
 

  

1 概要 



-土砂災害危機管理に関する日伊シンポジウム- 

１． はじめに 

 「土砂災害危機管理に関する日伊シンポジム」が平成 21 年 10 月 27 日 13 時より三田共用会議

所において開催されました。本シンポジウムは平成 16 年に署名した「水文地質学的リスクに関

する文献、研究及び研修のための日伊共同研究所に関する取極め」に基づく研究成果を公表する

とともに、第 8回日伊科学技術協力合同委員会（平成 19 年 12 月 28 日東京で開催）で合意され

たエグゼキュティブ・プログラム「土砂災害ハザード評価と対策」（"Landslide hazard assessment 

and mitigation”）の一環として、また、現在開催されている「日本におけるイタリア２００９・

秋」のイベントとして、国土技術政策総合研究所（以下、「国総研」と略す）の主催で実施しま

した。以下にその概要を報告いたします。 

２．シンポジウムの概要 

２．１ プログラム 

 寺川陽国総研研究総務官からの主催者側の挨拶（写真－１）に続いて、来賓の牧野裕至国土交

通省砂防部長（写真－２）、在日イタリア大使代理のアルベルト・メンゴーニ科学技術担当参事

官（写真－３）より挨拶を頂きました。それに続いて、日本国とイタリア共和国の両国から１題

ずつ基調講演を行い、以下の３つの話題について両国から 1題ずつ発表を行いました。 

 話題１：土砂災害に関する危機管理体制～法律体系と指揮命令関係～ 

 話題２：危機管理体制の事例 

 話題３：危機管理体制とリスク評価に関する最近の研究成果 

２．２ 発表の概要 

２．２．１ 基調講演 

 寺田秀樹国総研危機管理技術研究セ

ンター長が「岩手宮城内陸地震における

土砂災害と危機管理」と題して、15 個

の主な天然ダムの特徴と対応、三迫川で

発生した土石流、荒戸沢ダムで発生した

地すべりについて概要を紹介しました。

また、沼倉裏沢の天然ダムの決壊につい

ても詳しく報告しました。さらに、今回

の土砂災害で新しく開発され、採用され

た技術も紹介しました。 

写真－１ 寺川陽研究総務官による挨拶 

アレッサンドロ・パスート国家研究評議会水文地質研究所パドバ研究所長が「山地災害リスク：

予測から管理そしてガバナンスへ」と題して、欧州連合で行われているプロジェクト「山地災害

リスクプロジェクト」を紹介しました。このプロジェクトは山地災害のリスクの分析、そのリス

クの定量化、リスクを低減するための対策、そしてリスクガバメントといった４つの分野を取り
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扱ったもので、南フランスアルプス、西ドロミテ（２地域）、北アペニン、東ピレネーの５か所

で実施しています。 

  

写真－２ 牧野裕至砂防部長による挨拶     写真－３ アルベルト・メンゴーニ科学技術担当参事官による挨拶 

２．２．２ 話題１ 

 岩男忠明内閣府参事官補佐が日本国における中央政府レベルでの応急対応の流れを法律と事

例に基づいて紹介しました。特に、内閣府による-省庁間の調整について紹介しました。 

 マリアーノ・キャラッロベネト州政府市民保護局長が「ベネト州における危機管理体制につい

て―地域機能センター―」と題して、イタリア共和国ベネト州での防災体制を紹介しました。同

センターは法律に基づいて予測と監視の２つの段階で警報を発しています。警報は土砂災害と洪

水に関するもので、危険性無、低危険度、中危険度、高危険度の４段階に分類されています。そ

の情報と今後の気象条件の予測はインターネットを通じて住民に伝達されます。 

２．２．３ 話題２ 

 マウロ・カーディナリ国家研究評議会水文地質災害研究所ペルージャ研究所研究員が「2009

年ラクイナ地震のその後－緊急対応とその後の対応における技術的かつ学術的活動」と題して、

ラクイナ地震に伴って生じた土砂災害の概要と、地震後の落石と地すべりのリスク評価の結果に

ついて紹介しました。特に今回の地震では、落石による被害が多かったことが報告されました。 

 小竹利明東北地方整備局河川部河川計画課建設専門官が「平成 20 年岩手宮城内陸地震におけ

る TEC-FORCE 活動について」と題して、地震直後から実施した土砂災害危険個所緊急点検や天然

ダムの危険度評価・応急対策について紹介しました。 

２．２．４ 話題３ 

 筆者が「平成 20 年岩手宮城内陸地震における危険度評価について」と題して、地震直後から

実施した下流域への土砂・洪水の氾濫の危険性についての評価結果を紹介しました。また、湯浜

地区の天然ダムが地震発生後 10 ヶ月間でどのように侵食されたかについても紹介しました。 

 ジャンパオロ・キャビナート国家研究評議会水文地質災害研究所ローマ研究所研究員が「ラク

イナ地震：危機管理と地盤変動」と題して、地震後に行ったボーリング調査をはじめとする各種

調査の結果から動的地盤図の作成結果について紹介しました。この図は街の復興対策に生かされ

るとともに、地理情報データベースとして公表すると説明されました。 
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３．おわりに 

 イタリア共和国代表団として６名の研究者（写真－４）が本シンポジウムに参加され、特に地

震に着目して土砂災害対策について情報を交換いたしました。日本国とイタリア共和国では、豪

雨だけでなく地震や火山といった誘因によって土砂災害が発生しています。今回のシンポジウム

を通じて、特に地震による土砂災害について有意義な情報を交換でき、土砂災害対策の技術が一

層向上することが期待されます。 

 最後になりましたが、本シンポジウムを開催

するに当たり話題を提供していただいた発表者

の方々、シンポジウムに参加された57名の方々、

そして会場の手配・設営と資料の印刷等の事前

準備を手伝っていただいた関係各位に感謝の意

を表します。 

 

写真－４ イタリア共和国代表団と発表者との記念撮影 

 

引用文献 

水野秀明：土砂災害危機管理に関する日伊シンポジウムを開催して 砂防と治水 Vol.42, NO.5, p50～51 2009.12 
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2 土砂災害危機管理に関する日伊シンポジウム

ポスター 
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3.1 基調講演「岩手内陸地震における土砂災害と危機管理」 

寺田 秀樹 国土技術政策総合研究所 危機管理技術センター長 
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National Institute for Land and Infrastructure ManagementNational Institute for Land and Infrastructure Management

Research Center for Disaster Risk ManagementResearch Center for Disaster Risk Management
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Estimated Seismic Intensity Map (JMA)
4  5 lower 5 upper 6 lower 6 upper

-6-



2

-

1143 1318
NS NS

3866

1435

2466

EW EW

3Ichikansai (directly above fault plane) Higashinaruse (20 km from fault plane)

(Observations by National Research Institute for Earth Science and Disaster 
Prevention)

3866
1094UD UD

Over 3,500 slope failures. 

15 river blockages (natural dams) (7 
river blockage built upstream of 
Ichihasamagawa river). 

A large landslide occurred on the 
Nihasamagawa River (upstream of 
Aratozawa Dam).

A debris flow on the Sanhasamagawa 
River caused serious damage to hotels 
at the Komanoyu Spa.

Iwaigawa river

Ubusumegawa river
Mt. Kurikomayama

Background diagrams provided by Miyagi and Iwate Prefectures to show 
areas damaged by landslides are Geographical Survey Institute 50m mesh 
digital maps (height above sea level) and 1:25000 mesh digital maps (based 
on special data).

y p

Number of people missing or dead 18

Ichihasamagawa river

Nihasamagawa river
legend

slope failure

landslide

National Institute for Land and Infrastructure Management

Sanhasamagawa river
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Location: Iwate Prefecture (5) Ubusume River District
(1) Dam width: 200 m (approx.)
(2) Dam length: 260 m (approx.)
Estimated volume of landslide: 12,600,000 m3 
(approx.)

Location: Iwate Prefecture (2) Ichinonobara District
(1) Dam width: 200 m (approx.)
(2) Dam length: 700 m (approx.)
Estimated volume of landslide: 1,730,000 m3 (approx.)

Location: Miyagi Prefecture (6) Aratozawa District
(1) Dam width: -
(2) Dam length: -
Estimated volume of landslide: -

Komanoyu Iwaigawa River

3

(1)

(5)

Location: Miyagi Prefecture (8) Yubama District
(1) Dam width: 200 m (approx.)  
(2) Dam length: 1,000 m (approx.) 
Estimated volume of landslide: 2,160,000 m3 
(approx.) 

Location: Miyagi Prefecture (9) 
Numakuraurasawa District
(1) Dam width: 160 m (approx.) 
(2) Dam length: 560 m (approx.) 
Estimated volume of landslide: 1,190,000 m3 

20

Location: Miyagi Prefecture (5) Yunokura Hot Springs 
District
(1) Dam width: 90 m (approx.) 
(2) Dam length: 660 m (approx.) 
Estimated volume of landslide: 810,000 m3 (approx.) 

, ,
(approx.)

Landslide on eastern slope of 
Mt. Higashikurikomayama, 
forming a debris flow 
destroying the Komanoyu 
H t S i H t lHot Springs Hotel

7 fatalities

2
Photographed June 15th 2008

Photos: Ministry of Land, Infrastructure, Transport and Tourism, National Institute for Land and Infrastructure Management, 
Research Center for Disaster Risk Management, Erosion Sediment Control Division
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Downstream towards bottom, upstream towards top, of photo. Aratosawa Dam reservoir at center, with landslide occurring 
in its entire left upper tributary. The landslide has reached the reservoir. Multiple landslide areas apparent at left.

Photo: Aero Asahi Corporation

Photos: Public Works Research Institute, Earth and Sand Management and Research Group, Landslide Unit
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Photos: Ministry of Land, Infrastructure, Transport and Tourism, National Institute for Land and Infrastructure Management, Research Center for Disaster Risk Management, Erosion Sediment Control 
Division 

Discharge
(m3/sec)

Water level 
(EL.m)

0.9m (approx.) increase in 
water level

Inflow

Outflow 

Water 
level

Maximum inflow:

Approximately 400,000 m3 of 
water stored in Kurikoma 
Dam

Maximum inflow:
100 m3/sec 
(approx.) 

June 21st

Time

Source: Ministry of Land, Infrastructure, Transport and  Rivers Bureau, Erosion Control Section, Erosion Control Planning Unit (issued to media June 21st)
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Iwaigawa River in Ichinonobara District (Ichinoseki City, Iwate Prefecture)

Temporary drainage channel opened from12:30 pm on June 21st

11

Source: Ministry of Land, Infrastructure, Transport and Tourism, Rivers Bureau, Erosion and Sediment Control Department website
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Ministry of Land, Infrastructure, Transport and  
Tourism, Tohoku Regional Development Bureau 
website

Photographed: 10/02 10:05

Ministry of Land, Infrastructure, Transport and Tourism

Photo of equipment installed on Hasamagawa River 
(July 9th 2008)

Photos: Ministry of Land, Infrastructure, Transport and Tourism, National Institute for Land and Infrastructure 
Management, Research Center for Disaster Risk Management, Erosion Sediment Control Division 

River blockage (Ichinonobara District 2, 
Ichinoseki City)

Benefiting from the lessons for the 
2004 Niigata - Chuetsu Earthquake, 
the Hokuriku Equipment Bureau 
developed a drainage pump able to be 
installed by personnel in areas where 
use of cranes and other equipment is 
not possible.
Pump capacity 
* 5 5 m3/min per unit

In Use Following the 2008 Iwate-Miyagi 
Nairiku Earthquake

* 5.5 m3/min per unit

Ichinonobara District 
(Ichinoseki City, 
Iwate Prefecture) 

Yunokura Hot Springs 
District (Kurihara City, 
Miyagi Prefecture)

Connected 
in series

Lightweight pump

30kg per
unit

Second 
stage

First 
stage

High-lift
(8 m-20m head)

Communications satellite

9 Installation in Yubama District in 
Kurihara City, Miyagi Prefecture 

View over Hanayama in 
Kurihara City, Miyagi 
Prefecture 

Observation buoy
* Satellite phone
* Signal converter
* Battery

User PC

Email

Operational 
status

Water level 
sensor

Cable

Basket
(also functions 
as weight)
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x

Land Conservation Division personnel provide 
guidance and encouragement at disaster site

Construction equipment delivered to site from throughout the nation

Kogahara District, Miyagi Prefecture

Immediately following the earthquake, inspections were 
conducted by Ministry of Land, Infrastructure, Transport 
and Tourism helicopters from throughout the nation

June 14th to 16th Preparations in Tohoku Regional Development Bureau, MLIT

June 18th to 22nd 
Ichinonobara District, Iwate Prefecture
June 23rd
Azabu and Kogahara Districts, Miyagi Prefecture

June 18th to 23rd
Azabu and Kogahara Districts, Miyagi Prefecture

Ichinonobara District, Iwate Prefecture

Surveys and Analysis by Research Organizations 

Azabu District, Miyagi PrefectureIwate River and National Roads Office - Ichinoseki branch 

10

Dispatch of Sediment-related Disaster Hazard Area Inspection and Support Team

2,771 sites at which an intensity of 5 or more was observed, and which were sediment-
related disaster hazard areas, were inspected.

Survey conducted between June 15th and 19th

Inspection results
* 20 sites evaluated as Class A and 
requiring emergency assistance 

-13-
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Peace
of
mind

The Iwate-Miyagi Nairiku Earthquake
Ichinoseki Disaster Headquarters

Notice
Evacuation

The Iwaigawa River is blocked in the area of 
Genbicho in Ichinonobara District due to a landslide 
resulting from the Iwate-Miyagi Nairiku Earthquake.  g y g q
Flow in the river may increase rapidly.

Move to a location equivalent to FIVE FLOORS 
OR MORE ABOVE GROUND if an emergency 
evacuation instruction is issued.
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3.2 基調講演「山地災害リスク：予測から管理そしてガバナンスへ」

アレッサンドロ・パスート（ イタリア共和国側団長） 

国家研究評議会水文地質災害研究所研究部長 
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1

…. Welcome to Paris!

MOUNTAIN RISKS: from prediction to management 
and governance 

International Symposium
“Risk Management and 

Governance to cope with Natural 
Disasters”

Tokyo 27th October 2009

alessandro pasuto
jean philippe malet

2

The Risk Governance Cycle

Fleischhauer (2006)
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3

Lack of knowledge and case histories

• A comprehensive bibliographical analysis have been carried out. The 
percentage of international publications in the domain of landslides, over 
the period 1980 - 2001 (n=350)

Event 
Management

Event 
Management

Risk Analysis
and 

Assessment

Risk Analysis
and 

Assessment

Risk Appraisal 
and Evaluation
Risk Appraisal 
and Evaluation

Risk 
Reduction

Risk 
Reduction

Integral
Risk

Management

Integrated
Risk 

Management

Hazard 
analysis

Risk 
assessment

Risk 
management

Risk 
governance

80%

20%

0%

Vulliet & Dewarraz (2001)

4

Hazard Identification

• Identification and recognition of  mountain geomorphological processes

landslide

debris flow flooding

snow avalanche
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5

• Understanding of the interaction of mountain geomorphological processes, 
at a  catchment scale

- Spatial interaction (e.g. domino effect)
- Temporal interaction

Hazard Identification

6

• Apply this understanding to living with the hazards by using a
multi-hazard/risk oriented analysis (MHRA)

Elements at riskHazard analysis

Creation of a database

Avalanche Flood

Landslide
Debris flow

Rockfall

Vulnerability
avalanche

Value/number

Hazard identification 
& data availability

Identification of stakeholders
and needs

Risk analysis / assessment

Kappes et al. (2009)

Vulnerability
flood

Vulnerability
landslide

Vulnerability
rockfall

From hazard to risk
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7

• Apply this understanding to living with the hazards by using a
quantitative risk analysis (QRA)

Elements at riskHazard analysis

Risk analysis / assessment

Kappes et al. (2009)

Spatial probability of occurrence
Runout possibility
Temporal frequency
Intensity / Magnitude

Assets & stakes
Physical vulnerability
Social vulnerability
Environmental vulnerability
…..
Direct and indirect losses

Threshold / Criteria
Value judgement

Tolerable vs. Acceptable risks

Risk analysis

8

- Scale of the analysis

Puissant et al. (2006)

• Main issues to take into account:

Risk analysis
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9

MANAGEMENT national
regional / departmental
municipal

mayor
planners

emergency managers
civil protection

citizens

MHRA

METHODS
heuristic
empiric
statistic
deterministic

qualitative
semi-quantitative

quantitative

PROCESSES
spatial scale

(puntual, lineal,
areal) 

temporal scale
(fast - slow,
frequent - seldom) 

SOCIETY DEMANDS
(a) reduce the risks

to an acceptable level
(b) involve all

affected people  

Kappes et al. (2009)

- Data availability
- Stakeholder needs
- Country legislation ...

• Main issues to take into account:

Risk analysis

10

Conceptual Model

VULNERABILITY / RISK ANALYSIS

4 -Physical Effects
Past events

Past physical damages
Prospective physical damages

3 -Elements at Risk

Inventory the assets

Structures Activities Goods

Study the social and economic
features of the area

6 -Economic Losses
Economic consequences

Direct damages Indirect damages

HAZARD ANALYSIS
Statistical Models

Susceptible areas
(1:50.000 1:25.000)

Critical zones
(1:25.000 1:10.000)

Hazardous area
(1:10.000 1:5.000)

1 - Identify dangerous event
2 - Quantify the hazard

to obtain

where

to delimit

5 – Risk analysis
Hazard levels Physical effects

Level of risk to assets

RISK MANAGEMENT
Mitigation Planning / Emergency Situations

Procedures People in chargeInstructions Resources

RISK GOVERNANCE

Stakeholders Rules & decisionsCommunication

Sterlacchini et al. (2007)

Conceptual Model
Define scope and methodology

Hazard analysis

Vulnerability analysis

Risk analysis
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11

Mountain Risk Project structure

• Research Activities – Training Activities – Transfer ok Knowledge Activities

• Several mountain study sites; e.g. ‘field laboratories’:
- 2 main investigation sites: South French Alps (Barcelonnette), Western Dolomites (Valtelina)
- other areas of interest: Western Dolomites, Northern Apennines, Eastern Pyrenees

• 4 working blocks (WBs) and several topic actions (TAs) per working blocks

Hazard Analysis

12

TA-01: Develop and harmonise procedures for the identification, 
location and quantification of the processes creating mountain risk

• Comparing some existing approaches for rock fall hazard mapping used in 
Europe. Searching for the possibility of harmonising rock fall hazard mapping 
procedures (Abbruzzese et al., EPFL) 

M
465 585

589

M1
496420 589

C
467413

468

300 350 400 450 500 550 600x [m]

550

600

650

700
alt. [m]

Sierre-Vissoie 
road

2D Rock fall hazard mapping performed with the Matterock
(M), Modified Matterock (M1) and Cadanav (C)
methodologies, according to the Swiss Guidelines (block
size: 1m3).
The mapping is shown only for the profile abscissas located
between 300 and 600 m. From x=0 m to x=300 m the hazard
level is “high” for all the methodologies).
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13

TA-01: Develop and harmonise procedures for the identification, 
location and quantification of the processes creating mountain risk

• Testing of different remote-sensing and ground geodesy techniques (different 
resolutions and accuracies) for usability identification and landslides analysis 
(Kniess et al., UJF; Lu et al., UNIFI)

The hotspot map of the Arno river basin from one scene of the RADARSAT SAR image, including the Pistoia-Prato-
Firenze and Mugello basin area: a) hotspot map derived from kernel density estimation using ascending RADARSAT PS; 
b) hotspot map derived from kernel density estimation using descending RADARSAT PS. Red Hotspot (low negative 
kernel density) indicates the clustering of high velocity PS moving away from LOS whereas blue hotspot (high positive 
kernel density) implies the clustering of high velocity PS moving towards LOS.

Hazard Analysis

14

TA-02: Improve the prediction of the spatial extent and the
velocity of extreme phenomena

• Modelling the runout of debris flows comparing MASS-MOV2D & DAN3 (Quan
Luna et al., ITC)

Hazard Analysis
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15

TA-03: Highlight critical factors involved in the short-term
behaviour (crises) and long-term behaviour (climate and land use
change) of the processes

• New techniques for monitoring the kinematics of large landslides, such as the
correlation of digital images (Travelletti et al., EOST)

Displacement vectors and cumulated displacements
of 7 profiles (P 615 to P 1695) in the image plane
from 20th May to 29th June 2008 (Left) and
corresponding velocity map (right).

Hazard Analysis

• Distributed Temperature Sensing (DTS) with fibre optic cables to monitor soil 
temperature in order to identify preferential flow paths and define wet spots 
(Krzeminska et al., TUD)

16

TA-03: Highlight critical factors involved in the short-term
behaviour (crises) and long-term behaviour (climate and land use
change) of the processes

1 (a) Fibre Optic Cable installed within
Infiltration Research Area (IRA)
with temperature measurements and
estimated preferential flow paths,
(b) NESCAFE picture of IRA with
marked preferential flow paths

Hazard Analysis
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• Advanced hydro-mechanical modelling of large landslides with introduction of 
unsaturated soil mechanics (Ferrari et al., EPFL)

17

TA-03: Highlight critical factors involved in the short-term
behaviour (crises) and long-term behaviour (climate and land use
change) of the processes

unsaturated zone

(s=ua-uw)

runoff

groundwater level
(uw=0)

saturated zonedeg. of saturation Sr

1 0

strain

st
re

ss

saturated

unsaturated

pe
rm

ea
bi

lit
y

10

water
air

Changes of stiffness and strength

Changes of permeability

Hazard Analysis

• A novel approach to combine
susceptibility maps of debris flow source
areas and runout zones (Blahut et al.,
UNIMIB, with input of Quanterra)

18

TA-04: Develop techniques for assessing the temporal probability
and the magnitude of the hydro-geomorphological events,
determine and map the hazard and validate these outputs.

Application of the debris flow runout model DFGrid Prob developed at
University of Lausanne (IGAR) to the study area of Valtellina di Tirano
showing the probabilities of relative debris flow hazard.

Hazard Analysis
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19

TA-05: Define criteria for establishing representative and reliable
monitoring networks for early warning and for interpreting
monitoring data.

• For the design of landslide EWs, the analysis of failure modes are studied at the
laboratory scale during the initial failure stage (Spickermann et al., UU & EOST)

Time displacement curves of the last phase of failure in the
test on Zoelen clay.

Slope after failure, 26-10-2008, inclusive
final positions of observed points A, B of
the test on Zoelen clay.

 0

 02

 04

 06

 08

 10

 12

 14

24
.1

0.
08

21
:3

6
24

.1
0.

08
23

:0
2

25
.1

0.
08

0:
28

25
.1

0.
08

1:
55

25
.1

0.
08

3:
21

25
.1

0.
08

4:
48

25
.1

0.
08

6:
14

25
.1

0.
08

7:
40

25
.1

0.
08

9:
07

t [d:m:y h:min]

u 
[c

m
] 
v

Point A

Point B
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Quantitative Risk Assessment

20

TA-06: Inventory of the elements at risk, and estimation of
vulnerability functions

• Relationships between the physical features of the damaging events and the
induced damage (Akbas et al., UNIMIB-CNR)

 

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.0

0.2

0.4

0.6

0.8

1.0

Deposition Height, h (m)

V
u

ln
e

ra
b

ili
ty

0.17*h2-0.03*h

r2 = 0.995
Fuchs et al. (2007)
Borter (1999)
Fell & Hartford (1997)

Buildings in Selvetta

Empirical vulnerability function based on data from the 13 July 2008 mud-debris flow event in the 
village of Selvetta (Valtellina study site): a function of deposition height.
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Quantitative Risk Assessment

21

• Empirical vulnerabilityvulnerability functionsfunctions forfor SelvettaSelvetta eventevent
fromfrom FloFlo22DD modellingmodelling (Akbas, Blahut, Quan Luna et al., UNIMIB-CNR / ITC)

Variables for vulnerability 
curves construction:

• Velocity

• Static pressure

• Impact force

• Flow depth

• Specific energy

TA-06: Inventory of the elements at risk, and estimation of
vulnerability functions

Quantitative Risk Assessment

22

TA-07: Quantification of the level of social, economic, and
environmental losses of the damaging phenomenon

• Relationships between the physical features of the damaging events and the
induced damage (Blahut et al., UNIMIB-CNR)

Execution Timing

Price List

Assessment of Direct Damage

Example of Valtelina di Tirano case study

-25-
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Quantitative Risk Assessment

23

TA-08: Define a procedure to translate societal perception of risk
into a QRA

• Dissemination and analysis of questionnaires in the study areas to measure
the societal perception of risk (Angignard et al., TUDO; Garcia et al., UNIMIB-
CNR)

Through meetings, workshops, and public
discussions in the study sites (during and
after the element inventory and vulnerability
function development phases), a two-way
knowledge transfer has been created; it will
be used both to improve the quantitative
risk analysis tools, and to increase the
awareness of the public.

Quantitative Risk Assessment

24

TA-09: Identify and quantify the sources of uncertainty in the
analyses

• Development of a general framework for a quantitative risk assessment using a
stochastic approach for dynamic models (Quan Luna et al., ITC)

Empirical vulnerability function based on data from the 13 July 2008 mud-debris flow event in the 
village of Selvetta (Valtellina study site): a function of deposition height.

 

Dynamic Models

Calibration

Quantitative
Risk 

Assessment

Acceptance criteria

OUTPUTS
-Velocity
-Depth

-Pressure
-Impact Force

Scenarios

Human activities?

Extent affected?

Susceptibility

Recommendations

Input parameters

Dynamic Models

Calibration

Quantitative
Risk 

Assessment

Acceptance criteria

OUTPUTS
-Velocity
-Depth

-Pressure
-Impact Force

Scenarios

Human activities?

Extent affected?

Susceptibility

Recommendations

Input parameters

Uncertainties result both from the probabilistic
nature of events and from a real lack of knowledge
of basic physics and damage fragilities associated
with the events.
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Quantitative Risk Assessment

25

TA-10: Estimate a number of risk scenarios considering the
status and evolution of the natural, economic and social systems.

• Proposition of risk scenarios with assessment of direct damages (Akbas, Blahut,
Frigerio et al., UNIMIB-CNR)

Estimation of future economic losses:
example of Tresenda scenario

Elements at Risk n.
Cost to remove 
debris
(€)

Cost to restore walls
(€)

Cost to restore 
electric plant
(€)

Cost to restore 
furniture (€)

Cost to rebuild
the houses
(€)

Direct damage
(€)

Houses (0,5 m debris) 46 208,434 178,086 119,375 371,600 - 877,495

Houses (1 m debris) 17 172,945 82,981 99,072 308,400 - 663,398

Houses (destroyed) 5 163,805 - - 66,800 408,878 639,483

Roads - 134,773 - - - - 134,773

TOTAL DIRECT DAMAGE 2,315,149

Risk Management

26

Risk acceptabilityRisk evaluation

Risk Management actions:

Hazard Reduction

Landslide 
Stabilization 
Measures

Protective 
measures

Hazard level is lowered

Emergency 
response

Risk Mitigation

Emergency 
preparedness

Recovery

Consequences are reduced

Hazard Prevention

Land-use 
planning

Hazard level
remains unchanged

Building codes

Mitigation plan

Risk management takes the output from the risk assessment, and considers risk
mitigation, which may include various alternatives: reducing the likelihood of an
event, reducing the consequences e.g. by developing monitoring, warning and
evacuation plans, and implementing regulatory controls. It may include monitoring
of the risk outcomes, feedback and iteration when needed

-27-
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Risk Management

27

TA-11: Propose guidelines for sustainable development planning at both local and
regional mapping scales, and for different end-users requirements.

• Hazard prevention: governmental, administrative or regulatory actions, that can
influence land planning and buildings construction, are developed.

Development of a rockfall mitigation plan in 
Andorra (Mavrouli et al., UPC)

Risk Management

28

• Hazard reduction

Protective measures

Protection forest

Structural measures

Diversion dykes

Fences, walls

Non-structural
Sustainable measures

Stabilization 
measures

Slope 
reinforcement

Before the event

Drainage

Slope regrading

Maintenance

Cost-benefit 
analyses

Scenarios

TA-12: Evaluate feasibility, effectiveness and performance of
remedial (protective and preventive) measures , and assess the
residual risks.

-28-
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Risk Management

29

TA-13: Formulate criteria for establishing warning systems and
evacuation plans.

• Risk mitigation: EW system and Emergency plan

First-aid 
(emergency food, 
water supply)

Emergency 
recovery

Rescue

Priority works

(cleaning roads, 
landslide dams,…) 

After the event

Emergency 
response

Shelters

Evacuation

During the event

Priority works

(diversion dikes, 
drainage,…) 

Communication

Emergency 
preparedness

Retrofitting 
buildings & 
facilities

Alert Systems

Public 
awareness

Before the event

Relocation

Risk Management

30

TA-14: Provide a framework for cost-benefit analyses.

Example of event-tree analysis for evaluating the risk to persons in
non-built areas (Abbruzesse et al., EPFL)

Protective work

-29-
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Risk Governance

31

• using the same methodological techniques for QRA recognized as legitimate
and fair by the stakeholders.

• empowering and involving stakeholders (the affected individuals and groups)
appropriately and making decision-makers more accountable to them.

• creating the conditions for stakeholders to consider the relevant scientific
evidence to meet their needs in an atmosphere of mutual respect and trust.

• producing practical decisions and strategies, flexible and open to revision with
time.

• evaluating and monitoring the consequences of decisions, taking into account
the stakeholders view to readjust decisions if necessary.

• evaluating the actual information needs (especially geo-information) in view of
the decision-making process.

To adopt risk management and governance strategies the following 
principles will be carefully considered:

TA-15: Incorporate the lessons learnt from past disasters within
the management.

• Social surveys to evaluate the present situation (questionnaire)
Risk Perception, Previous Experience, Preparation for a future
emergency, Level of Trust, Needs, Concerns

32 compiled

• Technicians from 
Mountain Community

• Scientists
• Volunteers
• Environmental 

institutions

615 compiled 
505 compiled (inside study area)
110 compiled (outside study area)

• School students
• Parents
• General Population

Local Community 
Exposed

Practitioners 
Stakeholders

Garcia et al. (UNIMIB-CNR)
32

Risk Governance

-30-
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TA-15: Incorporate the lessons learnt from past disasters within
the management.

• Risk perception on mass-movement and floods

…will be a 
flood next 

year

… population will 
be adversely 

affected

…you or your 
family will be 

affected

…your home or 
property will be 

affected

…transport 
networks will 
suffer damage

…critical 
lifelines will 

suffer damage

How likely… Mean = 2.205
1. Not likely

2. Very unlikely

3. Likely

4. Very likely

5. Extremely likely

• Previous Experience 82.4% (Direct experience, awareness)

• Triggering Factors (1. Rain; 2. Deforestation; 3. Modification of river bed)

• Hazard Ranking (1. Fire, 2. Flood, 3. Landslides)

• Received Information about Natural Hazards: 

- 24 % of population
- Poor Quality (2.31)
- 1. Family; 2. Press; 3. TV

Garcia et al. (UNIMIB-CNR)

33

Risk Governance

TA-15: Incorporate the lessons learnt from past disasters within
the management.

• Level of concern of the inhabitants

BEFORE SURVEY AFTER SURVEY 
(5% increase)

1. Not at all

2. A little bit

3. Fairly

4. A lot

5. Completely

Garcia et al. (UNIMIB-CNR)
34

Risk Governance
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TA-16: Identify legal aspects, risk cultures and insurance
possibilities.

• Analysis of legal framework concerning of natural hazards (including Civil
Protection) + Social survey (knowledge about legal aspects + risk culture in
terms of trust and preparedness)

Agree in forcing 
institutions to 

inform about NH

Agree in forcing local 
institutions to provide 
an intervention plan in 

case of emergency

Agree be more 
restrictive about 
urbanization and 
land development 

Agree be more severe 
with whoever carry out 
activities that increase 

the natural risk

Mean 4.02 4.19 3.77 4.03

1. Strongly disagree

2. Disagree

3. Moderately

4. Agree

5. Strongly agree

• Preparedness
- 1. Civil Protection ; 2. Mountain Community; 3. Municipality (Moderately Prepared)
- Yourself  (little prepared)
- Population (little prepared)

• Trust
- 1. Civil Protection ; 2. Mountain Community; 3. Municipality (Fairly)

35
Garcia et al. (UNIMIB-CNR)

Risk Governance

TA-17: Communicate the information, educate the practitioners
and the population, and involve all stakeholders in the decision-
making process.

• Social survey: Measure of actual participative levels and main interests and
topics addressed on education campaigns about risks

Could you take personal 
measures to reduce the 

consequences of NH
Know the 

emergency plan
Know the emergency 

procedures

Freq. % Freq. % Freq. %

Yes 70 13.9 20 4 88 17.4

Would you like to 
receive new info.?

Freq. Valid %

Yes 286 66.5

FUTURE  INFORMATION
• Preferred media to receive information 
(1. TV; 2. Press; 3. Flyers)

• Who should provide the information
(1. Municipality; 2. Mountain Community; 3. Civil 
Protection)

36
Garcia et al. (UNIMIB-CNR)

Risk Governance
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37

TA-18: Provide a framework for the use of geo-information at all
levels and define the potentiality of modern visualization tools.

Risk Governance

GIS
WORK FLOW 

MANAGEMENT

INTEGRATED SYSTEM TO MANAGE PROCEDURES LINKED INTEGRATED SYSTEM TO MANAGE PROCEDURES LINKED 
TO  GEOGRAPHICAL FEATURESTO  GEOGRAPHICAL FEATURES

PEOPLE
RESOURCES PROCESSES

PETerPETer
PProtezione rotezione EEmergenza mergenza TerTerritorioritorio
((Protection and Emergency of the TerritoryProtection and Emergency of the Territory))

Considering the Considering the laws in chargelaws in charge
Providing a Providing a useruser--friendlyfriendly instrumentinstrument

Risk Governance
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Evolution from “static” to “dynamic” GIS

Ability in linking geographical features and processes to workflow 
management instruments

DATADATA PROCESSESPROCESSES PROCEDUREPROCEDURE
SS

ACTIONSACTIONS COMMUNICATIONCOMMUNICATION

……INTEGRATIONINTEGRATION……

Risk Governance

GIS tools to manage, edit 
and query geographical 
data

PETer MappingPETer Mapping

Geographical dataset:

• Risk Index Map
• Scenarios
• PETer Entity
• External data:

Shapefile

ArcInfo Coverage

ArcSDE

ArcIMS

Raster

AutoCAD DWG e DXF

Risk Governance
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PETer EntityPETer Entity

Customized menu and 
user-friendly quick form
for data entry

Geographical feature
with descriptive chart:

- General Information

- Attached documents

- Linked Personnel

- Enclosed procedures

….

Risk Governance

Tools to create 
a graphic 
workflow:

Blocks

Connectors

Colors

Text

Models for DSSModels for DSS

Block-related chart 
including documents, 
files, actions, 
contacts and entities 
involved

Risk Governance
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Quick printsQuick prints

Data listData list
(prepared (prepared .rtf.rtf format)format)

Entire DatasetEntire Dataset
(from PETer.mdb)(from PETer.mdb)

DSS ModelsDSS Models
(direct print or bmp(direct print or bmp--jpg creation)jpg creation)

Quick Maps LayoutQuick Maps Layout
((Globo LayoutGlobo Layout personalization)personalization)

BadgeBadge

(directly from (directly from Address bookAddress book))

Risk Governance

Risk Governance

Main conclusions

44

Risk governance aims to enhance the disaster resiliency of a society

It must includes the totality  of actors, rules, conventions, processes and 
mechanisms concerned with how relevant risk information is collected, analyzed 
and communicated, and management decisions are taken

The 3 elements of Risk governance are: Risk assessment, risk management, risk 
communication process among scientists, politicians and public

Risk governance mainly derives from the integration of the elements of Risk 
Assessment (hazards, vulnerability and risks identification) and risk communication 
(communication of risk assessment and risk management activities)

An appropriate procedural framework for hazard and risk assessment is seen as 
indispensable to coordinate the several risk-related directives

More public participation into both, risk assessment and risk decision-making is 
needed for more legitimacy and public acceptance of the resulting decisions

-36-
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45

ありがとうございます。
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話題 1: 土砂災害に関する危機管理体制～法律体系と指揮命令関係 

 

3.3 「日本国における危機管理体制と法律」 

岩男 忠明 内閣府政策統括官（防災担当）付参事官 

（災害応急対策担当）付参事官補佐（業務担当） 

 



1

Emergency and
Disaster Countermeasures Disaster Countermeasures 

i JBasic Act Basic Act in Japan

October  October  

Cabinet Office, Government of JapanCabinet Office, Government of Japan

Aviation
Maritime

Earthquake
Storm and Flood
Volcano

Types of Emergency

Huge Natural Disasters

Serious Accidents
Railway

Fire
Hazardous Materials

Hijacking

Terrorism

Road

Nuclear Emergency

Serious Incidents

Other Emergency

Suspicious Boat

etc.

Armed Attack Situations Armed Attack Situations

Cyber-terrorism

Pandemic new Influenza

-38-



2

1959:Typhoon Ise-Wan 5,098

The number of Death and Missing Persons in Natural Disasters
People

1995:Great Hanshin-Awaji 
Earthquake 6,437

The number of Deaths in Great Hanshin-Awaji Earthquake include 912 relative deaths

year1945
1947 1949 1951 1953 1955 1957 1959 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987

1989
1991 1993 1995 1997 1999 2001 2003 2005

2007

1959 Ise1959 Ise--wan Typhoonwan Typhoon
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Disaster Countermeasures Basic Act  1961Disaster Countermeasures Basic Act  1961

1. Planning
Disaster Management Plan at both National and Local level

Central Disaster Management Council chaired by the Prime Minister

Ordinary Time

Major Disaster Management Headquarter, Extreme DM HQ

2. Administrative Organization

Disaster Management Plan at both National and Local level

Emergency Situations

3. Basic Policy for Disaster Prevention and Recovery

Training, Public Investment, Finance

1995 Kobe Earthquake
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Lessons of the Earthquake Lessons of the Earthquake 
Lack of Information Lack of Information 
Caused Delayed First Response Caused Delayed First Response 

Damaged HeadquartersDamaged Headquarters
Local Government Command initially paralyzedLocal Government Command initially paralyzed
Destroyed almost all traffic systemDestroyed almost all traffic system
Telecommunication, even satellite Telecommunication, even satellite 
telecommunication system were cut off due totelecommunication system were cut off due totelecommunication system were cut off due totelecommunication system were cut off due to
power failurepower failure

It took three days to grasp the entire picture of It took three days to grasp the entire picture of 
damagedamage

Earthquake focusing on Northern coast in Iwate

There occurred July 24, 2008 00:26 am

Great Hanshin-Awaji Earthquake

There occurred January 17, 1995 05:46 am
Process
of time

Comparison of Emergency Response
Between Great Hanshin-Awaji Earthquake and Earthquake focusing on Northern coast in Iwate

Emergency response team meeting 01:02 a.m.

Direction from Prime Minister 00:35 a.m.

Press conference by Minister of State for 
Disaster Management 02:00 a.m.

Government investigation team left Ichigaya.
03:43 a.m.

Secretary Minister of State for Disaster Management Decision of Establishment of Emergency disaster

of time

1hour

3hour

y g

Inter- ministerial meeting
Press conference by director-general of 
The National land agency 11:00a.m.

Government investigation team left Iruma. 02:30 p.m.
Secretary Director-general of The National land agency 

Decision of Establishment of Emergency disaster
management headquarters at Cabinet meeting 10:04 a.m.

The first meeting in Emergency disaster 
management headquarters 11:30 a.m.

6hour

9hour
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National CountermeasuresNational Countermeasures

Establishment of the Cabinet Information Establishment of the Cabinet Information 
Collection CenterCollection Center
Enhanced Governmental System Enhanced Governmental System 
--Minister of State for Disaster ManagementMinister of State for Disaster Management
--Chief Cabinet Secretary for Crisis ManagementChief Cabinet Secretary for Crisis Management

Development of Disaster Information System Development of Disaster Information System 
(DIS)(DIS)(DIS)(DIS)
--Early Estimation SystemEarly Estimation System

--Emergency Measure Support SystemEmergency Measure Support System

Cabinet Information 
Collection Center

Large-scale Disaster

Cabinet Office within 30 minutes

National Emergency Response Flow

Stand-by at 24 hrs x 7 days basis
Collection and Analysis of Disaster 
and Damage Information
I f ti h i ith P i

Prime Minister

Emergency Response Team 
composed of 

Senior Officials from Ministries

Minister of State
for Disaster Management

Information-sharing with Prime
Minister and Related Organizations

Inter-Ministerial Headquarters for Emergency Response 

Analysis of Scale of Damage
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Dispatch of an emergency survey team to the 
affected areas

Mobilization of Search and Rescue Teams
3 hours

Emergency ResponseEmergency Response

Police , Firefighting, Self-Defense Forces 

FullFull--scale search & rescue activitiesscale search & rescue activities

Nationwide emergency assistanceNationwide emergency assistance

24 hours
Emergency medical evacuation
Food & Water
Blankets & Clothes 
Prevention of secondary disasters such as 

landslides
Temporary repairs of infrastructure & lifeline

Improving of the quality of life of evacuees
Hot meals with variety
Public bath service1-3 weeks

From Response toFrom Response to
Recovery & Rehabilitation PhaseRecovery & Rehabilitation Phase

Public bath service
Mental care against PTSD
Evacuation of elderly & handicapped to tourist 

hotels

Full-scale recovery of infrastructure & lifeline

1 3 weeks

1 months & 
thereafter

Smooth transition to recovery & 
rehabilitation phase

Ensuring of housing
Preparations for the coming winter & snow
Recovery of the local economy
Support to isolated and devastated areas
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The National GovernmentThe National Government

Minister of State for

Cabinet
Office

Ministry of
Justice

Cabinet 
Secretariat

Cabinet
Deputy Prime Minister

Minister of State for Economic 
and Fiscal Policy,

Science and Technology 
Policy

Financial Services
Agency

National Public 
Safety Commission

National Police
Agency

Fire and Disaster 
Management Agency

Ministry of Internal 
Affairs and 

Communications
( )

( )
Minister of State for

Disaster Management,
Okinawa and

Northern Territories Affairs

Ministry of Health, 
Labour and Welfare

Ministry of Education, 
Culture, Sports, Sci-
ence and Technology

Ministry of
Finance

Ministry of 
Foreign Affairs

Minister of State for Consumer 
Affairs and Food Safety, 

Social Affairs, and Gender 
Equality

Minister of State for Promotion 
of Local Sovereignty

Ministry of Agriculture,
Forestry and Fisheries

Minister of State for 
Government Revitalization

Agency for Natural 
Resources and 

Energy
Nuclear and 

Industrial Safety 
Agency

Consumer Affairs 
Agency

FireFire Fighting & AmbulanceFighting & Ambulance

( )

Ministry of Economy,
Trade and Industry

Ministry of Land,
Infrastructure and 

Transport
Japan Coast

Guard

Ministry of 
the Environment

Ministry of 
Defense

Japan Meteorological
Agency (JMA)

Geographical 
Survey Institute

Agency

Small and Medium 
Enterprise Agency

. Fire. Fire--Fighting & AmbulanceFighting & Ambulance

. Police. Police

.. Self-Defense Forces

. Coast Guard. Coast Guard

. Medical Treatment. Medical Treatment

. TEC. TEC--ForceForce
( )

( )

( )

Disaster Response Activities described in “Guidelines for Tokyo 
Metropolitan Earthquakes Emergency Response Plan” (Overview)

Plan emergency transport routes for rescue units and goods, details for procuring 
supplies , and details regarding dispatch of troops for each region beforehand
based on damage estimations, etc.

Initiate dispatch of troops, medical activities, and procurement of supplies 
immediately based on plans after earthquake has occurred, starting from the stage 
when there is no information on the state of damages, etc.

Urgent implementation of emergency measures such as rescue activities and 
medical care. Adjust contents of activities in accordance with information on the state
of damages, etc.

Procurement of 
supplies

To Saitama prefecture
Drinking water:           Approx. 3,200 t
Food:        Approx. 10.3 million meals
Formula milk:                 Approx. 1.2 t
Blankets:                  Approx. 179,000
Diapers:                    Approx. 225,000

*Amount of procurement of supplies represents 1 week’s worth after occurrence of disaster

To Ibaraki prefecture
Food:             Approx. 400,000 meals
Formula milk:                 Approx. 0.1 t

[Overview of damage estimations]

(Under the conditions of 6 P.M. on a winter
day and a wind speed of 15 m/s)

of damages, etc.

Number of buildings 
completely destroyed or 
burned down

Approx. 850,000 
buildings

Number of deaths Approx. 11,000 people

Number of seriously-injured 
people

Approx. 37,000 people

Number of people taking 
shelter at evacuation center

Approx. 4.6 million 
people

(Approx. 1 day later)

[Image diagram of activities]

Plan the rescue units, etc. that are to be 
dispatched beforehand according to the 
extent of damages and amount of 
shortage of supplies as based on 
damage estimations.

Rescue units units
Medical care teams
Supplies tons

To Kanagawa prefecture
Food:        Approx. 16.9 million meals
Blankets:                  Approx. 166,000

To Tokyo
Food:        Approx. 31.8 million meals
Formula milk:                 Approx. 6.6 t
Blankets:                    Approx. 37,000
Diapers:                    Approx. 387,000
Temporary toilets:         Approx. 1,110

To Chiba prefecture
Drinking water:         Approx. 13,300 t
Food:        Approx. 15.7 million meals
Formula milk:                 Approx. 5.3 t
Blankets:                  Approx. 559,000
Diapers:                    Approx. 567,000
Temporary toilets:         Approx. 1,740

Target number of 
transported patients

423 people

JGSDF C  

Wide-Area Medical 
Transportation

* Transportation between 8 and 72 hours after occurrence of disaster

Wide-area medical transportation is applicable to seriously-
injured people for whom treatment within the relevant 
prefecture is difficult, and for whom rescue is determined as 
being possible by transporting the patient to a wide-area 
logistics medical facility  and administering treatment.

* Number of backup units dispatched 
represents a maximum value

Dispatch of backup 
units

To Saitama prefecture

Scale of dispatch 
(Total)

117,240 people

JMSDF Shimofusa Air Base

Ariake-no-Oka Basic Wide-Area Disaster 
Prevention Base

JGSDF Camp Tachikawa

JASDF Iruma Air Base

Haneda AirportJMSDF Atsugi Air Base

New Chitose Airport
Sendai Airport

Komatsu Airport
Osaka International Airport
Miho Airport
Takamatsu Airport
Fukuoka Airport

Number of DMATs (disaster 
medical assistance teams) 

dispatched:   180 teams

JGSDF Camp
Soumagahara
Matsumoto Airport
JASDF Hamamatsu Airbase
Osaka International Airport
Kobe Airport, etc.

Sendai Airport
Matsushima Air Base
JGSDF Camp Kita-
Utsunomiya

: Wide-area transportation base 
within disaster area

Blue : Medical team gathering base

Red : Wide-area transportation base 
outside of disaster-stricken area

General support
55,400 people

(Units whose dispatch destination is not specified in advance)

To Kanagawa prefecture
National Police Agency: 730 people
Fire and Disaster Management 
Agency: 1,080 people
Ministry of Defense:    8,200 people

Total:                     10,010 people

To Tokyo
National Police Agency: 

16,820 people
Fire and Disaster Management 
Agency: 8,680 people
Ministry of Defense:  16,400 people

Total:                     41,890 people

To Saitama prefecture
National Police Agency: 530 people
Fire and Disaster Management 
Agency: 1,410 people
Ministry of Defense:    4,200 people

Total:                       6,130 people

To Chiba prefecture
National Police Agency:

1,440 people
Fire and Disaster Management 
Agency: 860 people
Ministry of Defense:    1,500 people

Total:                       3,800 people
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話題 1: 土砂災害に関する危機管理体制～法律体系と指揮命令関係 

 

3.4 「ベネト州における危機管理体制について 

-地域機能センター-」 

マリアーノ・キャラッロ ベネト州政府市民保護局長 
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話題 2: 危機管理体制の事例 

 

3.5 「2009 年ラクイナ地震のその後－ 

緊急対応とその後の対応における技術的かつ学術的活動」 

マウロ・カーディナリ 

国家研究評議会水文地質災害研究所研究員 

 



International Symposium on 
“Risk Management and Governance to Cope with Natural Disasters”

Tokyo, 27th October 2009

2009
ML= 5.1

2009
ML= 5.1

L’AquilaL’AquilaL’AquilaL’Aquila

L’AquilaL’Aquila

6 2009
ML= 5.8

6 2009
ML= 5.8 20092009ML  5.8ML  5.8

ML= 5.3ML= 5.3
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Interferometric analysis by 
CNR IREA, using

Envisat: 11 / 3 / 2009
Envisat: 15 / 4 / 2009

Interferometric analysis by 
CNR IREA, using

Envisat: 11 / 3 / 2009
Envisat: 15 / 4 / 2009

FRINGE
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The density of slope failures decreases away from the epicenters 
f ll i ti l l th t i tibl ith i t di

The l’Aquila 2009 earthquake sequence triggered primarily rock falls.

following exponential laws that is compatible with previous studies

The majority of the slope failures occurred where surface
deformation measured by DIn-SAR was largest.

The procedure for the site evaluation for new settlements is effective
and operative

Rock fall hazard assessment and bulletins for the possible occurrence 
of landslides turn out to be useful in the post-emergency phase

We believe that these techniques can be applied with success in other
Natural Disasters, in Italy and elsewhere.
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話題 2: 危機管理体制の事例 

 

3.6 「平成 20 年岩手宮城内陸地震における 

TEC-FORCE 活動について」 

小竹 利明 東北地方整備局河川部河川計画課 建設専門官 
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M7.2
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TEC-FORCE
TEC-FORCE

2

Technical Emergency Control Force

TEC-FORCE

TEC-FORCE

TEC-FORCE

3
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話題 3: 危機管理体制とリスク評価に関する最近の研究成果 

 

3.7 「平成 20 年岩手宮城内陸地震における危険度評価について」 

水野 秀明 国土技術政策総合研究所 

危機管理技術研究センター砂防研究室 主任研究官 
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YuhamaYuhama
YunokuraYunokura

NuruyuNuruyu

OgawaraOgawara

AzabuAzabu

SakashitaSakashita

Study on Assessment of Disaster Risks Study on Assessment of Disaster Risks 
Induced by Natural Barrier BreachInduced by Natural Barrier Breach

Hideaki MIZUNOHideaki MIZUNO

National Institute for land and National Institute for land and 
Infrastructure Management,Infrastructure Management,

MLITMLIT

1

Japan‐Italy Symposium, Risk Management and Governance to Cope With Natural Disaster

EMERGENCY RISK ASSESSMENT
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Location of Natural BarriersLocation of Natural Barriers
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（浅布）（浅布）（浅布）（浅布）（浅布）（浅布）（浅布）（浅布）（浅布）

（大田）（大田）（大田）（大田）（大田）（大田）（大田）（大田）（大田）

（早坂）（早坂）（早坂）（早坂）（早坂）（早坂）（早坂）（早坂）（早坂）

（越戸）（越戸）（越戸）（越戸）（越戸）（越戸）（越戸）（越戸）（越戸）

川原小屋沢
湯浜

湯ノ倉
温湯

小川原

浅布

坂下

栗駒山　　

駒ノ湯　　

Legend
▲ Major Natural Barriers
○ Villages along Ichi‐Hasama
River

（） shows the name of village.

★ AMeDAS Stations

Sugawa

Ubuzume

Kawarakoyasawa

Yuhama

Yunokura‐Onsen

Nuruyu

Ogawara

Azabu

Sakashita

Tsuki‐ki‐taira

Ichino‐no‐baru

Kogawara

Kurikoma‐Numakura

Numakura‐Urasawa

Aratosawa

YUHAMA

YUNOKURA
NURUYU

KAWARAKOYASAWA

OGAWARA

AZABU

SAKASHITA

Longitude [deg.] Latitude [deg.] Height [m] Width [m] Long [m]

Yuhama 140.7458500 38.9044833 45 50 1200

Yunokura 140.7636167 38.8923167 20 52.5 630

Kawarakoyasawa 140.7774833 38.9011833 30 50 600

Nuruyu 140.7709833 38.8767667 6 40 820

Ogawara 140.7794333 38.8393333 10 30 580

Azabu 140.7946833 38.8304667 8 40 210

Sakashita 140.8020333 38.8202667 2.9 12.6 80

Place
Position Dimension

As of June 25, 2008

Location and Position of Natural BarriersLocation and Position of Natural Barriers

Japan‐Italy Symposium, Risk Management and Governance to Cope With Natural Disaster

44

-74-



2009/10/26

3

Assumed Process of BreachAssumed Process of Breach

• Following processes are assumed in case of the 
emergency risk assessment:

1. Over‐topping – Quick erosion type

2. Seepage – Sliding type

Japan‐Italy Symposium, Risk Management and Governance to Cope With Natural Disaster
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河道閉塞
の破壊

段波の流下

突入 波の発生 水位上昇

土塊

越流による決壊の可能性

パイピングによる
破壊の可能性

河床河道閉塞湛水域

河道
閉塞

Fig. Conceptual diagram of the process of natural barrier breach

Quick erosion by overQuick erosion by over‐‐toppingtopping

Sliding by seepageSliding by seepage

BarrierBarrier

Lake

Earth

Breach

Flood

Surge

Results of the Emergency Risk Assessment Results of the Emergency Risk Assessment ‐‐11‐‐

Japan‐Italy Symposium, Risk Management and Governance to Cope With Natural Disaster
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H[m] W[m] L[m]
Over-

topping
Piping

Based on the
monitored

incoming flow
rate

Based on the
past record of
maximum 24
hours rainfall

Yuhama 45 50 1200 39.2 1716 Overtopping 15～838 273～838

Yunokura 20 52.5 630 3.4 1081 Overtopping 10～471 187～528

Kawarakoyasawa 30 50 600 － － Overtopping 15～572 123～572

Nuruyu 6 40 820 － － Overtopping 1～34 34～85

Ogawara 10 30 580 － － Overtopping 4～103 103～161

Azabu 8 40 210 － － Overtopping 3～61 61～144

Sakashita 2.9 12.6 80 － － Overtopping 1～33 33～57

Estimated peak discharge

[m3/s]

Place

Days for breach
Dimension

Process of breach
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Results of the Emergency Risk Assessment Results of the Emergency Risk Assessment ‐‐22‐‐

• Water and sediment will be flooded in the Nuruyu-onsen village, Inonosawa
village and Ohta village if the largest natural barrier, Yunokura, breaches.

Japan‐Italy Symposium, Risk Management and Governance to Cope With Natural Disaster
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Village
Capacity of flood

[m3/s]

Nuruyu-onsen 230～1200

Ogawara 1850～3021

Azabu 1194～8201

Inonosawa 260～4900

Hayasaka 1110～1150

Ohta 180～4900

Results of the 2Results of the 2ndnd Risk Assessment Risk Assessment ‐‐11‐‐

• A series of natural barriers will be breached.

Japan‐Italy Symposium, Risk Management and Governance to Cope With Natural Disaster
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温湯温泉

切留・穴ノ原

小川原
浅布

猪ノ沢

坂下・中村
大向越戸

大田
0 3000 [m]1000 2000

北

２５０００分の１地形図より読み取った。
計算要素の配置
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Results of the 2Results of the 2ndnd Risk Assessment Risk Assessment ‐‐22‐‐

Japan‐Italy Symposium, Risk Management and Governance to Cope With Natural Disaster
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Difference between river bed and house
a. Nuruyu‐onsen 4m
b. Ananohara 8m
c. Inonosawa 6m
d. Sakashita 5m
e. Koedo 5m
f. Ohta 11m

① If the incoming flow into each lake are equal
to the observed quantities, Nuruyu‐pnsen
village will be flooded.

② If rainfall equaled to the past record will occur,
all village except for Ohta will be flooded.

湛水池に流入する水量が実績値程度
湛水池に流入する水量が既往最大
24時間雨量に匹敵する程度

Time [second] Time [second]
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o
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The incoming flow into each lake are equal to 
the observed quantities.

Rainfall equaled to the past record will occur

CHANGE OF NATURAL BARRIERS
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Natural Barrier at Natural Barrier at YuhamaYuhama ‐‐11‐‐
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June 21, 2008 October 1, 2008

国土交通省国土技術政策総合研究所撮影 国土交通省国土技術政策総合研究所撮影

After about one month, water in the lake
formed by the natural barrier had been flowing
on the surface of the barrier.
The surface of the barrier had been gradually

eroded, so that the flood is not occurred at this
moment.

2008.10.15 2008.10.15

①水が侵食していない箇所 ②水が侵食した箇所(澪筋内)

Natural Barrier at Natural Barrier at YuhamaYuhama ‐‐22‐‐

Japan‐Italy Symposium, Risk Management and Governance to Cope With Natural Disaster
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Left: Enlarged photo
The rock is marked by red circle.
Diameter is about 3m.

Big scale flood occurred on October 24, 2008, and many rocks deposited on the gully were 
moved. After this event, surface flow has been observed.

2008.10.15 2008.10.15

October 15, 2008 November 7, 2008 May 18, 2009
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June 30, 2008 April 28, 2009

1111

2222

33

33

44

44

55
66

55
66

77

88 77

88

99

99

Red : RocksRed : Rocks、、Yellow:  TreesYellow:  Trees

Natural Barrier at Natural Barrier at YuhamaYuhama ‐‐33‐‐

• Process of erosion

Japan‐Italy Symposium, Risk Management and Governance to Cope With Natural Disaster
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Orange dot line: gullyOrange dot line: gully

The surface covered with sand had been eroded, however other 
area covered with rocks had not been eroded.

Current Situation as of April 28, 2009Current Situation as of April 28, 2009

Japan‐Italy Symposium, Risk Management and Governance to Cope With Natural Disaster

1414

Sakashita Azabu Ogawara

Nuruyu Kawarakoya‐sawa Yunokura

Lakes formed by natural barrires have been disappeared or open channels have
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SUMMARY
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ConclusionConclusion

• Emergency Risk Assessment

– Water and sediment will be flooded in the Nuruyu-onsen village,
Inonosawa village and Ohta village if the largest natural barrier,
Yunokura, breaches.

– If a series of natural barriers – Yuhama, Yunokura and
Kawarakoyasawa- have been breaching, Nuruyu village will be
flooded.

• Current Situation as of Apr. 28, 2009

– It is low probability that natural barriers except for Yuhama will
be breach.

– However the natural barrier at Yuhama is stable because the
surface is covered with a lot of big rocks.

Japan‐Italy Symposium, Risk Management and Governance to Cope With Natural Disaster
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話題 3: 危機管理体制とリスク評価に関する最近の研究成果 

 

3.8「ラクイラ地震― 

危機管理とサイズミック マイクロゾネーション」 

ジャンパオロ・キャビナート 

国家研究評議会水文地質災害研究所研究員 



1

Gian Paolo Cavinato
CNR- Istituto Geologia Ambientale

e Geoingegneria, Rome, Italy

TOKYO October 2009

International Symposyum on 
“Risk Management and Governance to Cope with Natural Disasters”

Mita Kaikan (Tokyo)

L'Aquila Earthquake: 
Managing Emergency and Seismic 

Microzonation

The 6th April 2009: L’Aquila earthquake
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SONDAGGI
DOWN HOLEAdriatic Sea

L’AQUILA

The 6th April 2009: L’Aquila Earthquake

The 6th April 2009 L’Aquila earthquake

2005-08 Historical 
instrumental 
sesimicity (2005-
2008)
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Managing Emergency Activities of the  
CNR (IRPI, IGAG, IAMC, IREA, ISMAR) for the  

Italian Department Civil Protection

• ACQUISITION OF GEOLOGICAL MAPS AND SUBSURFACE DATA

• FIELD MAPPING OF  COSEISMIC DEFORMATIONS

• GEOLOGICAL SURVEY OF THE SITES IDENTIFIED FOR REBUILDING

• HYDROGEOLOGICAL, GEOMORPHOLOICAL, AND GEOPHYSICAL 
CHARACTERIZATION OF THE SITES CHOSEN FOR REBUILDING 

• SEISMIC MICROZONATION 

http://www.protezionecivile.it/

New criteria  for seismic 
microzonation
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• Two different technical –
scientific approaches for the 
mitigation of seismic risk:

- Built new infrastructure 
knowing seismic hazard 
(reduce uncertainty on 
geohazard)
-Built new infrastructures 
following earthquake proof 
methodologies (reduce the 
vulnerability)

Microzonation follows the 
first approach

Seismic 
microzonation in 
Italy

2006

LEVEL I
Output:
Map of the previous surveys
Map of Homogeneous zones for seismic microzonation

LIVEL II
Actions:
New data acquisition
Simplified numerical modeling
Output:
Map of the zones with no-co seismic effects expected
Map of zones prone to co seismic effects (Liquefaction, Active faults,

Differential settlements)

LIVEL III
Actions:
New data acquisition
Output:
Map of Seismic Microzonation

Seismic Microzonation
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Goals of Seismic Microzonation:

Identify and edge areas with different level of
seismic hazard

Evaluate the seismic response of the terrains
identified in the microzones for the riduction of the
seismic risk

Seismic Microzonation

The Microzones are classified in three
categories:

Stable Zones, with no seismic amplification
compared to the seismic bedrock

Stable Zones, with seismic amplification
related to geological features

Unstable Zones, (landslides, liquefaction,
compaction of granular soils, consolidation of
fine soils, differential settlement, outcropping
active faults, etc.)

MICROZONES
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The Italian National Civil Protection and the Abruzzo Region make the 
coordination of the working group

The work start at the beginnig of May, and finish the 30th 
september, six month after the earthquake

The budget of the operation is of 400.000 Euro

(All the Research Institute, the University, the Region and 
Province don’t have any economic contributions)

SEISMIC MICROZONATION 
IN THE L’AQUILA AREA

More than 15  Municipalities are analyzed that have a macroseismics 
intensity at least 7° of  MCS Scale

The Task Force is compose by:

10 University: L’Aquila, Chieti-Pescara, Genova, Politecnico 
Torino, Politecnico Milano, Firenze, Basilicata, Roma1, Roma 3, 
Siena

7 Research Institute: CNR, INGV, AGI, RELUIS, ISPRA, ENEA 
Frascati, OGS Trieste

3 Regions  and  2 Province: Lazio, Emilia-Romagna, Toscana, 
Provincia di Trento, Provincia di Perugia 

The Task Force are compose up to 200 people

SEISMIC MICROZONATION 
IN THE L’AQUILA AREA: THE PROJECT
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• Task 1: Finding, archivage and GIS Georeferencing of the previuos 
data

• Task 2: Geological and geotechnical Models geologico-tecnico 
(Geologists)

• Task 3: Geothecnical Analysis of the terrains (Geotechnics)

• Task 4: Geophysical Analysis of the terrains  (Geophysics)

• Task 5: Instrumental Analyses: H/V Spectral rapport, strong /weak 
motion and microtremors (seismologist)

• Task 6: Numeric Simulation for Earthquake Reference (Geologists and 
statististics)

• Task 7: Numeric Simulation (Geologists and Engineer Geotechnicals)

• Task 8: Damage Analysis (Structural Engineers)

• Task 9: Urban planning and Building Technical Norm (Architects and 
Engineers)

• Task 10: Final Report, GIS cartographic output, and publication

SEISMIC MICROZONATION 
IN THE L’AQUILA AREA: THE TASK PROJECT

1) L’Aquila Center

2) L’Aquila Ovest (Cansatessa-Pettino), Coppito

3) L’Aquila Est (Tempera, Paganica, San Gregorio, Bazzano, S.Elia)

4) Poggio Picenze, San Pio delle Camere (Castelnuovo), Barisciano

5) Onna

6) Villa S.Angelo (Tussillo), S.Eusanio Forconese (Casentino), Fossa

7) S.Demetrio nei Vestini (Stiffe), Fagnano Alto (Vallecupa, Pedicciano), 

Arischia

8) Poggio Roio, Colle Roio, Roio Piano, Santa Rufina, Contrada Cavalli

9) Bagno Grande, Bagno Piccolo, Civita di Bagno, Pianola, San Benedetto, San 

Felice d’Ocre

10) Camarda, Collebrincioni

11) Castelvecchio Subequo, Goriano Sicoli

SEISMIC MICROZONATION 
IN THE L’AQUILA AREA: THE TASK PROJECT 

ACTIVITY

-87-



8

SEISMIC MICROZONATION 
IN THE L’AQUILA AREA: THE TASK PROJECT ACTIVITY

L’AQUILA

• Task 1: Finding, archivage and GIS Georeferencing of 
the previuos data

• Task 2: Geological and geotechnical Models 
(Geologists)

• Task 3: Geothecnical Analysis of the terrains 
(Geotechnics)

• Task 4: Geophysical Analysis of the terrains  
(Geophysics)

• Task 5: Instrumental Analyses: H/V Spectral rapport, 
strong /weak motion and microtremors (seismologist)

• Task 6: Numeric Simulation for Earthquake Reference 
(Geologists and statististics)

• Task 7: Numeric Simulation (Geologists and Engineer
Geotechnical)

• Task 8: Damage Analysis (Structural Engineers)

• Task 9: Urban planning and Building Technical Norm 
(Architects and Engineers)

• Task 10: Final Report, GIS cartographic output, and 
publication

I LEVEL

II LEVEL

III LEVEL

BUDGET

SEISMIC MICROZONATION 
IN THE L’AQUILA AREA: THE 

TASK PROJECT ACTIVITY
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• Task 1: Finding, archivage and GIS Georeferencing of the 
previuos data

• Task 2: Geological and geotechnical Models (Geologists)

• Task 3: Geothecnical Analysis of the terrains 
(Geotechnics)

• Task 4: Geophysical Analysis of the terrains  (Geophysics)

• Task 5: Instrumental Analyses: H/V Spectral rapport, 
strong /weak motion and microtremors (seismologist)

• Task 6: Numeric Simulation for Earthquake Reference 
(Geologists and statististics)

• Task 7: Numeric Simulation (Geologists and Engineer
Geotechnicals)

• Task 8: Damage Analysis (Structural Engineers)

• Task 9: Urban planning and Building Technical Norm 
(Architects and Engineers)

• Task 10: Final Report, GIS cartographic output, and 
publication

SEISMIC MICROZONATION 
IN THE L’AQUILA AREA: 

THE TASK PROJECT ACTIVITY

I LEVEL

II LEVEL

III LEVEL

I LEVEL Geological Field Work

Co-Seismic deformation
In the Paganica Area
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SURVEYS POSITION OF
GEOLOGICAL (RED) AND GEOPHISICAL DATA 

(BLUE) OF THE L’AQUILA AREA

GEOLOGICAL MAP

Carta di microzonazione sismica
di San Giuliano di Puglia (CB)
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EXAMPLE OF GEOLOGICAL MAP OF S. GREGORIO AREA (L’AQUILA)
FOR SEISMIC MICROZONATION

I LEVEL

II LEVEL

III LEVEL

• Task 1: Finding, archivage and GIS Georeferencing of the 
previuos data

• Task 2: Geological and geotechnical Models (Geologists)

• Task 3: Geothecnical Analysis of the terrains (Geotechnics)

• Task 4: Geophysical Analysis of the terrains  (Geophysics)

• Task 5: Instrumental Analyses: H/V Spectral rapport, 
strong /weak motion and microtremors (seismologist)

• Task 6: Numeric Simulation for Earthquake Reference 
(Geologists and statististics)

• Task 7: Numeric Simulation (Geologists and Engineer
Geotechnicals)

• Task 8: Damage Analysis (Structural Engineers)

• Task 9: Urban planning and Building Technical Norm (Architects 
and Engineers)

• Task 10: Final Report, GIS cartographic output, and 
publication

SEISMIC MICROZONATION 
IN THE L’AQUILA AREA: 

THE TASK PROJECT ACTIVITY
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BORE-HOLE AND GEOTECHINCAL  
SAMPLING

BORE-HOLE AND DOWN-HOLE ANALYSES
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Microtremors analyis at Onna 
Town:
Terrain Vibration frequence

Weak motion terrain frequence 
in the Onna town (INGV Milano)

SEISMIC MICROZONATION  IN THE L’AQUILA AREA: 
THE TASK PROJECT ACTIVITY

Output of the Geological map of Level I in the Castelnuovo town and 
Geological cross-sections. The pink area (CD) are interested by collapse 
during the earthquake for the presence of caves (Emilia-Romagna Region 
Field work).

SEISMIC MICROZONATION  IN THE L’AQUILA AREA: 
THE TASK PROJECT ACTIVITY

-93-



14

Time history recorded at Casteluovo (15 Km from the epicenter) related 04/09/2009 
earthquake  alle 00:52:59 con Ml=5.1 (Univ. della Basilicata, INGV Milano, GFZ, CNR 
IMAA). 

SEISMIC MICROZONATION  IN THE L’AQUILA AREA: 
THE TASK PROJECT ACTIVITY

SEISMIC MICROZONATION  IN THE L’AQUILA AREA: 
THE TASK PROJECT ACTIVITY

Acquisition
of reflection 
Seismic 
Profile
Across
The L’Aquila
Basin
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SEISMIC MICROZONATION 
IN THE L’AQUILA AREA: THE TASK PROJECT ACTIVITY

I LEVEL

II LEVEL

III LEVEL

• Task 1: Finding, archivage and GIS Georeferencing of the 
previuos data

• Task 2: Geological and geotechnical Models (Geologists)

• Task 3: Geothecnical Analysis of the terrains 
(Geotechnics)

• Task 4: Geophysical Analysis of the terrains  
(Geophysics)

• Task 5: Instrumental Analyses: H/V Spectral rapport, 
strong /weak motion and microtremors (seismologist)

• Task 6: Numeric Simulation for Earthquake Reference 
(Geologists and statististics)

• Task 7: Numeric Simulation (Geologists and Engineer
Geotechnicals)

• Task 8: Damage Analysis (Structural Engineers)

• Task 9: Urban planning and Building Technical Norm 
(Architects and Engineers)

• Task 10: Final Report, GIS cartographic output, and 
publication

Level III – MICROZONATION MAP

Examples of Microzonation 
Map of the San Giuliano di 
Puglia (CB) after the 2002 
earthquake
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EMERGENCY:REBUILDING
ACTUAL SITUATION…..

Conclusions

The CNR has an important role for the mananig 
activity during the Emergency time and for the 
prevenction activities

The Seismic Microzonation is the tool for the 
mitigation of the seismic risk and for the land planning

The Seismic Microzonation of the L’Aquila area is 
finalized for the post-earthquake event rebuilding and 
an important tool for the seismic proof of the new 
building and for the control of the ancient building and 
monuments

All the data and the result of the Seismic 
Microzonation will be published and insert in a GIS 
Data-Base on line
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