er
ag
e
o
f
fr
ac
ti
o
n
o
f
sn
o
w

co
v
er
ed

ar
ea

d
u
ri
n
g
1
9
6
7
to

2
0
0
0
in

fa
ll
(t
o
p
:
N
o
v
em

b
er

an
d
D
ec
em

b
er
),
w
in
te
r

(m
id
d
le
:
Ja
n
u
ar
y
an
d
F
eb
ru
ar
y
)
an
d
sp
ri
n
g
(b
o
tt
o
m
:
A
p
ri
l
an
d
M
ar
ch
)
fo
r
sa
te
ll
it
e
o
b
se
rv
at
io
n
(l
ef
t)
,
m
o
d
el

es
ti
m
at
io
n

(m
id
d
le
)
an
d
d
if
fe
re
n
ce

b
et
w
ee
n
m
o
d
el

an
d
o
b
se
rv
at
io
n
(r
ig
h
t)
.

D19101 HIRABAYASHI ET AL.: A 100-YEAR OFF-LINE SIMULATION BY A LSM

18 of 23

D19101



regions, middle and east part of the Eurasian continent and
other tropical regions. Spatial pattern of the high and low
soil moisture is fairly coincide with a total annual soil
moisture estimation in the GSWP project (such as Zhang
et al. [1999]). Global average of total soil moisture in the
MATSIRO model with a total depth of 2 m is 684.22 mm.
Figure 17 is standard deviation of annual total soil moisture.
Standard deviation of annual soil moisture is high in
northern east part of North America, east to west Europe
and east coast of Eurasia continent. It is low in dry regions
such as desert areas and several tropical regions where soil
moisture is almost saturated in ever years.
[78] Long-term observations of root-zone soil moisture

are available from the Global Soil Moisture Data Bank
(GSMDB) [Robock et al., 2000]. Soil moisture in GSMDB
is available for each 10cm soil layer down to a depth of 1 m,
with the first layer divided into two 5cm layers. By
analyzing GSMDB data, Robock et al. [2000] showed that
JJA average soil moisture exhibits an increasing trend at the
same region for the past several decades (1979 to 1994).
[79] Temporal variations in simulated soil moisture were

them examined for the same area of Robock et al. [2000] in
Mongolia (46�–50�N, 100�–108�E). The 19 stations of the
totally 42 stations observations of soil moisture in Mongolia
are within this specified region indicated by Robock et al.
[2000]. The soil at most of the selected locations is
classified as Dark-chestnut. Observed GSMDB data are
taken at 6 depth increments from the 2nd layer and
integrated. These values are compared against MATSIRO
model predictions from layer 2 to layer 3 (i.e. from 5 cm to
50 cm below the soil surface), which is considered to
represent the root zone soil moisture for both the observed
and simulated data sets. Since observations records for soil
surface moisture contains some missing data, particularly
for the 5cm depth increment, depth-average values are used
for this comparison. Where multiple observation points

Figure 15. Spring (AM: average of April and March)
snow covered area in North America (upper) and Eurasian
continent (lower).

Figure 16. Mean annual total soil moisture [cm].
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exist within a given grid location, lateral spatial averaging is
also performed, such that the spatial resolution of observa-
tions match that of MATSIRO predictions.
[80] Figure 18 presents model predictions of average root

zone soil moisture for the summer (JJA) period soil mois-
ture, along with observations. Predictions obtained from
MATSIRO show good agreement with predicted annual
trends for Mongolia obtained by Robock et al. [2000] for
the 1975–1995 period. Long-term trends in the predicted
and observed values agree quite well, although predicted
short-term inter-annual variability in average JJA soil mois-
ture is much larger than observed. The correlation coeffi-
cient between the model predictions and observations is
0.755.
[81] However, the 100-year soil moisture data also

pointed out that the increasing trend suggested by Robock
et al. [2000] appeared to reflect natural long-term variability
rather than systematic changes.

5. Summary and Discussion

[82] This paper describes the derivation of 100-year daily
estimations of terrestrial land surface water fluxes, which
have a wide applicability for various studies such as
analyzing the inter-annual variability of land surface hy-
drology and detecting long-term trends of water fluxes. The
most distinguished characteristic of this data set compared
with prior data sets is its long coverage of 100 years. Global
retrospective estimations of terrestrial water cycle by LSMs
have been limited for few decades because of the limitation
of available atmospheric forcing data.
[83] The work of Nijssen et al. [2001a] and Maurer et al.

[2002] relies on precipitation and temperature data being
available. Although Nijssen et al. [2001a] did apply sto-
chastic models for data-void regions, their methodology
requires that daily data are available for surrounding grids,

in order to parameterize (by interpolation) the stochastic
model. This daily data are available at a global scale for the
14-year period (1979–93) used by Nijssen et al. [2001a],
and over the United States and bordering countries for the
50-year period (1950–2000) of Maurer et al. [2002], but is
not available for the global scale for the 100-year period
employed in this study. The required data are therefore
extracted from available monthly data sets, using the
following two methodologies:
[84] 1. Disaggregation of monthly precipitation, using

stochastic methods: These models are parameterized using
recent global daily data sets. For stochastic estimation of
daily precipitation from monthly values, a shape parameter
and scale parameter must be evaluated. since no global data

Figure 17. Standard deviation of total soil moisture [cm].

Figure 18. Annual trend of averaged JJA soil moisture
in Mongolia. Area average of soil moisture from 5 cm to
50 cm depth of the 100-year simulation (solid line) and
station averages of observation (dot).
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are available covering the whole simulation period, the
shape parameter is evaluated using recent global daily data
(GPCP-1DD, Table 1) for each grid location, and is as-
sumed to be stable for the entire 100-year period [Shver,
1976; Groisman and Easterling, 1994; Groisman et al.,
1999]. The scale parameter is obtained from the shape
parameter and the monthly precipitation data, again assum-
ing that the population structure of monthly precipitation is
stable over the 100-year simulation period.
[85] 2. Use of a stochastic weather generator to create

daily downward solar radiation and daily maximum and
minimum temperature: Nijssen et al. [2001a] estimated
daily downward solar radiation from daily maximum and
minimum temperature, again, based on daily data. They
estimated daily maximum and minimum temperature for
data-sparse grids using an auto-regression method, with
parameters obtained from the daily temperature data of
surrounding locations. As with precipitation data, global
daily temperature data are not available for the 100-year
study period. A stochastic weather generator is therefore
used to estimate daily downward solar radiation and daily
maximum and minimum temperature. The weather genera-
tor provides these values simultaneously, with a guarantee
of correlation of these variables to one another. Once again,
it is assumed that the correlation parameters for these
variables obtained from recent global data are applicable
for the entire 100-year simulation period.
[86] The methdology implemented in this study is similar

to previous studies (principally Nijssen et al. [2001a] and
Maurer et al. [2002]). The main difference is that, due to the
long simulation period used here, daily data must be
generated stochastically. In this respect, the quality of
forcing data used in this study is reliant on the accuracy
of the stochastic models used (as described above) and the
validity of the assumption of temporal stability in model
parameters.
[87] This study tried to estimate water fluxes for longer

period than previous studies, driving a LSM under the long-
term atmospheric forcing that was stochastically estimated
from monthly mean time series of precipitation and tem-
perature. Long term average of each water flux components
and standard deviations of those values were obtained from
the estimation.
[88] From the 100 year set of runoff, high amount of

annual runoff was seen in tropical regions and large river
basins. Standard deviations of annual runoff in regions were
also high in tropical regions and large river basins, however,
the standard deviations at northern high latitude is low even
though at large river basins.
[89] Globally, most place showed high correlation coef-

ficients of annual runoff with observations. In dry regions
and cold regions, however, predicted annual runoff time
series was poorly correlated to observations. The seasonal
variation of river runoff estimated by MATRIP model did
not capture the seasonal variation of observed runoff,
indicating the inadequate routing scheme especially for
runoff speed.
[90] In addition to a runoff validation, prediction of soil

moisture and snow covered area by the MATSIRO model
were compared with observations. It was found that snow
covered area can be estimated well when compared with
observations for both spatial pattern and time variation. For

example, lower snow covered area in spring in Europe and
higher snow covered area in North American continent
between 1975 and 1985 seen in satellite data were well
reproduced by MATRIP model. Correlation coefficients of
annual snow covered area between satellite observation and
MATRIP were 0.731 in North America and 0.577 in
northern part of Eurasia continent. Decrease trend of spring
snow covered area seen in North America and Europe from
1970th to 1990th were also found in the MATRIP simula-
tion, however, these trends appear to be within a range of
natural long-term variability rather than systematic changes
in hydrological condition.
[91] A 100-year average and standard deviation of soil

moisture were created from the 100-year simulation. Be-
sides the data set obtained from climate simulation by
GCM, there were no data set of long-term soil moisture
like this.
[92] Summer soil moisture in Mongolia showed good

correlation with observation with correlation coefficients
of 0.755. The increase trend of summer soil moisture for the
period 1960 to 1990 suggested by Robock et al. [2000] was
successfully replicated by the model, however, the trend
may also be within a range of natural long-term variability.
[93] It is difficult to determine whether differences be-

tween off-line simulation predictions by MATSIRO and
observations are due to errors in model process description
or uncertainty in input data. A multi-model simulation,
running several land surface models with the same atmo-
spheric forcing data, would be one method for determining
whether the model or the input data are the main source of
predictive error.
[94] There are several possible future works remain to

improve the 100-year simulation. For example, re-running
simulations with difference assumptions for rainfall correc-
tion such as accounting orographic impacts may reduce a
bias of simulation in orographically influenced regions.
Careful reviewing of forcing data sets and land surface
processes of the MATSIRO model especially in dry and
cold regions are suggested from the global runoff validation.
A tile or mosaic approach, detailed treatment of spatial and
temporal distribution of precipitation, soil type distribution
and various parameterization schemes used in the model
also have the potential to improve the simulation.
[95] Comparison of the output obtained by multi-model

off-line simulation for the global area has been conducted
in the Global Soil Wetness Project (GSWP [Dirmeyer et
al., 1999]) for 1987 and 1988. This first GSWP project
provided much more information about the impact of
model process description and input data upon global land
surface model predictions than can be obtained using a
single model off-line simulation - although the objective
period was limited to two years. The second phase of the
GSWP project (GSWP2 [Dirmeyer et al., 2002]), will have
a similar objective to the first project, but for an expanded
objective period of 10 years, which will allow longer-term
impacts to be assessed. However, since the GSWP2 project
is still limited for 10-year simulation, findings from longer
simulations as this study would be compensate this kind of
model experiment and would be useful to increase the
understandings of LSMs.
[96] The 100-year estimation of hydrological component,

such as annual and inter-annual variation of runoff, snow
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and soil moisture, would be useful for examining character-
istics and behaviors of LSMs and GCM experiments,
especially for less-observed variables such as soil moisture.
[97] Several errors of hydrological components that were

found from the long-term estimation should be carefully
analyzed, and investigation of the cause of model deficiency
is highly expected.
[98] Because the 100-year LSM simulation suggested in

this paper requires only monthly mean time series of
precipitation and temperature, the method implemented in
this study has wider applicability for simulating global-scale
water fluxes even in poorly gauged regions.
[99] Blind uncaribrated numerical simulation applied for

global area in this paper clearly indicated regions where
simulation result is bad. This is suggestive of a systematic
errors in the model scheme or errors in the atmospheric
forcing for such regions, emphasizing the importance of
long-term validation of land model simulations, to allow
these deficiencies to be identified and resolved.
[100] The 100-year data set would have high applicability

to several research areas. For example, S. Kanae et al.
(Influence of land-surface wetness on predictability of
seasonal precipitation in boreal summer, submitted to Jour-
nal of Climate, 2005) showed how the climate system and
the consequent precipitation was affected by land surface
condition using the global data set estimated in this paper.
The long-term river discharge estimation would be useful
for water resource research especially in poorly gauged
basins; furthermore, the long-term simulation would be
helpful for water resources assessment rather than short-
term estimation, because of the inclusion of several
extremes and longer natural variability. Global distribution
of soil moisture and evaporation may be helpful to under-
stand historical agricultural drought, in addition to the
hydrological drought appeared in river runoff and climato-
logical drought seen in precipitation.
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Validation of Temporal BRDFs of Paddy Fields
Estimated From MODIS Reflectance Data

Junichi Susaki, Member, IEEE, Keitarou Hara, JongGeol Park, Yoshizumi Yasuda, Koji Kajiwara, and Yoshiaki Honda

Abstract—The effect of the bidirectional reflectance distri-
bution function (BRDF) is one of the most important factors in
correcting and validating the reflectance obtained from remotely
sensed data. While the importance of BRDF has become widely
recognized, bidirectional reflectance factor (BRF) data measured
for correction and validation are insufficient because of the
technical difficulty of the measurement. The primary objective of
the present research is to estimate BRDF effects from Moderate
Resolution Imaging Spectroradiometer (MODIS) data. Temporal
ground-based BRDFs of rice paddy fields were estimated from
ground measurements conducted in June and August 2002.
MODIS-derived BRDFs obtained from MODIS reflectance data
and ground-based BRDFs were estimated using the reciprocal
form of the RossThick and LiSparse (RossThick–LiSparse-R)
kernels, a semiempirical BRDF model adopted for the oper-
ational MODIS BRDF product. The MODIS-derived band 1
(620–680 nm) and band 2 (841–876 nm) BRDFs were com-
pared with the ground-based BRDFs corresponding to the same
waveband, respectively. The comparison results demonstrate
that BRDFs of paddy fields change in accordance with paddy
growth and that MODIS-derived BRDFs are closely related to
ground-based BRDFs in most of the cases. It was also revealed
that MODIS-derived BRDFs can be estimated to a high degree
of accuracy when MODIS data necessary for the estimation are
available.

Index Terms—Bidirectional reflectance distribution function
(BRDF), Moderate Resolution Imaging Spectroradiometer
(MODIS), paddy fields, validation.

I. INTRODUCTION

VEGETATED and barren land covers on earth have
anisotropic reflectance characteristics, called the bidi-

rectional reflectance distribution function (BRDF). Analysis
of BRDF might contribute to: 1) the normalization of multi-
angular reflectance observation [1], [2]; 2) the derivation of
albedo from an angular integration of the BRDF [3]; and 3)
the interpretation of the shape of the BRDF in terms of land
surface properties [4]–[7]. A BRDF can be used to adjust
reflectance to the reflectance at nadir, which is known as
normalization of reflectance and which enables comparison of
data observed from different angles [8], [9]. Although the first
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two applications have been established and well explored, the
third remains experimental [2].

Multiangular observation from satellite remote sensing
has potential as a means of providing BRDF information on
various land covers. Some sensors, such as the Polarization and
Directionality of Earth’s Reflectances (POLDER) [10], [11]
and Multi-angle Imaging Spectro-Radiometer (MISR) [12],
are designed to observe at multiangular geometry. Wide-swath
satellite sensors such as the Advanced Very High Resolution
Radiometer (AVHRR) [13], [14] and Moderate Resolution
Imaging Spectroradiometer (MODIS) [15] can build up sequen-
tial angular views over a period of hours or days. Therefore,
BRDF effects cannot be neglected in using data of sensors
having a wide swath.

The algorithm of the operational MODIS BRDF/Albedo
products is based on a kernel-driven linear BRDF model. The
products include directional hemispherical albedo (black-sky
albedo), bihemispherical albedo (white-sky albedo), nadir
BRDF-adjusted surface reflectances (NBAR), model param-
eters describing the BRDF, and extensive quality assurance
information [16]. Albedo is a physical parameter that describes
the optical reflectance of the land surface. Albedo is commonly
defined as the reflectance of a surface integrated with respect
to both wavelength (usually between 0.3 and 3.0 m) and
angle (i.e., for all directions within the hemisphere above the
surface), and more accurate and reliable estimates of earth
surface albedo can only be obtained through knowledge of
the BRDF. Integration of the BRDF with respect to both
wavelength and the angle of exitance yields the albedo [17].
In the operation of MODIS BRDF/Albedo products, albedos
are derived from the estimated parameters of the kernel-driven
BRDF model. Therefore, BRDF is one of the most important
factors for accurate terrestrial monitoring and for the derivation
of biophysical information from the ground surface.

BRDF is also recognized to be important and useful in de-
riving physical parameters. BRDF can never be measured di-
rectly, and the bidirectional reflectance factor (BRF) is the most
closest possible field measurement to the fundamental BRDF.
BRF is defined as the ratio of the reflectance of the surface to
that of a perfectly Lambert surface under the same conditions
of illumination and viewing directions [18]. Field BRF mea-
surements are not truly bidirectional, because incoming solar
radiation does not have a unique direction but rather an angular
distribution determined by the turbidity of the atmosphere [19].
For narrow instantaneous field-of-view (IFOV) radiometers, the
term “bidirectional reflectance factor” is deemed appropriate
[8]. While a number of field experiments to collect BRF data
measurements have been conducted [8], [20], measured BRF
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data are insufficient because of the technical difficulty involved
in the measurement [21].

In the present research, the authors focused on the BRDF
of rice paddy fields because paddy fields are dominant in the
agricultural areas in Asian countries, and accurate estimation
of paddy field area is one of the most important factors in-
volved in proposing solutions to the problem of food production.
The purpose of the present research is to validate multitemporal
BRDFs of paddy fields estimated from MODIS reflectance data
using BRF data measured on the ground. Ground measurements
have been conducted in Japan in June and August 2002, and
MODIS MOD09 reflectance data, atmospherically corrected re-
flectance data, were used for BRDF estimation. In the present
paper, the temporal BRF data measurement results for June and
August 2002 are reported, and then validation results to com-
pare MODIS-derived BRDFs with ground-based BRDFs are
discussed.

II. BRDF VALIDATION

A. Measurements

The paddy fields for the BRF data measurements are located
at Yohkaichiba in Chiba, Japan, E , N .
The paddy fields are flat areas having more than 2-km ho-
mogeneity. The measurement area from the ground view is
shown in Fig. 1. Ground measurements were conducted on
June 7 and August 9, 2002. Although several measurements
were attempted, the number of clear days was very limited,
and ground measurements were conducted on those days. The
surfaces of paddy fields on both measurement days are shown
in Fig. 2.

We used a truck to which a controllable arm was attached
in order to measure BRF data. The box at the end of the arm
is rotatable and was maintained horizontal throughout the ex-
periment. A horizontally and vertically rotatable platform was
attached to the box, and a spectroradiometer was attached to the
platform. The view azimuth and zenith angles of the platform
were controlled via software run on a personal computer from
the ground. The paddy fields on both the left and right sides of
the truck were measured, and both datasets were combined as
one set of BRF data for the analysis. While the soils were wet,
paddy fields were not inundated during the time of the mea-
surements conducted on June 7 and August 9. In Fig. 4, mea-
surement points are expressed as crosses. In four different rela-
tive azimuth angle planes—0 , 45 , 90 , and 135 —the sensor
zenith angle was set as 60 to 60 at intervals of 10 . Pos-
itive sensor zenith angles indicate backward sensor zenith an-
gles. Therefore, reflectances at nadir were measured four times,
and the mean reflectance was used as the reflectance at nadir.

The height of the spectroradiometer was approximately 4.1 m
away from the ground. The IFOV of the spectroradiometer was
approximately 21 , and the diameter at nadir of the IFOV was
approximately 1.5 m. The convergence of the reflectance of
paddy fields was examined by changing the height of the spec-
troradiometer. As a result, the convergence was found at a height
of over approximately 3.0 m. Therefore, the measurement con-
ducted at a height of 4.1 m is considered to be sufficient as rep-
resentative measurements of paddy field reflectance.

Fig. 1. Measurement of BRF data at Yohkaichiba in Chiba, Japan. This image
was taken on August 9, 2002.

Three measurements, shown in Figs. 5 and 6, were started
at 10:41, 11:32, and 12:09 on June 7, 2002 Japanese Standard
Time. The solar zenith angles at measurement ranged from ap-
proximately 13 to 18 . In the same manner, the three mea-
surements in Figs. 7 and 8 were started at 10:19, 11:20, and
12:17 on August 9, 2002. The solar zenith angles at measure-
ment ranged from approximately 19 to 27 . No other measure-
ment data were collected at later times. Theoretically, the BRDF
sample produced at a specific solar zenith angle in the morning
and the BRDF sample produced at the same solar zenith angle
in the afternoon should be the same. In addition, the clear skies
of the morning would often become cloudy in the afternoon.
Under these considerations, measurements were conducted in
the morning.

Reflectance data were examined not only by checking sample
and reference digital counts, but also by checking images that
were taken by a digital camera that was synchronized with the
reflectance measurement. Reflectance data were contaminated
by the shadow of the measurement arm at almost the same
zenith angle, as the solar zenith angle was in the principal
plane. Among 13 data in the principal plane, one or two data
were contaminated because of the shadow of the arm. These
contaminated data were rejected through the examination.
Vegetation coverage of paddy fields on both measurement days
is shown in Fig. 3, as observed from the nadir view above
paddy fields.

The spectroradiometer can perform 512, 1024, or 2048
measurements in the wavelength range of 350–1050 nm. In
the measurements, 512 measurements were performed for the
700-nm range, which is approximately 1.37 nm per step. Red
(620–670 nm) and near-infrared (841–876 nm) wavelengths
were selected in accordance with the MODIS band 1 and 2
wavelengths. The spectroradiometer has two ports and can
measure both sample and reference panel simultaneously. A
Spectralon diffuse reflectance target was used as a reference
panel and was placed horizontally. A filter was set against the
reference at a 180 relative azimuth and a 45 zenith angle.
Filters were attached at the ends of optical fibers connected to
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Fig. 2. Surface of paddy fields on (left) June 7 and (right) August 9, 2002.

Fig. 3. Vegetation coverage of paddy fields on (left) June 7 and (right) August 9, 2002. The images were taken at nadir view above the paddy fields.

Fig. 4. Measurement points are expressed as crosses. In four different relative
azimuth angle planes 0 , 45 , 90 , and 135 , the sensor zenith angle was set
as�60 to 60 at intervals of 10 . Measurements at nadir were conducted four
times, i.e., every plane has a nadir measurement [29].

both the sample and reference ports of the spectroradiometer.
The filter cuts electromagnetic waves having a wavelength of
less than 500 nm, and it eliminates the effects caused by the
response lower than 500 nm to the response more than 500 nm.

Calibration was conducted after every measurement. The cal-
ibration procedure was as follows. First, both the responses of
reference and sample ports were measured while looking at
the reflectance standard almost simultaneously, referred to as
the “white procedure” in this paper. This procedure measured
the maximum ranges of both ports against the reference panel.
Then, the responses of optical fibers, i.e., dark current, were

TABLE I
DETAILS ON GROUND MEASUREMENTS. THE UPPER LAIS ARE

MEAN LAIS, AND THE LOWER LAIS ARE SAMPLE LAIS

measured by capping the ends of optical fibers, referred to as
“dark procedure.” Finally, the results of the calibration was con-
sidered for the computation of the BRF data. The equation to
compute BRF is as follows:

BRF
DN DN DN DN
DN DN DN DN

(1)

where DN denotes the digital number of the sample (refer-
ence) port, and DN denotes the digital number under
the “white (dark) procedure” in the above descriptions.

The measurement details are shown in Table I. In order to
measure leaf area index (LAI), paddy leaves were collected from
two and three square areas for the measurements conducted in
June and August, respectively. Paddy leaves of 1-m square area
were collected and scanned by an electronic and flatbed scanner.
Thresholding these leaf images determined leaf areas. The sum
of the leaf areas was equivalent to LAI. Every year, in the paddy
fields around the measurement site, planting and harvest are
conducted in the end of April and in the end of August, respec-
tively. Figs. 5 and 6 show the BRF data of red and near-infrared
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Fig. 5. Measured BRF data, ground-based BRDF, and MODIS-derived BRDF for band 1 (620–670 nm) in late May and early June 2002. Upper (lower) graphs
correspond to the result in the principal (cross-principal) plane, respectively. Ground-based BRDF and MODIS-derived BRDF were estimated by applying
RossThick–LiSparse-R kernels in the kernel-driven BRDF model. The measurements were started at 10:41, 11:32, and 12:09 on June 7, 2002 (Japanese Standard
Time). The solar zenith angles at measurement, ranging from 13 to 18 , are expressed as a gray band.

Fig. 6. Measured BRF data, ground-based BRDF, and MODIS-derived BRDF for band 2 (841–876 nm) in late May and early June 2002. Upper (lower) graphs
correspond to the result in the principal (cross-principal) plane, respectively. The BRDF estimation, the measurement start times, and the solar zenith angles at
measurement are the same as the ones in Fig. 5.

bands measured on June 7, respectively. And, Figs. 7 and 8 show
the BRF data of the red and near-infrared bands measured on
August 9, respectively. In these figures, BRF data are plotted as
“reflectance factor” along the vertical axis.

B. MODIS-Derived BRDF Estimation

Liang et al. [22] reported that point data should be aggregated
to high-resolution images for the validation of coarser resolu-
tion images like MODIS images. However, in the present re-
search, such a validation strategy was not used, and validation
was conducted under an assumption that point data can be di-
rectly compared with MODIS 1-km reflectance data. Therefore,
MODIS-derived BRDFs were estimated from MOD09 1-km re-
flectance band 1 and 2 data, and they were compared with the
ground-based BRDFs.

Band 1 (red: 620–670 nm) and band 2 (near-infrared:
841–876 nm) were selected from among the seven bands

of the MOD09 reflectance data. The MODIS data used for
the experiments were received from and produced at Tokyo
University of Information Sciences (TUIS). The ground station
at TUIS has a 2.9-m diameter receiving antenna, and received
data have been produced to higher level products operationally.
National Aeronautic and Space Administration processing
algorithms were used for the processing. Table II shows the
reflectances and geometries of the selected MODIS data at
the validation site during two periods: June and August of
2002. In fact, the period of June is from late May to early June
because of the availability of clear-sky MODIS data. Sensor
zenith, sensor azimuth, solar zenith, and solar azimuth angles
were extracted using MOD09 and MOD03 products. Clear-sky
data were selected not only by visually checking MOD09
images but also by checking “1-km Reflectance Data State
QA” data of MOD09. The “1-km Reflectance Data State QA”
data have various quality assurance data. Cloud state data, one
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Fig. 7. Measured BRF data, ground-based BRDF, and MODIS-derived BRDF for band 1 (620–670 nm) in August 2002. Upper (lower) graphs correspond to the
result in the principal (cross-principal) plane, respectively. Ground-based BRDF and MODIS-derived BRDF were estimated by applying RossThick–LiSparse-R
kernels in the kernel-driven BRDF model. The measurements were started at 10:19, 11:20, and 12:17 on August 9, 2002 (Japanese Standard Time). The solar
zenith angles at measurement, ranging from 19 to 27 , are expressed as a gray band.

Fig. 8. Measured BRF data, ground-based BRDF, and MODIS-derived BRDF for band 2 (841–876 nm) in August 2002. Upper (lower) graphs correspond to the
result in the principal (cross-principal) plane, respectively. The BRDF estimation, the measurement start times, and the solar zenith angles at measurement are the
same as the ones in Fig. 7.

of the quality assurance data, have four categories: “clear,”
“cloudy,” “mixed,” and “not set, assumed clear.” In the present
research, clear-sky data were determined by checking if cloud
state data are “clear” or not. As a result, it was found that
eight observations are available for both periods of June and
August, respectively. Relative azimuth angles were calculated
using sensor and solar azimuth angles. View zenith angles were
calculated using sensor zenith angles with consideration of the
earth’s curvature.

Several BRDF models have been proposed [9], [23]–[25],
and then robustness of BRDF model parameter estimation has
been examined [26], [27]. The kernel-driven model reported by
Lucht et al. [7] was adopted for BRDF/albedo standard product,
MOD43 product. This model adopts RossThick–LiSparse-R
kernels as volume and geometric scattering kernels, respec-
tively [16]. The parameters required in the model were set as

and , based on MOD43 products.

In the present experiments, the authors adopted the least me-
dian of squares (LMedS) method for the BRDF model param-
eter estimation (see the Appendix). The LMedS method has
been reported to be a robust estimation method [28], and the
LMedS method is found to be much more robust with respect
to noise contamination in estimating BRDF model parameters
than either the traditional least squares method or M-estimators,
which are known to be robust estimators [29]. Satellite data may
have noise derived from various factors, e.g., imperfect cloud
screening. Robust estimation can be achieved by the LMedS
method even though the LMedS method requires more estima-
tion time.

The LMedS method selects subsamples from the original
dataset in order to search the optimal parameters efficiently. As
shown in (4), if , , and are given, the number of random
subsamples is determined. is a fraction of the data contam-
inated by outliers. The breakdown point of LMedS method is



SUSAKI et al.: VALIDATION OF TEMPORAL BRDFs OF PADDY FIELDS 1267

TABLE II
REFLECTANCES AND GEOMETRIES OF MODIS DATA AT THE VALIDATION SITE DURING THE TWO PERIODS: JUNE AND AUGUST 2002. THE “DATE-TIME”

REPRESENTS THE TIME TO START RECEIVING MODIS DATA AT THE GROUND STATION OF TUIS. THE OVERPASS TIME AT THE VALIDATION SITE IS WITHIN

APPROXIMATELY 10 min LATER THAN THE “DATE-TIME.” THE 1-km RESOLUTION REFLECTANCES WERE EXTRACTED USING MOD09 PRODUCTS. SENSOR ZENITH,
SENSOR AZIMUTH, SOLAR ZENITH, AND SOLAR AZIMUTH ANGLES WERE EXTRACTED USING MOD03 PRODUCTS. CLEAR-SKY DATA WERE SELECTED BY

VISUALLY CHECKING MOD09 IMAGES AND BY CHECKING CLOUD STATE DATA OF “1-km REFLECTANCE DATA STATE QA” IN MOD09. RELATIVE AZIMUTH

ANGLES WERE CALCULATED USING SENSOR AND SOLAR AZIMUTH ANGLES. ANGLES ARE GIVEN IN DEGREES

0.5, which means that the LMedS method is a robust estimator
even if the percentage of outliers is 50%. Therefore, ,
the maximum value of , was adopted for the application of the
LMedS method in the present experiments.

Ground-based BRDFs were also estimated using BRF data
measured on the ground in the above procedure. The BRF data
measured in the four different planes (0 , 45 , 90 , and 135
relative azimuth angles) at three times on the same day were
regarded as one BRF dataset. It was because BRDF is only de-
pendent only on the surface, not on the angles. Ground-based
BRDFs were estimated using such BRF dataset. Figs. 5 and 6
show the BRDFs of band 1 and 2 for June 7, respectively, and
Figs. 7 and 8 show the BRDFs of band 1 and 2 for August 9,
respectively. In these figures, the vertical axes are labeled “re-
flectance factor” and “reflectance”; the former indicates BRF
data measured on the ground, and the latter indicates MODIS-
derived BRDFs samples and ground-based BRDF samples.

III. DISCUSSION

In terms of similarity between MODIS-derived BRDF and
ground-based BRDF, Figs. 6–8 show that MODIS-derived
BRDFs are similar to ground-based BRDFs, while Fig. 5
shows a discrepancy between them. For example, in Figs. 6
and 8, both MODIS-derived BRDFs and ground-based BRDFs
are similar in that as the sensor view zenith angle increases,
the reflectance increases. This similarity is independent of
measured plane (principal plane or cross-principal plane),
and LAI (June 2002 or August 2002). Table I shows that LAI
increases with paddy growth. In Table I and Figs. 5–8, BRDFs
demonstrate a close relationship with LAI and canopy height.
The difference between paddy field surfaces in June and August
is shown in Fig. 2. The difference between paddy coverage
in June and August is shown in Fig. 3. These images show
that while the paddy was sparse and small in June, the paddy
became dense and was observed at a vegetation layer in August
of 2002. Various characteristics of the paddy fields change as

the paddy grows, such as LAI, canopy height, and roughness
of the surface layer. These factors may cause temporal BRDF
change of paddy fields. On the other hand, ground-based band
1 BRDF in June in Fig. 5 show little such similarity as BRDFs
described in the above. Fig. 5 indicates that discontinuity of the
BRF curve can be seen in both principal and cross-principal
planes, which might cause such a dissimilarity. The extent
of the BRDF change depends on the wavelength and band.
Therefore, BRDF effects should be corrected for each band to
be used when using satellite data that can have large sensor
zenith angle, such as MODIS data. In particular, in Figs. 6,
the maximum reflectance difference in BRDF is greater than
0.1. This difference indicates that analyses, such as land cover
classification, may suffer from severe errors if BRDF effects
are neglected [30]. In order to explain the relationships between
BRDF, LAI, and canopy height, further research is required.

Table II shows that the sensor zenith and relative azimuth an-
gular samplings of MODIS data were sufficient during the two
periods in June and August of 2002. Poor angular sampling is re-
ported to cause unstable estimation [26], [31]. The authors also
found that poor angular sampling caused unstable results of the
estimation in using a limited number of MODIS data observed
in April 2002. In the present experiments, no attention was given
to the angular sampling. However, if available data are limited,
as during the period in June 2002 of Table II, the problem of an-
gular sampling and the effect might be detected. The checking
procedure in MODIS products is described in [16].

The availability of a sufficient number of satellite data for the
BRDF estimation is quite a serious problem. MODIS BRDF
products require at least seven cloud-free observations of the
surface during a 16-day period in conducting a “full model in-
version.” For the cases with insufficient inversion or poor sam-
pling, a magnitude inversion using a priori information is per-
formed [16]. However, such a criterion for the BRDF estima-
tion is too strict for application in Japan. The number of data
observed during the period in June and August 2002 of Table II
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passed the criterion, respectively. However, a sufficient number
of periods that pass the BRDF estimation criterion cannot be
expected in Japan because of cloud cover due to the climate.
The measurement on the ground is also restricted because of
the scarcity of clear-sky days. While ground measurement is
important for the validation and is therefore recommended, an-
other strategy for satellite data validation should be considered.
For example, longer period compositing would be considered,
e.g., monthly compositing, although this does not capture rapid
changes during the greenup phases. Complementing the data by
other high-resolution satellite data, or using Aqua/MODIS plus
Terra/MODIS to increase the number of clear-sky looks, would
be considered.

It can be said that the MODIS-derived BRDF of paddy fields
have a high degree of accuracy when MODIS data necessary for
the estimation are available.

IV. CONCLUSION

In this paper, the BRDFs of paddy fields obtained from
MODIS data were validated by comparing BRDFs obtained
from ground measurements. MODIS-derived band 1 and
2 BRDFs in June and August 2002 were estimated using
the RossThick–LiSparce-R kernel model. Accordingly,
ground-based BRDFs were also estimated in the same manner.
The BRDFs of paddy fields were found to change in accordance
with paddy growth. In terms of similarity between MODIS-de-
rived BRDF and ground-based BRDF, it was found that
MODIS-derived BRDFs are similar to ground-based BRDFs in
all the cases except the case of June and band 1. MODIS-de-
rived BRDFs can be estimated to a high degree of accuracy
when the MODIS data necessary for estimation are available.
However, the estimation of BRDF in MODIS products requires
a number of reflectance data during a certain period. Some
regions in Asian countries cannot satisfy such criteria during
specific seasons, such as the rainy season. In order to overcome
such conditions, the authors will attempt to establish BRDF
estimation using a smaller number of reflectance data and will
continue to collect more data on the ground.

APPENDIX

LMedS METHOD

Instead of minimizing the sum of squared residuals,
Rousseeuw [28] proposed the least median of squares method
minimizing their median as follows:

med (2)

The LMedS method cannot be reduced to a least squares
based technique, unlike the M-estimators. The solution of an
LMedS must be solved by a search in the parameter space gener-
ated from the data [32]. Since the space is too large, a randomly
chosen subset of data can be analyzed. A Monte Carlo-type tech-
nique is used to select random subsamples of different data.
In the present research, is selected as because the
number of the BRDF parameters to be estimated is three. For
each subsample, med is calculated. The subsample that min-
imizes med can be determined as the solution of (2).

The number of the random subsamples can be determined
as follows. Let be a probability of error, and by requiring

, an equation

(3)

is obtained where is the fraction of data contaminated by out-
liers. Equation (3) can be rewritten as

(4)

For example, if , , and , then
for any size of dataset. Even if , , and ,
then .

When Gaussian noise is present in inliers in addition to
outliers, the relative efficiency of the LMedS method is low.
Rousseeuw proposed combining the LMedS method with
a weighted least squares procedure that has high Gaussian
efficiency. The robust standard deviation estimate

med (5)

can be immediately obtained. The factor 1.4826 is for consis-
tent estimation in the presence of Gaussian noise, and the term

is recommended as a finite sample correction [28].
Based on , a weight for each data can be determined

if

if
(6)

Then, the parameters can be estimated by solving the weighted
least squares problem

(7)

Therefore, the estimation of BRDF model parameters by an
LMedS can be replaced by solving (7) for the subsamples of data
selected on Monte Carlo technique. This procedure improves
the computational efficiency of an LMedS method.
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Abstract: 
The aim of this study is to estimate tree species classification, stand density, crown width, height 
and position of individual tree stands by simultaneous use of airborne laser scanning data, 
airborne multispectral image and a model-based fitting approach,. Airborne remote sensing 
measurements and field survey were conducted at Japanese cedar and Japanese red pine mixed 
forest with high stand density. At first, standard ellipsoid models suitable for two species were 
created by Light Detection And Ranging (LiDAR) data in order to reconstruct a crown surface. 
An estimation of individual tree top position of the pine on Digital Canopy Model (DCM) was 
calculated by a correlation between the ellipsoid model fitting and an ortho-corrected Digital 
Matrix Camera (DMC) image. Similarly, Individual tree top position of the cedar was estimated 
by model fitting of another suitable ellipsoid. Shape and height of individual trees were 
calculated by fitting a modified caldera shaped ellipsoid. Accuracy of estimations of tree 
position and shape were good. A total of 73 out of 89 stands of cedar and 26 out of 29 stands of 
pine were extracted, respectively. A total of 14 stands of pine were miss-extracted as cedar. The 
results indicate that biophysical parameters like shape or crown width in a mixed forest can be 
estimated by this approach and methodology. This ellipsoid model approach is effective for 
forest inventory using LiDAR data. 
   
Keywords: LiDAR, DMC, tree position, crown shape, model fitting, ellipsoid  
 
1. Introduction 
It is important to monitor and investigate forest attributes such as species, stand density, height, 
crown width and diameter-at-breast-height (DBH) for efficient management of forest. 
Traditional forest inventory is very time-consuming and expensive. But, recently, high 
resolution airborne laser scanning data and high spatial resolution multispectral image are 
available for inventory of forest. Previous studies have shown that, number of trees, tree height 
and timber volume of individual trees in specific area can be estimated by airborne laser 
scanning data (Hyppä et al., 2001). Moreover, using both high density laser data and 
multispectral image can separate between coniferous and deciduous trees (Persson et al., 2004). 
However, tree shape, leaf area index and foliage mass are also important parameters in 
ecological study. Shape is one of important input parameters for estimation of inner forest light 
condition in an ecological simulation model. The objective of this research is to investigate a 
methodology with a model-based fitting approach to estimate biophysical parameters such as 
species, tree (crown) shape and tree height. 
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2. Materials 
2.1 Study area 
The study area is a plantation forest managed by Mitsubishi Paper Mills Co., Ltd. This area is 
located in north of Honshu Island, Japan (lat. 40°39’ N, long. 141°5’ E). The ground elevation is 
between 190-240m above sea level. The dominant tree species are Japanese cedar (Cryptomeria 
japonica) and Japanese red pine (Pinus densiflora).  
 
2.2 Digital Matrix Camera and LiDAR data 
The study area was scanned with both DMC and LiDAR in relatively clear skies. The DMC has 
four bands in visible and infrared range. Data was acquired on 11th August 2004 by 60% over 
and side lapping. The spatial resolution at the ground level was 0.1 meter. LiDAR data was 
acquired on 11th and 12th August 2004 from an airborne laser scanner at a cruising speed of 110 kt, 
height of 1830 meter, scan rate of 39.0 Hz, pulse rate of 46.0 kHz, scanning width of 647 meters, and 
average footprint of 0.47 meter. The scanner was ALS50, a product of Leica Geosystems, that has an 
stated horizontal accuracy and vertical accuracy of + 30 cm and + 15 cm respectively. The average 
density of laser reflection was 14.65 pulses per square meter. 
 
2.3 Field data 
A field survey was conducted in the first week of August 2004. Tree type, position, height, and 
DBH were obtained as the ground truth. Precise position of every tree was specified using a 
differential GPS, and height was acquired with a laser measurement instrument. DBH and tree 
type for all trees were recorded. 
 
3. Methodologies 
The method to estimate crown shape, tree height and tree position consisted of three major 
steps: (1) pre-processing of LiDAR and DMC raw data, and creating of standard ellipsoid model 
for searching a tree top position, (2) classification of species and searching of individual tree top 
position, (3) 3D curve fitting with a modified ellipsoid model to DCM to estimate individual 
tree parameters. The method in detail consisted of the following steps: (1) Digital Surface 
Model (DSM), Digital Elevation Model (DEM) and DCM were created from the smoothed 
LiDAR data, (2) DMC raw data was converted into orthophoto image, (3) a standard ellipsoid 
models suitable for two species were created from DCM, (4) the pine area in the ortho DMC 
image was extracted by unsupervised classification method, (5) a possibility map of individual 
tree top position for pine was calculated by the ellipsoid model, (6) tree position of pine was 
determined by the extracted pine area image and the estimated tree top position, (7) individual 
tree top position for cedar was determined by ellipsoid model, (8) tree shape and height around 
the estimated tree top position were calculated by a caldera shaped modified ellipsoid model. 
 
3.1 Orthophoto image 
DMC raw image was converted into ortho image to avoid miss registration between DMC 
image and DCM. Using exterior orientation parameter (camera position), orientation (omega, 
phi and kappa) and DCM, each pixel on DMC image was mapped to the corresponding pixel in 
the DCM. The equations are as follows (eqn. 1, 2). 
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In this case, the orthogonal matrix representing the rotation of camera is as follow (eqn. 3). 
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,where, the (X,Y,Z) is the geodetic coordinate of the target object, (X0,Y0,Z0) is the geodetic 
coordinate of the center of the projection, c is the principal distance (focal distance), (x, y) is the 
photograph coordinate of the corresponding photographic image, aij is the element of the 
rotation matrix, ω  is rolling, ϕ  is pitching, and κ  is yawing.  
 
3.1 Ellipsoid model 
Tree crown of conifer was represented as an ellipsoid model after Sheng et al., 2003. An 
ellipsoid model is shown as eqn. 4. 
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,where, (Xt, Yt) is the 2-D coordinates of the crown top, cz is tree height, (X, Y, Z) is a point on the 
crown surface, cw is crown width, ch is the crown height, and cc is crown curvature. 
 
From the tree species data by field survey and DCM sampling, tree crown shapes were defined 
with, cw=4.9m, ch=3.6m, cc=1.0 for pine, and cw=1.5m, ch=1.3m, cc=1.0 for cedar (Fig.1). 
 

            
 

Fig.1.  Standard ellipsoid model for pine (Left) and cedar (Right). 
 
3.3 Classification of tree species and estimation of tree top position 
Classification between cedar and pine, and estimation of individual tree top position were 
carried out by several steps. First, a possibility of tree top position for the pine was calculated by 
a correlation between DCM and the standard ellipsoid model. Second, the pine area in the ortho 
DMC image was classified by unsupervised classification method. All bands of the DMC image 
showed difference between pine and cedar clearly. The pine areas, which had higher luminance 
than the cedar, could be classified using visual interpretation. A tree top position of the pine was 
determined from the classified pine area and the calculated possibility of tree top position. 
Finally, a possibility of tree top position for the cedar was calculated by a correlation between 
DCM and the other standard ellipsoid model. A tree top position of the cedar was determined by 
correlation.  
 
3.4 Searching for the optimum shape 
After the extraction of the tree tops, optimum shapes were selected by examining the parameters 
with a combination of cw: 1.5-4.5m for the pine and 1.1-2.9m for the cedar both varied at 0.2 m 
intervals, and cz: 0-0.6m varied at 0.3m intervals for both species. Here, ch was fixed at 2.5m and cc 
was fixed at 1 for pine, and ch was fixed at 1.5m and cc was fixed at 1 for cedar, with an intention to 
extract the upper 2.5m and 1.5m of tree crown in pine and the cedar canopies, respectively. As 
because LiDAR points generally didn’t fall on the true top of the crown, the fitting process was 
carried out by a caldera shaped surfaces lacking its tops by around 0.5m diameter. 
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4. Results and Discussions 
The tree stands extraction results for each species are shown in Fig.2 and Table 1. The gray 
circles stand for the estimated trees and their sizes mean the diameter of estimated crown shape. 
The red and light blue small points show the pine and cedar positions by GPS measurement on 
the XY plane, respectively. The number of extracted pines and cedars were 26 stands per 29 
stands and 73 stands per 89 stands, respectively, and the accuracy of extraction were 0.90 and 
0.82, respectively. However, the number of pines, extracted as cedars by error was 14 stands. 
Number of surfaces that had no corresponding grand truth trees were 8 stands. With the 
methodology, some pines could not be extracted correctly and were extracted as cedars, 
probably because those were of small sizes, but the algorithm required them to have big crowns 
to be correctly extracted. Regarding the trees not extracted at all, it might be due to their lower 
heights compared to the surrounding trees. Another reason might be high density causing nearby 
crowns to pose as one crown. To solve the remaining problems, the future works will focus on 
improvement in fusing DMC image and LiDAR data to raise the precision of tree species 
classification. 
 

 

 

  
Table 1 Results of the tree stands extraction 

 By Pine 
extraction 

By Cedar 
extraction Total Grand 

truth 
Not 

extracted 

Pine 12 14 26 29 3 

Cedar 0 73 73 89 16 

Total 12 87 99 118 19 

Fig.2. Results of the tree stands extraction. Upper: 2D 
view, Bottom: 3D view.  

 

 
5. Conclusions 
In this study, a new methodology was investigated for the tree stands extraction with shape in 
high density and mixed forest area with two species by using the simultaneous DMC and 
LiDAR data. Through ellipsoid surface fitting processes, it was possible to extract each species 
of trees with high probability. Additionally, the shapes of tree crowns could be acquired. This 
study can be useful when the series of biophysical parameters need to be extracted from the 
aerial remote sensing. 
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ON-SITE ELEMENTAL ANALYSIS OF CONCRETE 
BY PORTABLE ENERGY DISPERSIVE X-RAY FLUORESCENCE ANALYZER 

Hisashi KANADA1, Yukihiro ISHIKAWA2 and Taketo UOMOTO3

ABSTRACT: Several componential instruments are used for concrete analysis. But most of them are 
only available for laboratory use, obtained samples from actual structures are analyzed in the 
laboratory. In case of seacoast environment structures, chloride content in concrete is often measured 
to evaluate the possibility of steel corrosion. Potentiometric titration analysis in the laboratory is 
commonly used to measure the chloride content, but this requires high labor effort and cost because 
pretreatment of sample (crushing, grinding or dissolution etc.) and titration are troublesome tasks. If 
chloride content can be measured non-destructively and immediately, the method would be a very 
effective technique for inspectors. Recently, a portable X-ray fluorescence analyzer has been 
developed, which enables elemental analysis in the field. Laboratory measurement requires at least 
two days for sampling and analysis, but if inspector can perform elemental analysis in the field using 
the equipment, the countermeasure can be determined there. Therefore, On-site analysis will provide 
improvement of working efficiency and maintenance cost compared to traditional method. This paper 
introduces the applicability and availability of portable X-ray fluorescence analyzer to on-site 
elemental analysis of concrete. 

KEYWORDS: energy dispersive type, portable X-ray fluorescence analyzer, on-site analysis, 
chloride content, elemental analysis 

1.  INTRODUCTION 

The authors are developing new non-destructive methods which can detect deterioration factors of 
concrete such as carbonation, chloride content or sulfate attack. Application of near-infrared 
spectroscopic technique for inspection of concrete is one such example which enables us to obtain 
distributions or contents of deterioration factors by sensing reflected near-infrared rays from the 
measuring plane [1]. In the near future, the number of aging structures that require maintenance will 
increase, so maintenance will be difficult by existing methods. Therefore, improvement of workability 
by on-site elemental analysis is important. 

X-ray fluorescence analysis is not new a method, and is generally used as one of the elemental 
analyses. This is applicable to heavy elements as compared to light elements, since qualitative 
analysis can be carried out from spectrum of energy and their concentration can be obtained from the 
intensity of X-ray fluorescence from sample. It is possible to analyze concrete samples using desktop 
X-ray fluorescence analyzer, but this method does not have the advantage of working efficiency 
compared to other analytical methods (potentiometric titration method etc.). Portable X-ray 
fluorescence analyzer, can directly measure deterioration factors of structures has been under 
development for the last few years. Therefore, the method will be applicable to on-site elemental 
analysis. 

1 Project research associate, International Center for Urban Safety Engineering, Institute of Industrial Science, The University of Tokyo, Japan 
2 Graduate student, Department of Civil Engineering, Graduate School of Engineering, Shibaura Institute of Technology, Japan 
3 Professor, International Center for Urban Safety Engineering, Institute of Industrial Science, The University of Tokyo, Japan 
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2.  X-RAY FLUORESCENCE ANALYSIS 

2.1 PRINCIPLE OF X-RAY FLUORESCENCE 
ANALYSIS 

X-ray fluorescence analysis is a non-destructive 
analytical technique used to determine the elemental 
composition of a sample. When a primary X-ray 
excitation beam from an X-ray tube or a radioactive 
source strikes a sample, the X-ray can either be 
absorbed by the atom or scattered through the material. 
During this process, if the primary X-ray has sufficient 
energy, electrons are ejected from the inner shells, 
creating vacancies. These vacancies present an 
unstable condition for the atom. As the atom returns to 
its stable condition, electrons from the outer shells are 
transferred to the inner shells and in the process give 
off a characteristic X-ray whose energy is the 
difference between the two binding energies of the 
corresponding shells (Figure 1). Because each element 
has a unique set of energy levels, each element 
produces X-rays at a unique set of energies, allowing 
one to non-destructively measure the elemental composition of a sample (Figure 2). The process of 
emissions of characteristic X-rays is called "X-ray fluorescence".  

2.2 COMPONENTS OF THE X-RAY FLUORESCENCE ANALYZER 

Two types of X-ray fluorescence analyzers are available today: wavelength dispersive type (WDXRF) 
and energy dispersive type (EDXRF). In WDXRF spectroscopy, the X-ray energies are separated by 
means of a diffracting crystal and a detector which are placed in positions complying with Bragg's 
law. The placement is either by turning of a goniometer-measuring the energies one after the other 
(sequential); or in fixed positions-measuring the energies all at the same time (simultaneous).  
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EDXRF spectroscopy makes use of the fact that the pulse height of the detector signal is proportional 
to the X-ray photon energy, which is correlated with the wavelength. Therefore the optical path is 
simpler than for WDXRF spectrometers because no diffracting crystals or goniometers are needed, 
and the fluorescence photons from the sample hit the detector directly. 

As shown in Figure 3, since energy dispersive type (EDXRF) can be applied to portable analysis, it 
was selected to verify the applicability to concrete inspection. 

3. MEASUREMENT OF CHLORIDE CONTENT OF CONCRETE USING EDXRF

3.1 INSTRUMENT CONFIGURATION 

As shown in Figure 2, chlorine can be detected from the X-ray fluorescence spectrum at 2.621 keV. 
Therefore, proper measurement conditions, which can accurately detect the range, are required. 
Palladium was selected for the target of the X-ray tube because the characteristic X-ray of palladium 
is effective to excite the chlorine. X-ray filters are usually used to reduce the background of X-ray 
fluorescence spectrum, but light elements like chlorine can be measured by weak X-ray; therefore, no 
X-ray filters are better for detection. 

3.2 MEASUREMENT CONDITIONS 

Standard samples of chloride-containing cement paste specimens (W/C=40%) were prepared. Sodium 
chloride was directly added into the mixing water to adjust chloride content (Table 1). Voltage of 
X-ray tube, focal distance between sample and stage and measurement time were considered as 
experimental parameters (Table 2).  

No. Chloride 

content 

No. Chloride 

content 

N40-0 None N40-3.0 3.0 [0.154] 

N40-0.4 0.4 [0.021] N40-6.0 6.0 [0.308] 

N40-0.6 0.6 [0.031] N40-9.0 9.0 [0.462] 

N40-0.8 0.8 [0.041] N40-12.0 12.0 [0.615] 

N40-1.0 1.0 [0.051] N40-15.0 15.0 [0.769] 

N40-1.2 1.2 [0.062] N40-20.0 20.0 [1.025] 

N40-1.5 1.5 [0.077] Unit: kg/m3 [wt %] 

Target Material X-ray filter 

Palladium Nonuse 

Voltage of 

X-ray tube 

Focal

distance 

Measurement 

time 

6 9kV 0 7mm 30, 60, 120, 180s 
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Figure 3. Types of XRF 

Table 2. Experimental parameters 

Table 1. Mix proportions of samples 
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Figure 4 shows the relationship between the voltage of X-ray tube and the peak/background ratio. 
When the voltage is increased, the peak/background ratio decreases, so measurement should be 
carried out under low-voltage condition. Figure 5 shows the detail view of the detector. When primary 
X-ray is irradiated to the sample, emitted X-ray fluorescence can be detected by the detector. If focal 
distance increases, X-ray fluorescence is attenuated due to air (atmosphere), so contact measurement 
(focal distance: 0mm) is required.  

Figure 6 shows the variations of measured results with measurement times. From experimental results, 
stable result can be obtained if measurement time is more than 120 seconds. 

3.3 PREPARATION OF CALIBRATION CURVE 

As shown in Figure 7, the number of X-ray fluorescence counts at 2.621 keV increases as chloride 
content increases. The calibration curve should be prepared to carry out quantitative analysis. Figure 8 
shows high correlation between chloride content and peak area corresponding to chlorine (green area 
in Figure 4). Chloride content of a sample can be estimated by substituting its peak area into the 
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calibration curve (Figure 8). In X-ray fluorescence analysis, in principle, total chloride content of 
concrete (free and fixed chloride) can be measured. 

4.  APPLICATION OF ACTUAL MEASUREMENT 

4.1 MEASUREMENT OF CHLORIDE CONTENT OF CONCRETE 

The advantage of portable X-ray analysis is its application to on-site measurement. Potentiometric 
titration method is commonly adopted to measure the chloride content using concrete powder or cores 
sampled from actual structures. The portable method can directly analyze samples or structures in the 
field; therefore, measurement time can be shortened as compared to traditional methods. Figure 9 
shows actual measurement of sampled concrete powder by drilling. It was confirmed from 

experimental result that a 1g sample is enough to measure chloride content. Measurement of chloride 
penetration depth was attempted in order to verify whether direct analysis on a concrete plane is 
possible. The sample specimen had been exposed to marine environment (Figure 10), and the cutting  

plane was used for measurement. Figure 11 shows the result of EPMA, where white pixels indicate 
high chloride content, and it was observed that chlorine penetrated from the exposure plane.  
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As shown in Figure 12, analysis of the concrete plane can be carried out by contact of the sample 
stage with the plane. The average of three measurement points (other than coarse aggregate) at each 
depth were plotted in Figure 13. Obtained values by potentiometric titration method were also plotted 
as reference. The same trend can be observed between this method and traditional method, the 
applicability has been corroborated by experimental results.  

4.2 APPLICATION OF ELEMENTAL ANALYSIS 

Current energy dispersive analyzers can be used to detect elements from 12Mg to 92U, so other 
elements such as Mg, Al, Si, S, K, Ca or Fe can also be detected (Figure 14). As an example, Figure 
15 shows the spectrum change after deterioration due to sulfuric acid attack. The number of X-ray 
fluorescence counts at 2.307 keV corresponding to sulfur increases after deterioration, and as the 
counts of calcium decreases, the counts of silicon increases due to exposure of aggregates because 
cement paste is dissolved. 

5.  CONCLUSIONS 

It was confirmed that chloride content of concrete can be measured using portable X-ray fluorescence 
analyzer. This method can shorten measurement time and improve working efficiency, and will prove 
to be a powerful tool for inspectors or administrators of infrastructures. 

REFERENCES 

1. Hisashi Kanada, Yukihiro Ishikawa,Taketo Uomoto, “Development of New Method to Detect 
Deleterious Substances of Concrete Using Near-infrared Spectral Imaging System”,The First 
International Conference of Asian Concrete Federation,Chiang Mai, Thailand, October 28-29, 
2004.

2. Japan Synchrotron Radiation Research Institute (JASRI), “Bits of knowledge: X-ray fluorescence 
analysis”, SPring-8 News,No.6, 2001.3. 

3. Princeton Gamma-Tech, Inc., “X-ray Critical Absorption and Emission Energies in keV”, 
Nuclear Products Catalog, 2002. 

P
o

rt
a

b
le

 X
-r

a
y

fl
u

o
re

s
c
e
n

c
e
 a

n
a

ly
z
e
r

Sample
0 1 2 3 4 5 6 7 8

 (cm)

0

2

4

6

8

10

12

14

(k
g
/m

3
)

C
h

lo
ri

d
e 

co
n

te
n

t 
(k

g
/m

3
)

Distance from top surface (cm)

Estimated from X-ray fluorescence analysis

Obtained by potentiometric titration

Figure 12. Measurement of cutting plane Figure 13. Distribution of chloride content 

Figure 14. Qualitative X-Ray fluorescence 

1.5 2 2.5 3 3.5 4

keV

0

50

100

150

200

250

300

(C
o

u
n

t
P

er
S

ec
o
n

d
)/

m
A

Deteriorated concrete due to sulfuric acid attack

Normal concrete

Deteriorated concrete

due to sulfuric acid

Normal concrete

S-K

Ca-K

Si-K

Figure 15. Spectrum change due to sulfuric acid 

284
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はじめに 
現在，持続的な国土環境の保全や循環型社会の形成の場

として，さらに，森林の持つCO2の吸収・固定の場として，

身近な里山の保全と利活用に注目が集まっている。そのた

めには，里山を構成する樹種の区分やその分布を把握する

ことが必要とされる1)。 
多種多様な樹種からなる里山の構成樹種をその外観から

区分していくには，構成樹種ごとの季節的な樹葉の色調変

化を時系列的に把握し，その変化特性から区分していく方

法2)3)4)と，多波長帯で観測されたデータ上での樹種別の分

光反射特性に基づいて区分していく方法5)6)7)がある。 
前者の方法では，春季（展葉期）や秋季（紅葉・黄葉期）

など樹葉の葉色が大きく変化する時期を時系列に観測した

複数のデータが必要とされ，その経時的な葉色の色調変化

から樹種区分がなされる。しかし，この方法ではタイムリ

ーな観測データが必要とされること，異なる時期に観測さ

れたデータを相互に比較できるような色調補正が必要とさ

れること，加えて観測経費や手間等の問題を生じる。 
一方，後者の方法では，ハイパースペクトラルスキャナ

を用いることで，多波長帯にわたるデータを効率的に観測

でき，多波長帯上での樹種別の分光反射特性を把握するこ

とで，構成樹種の区分が可能とされる。したがって，樹種

別の多波長帯上での分光反射特性の把握が最優先の課題と

なる。 
本研究では，後者の方法から研究を進め，里山を構成す

る代表的な樹種（スダジイ・アラカシ・スギ・ヒノキ・ケ

ヤキ・コナラ）を対象に，航空機搭載型のハイパースペク

トラルスキャナ（Hyperspectral Scanner，以下「航空機

HSS」と略す）による観測，取得された多波長帯データ上

での各樹種の分光反射特性を検討し，その特性を用いた樹

種区分の可能性について考察した。 
 
 
 
 
 

２. 研究方法 

本研究では，東京都八王子市内に位置する(独)森林総合

研究所多摩森林科学園を対象地域とした。 
(1)航空機HSSでの観測 

使用した航空機 HSS は，高解像度の航空機搭載型の可

視近赤外線放射計（カナダ Itres 社製 Compact Airborne 
Spectrographic Imager：CASI-1）で（図１），その観測諸 
 
 
 
 
 
 
 
 
 
 
  
        

 

 

図１ 航空機HSSの観測概念 

 

元を表１に示す。なお，本研究では，里山林の代表的な樹

種の多波長帯データ上での分光反射特性を把握する目的で

実施し，できる限り単木ベースで識別できる解像度を保持

することを前提に観測した。したがって，波長分解能より

も空間分解能を優先し，24バンドでの観測とした（使用し

た航空機HSS では 288 バンドまで観測可能であるが，そ

の場合には記録容量との関係で低解像度となる。ここでは

解像度約1.25mとしたため24バンドに限定して観測した）。

観測は，2002年9月20日10:53～11:00に実施した。 
(2)対象樹種の選定とデータサンプリング *  東京大学生産技術研究所 研究員，国際航業㈱ 

**  国際航業㈱ 
*** 東京大学生産技術研究所 教授 

対象樹種は，当該地域の里山林の上層木を構成するスダジ

イ・アラカシ・スギ・ヒノキ・ケヤキ・コナラの6種とし

た。これらの樹種毎のサンプリングにあたっては，当該地 



域を既撮影したカラー航空写真（縮尺 1/10,000 2001 年

撮影）から作成したオルソフォトを現地に携帯し（現地踏

査は航空機HSSの観測と同日の2002年9月20日実施），

同画像と現地で識別できる単木樹冠をサンプルデータとし

た。各樹種は 15 サンプルを選定した（ただし，アラカシ

のみ4サンプルとした。これはアラカシが混在して分布し

ているため，画像上から単木樹冠を選定するのが困難なた

めである）。 
(3)樹種別の分光反射特性の分析 

多波長帯データ上での樹種別の分光反射輝度をグラフ化

し，樹種毎の傾向や特徴的な分光反射特性を示すバンド帯

などを検討した。 
(4)樹種区分に最適なバンドとその組み合わせ 

樹種別に特徴的な分光反射特性を示すバンド帯を把握す

るとともに，それらのバンドを用いたカラー合成やバンド

間演算などの画像処理による樹種区分の可能性について検

討した。 
 

３．結果と考察 

(1)各樹種の多波長帯データ上での分光反射特性 

図２には，各樹種の多波長帯データ上での分光反射輝度

の平均値（アラカシは4サンプルの平均，アラカシ以外は

15サンプルの平均）を示す。 
スダジイは，図２のように近赤外線領域になると739nm

（band15）まで急激に分光反射輝度が増加する。これはコ

ナラの場合とほぼ同じ傾向を示すが，次の 762nm
（band16）までの傾向をみると，コナラが示す傾向（反射

輝度パターンの急な変化）は示さず，この間ではわずかに

分光反射輝度が高まる程度である。785nm（band17）で

分光反射輝度のピークを示すのは，他の樹種と同様である

が，コナラほど高い分光反射強度は示さない。また，これ

以降 946nm（band24）付近まで分光反射輝度の特性はほ

ぼコナラと同じ傾向を示し，両者に大きな反射特性の違い

は認められない。 
アラカシは，他の広葉樹に比べて比較的分光反射輝度が

低い。可視光線領域では，511～647nm（band5～band11）
で他の5種に比べて最も低い分光反射輝度を示す。とくに，

他の 5 種との分光反射パターンの異なる領域が 534～
556nm（band6，band7）にあり，この付近では他の5種

との乖離が大きい。近赤外線領域では，分光反射輝度値は

異なるものの，分光反射パターンは他の広葉樹の変化パタ

ーンと大差はない。ただ，近赤外線領域でもスギを除く他

4種に比較して最も低い分光反射輝度を示している。 
スギは，他の5種に比べて特異な分光反射パターンを示

す。すなわち，可視光線領域ではそれほど明瞭な傾向は認

められないが，近赤外線領域になると特異な分光反射パタ

ーンを示す。とくに，739～946nm（band15～band24） 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

表１ 航空機HSSの観測諸元 

観測日時 2002年9月20日 10:53 ～ 11:00 

観測高度 1,050m 

空間分解能 1.25m 

データ長 16bit（1レベル=0.001μW/cm2/sr/nm） 

中間波長 

（nm） 
波長（nm） Ch Ch 波長（nm） 

中間波長

（nm） 

1 409.45 ～ 434.18 421.82  13 680.49 ～ 705.90

の間で他の 5 種に比べて分光反射輝度が極端に低く，

785nm（band17）のピーク付近でも分光反射輝度が4420
で他の5種と大きく異なる。スギの場合は全般的にみても

分光反射輝度が他の5種に比べて低く，特異な分光反射パ

ターンを示す。 
ヒノキは，可視光線領域の一部と近赤外線領域の一部に

特異な分光反射パターンが認められる。これ以外の領域で

は，他の樹種とほぼ類似の変化パターンを示す。また，近

赤外線領域の739～946nm（band15～band24）では，ほ

ぼケヤキと同じ変化パターンが認められる。特異な変化パ

ターンを示す可視光線領域の 534～556nm（band6，
band7）では，他の5種に比べて最も高い分光反射輝度を

示している。また，近赤外線領域のうち，739～762nm
（band15，band16）での分光反射パターンは，他４種（ス

ギを除く）が右上がりの変化パターンを示すのに対し，右

下がりの変化パターンを示す。 
ケヤキは，可視・近赤外線領域ともに特異な分光反射パ 

ターンは示さない。ただし，15サンプルの個別の分光反射

パターンでは，可視光線領域で分光反射輝度が高いものは，

近赤外線領域では低い値を示し，反対に可視光線領域で分

光反射輝度の高いものは近赤外領域では低い値を示す傾向

がみられる。 
コナラは，近赤外線領域ではすべての波長帯で他の5種

に比べて最も高い分光反射輝度を示す。とくに，他の5種

との差か顕著になるのは，762～877nm（band16～
band21）付近であり，これらの領域ではコナラに次いで高 

693.20 

431.63 ～ 456.44 703.41 ～ 728.842 444.04  14 716.13 

453.90 ～ 478.80 466.35  15 726.35 ～ 751.80 739.08 3

476.26 ～ 501.23 488.75  16 749.31 ～ 774.77 762.04 4

498.70 ～ 523.74 511.22  17 772.28 ～ 797.75 785.02 5

521.22 ～ 546.33 533.78  18 795.27 ～ 820.73 808.00 6

543.81 ～ 568.97 556.39  19 818.25 ～ 843.71 830.98 7

566.46 ～ 591.68 579.07  20 841.22 ～ 866.68 853.95 8

589.17 ～ 614.44 601.81  21 864.19 ～ 889.63 876.91 9

611.94 ～ 637.25 624.60  22 887.14 ～ 912.56 899.85 10

634.75 ～ 660.10 647.43  23 910.07 ～ 935.47 922.77 11

12 657.60 ～ 682.98 670.29  24 932.97 ～ 958.34 945.66 
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図３ データ組み合わせケースの 

   散布図（X:band7，Y:band17） 

2000

3000

4000

5000

6000

7000

8000

9000

10000

500 1000 1500 2000 2500
band

0

2000

4000

6000

8000

10000

12000

-400 -200 0 200 400 600

band16 - band15

ba
n
d1

7

ba
n
d1

7

スダジイ
スダジイ

アラカシ
アラカシ

スギ
スギ

ヒノキ
ヒノキ

ケヤキ
ケヤキ

コナラ
コナラ

 
図５ データ組み合わせケースの 

 散布図（X:band16-band15，Y:band17） 

9

図４ データ組み合わせケースの 

   散布図（X:band9，Y:band17）

図６ 合成画像による樹種区分パターン 
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い分光反射強度を示すスダジイと比べても両者の差が明瞭

である。全体的な分光反射パターンで比較すると，スダジ

イ・アラカシ・ケヤキとほぼ同じ分光反射パターンを示す。 
 
以上の樹種別分光反射パターンに基づき，各樹種を区分

していくために有効なバンドは次のようにまとめられる。 
① 可視光線領域では，534～556nm（band6，band7）

の間で樹種によっては特異な分光反射パターンを示す

ことが分かる（ヒノキでは他樹種に比べて高い分光反

射輝度を示し，アラカシでは他樹種に比べてかなり低

い分光反射輝度を示す）。 
① 近赤外線領域の739～762nm（band15，band16）の

間では，ヒノキやスギが他の樹種と異なる分光反射パ

ターンを示すことが分かる（ヒノキ・スギではこの間

の分光反射パターンが右下がりの傾向を示し，他の広

葉樹の右上りの傾向と異なる）。 
③ 近赤外線領域の 785nm（band17）では，すべての樹

種がそれぞれの分光反射パターン中で最も高い分光反

射輝度を示す。 
(2)樹種区分に最適なバンド組み合わせの検討 

樹種区分に最適なバンド組み合わせを選定するためには，

樹種間の分光反射輝度の散らばり具合を定量化することが

効果的である2)3)。 
多波長帯データ上での樹種別の分光反射輝度と樹種間の

標準偏差を表２に示す。これより，近赤外線領域において，

樹種間の分散が大きいことがわかる。とくに，785nm
（band17）は樹種間の標準偏差が全バンドの中で最も大き

く，樹種区分に対して有効であるといえる。可視光線領域

においては，緑色領域である556nm（band7）の樹種間の

標準偏差が比較的大きい。その他の色領域においては，赤

色領域である602nm（band9）の樹種間の標準偏差が相対

的に大きくなっている。 
 
以上より，樹種区分に対しては，556nm（band7），602nm

（band9），785nm（band17）の3バンドの合成画像が有

効であると推察される（表２の網掛け部）。一方，図２より

739～762nm（band15，band16）の間で，ヒノキやスギ

が他の樹種と異なる分光反射パターンを示すことが判明し

ている。この特性を利用するために，762nm（band16）
と 739nm（band15）の差分を算出し，樹種区分に対する

特性を検討した。 
各樹種のデータの散らばり具合を確認するために，最も

標準偏差の大きい785nm（band17）をY軸に固定し，X 
軸を可変にした各樹種 15 サンプル（アラカシは 4 サン

プル）の散布図を図３～図５に示す。 556nm（band7）
をX軸にとった場合，スギは明瞭に分離できるものの，そ

の他 5 樹種はサンプルの分布域が混在することがわかる

（図３）。602nm（band9）を X 軸にとった場合は，さら

にサンプルの分布域が混在していることがわかる（図４）。

一方，762nm（band16）と739nm（band15）の差分をX
軸にとった場合，差分値の正負によっておおむね針葉樹と

広葉樹が区分でき，差分値が負の領域においては 785nm
（band17）の値の大小によってスギとヒノキが分離される

ことがわかる（図５）。 
556nm（band7），602nm（band9），785nm（band17），

762nm（band16）と 739nm（band15）の差分の 4 デー

タを対象に樹種別の標準偏差をまとめた表３からも，

762nm（band16）と 739nm（band15）の差分値の樹種

間標準偏差が602nm（band9）の樹種間標準偏差よりも大

きく，樹種区分に有効であることが示唆された。 
 
 

表２ 樹種毎の分光反射輝度 

バンド b1 b2 b3 b4 b5 b6 b7 b8 b9 b10 b11 b12
422 444 466 489 511 534 556 579 602 625 647 670

スダジイ 1,062 1,261 1,399 1,288 1,278 1,682 1,764 1,451 1,272 1,105 990 898
アラカシ 983 1,100 1,196 1,053 1,038 1,341 1,341 1,119 975 850 755 668
ケヤキ 1,067 1,196 1,316 1,178 1,161 1,483 1,553 1,289 1,141 1,008 906 820
コナラ 1,023 1,181 1,264 1,164 1,168 1,525 1,600 1,301 1,134 991 892 814
スギ 956 1,105 1,185 1,067 1,135 1,502 1,560 1,285 1,110 949 814 677
ヒノキ 1,032 1,183 1,264 1,135 1,205 1,755 1,897 1,490 1,234 1,015 844 691
標準偏差 40 55 72 78 72 136 175 122 95 77 74 87

バンド b13 b14 b15 b16 b17 b18 b19 b20 b21 b22 b23 b24
693 716 739 762 785 808 831 854 877 900 923 946
赤

スダジイ 1,112 2,986 5,850 5,959 7,161 6,577 6,087 6,533 6,376 5,275 4,217 2,452
アラカシ 848 2,277 4,789 5,037 6,095 5,594 5,219 5,589 5,492 4,549 3,647 2,146
ケヤキ 1,039 2,725 5,270 5,364 6,468 5,965 5,544 5,975 5,869 4,861 3,878 2,260
コナラ 1,019 2,849 5,962 6,217 7,496 6,899 6,405 6,876 6,729 5,584 4,484 2,633
スギ 921 2,215 3,817 3,719 4,420 4,061 3,757 4,019 3,931 3,270 2,630 1,594
ヒノキ 1,002 3,059 5,647 5,488 6,501 5,941 5,459 5,840 5,668 4,685 3,736 2,148
標準偏差 85 328 740 804 983 905 840 908 887 731 583 323

波長帯（nm）

波長帯（nm）

← 赤 →← 緑 →← 青 →

← 近 赤 外 →

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

表３ 選定したバンドにおける樹種間標準偏差 

     バ ン ド
樹 種

b a n d 7 b a n d 9 b a n d 1 7 b a n d 1 6 -
b a n d 1 5

ス ダ ジ イ 1 7 6 4 .5 1 2 7 1 .9 7 1 6 0 .8 1 0 8 .6
ア ラ カ シ 1 3 4 1 .1 9 7 5 .2 6 0 9 5 .1 2 4 8 .1
ケ ヤ キ 1 5 5 9 .6 1 1 1 0 .4 4 4 2 0 .1 -9 8 .1
コ ナ ラ 1 8 9 6 .9 1 2 3 3 .6 6 5 0 0 .7 -1 5 9 .2
ス ギ 1 5 5 3 .4 1 1 4 0 .9 6 4 6 7 .7 9 3 .9
ヒ ノ キ 1 5 9 9 .8 1 1 3 3 .6 7 4 9 5 .9 2 5 5 .5

標 準 偏 差 1 7 5 .0 9 5 .0 9 8 2 .9 1 5 7 .5



そこで，R：G：Bに602nm（band9）：785nm（band17）：
556nm（band7）を割り当てた合成画像と，R：G：B に

762nm（band16）と 739nm（band15）の差分：785nm
（band17）：556nm（band7）を割り当てた合成画像を試

作し，各樹種を識別した。前者を図６に，後者を図７に示

す。 
 図６では，スギと他の5樹種とは色調差を生じ，判別が

容易であった。一方スギ以外の5樹種は類似した色調を呈

し，分離は困難であった。図７では，針葉樹と広葉樹との

色調差が大きい。針葉樹の中でもスギとヒノキには色調差

があり，両者の分離は比較的容易である。一方，広葉樹で

は，わずかにケヤキ・スダジイとコナラ・アラカシに色調

差が認められた。 
 
４．おわりに 
本研究により，対象とした里山林の代表的な樹種（6 種）

区分においては，可視光線領域で 534～556nm（band6，
band7），近赤外線領域で739～762nm（band15，band16），
785nm（band17）が有効なバンドであった。また，これ

らの樹種区分には，樹種間の分光反射輝度の分散が大きい

556nm（band7），602nm（band9），785nm（band17）
などのバンドの組み合わせが有用であり，ヒノキやスギが

他の樹種と異なる分光反射パターンを示す 762nm
（band16）と739nm（band15）の差分を組み込むことに

よってさらに判別性が向上することが把握できた。 
 また，広葉樹の細分（スダジイ，アラカシ，ケヤキ，コ

ナラ）については，今回適用した演算処理では必ずしも十

分と言えず，今後，他の演算処理等を検討したい。 
 今回は2002年9月20日の観測データのみから6種の樹

種区分の可能性を検討したが，使用した時期がこれらの樹

種区分に最適な時期かについての検討が今後の課題とされ

る。2002 年 9 月 20 日の観測データ以外にも 2003 年 10
月 17 日に観測した秋季データがあるため，今後はこれら

のデータも併用した時系列データによる樹種区分を試みた

い。 
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1. Introduction 
 

Bangkok, the capital city of Thailand, is one of the 
major cities in Asia and is a regional hub. The city has a 
high economic growth and every year many new 
constructions take place. It is situated on the low flat plain 
of Chao Phraya River, which extends to the Gulf of 
Thailand. Floods are the most frequent natural disasters in 
Bangkok affecting large number of population and causing 
huge economic damage every year. Although Bangkok is 
located in low seismic hazard area, there is a potential risk 
from distant earthquakes, due to the ability of underlying 
soft clay, to amplify ground motions (Warnitchai et al., 
2000).  

 
Disaster risk analysis is important not only to estimate 

the losses from future events but also to make 
recommendations for prevention, preparedness and 
response. Building inventories are essential for all types of 
disaster risk analysis models. With a slight difference in 
characterization of building types, all models require an 
estimate of number of buildings or total square footage 
(Eguchi et al., 2000). Land use information is very 
important for disaster risk analysis in urban areas. 
Traditional land surveying methods, such as field surveys, 
aerial photography, etc. are costly and time consuming. 
There is no single reliable source, which can be used for 
developing a unique database for building and 
infrastructures located in an urban area. Padermkul (1999) 
developed an inventory methodology for Bangkok 
metropolitan area using the multiple data sources. However, 
these sources contain old data and these files are not 
updated regularly. The data have been recorded for some 
specific period and data for other periods are not available. 
Some of the sources keep data only for some specific 
category of buildings. Another main problem is with the 
building type classification system. Such as, the building 
classification system of Department of Public Works does 
not match with that of Department of Policy and Planning. 
Padermkul (1999) used interpolation and extrapolation 
techniques to find the missing data, which does not reflect 
the actual feature of the region. 

 
In order to rapidly derive detailed land use 

information in broad areas, it is necessary to use remote 
sensing techniques. Within these few years fine spatial 
resolution satellite imagery has become widely available. 
Such as the QuickBird satellite imagery and several new 
satellite sensors being developed are capable of generating 
imagery with spatial resolutions as fine as 0.6m in 
panchromatic mode and 2.8m in multi spectral mode. 
Many details such as buildings, roads, and other 
component elements of urban structures can be clearly 
identified from these high-resolution satellite images and 
this has opened a new window for urban land use 
information studies. A few studies, in the past years, were 
done to use satellite imagery to develop building and other 
infrastructures inventories for the selected areas. Yamazaki 
et al. (2000) investigated the capability of developing 
building inventory used for seismic risk analysis using 
satellite images from LANDSAT, IRS, JERS-1, ADEOS 
and IKONOS. They used principal component analysis and 
found this method as a possible solution to classify urban 
structures. However, Sande et al. (2003) proposed a 
segmentation and classification approach for IKONOS-2 
imagery for land cover mapping to assist flood risk and 
flood damage assessment using object oriented image 
analysis technique.  

 
Purpose of this research was to develop an up-to-date 

building inventory using information obtained from remote 
sensing data analysis and existing databases. The main 
objectives were as follows: 

• Analysis of very high-resolution satellite remote 
sensing data for deriving urban building features. 

• Developing an inventory for buildings for an 
urban area for disaster risk analysis. 

 
2. Study Area 
 

The study site selected is a part of the Bangkok 
Metropolitan Area (Figure 1). The area, measured about 52 
km2, comprises of mainly residential areas along with a 
few industrial sites. Most of the buildings are single 
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housing type. The common practice of building houses in 
the selected area is with concrete moment resisting frame 
with in filled non-reinforced masonry walls. Reinforced 
concrete roofs, concrete tiled roofs, and metal roofing’s are 
very common in the selected study area. However, details 
about the individual buildings were not found from any 
existing database. The roads are found as cement concrete 
roads with foot over bridges at regular intervals. The roads 
are separated with wide road dividers and at road 
intersections flyovers exist.  

 
3. Methodology  

 
The overall approach adopted for development of an 

up-to-date building inventory is shown in Figure 2. The 
existing building database is supplemented with the 
outcomes of the image analysis of very high resolution 
remote sensing data for the study area. AGIS platform was 
utilized to integrate the extracted information from image 
analysis and existing information of the region.  

 

 
3.1 Image Analysis 
 

QuickBird (panchromatic and multi-spectral) images 
were used in this study, for development of urban building 
inventory. Specification of QuickBird image is shown in 
Table 1. The main objective of this study is to obtain 
information on buildings and other important structures 

located in the region. An object oriented image analysis 
technique was applied in this study. Image segmentation 
was done using multi-resolution image segmentation 
(eCognition, 2002). The basic elements of an object-
oriented approach are image objects. Image objects are 
contiguous regions in an image. Segmentation is the 
subdivision of an image into separated regions. Image 
segmentation is based on a threshold value that is a fusion 
of both spectral and shape heterogeneity as given by 
Equation 1(Benz et.al., 2004). 
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Where,   

wcolor = Relative weight of  color  
wshape =  Relative weight of shape 
∆hcolor & ∆hshape = color and shape heterogeneity 

 
Fuzzy classification technique is image segment 

classification. It is a very powerful soft classifier besides 
neural networks and probabilistic approaches (Curlander 
and Kober, 1992; Benz et.al., 2004). As an expert system 
(Tsatsoulis, 1993) for classification it takes into account 
the followings (Benz et.al., 2004): 
• Uncertainty in sensor measurements 
• Parameter variations due to limited sensor calibration 
• Vague class descriptions 
• Class mixtures due to limited resolution  
•  

 
Fuzzy classification consists of an n-dimensional 

tuple of membership degrees, which describes the degrees 
of class assignment µ of the considered object (obj) to the 
n considered classes (Equation 2). 
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Table 1. Specification of QuickBird image  
used in this study 

Acquisition date  11/07/2002 
Spatial resolution 2.80 m multi-spectral bands 

0.60 m panchromatic 
Spectral 
wavebands 

0.45-0.52 µm (Blue) 
0.52-0.60µm (Green) 
0.63-0.69µm (Red) 
0.76-0.90µm (Near IR) 

Map projection UTM 

View angle Nadir 

Swath width 16.5 km 

 Analysis of Very High-
Resolution Satellite Image 

GIS Analysis for 
Urban Inventory

Modified Database 
of Urban Inventory 

Existing Database, Information 
from Local Region 

Figure 2. Overall inventory methodology 

PATHUMTHANI

SAMUT PRAKAN

NONTHABURI

SAMUT SAKHON

CHACHO-
ENGSAO

NAKHON
NAYOK

NAKHON
PATHOM

BANGKOK
Bangkapi

Bungkum

N

S

W E

Kilometers0 10 15 205

Province boundary

District boundary

Chao Phraya
River

STUDY AREA

PATHUMTHANI

SAMUT PRAKAN

NONTHABURI

SAMUT SAKHON

CHACHO-
ENGSAO

NAKHON
NAYOK

NAKHON
PATHOM

BANGKOK
Bangkapi

Bungkum

N

S

W E

Kilometers0 10 15 205

Province boundary

District boundary

Chao Phraya
River

STUDY AREA

Figure 1. Location of the Study area 
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Four different levels were chosen to extract features 
of interest from different levels. Table 2 shows the 
segmentation parameters used as relative values and as a 
function of thematic land cover. As shown in the Table 2 
and Figure 3, the spectral bands can either be included or 
excluded from the segmentation process. The scale 
parameter was the most important factor to control the size 
of the objects.  
  

The classification was done on the image objects 
using multi level classification approach based on fuzzy 
methods. Fuzzy classification technique was applied with 
the help of membership function. Membership functions 
were developed based on the spectral reflectance 
characteristics and shape properties of the image objects. 
Different features were separated using different 
membership functions. One-dimensional membership 
functions were used in this study. To separate different 
urban features, (e.g., concrete surfaces, non-concrete 
surfaces, green areas, Bareland, water bodies, etc) spectral 
information based on image objects were used. Buildings 
were separated from roads based on their shape properties. 
The classified image views are shown in Figure 4.  

 
Field survey was carried out to obtain information 

about the features and to obtain ‘ground truth’ data. Field 
survey data was used as the primary knowledge base and 
was combined with the spectral information obtained from 
the image objects to develop membership functions for 
different classes.  

 
4. Result Analyses 
 

Buildings were extracted from segmentations at 
levels 1 and 2. Buildings were classified as reinforced and 
non-reinforced concrete buildings depending on their 
roofing materials and types. Small roads were extracted 
from extracted from segmentation at level 2 where as large 
roads were extracted from segmentation at level 3. 
Segmentation at level 4 was used to classify the large 
objects, e.g. large water bodies, in the study area. The 

classification results are summarized in Table 3. About 
38% of the total area was classified as built up area of 
which approximately. 35% of the total area was classified 
as building area. From visual interpretation of the 
panchromatic image of 60cm, approximately 36% of the 
total area was classified as built up area, which is about 
95% of the area obtained from image analysis. It was 
possible to separate shadows from other features, however, 
33% shadow objects were classified as water.  
 
4.1 Accuracy Assessment 
 

Two different approaches were applied to verify the 
classification results. The classification results were 
verified with ground truth data (Table 4). Image objects 
were considered to verify the classification system. An 
overall accuracy of 85% was achieved with the 
classification scheme. However some of the classes, e.g. 
RC buildings, green areas and bareland, were classified 
with high level of accuracy up to 100%. Non RC buildings 
and roads were classified with accuracy of 70% and 80% 
respectively. Digitized data of the study area was 
developed using manual classification with the help of 
visual interpretation and photographs obtained from field 
survey. The areas of different features extracted from 
image analysis were compared with the areas obtained by 
digitizing. The comparison of the results obtained from 
two analyses is shown in Table 3. RC buildings area 
extracted from image analysis was 95% of the area 
obtained by digitization. Non RC buildings area was 
extracted as 116% of the digitized area. Shapes of 
buildings, roads and water bodies, extracted from image 
analysis, were overlaid on the shapes obtained from 
digitization. There was large deviation, in terms of 
regularity of shape, between two shapes.  
 
5. Concluding Remarks  

 
This study was aimed to develop an inventory for 

buildings located in the urban areas using remotely sensed. 
Buildings were classified with approximately 90% 

Table 2. Image segmentation parameters used for segmentation of QuickBird 
QuickBird bands used Homogeneity criterion 

 

Shape settings 

Segmentation 
& 

classification 
level 

Land use 
types 

Blue Green Red NIR

Scale 

Color Shape

Smoothness Compactness 

Level 1 All Yes Yes Yes Yes 5 0.7 0.3 0.9 0.1 

Level 2 Buildings & 
Roads 

No Yes Yes Yes 10 0.5 0.5 0.9 0.1 

Level 3 Major Roads No Yes Yes Yes 25 0.5 0.5 0.9 0.1 

Level 4 Large Water 
bodies 

No No Yes Yes 40 0.9 0.1 0.9 0.1 
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accuracy. The shapes of the roads and water bodies were 
found as regular shapes. However, the regular shapes of 
the buildings were not found from the image analysis. 

 

 

 
From this study, the following conclusions can be 

drawn:  
• QuickBird image can be a very good choice to develop 

an inventory for urban features. City area consists of 
small and large buildings and roads along with other 
structures. Small houses, roads, water bodies and other 
features are clearly visible and identifiable from 
QuickBird image.  

• With the object-oriented classification scheme used in 
Table 3. Features extracted from QuickBird image analysis 

and from digitization  (% of the total area) 
Class QuickBird Digitized  

Road 3.29 4.24 
RC Building 10.65 11.20 

Built up 

NRC Building 23.33 20.10 
Green  42.79 
Bareland 13.81 

57.31 

Water 3.20 3.85 
Shadow 0.60 
Others 3.33 

3.30 
 

 
Figure 3: (a) Class Hierarchy with detailed classes of Level 
1; (b) Class Hierarchy with detailed classes of Level 3 and 

Level 4 from digitization (% of the total area)  

NRC Buildings

Roads

Water

a b

c d

e f

NRC BuildingsNRC BuildingsNRC Buildings

RoadsRoadsRoads

WaterWaterWater

aa bb

cc dd

ee ff
 

Figure 4. (a), (c), and (e) Image views in false color (432) 
composite; (b), (d) and (f) Classified image views 

Table 4. Error Matrix of QuickBird image Classification 
Ground Truth QuickBird 

Classification RC 
Building 

Road Non RC 
Building 

Water Shadow Green Bareland Total 

RC Building 10       10
Road 3 7      10
Non RC Building   7   1 2 10
Water    8    8
Shadow    3 6   9
Green      10  10
Bareland       5 5
Total        62
Overall Accuracy = 54/62 = 0.8548
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this study, an overall accuracy of 85% was achieved in 
detailed classification of urban landcover in the study 
area. 

• From this study, it is found that many urban features 
completely or partly covered with trees and shadows. 
From analysis of QuickBird image it was found that 
0.6% of the total land area covered by shadow. Using 
Remote sensing data, it is difficult to extract 
accurately the features covered with trees or vegetal 
cover.  
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FIRE AND DISASTER MANAGEMENT AGENCY
ACTIVITIES IN 2004

AND AN APPROACH TO THE FUTURE
By

Shogo HAYASHI*

A glimpse of the activities at Fire, Disaster and Risk Management Center

Large-scale disasters in 2004
and response activities by the Fire
and Disaster Management Agency
( F D M A )  o f  t h e  M i n i s t r y  o f
Internal Affairs and Communi-
cations as well as FDMA future
plans are reported in this article. 

With regard to the existing fire
defense situations in Japan, all
c i t i e s ,  t ow n s  a n d  v i l l a g e s
( h e r e a f t e r  r e f e r r e d  t o  a s
municipalities) take administrative
responsibility for their own f ire
defense activities.

The FDMA is a government
a g e n cy  wh i c h  m a n a g e s  f i r e
defense organizations in all parts
of the country. The FDMA, as a
national organization, is in charge
of f ire f ighting and emergency
medical and rescue services as
disaster preparedness and f irst
response for emergency under the
assumption of damage caused by
severe earthquakes and floods. 

DISASTERS – 2004
T h e  ye a r  o f  2 0 0 4  wa s

remarkable for a number of natural
catastrophes like torrential rains
and frequent typhoons that had not
struck in recent years. Earthquake
also showed up its ugly face.

About three to six typhoons
affect the Japanese landmass each
year. However, the islands were
affected by ten or more of them
in 2004.

Ty p h o o n  n u m b e r  2 3  i n
particular brought about severe
damage  k i l l ing  95  people  in
Toyooka, Hyogo Prefecture.

Japan is usually prepared for
disasters which occur due to 40-50
mm of  ra in  per  hour.  Severe
torrential rains exceeding 100 mm
per hour affected the Niigata,
Fukushima and Fukui Prefectures
in July 2004.

Many earthquakes have rocked
Japan s ince las t  decade.  The

earthquake which rocked Chuetsu
district in Niigata Prefecture on
O c t o b e r  2 3 r d  l e f t  a  s t r o n g
impression in particular (see ICUS
Newsletter, Special Issue 2005).

The occurrence of frequent
earthquakes is not a phenomenon
specific to the last year. Japan is
now in an extended period when
earthquakes will frequently occur.

COUNTERMEASURES
BY THE FDMA

The Fire, Disaster and Risk
Management Center, established
within the FDMA, is equipped
w i t h  s y s t e m s  f o r  a n a ly z i n g
p i c t u r e s  t r a n s m i t t e d  f r o m
helicopters as well as for checking
responses by the FDMA. This
enables the advance units to be
sent forward to specific locations
d a m a g e d  by  h a z a r d s  i n  a ny
emergency.

Last year, the emergency fire

Large-scale disasters in 2004
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one is for urgent countermeasures
against acts of terrorism.

Third, recently, in particular,
industrial disasters have occurred
frequently. Therefore, companies
are required to complete and
strengthen their fire and disaster
preparedness systems.

The preparation of fire defense
systems in response to damage
caused by the above mentioned
matters must be forwarded from
the national point of view with
consideration to international
cooperation. Based on this view, it
is very important that the fire and
disaster preparedness systems in
municipalities need to be further
improved.

COUNTERMEASURES
BY THE FDMA

FOR THE FUTURE
In  order  to  s t rengthen the

response teams were dispatched to
disaster-struck areas four times;
namely to Niigata, Fukushima,
Fukui and Hyogo Prefectures, and
f i n a l ly  t o  C h u e t s u ,  N i i ga t a
Prefecture.

The members sent from each
p r e f e c t u r a l  f i r e  d e f e n s e
headquarters to the areas damaged
by the 1995 Kobe Earthquake met
with various problems. By letting
t h e s e  p r o bl e m s  b e  a  l e s s o n ,
Emergency Fire Response Teams
were established in 1995 with a
view to prepare for conditions
requi r ing  human a id  in  each
prefecture. The Fire Organization
Law was revised in June, 2003 and
in the April 2004, this law was
formally enforced.

The International Rescue Team
(IRT) of Japan was one of the first
teams to arrive at some of the
areas struck by tsunami occurring
in the Indian Ocean (see ICUS
Newsletter, Vol.4, No.4, 2004) and
carried out an invaluable number
of first aid and rescue operations.
On the 28th of December 2004,
over 80 persons in all including
f i re  and  emergency  ser v ices
personnel medical staff and police
personnel were dispatched. The
relief work of the Japanese rescue
team was highly appreciated and
m a d e  h e a d l i n e s  wh i c h  we r e
reported by the CNN and BBC at
the  end of  the  year.  Japan i s
equipped with countermeasure
systems against disasters and can
contribute towards relief in case
such a disaster occurs in Asia or
surrounding areas.

CHANGING CONDITIONS
Conditions with regard to fire

fighting and disaster preparedness
are continuously changing.

First, the occurrence of large-
scale disasters is indeed a matter
of great concern.

Second, the law concerning the
measures for protection of the
people in armed attack situations
etc. was enacted in the Diet last
year. Two situations are assumed
i n  t h i s  l aw ;  o n e  i n  c a s e s  o f
emergency where missiles are shot
into Japan by a hostile country or
infiltrators enter Japan. The other

system for taking any initial action
as a national duty in response to
disasters, an overall revision of the
system of the Fire, Disaster and
Risk Management Center was
made. The system was improved
to be able  to  take any act ion
required even in case of complete
power failure or the destruction of
facilities due to earthquakes and
other hazards. The FDMA had
p o o r  r e s u l t s  w i t h  r eg a r d  t o
dispatching logistics and support
u n i t s  l a s t  ye a r.  T h e  F D M A
members lost no time in arriving
at areas damaged by hazards.
However, it could not be estimated
how long teams would have to stay
there. Hence, it is vital to improve
the logistics and support systems. 

In response to the convening of
a World Fire Defense Agency
Commissioners Conference for
s t r e n g t h e n i n g  i n t e r n a t i o n a l

Action plan of Emergency Fire Response Team

Rescue operation by Emergency Fire Response Team
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cooperation, the first conference
was held with representatives from
ten countries. It was seen in this
conference that there are few
countries which have a national
organization such as the FDMA in
Japan. As can be recognized from
the response to the great damage
caused  by  the  2004  Sumat ra
ear thquake  and  t sunami ,  the
i n t e r n a t i o n a l  n e t w o r k  f o r
f i r e  f i g h t i n g  a n d  d i s a s t e r
preparedness is urgently in need
of strengthening.

The most important problem
to be solved in the future is to
strengthen the systems linking the
municipalities. Firstly, it can be
poin ted  out  tha t  sys tems for
communicating satisfactorily with
other cities, towns and villages of
Japan have yet to be established.
Secondly, there is a problem in
the preparation of widespread
administrative radio installations
for disaster preparedness. Thirdly,
a reconnaissance helicopter can
be  d i spa tched  be fo re  t ak ing
command of emergency disaster
response teams. Full command is
taken after studying the images of
the scene sent from the helicopter.
If necessary, support units can be
dispatched. We are planning to
prepare a system, in which a
portable earth station can receive
images via satellite, in all parts of
Japan.  Four thly,  over 60% of
disaster victims are elderly. Last
year, we recognized that regional
d i s a s t e r  p r ev e n t i o n  i n  a
community is eventually most
important for rescuing elderly
persons l iving alone.  Fifthly,
municipalities are lagging behind

Activity of International Rescue Team

the school area while securing
regional safety in ordinary times.
These classrooms can be used as
relief and refuge stations where
information about safety can be
relayed in the event of disasters.
We hope this plan of utilizing
unoccupied schools as disaster
management stations will spread
throughout the country in the
l i gh t  o f  t he  a fo remen t ioned
projects.

T h e  a c t i o n s  t a ke n  by  t h e
FDMA as well as issues to be
dealt with in the future have been
described above. We will take
further positive actions with a
v iew of  secur ing  the  overa l l
safety of our country. 

*ICUS Visiting Professor,
Commissioner of the FDMA,

Ministry of Internal Affairs and
Communications, Japan

b a d ly  i n  t a k i n g  e a r t h q u a k e
proof ing measures for disaster
prevention stations. Promotion
act ivi t ies  with regard to  this
problem have been carried out in
cooperation with the FDMA and
ICUS,  I IS,  the  Univers i ty  of
Tokyo. Finally, with consideration
to the importance of a regional
disaster prevention system, a
concept  o f  re l ie f  and  re fuge
stations has been proposed to
regional bodies. At present, there
are about 24,000 primary schools
all over the country. Information
with regard to f ire f ighting and
crime prevention in ordinary
times is to be collected at empty
classrooms utilized as disaster
m a n a g e m e n t  s t a t i o n s  by
considering a school district as
one unit area. These classrooms
can also be used to strengthen the
disaster preparedness capacity in
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C．MOU 

 
５年間の行った協定 

 

調印日 協定側 代表者 国名 期間

2002.10.29 
School of Civil Engineering, Asian Insititute of 

Technology 

Dean 

Worsak Kanok-Nukulchai 
Thailand 5 年 

2003.2.21 Bangladesh Earthquake Society (BES) 
Member Secretary  

Mehedi Ahmed Ansary 
Bangladesh   

2003.2.21 

National Center for Earthquake Engineering (NCEE) 

Department of Civil Engineering Bangladesh 

University of Engineering  & Technology (BUET) 

Co-cordinatior  

Mehedi Ahmed Ansary 
Bangladesh   

2005.3.28 
Department of Civil Engineering National University 

of Singapore 

Head  

Fwa Tien Fang 

Republic of 

Singapore 
5 年 

2005.3.29 

Protective Technology Research Centre School of 

Civil and Environmental Engineering Nanyang 

Technological University 

Director  

Pan Tso-Chien 

Republic of 

Singapore 
5 年 

2006.1.18 港湾空港技術研究所 LCM 研究センター 
センター長  

横田弘 
日本 5 年 
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AIT Civil Engineering Department との間における MOU 
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Bangladesh Earthquake Society (BES) との間における MOU 
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National Center for Earthquake Engineering (NCEE), Department of Civil Engineering,  

Bangladesh University of Engineering & Technology (BUET) との間における MOU 
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Department of Civil Engineering, National University of Singapore との間における MOU 
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Protective Technology Research Centre (PTRC), School of Civil and Environment Engineering, 

Nanyang Technological University, Singapore との間における MOU 
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港湾空港技術研究所 LCM 研究センターとの間における MOU 
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D.  新聞への掲載記事および記者会見 

 

年月日  形式  掲載紙  タイトル  被掲載者 

目黒公郎 
2006.3.21 新聞報道 日本経済新聞 大地震 死んではいけない！ 

教授 

目黒公郎 
2006.3.21 新聞報道 東京新聞 防災教育 幼稚園も 

教授 

目黒公郎 
2006.1.27 新聞報道 

The Asahi 

Shimbun 
I'll be fine: Eleven years after the 'Imiya memo'  

教授 

目黒公郎 
2006.1.17 新聞報道 東京新聞 危ない！２００６ニッポン、地震被害軽減へ進む研究 

教授 

目黒公郎 
2006.1.16 TV NHK 

クローズアップ現代 「大丈夫ですか？ あなたの家 

～木造住宅・進まぬ耐震化～」 教授 

目黒公郎 
2006.1.16 TV 日本テレビ 地震防災の重要性 

教授 

目黒公郎 
2006.1.15 新聞報道 朝日新聞 

「災害と社会 なぜ備えないのか」進まぬ耐震化 想

像欠き「私は安全」 教授 

目黒公郎 
2006.1.13 TV NHK 神戸 関西クローズアップ「耐震化 あなたの家は安全？」 

教授 

目黒公郎 
2006.1.13 新聞報道 朝日新聞 レンガの家に荷造りヒモ 震度 5 強に耐えた 

教授 

目黒公郎 
2006.1.9 TV テレビ東京 迫り来る巨大地震！安心・安全なまちづくり 

教授 

目黒公郎 
2006.1.6 報道 ロイター通信 世界の防災への日本の貢献 

教授 

沖大幹 
2006.4.10 機関紙 

YOZEMI 

JOURNAL 

[国公立大学]研究室 WATCHING 東京大学生産技

術研究所 沖・鼎研究室 助教授 

目黒公郎 
2005.12.21 TV 

日本テレビ、ニ

ュースプラス 1 

「大注目 地震」  気象庁開発の緊急地震速報と

は・・・  教授 

目黒公郎 
2005.12.16 新聞報道 日本経済新聞  荷造り材で耐震補強技術 東大が実証試験  

教授 

目黒公郎 
2005.12.16 新聞報道 朝日新聞  荷造りひも 5 強こらえた  

教授 

目黒公郎 
2005.12.16 TV ＡＳＡＨＩcom  

荷造りひもで耐震補強、震度５強まで実証 東大生

産研  教授 
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目黒公郎 
2005.12.16 新聞報道 東京新聞  

レンガ家屋に網状のひも・・・耐震性アップ 東大生

産研教授ら実験  教授 

目黒公郎 
2005.12.16 新聞報道 日刊工業新聞  

荷造りひもで耐震補強 東大など 組積造建物で実

証  教授 

目黒公郎 
2005.12.15 TV NHK ニュース レンガ造り住宅 耐震補強検査  

教授 

目黒公郎 
2005.12.15 新聞報道 日刊工業新聞 パキスタン地震 NPO と連携必要 被害調査団  

教授 

目黒公郎 
2005.12.15 新聞報道 読売新聞  

荷造りバンドで耐震アップ、実物大レンガ家屋で実

験  教授 

沖大幹 
2005.12.22 新聞報道 西日本新聞 水循環の回復と再生を目指して 

助教授 

目黒公郎 
2005.11.28 新聞報道 産経新聞 朝刊 

東大と鹿島 新システム開発 石油タンクの防災 液

面揺動など予測 「揺れ」直前に対策 教授 

目黒公郎 
2005.11.22 新聞報道 京都新聞  

パキスタン地震の被害状況など報告  京大会館で

調査速報会  
教授 

目黒公郎 
2005.11.11 新聞報道 朝日新聞 夕刊 

弱い壁・基礎で被害拡大 パキスタン大地震 日本

の専門化が現地視察 「100 ドル補強」など提案 教授 

目黒公郎 
2005.11.2 新聞報道 毎日新聞  東大・目黒教授がパキスタン地震被災地を視察  

教授 

目黒公郎 
2005.10.28 新聞報道 東京新聞  大切なのは耐震補強  

教授 

目黒公郎 
2005.10.26 新聞報道 読売新聞  「パキスタン地震 日本の貢献は」  

教授 

目黒公郎 
2205.10.21 雑誌掲載 週刊朝日  防災を受験科目に  

教授 

目黒公郎 
2005.10.21 雑誌掲載 週刊朝日  間違いだらけの耐震補強工事 賢い選び方は  

教授 

目黒公郎 
2005.10.11 新聞報道 朝日新聞  

石油タンク被害地震直後に予測 東大と鹿島、共同

開発  教授 

魚本健人 
2005.10.10 新聞報道 セメント新聞 

アジアコンクリート連盟 日本で団体登録本格活動

開始 インドで第 1 回評議会 教授 

沖大幹 
2005.10.5 新聞報道 日本食糧新聞 「仮想水を考える 膨大な水輸入国・日本」 

助教授 
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目黒公郎 
2005.9.29 新聞報道 日経ネット  事前に地震被害を予測・東大と鹿島がシステム開発  

教授 

目黒公郎 
2005.9.29 新聞報道 日経産業新聞  

石油タンクの地震被害把握、東大と鹿島がシステム

開発  教授 

目黒公郎 
2005.9.29 新聞報道 日経新聞  石油タンクの地震被害把握、東大などシステム  

教授 

目黒公郎 
2005.9.28 新聞報道 京都新聞  

石油基地の地震被害防止へ 東大と鹿島がシステ

ム開発   教授 

目黒公郎 
2005.9.28 新聞報道 日経新聞  事前に地震被害を予測・東大と鹿島がシステム開発  

教授 

目黒公郎 
2005.9.28 新聞報道 山陰中央新報 

石油基地の地震被害防止へ 東大と鹿島がシステ

ム開発   教授 

目黒公郎 
2005.9.17 新聞報道 防災情報新聞 東京直下大地震 生き残り地図  

教授 

目黒公郎 

2005.9.1 雑誌掲載 

KAJIMA ダイジ

ェスト 2005 年 9

月号  

特集:地震―事前防災の最新技術 interview いま、

すべきこと 被害抑止力としてのハードの耐震化  
教授 

目黒公郎 

2005.9.1 雑誌掲載 

La pomme 9 月

号（第 51 巻第 6

号）  

震災時のシミュレーションに役立てたい「目黒巻」  

教授 

目黒公郎 

2005.8.22 TV NHK 名古屋  

おはよう東海、ほっとイブニング、おはよう静岡、お

はよう福井、おはよう石川、おはよう富山にて、 「震

災シュミレーション最前線」  
教授 

目黒公郎 

2005.8.21 新聞報道 

世界各国を対象

とした内閣府の

報道 

「Disaster Reducation -Japan's Global 

Contribution-」   
教授 

目黒公郎 
2005.8.16 TV テレビ朝日  

「報道ステーション」宮城県北部地震と耐震補強の

推進  教授 

目黒公郎 
2005.8.2 雑誌掲載 

IT-Pro 日経 BP

社  

関東の震度 5 強で露呈した携帯電話の弱点  複数

手段に優先順位を付け，日頃から訓練  教授 

目黒公郎 

2005.8.1 雑誌掲載 

日経 BP 社 日

経コミュニケー

ション  

「・災害発生！でも業務は止められない ・災害発

生！でも業務は止められない 被災企業から学ぶ”3

ナイ”の教訓」  
教授 

沖大幹 
2005.7.24 新聞報道 しんぶん赤旗 雨水の旅を調べる 

助教授 
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魚本健人 
2005.7.11 新聞報道 セメント新聞 

アジアコンクリート連盟 東京で正副会長によるプレ

ミーティング 教授 

目黒公郎 

2005.7.1 雑誌掲載 

「潮」創刊 45 周

年記念号 7 月号

第 557 号  

地震防災に「耐震補強」が急務  

教授 

目黒公郎 
2005.7.1 新聞報道 夕刊フジ  

地震に克つ 首都直下に備える  カギは「中古住宅

市場」  教授 

沖大幹 
2005.7 新聞報道 JST News 「ヴァーチャルウォーター」が教えてくれること 

助教授 

目黒公郎 
2005.6.30 新聞報道 夕刊フジ  

地震に克つ 首都直下に備える  「公費で耐震補

強」の行方  教授 

目黒公郎 
2005.6.22 新聞報道 夕刊フジ  

地震に克つ 首都直下に備える  「火災の方が恐

ろしい」は本当か  教授 

目黒公郎 
2005.6.19 雑誌掲載 

朝日中学生ウィ

ークリー  

東大で地震の研究室を見学 中学生も「目黒巻」で

防災力つけよう  教授 

魚本健人 
2005.6.24 新聞報道 朝日新聞 

老朽コンクリ「診断」に商機 築 50 年急増、2020 年ピ

ーク ＩＣタグ利用・診断キット開発・資格取得 4000 人 教授 

目黒公郎 
2005.6.1 雑誌掲載 

「潮」6 月号第

556 号  
“大地震”の可能性を検証する  

教授 

沖大幹 
2005.5.18 新聞報道 読売新聞 省庁横断で戦略立案 

助教授 

沖大幹 
2005.5.13 新聞報道 朝日新聞 干ばつ・洪水水の世紀末 地球温暖化で大河激変 

助教授 

目黒公郎 
2005.5.7 新聞報道 朝日新聞  

生かせ「福岡沖」の教訓 防災専門家に聞く  耐震

補強  教授 

沖大幹 
2005.3.31 新聞報道 福井新聞 地球環境フォーラム in ふくい 

助教授 

目黒公郎 
2005.3.29 新聞報道 新潟日報   耐震補強を最優先 自助努力生かす政策を 

教授 

沖大幹 
2005.3.28 新聞報道 朝日新聞 地球温暖化考えて 

助教授 

沖大幹 
2005.3.28 新聞報道 福井新聞 家庭、地域から温暖化防ごう 

助教授 

沖大幹 
2005.3.28 新聞報道 中日新聞 原発が温暖化ガス削減 

助教授 
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目黒公郎 
2005.3.15 新聞報道 

タイ・プーケット・

ガゼット  

日本の津波警報計画を提案、東大目黒教授新しい

津波防災システムを提案  教授 

沖大幹 
2005.3.6 新聞報道 朝日新聞 「さらば浪費社会」飽食で増す環境負荷 

助教授 

沖大幹 
2005.2.25 新聞報道 科学新聞 

「ＣＲＥＳＴ研究成果から」人間活動の影響を導入し

た次世代水循環モデル 助教授 

目黒公郎 
2005.2.12 新聞報道 

2 月 12 日 産経

新聞  

阪神大震災 10 年 「減災の要は耐震補強」 建物の

事前改修促す新制度を 教授 

目黒公郎 
2005.2.5 新聞報道 日刊木材新聞  

被害抑止力が最重要 震災対策で目黒東大教授講

演  教授 

目黒公郎 
2005.1.15 新聞報道 東京新聞  

適切避難で死者の割減  「X秒後に震度△」事前警

報  東大教授試算 揺れ到達までの時間使い  教授 

目黒公郎 
2005.1.15 新聞報道 

読売新聞（大

阪）  
減災 阪神大震災 10 年 「進まぬ住宅耐震化」  

教授 

目黒公郎 
2005.1.15 新聞報道 静岡新聞 

大震災１０年「阪神」から「東海」へ  住宅再建支援 

耐震化促進の戦略性を    教授 

目黒公郎 
2005.1.12 新聞報道 しんぶん赤旗  

首都地震 都心部の救援に支障 シンポで警鐘 “木

造密集地で火災”  教授 

目黒公郎 
2005.1.9 新聞報道 しんぶん赤旗 

耐震補強へ新たな支援を阪神・淡路大震災 10 年 

東京でシンポ  教授 

目黒公郎 
2005.1.8 TV 

ＣＳ放送 アサヒ

ニュースター 
防災世界会議について  

教授 

目黒公郎 

2005.1.7 ラジオ 

ＴＢＳラジオ 東

ちずるのグッド

モーニングジャ

パン 

「地震防災について」  

教授 

目黒公郎 
2004.11.22 雑誌掲載 アエラ  地震別倒壊度マップ  

助教授 

目黒公郎 
2004.11.22 新聞報道 読売新聞   住宅の耐震化が急務 

助教授 

目黒公郎 

2004.11.13 新聞報道 
毎日新聞 （千

葉版） 

ビニールひもで耐震性向上 東大生産技術研千葉

実験所一般公開 れんが壁補強を地震工学研究室

が説明 助教授 

目黒公郎 
2004.11.12 新聞報道 毎日新聞  耐震化 中越地震は問う（5）  

助教授 
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目黒公郎 
2004.11.4 新聞報道 

読売新聞（北陸

支社）  
緊急点検 大地震への備え 4 ライフライン 

助教授 

目黒公郎 
2004.10.29 TV テレビ東京  ニュースアイ，大切なのは耐震補強  

助教授 

目黒公郎 
2004.9.24 雑誌掲載 週間ポスト  120 万人が真上に住む「危ない活断層」最新マップ  

助教授 

目黒公郎 
2004.9.15 TV 日本テレビ  ズームイン SUPER   

助教授 

目黒公郎 
2004.9.15 TV 毎日放送 TV  

「ちちんぷいぷい」活断層上に 120 万人，関西で 50

万人 助教授 

目黒公郎 
2004.9.14 新聞報道 読売新聞  活断層の真上に 120 万人  

助教授 

目黒公郎 
2004.8.31 新聞報道 

朝日小学生新

聞  

「そのとき地震がおきたらどうなる？イメージする力

をつけよう」  助教授 

目黒公郎 
2004.8.31 新聞報道 読売新聞  交差点：祖母の傷  

助教授 

魚本健人 
2004.8.23 新聞報道 セメント新聞 

持続可能な構造システム構築に向け東大生研が報

告書 教授 

魚本健人 
2004.8.23 新聞報道 セメント新聞 

リサイクルポーラスコン工法を開発 未利用細粒分

を大幅抑制 教授 

魚本健人 
2004.8.5 新聞報道 建設通信新聞 

コンクリ構造物の塩分把握 遠隔操作で広範囲に劣

化予測 東大生産技術研究所魚本健人教授ら開発 教授 

魚本健人 
2004.7.6 新聞報道 日経産業新聞 コンクリ劣化遠隔検査 東大近赤外線センサー使う 

教授 

魚本健人 
2004.7.6 新聞報道 朝日新聞 

コンクリート劣化、赤外光で診断 東大生産研が開

発 内部も推定可能 教授 

魚本健人 

教授 

金田尚志 
2004.7.6 新聞報道 日刊工業新聞 

コンクリ劣化物質 近赤外分光で検出 大断面の測

定に利点 

特任助手 

魚本健人 

教授 

金田尚志 
2004.7.6 新聞報道 化学工業日報 

コンクリート構造物劣化診断 非接触・非破壊で迅速 

東大が新手法 近赤外分光技術を応用 

特任助手 
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沖大幹 
2004.6.26 新聞報道 山梨日日新聞 山梨彩時記・夏「梅雨空に思い巡らす」 

助教授 

沖大幹 
2004.6.26 新聞報道 

朝日ニュースタ

ー 
「キッズニュース」HOT ワード 

助教授 

目黒公郎 
2004.6.20 新聞報道 静岡新聞     耐震 東海地震は今 犠牲者の声に学べ 

助教授 

沖大幹 
2004.6.20 新聞報道 

朝日ニュースタ

ー 
「キッズニュース」HOT ワード 

助教授 

目黒公郎 
2004.6.18 新聞報道 静岡新聞     耐震 東海地震は今 新制度 自助努力にケアを  

助教授 

目黒公郎 
2004.6.12 TV 仙台放送  

Catch 特集 1978 年宮城県沖地震から 26 年 耐震

補強の重要性   助教授 

目黒公郎 
2004.6.11 新聞報道 神戸新聞  絵本「地震のこと はなそう」耐震補強の大切さ訴え  

助教授 

目黒公郎 
2004.6.9 新聞報道 毎日新聞  地震への備え 絵本で訴え  

助教授 

目黒公郎 
2004.6.7 新聞報道 東京新聞  絵本で耐震補強のススメ  

助教授 

目黒公郎 
2004.6.3 新聞報道 中日新聞  ▲ほん▼地震のこと はなそう  

助教授 

目黒公郎 
2004.5.25 新聞報道 東京新聞  ほん「地震のことはなそう」  

助教授 

目黒公郎 
2004.5.24 新聞報道 河北新聞  

荷造りひもで耐震性強化 れんが積み上げの住宅 

東大生産技研 目黒助教授ら開発 助教授 

目黒公郎 
2004.5.24 新聞報道 高知新聞  

荷造りひもでれんが補強 イラン住宅の耐震性向上 

東大助教授ら普及目指す 助教授 

目黒公郎 
2004.5.18 新聞報道 琉球新報  荷造りひもでれんが補強 安価で取りつけ簡単  

助教授 

目黒公郎 
2004.5.14 新聞報道 朝日新聞    〈迫る巨大地震〉上：進まぬ住宅耐震化 

助教授 

沖大幹 
2004.5.13 新聞報道 朝日新聞 朝刊 「東京の雨はブレンド品」 

助教授 

沖大幹 
2004.5.13 新聞報道 日刊工業新聞 「地球規模で雨の起源推定」 

助教授 
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目黒公郎 
2004.5.13 新聞報道 静岡新聞     

耐震性向上へ荷造りひも イラン住宅のれんが補強 

安価，取り付け簡単 東大が開発  助教授 

目黒公郎 
2004.5.10 新聞報道 岩手日報     

大惨事招いたレンガ住宅 荷造りひもで耐震性向上 

安価 取り付けも簡単 東大助教授普及目指す  助教授 

目黒公郎 
2004.5.10 新聞報道 大分合同新聞  

れんが住宅地震から守れ 荷造りひもで耐震性アッ

プ   助教授 

目黒公郎 

2004.5.4 新聞報道 山陽新聞   

荷造りひもでれんが補強 目黒助教授（東大生産技

術研究所）ら開発 アドベ住宅の耐震性向上 イラン

での普及目指す 
助教授 

目黒公郎 
2004.5.3 新聞報道 信濃毎日新聞  

科学：地震に弱い日干しれんが造り「荷造りひも」で

耐震化 東大生産技術研グループ開発 助教授 

目黒公郎 
2004.3.29 新聞報道 静岡新聞   東海地震 目黒助教授講演会  

助教授 

目黒公郎 
2004.3.29 新聞報道 読売新聞  イランの日干しレンガ壁、安い荷造りヒモで補強ＯＫ  

助教授 

沖大幹 
2004.3.14 新聞報道 赤旗 

水の問題は食べ物の問題『水輸入大国』新シリーズ

「日本の食」 助教授 

目黒公郎 
2004.1.23 新聞報道 静岡新聞  研究成果 寸劇やクイズで 学生が防災サミット  

助教授 

目黒公郎 
2004.1.7 新聞報道 静岡新聞 

都市基盤安全工学国際研究センターの目黒公郎教

授が「阪神・淡路大地震」の教訓を語る  助教授 

目黒公郎 
2003.12.26 新聞報道 神戸新聞 耐震化促進へ制度改善を：目黒公郎氏  

助教授 

目黒公郎 
2003.12.23 TV 岡山テレビ １年間をふりかえる報道特番.地震防災  

助教授 

目黒公郎 
2003.12.11 TV 

大阪テレビ，大

阪イブニング 
新しい地震危険度評価システム  

助教授 

目黒公郎 
2003.12.9 新聞報道 朝日新聞  

弱い家補強こそ損害を減らす道 目黒公郎・東大助

教授  助教授 

沖大幹 
2003.12.4 新聞報道 日本農業新聞 「水」から世界見える 

助教授 

目黒公郎 
2003.11.20 TV 

NHK，朝の NHK

ニュース  
地震防災対策 

助教授 
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魚本健人 

2003.11.13 記者会見 
第 40 回生研定

例記者会見 

巨大都市の安全性向上のための戦略 ―都市基盤

情報の統合データベース構築を目指したタイ国リエ

ゾンオフィスの開設― 
教授 

目黒公郎 
2003.11.10 雑誌掲載 

アエラ「コメンタ

リー」 
震災補償 備えで差を  

助教授 

沖大幹 
2003.11.10 新聞報道 日本水道新聞 

水文・水資源学会 気候変動と水資源研究会が発

足 専門家が影響を検討 助教授 

目黒公郎 
2003.10.26 新聞報道 岩手日報 こんにち話 防止には想像力必要  目黒公郎さん  

助教授 

目黒公郎 
2003.10.13 新聞報道 新潟日報 住宅耐震化進めよう 目黒公郎  

助教授 

目黒公郎 
2003.10.7 TV 

テレビ朝日，ワ

イドスクランブル
地震防災  

助教授 

目黒公郎 
2003.10.5 新聞報道 徳島新聞 住宅の耐震化  

助教授 

目黒公郎 
2003.10.5 TV 6 チャンネル 6 時のニュース.防災ニュース  

助教授 

目黒公郎 
2003.10.5 TV NHK 

8時45分のニュース，UNU講演会における目黒の講

演内容の紹介  助教授 

目黒公郎 
2003.10.3 新聞報道 

信濃毎日新聞

（夕刊） 
自助努力促す施策を 住宅の耐震化  

助教授 

目黒公郎 
2003.9.29 新聞報道 山形新聞 地震に備える 「住宅の耐震化進めよう」  

助教授 

目黒公郎 
2003.9.29 新聞報道 

日本海新聞（鳥

取） 

地震に備える 住宅の耐震化を進めよう 目黒公郎

さん  助教授 

目黒公郎 
2003.9.28 新聞報道 愛媛新聞 

「地震活動期迎えた日本 耐震補強が最重要 自助

努力後の被災補助を」  助教授 

目黒公郎 
2003.9.25 新聞報道 中国新聞  「古い家の耐震化急げ」  

助教授 

目黒公郎 
2003.9.22 新聞報道 京都新聞 

「大地震に備える住宅の耐震化推進 倒壊してから

では遅い」  助教授 

目黒公郎 
2003.9.22 新聞報道 千葉日報 住宅の耐震化  

助教授 

目黒公郎 
2003.9.21 新聞報道 産経新聞 

地震そのとき我が家は・・・CG で家具・家屋倒壊を仮

想体験 東大など共同開発  助教授 
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目黒公郎 
2003.9.21 新聞報道 東奥新聞 「地震に備え自助努力 住宅の耐震化進めよう」  

助教授 

目黒公郎 
2003.9.21 新聞報道 岐阜新聞 「住宅の耐震化が急務 自助努力促す制度を」  

助教授 

目黒公郎 
2003.9.20 新聞報道 

読売新聞（夕

刊） 

THE地震展，研究者4人の特別講演会，まず建物の

耐震補強  助教授 

目黒公郎 
2003.9.2 TV TBS ウォッチ，大震災がきたら東京は大丈夫！？  

助教授 

目黒公郎 
2003.9.1 新聞報道 読売新聞 顔 震災の犠牲，無駄にしない  

助教授 

目黒公郎 
2003.9.1 TV TBS 

報道特別番組 検証・首都圏直下地震の衝撃 どう

備える  助教授 

目黒公郎 
2003.9.1 TV 日本テレビ 防災特別番組  

助教授 

目黒公郎 
2003.9.1 TV 

シティテレビ中

野 
防災講演会「迫る大地震、あなたの家は大丈夫？」  

助教授 

目黒公郎 
2003.8.31 新聞報道 赤旗新聞 防災  

助教授 

目黒公郎 
2003.8.31 新聞報道 赤旗日曜版 地震 耐震補強のすすめ  

助教授 

目黒公郎 
2003.8.28 TV NHK おはよう日本 『目黒メソッド』  

助教授 

目黒公郎 
2003.8.28 新聞報道 読売新聞 地震展の特別講演会  

助教授 

目黒公郎 
2003.8.23 雑誌掲載 

NICE ビジネスレ

ポート 
問われる住宅技術者の説明責任  

助教授 

目黒公郎 
2003.8.23 新聞報道 産経新聞 

関東大震災から８０周年 ③ 事後対応より事前の

対策  助教授 

目黒公郎 
2003.8.21 TV 

日本テレビ系 31

局（全国ネット） 
ご存知ですか 防災ミニ百科  

助教授 

目黒公郎 
2003.8.21 新聞報道 読売新聞 読売新聞 地震防災学習に新装置  

助教授 

目黒公郎 
2003.8.21 新聞報道 日経産業新聞 震災時に被害ネットで体験 東大がシステム  

助教授 
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目黒公郎 
2003.8.21 新聞報道 日刊工業新聞 

防災対策，定量的にシミュエーション 東大がシステ

ム  助教授 

目黒公郎 
2003.8.21 新聞報道 産経新聞 

関東大震災から８０周年 ② 「耐震性」が死亡率左

右  助教授 

沖大幹 
2003.8.16 新聞報道 読売新聞 「読売寸評」 

助教授 

目黒公郎 
2003.7.23 新聞報道 朝日新聞朝刊 

大地震の備え大丈夫？中野区きょう防災講演会「迫

る大地震，あなたの家は大丈夫？」  助教授 

目黒公郎 
2003.7.23 新聞報道 読売新聞朝刊 防災講演会「迫る大地震，あなたの家は大丈夫？」  

助教授 

目黒公郎 
2003.6.18 新聞報道 日経産業新聞 

東大・東電新システム、地震被害、予測誤差１０％に

――電力消費から推定。  助教授 

沖大幹 
2003.6.16 新聞報道 毎日新聞 「『仮想水』を見る」発信箱、高橋豊 

助教授 

目黒公郎 
2003.6.14 新聞報道 東京新聞夕刊 

倒壊が火を招く 「延焼の元 耐震補強急げ」東京大

学助教授 関東大震災分析  助教授 

沖大幹 
2003.6.10 新聞報道 東京大学新聞 「水問題を考える」 

助教授 

目黒公郎 
2003.5.22 新聞報道 朝日新聞夕刊 

関東大震災、今の耐震基準なら延焼少なく 東大研

試算  助教授 

魚本健人 
2003.5.8 新聞報道 日本工業新聞 

東大生研などがコンクリ橋梁の劣化診断システムを

開発 教授 

魚本健人 
2003.5.11 新聞報道 毎日新聞 

コンクリート 橋の劣化診断ソフトを開発 東大生産

技術研 教授 

目黒公郎 
2003.3.26 新聞報道 東京新聞(夕刊）

イメージ訓練を！目黒公郎東大助教授が提言，地

震対策事前準備につながる  助教授 

沖大幹 
2003.3.4 新聞報道 読売新聞 『水の世紀 1』「仮想水」640 億トン日本に 

助教授 

沖大幹 
2003.3.23 新聞報道 読売新聞 シンポジウムの詳細報告 

助教授 

沖大幹 
2003.3.17 新聞報道 読売新聞 シンポジウム報告 

助教授 

沖大幹 
2003.3.17 新聞報道 

水フォーラム新

聞 
論点・焦点「水と食糧」 

助教授 
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沖大幹 
2003.3.13 新聞報道 朝日新聞 「命の源はいま」国境を越え 水は巡る 

助教授 

沖大幹 
2003.2.22 新聞報道 秋田魁新報 社説「世界水フォーラム―立ち止まって見直しを―」 

助教授 

沖大幹 
2003.2.16 新聞報道 北海道新聞 卓上四季「日本は『世界一の水の輸入国』だという」 

助教授 

東京新聞 朝刊 沖大幹 
2003.1.19 新聞報道 

中日新聞 
「『仮想水』輸入量は世界一」 

助教授 

沖大幹 
2003.1.1 新聞報道 京都新聞 朝刊 ｢水は本当に豊かか｣ 

助教授 

沖大幹 
2003.1.1 新聞報道 毎日新聞 朝刊 ｢水の豊かな日本、どこへ｣ 

助教授 

沖大幹 
2003.1.1 新聞報道 山陽新聞 朝刊 「水は本当に豊かか」 

助教授 

目黒公郎 
2002.12.9 新聞報道 保険銀行新聞  

効果的な防災対策を実現するために ハードとソフ

ト、事前と事後 下 助教授 

目黒公郎 
2002.12.6 新聞報道 保険銀行新聞  

効果的な防災対策を実現するために ハードとソフ

ト、事前と事後 上  助教授 

沖大幹 
2002.10.17 新聞報道 朝日新聞 夕刊 「日本は水を大量輸入？」 

助教授 

沖大幹 
2002.9.13 新聞報道 京都新聞 朝刊 エコ研究最前線「物に形を変え膨大な量を輸入」 

助教授 

沖大幹 
2002.8.27 新聞報道 日本工業新聞 「次代を想う 環境主義への提言」 

助教授 

沖大幹 
2002.8.20 新聞報道 

ジャパンタイム

ズ 
"Researcher urges water consciousness" 

助教授 

沖大幹 
2002.8.13 新聞報道 山陽新聞 「海外から年間 1000 億トン以上」 

助教授 

魚本健人 

2002.8.9 雑誌掲載 
日経コンストラク

ション 

大学を技術開発のパートナーに 未利用特許や共

同研究がもたらす新たなビジネスチャンス 約 20 社

が補修工法を共同開発 
教授 

目黒公郎 
2002.8.8 新聞報道 産経新聞朝刊 地震防災イランに協力 計画策定ノウハウ伝授  

助教授 

目黒公郎 
2002.8.8 新聞報道 毎日新聞 朝刊 耐震化の必要性感じた 

助教授 
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魚本健人 
2002.8 雑誌掲載 

Ｓ＆Ｔジャーナ

ル 

第 51 回 研究室訪問 東京大学生産技術研究所魚

本研究室 コンクリート構造物の「専門医」 教授 

沖大幹 
2002.7.31 新聞報道 毎日新聞 

「明日の地球は…(6)」商品化めぐり争い激化、枯渇

する水 助教授 

沖大幹 
2002.7.23 新聞報道 読売新聞 「輸入品を国内生産すると水使用量は 2 倍に」 

助教授 

沖大幹 
2002.7.23 新聞報道 読売新聞 「『仮想水』1035 億トン」 

助教授 

沖大幹 
2002.7.23 新聞報道 日本工業新聞 「国内の年間水資源使用量半分を海外依存」 

助教授 

沖大幹 
2002.7.22 新聞報道 日本経済新聞 「忍び寄る水資源危機 石油並みの戦略物質に」 

助教授 

沖大幹 
2002.7.19 新聞報道 日刊工業新聞 「水資源 牛の飼育に 10 万倍必要」 

助教授 

目黒公郎 
2002.2.25 新聞報道 東大新報   

【企画】 知の肖像 生産技術研究所 目黒公郎助教

授   災害の軽減が目的 最重要課題から挑戦 助教授 

目黒公郎 
2002.2.19 新聞報道 毎日新聞 朝刊 巨大地震に備える 個人が災害のイメージを  

助教授 

目黒公郎 
2002.2.8 新聞報道 毎日新聞 朝刊 巨大地震に備える  強い都市づくりを  

助教授 

目黒公郎 
2002.1.29 新聞報道 毎日新聞 朝刊  

巨大地震に備える 都市づくり 個人が災害のイメー

ジを 助教授 

安岡善文 

教授 

大岡龍三 

助教授 

目黒公郎 

助教授 

高橋健文 

客員教授 

魚本健人 

2002.1.28 新聞報道 水道産業新聞 
目黒助教授らが講演 東大土木工学研究会 「都市

基盤の安全工学」で 

教授 

目黒公郎 
2002.1.28 新聞報道 水道産業新聞  

目黒助教授らが講演 東大土木工学研究会”都市

基盤の安全工学で”  助教授 
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目黒公郎 
2002.1.1 雑誌掲載 TRIGGER  

防災力・危機管理力を向上させる使えるマニュアル

とは  助教授 

目黒公郎 
2001.11.25 新聞報道 京都新聞  住宅の耐震補強で震災復興が大幅減 

助教授 

目黒公郎 
2001.11.25 新聞報道 

日本経済新聞

朝刊  
対新住宅に「震災補償」導入で… 復興費は大幅減 

助教授 

目黒公郎 
2001.11.23 新聞報道 日刊工業新聞 

次世代型の防災マニュアル構築 総合的防災力を

向上 助教授 

魚本健人 
2001.11.20 新聞報道 建設通信新聞 

脚光浴びるコンクリート診断士 時代の要請にこたえ

社会的使命果たす 大切なのは「点検」と「劣化予測」 教授 

目黒公郎 
2001.11.15 新聞報道 

日本工業新聞 

朝刊 

時系列で示し事前に最適配分 東大生研が防災マニ

ュアル構築システム 政府や地方自治体向けに開発 助教授 

目黒公郎 
2001.11.10 新聞報道 静岡新聞 朝刊 

被災の耐震住宅に行政補助 補強促進へ新提案 

静岡 地域安全学会が開幕 助教授 

目黒公郎 
2001.11.10 新聞報道 静岡新聞 朝刊 被災の耐震住宅に行政補助 

助教授 

目黒公郎 
2001.11.8 新聞報道 

コンクリート工業

新聞 
コンクリートの診断と診断士 人材の育成が大切 

助教授 

目黒公郎 
2001.9.19 新聞報道 読売新聞 夕刊 

米同時テロ 日本の高層ビルなら 柱太く「崩壊の恐

れ少ない」 助教授 

目黒公郎 
2001.9.1 新聞報道 日本海新聞  防災意識の高揚、体制強化を 

助教授 

目黒公郎 
2001.9.1 新聞報道 四国新聞    防災意識を高める機会 

助教授 

目黒公郎 
2001.9.1 新聞報道 大分合同新聞 身近な防災を強めよう 

助教授 

目黒公郎 
2001.8.31 新聞報道 長崎新聞  防災の日 身近な備えから強めよう 

助教授 

目黒公郎 
2001.7.1 雑誌掲載 文藝春秋  災害ダメージを最小限にとどめるために 

助教授 

目黒公郎 
2001.6.4 新聞報道 静岡新聞 朝刊 被害最小へ県民備え 防災シンポ盛況 

助教授 

目黒公郎 
2001.6.4 新聞報道 中日新聞 朝刊 住宅耐震化の必要性強調 

助教授 
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目黒公郎 
2001.6.4 新聞報道 毎日新聞 朝刊 起きてからでは遅い 静岡で東海地震シンポ 

助教授 

目黒公郎 
2001.5.15 新聞報道 静岡新聞 朝刊 家具の動きをアニメで解析 

助教授 
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E. 過去 5 年間の ICUS の予算内訳 

 

2001年度

19%

11%

53%

8%
9%

校費

科学研究費補助金

受託研究費/民間等
との共同研究費

奨学寄附金

その他

 

2002年度

22%

41%

16%

11%

10%
校費

科学研究費補助金

受託研究費/民間等
との共同研究費

奨学寄附金

その他

 

2003年度

16%

38%
18%

13%

15%

校費

科学研究費補助金

受託研究費/民間等
との共同研究費

奨学寄附金

その他
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2004年度

20%

8%

61%

10% 1%
校費

科学研究費補助金

受託研究費/民間等
との共同研究費

奨学寄附金

その他

 

2005年度

18%

21%

22%

5%

34%

運営交付金

科学研究費補助金

受託研究費/民間等
との共同研究費

奨学寄附金

その他

 

 

 

 



4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

教授 魚本健人

教授 目黒公郎

客員教授 天野玲子

助教授 大岡龍三

助教授 加藤佳孝

講師 須崎純一

助手 遠藤貴宏

助手 吉村美保

特任助手 金田尚志

特任研究員 Rakutipong Sahamitmongkol

秘書 吉本英子

研究員 徳田稔夫

助手 越智士郎

客員教授 Misra Sudhir 9/1～～12/10

客員教授 高橋健文

客員教授 瀬戸島政博

教授 安岡善文

助教授 Dutta Dushmannta

特任助教授 Ansary Mehedi Armed

客員教授 林　省吾

助教授 沖　大幹

2001 2002 2003 2004

7月21日

2005 2006

1/16～3/15

研究員

7/1～

3/1～

研究員

研究員

研究員

11/1～助教授11/5～AITへ長期出張3ヶ月に1度帰国

～10/30

～6/304/1～

～11/30

7/15～ ～7/20

研究員

～3/31

12/1～

6/1～

8/1～

10/1～
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2001 ICUS 設立 
第 1 回オープンレクチャ 
2001 年度生研公開 
ワークショップ（AIT） 
セミナー（IIS） 
インド・グジャラート地震被害調査 
ペルー地震被害調査 

 

2002 第 2 回オープンレクチャ 
2002 年度生研公開 
第 3 回オープンレクチャ 
第 1 回 USMCA（バンコク･タイ） 
RNUS 開設 
WTC テロ被害調査 
コンクリート橋梁の基礎調査(首都圏・バン

コク市) 
 

2003 BUET（バングラデシュ）と MOU 
BES（バングラデシュ）と MOU 
第 4 回オープンレクチャ 
2003 年度生研公開 
第 5 回オープンレクチャ 
千葉実験所公開 
第 2 回 USMCA(東京･日本) 
アルジェリア・ブーメルダス地震被害調査

 

 

2004 第 6 回オープンレクチャ 
2004 年度生研公開 
第 7 回オープンレクチャ 
千葉実験所公開 
第 3 回 USMCA(アグラ･インド) 
IIT･カンプール校(インド)と MOU 
耐震化促進資料作成（総務省消防庁） 
イラン・バム地震被害調査 
新潟中越地震被害調査 
 

  
 

ICUS の歩み 
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2005 第 8 回オープンレクチャ 

NUS(シンガポール)と MOU 
PTRC･NTU(シンガポール)と MOU 
2005 年度生研公開 
第 9 回オープンレクチャ 
第 4 回 USMCA（シンガポール） 
千葉実験所公開 
メンテナンステクノショー2005 
港湾技研 LCM センターと MOU 
震災対策技術展 
PP バンド補強耐震実験 
防災マニュアル作成(和歌山市) 
東大病院と共同研究 
スマトラ地震津波被害調査 
インド･パキスタン国境カシミール地震

被害調査 
コンクリート橋梁の劣化診断調査(多摩

川) 
コンクリート道路橋の健全度モニタリン

グ・システムの開発 

 

 

2006 アルジェリア・首都アルジェ圏の地震マイ

クロゾーニング調査 
 
 




