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TheTheTheThe InternationalInternationalInternationalInternational ConsortiumConsortiumConsortiumConsortium onononon LandslidesLandslidesLandslidesLandslides (ICL)(ICL)(ICL)(ICL)

-ICL Strategic Planning for 2012-2021-
17-20 January 2012, Kyoto, Japan

A Landslide dam caused by Typhoon 12 in September 2011 in Nara Prefecture

(Nakanihon Air Service, Japan)
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and
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The United Nations Educational, Scientific and Cultural Organization

(UNESCO), the United Nations International Strategy for Disaster Reduction

(UNISDR), the United Nations University (UNU), the International Council for

Science (ICSU), Kyoto University, and the Japan Landslide Society
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Background and Objectives
The International Consortium on Landslides (ICL), UNESCO, WMO, FAO, UNISDR, UNU, ICSU,
WFEO and other global partners successfully organized the Second World Landslide Forum on 3-7
October 2011 at the headquarters of the Food and Agriculture Organization of the United Nations
(FAO) in Rome, Italy. 864 persons from 64 countries attended it.

ICL was founded on 21 January 2002 during the UNESCO-Kyoto University Joint Symposium on
Landslide Risk Mitigation and Protection of Cultural and Natural Heritage as an activity of
IGCP-425. ICL will meet the 10th anniversary of ICL in January 2012. In order to make a strategic
plan of ICL and IPL for the second decade, ICL together with ICL supporting organizations will
organize the 10th anniversary meeting at the same facility of ICL foundation meeting in Kyoto,
Japan.

SponsorshipSponsorshipSponsorshipSponsorship: The organization of the tenth anniversary meeting of the International Consortium on Landslides is
supported for the different aspects by the following organizations and funds.

Schedule of the Meeting

Date:Date:Date:Date: 17-20 January 2012
VenueVenueVenueVenue:
Campus Plaza in Kyoto on 17-19 January 2012
The Disaster Prevention Research Institute in the Kyoto University Uji-Campus on 20 January 2012

Schedule:Schedule:Schedule:Schedule:
17171717 JanuaryJanuaryJanuaryJanuary (Tue)(Tue)(Tue)(Tue) 2012201220122012

Meeting Room No.1 (2F) of the Campus Plaza
9:00-9:209:00-9:209:00-9:209:00-9:20 Registration
9:20-9:309:20-9:309:20-9:309:20-9:30 Opening remark on the planned schedule Kyoji Sassa, ICL

The Strategic Funds for the Promotion of Science and Technology of the Ministry of Education,
Culture, Sports, Science and Technology (MEXT), Japan

The Science and Technology Research Partnership for Sustainable Development Programme of
MEXT, Japan

The Ministry of Foreign Affairs, Japan (MOFA for ISDR)
The United Nations Secretariat of the International Strategy for Disaster Reduction
(UNISDR)

The United Nations Educational, Scientific and Culture Organization (UNESCO for
Disaster Reduction)
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Greeting from JICA Yuki Tanaka on behalf of Shiro Nakasone, Director, Disaster
Management Division1, Global Environment Department,
Japan International Cooperation Agency

9:30-11:159:30-11:159:30-11:159:30-11:15 ProposalsProposalsProposalsProposals ofofofof RegionalRegionalRegionalRegional andandandand thematicthematicthematicthematic NetworksNetworksNetworksNetworks ofofofof ICLICLICLICL ((((15 minutes/each)
RegionalRegionalRegionalRegional NetworksNetworksNetworksNetworks
1. Adriatic-Balkan Network ------------------------------- Snjezana Mihalic, Croatia
2. South-East Asian Network --------------------------------- N.M. Arambepola, Thailand
3. North-East Asian Network (Hiroshi Fukuoka, Japan and Wang Faw4, Japan/China)
ThematicThematicThematicThematic NetworksNetworksNetworksNetworks
1. Capacity Development Network (Landslide School Network) -- Dwikorita Karnawati,

Indonesia

3. Eurasian Landslide Terminology Network -----------------------Alexander Strom, Russia
4. Monitoring and Warning Network -------------------------------- Matjaz Mikos
5. Landslides in Cold Regions -----------------------------------------Wei Shan
6. Landslides and Cultural & Natural Heritage Network --------- Claudio Margottini
African Network (Yasser Elshayeb, Egypt) will be examined. Latin American Network will
be presented after the arrival of Renato de Lima, Brazil. Landslide Risk Management
Network is presented by Surya Parkash, India only in document.

11:15-11:3011:15-11:3011:15-11:3011:15-11:30 Short break
11:30-12:3011:30-12:3011:30-12:3011:30-12:30

DiscussionDiscussionDiscussionDiscussion onononon networksnetworksnetworksnetworks
12:30-14:0012:30-14:0012:30-14:0012:30-14:00 Lunch
14:00-15:3014:00-15:3014:00-15:3014:00-15:30

DiscussionDiscussionDiscussionDiscussion ofofofof CCCComponentsomponentsomponentsomponents to be included in the ICL strategic plan 2012-2021
A component: Climate change effect triggering deep landslides ----- Kyoji Sassa
Please propose components to be included in the ICL strategic plan.
The proposed components in addition to regional and thematic networks will be integrated
into the strategic plan. Those who will arrive on 16 January 2012 will be invited to
preliminary examination for the strategic plan (contact to K. Sassa in Japan: mobile
090-8758-1405, sasas@iclhq.org)

16:00-18:3016:00-18:3016:00-18:3016:00-18:30WorkingWorkingWorkingWorking GroupGroupGroupGroup DiscussionDiscussionDiscussionDiscussion forforforfor thethethethe StrategicStrategicStrategicStrategic PlanPlanPlanPlan
ICL will publish a leaflet to contain Report of discussion results of ICL-10 including the
strategic plan as well as regional and thematic networks and plan of WLF3 2014.
Strategic plan can be long so that initiatives of participants may be included. The strategic
plan 2012-2021 is directed to participants, ICL members and ICL supporting
organizations.

18181818 JanuaryJanuaryJanuaryJanuary (Wed)(Wed)(Wed)(Wed) 2012201220122012
9:009:009:009:00 –––– 12:0012:0012:0012:00 RoundRoundRoundRound tabletabletabletable discussiondiscussiondiscussiondiscussion AtAtAtAt MeetingMeetingMeetingMeeting RoomRoomRoomRoom No.1No.1No.1No.1 (2F)(2F)(2F)(2F) ofofofof thethethethe CampusCampusCampusCampus PlazaPlazaPlazaPlaza
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Integration of proposed components for the Strategic plan for the development of
ICL for 2012-2021.
A short review of the ICL activities 2002-2011 and issues to be examined toward
2012-2021 (by Kyoji Sassa) and discussion

12:00-13:3012:00-13:3012:00-13:3012:00-13:30 MemorialMemorialMemorialMemorial JointJointJointJoint photophotophotophoto andandandand LunchLunchLunchLunch AtAtAtAt HallHallHallHall (2F)(2F)(2F)(2F) ofofofof thethethethe CampusCampusCampusCampus PlazaPlazaPlazaPlaza
13:30-14:3013:30-14:3013:30-14:3013:30-14:30 10101010ththththAnniversaryAnniversaryAnniversaryAnniversary CeremonyCeremonyCeremonyCeremony ofofofof ICLICLICLICL

AtAtAtAt LectureLectureLectureLecture RoomRoomRoomRoom No.3No.3No.3No.3 (4F)(4F)(4F)(4F) ofofofof thethethethe CampusCampusCampusCampus PlazaPlazaPlazaPlaza
WelcomeWelcomeWelcomeWelcomeAddress:Address:Address:Address:
International Consortium on Landslides ---- Paolo Canuti, President of ICL
The Government of Japan ------------------- Rikio Minamiyama

Director, Office for Disaster Reduction Research
Earthquake and Disaster-Reduction Research Division
Research and Development Bureau, MEXT

SupportingSupportingSupportingSupportingAddressesAddressesAddressesAddresses forforforfor ICLICLICLICL andandandand IPLIPLIPLIPLActivitiesActivitiesActivitiesActivities
Badaoui Rouhban Director, Section for Disaster Reduction of UNESCOUNESCOUNESCOUNESCO

AddressAddressAddressAddress andandandand AwardAwardAwardAward ofofofof UNESCOUNESCOUNESCOUNESCOmedalsmedalsmedalsmedals totototo: Professor Paolo Canuti, President of ICL
Professor Kyoji Sassa, Executive Director of ICL

Thomas Hockley Head of the Regional Offices Support and Coordination Unit, UNISDRUNISDRUNISDRUNISDR
Thomas Hofer Team leader, Forestry Department of FAO,FAO,FAO,FAO, Host of WLF2
Srikantha Herath Programme officer, United Nations University (UNUUNUUNUUNU)
Jane Rovins Executive Director, Integrated Research for Disaster Reduction (IRDRIRDRIRDRIRDR

-ICSUICSUICSUICSU)
Yumio Ishii Vice President of World Federation of Engineering Organizations (WFEOWFEOWFEOWFEO)
Peter Bobrowsky Secretary General of International Union of Geological Sciences (IUGSIUGSIUGSIUGS)
Kaoru Takara Prof. of Disaster Prevention Research Institute on behalf of Hiroshi

Matsumoto, President of Kyoto University,
14:30-14:30-14:30-14:30- 15:0015:0015:0015:00AppreciationAppreciationAppreciationAppreciation ofofofof ContributionContributionContributionContribution totototo ICLICLICLICLandandandand IPLIPLIPLIPLactivitiesactivitiesactivitiesactivities

Badaoui Rouhban for Contribution since ICL foundation 2002
Salvano Briceno for Contribution for 2002-2011 as the Director of UNISDR

ICLICLICLICLConferenceConferenceConferenceConferenceAwardAwardAwardAward
Claudio Margottini for the Organization of the Second World Landslide Forum

2010201020102010 BestBestBestBest paperpaperpaperpaperAwardAwardAwardAward ofofofof LandslidesLandslidesLandslidesLandslides
Christopher Massey, Vernon Manville, Graham H. Hancox, Harry J. Keys, Colin Lawrence and Mauri
McSaveney1

Out-burst flood (lahar) triggered by retrogressive landsliding, 18 March 2007 at Mt Ruapehu, New
Zealand—a successful early warning. Landslides, 2010, Vol.7, No.3, pp.303-315

RecognitionRecognitionRecognitionRecognition ofofofof ContributionContributionContributionContribution totototo ICLICLICLICLSupportersSupportersSupportersSupporters
Kawasaki Geological Engineering Co., Ltd (Takeshi Kato)
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Kokusai Kogyo Co., Ltd. (Yoshiko Abe)
Marui Co., Ltd. (Taketoshi Marui)
Ohta Geo-Research Co., Ltd. (Hidemasa Ohta)
Okuyama Boring Co. Ltd. (Shinro Abe)
Osashi Technos Inc. (Maki Yano)
OYO Cooperation Co. Ltd. (Wataru Nakagawa)

(New membership certificate was designed in the same style to ICL supporters and given to new
members of 2010 and 2011 at FAO. The new membership certificates are prepared to 29
participating members from 2002-2009)

15:30-16:0015:30-16:0015:30-16:0015:30-16:00 Coffee Break in Hall
16:00-18:0016:00-18:0016:00-18:0016:00-18:00 RoundRoundRoundRound tabletabletabletable discussiondiscussiondiscussiondiscussion to create the ICL Strategic Plan 2012-2021
18:00-20:0018:00-20:0018:00-20:0018:00-20:00 Potluck Party in Hall

19191919 JanuaryJanuaryJanuaryJanuary (Thu)(Thu)(Thu)(Thu) 2012201220122012
9:00-12:009:00-12:009:00-12:009:00-12:00 Lecture Room No.3 (4F) of the Campus Plaza

RoundRoundRoundRound tabletabletabletable discussiondiscussiondiscussiondiscussion to adopt the ICL Strategic Plan 2012-2021 and plan the follow-up
activities and further action for implementation.

13:3013:3013:3013:30 –––– 17:0017:0017:0017:00Meeting Room No.1 (2F) of the Campus Plaza
SteeringSteeringSteeringSteering CommitteeCommitteeCommitteeCommittee ofofofof ICLICLICLICL
Greeting from Dr. Johanna Schwarz, Springer. Earth Science editor.

1. Report of the Second World Landslide Forum.
2. Financial management of World Landslide Forum as the biggest IPL event.
3. Plan and Budget of 3rd World Landslide Forum 2014.
4. Examination of 4th World Landslide Forum.
5. Management of networks including conditions of its initiation and termination
6. ICL officers for 2012-2014.
7. Publication of Landslides.
8. Others

20202020 JanuaryJanuaryJanuaryJanuary (Fri)(Fri)(Fri)(Fri) 2012201220122012
9:00-18:009:00-18:009:00-18:009:00-18:00 Collaborative Research Facility, Large Seminar Room (301) of DPRI, Kyoto University, Uji,

Kyoto.

5



Programme of IPL Symposium 2012, Kyoto

OpeningOpeningOpeningOpening SessionSessionSessionSession (9:00-9:15)(9:00-9:15)(9:00-9:15)(9:00-9:15)

Facilitator Bin He, Center for the Promotion of Interdisciplinary Education and Research, Kyoto
University

Welcome Address Kaoru Takara, Disaster Prevention Research Institute (DPRI), Kyoto University
Greeting from JST Koichi Tsukioka, Japan Science and Technology Agency (JST)

SessionSessionSessionSession 1111 (9:15-10:45)(9:15-10:45)(9:15-10:45)(9:15-10:45) Chairpersons: AlexanderAlexanderAlexanderAlexander Strom,Strom,Strom,Strom, DwikoritaDwikoritaDwikoritaDwikorita KarnawatiKarnawatiKarnawatiKarnawati

9:15-9:30 Brazil Renato E. de Lima, Tiago
Marino, et al.

CENACID and the impact of landslide disasters in
Brazil

9:30-9:45 China Hua Jiang, Zhaoguang Hu, et al. Cut Layer Rocky Landslide Development
Mechanism in Lesser Khingan Mountain

9:45-10:00 China Wei Shan, Zhaoguang Hu, Hua
Jiang

Mechanism of Permafrost Landslide based on GPS
and Resistivity Surveying

10:00-10:15 Croatia Snježana Mihalić, Željko
Arbanas, et al.

The ICL Adriatic-Balkan Network: scientific
background, opportunities and challenges for
regional cooperation

10:15-10:30 Croatia Zeljko Arbanas, Snjezana
Mihalic

Progress in the Croatian-Japanese joint research
project on landslides’

10:30-10:45 Croatia Maja Ostric, Kristijan Ljutic, et
al.

Undrained Ring Shear Tests Performed on
Samples from Kostanjek and Grohovo Landslides

10:45-11:00 Break

SessionSessionSessionSession 2222 ((((11:00-12:30)11:00-12:30)11:00-12:30)11:00-12:30) Chairpersons: ZeljkoZeljkoZeljkoZeljko Arbanas,Arbanas,Arbanas,Arbanas, RenatoRenatoRenatoRenato E.E.E.E. dededede LimaLimaLimaLima

11:00-11:15 Czech Adam Emmer, Vít Vilímek
Hazard assessment of GLOFs from
moraine-dammed lakes and its relation to
debris-flow

11:15-11:30 Egypt Yasser Elshayeb
Zone risk Maps: Assessment of Natural and
Anthropological Risk at the Saqqara Necropolis -
Egypt

11:30-11:45 India Surya Parkash
Interdisciplinary and Cross-sectoral Training on
Comprehensive Landslides Risk Management –
Scope, Challenges and Opportunities

11:45-12:00 Indonesia Teuku Faisal Fathani Study of Instability Process and Failure Mechanism
of Situ Gintung Earth Dam

12:00-12:15 Indonesia Dwikorita Karnawati, Joanne
Kimbrough, et al.

Influence of ash and volcanic clay on mass
movement mechanism in Indonesia

12:15-12:30 Indonesia Dwikorita Karnawati, T. Faisal
Fathani, et al.

Smart Grid for Landslide Monitoring and Early
Warning System in Indonesia

12:30-14:00 Lunch

SessionSessionSessionSession 3333 ((((14:00-15:30)14:00-15:30)14:00-15:30)14:00-15:30) Chairpersons: MarkoMarkoMarkoMarko Komac,Komac,Komac,Komac, TeukuTeukuTeukuTeuku FaisalFaisalFaisalFaisal FathaniFathaniFathaniFathani

14:00-14:15 Iran M. Mahdavifar, S.M. Fatemi
Aghda, V. Bagheri

Seismic Landslides Hazard Zonation of Sarein, Iran
using Fuzzy Logic System
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14:15-14:30 Iran
Mohammad Kashanchi,
Mohammadreza Mahdavifar,
Reza Majidi Feijani

Landslide Risk Analysis in Reservoirs of Dams

14:30-14:45 Mexico Gabriel Legorreta Paulín, Marcus
Bursik, et al

Landslide distribution and volumes on the SW
flank of Pico de Orizaba volcano, Mexico

14:45-15:00 México
José Fernando Aceves Quesada,
Gabriel Legorreta Paulín, Víctor
Manuel Martínez Luna

Gravitational processes in the eastern flank of the
Nevado de Toluca México

15:00-15:15 Nigeria Ogbonnaya Igwe, Ikenna
Okonkwo, Okechukwu Nebedum

The Characteristics of May, 2011 Rainfall-induced
Debris Flow in Southeastern Nigeria

15:15-15:30 Russia Oleg Zerkal, Alexander Strom Unification of Western and Russian landslide
terminology and classification systems

15:30-15:45 Break

SessionSessionSessionSession 4444 (15:45-17:00)(15:45-17:00)(15:45-17:00)(15:45-17:00) Chairpersons: VlckoVlckoVlckoVlcko Jan,Jan,Jan,Jan, GabrielGabrielGabrielGabriel LegorretaLegorretaLegorretaLegorreta PaulPaulPaulPaulíííínnnn

15:45-16:00 Slovakia Vlcko Jan, Cheng Zhu, Dingwall
Paul, Eder Wolfgang

Landslide and Rockfall Risk Reduction in World
Heritage Sites and Geoparks

16:00-16:15 Slovenia Matjaž Mikoš, Jošt Sodnik PARAmount - European research project on
transport infrastructure safety in the Alps

16:15-16:30 Slovenia Marko Komac, Blaž Milanič,
Pooja Mahapatra, et al.

I2GPS – a new approach to 3D surface
displacement monitoring

16:30-16:45 Thailand Maksud Kamal, Arambepola
Susith

Efforts for Landslide hazard risk reduction in
selected urban areas of Bangladesh

16:45-17:00 Vietnam Minh Tam Doan

Landslide situation in Vietnam and Cooperation
with the International Consortium on Landslides in
enhancement of research and treatment for
landslides on road network

DiscussionDiscussionDiscussionDiscussion 17:00-18:0017:00-18:0017:00-18:0017:00-18:00 Discussion Leaders: MatjaMatjaMatjaMatjažžžž MikoMikoMikoMikošššš,,,, EderEderEderEderWolfgangWolfgangWolfgangWolfgang

ClosureClosureClosureClosure 18:0018:0018:0018:00 ICL Executive Director KyojiKyojiKyojiKyoji SassaSassaSassaSassa
(Note: 10 minutes for presentation, 5 minutes for question/answer.)
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ListListListList ofofofof ParticipantsParticipantsParticipantsParticipants

NoNoNoNo CouCouCouCounnnntries/UNstries/UNstries/UNstries/UNs NameNameNameName OfficeOfficeOfficeOffice

1 UNESCO Badaoui Rouhban Director for Disaster Reduction

2 UNESCO Giuseppe Arduino Jakarta Office, Indonesia

3 UNISDR Thomas Hockley Head of the Regional Offices Support and Coordination
Unit, Headquarters, Geneve

4 UNISDR Yuki Matsuoka Head of the UNISDR Office in Japan

5 UNU Srikantha Herath Headquarters, Tokyo

6 UNU Hans van Ginkel Former Rector of UNU

7 FAO Thomas Hofer Forestry Department

8 IRDR Salvano Briceno
Chair for IRDR Scientific Committee. Former director of
UNISDR

9 IRDR-IPO Jane E Rovins Executive Director of IRDR IPO, Beijing Office

10 WFEO Yumio Ishii Vice President of World Federation of Engineering
Organizations, CTI Engineering

11 ICL/Italy Paolo Canuti President of ICL

12 ICL-Headquarters Kyoji Sassa Executive Director of ICL

13 ICL/Germany Wolfgang Eder
Technical Advisor of ICL, Former Director of Earth Science
of UNESCO

14 ICL-Headquarters Osamu Nagai Research Promotion Researcher of ICL

15 ICL-Headquarters Mie Ueda Secretary of ICL

16 ICL-Headquarters Kumiko Fujita Researcher of ICL

17 Albania Adil Neziraj Albania Geological Survey

18 Albania Sadik Lumi Albania Geological Survey

19 Brazil Renato de Lima CENACID-Universidade Federal do Paraná,

20 Canada Peter Bobrowsky Geological Survey of Canada

21 China Wei Shan Northeast Forestry University, China

22 China Ying Guo Northeast Forestry University,
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23 China Hua Jiang Northeast Forestry University,

24 China Yueping Yin China Institute of Geo-environmental Monitoring(Center of
Geohzds Emergency, MLR ), ICL Vice President

25 China Qin Bai International Cooperation, China Geological Survey

26 China Xiaochun Li China Geological Survey

27 China Hongjian Liao Xi’an Jiaotong University

28 China Peng Cui Institute of Mountain Hazard and Environment.

29 Croatia Pavle Kalinic Emergency management office of Zagreb City

30 Croatia Kristina Martinovic Emergency management office of Zagreb City

31 Croatia Snjezana Mihalic Faculty of Mining, Geology and Petroleum Engineering ,
University of Zagreb

32 Croatia Martin Krkac
Faculty of Mining, Geology and Petroleum Engineering ,
University of Zagreb

33 Croatia Zeljko Arbanas Faculty of Civil Engineering, University of Rijeka

34 Croatia Kristijan Ljutic Faculty of Civil Engineering, University of Rijeka

35 Czech Republic Jiri Zvelebil Geo-tools NGO

36 Czech Republic Vit Vilimek Charles University

37 Egypt Yasser Elshayeb Cairo University, National TEMPUS Coordinator of EC

38 Germany Johanna Schwarz Earth Sciences Editorial Team, Springer Verlag

39 Honduras Luis Eveline Rector, Universidad Politecnica de Ingenieria de Honduras

40 Honduras Jance C. Funes Universidad Politecnica de Ingenieria de Honduras

41 Honduras Anibal Godoy Universidad Politecnica de Ingenieria de Honduras

42 Indonesia Dwikorita Karnawati Gadjah Mada University

43 Indonesia Teuku Faisal Fathani Gadjah Mada University

44 Iran Mohammadreza
Mahdavifar

International Institute of Earthquake Engineering and
Seismology(IIEES)

45 Italy Claudio Margottini ISPRA-Italian Institute for Environmental Protection and
Research, Vice President of ICL, Forum chair of WLF2

46 Italy Philippo Catani Department of Earth Sciences, University of Firenze

47 Italy Minja Kukavicic Department of Earth Sciences, University of Firenze
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48 Japan-MEXT Rikio Minamiyama Ministry of Education, Culture, Sports, Science and
Technology of Japan

49 Japan-MLIT Shinji Yamaguchi Erosion Control Division, Ministry of Land, Infrastructure,
Transport and Tourism

50 Japan-JICA Yuki Tanaka Japan International Cooperation Agency

51 Japan-JST Koichi Tsukioka Japan Science and Technology Agency (SATREPS)

52 Japan-JST Takashi Nishigaki Programme officer of the Strategic Funds for
the Promotion of Science and Technology

53 Japan-JST Hiroshi Mikami, Japan Science and Technology Agency (International
Strategic Meeting)

54 Japan Kaoru Takara Kyoto University, DPRI, ICL Vice President

55 Japan Hiroshi Fukuoka Kyoto University, DPRI

56 Japan Yosuke Yamashiki Kyoto University, DPRI

57 Japan Bin He Kyoto University, DPRI

58 Japan Maja Ostric Kyoto University, Doctor student

59 Japan Hideaki Marui Niigata University, Research Institute for Natural Hazards
and Disaster Recovery,

60 Japan Kazuo Konagai University of Tokyo, Inst. of Industrial Science

61 Japan Hiromitsu
Yamagishi

Ehime University, Center for Disaster Management
Informatics Research

62 Japan Hirotaka Ochiai Forestry and Forest Product Research Institute, ICL
Treasure

63 Japan Toyohiko Miyagi Tohoku Gakuin University

64 Japan Fawu Wang Shimane University

65 Japan Deping Guo Waseda University

66 Japan Takeshi Kato Kawasaki Geological Engineering Co., Ltd., ICL Supporter

67 Japan Yoshiko Abe Kokusai Kogyo Co., Ltd., ICL supporters

68 Japan Taketoshi Marui Marui Co., Ltd., ICL Supporter

69 Japan Yuji Ikari Marui Co., Ltd., ICL Supporter

70 Japan Tadashi Enomoto Marui Co., Ltd., ICL Supporter
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71 Japan Hidemasa Ohta Ohta Geo-Research Co., Ltd., ICL Supporter

72 Japan Shinro Abe Okuyama-Boring Co., Ltd., ICL Supporter

73 Japan Maki Yano Osashi Technos Inc., ICL Supporter

74 Japan Wataru Nakagawa OYO Corporation, ICL Supporter

75 Japan/Mongol Has Baator Asia Air Survey, Co., Ltd., Japan

76 Korea Jeongrim Oh Ministry of Public Administration and Security (MOPAS)

77 Malaysia Che Hassandi
Abdullah

Slope Engineering Branch, Public Works Department of
Malaysia

78 Mexico Gabriel,Legorreta
Paulin Instituto de Geografía, UNAM

79 New Zealand Mauri McSaveny GNS Science, Avalon

80 New Zealand Eileen McSaveney. Earth Science Editor, Journal Proofreader for Landslides

81 Nigeria Igwe Ogbonnaya University of Nigeria, Nsukka

82 Russia Alexander Strom Institute of Geospheres Dynamics

83 Russia Oleg Zerkal Moscow State University

84 Slovakia Jan Vlcko Comenius University,

85 Slovakia Vladimir Greif Comenius University

86 Slovenia Matjaz Mikos Dean, University of Ljubljana

87 Slovenia Marko Komac Director, Geological Survey of Slovenia

88 Sri Lanka Virajh Dias Central Engineering Consultancy Bureau (CECB)

89 Thailand N.M.S.I.
Arambepola Asian Disaster Preparedness Center

90 Ukraine Oleksandr.
Trofymchuk

Institute of Telecommunications and Global Information
Space, ICL board member

91 USA Binod Tiwari
College of Engineering and Computer Science, California

State University, Fullerton

92 Viet Nam Doan Minh Tam Institute of Transport Science and Technology

93 Viet Nam Dinh Van Tien Institute of Transport Science and Technology,

94 Viet Nam Phan Thanh Hoa Institute of Transport Science and Technology,
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RegistrationRegistrationRegistrationRegistration
The name cards of participants and meeting documents will be provided at the registration desk in front of

Meeting Room No.1 (2F) of the Campus Plaza on 17 January 2012 and in front of Lecture Room No.3 (4F)
of the Campus Plaza on 18 January 2012.
RegistrationRegistrationRegistrationRegistration fee:fee:fee:fee: 10,000 JPY (Foreign participants will be exemplified).
TravelTravelTravelTravel supports:supports:supports:supports: The travel supports to foreign participants will be delivered in Meeting Room No.1
(2F) of the Campus Plaza after the meeting on 17 January 2012.

AccommodationAccommodationAccommodationAccommodation inininin KyotoKyotoKyotoKyoto
There are many hotels around the venue of meeting. Those hotels can be reserved by internet
booking.com http://bit.ly/v2SalU by yourself. Inquiries on hotel reservation will be addressed to:

Ms Kumiko Fujita < fujita@iclhq.org>, cc: ICL Secretariat secretariat@iclhq.org

Map of Venue and Hotels

CampusCampusCampusCampus PlazaPlazaPlazaPlaza
939 Higashi-Shiokoji-Cho, Nisino-Toin-Dori Shiokoji Sagaru,
Shimogyo-ku, Kyoto Japan 600-8216, TEL +81-75-353-9100 (main), FAX +81-75-353-910
http://www.consortium.or.jp/index.php

12

http://bit.ly/v2SalU
mailto:fujita@iclhq.org
mailto:secretariat@iclhq.org
http://www.consortium.or.jp/index.php
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AbstractAbstractAbstractAbstract Bei’an to Heihe expressway utilizes the original
second-class highway to widen and expand for
expressway, restricted by the original location of old road,
widen subgrade of some sections locate in tailing edge of
the landslides, influenced by the landform, geological
condition, climate and anthropogenic factors, are in
unstable states, bring great difficulties to widening and
expanding implementation. In process of landslide
researching, firstly identify the space form of landslide,
analyze the formation mechanism of landslide, evaluate
the stability condition and the development tendency of
landslide, and then determine the prevention and
treatment measures. Took the Bei'an to Heihe expressway
cut layer rocky landslide as the research object, employed
the geological survey, topographic mapping, geological
drilling, indoor test, numerical simulation, field
monitoring and theoretical analysis methods to carry an
integrated study on the development mechanism and
damage mode of the landslide. Through systematic study,
drew the conclusions that: the rupture surface is located
in completely weathered mudstone; during surveying, the
landslide is temporarily in steady state, when the water
content continues to increase to 34.7%, the landslide will
reach the state of limit equilibrium; atmospheric
precipitation, the island permafrost which scattered in
the mountain valley melting water, snowmelt water and
seasonally frozen soil thawing water provide a continued
water source for landslide, surface water and ground
water supply the Cretaceous pore water by infiltration
and lateral runoff through surface thermal shrinkage
cracks and shallow high permeability rock and soil, low
permeability mudstone under the loose overburden
forms aquiclude, completely weathered mudstone above
the aquiclude which is influenced by the Cretaceous pore
water to be soften forms rupture surface; due to the
permafrost distribution discontinuities and geological
conditions difference, the landslide has gradual, low
angle, creeping characteristics.

KeywordsKeywordsKeywordsKeywords expressway, cut layer rocky landslide,
development mechanism, damage mode

IntroductionIntroductionIntroductionIntroduction

Landslide is a phenomenon that the rock and soil of a
slope occurs shear failure and significant horizontal
displacement along a weak structural zone or maximum

shear zone. Landslide geological disasters have a wide
distribution in the world, hazard is very serious, and it
not only brings a threat to the safety of human life, but
also has a destructive effect on the property, environment,
and resource. Bei’an to Heihe expressway utilizes the
original second-class highway to widen and expand for
expressway in Heilongjiang province of China, restricted
by the original location of old road, some widen subgrade
of K177+400-K180+000 section which is situated in the
Lesser Khingan Mountain central region locate in tailing
edge of the landslides(see Fig.1), influenced by the
landform, formation lithology, geological structure,
hydrogeololgy condition, climate and anthropogenic
factors, the landslides are in unstable states, bring great
difficulties to widening and expanding implementation.

Figure 1 Aerial view of Bei’an to Heihe expressway landslide
section.

In process of landslide researching, firstly identify
the space form of landslide, analyze the formation
mechanism of landslide, evaluate the stability condition
and the development tendency of landslide, and then
determine the prevention and treatment measures. This
article took the Bei'an to Heihe expressway cut layer
rocky landslide as the research object, employed the
geological survey, topographic mapping, geological
drilling, geophysical exploration, indoor test, numerical
simulation, field monitoring and theoretical analysis
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methods to carry an integrated study on the development
mechanism and damage mode of the landslide.

FieldFieldFieldField surveysurveysurveysurvey

Bei’an to Heihe expressway landslide section is located in
the central region of Lesser Khingan Mountain. The
climate of the area belongs to continental monsoon
climate, the spring gets warm quickly, the summer is
tepidity and rainy, the autumn gets cool fast, the winter is
long and cold. The annual average temperature is -0.6℃.
The average annual precipitation is 400-650mm, and the
rainfall concentrates in July to September of the summer.
Average sunshine time is 2551.5 hours. Frost-free period is
90-120 days.

The tectonic is in the Wuyun-Jieya new rift zone,
the south is Shuhe upwarping zone and the north is
Handaqi virgation. Surface exposed stratum: the upper
Cretaceous Nenjiang formation, Tertiary Pliocene series
Sunwu formation, and Quaternary Holocene series
modern river alluvium and stack layers. According to the
aquiferous medium, supply and drainage conditions,
groundwater is divided into Cretaceous pore water,
Tertiary pore water and Quaternary pore water three
kinds.

According to the field survey, found three sections
widening subgrade influenced by landslide, this article
aimed at the first landslide, the landform of the landslide
is shown in Fig. 2.

Figure 2 Tree dimensional terrain of landslide region.

The whole landform of landslide area is one ridge at
the back, two ridges on the left and right sides, gentle
slope terrain in the middle part. The flat shape of
landslide body presents a tongue. There are
inconspicuous arc cracks on the tailing edge of the
landslide, upheaval on the front of the landslide and scaly
turf on the surface of the landslide body (see Fig. 2).

GeologicalGeologicalGeologicalGeological explorationexplorationexplorationexploration

To survey the geological condition of the landslide, we
arranged 3 drilling holes and 5 resistivity measure lines,
drilling holes position as shown in Fig. 2. According to
the drilling and resistivity surveying results, drew the
engineering geological profile as shown in the Fig. 3.
Deformations monitoring equipments, temperature,
moisture, pore water pressure sensors were respectively
embedded in the holes.
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Figure 3 Landslide engineering geological profile and monitoring equipment arrangement diagram.

The surface of landslide area mainly consists of
Tertiary pebbly sandstone and subgrade abandon soil
(sandy clay), high void ratio, many cracks in the soil and
weak integrity. The shallow completely weathered
mudstone has obvious cracks which have evident water
encroached signs; the deep completely weathered
mudstone is relatively dense. Through indoor test, the
permeability coefficient of sandy clay is 2.74×10-6m/s,
Tertiary pebbly sandstone is 2.55×10-5m/s, shallow
completely weathered mudstone is 1.74×10-6m/s, and deep
completely weathered mudstone is 2.23×10-7m/s.

The permeability coefficient of surface rock and soil
and shallow completely weathered mudstone is larger,
the permeability coefficient of deep completely
weathered mudstone is smaller. When the water
penetrates downward through shallow rock and soil and
accumulates on the surface of the dense mudstone, the
water content of the mudstone layer increased gradually,
shear strength decreases significantly. This judgment, the
landslide belongs to cut layer rocky landslide, rupture
surface is located in completely weathered mudstone.

LandslideLandslideLandslideLandslide stabilitystabilitystabilitystability numericalnumericalnumericalnumerical simulationsimulationsimulationsimulation

Limit equilibrium method is the most mature method in
landslide stability study. The limit equilibrium method is
characterized in that only considers static equilibrium
condition and soil Mohr Coulomb failure criterion, need
assume rupture surface during calculating. Compared
with limit equilibrium, finite element method namely
considers the soil static equilibrium, also meets the strain
compatibility and stress strain constitutive relation, can
serve as a more rigorous theoretical system for slope
stability analysis, it needn’t assume the shape and
position of rupture surface, determines the stability of
landslide through stress and strain analysis.

Through geological survey and indoor test analysis,
the landslide stability is mainly controlled by the water
content of rupture surface rock and soil, employed finite
element method to study the law that safety factor of
landslide changes with water content of rupture surface
soil. The finite element calculation parameters of rock
and soil were determined by indoor experiment and
engineering analogy method, as shown in Tab.

Table 1 Physical and mechanical parameters of calculation model.

Rock and soil name Unit weight
(g/cm3)

Cohesion
(kPa)

Friction
angle

(degree)

Modulus of
elasticity
(MPa)

Poisson's
ratio

Subgrade fill or spoil 1.89 21 9 14 0.35
Pebbly sandstone 1.98 5.2 27 26 0.22
Completely weathered mudstone above the
rupture surface(natural/ saturated) 1.81/1.85 16.4/10.3 8/5 15/15 0.36/0.36

Completely weathered mudstone under the
rupture surface 1.80 26.6 12 32 0.35

Highly weathered mudstone and sandstone 1.85 34.7 14 70 0.34
Moderately weathered mudstone 1.88 45.5 18 93 0.32
Slightly weathered mudstone 1.91 57.6 19 110 0.3

16



Hua Jiang, Zhaoguang Hu, Wei Shan et al–Cut Layer Rocky Landslide Development Mechanism in Lesser Khingan Mountain

The rupture surface soil water content is 32.1% and
saturation is 0.899 during surveying, the slope safety
factor is 1.58, the landslide total deformation before
damage is shown in Fig. 4. The landslide is temporarily in
a steady state, but the rupture surface soil has not
reached saturation state, when the water content of the
rupture surface soil continues to increase to 34.7%,

saturation reaches 0.972, the safety factor of landslide will
be reduced to 1.08, and the landslide will reach the state
of limit equilibrium. When the surface soil saturated with
water or abandon soil loading or filling subgrade, the
ancient landslide will be likely to slide, and affect the
stability of subgrade slope.

Figure 4 Landslide total deformation cloud map before damage.

FieldFieldFieldField monitoringmonitoringmonitoringmonitoring

After surveying, we began to collect monitoring data, 32
days later, found that ZK2 and ZK3 deformation
monitoring pipe were sheared respectively in the depth of
11.0m and 12.1m under the original ground; the
temperature, moisture and pore water pressure sensor
connections were also sheared; striation appeared on the

front of the landslide; many cracks appeared on the
mountain surface, and the cracks were in developing
trend. Based on these data and phenomena, judged that
the slope occurred slide. At that same time, employed
GPS to monitor the tube nozzle moving data (see Fig. 5),
and paid attention to the pore water pressure data (see
Fig. 6) and deformation data of ZK4, the vertical and
horizontal displacement of ZK4 were very small.
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Figure 6 Curve of ZK4 pore water pressure changes with time.

The landslide began to slide at the rainy season,
deep pore water pressure of the region was max of the
year, and reached the steady state until winter when the
ground began to freeze, the maximum horizontal
displacement respectively reached 1.03 and 0.9m, the
landslide formation is mainly influenced by precipitation
and permafrost melting. The landslide slid again in the
spring melts period of the following year, the seasonal
frozen soil layer of the area was completely melted at that
time, deep pore water pressure increased rapidly, and the
maximum horizontal displacement respectively reached
1.73 and 1.14m, landslide sliding again is mainly
influenced by frozen soil melting and snowmelt.

LandslideLandslideLandslideLandslide developmentdevelopmentdevelopmentdevelopment mechanismmechanismmechanismmechanism

Formation and development of the landslide is mainly
affected by the landform, climate and water, geological
condition and other factors.

Topography condition: topography of the landslide
is upper steep and lower gentle, one ridge at the back,
two ridges on the left and right sides, is avail for surface
water and ground water to assemble in landslide (see Fig.
7); the rupture surface is so gentle to retain rainwater for
a long time, these provide favourable terrain condition
for the landslide development.

The effect of climate and water: atmospheric
precipitation and permafrost melting water constantly
supply the Cretaceous pore water in the rainy season,
snowmelt water and seasonally frozen soil thawing water
constantly supply the Cretaceous pore water in the spring
thawing period. Under the action of water, unit weight of
the slide body increases and shear strength of rupture
surface soil decreases.

Geological condition: surface thermal contraction
cracks and shallow high permeability soil and rock
provide infiltration and lateral runoff channel for surface
water and ground water; low permeability mudstone
under the loose overburden forms aquiclude, completely
weathered mudstone above the aquiclude which is
influenced by the Cretaceous pore water to be saturated,
the shear strength of the completely weathered mudstone

decreases dramatically, then induce the landslide
instability.

Figure 7 Landform vector graph of landslide region.

ConclusionsConclusionsConclusionsConclusions

This article employed the geological survey, topographic
mapping, geological drilling, geophysical exploration,
indoor test, numerical simulation, field monitoring and
theoretical analysis methods to carry an integrated study
on the development mechanism and damage mode of the
Bei'an to Heihe expressway cut layer rocky landslide,
drew the conclusions that:

The landslide belongs to cut layer rocky landslide,
and the rupture surface is located in completely
weathered mudstone.

During surveying, for the rupture surface completely
mudstone, the water content is 32.1%, the landslide is
temporarily in steady state, when the water content
continues to increase to 34.7%, saturation reaches 0.972,
the safety factor of the slope will be reduced to 1.08, and
the landslide will reach the state of limit equilibrium.

Atmospheric precipitation, the island permafrost
which scattered in the mountain valley melting water,
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snowmelt water and seasonally frozen soil thawing water
provide a continued water source for landslide, surface
water and ground water supply the Cretaceous pore
water by infiltration and lateral runoff through surface
thermal shrinkage cracks and shallow high permeability
rock and soil, low permeability mudstone under the loose
overburden forms aquiclude, completely weathered
mudstone above the aquiclude which is influenced by the
Cretaceous pore water to be soften forms rupture surface.

Due to the permafrost distribution discontinuities and
geological conditions difference, the landslide has gradual,
low angle, creeping characteristics.

AcknowledgmentsAcknowledgmentsAcknowledgmentsAcknowledgments

This work was financially supported by Heilongjiang
Communications Department project and subtopic of the
western communication science and technology project
“Study on Subgrade Stability Controlling Technology of
Expressway Expansion Project Permafrost Melt and
Landslides Sections”.
****Corresponding author: Wei Shan (1965- ), male,

professor, doctor of Engineering, doctoral tutor. Research
interests: disaster prevention and mitigation of road and
bridge engineering.
Email: shanwei456@163.com.

ReferencesReferencesReferencesReferences (in(in(in(in thethethethe alphabeticalalphabeticalalphabeticalalphabetical order)order)order)order)

Chunshan Zhang, Yecheng Zhang, Jingjiang Hu, et al (2000) Spatial
and temporal distribution characteristics and forming conditions
of Chinese geological disasters. Quaternary Sciences. 20(6):559-
564.

Huali Liu, Dayong Zhu, Defu Liu (2007) Discussion on multiple
solution of safety factor of a slope. Rock and Soil Mechanics.
28(8):1661-1664.

Jianping Qiao (2002) Structure and shape of landslide. Chinese
Journal of Rock Mechanics and Engineering. 21(9):1355-1358.

Luming Zhang, Mingxin Zheng, Min He (2010) Study of
characteristics of matric suction in landslide slip soils before and
after landslide control. Rock and Soil Mechanics. 31(10):3305-
3312

Ruilin Hu, Shanshan Wang (2010) Main feature and identification
method of sliding-surfaces in soil and rock slopes. Journal of
Engineering Geology. 18(1): 35-40.

Tao Yang, Depei Zhou, Huimin Ma, et al (2010) Point safety factor
method for stability analysis of landslide. Rock and Soil
Mechanics.31(3):971-975.

Xiuwen Hu, Huiming Tang, Yourong Liu (2005) Verificatio verification
of transfer coefficient method applied to landslide stability
analysis by physical model test. Rock and Soil
Mechanics.26(1):63-66.

Yonghou Duan (1999) Basic characters of geo-hazards and its
development trend in China. Quaternary Sciences. 19(3): 208-
216.

Yonghua Li, Xiaoyong Zhang, Zhijiu Cui, et al (2002) Periodic coupling
of debris flow active periods and climate periods during
Quaternary. Quaternary Sciences. 22(4): 340-347.

Yunsheng Zhu, Hongliang Li, Naier Cao, et al (2007) Finite element
method research on road slide stability analysis. Journal of
Highway and Transportation Research and Development.24
(4):39-42

19



Proceedings of ICL Symposium, Kyoto, 2012

MMMMechanismechanismechanismechanism ooooffff PPPPermafrostermafrostermafrostermafrost LLLLandslideandslideandslideandslide bbbbasedasedasedased oooonnnn GPSGPSGPSGPS aaaandndndnd ResistivityResistivityResistivityResistivity
SurveySurveySurveySurveyinginginging

WeiWeiWeiWei Shan*Shan*Shan*Shan*,,,, ZhaoguangZhaoguangZhaoguangZhaoguang HuHuHuHu,,,, HuaHuaHuaHua Jiang,YingJiang,YingJiang,YingJiang,Ying Guo,ChunjiaoGuo,ChunjiaoGuo,ChunjiaoGuo,ChunjiaoWangWangWangWang
NortheastNortheastNortheastNortheast ForestryForestryForestryForestry UniversityUniversityUniversityUniversity,,,, HarbinHarbinHarbinHarbin 150040,150040,150040,150040, ChinaChinaChinaChina,,,, shanwei456@163.comshanwei456@163.comshanwei456@163.comshanwei456@163.com

AbstractAbstractAbstractAbstract The formation and development of the
landslide at K178+530 section of Bei’an-Heihe Expressway
mainly affected by the topography, engineering geology,
hydrology and climate characteristics, armchair shape
topography, active groundwater, intense freeze-thaw
erosion and human engineering activities are material
conditions and power factor of the landslide. Combining
with GPS positioning technology and high-density
resistivity method, researching on movement mechanism
of landslide in K178+530 section of Bei’an-Heihe
Expressway to analyse landslide body dynamic
characteristics variation of surface morphology and
internal soil mass. In order to obtain lithology and
geological structure of landslide section, we did drilling
exploration, and four drilling holes were arranged in the
area. We arranged nearly 40 GPS gauge piles at different
positions on the landslide on September 13, 2010, using
GPS to monitor the moving data of these gauge piles
(monitoring cycle is more than one year), accurately
grasp the directions and rates of movement at various
locations at different times of the landslide, and then
analyse the impact of freezing and thawing, rainfall on
landslide sliding. At the same time, we used the high-
density resistivity method to detect the resistivity of the
landslide, respectively, in the June 1, 2010 and September
10, 2010. The results show that: the landslide soil
resistivity values   show a significant difference before
and after the landslide. At the period when the landslide
had not yet formed, the Landslide resistivity value had no
obvious stratification, and had no mutation phenomenon
of the resistivity. After the formation of the landslide, the
resistivity value at the slip surface location   showed
significant stratification, and the resistivity values of its
upper and lower   were more obvious differences.

Keywords:Keywords:Keywords:Keywords: landslide, permafrost region, GPS, high-
density resistivity method

ForewordForewordForewordForeword

Landslide is a downward movement along the slope at
the landslide surface of soil, rock or a mixture of both. It
is one of the main diseases of mountainous area highway.
In the design of the slope stability analysis and landslide
governance programs, accurately detecting the position
of the sliding surface of the landslide body and the sliding

characteristics of landslides is a key factor, which
determines success and failure of the design. The purpose
of landslide engineering geological investigation is to
determine these important parameters.

This article units the results of GPS positioning
technology and high-density resistivity method to
research on formation mechanism and movement
mechanism of landslide in permafrost region. Study area
is at K178+530 section of Bei’an-Heihe Expressway,
located in Lesser Khingan Range central region, in the
high latitude permafrost degradation of China. We use
GPS technology to monitor the morphological changes of
the landslide, uniting the high-density resistivity method
to detect the resistivity of the landslide. analysing
landslide body dynamic characteristics variation of
surface morphology and internal soil mass, endeavouring
to find a new breakthrough in the research on this type of
landslide.

GeneralGeneralGeneralGeneral situationsituationsituationsituation ofofofof studystudystudystudy areaareaareaarea

PPPPhysicalhysicalhysicalhysical geographygeographygeographygeography ofofofof studystudystudystudy areaareaareaarea

Figure 1 K178+530 geographical position

Study area located in Lesser Khingan Range central
region, in the high latitude permafrost degradation of
China. Spring warms fast and shortly, summer is hot and
rainy, autumn cools fast and shortly, winter is cold and
long. the annual average temperature is -0.8 ℃ . The
average annual precipitation is 510~572mm, rainfall
concentrate in July to September, account for about 60%
of annual total precipitation. First snow is generally in the
last third of October, last snow is generally in the end of
March or early April. Maximum seasonal frozen depth is
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2.30~2.50m, freeze injury is prevalent, there is island
permafrost distributed in cleugh. The geomorphology of
study area is mainly low mountains and hills, topographic
relief is large, in the high latitude permafrost region.

GGGGeologicaleologicaleologicaleological structurestructurestructurestructure ofofofof studystudystudystudy areaareaareaarea
In order to obtain Lithology and geological structure of
landslide section, we did drilling exploration, and four
drilling holes were arranged in the area, the depths of
these drill holes are 14 ~ 26m, drilling holes arrangement
are shown in Figure 2.

Figure 2 K178+530 drilling holes arrangement

The soil distribution of landslide is as follow,
Quaternary loose sediment, tertiary pebbly sandstone,
Cretaceous mudstone and sandstone:

(1) Subgrade filling soil or roadbuilding waste soil:
yellow and very wet, that is mainly loose hybrid material
including tertiary pebbly sandstone, Cretaceous
mudstone and sandy mudstone, it is loose when dry, and
soft plastic once saturated, the thick on upper and middle
sector of landslide is 1~1.5m.

(2) Silty clay: yellow ,very wet and soft plasticity,
that is of big gaps and gloss, large dry strength and
toughness. Silty clay located in the depth of 1.5~3.8m on
upper sector of landslide ( ZK2 hole), and in the depth of
0~6.7m on middle and lower sector of landslide ( ZK1
hole ), and there are more than one sand sandwich layers
in silty clay layer, single-layer thickness is about 1-10cm,
which greatly increases the ability of water permeability.

(3) Tertiary pebbly sandstone: it is located in the
depth of 3.8~4.5m on the upper sector of the landslide
(ZK1 hole), and its component including long stone and
sand mineral, weathered , slightly wet, and minus cement
with loose sand and good gradation, the ability of water
permeability is vey good.

(4-1) Weathered siltstone: yellow, it is located in the
depth of 4.5~14.3m on the upper sector of the landslide
(ZK1 hole). Sandy structure, bedding construction and
week bonding force, all the mineral constituents is
weathered into secondary minerals, the locality has clay
substance, and the structure has been compromised, the
ability of water permeability is vey bad.

(4-2) Weathered mudstone: black-grey and ash green,
located below silty clay layer at ZK1, 6.7~8.0m in depth; it
is located below siltstone layer 14.3m in depth at ZK2.
Rocks are unconsolidated, core pieces, hard plastic, clay
structure, layered structure, poor water resistance to
soften, the ability of water permeability is vey bad.

(5) Strongly weathered mudstone: black-grey,
distribution in ZK1 and ZK2, located below the weathered
mudstone soil. Strongly weathered, pelite and layered
structure, rocks in unconsolidated, the core showing
column and a small amount of pieces, poor water
softening resistance, organization and structure are
completely destroyed.

Figure 3 Geological structure of K178+530

FFFFormationormationormationormation mechanismmechanismmechanismmechanism andandandand morphologicalmorphologicalmorphologicalmorphological characteristicscharacteristicscharacteristicscharacteristics ofofofof
landslidelandslidelandslidelandslide

The formation and development of the landslide at
K178+530 section of Bei’an-Heihe Expressway mainly
affected by the topography, engineering geology,
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hydrology and climate characteristics, armchair shape
topography, active groundwater, intense freeze-thaw
erosion and human engineering activities are material
conditions and power factor of the landslide. Because of
highway construction, landslide soil grew almost one-
third; perennial fissure water gush at the main scarp ( left
shoulder of the road ) of the landslide, eroding the
landslide body; Large precipitation in rainy season and its
infiltration increase landslide self-gravity; The inflitration
of snowmelt water, fissure water and rainwater provide
the water source for Landslide. High permeable landslide
soil mass provides passage for water infiltration;
mudstone and sandstone with low permeability form
aquifuge; Gravelly sand and silty clay above the aquifuge
is influenced by infiltration water to reach saturation,
forming rupture surface. In late July 2010, the landslide
started to slide.

Slip surface of upper sector is in the depth of 4.5
meters, located at the interface of gravel sand and
siltstone, the soil under sliding surface is siltstone of weak
penetrating power. Slip surface of the middle and lower
sectors is in the depth of 6.5 meters, located at the
interface of silty clay and mudstone, the soil under sliding
surface is mudstone of weak penetrating power.

This landslide belongs to Chair-bedding push type
landslide of superficial area, located at the left side of the

embankment road. Road abandon soil and subgrade
filling soil slide along the gully, The 178+530 landslide
presents a tongue shape, and its width is 20 ~ 30 meters,
its acreage is about 5000m2, the distance from toe to rear
edge is about 200m, the elevation of toe is 254m, and the
elevation of rear edge is 285m. Leading edge of the
landslide pushes up humus soil of original ground surface
to slide forward. And arcuate dislocation in the rear edge,
the dislocation was in rang of widen subgrade. There are
downtrees at leading edge of the landslide.

LLLLandslideandslideandslideandslide monitoringmonitoringmonitoringmonitoring basedbasedbasedbased onononon GPSGPSGPSGPS

TTTThehehehe arrangementarrangementarrangementarrangement ofofofof GPSGPSGPSGPSmonitoringmonitoringmonitoringmonitoring pilespilespilespiles
On July 22, 2010, two deformation monitoring pipes on
the landslide body were sheared respectively in the depth
of 4.2m and 6.5m under the ground, the sensor
connection lines were also sheared, Accordingly, we
determined that the landslide soil began sliding.
Employing GPS to monitor the tube nozzle moving data,
we arranged nearly 49 GPS gauge piles at different
positions on the landslide on September 13, 2010, using
GPS to monitor the moving data of these gauge piles,
monitoring cycle is more than one year.

Figure 4 arrangement diagram of GPS monitoring piles

The arrangement of GPS gauge piles was shown in
the figure. From the rear edge of landslide to the leading
edge we respectively arranged 11 rows in order,
respectively arranging on the both sides of the outside
landslide, the central location on the top of landslide and
close to the rear edge of landslide. The distance from the
first row to the rear edge of landslide is 15m, and the
numbers from left to right 1#~3#; The distance from the
second row to the rear edge of landslide is 30m, and the
numbers from left to right 4#~10#; The distance from the

third row to the rear edge of landslide is 50m. The
distance from the forth row to the rear edge of landslide
is 70m. The distance from the fifth row to the rear edge of
landslide is 93m. The distance from the sixth row to the
rear edge of landslide is 119m. The distance from the
seventh row to the rear edge of landslide is 134m. And the
others are distribution near the leading edge of the
landslide. These GPS Positioning monitoring piles can
monitor the sliding condition at the upstream and middle
stream, as well as the downstream of landslide. It also can
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monitor the centre, near the edges and outside locations
etc. of the landslide. The date of collection from
September 13, 2010 to September 25, 2011, 377 days in total,
and the monitoring cycle is more than a year.

GGGGaugeaugeaugeauge pilespilespilespiles motionmotionmotionmotion characteristiccharacteristiccharacteristiccharacteristic atatatat differentdifferentdifferentdifferent positionspositionspositionspositions
By the first row of gauge piles sliding displacement graph
(as shown in Figure 5), From September 13, 2010 to
November 2010, 1#, 2# and 3# gauge piles of sliding
displacement were 6.90m, 8.05m and 4.12m respectively.
From November 2010 to mid-late May 2011, landslide was
not sliding. Until early June 2011, landslide began to
slide,and by September 25, 2011, sliding displacements of
1#, 2# and 3# gauge piles were 45.70m 、 65.01m and
23.82m in 377 days. In the same cross-sectional inside,
Slip rate in a central location close to slip rate near the
edge.

The first row
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Figure 5 the sliding displacement graph of the first row
gauge piles
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Figure 6 the sliding displacement graph of the second row
gauge piles
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Figure 7 the gauge pile slip displacement curve in the central
location of landslide

Figure 6 was the sliding displacement graph of the
second row gauge piles. From the front row and second

row sliding displacement graph of gauge piles, from
monitoring commencement day (September 13, 2010) to
the middle of November, Landslide had been in sliding
state. After mid-November, land surface began to freeze,
and until the end of May 2011, landslide had been always
in steady state. From early June 2011, Landslide began to
slide once again. During the same time, gauge piles
sliding displacement in the central location of landslide
are obviously bigger than gauge piles of sliding
displacement near edge position.

From the gauge pile slip displacement curve (Figure
7) in the central location of landslide, we can see that,
from September 13, 2010 to September 25, 2011, during the
377 days, the gauge pile slip displacement from the first
row to the seventh row respectively are 65.01m, 71.31m,
64.20m, 54.23m, 46.37m, and 39.43m. It shows that,
sliding displacements of different positions are large
different during the same time. Sliding displacement of
the middle and upper sector is the farthest, sliding
displacement of the lower sector is the smallest.

ResistivityResistivityResistivityResistivity ofofofof landslidelandslidelandslidelandslide basedbasedbasedbased onononon highhighhighhigh densitydensitydensitydensity resistivityresistivityresistivityresistivity
methodmethodmethodmethod

TheTheTheThe arrangementarrangementarrangementarrangement ofofofof highhighhighhigh densitydensitydensitydensity resistresistresistresistivityivityivityivity measuringmeasuringmeasuringmeasuring linelinelineline
During application of high density resistivity method in
K178+530 section, we use 2DRES 2D high-density
resistivity method inversion software to inverse least
square method, inversion of the program we use is based
on least square method which based on quasi-Newton
algorithms for Nonlinear optimization, and module width
is set to one-second unit electrode spacing to improve
monitoring precision. To ensure depth and accuracy, the
unit electrode spacing is 3.0 meters in the test, sounding
almost 30 meters.

Figure 8 shows the high density resistivity measuring
line at K178+530 landslide sections along the landslide
(vertical road direction). The measuring line was from
median strip, respectively going through the landslide
rear edge , drilling ZK2 and drilling ZK1 location and
stretching into 177m along landslide to where is 32m
distance from forefront of landslide, the distance of
landslide back edge, drilling ZK2 and drilling ZK1 location
from the first electrode respectively are 9m, and 42m, and
96m. The numbers of electrode arrangement: the
numbers 1~60 are successively arranged from the median
strip of road location to the leading edge of landslide.
During the test, wenner arrangement method was used.
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Figure 8 The high density resistivity measuring line

TTTThehehehe landslidelandslidelandslidelandslide soilsoilsoilsoil resistivityresistivityresistivityresistivity changechangechangechange beforebeforebeforebefore andandandand afterafterafterafter thethethethe
landslidelandslidelandslidelandslide formingformingformingforming....
We began investigation and study on K178+530 area from
May 2010, before July 22, 2010, K178+530 landslide had
been in stable state. On July 22, 2010, two deformation
monitoring pipes on the landslide body were sheared
respectively in the depth of 4.2m and 6.5m under the
ground, the sensor connection lines were also sheared,
Accordingly, we determined that the landslide soil began
sliding. During the application of high density resistivity
method in the process of investigation and study on
K178+530 landslide, on June 1, 2010, and September 10,
2010, we did twice measure on the landslide, gaining the
landslide soil resistivity change before and after the
landslide forming.

As shown in Fig.9 was the inversion images of
landslide soil resistivity on June 1, 2010, when the
landslide had not yet been formed and the landslide body
had not yet started to slide. Through the inversion images
of resistivity we could get: before the landslide body
formed, landslide body’s resistivity values was monotone
decreasing with the depth increase, and had no jumping
phenomenon of resistivity values.

As Shown Figure 10, landslide soil resistivity
inversion image on September 10,2010. By the resistivity
inversion image we can get: there is an obvious layered of
landslide soil resistivity and clear differences of sliding
surface soil resistivity value after landslide formed.

The first electrode distance of 96 meters (drilling 1
position), resistivity value as shown Figure 10 and Figure
11.Depth 0 ～ 2.1 meters is silty clay, which containing
about 15% of the organic matter as grassroots ect,and
resistivity value is 20～67 Ω • m; Depth 2.1～6.7 meters is

silty clay, which local have weathered sand samdwich,
and resistivity value is 15 ～ 32 Ω • m; Depth 6.7 ～
8.0meters is mudstone, and its structure is pieces, and
resistivity value is 46～54Ω•m; Depth 8.0～26 meters is
gray mudstone, where is close to ground water level or
below ground water level in the underground, and
resistivity value smaller is 10～ 35Ω•m. In 0～2.1 meters
depth is silty clay that contains a lot of grassroots, water
down the plant roots to infiltrate is easy; Below 6.7
meters is mudstone, the permeability coefficient is small,
water is difficult to infiltrate, forming water-resisting
layer. Water is easy to gather in the top surface of
mudstone layer, mudstone in water softening
disintegration and easy to form the sliding surface. Due
to the local weathered sand samdwich, the silty clay in 2.1
～6.7meters depth can make water infiltrate easily.

The first electrode distance of 42 meters (drilling 2
position), resistivity value as Shown Figure 10 and Figure
12. In 0～4.5 meters depth, resistivity value is10～27Ω•m,
the surface layer road building abandon soil give priority
to silty clay (Depth 0～3.8 meters), resistivity value is15～
27Ω•m, resistivity value of sand gravel (Depth3.8 ～

4.5meters) is 10～ 22Ω•m. Below 4.5 meters is siltstone,
particles smaller and seepage ability is poor, forming
water-resisting layer. The soil infiltration to 4.5 meters
depth location is easy to gather and form the sliding
surface. In the 4.5 meters, the position of sand gravel and
siltstone handover, the resistivity apparent stratification.
Depth 0～4.5meters, the soil is good permeability, water
infiltrates easily; Depth 4.5～9.7 meters is siltstone, and
resistivity value is 25～54 Ω • m; Depth 9.7～14.6 meters
is sandstone, and resistivity value is 21～43Ω • m.
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Fig.9 the inversion images of landslide soil resistivity on June 1, 2010

Fig.10 the inversion images of landslide soil resistivity on September 10, 2010
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Figure 11 resistivity curve of drilling 1 position Figure 12 resistivity curve of drilling 2 position

The resistivity value at the slip surface location
  showed significant stratification, and the resistivity
values of its upper and lower   were more obvious

differences. According to the typical characteristic of the
slip surface, we can infer the position of sliding surface,
as shown Figure 13.

Figure 13 Infer the position of sliding surface
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CCCConclusiononclusiononclusiononclusion

(1) The landslide belongs to superficial and bedding
landslide in permafrost region, Sliding rapidly. The soil of
sliding surface is silty clay, which is loose when dried, and
soft plastic; freezing and thawing have far-reaching
consequences for the landslide, exhibiting intermittent
slide and bench slope, and there are Drumlin fields on the
landslide slope. snowmelt water, rainwater and fissure
water provide water source for the landslide; tympanites
cracks on the slope are beneficial to atmospheric
precipitation pool in landslide and permeate to landslide,
high permeability of landslide soil mass provide passage
for water infiltration; mudstone and sandstone with low
permeability form aquifuge; silty clay above the aquifuge
is influenced by infiltration water to reach saturation,
forming rupture surface.

(2) Different locations on the landslide have large
different sliding displacements during the whole
monitoring period, the sliding displacement near main
scarp is largest, 50m~72.56m, at the middle of the
landslide is 36.69m~46.37m, near landslide toe is
8.25m~30m; On the landslide exists bedding son-
landslide, the distance between son-landslide flank and
mother-landslide flank is 1.5m~4m, within the same cross
section of landslide, the sliding displacement of center is
largest, the sliding displacement near landslide flank is
smallest.

(3) Sliding velocity of the landslide is large different
in different seasons. From mid-November to late May of
the following year, Rainfall was very small, the surface
layer of ground was frozen, Landslide was at rest all the
while; In late May of the following year, Due to the
seasonal frozen ground melts and snow cover melting
and infiltrating, Landslide began slipping once again, the
sliding velocity of landslide was fastest in this period
(from late May to mid-June), sliding velocity of rear edge
was 0.89m/d, sliding velocity of middle landslide was
0.37m/d, and sliding velocity near toe was 0.16m/d;
Sliding velocity began decreasing in late June, sliding
velocity of rear edge was 0.51m/d, sliding velocity of
middle landslide was 0.30m/d, and sliding velocity near
toe was 0.11m/d; After mid-October, sliding velocity of the
landslide was slower, the average was 0.08m/d.

(4) Using the high-density resistivity method to
survey the landslide and its surrounding, accurately to
detect the landslide resistivity value at different locations,
according to characteristic of resistivity value, and
combined with drilling results, to determine the position
of sliding surface: at rear edge, the position of sliding
surface was at the depth of 3.2 meters apart from the
ground; at 30 meters apart from rear edge, sliding surface
was at the depth of 4.5 meters; at the middle landslide,
sliding surface was at the depth of 6.5 meters; near the
landslide toe, sliding surface was at the depth of 4 meters,
at toe position, sliding surface was at the depth of 2.5
meters. Within the same cross section of landslide,

sliding surface of center is deepest, sliding surface near
landslide flank is shallowest.

(5) At the position of sliding surface, the resistivity is
obviously low, about 7~20Ω •m; the resistivity at the
position of landslide flank shows a sudden change,
obviously large. Resistivity value of soil on the landslide is
lower than resistivity value of soil at the same depth of
outside landslide.
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AbstractAbstractAbstractAbstract The Adriatic-Balkan Network was established in
January 2012 as one of regional networks in the
framework of International Consortium on Landslides
(ICL). This paper gives a short overview of the scientific
background of regional cooperation. Current status of
professional and scientific research in Croatia, Slovenia
and Serbia is made from the perspectives of four
universities in the region. General framework of planned
activities of regional cooperation is presented in the form
of flow chart of actions and outcomes.

KeywordsKeywordsKeywordsKeywords landslides, ICL, Adriatic-Balkan network,
regional cooperation, mitigation, landslide research

IntroductionIntroductionIntroductionIntroduction

Early in 2012, six members from the Adriatic-Balkan
region associated in the International Consortium on
Landslides (ICL): four universities, two national
geological surveys and one governmental office. Regional
ICL members are listed in Tab. 1 together with the
membership starting year. There are ten countries in the
Adriatic-Balkan region with the total area of 507,155 km2

(Fig. 1).
Population in the region is 42,705,433 and the

Table 1 ICL members in the Adriatic-Balkan Region until the
begging of 2012.

ICL Member Country Member
from

Faculty of Civil and Geodetic
Engineering, University of Ljubljana

Slovenia 2008

Croatian Landslide Group from
Faculty of Civil Engineering,
University of Rijeka and Faculty of
Mining, Geology and Petroleum
Engineering, University of Zagreb

Croatia 2010

Geological Survey of Slovenia Slovenia 2011
Albanian Geological Survey Albania 2011
Faculty of Mining and Geology,
University of Belgrade

Serbia 2011

OEM - City Office of emergency
management, The City of Zagreb

Croatia 2012

Figure 1. Countries in the Balkan Region (source: 2011 Google
Earth). Six ICL members are from Slovenia, Croatia, Serbia and
Albania.

average population density is 94.72 inhabitants per sq.
km. Regional cooperation was initiated during the First
Workshop of the bilateral Japanese-Croatian Project ‘Risk
Identification and Land-Use Planning for Disaster
Mitigation of Landslides and Floods in Croatia’, which
was held in Dubrovnik (Croatia) in November 2010
(Mihalić and Arbanas 2012). This workshop was an
opportunity for scientists in the fields of geological and
geotechnical engineering and risk management to share
knowledge through presentations of work and research of
regional institutions, scientists and professionals. The
workshop addressed a range of topics in the fields of
investigation of the project members and 25 regional
guest experts from eight universities, two geological
surveys and four institutes from Bosnia and Herzegovina,
Bulgaria, Macedonia, Serbia and Slovenia.

The Ministry of Foreign Affairs of Japan (MOFA)
enhanced the regional cooperation on landslides by
organizing a workshop for South-Eastern European
countries on disaster management in December 2010 in
Tokyo. The main result of this workshop was an initiative
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of the invited participants from Albania, Bosnia and
Herzegovina, Croatia, Montenegro, Serbia and Slovenia
to establish a regional ‘Adriatic-Balkan Network on
Landslides’ to increase the capacity in landslide disaster
risk reduction through regional collaborative work within
the ICL. The IPL-ICL (ICLs’ International Programme on
Landslides) discussed the establishment of regional
consortiums on landslides at the secretarial meeting in
Kyoto in January 2011, at the IPL-ICL Session at the Global
Platform for Disaster Risk Reduction 2011 in Geneva in
May 2011 and at the secretarial meeting in Rome in
October 2011 during the 2nd World Landslide Forum. The
round table discussions in Geneva and Rome enabled
sharing of ideas with other participants and considered
an integrated action plan for building the resilience of
nations and communities in landslide disaster risk
reduction.

General concept of the organization of regional
Adriatic-Balkan Network was discussed within the ICL
members (listed in Tab. 1) during the Second Workshop
of the Bilateral Japanese-Croatian Project in Rijeka
(Croatia) in December 2011. Regional ICL meeting was
also organized for non-members willing to contribute
with advice: the City of Zagreb (local government
authority), scientific institutions from Bosnia and
Herzegovina (1 university, 2 geological surveys and 1
institute) and representatives from Kosovo.

The ‘Adriatic-Balkan Network on Landslides’ aims
to conduct regional cooperative research and capacity
building in landslide study and related risk prevention
and mitigation for the benefit of society and the
environment. According to the preliminary proposal, the
common interests to establish this regional Network on
Landslides are: (1) alignment of professional and scientific
resources at the regional level by initiating and
implementing joint bilateral or multilateral regional
projects; (2) sharing of information and knowledge (e.g.,
organization of regional workshops and conferences,
establishing a newsletter of the regional research network;
development of a multilingual landslide glossary using
languages of the countries in the region); (3) enhancing
education and training by exchanging scientists and
professionals between regional institutions, establishing
courses and schools on landslides for young researchers,
and educating the public and local administrations; and
(4) development of regionally harmonized strategies for
landslide hazard/risk prevention and mitigation.

The establishment of a set of specific objectives of
regional network will be achieved on the basis of review
of current status of geotechnical and geological
professional and scientific research in the Adriatic-Balkan
region countries Slovenia, Croatia and Serbia. Current
status of professional and scientific research in the region
is presented by short review of: national landslide
terminologies; landslide types, landslide inventories and
sources of historical data at the national levels; national
landslide investigations and remedial measures; national
experience in landslide monitoring and early warning

systems; national landslide susceptibility, hazard and risk
zonations; education and training (university programs
and lifelong learning) at the national levels; and national
legislative framework for landslide risk mitigation.
Preliminary identification of national internal and
external factors that are supportive or unfavorable will be
used as part of planning of actions of cooperation in the
region.

LandslideLandslideLandslideLandslide terminologyterminologyterminologyterminology inininin thethethethe regionregionregionregion

LandslideLandslideLandslideLandslide terminologyterminologyterminologyterminology inininin CroatiaCroatiaCroatiaCroatia
National landslide glossary in the Croatian language does
not exist. A multilingual landslide glossary (WP/WLI
1993) is in use in the framework of university programs of
graduate studies of geological engineering and civil
engineering of the University of Zagreb and the
University of Rijeka. One of published versions of the
translated WP/WLI glossary in Croatian is given in
Master's Thesis Vujnovic (2007). Landslide terminology
in Croatian is part of glossaries for professional
terminology from the fields of civil engineering (Prager
2003) and architecture and civil engineering (Vulelija
2008).

LandslideLandslideLandslideLandslide terminologyterminologyterminologyterminology inininin SloveniaSloveniaSloveniaSlovenia
A short vocabulary of selected technical terms in the field
of erosion processes encompasses 180 terms in the
English, German, and Slovenian languages (Mikoš 2002).
Recently, landslide terminology in the Slovenian
language was covered by two terminological glossaries:
geographic one with 8,922 terms (Kladnik et al. 2005),
and geologic one with 10,881 terms (Pavšič 2006). A
trilingual vocabulary (English, German, and Slovenian) of
torrential technical terms covering more than 1200
expressions (also from the landslide terminology), is
offered as part of a torrent control textbook to civil
engineering and forest engineering students at the
University of Ljubljana.

LandslideLandslideLandslideLandslide terminologyterminologyterminologyterminology inininin SerbiaSerbiaSerbiaSerbia
Official landslide glossary in the Serbian language does
not exist. A multilingual landslide glossary (WP/WLI 1993)
is in use in the University programs of graduate, master's
and doctoral studies at the University of Belgrade, Faculty
of Mining and Geology. Available is also landslide
terminology from Janjic (1979), Nonvieiller (1987), Varnes
and Cruden (1996). An English-Serbian glossary of
geological terminology, including landslide terminology,
is published as interactive tool GeolISSTerm, which is
part of Geological Information System of Serbian
Terminology, with open access at
http://geoliss.ekoplan.gov.rs/term (Trivić et al. 2011). The
used terms related to landslide terminology are mostly
from Janjic (1979) for landslides and other related slope
stability phenomena and Varnes (1984) for landslide
hazard and risk assessment. The project of GeolISSTerm
was financed by the Ministry of the Environment of the
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Republic of Serbia. A short vocabulary and translation of
WP/WL terminology was presented in Rokić et al. (2001).
One of the published versions of translated landslide
hazard and risk assessment glossary in Serbian is given in
PhD Thesis Abolmasov (2007).

LandslideLandslideLandslideLandslide types,types,types,types, landslidelandslidelandslidelandslide inventoriesinventoriesinventoriesinventories andandandand sourcessourcessourcessources ofofofof
historicalhistoricalhistoricalhistorical datadatadatadata inininin thethethethe regionregionregionregion

ShortShortShortShort reviewreviewreviewreview ofofofof landslidelandslidelandslidelandslide typestypestypestypes andandandand sourcessourcessourcessources ofofofof datadatadatadata inininin
CroatiaCroatiaCroatiaCroatia
Generally, at the territory of Croatia, landslide types are
related to regional geological settings as follows. In the
Pannonian region, which encompasses 55% of the
Croatian territory (with 66% of Croatian population),
there are hilly areas mostly composed of Pleistocene and
Neogene sediments (30% area of Croatia) with landslides
on very gentle to gentle slopes with the following
characteristics: slide type movement of earth material;
very slow; shallow to moderately shallow; very small to
large-moderate volume. Landslide models for hilly area of
Medvednica Mt. are presented in Jurak et al. (1996). The
Kostanjek Landslide (Stanić and Nonveiller, 1996), the
largest landslide in Croatia, is of atypical size (32x106 m3)
because it is caused by excavation of marl from Neogene
deposits. Adriatic region (31% of the Croatian territory;
31% of Croatian population) is mainly composed of
Cretaceous rocks (calcareous clastic rocks and limestone)
and Paleogene rocks (limestone and flysch). Typical
landslides in flysch are presented in Arbanas et al. (2011a).
Very small to large-moderate landslides are mostly
developed on gently to moderately inclined slopes (10-35°)
by rapid surficial to moderate shallow sliding of earth or
debris material. The Brus Landslide is translational block
sliding in flysch rock mass (Arbanas et al. 2010), atypical
for wider area (Mihalić et al. 2011a). The Grohovo
Landslide, the largest landslide at the Adriatic coast, is
also unique landslide in Croatia, developed by the
reactivation of debris sliding (mixture of limestone
boulders with fine-grained soils from weathered flysch)
along flysch rock (Benac et al. 2005, 2011). Terrains
composed of Mesozoic and Paleogene limestone are
characterized by rockfalls from steep to extremely steep
slopes. Examples of typical phenomena along the Adriatic
coast are described by Arbanas et al. (2011b). Extremely
prone to sliding are Paleozoic rocks in which deep-
moderate large landslides are formed in sandstones and
shales (Arbanas et al. 2004). Paleozoic clastic,
metamorphic and magmatic rocks cover only 2% area of
Croatia in the Dinaridic Region and isolated areas of
mountains in the Panonian Basin.

In Croatia, a national system for data archiving
about landslide events or landslide damages still has not
been established. There are only a few regional landslide
inventories in Croatia established at the level of local
administrative units and financed by the local
government authorities, among which the largest area
(170 km2) is encompassed by the City of Zagreb (Mihalić

and Ferić 2010). Landslide inventory maps have been
constructed using ground-based survey and very limited
amount of historical records. Landslide data from existing
inventories are of unsatisfying quality regarding landslide
geometry, time of landslide initiation and activity state.
The most important sources of landslide data are
historical records collected in the framework of
geotechnical investigations and are archived in
geotechnical reports of particular landslide investigation.
Use of numerous reports and systematization of the data
are very demanding tasks because there is no single
archive of geotechnical reports, not even at the level of
local administrative units.

One set of activities within the bilateral Japanese-
Croatian scientific project is the preparation of landslide
inventories for the three pilot areas on the basis of
geomorphic interpretation of stereo pairs of aerial images
and from high resolution Digital Elevation Models (DEMs)
(Mihalić and Arbanas 2012). Airborne LiDAR scanning
will be performed in March 2012 for the analyses of the
high resolution DEMs for the following areas: hilly area of
the Medvednica Mt. (180 km2) in the City of Zagreb;
Rječina River basin (22 km2) and Dubračina River basin
(43.5 km2) located in the Primorsko-Goranska County.

ShortShortShortShort reviewreviewreviewreview ofofofof landslidelandslidelandslidelandslide typestypestypestypes andandandand sourcessourcessourcessources ofofofof datadatadatadata inininin
SloveniaSloveniaSloveniaSlovenia
Practically two thirds of the Slovenian territory is
subjected to different erosion processes and slope
instability phenomena (Mikoš et al. 2004). In Slovenia,
several thousand mostly very small and small landslides
of mainly moderate to rapid velocity on very gentle to
moderate slopes have been reported and registered so far.
These landslides are of different forms (mainly surficial
and shallow earth slides, flows and spreads; surficial rock
falls and slides; rarely complex slides and falls). They are
mainly triggered during short and intense rainfall events
or after prolonged rainfall periods of moderate intensities.
The order of their average volume is 1,000 m3, rarely
10,000 m3 or more (very small to small, rarely moderate-
small). Unfavourable geological conditions are the main
causes for such a high slide density (> 1 slide/10 km2),
despite good vegetation conditions. The next
contributing factor is the abundance of precipitation and
a high number of days with daily precipitation totals
above 20 mm.

The official landslide inventory in the form of GIS
landslide database has been developed and maintained
by the Slovenian Ministry of Defence. It is called
GIS_UJME and its development started in 1990’s. It has
been freely available on the web as a web application
called eGIS_UJME since 13 May 2008
(gis3.sos112.si/portal-gis_ujme/ a registration is needed);
it includes 6,602 landslides (without rock falls and rock
slides), out of them 3,257 with known geographical
location (the landslide’s centroid in Gauss-Krueger
coordinates) and the basic description, but the database
has not been updated since 2005 (Komac et al. 2007).
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This database is now used only for immediate relief
actions by Civil Defence units and not also for prevention
purposes.

ShortShortShortShort reviewreviewreviewreview ofofofof landslidelandslidelandslidelandslide typestypestypestypes andandandand sourcessourcessourcessources ofofofof datadatadatadata inininin SerbiaSerbiaSerbiaSerbia
The nature of instability processes in Serbia depends on
hypsometric, geological and morphological
characteristics, runoff and infiltration of surface waters,
engineering geological composition and mechanical
properties of rock masses, man-made influences and
other factors. In fact, the territory of the Republic of
Serbia has complex geological history, which certainly
has an influence on the vulnerability of some regions to
various types of slope instabilities (Dragićević et al. 2011).
Typical models of landslides in Serbia could be presented
as one of four basic models, based on geological–
lithological composition, types of movement, state and
style of activity and triggering mechanism (Abolmasov
2010).

Analysis of the distribution of engineering
geological complexes and the distribution of the
landslides within them shows that around 18% of the
territory is built of Neogene sediment and complexes
(clays, marls, sands, gravels), and that 25% of that
territory is affected by landslide processes. The largest
number of landslides in Serbia is found on the outskirts
of the Pannonian Plain on the right banks of Sava and
Danube, as well as in the central parts of Serbia in the
isolated Neogene basins. Within landslides which appear
in the Neogene basins we can distinguish two main types:
landslides of the right banks of Sava and Danube rivers
and landslides in Neogene basins of the foothills of
Central Serbia (Šumadija). They have in common the fact
that they all originated in the complexes of Neogene
sediments made of different lithological elements and
most often clays, sands and marls with pronounced zone
of weathering up to approx. 20 meters deep. Landslides of
the right banks of Sava and Danube are of deep landslide
surfaces (over 20 m), formed on the contact of the
weathered zone and fresh clay or clay-marl sediments.
The basic trigger of the processes, apart from
precipitation, is prolonged erosion of the right banks of
Sava and Danube rivers. Most landslides are active or
temporarily dormant, with the periods between
reactivation phases from some years to several decades.
Typical landslides are Umka, Duboko, Vinča, Ritopek,
Grocka, Karaburma, etc. Based on the landslide database
for the inner part of the City Council of Belgrade (Lokin
et al. 2010), out of the total number of mapped landslides
(868) on the 437 km2 area, 29.65% are active landslides,
22.52% are suspended landslides and 19.34% are dormant
landslides. Only 3.74% of the total number of landslides
are stabilized. Landslides in Neogene basins of the inland
Serbia are directly triggered by the precipitation regime,
appearing in the periods of intense precipitation and
sudden snowmelt. They are also most often temporarily
dormant or dormant landslides with reactivation period
of 5 to 10 years, depending on the precipitation regime.

Typical landslides are Mramor, Bogdanje, and landslides
in the vicinity of Valjevo, Kragujevac, Kraljevo, Niš and in
Leskovac area. The third type of landslides in Serbia is
most common in the zone of volcanogenic-sedimentary
Diabase-Chert Formation in the area of W-SW Serbia
(Nova Varoš, Priboj, Prijepolje). The ophiolites melange
consists of rock fragments floating in silty or sandy
matrix. Landslides are formed in the thick weathering
zone of blocks of sediment and volcanic rocks floating in
clay-sandy or silty matrix. All landslides are with deep
slide surfaces (over 10 m), predominantly dormant with
reactivation periods of 5-10 years, depending on the
precipitation regime. Typical landslides are Glišine vode
and Pribojska Banja. At the same time, the fourth type of
landslides is most common in Serbia. These landslides
are shallow landslides formed in earth-debris or rock-
debris in the area of east and south-east Serbia where the
terrain is made of crystalline shale of Serbian-
Macedonian mass, also in flysch and volcanogenic-
sediment rocks of eastern Serbia. Triggers of these
landslides are prolonged precipitation and snow melting
during early spring time. On the other hand, two
historically largest landslides in Serbia were formed as
deep seated debris-earth-slides in flysch debris (landslide
Zavoj) and tuffs (landslide Jovac). Both landslides are
suspended. Loess falls are frequent in loess found in
Belgrade outer area on the right bank of Danube. They
emerged as a consequence of erosion caused by Danube
and inadequate urbanization of its banks.

National system of archiving data about landslide
events or landslide damages has not been established in
Serbia. There are very few recent landslide inventories
established at the regional level (City of Belgrade) and
municipality level (Municipality of Lazarevac; Lokin 2006)
and financed by local government authorities. The City of
Belgrade established a GIS landslide database of the inner
part of Belgrade territory based on upgrading landslide
inventory from 1983 (Lokin et al. 2010). In the period
2002-2006 the Serbian Electricity Company financed the
development of regional inventory with GIS database of
landslides and rockfalls for the area of hydro-power dams
and reservoirs in Serbia with qualitative hazard and risk
assessment (Lokin and Abolmasov 2008). Development
of national inventory of landslides of the Republic of
Serbia is an ongoing project of the Geological Survey of
Serbia financed by the Ministry of the Environment. The
inventory of landslides and rockfalls along roads of the
Republic of Serbia is an ongoing project of the Highway
Institute, Belgrade. Landslide inventory maps in scales
from 1:5,000 (Belgrade and Lazarevac area) to 1:25,000
(for the hydro-power stations) were prepared using
different remote sensing technologies and detailed field
mapping and investigations. Obviously, the most
important historic data are in reports of geotechnical
investigations which are the main sources of historical
data about landslides in Serbia, owned by investors in
geotechnical investigations. The City of Belgrade is the
only administrative unit in Serbia with organised archive
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of geotechnical reports in the framework of Geological
Data Archive of the City.

LandslideLandslideLandslideLandslide investigationsinvestigationsinvestigationsinvestigations andandandand remedialremedialremedialremedial measuresmeasuresmeasuresmeasures inininin thethethethe
regionregionregionregion

LandslideLandslideLandslideLandslide investigationsinvestigationsinvestigationsinvestigations andandandand remedialremedialremedialremedial measuresmeasuresmeasuresmeasures inininin CroatiaCroatiaCroatiaCroatia
Landslide investigations and development of remedial
measures in Croatia are subjects of geotechnical and
geological engineering performed by numerous national
consultancy companies and 4 Croatian universities. The
total number of professionals (civil engineers with
master's degree) licensed for geotechnical design is 122
(HKGI 2011). There are 4 geotechnical consultancy
companies with more than five licensed geotechnical
designers (37 in Institute IGH d.d.; 22 in Geokon-Zagreb
d.d.; 9 in Geotehnički studio Ltd.; 5 in Geoekspert Ltd).
Universities in Zagreb, Split, Rijeka and Osijek employ 14
licensed geotechnical designers. Engineering geologists
with master's degree are also involved in geotechnical
investigations of landslides. There is no license for
geotechnical investigation in Croatia, and consequently,
there are no publicly available records of engineering
geologists involved in geotechnical investigations.
Moreover, it is not possible to find data how many of
licensed geotechnical engineers and engineering
geologists have been involved in landslide investigation
and design of remedial measures. National or regional
archives of landslide geotechnical investigation reports
and design of remedial measure do not exist. Such
archive can be useful as overview of investigated
landslides, stabilized landslides, applied methodologies of
investigation and stabilization, as well as information
about human resources, i.e. professionals in the field of
geotechnical and geological engineering involved in
landslide investigation and remediation. Landslide
investigations and remediation in Croatia are mostly
financed by local or national government authorities and
administrations responsible for the maintenance of
highways, roads and railways.

LandslideLandslideLandslideLandslide investigationsinvestigationsinvestigationsinvestigations andandandand remedialremedialremedialremedial measuresmeasuresmeasuresmeasures inininin SloveniaSloveniaSloveniaSlovenia
In Slovenia, smaller landslides are remediated by local
government (municipalities; there are no regions or
provinces in Slovenia) or road authorities. Everything
larger than several 100 m3 large landslides are handled by
the Slovenian Rehabilitation Commission. As a common
practice, when a landslide is triggered during a rainfall
event, its remediation is covered by a special act issued by
the Slovenian Parliament in order to ensure financial
sources for different remediation measures in a wider
area hit by such event (i.e. after large floods). This is
especially true for large landslide events in the last
decade, when several landslides with a volume of the
order of 1 million m3 were mitigated under the guidance
of this state commission (Mikoš and Majes, 2010).

LandslideLandslideLandslideLandslide investigationsinvestigationsinvestigationsinvestigations andandandand remedialremedialremedialremedial measuresmeasuresmeasuresmeasures inininin SerbiaSerbiaSerbiaSerbia
Landslide investigations and remediation in Serbia are
subjects of geotechnical and engineering geological
licensed engineers within numerous national or private
consultancy companies and a few universities. The total
number of geotechnical or civil engineers with master's
degree licensed for landslides and other slope stability
problem mitigation is hard to estimate. There are more
than ten geotechnical consultancy companies with more
than five licensed geotechnical/civil engineers and a few
universities with licensed geotechnical/civil engineers.

Landslide investigations and remediation in Serbia
are mostly financed by local, regional or national
government authorities (road or railway authorities).

LandslideLandslideLandslideLandslide monitoringmonitoringmonitoringmonitoring andandandand earlyearlyearlyearly warningwarningwarningwarning systemssystemssystemssystems inininin thethethethe
regionregionregionregion

LandslideLandslideLandslideLandslidemonitoringmonitoringmonitoringmonitoring andandandand earlyearlyearlyearlywarningwarningwarningwarning systemssystemssystemssystems inininin CroatiaCroatiaCroatiaCroatia
Establishment of landslide monitoring in Croatia is
common in the framework of geotechnical investigation
of landslides for the purpose of collecting data for the
interpretation of a landslide model and in the phase of
monitoring of landslide movement after remedial works.
Disadvantages of these systems are usually related to the
following: limited time of monitoring and interpretation
of results; availability of results only for clients. No early
landslide warning system has been established yet.
Significant progress has been made in the period 2011-
2014 in the framework of the bilateral Japanese-Croatian
project by establishing two integrated real-time
monitoring systems in Croatia on the Grohovo Landslide
(Primorsko-Goranska County) and the Kostanjek
Landslide (City of Zagreb) with the development of early
warning systems (Mihalić and Arbanas 2012). The
comprehensive real-time monitoring system of the
Grohovo Landslide was established in 2011 (Arbanas et al.
2012) and a real-time monitoring system of the Kostanjek
Landslide is planned to be established in 2012 (Nagai et al.
2011). The two monitoring systems will enable real time
transmission of the data to the control centers at the
University of Rijeka and the University of Zagreb, as well
as presentation of the data to the local government and
to the public.

LandslideLandslideLandslideLandslidemonitoringmonitoringmonitoringmonitoring andandandand earlyearlyearlyearlywarningwarningwarningwarning systemssystemssystemssystems inininin SloveniaSloveniaSloveniaSlovenia
In Slovenia, in the last years, landslide monitoring has
been undertaken mainly as part of the wider remediation
measures on large landslides (Mikoš and Majes 2010). The
intensity and variety of the constitutional parts of each
monitoring system were related to the local risk
assessment in each single case. Nevertheless, on all large
landslides, meteorological and hydrological monitoring
has been established and combined with surveying
campaigns and geotechnical field data acquisition. The
recent landslide monitoring activities on one of the large
landslides (the Slano blato landslide) has already been
presented in the Landslides journal (Mikoš et al. 2009).
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As already mentioned, landslide monitoring was mainly
used as a source of collection of detailed data for the
design of adequate mitigation measures. Only soon after
the devastating debris flow in the village of Log pod
Mangartom, NW Slovenia, in November 2000, an early
warning system based on landslide monitoring was
established. The system was used to secure safety on the
road Bovec (Slovenia) – Tarvis (Italy) and in the village of
Log pod Mangartom for a possible case of a new debris
flow from the Stože Landslide area. The existence of this
early warning system was very important to gain back
local public support after the debris-flow disaster (Mikoš
2011).

LandslideLandslideLandslideLandslidemonitoringmonitoringmonitoringmonitoring andandandand earlyearlyearlyearly warningwarningwarningwarning systemssystemssystemssystems inininin SerbiaSerbiaSerbiaSerbia
Landslide monitoring in Serbia is usually part of
geotechnical investigation, but it is generally short time
monitoring with limited time for: monitoring and results
interpretation, correlation of all parameters and with
limited availability of monitoring results for third parties.

Conventional long time landslide monitoring in
Serbia has been established on the eight landslides along
the highway from Belgrade to Niš with inclinometers,
piezometers and survey bench-marks equipped by the
Highway Institute, Belgrade, from 2002 up to now
(Milenković et al 2010; Milenković et al 2011). One
automated real time monitoring system was established
at the Umka Landslide near Belgrade in March 2010. This
monitoring is operated by the Faculty of Mining and
Geology and VekomGeo Ltd. in the framework of a
scientific project (Abolmasov et al. 2011).

LandslideLandslideLandslideLandslide susceptibility,susceptibility,susceptibility,susceptibility, hazardhazardhazardhazard andandandand riskriskriskrisk zonationszonationszonationszonations inininin
thethethethe regionregionregionregion

LandslideLandslideLandslideLandslide susceptibility,susceptibility,susceptibility,susceptibility, hazardhazardhazardhazard andandandand riskriskriskrisk zonationszonationszonationszonations inininin CroatiaCroatiaCroatiaCroatia
There are no national landslide hazard and risk zonation
projects in Croatia. There are only a few regional
landslide hazard zonation projects initiated by local
government, and most of them are concentrated in the
City of Zagreb (Jurak et al. 2008, Mihalić et al. 2011b). The
first landslide hazard zonation in Croatia dates from 1979
when relative landslide hazard (i.e. landslide
susceptibility) was mapped in large scale (1:10,000) by
direct geomorphological mapping in the hilly area of the
City of Zagreb. This map is of unsatisfactory quality
because of obsolete input data and because of
methodology of zonation. Significant progress will be
made in the framework of the bilateral Japanese-Croatian
project by developing methodologies for landslide
susceptibility zonations in large scales (1:5,000) in 3 pilot
areas: one in the City of Zagreb and two in Primorsko-
Goranska County (Mihalić and Arbanas 2012).

LandslideLandslideLandslideLandslide susceptibility,susceptibility,susceptibility,susceptibility, hazardhazardhazardhazard andandandand riskriskriskrisk zonationszonationszonationszonations inininin
SloveniaSloveniaSloveniaSlovenia
In Slovenia, hazard and risk assessment due to slope
instabilities and other hydrogeological processes is

regulated in the Water Act (2002). Until today, the
largest progress has been made for flooded areas, in the
last years additionally stimulated by the European Flood
Directive (2007) on the assessment and management of
flood risks. In the field of landsliding, a methodology on
hazard and risk assessment was developed some years
ago, without a successful transfer into a special legislative
regulation (since such regulations are defined in the
national Water Act). Nevertheless, some progress can be
observed. Using the already mentioned national landslide
database, a statistical model was developed (Komac 2006)
in order to elaborate a landslide susceptibility map of
Slovenia at the scale 1:250,000 (Komac and Ribičič 2006).
Furthermore, a debris-flow susceptibility map of Slovenia
(Komac et al. 2009), and a rockfall susceptibility map of
Slovenia at the same scale of 1:250,000 were elaborated.
On the basis of these maps and using the developed
statistical models, at present local susceptibility maps at
larger scales are under elaboration. With regards to
hazard zonation, a matrix approach with a three-class-
scale for the hazard intensity and the hazard occurrence
probability was adopted; a widely accepted approach in
other Alpine countries.

LandslideLandslideLandslideLandslide susceptibility,susceptibility,susceptibility,susceptibility, hazardhazardhazardhazard andandandand riskriskriskrisk zonationszonationszonationszonations inininin SerbiaSerbiaSerbiaSerbia
There is no national landslide susceptibility, hazard and
risk zonation in Serbia. As previously mentioned, there
are only few realised studies based on landslide inventory
database and only two qualitative landslide hazard and
risk evaluation procedures applied in the past decade.
There are also only few scientific papers and case studies
dealing with landslide susceptibility or hazard assessment
(Abolmasov and Stojkov 1994; Abolmasov and Obradović
1997; Lokin and Abolmasov 2008; Marjanović et al. 2011;
Dragićević et al. 2012).

EducationEducationEducationEducation andandandand trainingtrainingtrainingtraining (university(university(university(university programsprogramsprogramsprograms andandandand
lifelonglifelonglifelonglifelong learning)learning)learning)learning) inininin thethethethe regionregionregionregion

EducationEducationEducationEducation andandandand trainingtrainingtrainingtraining inininin CroatiaCroatiaCroatiaCroatia
There are several university programs in Croatia which
encompass education about landslide investigation,
monitoring, mapping and remediation at the following
levels: undergraduate (1st cycle Bologna programmes),
graduate (2nd cycle Bologna programmes) and
postgraduate (3rd cycle Bologna programmes). Short
review of university programs in Croatia related to the
education of geological and geotechnical engineers is
given in Abolmasov and Mihalić (2010). As already
mentioned in previous section, licensed geotechnical
engineers are involved in landslide investigation and
design of remedial measures. Graduate engineering
geologists are involved in landslide investigations and
landslide hazard mapping. There are 3 graduate
university programs for geotechnical engineers available
at the University of Zagreb (Faculty of Civil Engineering,
Faculty of Geotechnics and Faculty of Mining, Geology
and Petroleum Engineering) and one at the University of
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Rijeka (Faculty of Civil Engineering). At the University of
Zagreb (Faculty of Mining, Geology and Petroleum
Engineering) there is the only graduate university
program for geological engineers (branch engineering
geology) in Croatia.

There is no specialized lifelong learning program
related to landslide education in Croatia, but lectures
about landslides are part of LLL education of civil
engineers organized by Croatian Chamber of Civil
Engineers and Association of Civil Engineers. Landsliding
was also in focus of the past national professional and
scientific conferences: five symposiums of Croatian
Geotechnical Society (1994, 1995, 2002, 2006, 2009) and
four Croatian geological congresses (1995, 2000, 2005,
2010). In the framework of the bilateral Japanese-Croatian
project there were two annual project workshops focused
on landslide related subjects, organised in 2010 (Arbanas
et al. 2010b) and in 2011 (Ožanić et al. 2011).

EducationEducationEducationEducation andandandand trainingtrainingtrainingtraining inininin SloveniaSloveniaSloveniaSlovenia
Special knowledge needed in landslide research and
mitigation is basically offered at higher education
institutions, but only at the university level. Out of four
universities in Slovenia, adequate technical and natural
sciences university study programmes, relevant for the
field of landsliding, are offered at the University of
Ljubljana (the oldest and largest university in Slovenia
with over 90 years of experiences in technical education)
and at the University of Maribor (second oldest and
second largest in Slovenia with over 50 years of
experiences in technical education). For landslide
research and mitigation relevant engineering profiles
offered are (2nd cycle Bologna programmes): master in
civil engineering with major in structural engineering
(specializing in geotechnical engineering) or hydraulic
engineering, master in forestry and renewable forest
sources, master in geology (specializing in engineering
geology); to a much lesser extent also master in
geography (specializing in physical geography). At the
postgraduate level, courses relevant for landslide research
and mitigation are offered mainly at the University of
Ljubljana within the doctoral programmes (3rd cycle
Bologna programmes) in Built environment (specializing
in civil engineering or geology) and in Environmental
protection.

Special lifelong programmes do not exist in Slovenia
in this special field of knowledge, but landsliding was in
the focus of the past three Slovenian conferences on
landslides (1994, 1997, 1999). It was also an important
part of the first two triennial National Symposia on
Natural Hazards (2008, 2011), and is important theme of
regular conferences (1993, 1996, 2000, 2004, 2008, 2012)
and annual symposiums called the Šuklje Day (since 2000)
organised by the Slovenian Geotechnical Society
(established in 1992 as the first professional society in
then freshly independent Slovenia) as well as of the
annual symposiums called the Mišič Day (since 1989)
organized by the Slovenian water sector.

EducationEducationEducationEducation andandandand trainingtrainingtrainingtraining inininin SerbiaSerbiaSerbiaSerbia
In the Republic of Serbia there are graduate and
postgraduate university programs which encompass
education about landslide investigation, monitoring and
remediation. Within the program of the Department of
Geotechnics in basic (BSc) and Master's (MSc) studies, as
well as during the PhD studies, courses in Engineering
Geodynamics are taught at every level. Also, during the
basic studies at the Faculty of Mining and Geology, at
other Departments (Geology, Hydrogeology and
Geophysics), one of the courses is in Engineering Geology.
Appropriate professional licenses for investigation and
remediation in geotechnical area of landslide expertise
are obtained after the completion of the studies. Very
similar program of Engineering Geology courses can be
found at the University of Belgrade (Faculty of Civil
Engineering), University of Niš (Faculty of Civil
Engineering) and University of Novi Sad (Faculty of
Technical Sciences). Lessons of landslide recognition,
mapping, classification, hazard and risk assessment can
be found at the University of Belgrade, Faculty of
Geography within several courses at the Department of
Physical Geography.

There is no lifelong learning program related to
landslide education in Serbia, but there have been many
national symposia and workshops related to landslide
investigation and mitigation. The Highway Institute,
Belgrade with the Faculty of Mining and Geology and
other consultancy companies have organized several
national symposia about landslide investigation and
mitigation (1981, 1995 and 2001).

LegislativeLegislativeLegislativeLegislative frameworkframeworkframeworkframework forforforfor landslidelandslidelandslidelandslide riskriskriskrisk mitigationmitigationmitigationmitigation inininin
thethethethe regionregionregionregion

LegislativeLegislativeLegislativeLegislative frameworkframeworkframeworkframework forforforfor landslidelandslidelandslidelandslide riskriskriskriskmitigationmitigationmitigationmitigation inininin CroatiaCroatiaCroatiaCroatia
In Croatia the regulator has no statutory responsibility to
consider the impact of landslide on potential
development of land. The regulator is usually the local
government, but may also be a national government or
body. The actual mechanism and regulatory context for
dealing with planning controls, building controls and
approval process vary in Croatia from municipality to
municipality. However, the outcome is that areas with
landslide risk are not properly considered in relation to
land use and development proposals.

LegislativeLegislativeLegislativeLegislative frameworkframeworkframeworkframework forforforfor landslidelandslidelandslidelandslide riskriskriskrisk mitigationmitigationmitigationmitigation inininin
SloveniaSloveniaSloveniaSlovenia
In Slovenia, landslide risk mitigation is regulated by the
National Water Act (adopted in 2002) and is mainly a
state affair: immediate relief and disaster management is
under the auspices of the Ministry of Defence, while
prevention and final mitigation is under the auspices of
the Ministry of the Environment and Spatial Planning (in
2012 this ministry is soon to be divided in such way that
the spatial planning part goes to the new Ministry for
Infrastructure and Spatial Planning and the environment
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part goes to the new Ministry of Agriculture and the
Environment – many government offices are undergoing
reconstruction after the new government was elected at
the national December 2011 early elections). As far as the
transportation sector is concerned, the Ministry of
Transport (to be integrated into the new Ministry for
Infrastructure and Spatial Planning) is in charge of
mitigation measures by their own means. Only in cases of
small slides, regional authorities (municipalities) are in
charge of their mitigation; for any larger landslides or
rock falls the intragovernmental State Rehabilitation
Commission is called in to take over the mitigation
(Mikoš and Majes, 2010).

LegislativeLegislativeLegislativeLegislative frameworkframeworkframeworkframework forforforfor landslidelandslidelandslidelandslide riskriskriskriskmitigationmitigationmitigationmitigation inininin SerbiaSerbiaSerbiaSerbia
The National Strategy for Spatial Planning of Serbia, as
the highest statutory document for land-use planning in
Serbia, provides regional analysis of landslide prone areas
for the whole territory of Serbia. But on the highest level
there are no statutory responsibilities or legislative
framework defined for the procedure to be taken against
the risks threatening that area, only rough
recommendation context. On the municipality level,
land-use and urban planning and their related statutory
documents are subjected to some of limitation
procedures, i.e. building codes and control measures
regarding slope stability problems. The mechanism of
control measures and regulatory context varies from
municipality to municipality and it strongly depends on
the financial power of each municipality.

PreliminaryPreliminaryPreliminaryPreliminary considerationconsiderationconsiderationconsideration forforforfor regionalregionalregionalregional cooperationcooperationcooperationcooperation
activitiesactivitiesactivitiesactivities

PlannedPlannedPlannedPlanned activitiesactivitiesactivitiesactivities andandandand outcomesoutcomesoutcomesoutcomes ofofofof regionalregionalregionalregional cooperationscooperationscooperationscooperations
Fig. 2 presents a flow chart of planned activities and
outcomes of the regional ICL Adriatic-Balkan network
which are necessary to fulfil common interests. All
activities are grouped into 3 phases: (1) collection of
publicly available data at national level to set up scientific
and legislative background for regional cooperation; (2)
exchange of knowledge at the regional level
simultaneously with organized collection of data which
are necessary for the unification of information about
landslide research at national levels; (3) development of
landslide science at the regional level and practical
applications of outcomes to societies in the region.

The first phase will result in overview of the status
of individual advances within the regional scientific
institutions in Croatia, Slovenia and Serbia, together with
overview of publicly available data and sources about
scientific and professional work at national levels (data
bases about landslides, human resources for scientific
development, and national legislative framework for
landslide risk prevention/mitigation). The identification
of the internal and external factors that are supportive or
unfavorable will serve as an advanced base for the

Figure 2. Flow chart of actions and outcomes of regional
cooperation in the framework of Adriatic-Balkan research
network
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implementation of particular activities at the regional
level in the second phase.

The second phase encompasses a wide range of
activities aimed at the exchange of knowledge between
regional institutions: development of a multilingual
landslide glossary using regional languages; joint research
in the framework of bilateral and multilateral projects
and IPL projects; organization of thematic workshops and
conferences; improvement and development of university
programs by exchanging scientists and professionals
between regional institutions (mobility of university staff,
development of joint postgraduate programs); enhancing
education and training by establishing courses and
schools on landslides for professionals and non-
professionals (public, local administrations); publishing a
newsletter of the regional research network. A
simultaneous establishment of a system of organized
shared information collected by national ICL members is
necessary and it can result in the development of a virtual
data center about landslides and related cooperative
activities.

Sharing of information and knowledge will be the
base for the development of regionally harmonized
strategies for landslide hazard/risk prevention and
mitigation in the third phase.

ConclusionsConclusionsConclusionsConclusions

In the Adriatic-Balkan region, there are six scientific
institutions (four universities and two geological surveys),
members of ICL, engaged in landslide research at
national levels in Croatia, Slovenia, Serbia and Albania.
The well-established regional network for landslide
research could provide a significant platform for the
initiation of new bilateral and multilateral scientific
projects, capacity building and for the promotion of
landslide science and scientific institutions in society.

From the preliminary review of the current status of
scientific landslide research in Croatia, Slovenia and
Serbia, it can be concluded that in the future activities
need to be focused on:
- Definition of national landslide terminologies through

multilingual landslide glossary in regional languages;
- Enhancement of the establishment of national data

bases about landslides (landslide inventories,
geotechnical data bases with landslide investigations,
monitoring and remediation data) and data about
landslide losses;

- Development of methodologies of landslide
investigation, monitoring remediation and mapping;

- Development of human resources for scientific
landslide research and professional landslide research;

- Improvement and development of university and
lifelong educational programs;

- Enhancement of the development of national
legislative framework for landslide risk mitigation, i.e.
legal frameworks for governing landslide prevention
and mitigation in regional countries.
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AbstractAbstractAbstractAbstract The Croatian-Japanese joint research project
‘Risk Identification and Land-Use Planning for Disaster
Mitigation of Landslides and Floods in Croatia’ was
launched in 2008, when it was selected for the Science
and Technology Research Partnership for Sustainable
Development (SATREPS), a research program under the
auspices of the Japan Science and Technology Agency
(JST) and the Japan International Cooperation Agency
(JICA). Key objectives of the project are hazard analysis
and the development of guidelines for use in urban
planning. The project activities are organized into three
working groups: Working Group on Landslides (WG1),
Working Group on Flash Floods and Debris Flows (WG2)
and Working Group on Landslide Mapping (WG3). In
this paper we will present the most important current
achievements of working groups related to landslide
studies. The aim of Working Group 1 (WG1) is to establish
a methodology of comprehensive real time monitoring at
two most important landslides in Croatia: the Grohovo
Landslide in Primorsko-Goranska County and the
Kostanjek Landslide in the City of Zagreb based on the
results of previous investigations and new in situ and
laboratory testing and behaviour analysis. The activities
of Working Group 3 (WG3) are aimed at the development
of landslide inventories using direct sensing and remote
sensing techniques followed by the development of
methodologies of landslide hazard analysis and zonation
in three pilot areas in Croatia: two in Primorsko-
Goranska County and one in the City of Zagreb. Almost
three years after start of the Project, significant progress
was reached in all three working groups and results of
investigations were published in numerous papers on
conferences and in the journals. The main Project results
were presented during the Project workshops held in
Dubrovnik in November 2010, and in Rijeka in December
2011.

KeywordsKeywordsKeywordsKeywords Croatian-Japanese project, landslide
monitoring, early warning system, soil testing, hazard
mapping, landslide inventory

IntroductionIntroductionIntroductionIntroduction

The project ‘Risk Identification and Land-Use Planning
for Disaster Mitigation of Landslides and Floods in

Croatia’ was launched in 2008, when it was selected for
the Science and Technology Research Partnership for
Sustainable Development (SATREPS), a research program
under the auspices of the Japan Science and Technology
Agency (JST) and the Japan International Cooperation
Agency (JICA). This project is also designated as on-going
IPL project 161. The Research Center for Natural Hazards
and Disaster Recovery at Niigata University, together
with the Disaster Prevention Research Institute of Kyoto
University (DPRI) and the International Consortium on
Landslides (ICL) are Japanese partner institutions in the
project. Three Croatian universities, the University of
Rijeka (Faculty of Civil Engineering), the University of
Zagreb (Faculty of Mining, Geology and Petroleum
Engineering and Faculty of Agriculture) and the
University of Split (Faculty of Civil Engineering,
Architecture and Geodesy), as well as the Croatian
Geological Survey, are Croatian partner institutions in the
project. Key objectives of the project are hazard analysis
and the development of guidelines for use in urban
planning (Mihalić & Arbanas 2012). The project activities
are organized into three working groups: Working Group
on Landslides (WG1), Working Group on Flash Floods
and Debris Flows (WG2) and Working Group on
Landslide Mapping (WG3). In this paper we will present
the most important current achievements of working
groups related to landslide studies (WG1 and WG3).

Within the framework of the Working Group on
Landslides (WG1), comprehensive real time monitoring
of landslides, laboratory soil testing and numerical
modelling of static and dynamic landslide behaviour will
be performed on two most important landslides in
Croatia: the Grohovo Landslide in Primorsko-Goranska
County and the Kostanjek Landslide in the City of Zagreb.
The activities of Working Group 3 (WG3) are aimed at
the development of landslide inventories using direct
sensing and remote sensing techniques followed by the
development of methodologies of landslide hazard
analysis and zonation in three pilot areas in Croatia: two
in Primorsko-Goranska County (the Rječina River Basin
and the Dubračina River Basin) and one in the City of
Zagreb (the hilly area of Medvednica Mt.).

From the beginning of the Project significant
progress was reached in all three working groups and
results of investigations were published in numerous
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papers on conferences and in journals. The main Project
results were presented during the Project workshops held
in Dubrovnik in November 2010, and in Rijeka in
December 2011. The aims and objectives of the Project
were presented and discussed with experts from
neighboring countries during the 1st Project Workshop
“International experience” held in Dubrovnik from 22nd to
24th November 2010. The recent results were presented
during the 2nd Project Workshop “Monitoring and
analyses for disaster mitigation of landslides, debris flow
and floods” held in Rijeka from 15th to 17th December 2011.
During the Workshop, 24 papers were presented by
Project members with descriptions of current state of the
Project activities and results.

ProgressProgressProgressProgress ininininWGWGWGWG1111 activitiesactivitiesactivitiesactivities

The aim of Working Group 1 (WG1) is to establish a
methodology of comprehensive real time monitoring on
the basis of the results of previous investigations and new
in situ and laboratory testing and behavior analysis on
two most important landslides in Croatia: the Grohovo
Landslide in Primorsko-Goranska County and the
Kostanjek Landslide in the City of Zagreb. The
monitoring systems will be used as basis for early
warning system for possible hazards related to further
landslide movements.

Detailed laboratory soil testing as a base for
prediction of landslides behavior will be performed in a
ring-shear apparatus that is designed for testing under
static and dynamic conditions for deep seated large
landslides in Croatia.

Figure 1. New developed portable ring-shear apparatus designed
for testing under static and dynamic conditions for deep-seated
large landslides in Croatia.

The ring-shear apparatus was designed initially to
investigate the residual shear resistance under the
drained condition along the sliding surface at large shear
displacements in landslides because it allows unlimited
deformation of the specimen. Sassa with his co-authors
have developed undrained high speed ring shear
apparatus to reproduce a rapid landslide motion after
failure and to measure the generated pore pressure and
the shear resistance mobilized on the sliding surface
during motion (Sassa et al. 2003; Sassa et al. 2004; Okada
et al. 2004; Fukuoka et al. 2006). The development and
testing of new ring-shear apparatus is ongoing (Oštrić et
al. 2011) and it is expected that apparatus will be
completed in May 2012 (Fig. 1). The new developed
apparatus is, compared to previous ones, much smaller in
dimensions and has higher performances. It can keep
undrained condition up to 1 MPa of pore water pressure,
up to 3 times more than in previous versions of apparatus
and load normal stress up to 1 MPa. This makes it suitable
for testing of soil samples in stress condition as on
surfaces of rupture in deep seated landslides.

GrohovoGrohovoGrohovoGrohovo LandslideLandslideLandslideLandslide
The Grohovo Landslide, the largest active landslide along
the Croatian part of the Adriatic coast, is located on the
north-eastern slope of the Rječina Valley. It was noted
that during 19th and 20th centuries considerable
instabilities on the Rječina Valley slopes occurred
(Mihalić & Arbanas 2012). The last complex retrogressive
landslide was reactivated in December 1996, after long
dormant period and about 1.0x106 m3 moved down the
slope and buried the Rječina riverbed. After initial
movements, the landslide retrogressively developed up
the slope. Slip surfaces are considered to be on the
contact of superficial deposits and flysch bedrock (Benac
et al. 2005, 2011a). After removing displaced mass from
the landslide foot, further significant movements
stopped, and monitoring indicated that only small
displacements developed in the upper part of the slope.

In intention to prepare adequate basis for
comprehensive real-time monitoring system installation
and early warning system establishment, a lot of previous
investigation were conducted. Summary of existing and
historical data about the Grohovo Landslide was done
(Benac et al. 2011a, Mihalić & Arbanas 2012) and
groundwater and soils were analysed (Furuya et al. 2011a).
Conceptual model and prediction of Grohovo Landslide
behaviour using 3D and 2D landslide stability models
(Wang et al. 2011a, 2011b) is established.

The real-time monitoring system at the Grohovo
landslide was designed to consist of geodetic and
geotechnical monitoring (Arbanas et al. 2011a) Geodetic
monitoring will include geodetic surveys with a robotic
total station and displacement measurements of GPS
points. Equipment for the geotechnical monitoring
includes vertical inclinometers, long and short-span
extensometers, pore pressure gauges, and weather
station. Pore pressure gauges, inclinometers and vertical
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extensometers are installed at two locations inside the
central part of the landslide body. Geodetic monitoring
was established with an automatic total station
measuring 25 geodetic bench-marks (prisms) and GPS
master unit with 9 GPS receivers (rovers). The robotic
total station and the GPS master unit are located in a
relatively stable area, on the top of the opposite slope,
from where the complete landslide is visible (Arbanas et
al. 2012), Fig. 2.

Figure 2. Positions of installed equipment on the Grohovo
landslide: GPS rovers (pentagon); prisms (star); inclinometers
and pore pressure gauges (circle, B); extensometer line (EL)
(Arbanas et al. 2012).

Installation of the monitoring equipment started in
May 2011. After installation until September 2011, the
geodetic monitoring and data collection were started and
first results were obtained in October 2011 (Arbanas et al.
2011b). Typical results of GPS rovers and geodetic prisms
movements are present on Fig. 3. From presented
measurement results, it is very clearly visible that the
collected data are liable to numerous influences such as
daily, monthly and yearly temperature and humidity
variation and local disturbing effects. For appropriate
reduction of these condition influences, it will be
necessary to have one year data collection and analysis.

In this stage of monitoring system installation, the
geotechnical monitoring equipment is still not connected
and it is necessary to download measured data on the site.
In next Project stages, the geotechnical monitoring
equipment will be connected in the unique system
together with the geodetic monitoring equipment with
continuous monitoring and export of the data to a central
computer unit located at the Faculty of Civil Engineering,
University of Rijeka. All measurements will be integrated
in GIS for landslide risk management and early warning
system. Establishment of an early warning system and
defining of alarm thresholds will be based on existing
cognition of the Grohovo landslide behaviour so as from
collected consequent comprehensive monitoring data
(Arbanas et al. 2011c).

Figure 3. Monitoring data collection from Grohovo monitoring
system: A- vertical movements of GPS rover in the landslide
body; B- vertical movements of prism in the landslide body
(same position as GPS); C- temperature variations on master
unit location (Arbanas et al. 2012).

KostanjekKostanjekKostanjekKostanjek LandslideLandslideLandslideLandslide
According to data from a existing investigation, the
Kostanjek landslide is the largest landslide in the
Republic of Croatia. It is located in the western part of
the City of Zagreb, at the base of the southwestern slope
of Medvednica Mt. Since its activation in 1963, this
landslide has caused substantial damage to buildings and
infrastructure in the residential zone as well as to
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factories and commercial buildings (Krkač et al. 2011a,
Mihalić & Arbanas 2012). The landslide was mainly
caused by anthropogenic factors, including mining and
excavation in a marl quarry for cement production at the
toe part of the landslide and in a limestone quarry placed
on the north of the upper part of the landslide (Fig. 3).

Figure 3. Aerial view on the Kostanjek Landslide with landslide
borders according to Ortolan (1996) (Mihalić & Arbanas 2012).

The Kostanjek Landslide is a reactivated,
translational type landslide without a clearly defined
main scarp or landslide borders. According to Ortolan
and Pleško (1992) and Ortolan (1996), the Kostanjek
Landslide extends over an area of approximately 1.2 km2

with a total volume of displaced mass of 32.6x106 m3.
Ortolan and Pleško (1992) interpreted differences in
displacement of the landslide surface (determined on
approximately 110 points) by movement on three different
slip surfaces: the deepest at 90 m and two subparallel slip
surfaces at depths of 65 m and 50 m.

Planning and design of real time monitoring system,
in which geodetic and geotechnical monitoring will be
integrated, require detailed map of landslide activity.
Information about state, style and distribution of
Kostanjek Landslide activity, as well as data about
landslide velocity, will be used as a base data for
definition of spatial arrangement of monitoring
equipment inside and outside landslide body. Because of
the poor source data obtained by geotechnical
investigation in 1988, the existing landslide model
according to Ortolan (1996) and Stanić and Nonveiller
(1996) is relatively rough and the detailed map with
necessary data is not available in present documentation
about the Kostanjek Landslide (Mihalić & Arbanas 2012).
Existing and historical data about the Kostanjek

Landslide were collected and updated with
lithostratigraphical and geomorphological investigations
(Ferić et al. 2011a, Krkač et al. 2011a, Furuya et al. 2011b,
Vrsaljko et al. 2011, Mihalić & Arbanas 2012). Hydrological
researches and laboratory analysis of groundwater were
conducted (Furuya et al. 2011a, Watanabe et al. 2011,
Krkač et al. 2011b). Conceptual 3D model of Kostanjek
Landslide (Furuya et al. 2011b) is established while the
geotechnical model for numerical analysis is still in
development (Krkač et al. 2011a).

Design of integrated real time monitoring system of
the Kostanjek Landslide is completed in autumn 2011
when part of equipment was installed (5 extensometers
and rain gauge). The main part of equipment will be
installed during spring and summer 2012. The monitoring
system will consist of geodetic and geotechnical
monitoring. Geodetic monitoring will include real time
monitoring of surface movements using 15 GNSS rovers.
Automated measuring devices will be used to measure
meteorological conditions, groundwater conditions,
subsurface and surface seismic conditions. Equipment for
geotechnical monitoring will include vertical
inclinometers and long span extensometers, pore
pressure gauges and accelerometers. Piezometers,
inclinometers and vertical extensometers will be installed
at locations in the central part of the landslide body.
Extensometers will be installed at the top of the landside
zone (Krkač et al. 2011a).

All monitoring equipment will be connected in one
system with continuous monitoring and export of the
data to a central computer unit located at the Faculty of
Mining, Geology and Petroleum Engineering, University
of Zagreb. This real time transmission will aid in
establishing an early warning system for landslide hazard
when the measured values exceed defined limits. An early
warning system for possible landslide occurrence and
assessment of landslide risk will be established based on
the monitoring results (Mihalić et al. 2010) and based on
experiences of early warning systems applications in
Japan (Nagai et al. 2011). Installation of the monitoring
equipment and establishment of the monitoring and
early warning systems are planned in spring 2012.

ProgressProgressProgressProgress ininininWGWGWGWG 3333 activitiesactivitiesactivitiesactivities

The specific objectives of Working Group 3 (WG3) are
landslide hazard mapping and zonation with
development of landslide risk mitigation measures (in
form of guidelines) for the application in local
administrative units in three pilot areas in Croatia: two in
Primorsko-Goranska County (the Rječina River Basin and
the Dubračina River Basin) and one in the City of Zagreb
(the hilly area of Mt. Medvednica).

The activities related to development of landslide
inventories by using visual interpretation and automated
landslide mapping, followed by development of
methodologies of landslide hazard analysis and zonation,
have been implementing in the frame of the Working
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Group 3 (WG3) from beginning of 2011. Software and
hardware, as well as input data (including stereo pairs of
aerial photos and digital elevation models) are provided
for three pilot areas in Croatia. Airbone LiDAR scanning
will be performed in March 2012 which will enable
analyses of the high resolution DEMs of all pilot areas
(total area of 246 km2). Preparation of a landslide
inventory for three pilot areas is planned for the period
from 2011 to 2013 based on geomorphologic interpretation
using stereo pairs of aerial images and from high
resolution Digital Elevation Models (DEMs).

HillyHillyHillyHilly areaareaareaarea ofofofof thethethetheMedvednicaMedvednicaMedvednicaMedvednicaMountainMountainMountainMountain (City(City(City(City ofofofof Zagreb)Zagreb)Zagreb)Zagreb)
The City of Zagreb, the capital city of Croatia, is located
in northwest Croatia in the western part of the
Pannonian Basin. The city covers an area of 640 km2 and
includes the urban area and 69 settlements with 792,875
residents. The current land-use includes 205 km2 of
agricultural land, 195 km2 of forest, 220 km2 of urbanized
land and 240 km2 of other use types. The urbanized area
is located below the forest region of Medvednica
Mountain to the north and extends to the flood plain of
the Sava River in the south. Landslides are a dominant

geomorphological process in all the Medvednica Mt.
stream catchments. Approximately 40% of the urban area
is located in hilly areas in which landslides are the main
geological hazard (Mihalić & Arbanas 2012). Landslides in
the hilly area of Zagreb are mostly small and shallow
movements of superficial deposits along contacts with
fresh deposits of soil. Despite this, they cause significant
economic losses by damaging houses and the urban
infrastructure. The local authorities introduced measures
for managing landslide risk caused by intensive
construction activities and the increased population
density in the hilly areas. The main problem with the
current practice of landslide risk prevention in the City of
Zagreb is the lack of a suitable landslide inventory and
landslide hazard and risk maps.

The main activities of Working group 3 (WG3) were
preparatory investigations to detect appropriate methods
for landslide inventory preparation applicable to local
conditions in the pilot area (Fig. 4). Review of available
thematic data about landslide causal factor in the hilly
zone of Medvednica Mt. (Mihalić & Arbanas 2012) and
analysis of typical landslides on the basis of historical
data (Mihalić et al. 2011a) were carried out.

Figure 7. Thematic data available for the hilly area of the City of Zagreb (Mihalić & Arbanas 2012): (A) Geographic location of
administrative unit of the City of Zagreb showing the urbanized area and the borders of the pilot area. (B) Elevation map from the 25
m x 25 m DEM. Histograms show the distribution of elevation and slope angle computed from the DEM. Rose diagram shows the
distribution of slope aspect (in km2). (C) Geological map showing the main stratigraphic units. The original scale of the geological
map is 1:100,000.
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Figure 5. Result of landslide mapping from high resolution LiDAR data for the test area of 24 km2 in the City of Zagreb (Ferić et al.
2011b).

The usefulness of high resolution LiDAR data for
landslide mapping was tested during 2011 on the basis of
data taken for the test area of 24 km2 in the City of
Zagreb. The LiDAR data were acquired by Goefoto
Company on April 1, 2011, which corresponds to the leaf-
off period in Croatia. LiDAR ground-surface
measurements for Zagreb were acquired from the aircraft
at an average density of 5 points/m2. The data were
processed to remove vegetation, buildings, and other
aboveground features, thus creating a bare-earth DEM.
Analysis of pre-processed DEMs with a horizontal
resolution of 1 m were successfully used for visual
mapping of known and unknown landslides as shown on
Fig. 5 (Mihalić et al. 2011a,b; Ferić et al. 2011b).

Aerial photo interpretation of landslides for the
purpose of landslide inventory mapping in the area of the
City of Zagreb was carried out by using stereo pairs from
different periods: 1962 (Fig. 6) and 1998. The criteria for
interpretation of aerial photos and a landslide inventory

preparation was setup in a sense of geomorphological
characteristics of various morphological forms such as
slope inclination, slope curvature, slope direction,
appearance position, etc. with appropriate accuracy
(Podolzski et al. 2011).

Figure 6. Aerial photo stereo pairs used in landslide
interpretation for the City of Zagreb area (Podolzski et al. 2011).
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Future studies will seek to create a landslide
inventory maps using the LiDAR-derived imagery
scheduled in early March 2012 and geomorphological
interpretation of stereo pairs of aerial photos from
multiple periods, together with evaluation of the relative
quality of landslide maps against existing landslide
inventories created by field mapping.

TheTheTheThe RjeRjeRjeRječčččinainainaina RiverRiverRiverRiver BasinBasinBasinBasin andandandand thethethethe DubraDubraDubraDubraččččinainainaina RiverRiverRiverRiver BasinBasinBasinBasin inininin
Primorsko-GoranskaPrimorsko-GoranskaPrimorsko-GoranskaPrimorsko-Goranska CountyCountyCountyCounty
The Rječina River Basin is located in Primorsko-Goranska
County and extends northwest-southeast. The total area
of the Rječina River Basin is 22 km2, and it is mostly rural,
with approximately 12 settlements. The land-use
distribution is 19.5 km2 of forest and semi-natural areas,
2 km2 of artificial surfaces (roads and buildings), and
~1 km2 of other use types. The elevation ranges from 0 to
649 meters above sea level, and slope angles mostly range
from 0° to 30°. Three different geomorphological zones
exist along the main watercourse: the first extends from
the river source at the foot of the Gorski Kotar Mountains
to the Lukeži Village, the second extends from the Lukeži
Village to the canyon entrance near the Pašac Bridge, and
the third extends from the canyon area to the alluvial
plain at the mouth of the river in the center of the City of
Rijeka (Benac et al. 2011a,b).

The central part of the Rječina River Basin is
interesting because of the active geomorphological
processes and historical landslide phenomena. Karstified
limestone rock masses are present at the top of the slope
in the central part of the valley, while the flysch rock
mass is located on the lower slopes and at the bottom of
the valley. The clearly marked rocky scarps represent the
rim of the karstic plateau above the southwest slopes and
some of the northeast slopes and can be seen in the
simplified geological map. Both slopes are covered with
potentially unstable superficial deposits. This area is
geodynamically active, and landslides are the main
geological hazard. Different types of slope movements
can be distinguished, including relict and dormant deep-
seated landslides, reactivated rockfalls from limestone
cliffs at the top part of the slope and reactivated sliding of
colluvial deposits (predominantly coarse fragments and
limestone blocks) over the flysch bedrock (Benac et al.
2005).

The Dubračina River Basin is located in Primorsko-
Goranska County outside the City of Crikvenica and
stretches northwest-southeast, parallel to the Adriatic
coast. The Dubračina River Basin covers an area of
43.5 km2 and is mostly rural, with approximately six
settlements. The current land-use distribution is 38 km2

of forest and semi-natural areas, 3 km2 of agricultural
land and 2 km2 of artificial surfaces (roads and buildings).
Cultivated areas are formed by sets of terraces with a
drainage channel network. Intensive erosion is clearly
visible and is especially prominent in the Slani Potok
(Benac et al. 2009; Aljinović et al. 2010). Numerous active
and dormant landslides, together with erosion, form the

dominant geomorphological processes that are the main
geological hazard.

The main investigations of Working group 3 (WG3)
in Primorsko-Goranska County were collection of
existing data about historical landslides and preparation
of thematic landslide factor maps. Review of general
characteristics of Rječina River Valley (Mihalić & Arbanas
2012), and historical records of landslides (case studies) in
the Rječina Basin (Vivoda et al. 2011) were carried out.
Landslide hazard and debris flow modeling in GIS in the
selected area of the Rječina basin (Hovland’s 3 limit
equilibrium model; GIS-based depth-averaged 2D
numerical model) and simulations of 2 hazardous
scenarios: landslide with formation of landslide dam and
debris-flow were conducted (Wang et al. 2011a, 2011b).
Review of general characteristics of Dubračina River
Valley (Benac et al. 2011b, Mihalić & Arbanas 2012) is
prepared and geological and geomorphological analyses
in the Dubračina Basin (Benac et al. 2011b, Miyagi 2011,
Toševski et al. 2011) were carried out, Fig. 7. Preparation
of landslide inventory maps using the LiDAR-derived
imagery and geomorphological interpretation of stereo
pairs of aerial photos from different periods, together
with evaluation of landslide hazard maps will be main
activities of Working group 3 (WG3) in the pilot areas in
Primorsko-Goranska County.

Figure 6. Geomorphological analysis of the Dubračina River
Basin (Miyagi 2011).

ConclusionsConclusionsConclusionsConclusions

The Croatian-Japanese bilateral project ‘Risk
Identification and Land-Use Planning for Disaster
Mitigation of Landslides and Floods in Croatia’ and
outgoing IPL project 161 started in 2009.

The main activities of the Project are organized in 3
working groups: Working group on landslides (WG 1);
Working Group on Flash Floods and Debris Flows (WG2)
and Working Group on Landslide Mapping (WG3).
Within the framework of the Working Group on
Landslides (WG1), comprehensive real time monitoring
of landslides, laboratory soil testing and numerical
modeling of static and dynamic landslide behavior will be
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performed on two most important landslides in Croatia:
the Grohovo Landslide in Primorsko-Goranska County
and the Kostanjek Landslide in the City of Zagreb. The
activities of Working Group 3 (WG3) are aimed at the
development of landslide inventories using direct sensing
and remote sensing techniques followed by the
development of methodologies of landslide hazard
analysis and zonation in three pilot areas in Croatia: two
in Primorsko-Goranska County (the Rječina River Basin
and the Dubračina River Basin) and one in the City of
Zagreb (the hilly area of Mt. Medvednica).

The main Project results were presented during the
Project workshops held in Dubrovnik in November 2010,
and in Rijeka in December 2011. The aims and objectives
of the Project were presented and discussed with experts
from neighboring countries during the 1st Project
Workshop “International experience” held in Dubrovnik
from 22nd to 24th November 2010. The recent results were
presented during the 2nd Project Workshop “Monitoring
and analyses for disaster mitigation of landslides, debris
flow and floods” held in Rijeka from 15th to 17th December
2011.

Main results of WG 1 activities are establishment of
the Grohovo landslide monitoring system, start of the
Kostanjek landslide monitoring system, development of
portable ring shear apparatus and development of
numerical models for analyzed landslides. Main Results
of WG 3 activities are evaluation of methods for landslide
inventory preparation, preparation of landslide inventory
based on aerial photos stereo pairs analysis and
interpretation of airborne LiDAR DEM, and
establishment of criteria for AHP method of landslide
risk assessment.
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AbstractAbstractAbstractAbstract Kostanjek and Grohovo landslides were
chosen for research as pilot areas within Croatia-Japan
Joint Research Project. Laboratory soil testing along with
monitoring and modelling of landslides are planned for
the analyses of these two landslides.

For this purpose, new, transportable ring shear
apparatus, ICL-1, was designed. Although smaller in
dimensions compared with previous versions, it has high
capacity; it can load normal stress and keep undrained
condition of pore water pressure up to 1 MPa. Ring shear
apparatus has two purposes: it can be used for the basic
soil tests (for determination of soil parameters) and for
the landslide simulation test.

This paper presents the use of the new apparatus for
obtaining basic soil parameters on surface samples from
two Croatian landslides: shale sample from Kostanjek and
clay sample from Grohovo landslide. The aim of the work
was to establish testing procedure and obtain preliminary
results on surface samples.

Speed control tests were conducted under constant
shear speed of 0.002 cm/sec and until shear displacement
reached 1-3 m, in order to obtain steady state condition.
From speed control test results, peak, mobilized and
apparent friction angle for both materials are obtained.

Test results are in accordance with data obtained by
earlier laboratory tests and back analysis. The testing
procedure used and preliminary results obtained will be
used for planning and conducting of tests on borehole
samples.

KeywordsKeywordsKeywordsKeywords landslide, ring shear test, undrained speed
control test

IntroductionIntroductionIntroductionIntroduction

A new Croatia-Japan Joint Project “Risk identification and
land-use planning for disaster mitigation of landslides
and floods in Croatia” was initiated in 2009.

Kostanjek landslide in Zagreb and Grohovo
landslide in Rijeka were selected as studies areas within
the research activities of Working Group on Landslides of
Croatia-Japan Project..

Research activities include real time monitoring of
landslides, laboratory soil testing, as well as modelling of
landslide behaviour and early warning system (Mihalic &
Arbanas, 2011).

During 2011, monitoring equipment was installed in
Grohovo landslide. Monitoring system for Kostanjek
landslide should be completed during 2012. Two
boreholes were drilled on Grohovo landslide, in order to
install monitoring equipment and obtain soil samples for
laboratory tests. During 2012, one borehole in Kostanjek
landslide will be made (Arbanas & Mihalic, 2012).

New, transportable undrained ring shear apparatus,
ICL-1, was designed for laboratory soil testing. The new
apparatus is, compared to previous ones, much smaller in
dimensions. It can produce normal stress up to 1 MPa as
well as to maintain undrained condition up to 1 MPa of
pore water pressure that makes it suitable for
investigation of large- scale and deep- seated landslides
(like Kostanjek landslide).

This paper presents the use of the new ring shear
apparatus for obtaining preliminary results of basic soil
parameters on surface samples from two Croatian
landslides. The purpose of the work was to set the testing
procedure and sample preparation and to obtain
preliminary results in order to conduct successful tests on
borehole samples.

This paper is a result of 2-month training
programme of Croatian PhD students.
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LandslidesLandslidesLandslidesLandslides andandandand SamplesSamplesSamplesSamples

As previously mentioned, two study areas in
Croatia- Japan Project are: Kostanjek Landslide in City of
Zagreb and Grohovo Landslide near City of Rijeka. Two
landslides were chosen because they are represented by
different and specific conditions and triggering factors
(Mihalic & Arbanas, 2011). Landslide characteristics,
mechanism as well as geometry and soil parameters are
described in detail in published papers (Benac, 2005,
Stanic, 1996) and short overview is given in the following
text.

KostanjekKostanjekKostanjekKostanjek LandslideLandslideLandslideLandslide
Kostanjek landslide was activated in 1963. The landslide is
caused by anthropogenic factors; namely, mining
activities and excavation of marl at the foot of slope were
triggers.

It is translational type of landslide without clearly
defined main scarp or landslide borders. According to
Ortolan and Pleško (1992) there are three different sliding
surfaces, the deepest at 90 m and two sub parallel slip
surfaces at depths of 65 m and 50 m. They are assumed to
occur in Panonian and Sarmatian deposits.

Geotechnical characteristics were determined on
undisturbed samples from boreholes. Grain size
distribution showed prevalence of silt and small
percentage of clay in all samples.

According to published data (Stanic, 1996) and
location of sample in Kostanjek landslide, we assumed
sliding surface depth at 50 m, slope angle of 17° and unit
weight of 20 kN/m3. Those are data used for selection of
level of initial normal stress.

GrohovoGrohovoGrohovoGrohovo LandslideLandslideLandslideLandslide
Grohovo Landslide is reactivated landslide and a typical
landslide formed on the contact between flysch and
carbonate rock formations. Geological composition and
groundwater dynamics of the slope were the most
important landslide causes (Benac et al, 2005. and 2006).

There are historic records of past slope
movements that are closely related to rainfall and flood
events in this area (Ostric et al, 2011). Grohovo landslide
was reactivated in 1996. by long rainy period that lasted
for few months. It started by undercutting of toe of the
initial landslide at the bottom of the slope that caused
retrogressive development up to the top of the slope
(Benac et al, 2005). With 13 different slide bodies
identified, it represents a complex composite landslide.

Failure surface is assumed at the contact between
slope deposits (consisting of clayey matrix from flysch
weathered zone and debris material from the limestone
cliffs on the top) and flysch bedrock. Estimated depth of
the displaced mass varies from 6 to maximum 20 m
(Benac et al., 2005). According to published engineering-
geological model (Benac et al, 2005) and location of
sample, we assumed sliding surface depth at 10 m, slope

angle of 15° and unit weight of 21 kN/m3. We used these
parameters in selection of the level of initial normal stress.

SampleSampleSampleSample provenanceprovenanceprovenanceprovenance andandandand propertiespropertiespropertiesproperties
Locations of samples are shown on Fig.1, for both surface
and borehole samples. The surface samples were taken
from locations with outcrops of material where sliding
surfaces might be formed in the past. They are marked
with black triangle in Fig.1, while borehole samples are
shown with red dots.

Kostanjek sample was taken from the shale outcrop
in central part of landslide body (Fig. 1a). This is the
location where the deepest sliding surface is assumed at
the depth of around 65 m.

Grohovo sample was taken from the outcrop near
the crown of one of the landslide bodies, from the central
part of the slope, where flysch material from bellow, has
been pushed on the surface.

Basic parameters for both samples are obtained by
standard laboratory tests (Table-1).

Table 1. Properties of soil samples (Fig.1)

Parameter Kostanjek
GS 3

Grohovo
GS 1

Specific gravity, Gs (g/cm3) 2.78 2.66
Water content, w (%) 28.3 26.87
Wet unit weight, γt (kN/m3) 19.58 20.11
Dry unit weight, γd (kN/m3) 15.26 15.86
Porosity, n 0.28 0.26
Void ratio, e 0.39 0.35

LaboratoryLaboratoryLaboratoryLaboratory TestingTestingTestingTesting

In the following text, the latest ring shear apparatus,
ICL-1, sample preparation and testing procedure, are
described.
RingRingRingRing ShearShearShearShear ApparatusApparatusApparatusApparatus
The ring-shear apparatus was initially designed to
investigate the residual shear resistance under drained
conditions along the sliding surface at large shear
displacements (Bishop, 1971, Tika et al, 1999, Sassa, 2004).

Sassa and colleagues have developed a series of ring
shear apparatus since 1984 (Sassa et al. 2004). The latest,
Portable Ring Shear Apparatus, ICL-1, was developed in
2010. Although small in dimensions, ICL-1 has high
performances (Table- 2)
Table 2. Features of new Ring Shear Apparatus, ICL-

ICL-1ICL-1ICL-1ICL-1 (Sassa,(Sassa,(Sassa,(Sassa, 2010)2010)2010)2010)

Inner diameter (cm) 10.0
Outer diameter (cm) 14.0
Max. height of sample (cm) 5.2
Shear area (cm2) 75.36
Max. Normal Stress (kPa) 1000
Max. shear speed (cm/sec) 5.4
Max. Pore Water Pressure (kPa) 1000
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Figure 1. Topographic map with locations of borehole and
ground samples- A) Kostanjek landslide B) Grohovo landslide

In order to be easily transportable, it has much
smaller dimensions- weight of app 100 kg, maximum
height of 95 cm, and dimensions 50 x 50 cm and is set on
a handcart.

The significant reduction in dimensions was
possible because of smaller shear velocity (5.4 cm/sec)
and new loading system in which the normal stress is
loaded by pulling the central axis of the apparatus instead
of large and tall loading frame that was used in the
previous apparatus.

The structure of undrained dynamic loading ring
shear apparatus ICL-1 is shown in Fig. 2.

Figure 2. Mechanical structure of the apparatus. S- Sample, CR-
Connection Ring, C- Connection, N- Load cell for Normal Stress;
S1, S2- Load cell for shear resistance; P- Pore pressure
transducer; GS- Gap sensor; VD- Vertical Displacement; SD-
Shear Displacement.

Some modifications were made compared to the
original design and they will enable easier maintenance
of the apparatus in Croatia. Rubber edges are not fixed
with glue to the lower pairs of rings, but with the Teflon
ring and screws. After rubber edge is damaged, it can be
easily replaced with spare one. Also, the gutter can be
easily opened thus enabling cleaning and change of metal
filters and felt cloth. Depending on the material tested,
annular metal filters with different pore sizes could be
used.
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B1B1B1B1

Surface (GS)
Borehole (B)

NNNN
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The sample is placed in a shear box and loaded
normally through an annular loading plate connected to
an oil piston. It is sheared by rotating lower half of shear
box (rotatable part marked with yellow on Fig 2) while
two shear resistance cells (S1 and S2 in Fig 2) restrain the
upper half.

Three stress control modes are possible in ICL-1,
stress, displacement and speed stress control.

Design of the undrained shear box is shown in Fig. 3,
in the cross section of the shear box and the close- up
diagram of the edges, including the water-pressure
measurement system. This is the most important part of
undrained ring shear apparatus.

Figure 3. Cross- section of the shear box and the close- up
diagram of the edges (S- Sample, CR- Connection Ring, C-
Connection , N- Load cell for Normal Stress; P- Pore pressure
transducer)

SampleSampleSampleSample PreparationPreparationPreparationPreparation
Samples should be carefully prepared in order to obtain
full saturation thus enabling skipping of time consuming
process of water circulation in testing procedure.

For Grohovo and Kostanjek samples we succeeded
to prepare fully saturated samples. Samples were
manually pounded and slowly placed in bottles with de-
aired water and left in vacuum for 2 days (and nights).

TestingTestingTestingTesting ProcedureProcedureProcedureProcedure
Testing procedure consisted of the following steps:

gap adjustment; sample setting and saturation; saturation
checking by BD measurement; sample consolidation and
shearing (by shear speed control).

• First, the gap value should be adjusted to avoid
leakage of water and sample. Gap was adjusted by
applying vertical load of 1.5 kN. After that, gap value
was kept constant during the test.

• Shear box without sample was filled with CO2 and
de-aired water in order to expel entrapped air. Air is
often trapped in metal filters (on loading plate and
the bottom of shear box, and two metal filters in the
gutter). Then, prepared sample (already saturated by
de- aired water, as described in previous chapter) was
slowly placed in shear box. Because sample is
previously saturated, water circulation is not
necessary. The process of water circulation in fine-
grained materials is usually time consuming process.

• The saturation of sample was then checked by
measuring BD value. The sample is considered to be
fully saturated when BD ≥ 0.95. BD is a pore pressure
parameter in direct shear state, related to the degree
of saturation that was proposed by Sassa (1988), and
is formulated as:
BD =Δu/Δσ (1)
Where Δu is the increment of pore water pressure
increase due to a change in total normal stress Δσ in
undrained conditions. For both samples, we obtained
BD=0.95, which means that we succeeded to obtain
fully saturated sample without water circulation.

• The sample was then consolidated in drained
conditions, under pre-decided normal stress. We
used initial normal stress of 1000 kPa for Kostanjek
sample and 200 kPa for Grohovo sample. These
values were decided based on the landslide geometry
(depth, slope angle) and soil properties (unit weight),
described earlier in text.

• After the consolidation, shearing was applied by
speed control test.

SpeedSpeedSpeedSpeed ControlControlControlControl TestTestTestTest ResultsResultsResultsResults

Speed control test was conducted under constant shear
speed of 0.002 cm/sec in undrained condition. Shear
displacement reached 1 m for Grohovo landslide and 3 m
for Kostanjek landslide and steady state condition was
obtained.

From undrained speed control test results, basic
parameters (peak, mobilized and apparent friction angle,
cohesion) as well as steady state normal and shear stress
of soil samples were obtained.

Test results for Kostanjek sample are shown in Fig 4.
Fig. 4-a shows stress path of the test and soil parameters
obtained. Total stress path (TSP) is shown in blue line
and effective stress path (ESP) in red line. Failure
occurred when failure line was reached, at peak friction
angle, φp=29.5°. Mobilized friction angle is φm=18.3° and
apparent friction angle φa=6°. We assumed cohesion is
zero.

Fig. 4-b shows the time series data of the same test:
black line showing normal stress, red line shear resistance
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mobilized on the sliding surface, blue line pore pressure
while the green line shows shear displacement.

Sample was sheared overnight and until shear
displacement reached 3 m.
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Figure 4. Undrained Speed Control Test on saturated shale
sample from Kostanjek landslide (BD=0.95; initial dry density:
1.53 g/cm3, specific gravity, Gs=2.78). AAAA Stress path; BBBB Time
series data for stress, pressure and shear displacement

Test results for Grohovo sample are shown in Fig 5.
Like in the previous figure, Fig. 5-a shows stress path and
Fig. 5-b time series of Speed Control Test.

Fig. 5-a shows stress path that seems to have
reached the failure line and moved down along the
failure line. In this test, the peak failure line was not
observed. The straight line fitting the stress path gave
values of the friction angle as 25.4° , cohesion as 15.2 kPa
and apparent friction angle, φa=20.4°.

Fig. 5-b shows the time series data of the same test.
Sample was sheared until shear displacement reached 1 m.

This value was pre-decided in order to avoid filling of
metal filters in the gutter with clay material.
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Figure 5. Undrained Speed Control Test on saturated
clayey sample from Grohovo landslide (BD=0.95; initial dry
density: 1.59 g/cm3, specific gravity, Gs=2.66). AAAA Stress path; BBBB
Time series data for stress, pressure and shear displacement

Shear displacement sensor was not recording during
both tests, so we calculated displacement from constant
shear speed.

After tests were completed, water content and
density were measured, and shear surfaces formed during
shearing were visually examined (Fig 6 and 7).

Both samples were easily split on continuous shear
surfaces, which were polished and striated in the
direction of shear (Fig. 6). In Kostanjek sample, the shear
zone was approximately 2-3 mm thick and was visible in
the cross section due to differentiation in colour and
grain size (Fig. 7). In cross section of Grohovo sample, it
was not possible to distinguish this difference. Final
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water content was 32 % for Kostanjek sample and 28 %
for Grohovo sample.

Figure 6. Photo of samples after test, showing slickensides
developed on shear surface. Left-Kostanjek landslide, Right-
Grohovo landslide

Figure 7 Photo of samples cross- section after test, Left-
Kostanjek landslide, Right- Grohovo landslide

SummarySummarySummarySummary andandandand ConclusionsConclusionsConclusionsConclusions

As already mentioned, the goal of this paper was to set
the procedure for ring shear tests and to obtain
preliminary results that can be used for planning of tests
on borehole samples. Since the amount of borehole
samples is very limited, it is necessary to have already
established, and successful testing procedure. We
succeeded in establishing of very efficient testing
procedure. This especially refers to reduction of time that
we achieved by successful preparation of fully saturated
sample without water circulation that in fine-grained
materials, like the one we used, can be time consuming.

The results obtained are in accordance with the data
obtained by older laboratory tests and back analysis of
slopes. With the established procedure and known
behaviour of material during test, we can now

successfully plan and conduct ring shear tests on
borehole samples.

Beside its use for determination of soil parameters,
ring shear apparatus can be used as a landslide
simulation test. It can geotechnically simulate the entire
process of failure of a soil sample, from initial static or
dynamic loading, through shear failure, pore-pressure
changes, to large-displacement, steady-state shear
movement.
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Abstract  Glacial  lake  outburst  floods  (GLOFs)  from
moraine-dammed  lakes  and  related  debris-flows
represent a significant threat in high mountainous areas
across the globe. It is necessary to quantify this threat so
as  to  mitigate  against  their  catastrophic  effects.  Three
approaches  are  used  in  GLOF  hazard  assessment:
(1) qualitative; (2) semi-quantitative; and (3) quantitative.
Each has specific advantages and disadvantages. Based on
a search of the scientific literature, this paper summarises
the  various  methods  of  GLOF  hazard  assessment  and
outlines their application. 

Keywords GLOF,  hazard  assessment,  debris-flow,
moraine-dammed lake

Introduction

Glacial lake outburst flood

The term  glacial  lake  outburst  flood (GLOF) is  used to
describe the sudden release of water from a glacial lake
(e.g. Clauge & Evans, 2000). In Spanish, the broader term
aluvión is  used  to  describe  floods  composed  of  liquid
mud  with  large  boulders, irrespective  of  their  cause
(Lliboutry et al., 1977; Richardson & Reynolds, 2000a).

The  breaching  or  overflowing  of  a  dam of  glacial
lake  (typically  moraine-dammed)  causes  the  sudden
release  of  impounded  water  (Benn  &  Evans,  1998;
Richardson,  2010).  This  most  frequently  results  from
icefall into the lake (e.g. Costa & Schuster, 1988; Jiang et
al.,  2004;  Awal  et  al.,  2010),  although  other  triggers
include landslides or rockfalls (Clauge & Evans, 2000) and
the  propagation  of  a  flood  wave  initiated  by  a  breach
further upstream (Vilímek et al., 2005b). These scenarios
produce significant water displacement and may instigate
a surge wave (seiche in Hubbard et al., 2005). This may,
in  turn,  cause  dam  breach  or  overflow (Richardson  &
Reynolds, 2000a). Further causes of dam breach include
earthquakes (Lliboutry et al., 1977), the melting of buried
ice  (Richardson  & Reynolds,  2000b),  intense rainfall  or
snowmelt (Yamada, 1998), and blockages in underground
outflow channels   (O'Connor  et  al.,  2001;  Janský et al.,
2006). 

This  phenomenon  has  been  studied  in  high
mountainous  areas  across  the  globe,  including  the
Himalaya (Kattelmann & Watanabe, 1997; Yamada, 1998;

Bajracharya  et  al.,  2007),  Karakoram  (Hewitt,  1982),
Hindu-Kush (Iturrizaga, 2005; Ives et al., 2010), Tian-Shan
(Janský et al., 2008; Narama et al., 2010, Bolch et al, 2011),
Caucasus  Mts.  (Petrakov  et  al.,  2007),  Peruvian  Andes
(Fig. 1)(Lliboutry et al.,  1977; Reynolds, 2003; Vilímek et
al.,  2005a),  Cascade Range (O'Connor  et  al.,  2001),  and
British Columbia (Clauge & Evans, 2000; Kershaw et al.,
2005) as  well  as in the European Alps  (Haeberli  et  al.,
2001; Huggel et al., 2002) and Scandinavia (Breien et al.,
2008). 

Fig. 1 Current state of the Palcacocha Lake (outburst in 1941)

Relation to debris-flows

The maximal discharge of a GLOFs may exceed tens of
thousands  of  m3/s  (Costa  &  Schuster,  1988)  and  are
characterised  by  high  erosion  and  transport  potential
(Cenderelli  &  Wohl,  2001;  Breien  et  al.,  2008).  As  a
consequence,  GLOFs  are  able  to  transform  easily  into
debris-flows  (O'Connor  et  al.,  2001)  with  densities  of
about  1.5  t/m3 (Yamada,  1998).  The  volume  of  the
transported material may exceed millions of cubic meters
(Evans  et  al.,  2002;  Hubbard  et  al.,  2005).  Whether  a
GLOF  transforms  into  a  debris-flow  depends  on  many
factors, most particularly on the erosional potential of the
flood  wave  and  the  amount  of  erodible  material
deposited  within  the  affected  valley.  The  distinction
between  flood  and  debris-flow  is,  in  fact,  somewhat
arbitrary.
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It  is  clear  that  glacial  lake outburst  floods  and
related debris-flows are significant geomorphic processes
that represent a considerable threat to the inhabitants of
high mountainous  areas.  Therefore,  allied  with  intense
deglaciation in many areas, these processes require the
appropriate  attention.  It  is  necessary  to  study  these
phenomena  thoroughly  so  as  to  mitigate  against  their
catastrophic effects or, ideally, to be able to prevent them
completely.  The  most  important  step  in  GLOF  hazard
mitigation is to recognise and reliably assess the potential
hazard. 

Methods

Contemporary  approaches  to  hazard  assessment  of
GLOFs from moraine-dammed lakes are summarised and

compared  in  this  paper.  In  classic  hydrology,  the
probability of a flood may be derived from its frequency.
However, GLOFs require a distinct procedure, as they are
usually  one-off  events  (Van  Steijn,  1996;  Hegglin  &
Huggel, 2008). 

In a  GLOF hazard  assessment, it is necessary to
include  two  main  groups  of  parameters.  The  first
considers the possibility of a triggering event whilst the
second considers the stability of the dam (Richardson &
Reynolds, 2000a; Hegglin & Huggel, 2008). If we want to
study the probability of a GLOF-induced debris-flow, it is
first necessary study the probability of a GLOF (i.e. the
hazard).  There  are  three  approaches  to  assessing  this
probability:  (1) qualitative;  (2) semi-quantitative;  and
(3) quantitative. 

Figure 2 The procedure for undertaking GLOF hazard, vulnerability, and risk assessment (sources: Huggel et al. (2004); JTC1 (2004);
Hegglin & Huggel (2008); Richardson (2010); Shrestha (2010))

Results

The  methods  within  each  approach  (qualitative,  semi-
quantitative, and quantitative) are based on an evaluation
of selected stability characteristics (i.e. the stability of the
dam  characteristics,  the  lake  characteristics,  the  area
adjacent  to  the  lake  charactecristics,  and  the  glacier
feeding  the  lake  characteristics).  These  characteristics
may be given greater or lesser emphasis depending on the
specific method. The stability characteristics considered
in  the  GLOF  hazard  assessment  literature  have  been
summarised and are presented in Tab. 8. Clauge & Evans
(2000), Huggel et al. (2004) and others define two phases
of  GLOF  hazard  assessment.  The  first  phase  aims  to
identify  potentially  dangerous  lakes  and  assesses  the
probability  of  a  flood  occurrence,  its  volume,  and
probable maximal discharge (i.e. lake and breach hazard
assessment).  The  second  phase  aims  to  examine  the

downstream  hazard  and  assesses  the  probability  of  a
debris-flow occurrence,  the  distance  it  may  travel,  and
identifies the areas that may be endangered. These areas
may  then  be  classified  on  the  basis  of  physical
vulnerability. Following the hazard assessment, it is then
possible to undertake a risk assessment  for settlements
and  infrastructure  in  order  to  determine  physical  and
social vulnerability (Fig. 2). 

Qualitative approach

In a qualitative approach, the stability characteristics are
selected  subjectively  on  the  basis  of  the  individual
researcher’s previous experience. This methods are useful
for  preliminary  hazard  assessment  so  as  to  identify
potentially  hazardous  lakes  over  large  previously
unstudied areas where it is not possible to apply another
approach.

2
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The simplest way to assess the potential hazard is
to identify characteristics indicative of increased hazard.
For  example,  Clauge  &  Evans  (2000)  showed  that  the
probability  of  an outburst  is high when  the dam has a
small width-to-height ratio, when outflow occurs mainly
through  seepage,  when  there  is  no  armoured  overflow
channel, when the reservoir surface is normally close to
the height of the dam, when there are highly crevassed
glaciers  clinging  to  steep  slopes  directly  above  the
reservoir,  and  when  the  slopes  above  the  reservoir  are
subject to rockfalls. In contrast, Costa & Schuster (1988)
outline  four  characteristics  that  suggest  an  increased
hazard,  Grabs  &  Hanisch  (1993)  outline  thirteen
characteristics,  and  Zapata  (2002)  outlines  fourteen
characteristics.  The  selected  stability characteristics for
each method are listed in Tab. 8.

A  very  simple  method  that  can  be  used  to
initially  assess  the  GLOF  hazard  was  presented  by
O'Connor et al. (2001). This method assesses the potential
for moraine-dam breach by examining only two stability
characteristics,  contact  with  a  glacier  and  the  dam
freeboard (vertical elevation between the lake level  and
the  lowest  point  of  the  moraine  crest).  These
characteristics  only  have two alternatives,  “yes” or “no”
for contact with a glacier and “high” or “low” for the dam
freeboard.  Clearly  the latter  is  subjective,  as  no critical
value delimits “high” from “low”. Moreover, this method
only  considers  the  most  common  cause  of  GLOFs,  i.e.
icefall  into  a  lake  producing  surge  wave.  Nonetheless,
four  combinations  with different  aggregate  hazards are
possible (Tab. 1).

Table  1  The qualitative  probability  of  an outburst  defined by
O'Connor et al. (2001)

CONTACT WITH GLACIER DAM FREEBOARD
OUTBURST
POTENTIAL

No High Low

Yes Low Medium

No High Medium

Yes Low High

Huggel  et  al.  (2004)  assessed  five  stability
characteristics in  order  to  derive  the  qualitative
probability  of  a  GLOF  (Tab.  2).  Each  of  these
characteristics was associated with either a low, medium,
or high probability. The overall hazard was derived from
the highest probability level attained by any of the given
characteristics.  With  the  exception  of  dam  width-to-
height  ratio,  no  critical  values  were  given  and  the
characteristics are thus defined subjectively. This method
has been widely applied by other authors, such as those
working in Tien Shan and Mt.Everest region (Bolch et al.,
2008; Janský et al., 2010). Hegglin & Huggel (2008) also
applied  the  principles  of  this  method  in the Cordillera
Blanca.  However,  in  that  study  the  method  was
broadened  to  also  include  piping  and  the  existing
technical measures on the dam.

Table 2 The qualitative probability of a GLOF defined by Huggel
et al. (2004)

STABILITY
CHARACTISTICS

ALTERNATIVES
PROBABILITY

OF A GLOF

Dam type

Bedrock Low

Moraine-dammed
Medium to

high

Ice-dammed High

Ratio of freeboard to
dam height

High Low

Medium Medium

Low High

Ratio of dam width to
height

Large (> 0.5) Low

Medium (0.2-0.5) Medium

Small (0.1-0.2) High

Impact waves by ice
or rock falls reaching

the lake

Unlikely, small
volume

Low

Sporadic, medium
volume 

Medium

Frequent, large
volume 

High

Extreme
meteorological events
(high temperature or

precipitation)

Unlikely Low

Sporadic Medium

Frequent High

Wang et al. (2008) investigated two lakes in the
Himalayas  using  nine  stability  characteristics  with
defined  critical  values  (Tab.  3).  These  stability
characteristics were selected if  they were considered to
provide a possible mechanism for breaching on the basis
of  previous  research  into  breached  moraine-dammed
lakes both in the Himalayas and elsewhere.  The critical
values were determined  subjectively  and exceeding  any
given critical value implies a potential hazard.  

Table  3  The  stability  characteristics  and  their  critical  values
defined by Wang et al. (2008)

STABILITY
CHARACTERISTICS

CRITICAL
VALUE

REFERENCES

Top width of dam < 600 m Lü et al., 1999

Distal flank steepness > 20° Lü et al., 1999

Ice-core presence Yes
Richardson &

Reynolds, 2000b

Ratio of dam width to
height

0.1-0.2 Huggel et al., 2004

Glacier area Not stated Lü et al., 1999

Slope of glacier snout > 8° Lü et al., 1999

Temperature and
precipitation

High T, wetness
High T, dryness

Lü et al., 1999
Huggel et al., 2004

Ratio of freeboard to
dam height

0 WECS, 1987

Lake-glacier proximity < 500 m Lü et al., 1999

Semi-quantitative approach

In a semi-quantitative approach, the subjective choice of
stability characteristics benefits from calculations of the
specific  critical  values  and/or  numeric  hazard
computation.  Reynolds  (2003)  assessed  nine  stability
characteristics  (Tab.  8).  For  each  characteristic,  points
were  assigned  according  to  their  influence  on  the
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hazard: zero points  if there  is no impact,  two points  if
there is a low impact, ten points if there is a moderate
impact,  and fifty  points  if  there  is  a great  impact.  The
overall  hazard  is  derived  from  the  total  sum  of  these
points  (Tab.  4).  If  there  were  more  than  one  hundred
points, it was considered that an outburst could occur at
any  time.  In  contrast  to  Wang  et  al.  (2008),  each
characteristic considered using this method is included in
the overall hazard, despite the fact that no critical values
were determined.

Table 4 The total sum of points and the overall hazard defined
by Reynolds (2003)

SUM 0 50 100 125 150 <

HAZARD Zero Minimal Moderate High Very high

Bolch  et  al.  (2011)  assessed  eleven  weighted
stability  characteristics  in  a  study  undertaken  in  Tien
Shan.  This  method  required  the  characteristics  to  be
selected, and this was done partly on the basis of Huggel
et al. (2004) and Bolch et al. (2008). The characteristics
were then ranked according to their probable influence
on  the  occurrence  of  a  GLOF.  The  most  important
characteristic  was  thought  to  be  change  in  lake  area
rather than the posibility of an icefall or rockfall (Tab. 5).
The weighting was assigned according to a simple linear
distribution rule, i.e.  the 2nd lowest weight is two times
greater than the lowest weight, the 3rd lowest is the sum
of the 2nd lowest plus the lowest weight and so on. The
weights were multiplied by the value obtained from the
assessed  stability  characteristics.  The  overall  hazard  is
derived from the total sum of these numbers.  Values of
less  than  0.1  represent  very  low  hazard,  0.1-0.325
represent  low  hazard,  0.325-0.574  represent  medium
hazard,  and  greater  than  0.574  represent  high  hazard.
This method is specific and different from others as it is
not  a  dam  breach  hazard  assessment  that  aims  to
determine  probability  of  flood  occurrence.  Instead,
downstream  hazard  parameters  are  also  assessed:  the
occurrence of floods and debris-flows following outbursts
are used as variables in calculation. 

Table 5 The selected stability characteristics and their weights
defined by Bolch et al. (2011)

STABILITY
CHARACTERISTICS

WEIGHT ALTERNATIVES

Lake area change 0.1661

Shrinkage (0)
Growth < 50 % (0.5)
Growth < 100 % (1)
Growth < 150 % (1.5)
Growth > 150 % (2)

Possibility of ice
avalanche into lake

0.1510 Yes (1); No (0)

Possibility of rockfall /
avalanche into lake

0.1359 Yes (1); No (0)

Ice-cored moraine 0.1208 Yes (1); No (0)

Debris flow 0.1057
Could occur (1)

Could not occur (0)

Flash flood 0.0906 Could occur (1)

Could not occur (0)

Direct contact with
glacier

0.0755
Yes (1); No (0)

Lake area 0.0604
< 50 000 m2 (0.5)

50 000 - 100 000 m2 (1)
> 100 000 m2 (1.5)

Glacier shrinkage 0.0453 Significant (1); No (0)

Glacier slope < 5° at the
terminus

0.0302 Yes (1); No (0)

Stagnant ice at the
terminus

0.0151
Significant glacier
velocity (0); No (1)

Quantitative approach

In a quantitative approach, the subjective elements in the
aforementioned approaches  are  eliminated.  McKillop  &
Clauge  (2007a,b)  assessed  hazard  through  an
investigation on 175 lakes in British Columbia, including
eleven in which dams had been breached.  These had a
total lake area of more than 10 000 m2. Eighteen stability
characteristics  were  considered.  The  results  compared
those lakes in which GLOFs had previously occurred to
those in which they had not. Regression analysis showed
that  only  four  of  the  eighteen  stability  characteristics
influence  the  possibility  of  a  GLOF.  In  addition,  the
weights of these stability characteristics were calculated.
The  equation  for  estimating  outburst  probability  was
expressed as:

P(Y=1)={1+exp-[α+β1(moraine width to height ratio) 
+Σβj(ice core presence)+β2(lake area)                  [1]

              +Σβk(main rock type forming moraine)]}-1

In  this  equation  α  is  the  intercept,  β1,  β2,  βj,  βk are
calculated  regression  coefficients.  The  measured  values
can be entered directly into the equation (e.g.  moraine
width-to-height  ratio  and  lake  area).  Different
coefficients  for the various moraine-forming rock types
were also determined (granitic x volcanic x sedimentary x
metamorphic).  If  the  moraine  dam  is  ice-cored,  1  is
entered  into  equation;  if  it  is  not,  0  is  entered.  The
calculated results  (%) and related outburst probabilities
are shown in Tab. 6.

Table  6  The  calculation  results  and  outburst  probabilities
defined by McKillop & Clauge (2007a)

RESULT < 6 % 6-12 % 12-18 % 18-24 %
> 24

%

OUTBURST
PROBABILITY

Very
low

Low Medium High
Very
high

Although  this  method  was  presented  as  being
based on remote-sensing with statistical analysis, it is not
possible to determine the presence or absence of an ice
core  by  these  means.  Therefore,  certain  morphological
assumptions  had  to  be  made.  First,  a  moraine  with  a
rounded  surface  and  minor  superimposed  ridges  was
considered to be ice-cored. Second, a disproportionately
large  end  moraine  in  front  of  a  small  glacier  was
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suspected to be ice-cored. Third, a narrow sharp-crested
moraine with an angular cross section was interpreted to
be  ice-free. In  addition,  the  main  rock  type  cannot  be
determined  from  remotely  sensed  data.  In  British
Columbia, available geological maps were used.

Wang  et  al.  (2011)  presented  a  quantitative
method  of  GLOF  hazard  assessment  based  on  an
investigation  of  78  lakes  in  the  southeastern  Tibetan
Plateau.  Five  stability  characteristics  were  assessed
(Tab. 7). With regard to the input data, this method only
considers  one  cause  of  GLOF,  icefall  into  lake.  The
stability  characteristics  were  chosen  on  the  basis  that
they could be measured using  available remotely sensed
data,  they  were  consistent  with  those  previously
proposed  for  outburst  lakes  on  the  Tibetan  Plateau
(based on Lü et al., 1999), they acted independently, and
the data type were continuous rather than nominal. 

The  next  step  was  to  determine  weighting  of
these stability characteristics. For this, a fuzzy consistent
matrix method was used. The distance between the lake
and  glacier  was  determined  as  the  most  important
characteristic  with  a  weighting  of  0.27  (Tab.  7)  as  this
reflects the possibility of icefall into lake. The threshold
values  were  determined  for  each stability  characteristic
using statistical  distribution methods (median,  25th and
75th percentiles) based on the list of values derived from
the  seventy  eight  investigated  lakes.  To  assess  the
outburst probability, the following equation was used:

P=∑
i=1

5

wi⋅V i           [2]

where wi is  the  weight  of  stability  characteristics,  Vi is
derived from Tab. 7. A result of less than 0.5 represents a
low potential  for outburst,  0.5-0.7 represents a medium
potential, 0.7-0.8 represents a high potential, and greater
than  0.8  represents  a  very  high  potential  for  outburst
flood.  

Table  7  The  assessed  stability  characteristics,  their
weighting,  and threshold values defined by  Wang et al.
(2011)

LIMIT VALUES

Weight
(w)

INTERVAL I II III IV

STABILITY
CHARACTERISTIC

0.25 0.5 0.75 1

Area of the
mother glacier

(km2)
< 0.5

0.5-
1

1-
2.5

> 2.5 0.07

Distance
between lake

and glacier (m)
> 600

300-
600

80-
300

< 80 0.27

Slope between
lake and glacier

(°)
< 12 12-17 17-21 > 21 0.22

Mean slope of
moraine dam (°)

< 10 10-14 14-22 > 22 0.195

Mother glacier
snout

steepness(°)
< 14 14-19 19-26 > 26 0.245

Discussion

Hazard  assessment  of  GLOFs  from  moraine-dammed
lakes and related debris-flows are associated with certain
problems  brought  about  by  variability  in  some  of  the
stability characteristics. This variability may be seasonal
(e.g. fluctuations of water level in the lake depending on
the amount of rainfall or snowmelt) or irreversible (e.g.
slope  movements).  It  is  also  not  possible  to  quantify
some of stability characteristics, such as the internal dam
structure  (O'Connor  et  al.,  2001).  In  addition,  regional
differences  make  it  difficult  to  construct  a  universal
hazard  assessment  method,  a  problem  that  is
exacerbated as new regionally-specific methods continue
to be developed. 

Input data

Different authors assess hazard with  the use of different
input  data,  i.e.  the  stability  characteristics.  In  all  the
aforementioned  methods,  these  characteristics  are
selected  subjectively  based  on  the  authors  previous
experience and data availability (the exception to this are
the statistical study of McKillop & Clauge (2007a,b)). All
these methods are constructed subject to data availability
and we find that this is the most limiting factor in hazard
assessments.

Most of stability characteristics can be, more or
less, accurately derived and assessed from high resolution
remote-sensing  or  aerial  photographs.  Clearly,  some
cannot; of these, one most frequently required for hazard
assessment  is  information  relating  to  the  presence  or
absence of an ice core. This is important as it affects dam
stability  and  determines  the  significance  of  ice  melt.
However, it cannot be assessed reliably without fieldwork
(e.g. using ground penetrating radar (Reynolds, 2006) or
electric-exploration  resistivity  method  (Yamada,  1998)).
A  partial  solution  may  come  from  the  moraine
morphology (McKillop  &  Clauge,  2007a)  but this is not
wholly accurate. In addition,  other problematic stability
characteristics  include  lake  bathymetry  (depth  and
volume),  the  meteorological  regime,  the  occurrence  of
piping, and the main rock type that forms the moraine. 

Causes of GLOFs and regional specifics

The causes of GLOFs from moraine-dammed lakes vary
considerably  across the globe.  Generally,  in all  regions,
main cause is icefall into a lake producing a displacement
wave (e.g.  Ding & Liu, 1992;  Clauge & Evans, 2000). It is
thought  that  this  causes  about  half  of  all  GLOFs.  In
calculating  hazard,  other  causes  are  not  usually  taken
into  consideration.  These  causes  reflect  considerable
regional differences. For example, more than one third of
GLOFs  in the North-American Cordillera are caused by
intense  rainfall  or  snowmelt  (O'Connor  et  al.,  2001;
Clauge  &  Evans,  2000)  whereas  this  has  not  been
recorded in the Cordillera Blanca of Peru (Zapata, 2002).
The  most  recent  GLOF  occured  in  Cordillera  Blanca
under   Hualcán   Mt.   during   April   11th   2010   and  was
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Table 8 Stability aspects and methods of hazard assessment
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triggered by icefall into lake. Erosion and accumulation
processes from this GLOF are visible on the Figure 3.  As
Hegglin & Huggel (2008) pointed out, it is necessary  to
consider  regional   specifics  in   order  to  be  able  to
accurately  define  the  hazard  of  GLOFs  from  moraine-
dammed lakes.

Qualitative  methods  usually  have  wide
application  with  no  regional  focus  whereas  semi-
quantitative  and  quantitative  methods  frequently  focus
on  specific  study  areas  and  closely  consider  the  local
conditions  and  local  causes  of  GLOFs.  Some  of
procedures  for  creating  regionally-focused methods  are
replicable  in different  regions,  such  as the quantitative
method published by McKillop & Clauge (2007a).

Fig. 3 Erosion and accumulation processes from GLOF  occured
in Cordillera Blanca under Hualcán Mt. during April  11th 2010

Conclusions

The aforementioned methods are all applicable over large
areas. Each has specific advantages and no single method
is  considered  to  be  the  most  appropriate.  In  general
terms, these methods allow a large number of lakes to be
assessed using aerial photography, photogrammetry, and
remotely  sensed  data.  These  data  can  be  analysed  in
geoinformation  systems  and  through  modelling.  The
methods are relatively rapid and inexpensive.

The qualitative and semi-quantitative approaches
include  subjective  elements.  Thus,  it  is  possible  that
different observers could define different hazards to the
same lake. The quantitative approaches are objective and
provide more accurate  information  about  the potential
hazard,  which  is  determined  from  a  statistical
calculation. The characteristics are weighted according to
their  probable  impact  on the occurrence  of  a GLOF or
according  to  their  influence  of  dam  stability.
Nonetheless, they still depend on accurate input data. In
remote high mountainous areas, reliable data acquisition
may represent a problem. 

All  the discussed  methods  help  to  initially
recognise potentially  dangerous lakes.  Grabs & Hanisch
(1993) emphasised that it is still  necessary to undertake

fieldwork in order to obtain detailed information about
lake  dam  stability  and  the  possible  causes  of  GLOFs,
despite  contemporary  developments  in  remote  sensing.
With these data, precise hazard assessments for specific
lakes can be undertaken.
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AbstractAbstractAbstractAbstract Training of human resources in disaster risk
reduction is an integral part of the capacity enhancement
initiatives made by national and provincial governments.
Considerable attention has been given to stakeholder
specific trainings like National Capacity Building
Programme for Engineers on Earthquake Risk
Management, National Capacity Building Programme for
Architects on Earthquake Risk Management, National
Capacity Building Programme for Masons on Earthquake
Risk Management, National Capacity Building
Programme on Cyclone Risk Management and so on.
These stakeholder specific trainings are tailor-made for a
particular working sector or profession. Although it is
good for professional development yet it does not address
the gaps across different sectors / disciplines in terms of
mutual understanding, coordination, linkage and
networking to integrate efforts and achieve success in
disaster risk reduction. Hence, an attempt has been made
to launch inter-disciplinary cross-sectoral training
programmes for a multi-stakeholder target group.

The paper discusses about the scope, challenges
and opportunities related to comprehensive landslides
risk management programmes. As the programmes are
limited to a week’s duration due to constraints of time
available to the participants for these trainings, most of
the topics / issues are discussed briefly to cover the wide
spectrum of all related disciplines and sectors.

The Comprehensive Landslides Risk
Management trainings have provided the participants an
opportunity to learn about other related
disciplines/sectors besides the one to which s/he belong
and also it provides them a platform to interact with each
other leading to better understanding, coordination, and
synergised efforts in their operations. The conduct of
these trainings requires involvement of experts from
various sectors and disciplines. The language of
communication during the trainings need to be
simplified in layman’s terms and illustrated with common
examples. Besides the lectures, presentations,
interactions and discussions during the training, the
programme involves table-top exercises, field exposure
and mock drills.

KeywordsKeywordsKeywordsKeywords Training, Landslide, Interdisciplinary, Cross-
sectoral, Comprehensive

IntroductionIntroductionIntroductionIntroduction

Landslides occur in all hilly terrains in response to a wide
variety of terrain conditions and triggering processes like
heavy rainstorms, cloudbursts, earthquakes, floods,
cyclones and haphazard human activities. CRED data
indicates a death toll of 8,658 due to landslides and
avalanches between 1990 and 1999 but it appears to be
significantly under-estimated. As landslides are frequent
and widespread, the annual cumulative losses worldwide
amount to tens of billions of USD in terms of lost
property, environmental damage, repair works, and the
maintenance of defence measures. The frequency of
landslides is strongly influenced by the return periods of
triggering events like rainfall and earthquakes. More than
5000 people are buried alive under landslides and
economic losses of >4 bn USD are suffered every year
globally.

In India, nearly 15% of its territory (covering
about 0.49 million sq.km) is prone to various degrees of
landslide hazard, frequently affecting the human life,
livelihood, livestock, living places, structures,
infrastructure, and natural resources in a big way. In
addition to direct and indirect losses, landslides cause
significant environmental damage, societal disruption
and strategic concern. Landslides are spread over 22
States and 2 Union Territories in the Indian territory. It is
estimated that on an average about 500 lives are lost and
costs approximately Rs.300 crores annually. Recent
landslides that had catastrophic effects in terms of life,
economy and environment include Kapkot Landslide
(2010), Leh Debris Flow (2010), Nilgiri Landslide (2009)
and La-Jhekla Debris Flow (2009), Karwar Landslide
(2009), Ghanvi village Landslide (2007), Sakinaka
Landslide in Mumbai, Konkan landslides of 2005,
Varunavat Landslide (2003), Budha Kedar Debris Flows
(2001), Malpa Landslide (1998) and so on.

Being cognizant of the diversity of issues
associated with landslides problem that arise from both
the regional considerations and of the considerable
variations in the institutional capability and
responsibility at regional and local levels, inputs from a
wide variety of stakeholders / disciplines are essential.
The training needs analysis in different working sectors
and disciplines revealed lack of adequately trained and
skilled human resources for disaster risk reduction as
well as highlighted the gaps in coordination, linkage and
networking among different sectors / disciplines for
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integrated and synergised approach. It has been indicated
that although professional development in specific
sectors is quite good and performance oriented yet the
expected outcomes are not achieved due to improper
understanding or miscommunication with other
stakeholders. Informed, skilled and trained human
resources working in a coordinated manner can play a
significant role in landslides risk management and loss
reduction. It has lead to the idea of developing a
comprehensive programme on disaster risk reduction for
cross-sectoral and inter-disciplinary group of participants.
World Bank Institute, New York and National Institute of
Disaster Management, New Delhi have been organizing a
comprehensive course on disaster risk management
framework to cater to such needs through web based
online courses since last more than five years.

The author experienced gaps in communication
and understanding among geologists, engineers,
administrators, planners and decision makers in the field
of landslides management in India. Hence, it was planned
about 6 years ago to develop a 5-day face-to-face
comprehensive training programme on landslides risk
management which will target an inter-disciplinary and
cross-sectoral group of participants. Till date, 24 such
training programmes have been organized successfully at
national, regional and state levels wherein 718
participants have been trained (refer Table 1). The
training module on Comprehensive Landslides Risk
Management focuses on imparting basic and requisite
knowledge / skills /information needed by different
stakeholders at various levels in related sectors and
disciplines. It is aimed to enhance the risk reduction
initiatives, coping capacities and responding abilities to
different situations in an effective and efficient way.
These participants are expected to play an important role
in reducing landslide incidences and impacts through
various kinds of activities involving social, technical, legal,
financial, environmental, administrative and other such
aspects at different levels/scales/dimensions.

ScopeScopeScopeScope ofofofof thethethethe trainingtrainingtrainingtraining programmeprogrammeprogrammeprogramme

The aim of these training programmes is to work in the
following directions to make the hilly terrains and
coastal areas free of landslide disasters.
• To promote the use of landslide risk analysis

techniques to guide loss reduction efforts at the
National, State and Local Levels.

• To play a vital role in evaluating methods, setting
standards, and advancing procedures and guidelines
for landslide hazard maps and assessments.

• To provide tools for landslide hazards mitigation and
promote basic research on monitoring techniques
and on aspects of landslide process mechanics.

• To improve education, training and awareness of
landslide hazards and mitigation options for decision
makers, professionals, and the general public.

• To integrate and mainstream landslide risk

management with development and climate change
in a multi-hazard perspective involving
interdisciplinary cross-sectoral partnership approach

• To produce the implementation and management
plans that will provide the practical basis for an
effective national strategy that can be applied at local
levels.

• To support advocacy, policy, guidelines and plans for
landslides risk management at different levels among
various stakeholders

• To develop workable partnerships with States,
District and Local Level Governments and Non-
Governmental Organizations as well as professional
and other stakeholders.

Table 1 Year-wise distribution of training programmes and
participants for inter-disciplinary cross-sectoral course on
landsides management during September 2006 to February 2012

TargetTargetTargetTarget GroupGroupGroupGroup
The target group for these programmes included senior
officers from departments of Revenue, Disaster
Management, Geology and Mines, Geological Survey of
India, Town Planning, Public Works Department, Border
Roads Organization, Irrigation and Flood Control, Rural
and Urban Development, Hydel Sector, Building and
Housing Department, State and District Development
Authorities, National Disaster Response Force, Police and
Civil Defence, Fire Services, Environment & Forest,
Roads and Bridges, Watershed Management, State
Science and Technology Council, State Remote Sensing
Application Centres, Professional, Research, Academic
and Community organizations/Public Representatives etc.

The participants are expected to have varied
responsibilities, academic backgrounds & experience.
But all of them are required to be equipped with minimal
level of knowledge, skills, information and experience
related to landslides for doing their tasks effectively in
their organizations as well as in coordination with other
sectors/disciplines. They are expected to deal with
disaster management during planning and
implementation of developmental activities.

S. No. Year Number
of

Training
Courses
organized

Total
Number of
participants

Average
Number of

participants per
course

1 2006 1 32 32
2 2007 6 180 30
3 2008 3 108 36
4 2009 4 94 ~24
5 2010 4 84 21
6 2011 5 124 ~25
7 2012 1 96 96
Total ~6 years 24 718 ~28
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CourseCourseCourseCourse ObjectivesObjectivesObjectivesObjectives
At the end of the training program, the participants will
be able to
• Define the terms/concepts in landslides risk

management and provide basic information about
landslides

• Describe landslide scenario and mitigation strategy
with multi-hazard perspective in state

• Characterize / identify landslides indicators /
precursors and relate factors affecting landslide
occurrence and extents

• Identify the needs, gaps and strategies in landslide
databases, inventory & mapping

• Understand the Landslide Hazards, Vulnerability and
Risk Assessment, Zonation, Prioritization and
Communication for Landslide Risk Reduction

• Learn options for minimizing landslides risks –
avoidance, prevention, mitigation (including
structural and non-structural measures),
preparedness, and response

• Assess landslides damages and losses in a systematic
way

• Inform about planning, policy and guidelines on
landslide risk management as well as
roles/responsibilities/SOPs of stakeholders

• Understand cross-sectoral issues like administrative,
technical, legal, financial, and social etc.

• Enlist and use Indian Standards and Codes related to
landslides

• Discuss about the possible applications of technology,
local resources/skills, and traditional wisdom in
landslides management – Community Based
Landslides Risk Management

• Demonstrate through an exercise the process of
landslide risk management

• Carry out mock drills for public safety against
landslides

• Integrate and mainstream landslide risk management
with development and climate change in a multi-
hazard perspective with interdisciplinary cross-
sectoral partnership approach

• Provide a forum for networking, linkage and
coordination among different stakeholders for
exchange of ideas, information, knowledge,
experiences and resources on landslides risk
management

ChallengesChallengesChallengesChallenges andandandandOpportunitiesOpportunitiesOpportunitiesOpportunities

The implementation of this type of cross-sectoral and
inter-disciplinary training programme on comprehensive
landslides risk management involved following
challenges in the beginning.
• Preparation of requisite reading material in laymen’s

language that can be understood by persons with
varied academic background and experiences

• Preparation of presentation with simplified case
studies using field photographs, maps and
illustrative sketches

• Identifying appropriate resource persons / experts
from different sectors and disciplines who can share
their knowledge, information and experiences in
common man’s language

• Preparation of table top exercises for landslide
management in pre, during and post landslide
scenarios

• Identification of appropriate landslide site for
educating trainees about landslide identification,
studies and mock drills

• Planning mock drill exercises and imparting training
on search, rescue and first aid

• Devising strategies for reducing gaps among
different sectors and disciplines

Attempts were made by the author by organizing courses
regularly and improving / updating the training module
with feedback / inputs from the participants after
completion of the courses. Most of the above challenges
have been dealt well now and a training module has been
designed by the author and finalized after review by
experts.
However, these efforts have also brought forward some
good opportunities as listed below.
• The training module on comprehensive landslide

risk management is being used for replicating the
training programme in other parts of the country by
trainers from other training institutions

• The training programmes have resulted in building a
database of trained human resources available in the
country who can be utilized by their respective local,
state and national level authorities for landslides risk
reduction

• A national level network of different stakeholders on
landslide management has been established using
the trainee database

• Relevant knowledge, information and experiences
are shared by all network members which promotes
mutual learning process among stakeholders

ConclusionsConclusionsConclusionsConclusions

The conduct of training programmes on comprehensive
landslides risk management has led to the following
benefits among the society.
• Pool of trained human resources who can cater the

needs for assessing landslides risks and help in
managing them or reducing their risks at various
levels, viz district, state and national level.

• Reliable and credible system for landslide risk
management is possible due to better understanding
and coordination among different stakeholders with
varying background and experiences
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• Networking and linkage of resources among various
stakeholders becomes strong.
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Abstract Situ Gintung is a natural reservoir/lake which 
ridge at the downstream area was elevated to increase the 
storage capacity. After experiencing high intensity rainfall 
of more than 70 mm/hours the previous day, on 27 March 
2009, the spillway and 50 m long of earth dam 
embankment collapsed causing flash flood. A 
comprehensive site investigation and slope stability 
analysis was conducted to understand the instability and 
failure mechanism process of the dam embankment. The 
result of the investigation and analysis shows that 
massive disturbance occurred in the downstream slope of 
left embankment due to slope cutting and additional 
loading of one and two-storey houses. The signs of 
instability could be detected from the condition where 
the spillway width was reduced, the steep channel 
underwent a narrowing and the stilling basin was also not 
in a good condition. The stability of the slope prior to the 
disturbance was quite fair and became close to critical 
condition after the disturbance of slope cutting and 
additional loading occurred. To prevent the similar 
disasters, it is necessary to conduct structural mitigation 
efforts in the form of regular maintenance to the earth 
dam constructions and the application of monitoring and 
warning system followed by an increase in the 
preparedness of the community and local authority in 
anticipating disasters related to dam failure.  

Keywords slope stability, dam failure, shear strength 
reduction, rapid rising of water level, slope defects. 

Problem Background 

The Special Region of Jakarta and its surrounding areas in 
West Java Province and Banten Province have more than 
200 small and natural reservoirs. In the local language, 
surface water storage of 10-30 ha of inundation area is 
commonly called as “Situ”. The situ functions as flood 
control, groundwater conservation, surface water 
accumulation for irrigation, drinking/industry water, and 
tourism. In 1950s more than 1000 small reservoirs (situ) 
were found in Jakarta Region and its surrounding areas. 
However, due to the pressure of infrastructural 
development that caused land use change, the number of 
situ reduced significantly.  

Situ Gintung lies in Tangerang District, Banten 
Province which is one of the catchment areas in the 
southern of Jakarta. The situ was built in 1933 for 
irrigation purposes. The construction process of Situ 
Gintung began from a small natural lake in the tributary 
of Pesanggrahan River as a natural water reservation. The 
downstream of earth embankment was elevated to 
accommodate more water. The dam had 2 intake doors in 
the left and right side; however, since tens of years ago, 
these doors have not been functioned anymore since the 
farm land has changed into settlement and business 
areas. The area of Situ Gintung has also decreased from 31 
ha to 22.8 ha due to the pressure of the development in 
its surrounding areas (Legono et al., 2009).  

On 27 March 2009, Situ Gitung Dam broke, 
resulting in flash flood that wiped out the downstream 
areas to the direction of Pesanggrahan River. The flash 
flood travelled at more than 10 m/s in less than 2 hours, 
with more than 100 casualties (Rahardjo et al., 2009). The 
recorded hydrological data shows that the day before the 
dam broke, rain with high intensity of 162 mm per day 
and 80 mm for 1.5 hours fell. This led to failure of the 11.2 
m spillway and 40 m long embankment. With the volume 
of Situ Gintung dam storage capacity of 690.000 - 810.000 
m3 at the elevation of +98.00 m, the collapsed materials 
mixed with water generated flash flood. 

The phenomena of dam failure should be 
understood as a type of disaster that can strike anytime 
and anywhere considering the number of small reservoirs 
with earth fill embankment located in many areas in 
Jakarta and all over Indonesia.  Fathani (2011) has 
analyzed the Situ Gintung earth dam failure as a 
preliminary assessment of the dam after the collapse. 
However, this research provides a deeper assessment and 
evaluation of the instability process and failure 
mechanism of Situ Gintung by elaborating a 
comprehensive site investigation on geological and 
geotechnical condition, and considering the reduction of 
soil strength due to the saturation process.  Legono et al. 
(2010) stated that the improvement of the operation and 
maintenance of similar hydraulic structures, the 
application of monitoring and warning system, and 
furthermore, the enforcement of land use are expected to 
prevent the same disaster from happening.   



Proceedings of the 10th Anniversary of ICL – January 2012, Kyoto 

66 

Fact Findings on the Embankment and Spillway 
Condition 

The comprehension on the phenomenon of Situ Gintung 
dam failure can be carried out through three physical 
phenomena approaches namely hydrological phenomena, 
hydraulics phenomena and geotechnical response, and 
flash flood propagation phenomena. These physical 
phenomena can only be comprehended if the monitoring 
data in a series of time is available. This research is 
focused on engineering geology and geotechnical 
approach in assessing the mechanism and instability 
process of dam failure. The approach of hydrology, 
hydraulics, and flash flood propagation refers to the 
results of the previous studies by Rahardjo et al. (2009) 
and Legono et al. (2010).  

From the result of the site investigation after the 
disaster, several fact findings were found that can be 
elaborated as follows. In principle, the materials used for 
the dam construction were in a good condition. This can 
be seen from the right embankment that did not 
experience any major disturbance. Small trees and bushes 
were grown on the downstream slope and there is no 
additional external loading. The material used for the 
embankment consists of stiff silty clay with high-
plasticity that can be categorized as laterite soil from 
volcanic deposit.  

The opposite was found in the downstream slope at 
the left embankment. In this part, many one and two-
storey houses were constructed by cutting the slope. The 
slope disturbance was getting worse due to not only the 
unexpected external load, but also the excavation for 
foundations, septic tanks, electricity cables, wells, etc. 
The direct disturbance on the embankment slope 
resulted in the decrease of stability and integrity of the 
dam structure. Figure 1 shows the Situ Gintung failure 
from the downstream. Figure 2 shows the view of 
collapsed Situ Gintung Dam from upstream. The 
downstream slope of the left embankment experienced 
severe disturbance due to slope cutting for houses and 
road construction (Fig. 3).  

Figure 1 Situ Gintung failure that wiped out the downstream 
areas. 

Figure 2 View of collapsed Situ Gintung from upstream (source: 
Kurnia, 2009). 

Figure 3 The massive disturbance at the downstream slope of 
left embankment by slope cutting and external loading.  

The total length of the dam embankment is 180 m; 
50 m of which experienced failure. The maximum height 
of the earth embankment is 10 m. The spillway of 11.20 m 
long made of masonry structure was constructed at the 
small river stream. In the upper part of the spillway, a 
small bridge to connect the left and the right 
embankment was built in 2004 (Fig. 4). The width of the 
spillway decreased by approximately 2 meter due to the 
construction of 2 supporting pillars (Fig. 5a). The front 
part of the spillway had experienced minor damage due 
to erosion, particularly in the interface between masonry 
wall at the left and right side of the spillway with the 
earth embankment. The erosion also occurred in the toe 
of the slope in the upstream side along the dam 
embankment (Fig. 5b). 

In the downstream of spillway, a steep channel was 
built. It underwent a narrowing and was completed with 
a stilling basin. The overflow flowed to the open channel 
that emptied into Pesanggrahan River. The steep channel 
did not receive any water flow in the last 10 years prior to 
the dam failure. This probably made the local community 
and the stakeholders not aware on the risk of dam failure 
due to the nearly inactive spillway.  

Right embankment Left embankment 

Spillway location 
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From the interview with the local community and 
direct observation in the site three days after the Situ 
Gintung dam failure, the sign of overtopping along the 
earth embankment before the failure was not found. The 
overflow was only through the spillway and the large 
increase in the discharge through the steep channel 
damaged the stilling basin of 6 m in diameter area. 

 

Figure 4 The road and bridge connected the left and the right 
embankment: (a) Road and houses constructed at the left 
embankment; (b) the bridge before collapse (taken by Ministry 
of Public Works, 2009).  

Figure 5 (a) The spillway width reduced by the construction of 2 
supporting pillars (Ministry of Public Works, 2009); and (b) 
Erosion at the toe part of upstream slope.  

Geology and Geotechnical Investigation 

Based on the geological pap of Jakarta and Kepulauan 
Seribu (Ministry of Energy and Mineral Resources, 1992), 

most part of Jakarta, including Situ Gintung area, is 
composed of tuffaceous sandstone, conglomerate and 
alluvial fan. The alluvial plan deposit affected by volcanic 
activity in The Pleistocene Epoch, constituting layering 
tuff, conglomerate interlaying with sandy tuff and 
pumice. The rock layer is assumed to be 300 m thick and 
spread widely from the South to the North. Alluvium is 
composed of clay, sand, gravel, cobble and bolder, 
whereas the deposit includes coastal sediment, stream 
sediment and marsh. 

The study on the local geological condition of Situ 
Gintung refers to the result of geotechnical investigation 
by Ministry of Public Works (2009). Situ Gintung is 
located in a basin from the South to the North lying on 
tuffaceous sandstone, conglomerate and alluvium fan.  In 
the north part, there is a ridge where the earth 
embankment and spillway composed of masonry 
structure were built to increase the storage capacity of 
the dam. The embankment is composed of high plasticity 
clay underlying by sandy clay to clayed sand. At the base 
sandstone, dense sand, and tufa were found.   

A comprehensive field investigation was carried out 
by the Research Center for Water Resources, Ministry of 
Public Works (2009) and by Univeristas Gadjah Mada 
(UGM). The core drillings test, standard penetration test, 
and Dutch Cone Penetration Test (CPT) were focused on 
the spillway and the area of the collapse embankment 
whereas handbore and test pits were conducted in the 
surrounding embankment. Figure 6 shows the 
inundation area of Situ Gintung, the location of collapsed 
spillway and embankment, and the location of site 
investigation.  

 

 

Figure 6 The inundation area of Situ Gintung and the location 
of site investigation. 

(a) 

(b) 
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From the result of drilling cores interpretation and 
laboratory test, the index properties and engineering 
properties of the soil composing the embankment body 
and soil/rock layer underneath the embankment can be 
elaborated. Table 1 shows the results of the laboratory 
test of the soil sample taken from the drilling test and 
hand bore/test pit around the collapsed embankment. It 
can be seen that the soil in the upstream slope and the 
embankment body can be classified as clay or silt high 
plasticity (CH-MH) with fine material above 80%, with 
exception of the soil in the downslope of left 
embankment which is classified as clayed sand. Water 
content ranges from 47 to 74%, the higher percentage 
was reached just before the collapse due to the saturation 
process. Unit volume weight of the soil samples value 15.4 

to 16.7 kN/m3. From the shear strength test of the soil, 
the cohesion varies from 0 to 30 kN/m2. The value of 
internal friction angle is generally below 30°. The 
permeability value and dispersion test of several samples 
are also described in Table 1. 

The geometrical profile and soil stratification of the 
collapsed embankment are shown in Figure 7. Further, 
the index properties and engineering properties values 
are used as the input parameter in the slope stability 
analysis.  In the analysis, the condition of soil layer 
composing the embankment in the left side and right 
side of embankment is differentiated. The water table 
fluctuation in the reservoir is also evaluated to 
understand the failure mechanism of Situ Gintung Dam.   

Tabel 1. Results of soil laboratory testing 

Soil Parameter 
Upstream 
sediment 

Downslope-
right 

Embankment 
body 

Downslope-
left 

Embankment 
left 

Embankment 
right 

Water content, wn (%) 73 60-62 54-59 74 56.60 47.11 

Volume weight, n (kN/m3) 15.9 15.4-16.4 15.6-16.7 15.4 16.6 16.0 

Soil classification CH-MH CH-MH CH-MH Clayed Sand CH-MH CH-MH 

Finer #200 (%) 85.85 79.20 85.82 21.80 92.17 97.32 

Shear strength: 
Cohesion, c (kN/cm2) 

Internal friction,  (o) 

10 
24.5 

0 
21 

10 
22-25

0 
30 

3 
>30

30 
26.9 

Permeability, k (cm/s) - - 1.8x10-7 6x10-4 - 3.4x10-08 

Dispersion (Pin-Hole) - ND1 ND1 - - - 

Figure 7 Geometric profile and soil stratification: (a) Longitudinal section of the collapsed embankment; and (b) Cross-section of the 
dam embankment (modified from Ministry of Public Works, 2009)  
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Stability Analysis 

The stability analysis of the embankment slope was 
performed using stress-deformation analysis by Finite 
Element Method (FEM), and stability analysis by static 
Limit Equilibrium Method (LEM). Meanwhile, Fathani 
(2011) performed the seepage analysis by modelling rapid 
rising of the reservoir water level just before the failure to 
evaluate the possibility of piping.  

The analysis was focused on the left embankment 
that experienced the most severe disturbance on the 
downstream slope. Whereas the condition of the slope on 
the left spillway was evaluated against three conditions 
that was the initial condition of the dam when it was 
constructed (Section A); after the disturbance in the form 
of the slope cutting for one-storey buildings (Section B); 
and disturbance in the form of two-storey buildings in 
the upper part of the downstream slope (Section C). The 
right slope was also evaluated to measure the 
embankment stability if it had not had significant 
disturbance (Section D). 

In the Section B, C and D, the effect of the 
pedestrian road constructed in 2008 with additional 
loading of 10 kN/m2 was also evaluated. The stability 
analysis performed in this research considers the 
reduction of soil shear strength parameters (cohesion and 
internal friction angle) taking into account the result of 
the most update site investigation, particularly the result 
of the laboratory test from the additional soil sample 
taken from core drillings, hand bore and test pits. Other 
than that, the reduction of cohesion value due to the soil 
saturation at the time when the embankment collapsed 
was also considered. 

The stability evaluation on 4 cross sections was 
conducted by simulating the rise of reservoir water table 
in stages from the elevation +96.00 m (normal condition) 
to +98.75 m (peak condition) to model the effect of the 
rapid rising of water level to the slope stability 
(Yoshimatsu, 1981). Two calculation approaches were 
used, namely (1) Finite Element Method (FEM) that 
resulted in factor of safety (FS) and deformation; and (2) 
Limit Equilibrium Method (LEM) with Morgenstern-
Price (M-P) Method to calculate factor of safety (FS) at 
the upstream and downstream slope. Table 2 shows the 
result of the stability calculation using the two methods 
at 4 cross sections with variations of reservoir water table. 

As seen in Table 2, both methods of slope stability 
calculation show a decrease in the factor of safety as the 
reservoir water table rose from the normal condition of 
+96.00 m to its peak condition of +98.75 m before the
dam failure. The reduction of factor of safety only
occurred in the downstream slope while in the upstream
slope (LEM Method), the factor of safety increased
slightly due to the increase of hydrostatic stress in the
upstream slope as the water table rose.

The decrease in the factor of safety in the 
downstream slope was not too significant compared to 

the factor of safety reduction due to slope cutting and 
external loading. In the left embankment, it can be 
observed that when the water table was +98.75 m the 
factor of safety decreased from 1.48 before the 
disturbance to 1.26 after the slope cutting and one-storey 
houses loading. This condition is worsened by the 
additional loading of two-storey houses; as a result, the 
factor of safety decreased significantly to 1.10. It should be 
noted that the factor of safety values were calculated 
without considering the defects in the downstream slope 
due to the excavation of foundation, septic tanks, 
electricity cables, wells, etc. If the defects were 
considered, the factor of safety values can be lower from 
the calculation results.  

Figure 8 shows the relative shear stress distribution 
on the left slope of the spillway when the water table was 
peaked at +98.75 m. The observed condition is before the 
disturbance (A), the slope cutting with one-storey houses 
loading (B), and he slope cutting with two-storey houses 
loading in the upper part (C). The increase in the 
accumulated relative shear stress in the cut slope can be 
seen. When the load is bigger, it causes an increase in the 
accumulated relative shear stress and the total 
deformation at more than 10 cm during the C condition.  
This shows the significant contribution of slope cutting 
and external loading to the instability of downstream 
slope in the dam embankment.  

Tabel 2. Results of stability calculation 

Section 
Reservoir 

water level 
(m) 

FEM (c-phi 
reduction) 

LEM  
(Morgenstern-Price) 

Def. 
(x 10-3 m) 

FS FS 
Upstream 

Slope 

FS Down- 
stream 
Slope 

A +98.75 99.49 1.48 1.53 1.55 

+98.50 99.04 1.48 1.49 1.60 

+98.00 98.09 1.49 1.49 1.67 

+97.00 96.04 1.50 1.47 1.79 

+96.00 93.84 1.51 1.45 1.89 

B +98.75 103.72 1.26 1.48 1.36 

+98.50 103.43 1.27 1.48 1.36 

+98.00 102.57 1.27 1.45 1.40 

+97.00 100.78 1.30 1.40 1.47 

+96.00 98.69 1.31 1.40 1.54 

C +98.75 107.28 1.10 1.40 1.21 

+98.50 106.56 1.10 1.40 1.29 

+98.00 105.75 1.11 1.37 1.34 

+97.00 104.52 1.14 1.35 1.37 

+96.00 102.49 1.14 1.34 1.40 

D +98.75 88.12 1.79 1.79 1.86 

+98.50 87.55 1.79 1.74 1.90 

+98.00 86.44 1.80 1.71 1.97 

+97.00 84.53 1.82 1.69 2.09 

+96.00 81.99 1.85 1.67 2.18 



Proceedings of the 10th Anniversary of ICL – January 2012, Kyoto 

70 

Figure 8 The distribution of relative shear stress and the change 
of factor of safety at highest reservoir water level of +98.75 m.  

In Figure 8, it can be seen that the relative shear 
stress is distributed to the surface of upstream slope, 
embankment core, and also accumulated in the toe of the 
downstream slope. The condition can answer why the 
observed initial damage is in the stilling basin. This is 
worsened by the small capacity of the flow of the steep 
channel due to the narrowing from time to time. 
Moreover, during the site investigation, some minor 
damage was also found in the toe of the upstream slope 
(as shown in Fig. 5b) that might occur due to not only the 
erosion, but also the high shear stress in this zone.  

Figure 9 shows the result of stability analysis on the 
upstream and downstream slope during the peak water 
table of +98.75 m. As explained before, the increase in the 
reservoir water table causes a slight increase in factor of 
safety. The critical slip surface on the upstream slope is 
relative shallower compared to the critical slip surface on 
the downstream slope that is much deeper.   

Based on the result of the investigation using core 
drillings (Fig. 7), the soil layer which is crossing by the 
slip surface is the soft fill clay, high plasticity clay, 
weathered conglomerate and soft tuff. Meanwhile, slip 
surface cannot penetrate the sandstone layer (medium to 
hard) and cemented fresh conglomerate. 

Figure 9 Stability analysis by Morgenstern-Price Method on 
Section B showing the critical slip surface: (a) Upstream slope; 
and (b) Downstream slope. 

Related to the right embankment, the stability 
condition is good with the factor of safety in various 
conditions still above 1.65. This shows the initiation of the 
progressive failure, starting from the left embankment 
that had critical factor of safety due to the massive 
disturbance on the downstream slope.  

Seepage analysis is discussed in the previous study 
by Fathani (2011) using Seep/W. It is concluded that the 
safety factor against piping in Section A and D (without 
any disturbance) is higher than 4.00, hence the piping 
does not occur. The same condition can be obtained in 
the left embankment with slope cutting and one-storey 
houses loading (Section C) with factor of safety against 
piping slightly above 4.00, while in Section C with 
massive disturbance on the slope due to slope cutting 
and two-storey houses construction, the safety factor 
against piping is decreased to 3.51, hence, the piping is 
possible to occur in the cross section experiencing 
disturbance in the form of slope cut and external loading.  

Discussion and Conclusion 

From the result of the analysis, it can be concluded that 
the rise in the reservoir water table does not significantly 
lead to instability to the embankment dam. However, this 
rapid rising of reservoir water level could be one of the 
triggering factors of the dam collapse. In general, the 
upstream slope had higher factor of safety than the 
downstream slope and only the downstream slope that 
experienced instability during the rise in the water table. 
The biggest effect of instability was due to the massive 
disturbance in the left embankment. Meanwhile, the 
right embankment was relatively stable as it did not 
experience any disturbance.  

Section A 
Def. = 99.5×10-3 m  
FS = 1.48 

Section B 
Def. = 103.7×10-3 m  
FS = 1.26 

Section C 
Def. = 107.3×10-3 m  
FS = 1.10 

Section B-upstream 
FS = 1.48 

Section B-downstream 
FS = 1.36 
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The minimum safety factor of the left embankment 
with slope cutting and two-storey houses loading is 1.10. 
This condition considers the decrease of shear strength 
parameters due to the saturation process. However, the 
slope defects caused by slope cutting for housing 
construction are not considered in the analysis.  The 
value of factor of safety may be lower than the result of 
the calculation and causes the slope to be in critical 
condition. Slope cutting leads to a decrease in resisting 
forces and at the same time, external loads increases that 
endanger the slope of dam embankment.  

The stability analysis used static limit equilibrium 
method, with assumption that the slip surface is circular. 
The obtained factor of safety value is relatively higher 
from the calculation using FEM. For more advanced 
analysis, it is recommended to consider submerged 
landslides condition carried out by Fathani (2004) and 
Fathani and Nakamura (2005). The assumption that the 
slip surface is arbitrary shape should be considered which 
may lead to lower factor of safety and close to the result 
of FEM result with c-phi reduction approach.  

From the analysis, the causes of Situ Gintung dam 
failure can be elaborated, mainly due to slope cutting and 
external loading from building construction. This 
resulted in the defects on the embankment slope. Other 
causes are narrow spillway construction disturbed by 
bridge construction, inadequate interface between the 
masonry structure of spillway and the soil embankment 
next to it, and the bad condition of step channel and 
stilling basin.  

The initial damage detected is in the stilling basin 
followed by tremor in the spillway and felt by the people 
living in the houses on the downstream slope of the left 
embankment. Based on the interview with the eye 
witnesses, the signs of the dam failure could be observed 
and immediately informed to the people living near the 
dam embankment so that they were able to evacuate. 
However, most of the casualties were the people living 
quite far from the embankment and thus were not 
informed of the signs and could not give an appropriate 
response before the disaster hit. Therefore, monitoring 
and warning system on the possibility of dam failure is 
needed. The monitoring equipment that can be used is 
rainfall gauge, water level measurement, and deformation 
of embankment structure. The technical approach should 
be conducted along with social approach to improve the 
preparedness of the community and local authority in 
anticipating disaster.  
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Abstract:Abstract:Abstract:Abstract: Smart Grid is a participatory cyber-based
communication and information system, developed to
support the communication and monitoring of landslide
hazard, and also to facilitate the coordination for
landslide early warning, via participatory on-line web
and/ or various type of social media.
To test the affectivity of the Smart Grid performance, a
pilot implementation of this system is now under
preparation. A specific landslide hazard area in
Karanganyar Regency will be selected as a pilot
implementation site. Prior to and after the trial
implementation of this system, a psychosocial survey will
be carried out, in order to evaluate the limitations of such
system and community response during the trial.

KeywordsKeywordsKeywordsKeywords participatory, monitoring, early warning

ProblemProblemProblemProblem backgroundbackgroundbackgroundbackground

More than 40 % of the Indonesian region is vulnerable for
landslide disasters, due to the natural conditions and
high population density. Unfortunately, problems to
provide an appropriate land-use management and to
facilitate the relocation of human settlements inevitably
arise because of various socio-economical constrains.
Accordingly, the development of landslide early warning
system is urgently required to reduce the risk of landslide.
Nevertheless, numbers of landslide early warning
instruments which can be installed will be very limited
due to the economical limitation, regardless the existence
of large area of landslide risk zone. Therefore, an
appropriate system to facilitate landslide monitoring and
early warning which is capable to cover quite large region
vulnerable for landslide is needed.

In order to solve the problems above, aaaa smartsmartsmartsmart
gridgridgridgrid, which is designed as a cyber-based landslide hazard
monitoring and early warning system, is accordingly
developed. By utilizing a smart grid system, any
individual of the community member living in the
landslide prone area can have a direct access to the
hazard communication, monitoring and early warning
system, via any communication media such as mobile
phone, Twitter, Facebook or online website.

ConceptualConceptualConceptualConceptual designdesigndesigndesign ofofofof SmartSmartSmartSmart GridGridGridGrid

Karnawati, et al (2011) highlighted the importance of
community participation to guarantee to affectivity of
landslide early warning system. Accordingly, the smart
grid is designed as a system of handling networks of
information nodes through the ‘online’ web or cyber
system, with the specific functions to facilitate the
participatory data reporting via the online web, mobile
phone, or other various social media, and also to store
and analyze those participatory input-reports. Such
reports mainly related to the geological/ geotechnical
conditions and process, which considered as the
symptoms or early indications of landslides. All of those
community reports will be elaborated to define and
inform the landslide hazard and risk level in any
particular site. Therefore, appropriate actions for the
mitigation, preparedness or emergency response can be
recommended, which can also be supported with the
provision of community risk map, evacuation route and
community shelter. Concept of the participatory web
system is illustrated in Figure 1.

All of the information about hazard/risk and the
guidance for response will be blasted/ transmitted back
to the respective-reporting node as well as to the other
relevant registered nodes. This participatory system can
also be connected to various types of social media
(mobile phone call/text, Twitter, Facebook, Google+,
Yahoo, etc.) and to the existing landslide monitoring and
early warning instruments.

It is also important that the multi-two way
directions of communication system, i.e. communication
between multi-reporters to the web system, facilitates the
communication flow in this participatory website. Such
system can also be linked to the existing community-
based landslide early warning system developed in
parallel with this system. It is also important that the
multi-two way directions facilitates the communication
flow in this participatory smart grid system. Such system
can also be linked to the existing community-based
landslide early warning system developed in parallel with
this system.
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ComponentComponentComponentComponent ofofofof thethethethe smartsmartsmartsmart gridgridgridgrid

The “smart grid” will consist of three main
components, which include:
a.a.a.a. participatoryparticipatoryparticipatoryparticipatory webwebwebweb serviceserviceserviceservice systemsystemsystemsystem; with the main

function to collect data input reported/sent by the
reportingreportingreportingreporting nodesnodesnodesnodes, such as by the selected/ registered
local community/ investigators/ observers, to
conduct data processing and analyses, and then to
transfer the results/outputs of such analyses as the
decision support information or recommendation.

b.b.b.b. earlyearlyearlyearly warningwarningwarningwarning webwebwebweb systemsystemsystemsystem, for recording and
transferring the monitoring data (provided by the
early warning instruments) into the participatory
web and/ or directly to the information nodes

c.c.c.c. reportingreportingreportingreporting andandandand receivingreceivingreceivingreceiving nodesnodesnodesnodes; the local community/
investigators/ observers which provide the data
record from the field/ instruments to the
participatory web, and also which receive the analysis
results from the participatory web.

InputInputInputInput DataDataDataData

The input data consist of reports sent by the selected
(registered) person at the local communities, and also
sent by the local surveyors and/ or local experts. All of
the reporters are considered as the ‘smart reporting
nodes’, which significantly construct the grid of input
information leading to landslide hazard and risk levels/
maps.

Input parameters for hazard assessment consist
of the indicators of slope movement that can be recorded
empirically by observing the symptoms of such
movements, which indicated by the appearance of
surface deformation at the slope and the surrounding
area, and may also on the houses and infrastructures.

Figure 1. Design of Smart Grid with participatory web
73



Proceedings of ICL Symposium, Kyoto, 2012

These deformations may include:
a. the appearance of cracks with typical ”horse

shoe shape” at the slope surface, or at the
structures and infrastructures (notified by the
system as S1);

b. the land subsidence or the displacement of any
feature at the slope surface (notified as S2);

c. the bulging or deformation at the slope surface or
retaining wall (notified as S3):

d. the appearance of seepage or spring (the water
discharge from slope surface which is mixed with
the sediments or slurry) at the toe or foot slope
(notified as S4);

e. the inclination of any vertical features (piles,
trees, etc.) at the slope surface (notified as S5).

HazardHazardHazardHazard levelslevelslevelslevels
A simple method of mapping is proposed by Karnawati,
et al (2010) to assess the level of landslide hazard at
particular zone in a village. This mapping is mainly
conducted by empirical observation method to record
and assess various indicators of slope movement and/ or
the key parameters, which can eventually cause the
landslide occurrence. Due to the simplicity of such
method, the observation can be conducted by the
community (which may also facilitated by an adviser),
and accordingly they can distinguish the levels of
landslide hazard into three different levels, with these
following criteria:

a. active slope (where two or several symptoms of
slope movement can be recorded clearly, and
these symptoms are quite persistence),

b. non active (no symptom of movement),
c. moderately active (illustrating the transition

conditions from active to non active, where only
one symptom of slope movement occurs).

Table 1. Symptoms of slope movements

Symptoms Conditions

S1 cracks with typical ”horse shoe shape” at
the slope surface, or at the structures
and infrastructures

S2 land subsidence or the displacement of
any feature at the slope surface

S3 bulging or deformation at the slope
surface or retaining wall

S4 seepage or spring (the water discharge
from slope surface which is mixed with
the sediments or slurry) at the toe or
foot slope

S5 inclination of any vertical features (piles,
trees, etc.) at the slope surface

Accordingly, the levels of landslide hazard can be
assessed depending upon the appearance of landslide
symptoms (S) in response to the rain conditions (R) as
defined in Table 2, where is

a. High (HhHhHhHh), where the slope is considered as
active due to the appearance of one or several
symptoms of slope movement in response to the
heavy rainstorm, or due to a series of non-heavy
rain session which continuously proceeds for
more than 4 hours in a day after several
continuous rainy days. This high level of hazard
is defined by the computer system asHhHhHhHh.

b. Moderate (Hm)(Hm)(Hm)(Hm) is considered for a moderately
active slope, when one landslide symptom
appears in response to a series of non heavy rain
sessions occurs for 2 - 4 hours in one day, which
then repetitively occurs for several days up to
several weeks, or defined for the condition where
two or several landslide symptoms appear in
response to non heavy rain which last for less
than one hour in a day.

c. Low (Hlow)Hlow)Hlow)Hlow), where the slope is not active and
there is no symptoms of slope movement,

However, it is also important in the expert system to re-
assess the level of landslide hazard for the non-active
slope where there is no symptom of movement, by
considering key parameters causing the landslide, i.e. the
slope inclination, conditions of soil forming the slope,
and the landuse at the slope. Accordingly, the hazard
level on the region with no symptom of slope movement
can further be distinguished into:
a. High (Hh(Hh(Hh(Hh), for the most potential zone to have

landslide, indicated by the steep slope (the slope
inclination is more than 20 degree) and the fragile
soil, which is very loose or quite sensitive to move
downslope. In such conditions, the soil particle can be
easily separated with simple mechanical tools like by
fingers, hand and pen. This type of soil conditions
normally found in weathered rocks, colluvium
deposits, jointed rocks, tuff and clay, where the land is
utilized for densely housing settlements, land
cultivation such as for the irrigated paddy field and
fish pond, and may also for mining and infrastructure
development (such as for construction of road, bridge,
tunnel) which require slope cutting.

b. Moderate (HmHmHmHm), for the zone which still quite possible
to have landslide (but may not be frequently occurs).
This zone is indicated by the steep slope (steeper than
30o slope inclination) but it is formed by relatively un-
fragile soils (quite compact and firmed soils), or may
also indicated by rather gentle slope (such 20o to 30o
slopes) with fragile or sensitive soil/ rock formations,
where the land is used for dry cultivated field, low
density of settements and infrastructures.
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c. Low (Hlow(Hlow(Hlow(Hlow), for the zone where the landslide will be
unlikely to occur due to the gentle slope condition
with firmed or compact soil/rock formation.

Table 2. Hazard level assessed based on the rain
conditions and the appearance of landslide symptoms.

RainRainRainRain SymptomsSymptomsSymptomsSymptoms ofofofof
slopeslopeslopeslope
movementsmovementsmovementsmovements

HazardHazardHazardHazard
levelslevelslevelslevels

R1 (no rain) Any one of the
symptoms
appears

Hlow

R2 (non heavy rain
& last for less than
two hour in a day),
after several
continuous rainy
days.

Any one of the
symptoms
appears

Hlow

Two or several
symptoms
appear at the
slope

Hm

R3 (a series of non
heavy rain sessions
occurs for 2 - 4
hours), which
repetitively occurs
for several days up
to several weeks.

Any one of the
symptoms
appears

Hm

Two or several
symptoms
appear at the
slope

Hh

R4 (a series of non
heavy rain session
continuously
proceeds for more
than 4 hours) in a
day, which usually
occurs after several
continuous rainy
days.

One or several
of the
symptoms
appears

Hh

R5 (a single heavy
rain and
continuously occur
for more than 1
hour)

One or several
of the
symptoms
appears

Hh

GIS layer from previous maps or related agencies, as well
as the satellite images from Google Maps/ Google Earth,
can be used as additional information to develop the
landslide hazard maps, especially when there is not
indication of active slopes reported by the local nodes.

VulnerabilityVulnerabilityVulnerabilityVulnerability levelslevelslevelslevels

This assessment mainly conducted by considering the
potential impact of landslides to the human and public
activities.

High vulnerability is defined where the landslide
is very likely to threaten the area of human or public
activities, houses, and important/ strategic
infrastructures, situated within the distance of 500 m
from the potential landslide. This level is notified by the
computer system as Vh.Vh.Vh.Vh.

Low vulnerability (notified as VlowVlowVlowVlow) is considered
where the landslide is not likely to threaten any area of
human/ public activities and infrastructures, or such area
for human/public activities is situated beyond 1 km from
the potential source of landslide.

Whilst the moderate vulnerability (notified as Vm)
is defined where the landslides might be likely to
threaten the human/public activities and infrastructures,
which are situated in the distance of more than 500 m – 1
km from the source of landslide.

RiskRiskRiskRisk assessmentassessmentassessmentassessment

The risk of landslides is defined based on the integrated
assessment of the hazard and vulnerability levels. Thus
the risk is simply defined by the “expert system” in the
web as an integration of the hazard level and
vulnerability level, and this can be formulated below :

RiskRiskRiskRisk ==== hazardhazardhazardhazard xxxx vulnerabilityvulnerabilityvulnerabilityvulnerability

Afterwards, the level of risk can be simply distinguished
into various levels as illustrated in Table 3, such as :

a. high (RhRhRhRh), defined based on HhHhHhHh xxxx VhVhVhVh, or HmHmHmHm xxxx
VhVhVhVh, orHhHhHhHh xxxx VmVmVmVm

b. moderate (RmRmRmRm), defined from HmHmHmHm xxxx VmVmVmVm, or
HlowHlowHlowHlowxxxx VmVmVmVm, orHlowHlowHlowHlowxxxx VhVhVhVh

c. low (RlowRlowRlowRlow), defined as HhHhHhHh xxxx VlowVlowVlowVlow, or HmHmHmHm xxxx
VlowVlowVlowVlow, orHlowHlowHlowHlowxxxx VlowVlowVlowVlow

Table 3. Risk Levels assessed based on the Hazard and
Vulnerability levels

HAZARDHAZARDHAZARDHAZARD HhHhHhHh HmHmHmHm HlowHlowHlowHlow

VULNERABILITYVULNERABILITYVULNERABILITYVULNERABILITY
VhVhVhVh RhRhRhRh RhRhRhRh RmRmRmRm
VmVmVmVm RhRhRhRh RmRmRmRm RmRmRmRm
VlowVlowVlowVlow RlowRlowRlowRlow RlowRlowRlowRlow RlowRlowRlowRlow

The highhighhighhigh riskriskriskrisk zone is defined in the zone or conditions
which having the highest level of landslide hazard with
the most severe potential impacts/ consequences, due to
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the existence of landuse or infra-structure within the
radius of impacts. Thus, if the landslide potentially
threatens several houses (more than one house), life line
or public area with the high frequency of human
activities, such as school, market, office, main road/
highway, bridge, irrigation, paddy field, etc. which are
situated within the radius of 500 m from the potential
source of landslide, the risk should be considered as high.

Meanwhile, the lowlowlowlow riskriskriskrisk landslide zone or
condition is defined for any level of hazard zone with no
potential impacts/ consequences to human life or public
activities (no houses, no people and no infrastructure will
be affected by landslides).

Accordingly, the zone or condition, which is not
considered as the high risk or low risk, is automatically
defined as the zone/ condition with moderatemoderatemoderatemoderate riskriskriskrisk level,
where the /human public activities and strategic
infrastructures are situated beyond the radius of 500 m,
but still within the zone of 1 km from the potential source
of landslide.

OutputOutputOutputOutput

Output of the Smart Grid mainly highlights several
critical features such as :
1. Geographical location of the reporting nodes and the

respective reported input parameters (Figure 2)
2. Database management display for hazard monitoring

(Figure 3)
3. Participatory landslide hazard map analyzed by the

expert system (Figure 4)

Figure 2. Web performance showing the geographical
identification of reporting nodes with the respective
input parameters

Figure 3. Data base management display for hazard
monitoring.

Figure 4. Web performance illustrating the landslide
hazard map

TheTheTheThe AdvantagesAdvantagesAdvantagesAdvantages

As highlighted by Aditya (2010 & 2011), community
response in the disaster is often crowded and
unstructured, which then lead to a panic situation and
un-effective response. By implementing this “Smart Grid”
and participatory web system, more accurate and
systematic communication and response with respect to
any hazard and risk level can be more accurately and
effectively performed.

Moreover, the problems for having limited
numbers of early warning instruments can also be
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compensated by implementing this Smart Grid. Indeed,
this Smart Grid can be further modified or adjusted for
monitoring and facilitating the early warning of laharic
and debris flows, as well as flash floods.

FollowFollowFollowFollow upupupup planplanplanplan forforforfor thethethethemplementationmplementationmplementationmplementation

This smart grid system is now under preparation for the
pilot test at Karanganyar Regency, Central Java, Indonesia.
Prior to and after the pilot test, a psychosocial survey will
be carried out to assess the baseline socio-cultural
conditions of the study area, and also the social response
on the implementation of this system. Evaluation on such
conditions is required to enhance the existing design and
performance of the smart grid system, prior and after the
implementations. Therefore, more appropriate tool to
facilitate the landslide monitoring and early warning
system can be further performed.
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Abstract:Abstract:Abstract:Abstract: In the present study, landslides occurred
during 1997 Sarein, Iran earthquake are discussed and
evaluated. In order to meet the objectives, the Computing
with Words (CW), an approach using fuzzy logic systems
in which words are used in place of numbers for
computing and reasoning is applied. Firstly, the necessary
information which include disturbance distance, ground
class, moisture, shaking intensity, slope angle, slope
height, soil depth, terrain roughness, and land-use have
been collected using air photos, LANDSAT satellite
images, geological and topographic maps, and site
investigation of the studied region. The data is digitized
and weighted using ARCGIS software. At the next step,
the hazard rate and predicted areal concentrations of
landslides with respect to their types are calculated using
CAMEL software (Miles & Keefer, 2007). Finally,
landslides hazard map is compared to landslides
triggered by Sarein earthquake.

Keywords:Keywords:Keywords:Keywords: Earthquake, Seismic landslides, Fuzzy logic,
Regional landslide hazard zonation.

1.1.1.1. IntroductionIntroductionIntroductionIntroduction

In the recent years, population growth and
development of residential areas in highly risk regions
cause increasing of damages related to natural disasters
in developed or developing countries. Most of these
damages and sometimes major parts of the losses, are
related to occurred landslides during or after
earthquakes .In fact, landslide is defined as a downward
movement of soil and rock masses because of gravity
forces and can be considered as an important geological
hazard. One of the main landslide triggering factors is
earthquake. The seismic landslides has led to killing more
than thousands of people and billion dollars losses in
recent century (Mahdavifar, 2007). In some cases,
damages related to earthquake-induced landslides are
equal or more than earthquake damages itself. These
landslides can destruct the engineering constructions and
affect the transportation system, infrastructures such as
water, gas and oil and electricity transmission lines. Road
obstruction by landslide during earthquake can disturb
relief operations to victims of earthquake and increase
the damages. The goal of earthquake-induced landslide
hazard zonation, in regional scale models, and spatial

decision support systems is to aid decisions related to
urban and regional planning toward disaster risk
reduction.

As Iran is located on active seismic belt and also by
taking type of geomorphology, geology and topography
into account, it is susceptible to earthquake-induced
landslides and resulting damages. Therefore, recognition,
prediction of this phenomena, and prevention of its
damages are very important. In this paper, we try to
know more about one of prediction methods, examine its
applicability, and improvement the method for Iran. For
this purpose, Sarein earthquake (1997) affected area is
selected.

2.2.2.2. TheTheTheThe studystudystudystudy areaareaareaarea

The study area is located between longitudes
48°00'to 48° 15´ E and latitudes 38°00' to 38° 15´ N (Fig. 1).
The elevation of Sarein is 1650 from the average sea level
(A.S.L). The region, which had been affected by Sarein
earthquake of 28 February 1997 includes villages Golestan,
Jorab, Tajreg, Shiran, Alidashin, Biledarag, Atashgah,
Arjestan, Benmar, Sein, Shaig and Ojor (Nayeri et al.
1997).

Fig.1.Fig.1.Fig.1.Fig.1. Location of the study area
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3.3.3.3. CharacteristicsCharacteristicsCharacteristicsCharacteristics ofofofof SareinSareinSareinSarein earthquakeearthquakeearthquakeearthquake

Sarein earthquake with Mw= 6.1 occurred on 28
February of 1977 and killed 965 people and also injured
more than 2000 people (Nayeri et al. 1997). The previous
studies show that the highest intensity of this earthquake
has located in eastern part of Sabalan volcanic mountain
and the greatest damages has reported from Jorab,
Golestan and Shiran villages. Based on accelerograms
interpretation, the epicenter of earthquake assumed to be
on a point with latitude of 38°07´ N and longitude of 48°
06´ E and in the vicinity of Jorab village which are
perfectly consistent with large seismic data. The Modified
Mercally Intensity (MMI) estimated about VIII, VII and
VI for Jorab and Golestan Villages, Islam-abd and Sarein
respectively.

4.4.4.4. TectonicTectonicTectonicTectonic andandandand geologicalgeologicalgeologicalgeological settingsettingsettingsetting

Azerbaijan is one of tectonically active regions.
Movement of Arabian plate by the rate of 3 cm per year
toward the north, affects the northwest of Iran, Caucasia
and east of Turkey and is the main cause of this region
activity. Sarein earthquake stricken region, are
surrounded by the active faults such as Bozgosh fault (E-
W) in the south and Noor fault (NE-SW) in the east of
Sarein. Also the only fault in the studied area, is Ballikhlo
Chay fault that is located along river in Balikhlo Chay
valley. The earthquake stricken region, is located in place
where trend of structures change from East -West to
North. The study area is located in south-eastern slopes
of the mountain Sabalan. Sabalan mountain is composed
of Igneous rock by the age of Quaternary. In the foot of
Sabalan mountain, there are rocks with low strength
which mainly are the result of volcanic activity. In the
north, south and east of Sabalan mountain, the trend of
folds commonly follow of this rigid mass (Khodabande
and Amini fazl, 1997). Geology map of the study area is
shown in figure 2.

Fig.Fig.Fig.Fig. 2.2.2.2. Geology map of the study area

5.5.5.5. SeismicSeismicSeismicSeismic landslideslandslideslandslideslandslides

The general slope of the studied area varies between
2 to 25 degrees, while the most part of the region have
slopes less than 5 degrees. From the view, thickness and
type of sediments had considerable effect on demolition
of earthquake intensity, and for these reasons, there was
not a lot of landslides and rock falls triggered by Sarein
earthquake. Because of local changes in slope and high
groundwater level, a mud flow by the length of 130 meters
has occurred next to Shiran village. Also, two soil block
slides have occurred in 1.5 km of northern part of
Atashgah village and 1 km of eastern part of Jorab village
by extent of 3000 and 2500 m2 respectively (fig.3). There
is another slide with extent of 3000 m2 in southern part of
Varniab village. Furthermore a landslide dam, temporary
formed in a river in Irdi Mousa village during earthquake,
but afterward, the sliding materials eroded, and the river
has been returned to the its previous route (fig.4).

Fig.Fig.Fig.Fig. 3.3.3.3. Earth –block slide of Atashgah

Fig.Fig.Fig.Fig. 4.4.4.4. Deviation of river resulting from a landslide in Irdi
Musa village

6.6.6.6. MethodologyMethodologyMethodologyMethodology

In this paper, Computing with Words method (CW)
is applied. Computing with Words suggested for the first
time by Zadeh (1973) based on the concept of the fuzzy
set (Zadeh 1965). Fuzzy sets can be thought of as
expressing a degree of belonging ranging between zero (0)
and one (1) to a particular category (zero indicating
certain not-belonging and one indicating certain
belonging). Fuzzy logic systems refer to a configuration
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of IF-THEN rules that relate the fuzzy sets of one or many
input variables to fuzzy sets of one or more output
variables (Berkan, R. and Trubatch, S. 1997). This method
as a subset of fuzzy logic, is interface for conversion and
uses of human speech-language instead of numbers in
calculations. The method is in the form of reaching to
Terminal Data Set (TDS) from Initial Data Set (IDS)
which in this process, middle transformations stages have
importance. Computing with Words method is very
suitable in following situations(Miles & Keefer, 2007,
2009):

1- Inaccurate information (lack of information)

2- Accepting accuracy reduction for more easily, low
analysis cost and sometimes for the sake of conformity
with the actual results. Algorithm, indicating its
performance is shown in figure 5.

Fig.Fig.Fig.Fig. 5.5.5.5. Algorithm, indicating CW performance(Zadeh, 1996)

As can be seen from this algorithm, IDS assumed as
human language and then using CW, analysis and their
combination by fuzzy rules performed. Finally the results
present as human language in TDS. Computing with
words provides the means to advance regional-scale
earthquake-induced landslide hazard modeling to the
point where it is both useful and an applicable tool for
disaster risk reduction. Necessary information layers for
applying this method are (Miles and Keefer, 2007, 2009):

1 )terrain rough, 2) shake intensity, 3) soil depth, 4)
slope height, 5) material type, 6) moisture, 7) Slope angle,
8) disturbance distance, 9) ground strength class, 10)
vegetation and 11) map of actual landslide concentration.
By providing this information layers in ArcGIS and PCI
Geomatica and in the form of digitized, CAMEL software
was used for zonation and hazard level calculation and
concentration of earthquake-induced landslides.

7.7.7.7. HazardHazardHazardHazard zonationzonationzonationzonation ofofofof landslideslandslideslandslideslandslides triggeredtriggeredtriggeredtriggered bybybyby SareinSareinSareinSarein
earthquake,earthquake,earthquake,earthquake, usingusingusingusing CAMELCAMELCAMELCAMELmethodmethodmethodmethod

Landslide hazard zonation is defined as a procedure
which by applying it, earth surface can be divided in
different parts and classes based on sensitivity level to
landslide. Instability problems along communication axis
and residential areas, has made necessary the land use
planning of steep slopes. Some studies in this relation
have been performed by Miles and Keefer (2007, 2009)

and Miles (2010). In these studies, both sensitive maps to
earthquake-induced landslides and their risk maps are
provided. In this paper, CAMEL method was used for
seismic landslides hazard zonation. CAMEL provides an
integrated framework for modeling all types of
earthquake-induced landslides using fuzzy logic systems
and geographic information systems. CAMEL models the
hazard associated with the six aggregated landslide types
listed in Table 1.

Table.Table.Table.Table. 1.1.1.1. Aggregated types of earthquake-induced landslides,
listed by category, modeled by CAMEL. Taxonomy and
terminology after Keefer (1984).

Suggested model by Miles and Keefer (2007, 2009) is
composed of two modules, a) possibility (potential) and b)
hazard; each made up of several IF-THEN rule-blocks.
Possibility module, determine the occurring possibility of
different type of landslides, thus the output of this
module only is possibility or impossibility (Fig. 6). For
every slope which there is no occurring possibility,
analysis stopped and related data for calculating hazard
level don’t transfer to next stage. In hazard module,
possible concentration of different types of landslides per
square kilometer predicted for units with occurring
possibility (Fig.7). In this module, every type of landslides
is separately investigated in two sub-modules named as
static sensitivity and seismic hazard. Static susceptibility
sub-module, considered as independent of earthquake
shaking (i.e., static conditions). The seismic hazard sub-
module considers the earthquake ground-shaking with
respect to the static susceptibility computed by the
previous sub-module. The seismic hazard sub-module
considers all possible combinations of static susceptibility
and shaking intensity fuzzy values (Fig.8). As figure 8
shows, shake intensity effect is additive. The output of
the seismic hazard sub-module (and the overall output of
CAMEL) is an estimation of areal concentration
(landslides per square kilometer) for each landslide type
(fig. 7). Importantly, as illustrated in Figure 7, the
possible range of concentration values (as a result hazard
quantitative equivalent) is different for each landslide
type.

Category Landslide

I
Disrupted rock falls and slides
Rock avalanches
Disrupted soil slides, falls, and avalanches

II Rock slumps and block slides
Soil slumps and block slides

III Rapid soil flows
*Soil lateral spreads not considered
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Fig 6. Data flow diagram for the possibility module of
CAMEL is comprised of indicator knowledge. Complete variable
and rule specification given in Miles and Keefer (2007, 2009).

Fig 7. Hazard module of CAMEL, showing inputs (intensifier
knowledge), outputs, and rule organization. Complete variable
and rule specification given in Miles and Keefer (2007, 2009).

very low VL VL VL VL VL VL VL

low VL VL VL VL VL VL L

RAvS medium VL VL VL VL VL L M

high VL VL VL VL L M H

very high VL VL VL L M H VH

light Moderate strong very strong severe violent extreme
hShakeIntensity

Fig.Fig.Fig.Fig. 8.8.8.8. seismic hazard rules block for rock avalanches (Miles
and Keefer, 2009)

CAMEL has been integrated with ESRI's ArcGIS™ to
permit regional analysis (Miles and Keefer, 2007).Once
data have been provided for each input, the custom GIS
function enumerates through all of the cells in the raster
data, passing values from each input cell to CAMEL.
CAMEL then returns an array of landslide concentration
values corresponding to each of the six aggregated
landslide types (Fig.7). The concentration ranges
correspond to membership function definitions of “very
low”, “low”, “medium” and etc. (Miles& Keefer, 2009,
Fig.9).

By running CAMEL for the study area, the software
predicted the soil landslides in acceptance level. Because
of the low steepness of slopes, any hazard map did not
produced for rock fall and rock avalanche (35 degree is
the minimum threshold slope for rock fall). Also for rock
avalnche, the minimum threshold earthquake intensity is
IX; meanwhile the maximum intensity of Sarein
earthquake has been VIII and so CAMEL have not
predicted any high hazard zone for rock avalanche.
CAMEL have provided some high hazard area for rock
slumps and rock block slides; However, there is not any
rock slumps or rock block slides that triggered by the
earthquake (Nayeri et al., 1998).

Considering the comparing the seismic landslides
hazard maps produced be CAMEL and those landslide
taken place during the earthquake, it can be concluded
that the CAMEL has suitable applicability in predicting
soil landslides in comparison with rock landslides.

8.8.8.8. ResultResultResultResult andandandand thethethethe conclusionconclusionconclusionconclusion

Although study of earthquake induced landslides
has started since three last decades ago, this is considered
as relatively young science. The rapid advances of tools
such as Geographical Information System and statistical
softwares and development of analysis tools from
mathematic methods (such as fuzzy systems, neural
network and neo-fuzzy) in earth sciences lead to its
progress. Since 2007, some methods were used which
were consistent with available data and considers
uncertainty (Miles and Keefer, 2007).
By using CAMEL software for the area affected by Sarein
earthquake, it can be inferred that CAMEL has a better
prediction for soil landslides concentration rather than
rock landslides. Arguably using CAMEL, some areas
distinguished as susceptible to continuous rock slides,
while there was not any rockslide triggered by Sarein
earthquake. Further, Sarein earthquake produced a
lateral spreading, but lateral spread failures (a Category
III landslide) are not considered in CAMEL, because of
the significantly different type of data and knowledge
needed to characterize this landslide type (Miles and
Keefer, 2007, 2009).
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Fig.Fig.Fig.Fig. 9.9.9.9. Computed earthquake-induced landslide hazard for the 1997 Mw=6.1 Sarein earthquake: (a) predicted
concentrations of disrupted soil slides and falls using CAMEL, (b) predicted concentrations of Soil slumps and block
slides using CAMEL, (c) predicted concentrations of Rock slumps and block slides using CAMEL, and (d) predicted
concentrations of soil flows using CAMEL. The solid circles are actual earthquake induced landslides.
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AbstractAbstractAbstractAbstract Although occurrence of natural disasters such
as landslides is inevitable, the injuries and damages could
be decreased by recognition, assessment and analysis of
their risk which results in optimizing of land-use
planning.

The main subject addressed in this paper is the
calculation of total risk for six different types of landslide
(disrupted rock falls and slides, rock avalanches,
disrupted soil slides, falls, and avalanches, rock slumps
and block slides, soil slumps and block slides and finally
rapid soil flows), according to Keefer’s landslides
classification (1984). Six parameters were used in order to
determine possibility of each type of landslide, then,
landslide potential was evaluated for slopes in which a
landslide type was possible. Based on studies of Miles and
Keefer(2007), three factors including ground class,
moisture and slope angle are selected for the evaluation.

Landslide specific risk (Rs) defined as the expected
degree of loss due landslide and may be expressed by the
product of hazard (H) times vulnerability (V). Total risk
(Rt) means the expected number of lives lost, person
injured, damage to property, or disruption of economic
activity (E) due to landslides, and is therefore the product
of specific risk (Rs) and element at risk (E). In this
research, the main elements at risk around an earth dam
reservoir which potentially threatened by landslides such
as staffs, related structures, roads and natural and
agricultural resources are considered. As a case study
landslide risk is calculated in Latyan dam in Iran. The
main factors for risk assessment are quantified using a
method developed here and then, the value of total risk
in the reservoir is provided for future developing plans
around the dam.
Keywords:Keywords:Keywords:Keywords: Landslide risk assessment, Risk analysis, Dam
reservoir

IntroductionIntroductionIntroductionIntroduction

Risk is generally described as the probability of damage,
due to an occurrence such as natural hazard in the future.
A result of a possible occurrence is expressed with
different levels of uncertainty. This result may be positive

or negative, low or high, stable or unstable. In PMBOK1
standard (2004) risk is defined as an indefinite process
which has positive or negative results.

In order to describe necessity of risk assessment in
the world, it could be stated that during the last decade
getting to advanced technologies resulted in more
concentration on risk for an optimum land use. This
requirement also resulted in compilation of codes such as
Canadian risk management (CAN/CSA) (1997), Australian
risk management (AS/NZ54360) (1999), British risk
management (BSI).

For assessment of landslide risk, various
methodologies were developed during the last three
decades, (Table 1).

Table 1 Some researches and studies about landslide risk
assessment since 1976.

Research
Period

Researches and studies on landslides risk assessment

The last
decade

Nadim et al. (2010)
Robert et al. (2009)
Hollestein K. (2005) , Chacon et al. (2006)
Wu Q et al. (2004), Rocha (2004), Spizzichino et al.
(2004)
Van Westen CJ (2004)
Prina E. et al. (2004), Rocha G. (2004)
Dai et al. (2002), Liu X. & Lei j. (2003)
Spiker & Gori(2000,2003a & b)

1989 to
1999

Abbot et al. (1998a & b), Leroueil & Locat (1998)
Baynes & Lee (1998), Carrara et al. (1992)
Fell (1992/1994), Fell & Hartford (1997)
Pierson & Van Vickle (1993)

1976 to
1988

Wyllie (1987), Einstein H. (1988)
Larid et al. (1979), Varnes (1984)
Aionso E. (1976), Stevenson PC (1977)

Dam reservoir is one of the places in which
evaluation of landslide risk is important and could result
in serious damages; therefore, evaluation of landslide risk
in dam reservoirs is one of the serious necessities in
damming industry and dam sitting.

1 Project Management Body of Knowledge
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StudyStudyStudyStudy AreaAreaAreaArea

Latyan dam which is located in 35km from the north-east
of Tehran is one of the most important dams of Iran. The
river that pours into the reservoir, Jajrood, is originated
from Alborz mountain range. The total volume of the
reservoir is about 95Mm3; and the maximum and
minimum of its water level is 1610 and 1562 mm from sea
level respectively. From geologic point of view, the study
area is located in one of the most hazardous region of
Alborz mountain range. Existence of Roodehen fault and
its branches has made the region as a complex area from
tectonic point of view.

The most important landslide in the area is the
Milard landslide (2005). Damages resulted from this
landslide include demolition of the main road,
destruction of 2 houses and an electricity power line; Also
two hectares of agriculture lands and gardens were
destroyed and huge amounts of deposits entered the
reservoir.

Figure 1 The study area located in center of IRAN.

MethodologyMethodologyMethodologyMethodology

Generally risk evaluation methodologies have employed
both the hazard and vulnerability. Without any of these
elements, evaluation is not completed. Evaluation quality
of these elements depends on various factors such as
project’s target, financial resources and the expert abilities.
Varnes (1984) defined specific risk as the multiple of
natural hazard potential (H) and vulnerability potential
(V). By defining the cost of element at risk (E) and timing
it by the Specific Risk (Rs), he determined the amount of
total risk as:
R= V*H*E (1)

This equation is used as a base for determining total risk in
this study. Geology maps (scale of 1:100000) and
topography maps (scale of 1:25000) are the main layers
used for modeling; Also we have had an inventory of
landslides and aerial photographs of the area.

SlopesSlopesSlopesSlopes unitsunitsunitsunits aroundaroundaroundaround thethethethe reservoirreservoirreservoirreservoir
Based on the methodology used in this study, we used the
natural uniting (Gee, 1992) to evaluate the landslide
hazard. It was performed according to water movement
direction. Ridges and thalwegs were used as useful indexes.
Slopes around the reservoir are shown in figure 2.

Figure 2 Slopes around the reservoirs.

PossibilityPossibilityPossibilityPossibility orororor impossibilityimpossibilityimpossibilityimpossibility ofofofof landslidelandslidelandslidelandslide occurrenceoccurrenceoccurrenceoccurrence

After determining dam reservoir units, the susceptibility of
each unit to landslide occurrence is evaluated (Landslide
hazard potential). Keefer (1984) classified all types of
seismic landslides in 6 groups (Table 2). This classification
can separate landslides with different mechanism of
occurrence.

Table 2 Types of landslides according to Keefer’s classification
(1984).

Landslide Types

Rock avalanches

Disrupted rock falls and slides

Rock slumps and block slides

Disrupted soil slides, falls, and avalanches

Soil slumps and block slides

Rapid soil flows

Latyan Dam
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Miles and Keefer (2007) introduced a method in which
possibility or impossibility of landslide is determined
before evaluation of landslide hazard potential. The
possibility of landslide occurrence in the units was

EstimatingEstimatingEstimatingEstimating landslidelandslidelandslidelandslide hazardhazardhazardhazard potentialpotentialpotentialpotential

In the next step, hazard potential is evaluated for slopes in
which a landslide type is possible. For the evaluation, three
factors including ground class, moisture and slope angle
are considered.
Ground class shows ground condition and material
properties. Moisture is a parameter that shows the layer
saturation with water. Also the slope angle parameter
describes the geometry conditions of slopes. By defining
five hazard levels (from very low to very high) and
assigning a correspondent number (from 1 to 5), the
potential of each slope to landside type is determined.
For all landslide types, the ground class and the slope
angle are considered as two main factors. For block slide
and slumps (whether in rock or soil) the moisture is also
considered. Assigning weights to effective factors of
landslide hazard potential is performed according to Miles
and Keefer(2007) (Table4, Table5 and Table6).

determined according to six parameters including terrain
roughness, soil depth, slope height, material type,
moisture, and slope angle (table 3).

Table 3 Parameters effective in possibility or impossibility of landslide types.

The Effective
Parameter in
Possibility

Discussed
Landslide Considerations

Terrain Rough Rock Falls
Rock Avalanches

Slopes with irregular intervals in topographic
map, will be considered as rough slopes.

Soil Depth Soil Slumps Soil slopes with low slopes( lower than 20
degrees), will be considered as deep slopes

Slope Height Rock Avalanches Slopes higher than 150 meters height (from
toe to crown), will be considered as high
slopes.

Material Type
All Types of
Landslide

Depending on the predominant volume of
material, three different conditions will be
considered. These three conditions are rock
slopes, soil slopes and slopes containing both
rock and soil materials.(Rock/Soil Slopes).

Moisture
Rock Slumps
Soil Slumps
Rapid Soil Flows

Due to the special conditions of moisture in
dams’ reservoirs, Landslide possibility is
positive.

Slope Angle

Rock Falls
Rock Avalanches
Soil Slides
Rock Slumps
Soil Slumps
Rapid Soil Flows

Greater than 35 degrees
Greater than 25 degrees
Greater than 15 degrees
Between 15 and 40 degrees
Between 5 and 40 degrees
Greater than 5 degrees

Table 4 Weight of main parameters for determining hazard of
rock avalanche, disrupted soil slides, falls, and avalanches.

Parameter Weight
Ground Class 0.75

Slope Angle 0.25

Table 5 Weight of main parameters for determining hazard of
disrupted rock falls and slides.

Parameter Weight

Ground Class 0.8
Slope Angle 0.2

Table 6 Weight of main parameters for determining hazard
of rock/soil slumps and block slides.

Parameter Weight

Ground Class 0.4

Slope Angle 0.2
Moisture 0.4
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DeterminationDeterminationDeterminationDetermination ofofofof landslidelandslidelandslidelandslide probabilityprobabilityprobabilityprobability

The meaning of hazard level for each landslide type may
be different. For instance very high hazard level in a 50-
years period for rockfall may be 20%, however, this level of
hazard (very high) for rock avalanche in the same period of
time may be 0.2%. According to the number of landslides
occurred in Albama state in a 50-years period, table 7 was
obtained. It is based on geological hazard program
prepared for the state and is used to assign final hazard
potential (H) to each slope.

c)c)c)c) Study of aerial photographs
A financial value is assigned to each slope according to its
elements at risk. (Based on list prices, local queries, and
expert judgments). The results of evaluation are shown in
the table 8.

ElementsElementsElementsElements atatatat riskriskriskrisk andandandand theirtheirtheirtheir financialfinancialfinancialfinancial valuesvaluesvaluesvalues

After determination hazard level for all landslide types in
the reservoir slopes (H), two more factors including
financial values of Elements at risk (E) and their
vulnerability (V) should be determined for risk evaluation.
For determination elements at risk the below steps have
been passed:
a)a)a)a) Overlaying units maps and data layers (point, line and
polygon layers)
b)b)b)b) Field observations and locating of elements

VulnerabilityVulnerabilityVulnerabilityVulnerability ofofofof elementselementselementselements atatatat riskriskriskrisk

A landslide in a slope does not necessarily result in
complete demolition of all elements at risk. In this study,
the vulnerability is determined with respect to landslide
type, area occupied by each slope, and type and number of
elements at risk in each unit.

Table 7 Landslide probability in a 50-years period in different landslide hazard zones (percent).

Hazard
Type

Very Low Low Medium High Very High

Rock fall < 1 1 - 5 5 - 10 10 - 20 > 20
Soil slide < 0.1 0.1 - 0.5 0.5 - 1 1 - 2 > 2
Rock slump < 0.1 0.1 - 0.5 0.5 - 1 1 - 2 > 2

Soil slump < 0.2 0.2 - 1 1 - 2 2 - 4 > 4
Soil flow < 0.1 0.1 - 0.5 0.5 - 1 1 - 2 > 2
Rock avalanche < 0.01 0.01 - 0.05 0.05 - 0.1 0.1 - 0.2 > 0.2

Table 8 Feature distinguished in the units and estimated cost for each type of feature.

Feature Name Feature Type
Estimated Cost of

Each Unit
( US Dollars )

Point Linear Polygonal
Building � 1,000,000

Dirt Road � 150
Artificial forest � 300

Power Transmission Line � 100
Photography center � 200,000
Asphalt road type 2
(6 meter width)

�
1000

Asphalt road type 3
�

4000

Gardens
�

500

Bridge
�

10,000

Watercourse
�

200
Main Bridge
(for Vehicles)

�
300,000

Barrier
�

5000

Regular Arboriculture
�

350
Pool � 40,000

Wall and Fence � 45
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Expert judgment is the main tool in determination
the value of vulnerability. This value is a number which
ranges from 0.2 to 1. For slopes in which rock avalanche
hazard was possible, vulnerability is considered as 1.

TotalTotalTotalTotal riskriskriskrisk forforforfor eacheacheacheach typetypetypetype ofofofof landslidelandslidelandslidelandslide inininin aaaa 50-years50-years50-years50-years returnreturnreturnreturn
periodperiodperiodperiod
Three factors including natural hazard (H), Elements at
risk (E) and vulnerability (V) were determined in the final
steps. In this step total risk is determined for all six
landslide types in each unit for a 50-years return period.
The highest risk in the whole reservoir is allocated to soil
flow.
Rt(soil Flow) = 6,500,000 $
The total risk of other landslides types in Latyan reservoir
is illustrated in the table 9.

Table 9 Total risk assessment for different landslide types in
Latyan dam reservoir for a 50-years return period.

TotalTotalTotalTotal riskriskriskrisk ofofofof landslidelandslidelandslidelandslide

By overlaying risk maps of all landslide types, it can be
recognized in each slope, which landslide type has the
maximum total risk value. Figure 3 shows the total risk of
the area that was obtained by this methodology.
By adding the values of risks for all units in reservoir slopes,
the maximum risk for all landslide types is determined as
below:
Rt(Reservoir of Latyan Dam) = 7. 000.000 $

ConclusionsConclusionsConclusionsConclusions

Determining possibility or impossibility of landslide
occurrence by the six defined factors caused filtering of
many units from the view of occurring of each landslide
type in the reservoir. Just one unit (located in west part of
dam) has had the possibility of occurrence of all landslides
types. While the other methodologies only able to
calculate landslide specific risk in general, using this
methods, the risk of six types of landslide have been
calculated separately; afterward the total risk acquired by
overlaying the risk maps; and finding the maximum of
landslide risk. While the other methodologies only able to
calculate landslide specific risk in general, using this
methods, the risk of six types of landslide have been
calculated separately; afterward the total risk acquired by
overlaying the risk maps; and finding the maximum of
landslide risk.

Figure 3 The landslide total risk map of area in a 50-years return
period.

Financial form of total risk assessment indicates utility of
the current study because it makes projects owners able to
analyze project conditions. Determining specific risk
values is important from two points of view. Firstly,
helping employers for making decisions according to the
financial risk value of the project, secondly, determines the
stability necessity for slopes with high landslide risk.
In Latyan dam’s reservoir, it is deduced that the highest
risk relates to rapid soil flows and the lowest one relates to
rock falls.
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AbstractAbstractAbstractAbstract This paper provides an overview of the on-
going research project from the Institute of Geography at
the National Autonomous University of Mexico (UNAM)
that seeks to analyze the distribution of landslides and its
sediment production along stream systems of Pico de
Orizaba volcano, Mexico. The Río Chiquito-Barranca del
Muerto watershed on the southwestern flank of Pico de
Orizaba is selected as a case study. Landslide occurrence
was ascertained through a landslide inventory map
created from multi-temporal aerial photographs and field
investigations. Analysis of the spatial relationship
between landslides and geologic deposits and rocks
revealed that slope failures are most abundant in the
upper-middle basin where loose pyroclastic fall deposits
predominate.

The shallow-slide type of landslide was selected, and the
area and volume of individual landslides were retrieved
from the watershed landslide inventory geo-database to
establish an empirical relationship of area-volume that
takes the form of a power law. The relationship was used
to estimate the total volume of landslides in the study
area. The findings are important in understanding the
long-term evolution of the stream system on the
southwestern flank of Pico de Orizaba, and may prove
useful in the assessment of landslide susceptibility and
hazard in volcanic terrains.

KeywordsKeywordsKeywordsKeywords GIS, landslide inventory, landslide
susceptibility

IntroductionIntroductionIntroductionIntroduction

In volcanic terrains, stratovolcanoes are very common
and can trigger large landslides and debris flows through
sector and flank collapse. This type of landslide can
deliver volumes higher than 105 m3 (Capra et al., 2002,
Korup et al., 2004). However, those catastrophic volcanic
events are generally separated by long time spans, of the

order of many hundreds or thousands of years (Capra et
al., 2002). On the other hand, during volcanic repose
periods, small but hazardous non-magmatic landslides
and debris flows occur continually along stream systems
of large stratovolcanoes. It is important to assess the
potential impact and damage to human settlements and
economic activities. This is the case on Pico de Orizaba
volcano, the highest mountain in Mexico (5675 m a.s.l.),
which has a great potential to produce landslides and
debris flows because of its large area of weakened rocks at
high altitudes and under high seasonal rainfall. The Río
Chiquito-Barranca del Muerto watershed on the
southwestern flank of Pico de Orizaba volcano has been
selected as a case study area. In the study area, an
inventory of more than 400 landslides was mapped from
interpretation of multi-temporal aerial photographs and
local field surveys to assess and describe landslide
distribution. All landslides were digitized into a
geographic information system (GIS), and the spatial geo-
database of landslides was constructed from standardized
GIS datasets.

Detailed geometric values of 102 landslides
measured during field work defined the landslide area
and volume, which were then used to establish an
empirical relationship that took the form of a power law
with a scaling exponent of α = 1.004. The empirical
relationship was used to estimate the potential total
volume of material delivered from all landslides in the
catchment. The study shows that landslides here have the
potential to deliver 226, 584.08 m3 of sediments to the
main stream and that geological conditions control the
abundance of landslides in the catchment. Of the
mapped landslides, almost two-thirds are in volcanic rock
or deposits, and the others are in weathered sedimentary
rocks and deposits.
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BackgroundBackgroundBackgroundBackground

Worldwide, landslide inventory maps have been used to
study landslide distribution, type, and abundance
(Washington State Department of Natural Resources
(DNR), Forest Practices Division, 2006; Hervás and
Bobrowsky, 2009; Blahut et al., 2010), and the landslide
sediments delivered to streams and rivers have been
studied by use of a power law function that links
geometric measurements of landslide area to landslide
volume (Peark et al., 2005; Kalderon-Asael et al., 2008;
Guzzetti et al., 2009; Wenkey et al., 2011).

This landslide mapping and the quantification and
modeling of landslide volumes are important in
assessment of the potentially hazardous situation for
people and property further down the valleys.
In Mexico, numerous GIS-based applications have been
used to map and assess slope stability (Capar et al., 2006;
García-Palomo et al., 2006; Pérez-Gutiérrez, 2007;
Secretaría de Protección Civil, 2010). These studies
include concepts and explanations of landslide
classification, trigger mechanisms, and criteria,
considerations, and analysis for landslide hazard
reconnaissance, etc. However, few works refer to
landslide volume (Capar et al., 2003; Capra and Lugo-
Hubp, 2006). A general framework and guidance for a
state and city atlas of landslide hazards and risks was
prepared by Mexico’s National Center for Prevention of
Disasters (Centro Nacional de Prevención de Desastres,
2004). In Veracruz State, an atlas of geological and
hydrometeorological hazards of Veracruz was created in
2010 by the Secretary of Civil Protection of Veracruz State
in collaboration with other federal and state government
agencies. This atlas has a general framework for GIS
landslide risk evaluation at state and municipal level, but
no guidelines for the estimation of landslide volume.
On Pico de Orizaba volcano, most of the research has
focused on the volcanic history to establish the present
morphology of the landscape and the potential hazard of
volcanic events and flank collapse (Siebe et al., 1992;
Carrasco-Núñez et al., 1993; Carrasco-Núñez and Rose,
1995; De la Cruz-Reyna and Carrasco-Núñez, 2002;
Macias, 2005). Based on previous geological studies, maps
have been created to show the risk of catastrophic
voluminous lahar movement along stream systems of
Pico de Orizaba (Hubbard, 2001; Sheridan et al., 2001;
Concha-Dimas et al., 2005; Hubbard et al., 2007). Each
uses landslide deposit volumes and GIS applications to
assess hazard at local or regional scale. In spite of this
effort, there are few landslide inventory maps, geo-
datasets, and landslide volume estimations for small non-
volcanic-triggered landslides that occur continually along
the stream systems of Pico de Orizaba. For example, in
2003, lives and property were lost at the town of
Balastrera (a settlement at the base of the volcano) owing
to the coalescence of up-stream landslides that increased
the destructive power of a debris flow. The oil company

in Mexico (PEMEX), whose polyduct was destroyed in the
debris flow event, constructed retention-walls and
gavions along the lower valley of the Río Chiquito-
Barranca del Muerto to protect its oil pipes. However, no
landslide inventory was carried out for the middle and
upper portion of the watershed, and in 2011 a new
landslide event destroyed the retention-walls and gavions.

StudyStudyStudyStudy areaareaareaarea

The Río Chiquito-Barranca del Muerto watershed is at
19°01’49”-18°48’28” N and 97°16’12”-97°10’5” W, on the
southwestern flank of Pico de Orizaba volcano in the
eastern part of the the Trans-Mexican Volcanic Belt
(TMVB) physiographic province. The watershed lies
within Veracruz and Puebla states, Mexico (Fig 1); it
covers 111 km2 with an elevation range from 1340 to 5675
m a.s.l. and hillslopes between 0° (inner valleys of
relatively flat plains) and 61° (mountainous terrain).
Hillslope gradients are controlled by the bedrock; weakly
consolidated mudstone and limestone supports slopes up
to 32°. Steeper hillslopes (32°–45°) are supported by
interbeds of cemented conglomerate, agglomerates, and
lahar deposits. Steepest hillslopes (>45°) are supported by
lava flows. The river is a tributary of the Río Blanco,
which flows into the Gulf of Mexico.

Figure 1. Localization of the study area.
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In the study area, the climate is Tundra (E(T)CHw)
at >4400 m a.s.l., Subtropical semi-cold (Cb’(w)) at 3000-
4400 m a.s.l., and Subtropical temperate, subhumid (C(w1)
and C(w2)) and Tropical semi-warm, humid (A)C(m)(f))
at <3000 m a.s.l. (García, 2004). The mean annual
precipitation is 1000-1100 mm/yr at > 4000 m a.s.l. and
927 mm/yr at <1500 m a.s.l. (Palacios et al., 1999), with
most falling as rain during seasonal storms in the wet
season between May and November (Fig 2).

Figure 2. Clime of the study area.

The stream system of Río Chiquito-Barranca del
Muerto watershed erodes a weathered and highly
dissected, folded, and faulted Cretaceous basement of
limestone and shale. The Cretaceous sedimentary rock
constitutes about 29.7% of the total area in the watershed
and has been covered by Tertiary and Quaternary lavas,
pyroclastic flows, fall deposits, and alluvium. The Tertiary
rocks and deposits cover 60.3% of the watershed area,
whereas the area covered by Quaternary and alluvium is
2.4% and 7.6% respectively (Fig. 3).

Figure 3. Geology of the study area.

The study area is prone to landsliding due to the
combination of several factors: high precipitation during
the wet season, steep and hilly slopes, and a high degree
of weathering of volcanic and sedimentary rocks. During
the present study, more than 400 landslides were mapped
from aerial photographs and field verification.

MethodsMethodsMethodsMethods

Landslide data were collected from two sets of aerial
photographs and fieldwork to create a single historic
landslide inventory map. The aerial photographs cover a
14-year period from 1994 at a scale of 1:20 000 to 2008 at a
scale of 1:10 000. During aerial photographic
interpretation, landslides were mapped and classified
into shallow landslides, debris flows, debris slides, deep-
seated landslides, earthflows, and rock falls, according to
the landslide hazard zonation protocol (2006) of
Washington State DNR Forest Practices Division, Cruden
and Varnes (1996), and Wieczorek (1984). All landslides
were digitized into a geographic information system
(GIS), and a spatial geo-database of landslides was
constructed from standardized GIS datasets. Pertinent
attributes of mapped landslides were recorded on the GIS
geo-dataset. These include 1) mass wasting process, 2)
level of certainty of the observation, 3) photo
identification date, 4) landslide size, 5) landslide activity,
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6) landslide parts (head, evacuation zone, deposit), 7)
slope shape, 8) field slope gradient, 9) map gradient
measured from the 10 m digital elevation model (DEM),
10) land use, 11) elevation where the landslide started, 12)
aerial photograph identification number, 13) landslide
area, 14) landslide volume, and 15) researcher’s comments.

In parallel with the aerial photograph interpretation,
the landslide process within the watershed was
characterized by collecting background information:
topographic and geologic paper maps at scale 1:50,000,
and paper maps of land use, climate, and hydrology at
scale 1:250,000. All paper maps were converted to a 10 m
raster format, georeferenced, and incorporated as GIS
layers into ArcMap. Background information also
included a 10 m DEM and its derived slope angle, slope
curvature, and contributing area thematic maps that
were constructed from the 1:50,000 topographic maps.
With the GIS layers, characteristics such as catchment
area, stream length, stream patterns, stream orders,
drainage density, and angles of junction were generated
from GIS analysis.

Concurrent with landslide mapping, field
reconnaissance and landslide verification was carried out.
The amount of field verification was 37% of all mapped
landslides, which enhances confidence in the landslide
assessment. In the field, area and volume of 190 landslide
scars (excluding volume of deposits) were measured to
develop a volume-area relationship of landslides in the
watershed. Landslide geometry was measured with tape,
stadia rod, and laser range finder. Soil depths at the head
scarp, depths of sidewalls along transects, and horizontal
distance between transect were used to estimate
landslide volume. Scars that were substantially
revegetated and thought to be older than 17 years are not
included in the inventory map. The measurements of
landslide area (A) and volume (V) were used to establish
and feed an empirical relationship that took the form of a
power law V= ε*A α . This relationship was used to
estimate the potential total delivered landslide volume
from landslide area obtained by aerial photograph
interpretation in the catchment.

ResultsResultsResultsResults

The landslide inventory shows that in the watershed,
shallow landslides (including debris slides and debris
flows) are the predominant type (91.4%), followed by
rock falls (7.5%) and deep-seated landslides (including
earthflows) (1.1%). The GIS overlay of geology versus
landslide inventory shows that almost two-thirds of the
mapped landslides are in volcanic rock or deposits, and
the rest are in weathered sedimentary rocks and deposits.
Abundance and types of landslides are determined by
geological conditions in conjunction with anthropogenic
land use. In the upper portion of the watershed, andesitic
lava flows do not readily erode, and they act as sponges to
hold the surface water. Hence, shallow landslides are not
frequent, but rockfalls are (Fig 4 )

Figure 4) Rock fall deposits in lava flow areas along the upper

portion of the watershed. .

In the middle portion of the watershed, shallow
slides and deep-seated landslides are the predominant
process in ash fall and pyroclastic flow deposits (Figure 5).
Also, along the channel where lava flows form steep steps,
rock falls have occurred.

Figure 5 Deep-seated landslide in the middle portion of the
watershed.

In the lower portion of the watershed, earthflows
and debris slides tend to occur in the weathered
sedimentary rock (figure 6).
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Figure 6 Earthflow in the lower portion of the watershed.

More than 40% of landslides are in areas of
subsistence agriculture and another 40% are in disturbed
areas of fir and oak forest (Figure 7).

Figure 7 Deforestation and disturbed areas in the watershed

The calculated power law V= 0.7908*A 1.004 shows
that shallow landslides have the potential to deliver
226,584.08 m3 of material to the main stream.

Conclusions:Conclusions:Conclusions:Conclusions:

In this paper we briefly introduce and review the
implementation of a method for landslide mapping and
landslide volume assessment in unstable areas on
volcanic terrain.

The study at Rio Chiquito-Barranca del Muerto is an
attempt to produce the prototype of standardized
methods for future landslide studies in volcanic regions
of Mexico. The method is achieved through the
standardization and integration of thematic layers and
their related geo-database in a GIS-based system. By
directly addressing the landslide mapping issues, local
authorities in Mexico such as the civil protection agencies
of Puebla and Veracruz states and other governmental

organizations will benefit with regard to landslide hazard
mitigation and planning.

We emphasize that the study is the first prototype
in the study area to develop a GIS methodology for a
systematic landslide inventory and landslide volume
calculation. Hence, it is subject to adaptation,
modification, and improvement with further field
validation. We acknowledge the technical limitation of
the landslide inventory, whose quality depends on the
skills and experience of the investigators, the complexity
of the study area, and the reliability of available
information including the aerial photographs to identify
the landslides.

Despite its limitations, the landslide inventory of
Rio Chiquito-Barranca del Muerto has the potential to be
the foundation of an integrated methodology to handle
and support prognostic studies of slope instability. Future
research will involve the modeling of individual landslide
types, the characterization of geologic units (landforms)
and landslide types, the inclusion of other thematic
variables or the update of existing ones, and the
processing of this information to obtain a hazard map.
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AbstractAbstractAbstractAbstract.... Landslides in volcanic mountainous terrains
covered by poorly consolidated materials are common in
Mexico. This investigation illustrates the landslides and
geomorphologic changes of debris flow deposits in the town
of Santa Cruz Pueblo Nuevo, State of Mexico, by using a
multicriteria analysis in Geographic Information Systems (GIS)
to obtain a potential hazard map.
The volcano has the fourth-highest elevation in Mexico (4662
m a.s.l.) and it is in the geologic province of the Transmexican
Volcanic Belt in the center of Mexico. The volcano is prone to
landslides due to its loose vulcanoclastic sediments that are
dragged by the streams and torrents during the rainy season.
The basin extends from the rim of the volcano to the foothills
at an altitude of 2850 m a.s.l.
Unstable areas are mainly along first-order tributary streams
and meander bends developed on lahars, pyroclastic flows,
and pumice fall deposits whose stability has decreased in the
basin. The unstable areas frequently create debris flows and
debris slicing affecting the human settlements. On June 24,
1940, a large debris flow partially destroyed the town of
Santa Cruz Pueblo Nuevo. Today, the town is settled in the
alluvial fan of the old debris flows deposit. It is a highly
probable that the town will be affected again by landslides
and debris flows. As a prevention to future debris flow, have
been constructed walls of containment (gabions) along the
principal channel of the river La Ciénaga, nevertheless in
every rainy season the gabions are saturated and frequently
destroyed, which shows the intense activity of the remove
gravitational processes.

IntroductionIntroductionIntroductionIntroduction
In Mexico, volcanic regions are common and prone to
landslides and debris flows along the stream systems. These
slope failures create a potentially hazardous situation for
people and property down the valleys. The basin of La
Cienaga is located on the eastern flank of the Nevado de
Toluca Volcano (NTV). This volcano, located in central Mexico,
is a large stratovolcano with an explosive history, and the
fourth highest mountain in Mexico (4662 m.a.s.l). The highest
point is the Fraile Peak with 4660 m.a.s.l. and de lower point
is in the Toluca Valley at 2650 m.a.s.l. The volcano lies in the
southeastern part of the Toluca Basin, 70 km east of Mexico
City. The volcano is mainly composed of pyroclastic flows,
lahars, debris avalanches and pumice falls. The slope (Fig. 1)
is a large piedmont composed of coalescent fans of
pyroclastic materials, landslides deposits, and alluvial

sediment. The ravines along the volcano east flank are long,
narrow, and deep (100–300 m). The heads of these ravines
start in old glacial cirques and continue downstream forming
a long dendritic drainage system. The slope is 20–35° in the
elevated portions while in the piedmont it is 6–12° (Aceves-
Quesada et al, 2007a).).).).

The town of Santa Cruz Pueblo Nuevo is located in the
Municipality of Tenango del Valle (in the State of Mexico). It
has 1098 inhabitants is located at 2,880 m.a.s.l., and is
settled on the alluvial fan of the river la Ciénaga (Fig. 1). This
fan is composed of old debris flows and lahar deposits. On
June 24, 1940 a torrential rain triggered a large debris flow
that destroyed the town. The mean annual precipitation is
high (1200-1100 mm/yr at > 4000 m.a.s.l, with temperature
between -2 to 12 ° C -E(T)H-, and 1100 to 800 mm/yr at
elevations between 2650-4000 m.a.s.l. (García-Enriqueta,
2004), the bulk of which falls as rain during seasonal storms
in summer.

The objective of this project is to identify areas prone to
landslides and debris flows in La Ciénaga basin by applying a
geomorphologic cartography and multi-critiria analysis.

In this proceeding we show the first results obtained
from the geomorphologic analysis.

JustificationJustificationJustificationJustification
• The town of Santa Cruz Pueblo Nuevo has a

potentially landslide hazardous situation.
• More than 1000 inhabitants are living within a fan

composed of old debris flows deposits.
• On June 24, 1940 a torrential rain triggered a large

debris flow that destroyed the town.
• Santa Cruz Pueblo Nuevo inhabitants do not seem

aware or ignore the risk of debris flows. No
preventive measures have been taken by the local
inhabitants or the authorities to restrict further
building in hazard zones.

• There is a lack of landslide inventory maps.
• No practical methodology to map landslide

susceptibility has been established in this area with
scarce information.

GoalGoalGoalGoal
The goal of this project is to applied a geomorphologic
cartography and Multicritiria Evaluation for La Ciénaga basin
to identified areas that prone to landslides and debris flows.
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MethodologyMethodologyMethodologyMethodology
The methodology encompasses four main steps of analysis
Step 1: Gathering the basic information and create new
thematic GIS information layers

• Paper geologic and topographic base maps at a
scale of 1:50,000 were obtained. The information
was georeferenced and incorporated into the ILWIS
GIS.

• Digital elevation and slope data (resolution 10 m)
from topographic map was obtained

Step 2 Using GIS, photo interpretation, and fieldwork geology,
morphometric and geomorphology cartography is elaborated.
Six maps were elaborated.
Step 3 Integrate in a GIS the obtained information and
simultaneously assess groups, factors, and standardized and
weighted constraints.
Step 4 Elaboration the potential hazard map applying
Multicitiria Evaluation in the ILWIS GIS module that apply
hierarchies heuristic decision rules in order to solve land-
suitability problems. (Fig. 2).
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Fig. 2
Methodology
diagram flow

GeologyGeologyGeologyGeology
The study area is in the lower part of a small endorheic basin
La Ciénaga on the eastern flank of Nevado de Toluca volcano
(NTV). NTV in central Mexico is a large stratovolcano with an
explosive history. Eruptions produced a complex sequence of
pyroclastic deposits that have affected the area at least 18
times during the last 100,000 yrs. Thirteen eruptions (eight
vulcanian, four plinian and one ultraplinian) and the
destruction of at least three domes have all occurred in the
last 42,000 yr as well as two sector collapses in the last
100,000 yrs. NTV rises 2,100 m above the upper basin of the
Lerma River, and 3,100 m above Ixtapan de la Sal and
Tonatico. The summit was destroyed by the 10,445 ± 95 yr
eruption. The reconstructed height for NTV by slope
reconstruction was 5,000 and 5,050 m a.s.l and with
morphoisohipses was 5,080 m a.s.l . The volcano was built
upon the intersection of three fault systems: Taxco-
Queretaro (NNW–SSE), San Antonio (NE–SW) and Tenango
(E–W). The North-eastern Slope is a large piedmont
composed of coalescent fans of pyroclastic materials and
landslides. Fluvial erosion has removed the recent sediments.
To the east, the volcanic piedmont continues with active fans
composed of pyroclastic materials and alluvial sediment.
These ravines are deeper (100–300 m), start in old glacial
cirques and continue through a long dendritic drainage. The
slope is 20–35° in the elevated portions while in the
piedmont it is 6–12° and I n the plain it is 2-6°. Pyroclastic
flow deposits are widely spread around the volcano, filling
the stream valleys. In the basin of La Ciénaga have an
average thickness of 5 m; the maximum distance reached by
these deposits is 12 km from the crater towards the eastern.
The block and ash flows form massive units interstratified
with surge horizons and its covered by lahars. These deposits
are related to dome collapses (Fig. 3).

Lahars at NTV are wide spread around the volcano
filling new and old valleys. Lahars have rounded and
subrounded dacite lithics (15–25 cm), small pumice
fragments (<5 cm) fixed in a muddy-sand sized matrix. To the
south, the lahar thickness is more than 30 m, but in the basin
are less than 5 m. The oldest lahars are made up of rounded
and subrounded gray and red andesite blocks fixed in red
clay sized matrix with scarce pumice fragments. The recent
deposits contain subangular and subrounded blocks of gray
and red dacite, with pumice fragments, some of which is
hydrated, fixed in a silt-clay sized matrix.
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The methodology encompasses the following four main steps:
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The flow direction of these lahars was controlled by the
topography, principally deep tectonic, glacial and fluvial
valleys. In distal areas, the lahar deposits were transformed
into fluvial mixing with the stream and river waters. To the
east, the lahars contain more pumice fragments in a pale
brow silt-clay matrix. There is a lahar with large hydrated
pumice fragments (20–30 cm) at the south-eastern of the la
Ciénaga Basis. In this area, many secondary lahars exist, such
as the one deposited in 1940. These secondary lahars are not
related to volcanic activity and represent an increased hazard.
On the top of this deposits are covered by ash falls and
pumice falls. In the Ciénaga basin the most important deposit
is the Upper Toluca Pumice, composed by the alternation of
layers of thick and thin pumice with surges (in some places
thicknesses are 7 meters) (Aceves-Quesada et al. 2007b).

ResultsResultsResultsResults
Using the ILWIS GIS morphometric maps were elaborated:
hypsometric, energy relief, vertical erosion map, slope and
potential erosion. Geomorphological was digitalized in
screen.

1) The hypsometric map was heuristically classify to highlight
the volcanic landforms, the lower point located is 2620 m
a.s.l. in the basin of Toluca, and the higher is the Eagle peek
at 4660 m a.s.l. in the top of the Nevado de Toluca volcano
(fig. 4).

2) An Energy Relief Map was calculated by applying a filter.
This map represents the maximum elevation change within 1
hectare. The biggest differences, which represent the highest
values, happen in the steep hillsides of the basin and the
zones of ravines where there present to themselves more
assets the processes of slides and rock falls (fig. 5).

Fig. 3 Geologycal map

3) A Vertical Erosion Map was calculated by splitting the
study area into boxes of 1 km2, and the maximum vertical
distance was obtained in each. The values obtained were
interpolated by kriging. The map represents the average
vertical height between the talweg and the watershed. In this
map the values of major depth of ravines find inside the
values from 100 to 150 meters, which are located in the high
average part of the basin represented by the orange colors
(fig. 6).

4) A Slope map was heuristically reclassified to highlight the
difference in the relief. In this map we see that the values
that to predominate in the basin are 12°, nevertheless inside
the ravines the slopes can reach values of 20 to 45° (fig. 7).

5) The potential erosion was obtained to reclassify the slope
map, applying the recommendations of Palacio (1983) and
Van Zuidam (1985) to define the zones prone to intensive
erosion. in this the highest values of erosion it corresponds
to the zone of the river bed. In this zone the values
incremented by the slope and the poorly consolidated
materials.

6) A Geomorphologic map was heuristically derived by
interpretation of aerial photographs, DEM, geology, and
morphometric maps in order to highlight external and
internal landform processes, to obtain the relevant forms in
the basin.
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Q Dome
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Fig. 4 Hipsometric map

Fig. 5 Energy Relief map

Fig. 6 Vertical Erosion Map
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Fig. 8 Potential ErotionMap

Fig. 9 Geomorphological Map

Muti-CritiriaMuti-CritiriaMuti-CritiriaMuti-Critiria EvaluationEvaluationEvaluationEvaluation andandandand LandslideLandslideLandslideLandslide HazardHazardHazardHazardMapMapMapMap

A database has been built, classified and analyzed within a
GIS environment; additionally, MCE aided hazard mapping,
four morphometric maps (hypsometric, gradient, internal
and potential erosion) were produced, and maps of geology
and geomorphology (Table 1). These maps were obtained
from hardcopies of thematic maps at 1:50,000 scale from the
Instituto Nacional de Estadística, Geografía e Informática
agency (INEGI), from air photography and from field work.
This information generated a digital database that has been
used to apply MCE. This method has been used to integrate
in a Gis the obtained information and simultaneously assess a
series of elements oriented towards a specific objective,
applying decision rules, based on analysis, discussion and
hierarchies of alternatives in order to make decisions on
land-suitability problems. Based on the objective of
evaluating the vulnerability associated with landslides
hazards, a decision rule set was chosen and structured, which
integrates the assessment and ranking criteria (in this case
five) established from the outlined objective, and the
selection of alternatives, represented by the spatial objects
(pixels) contained in the thematic layers (digital maps).

Thus, each criterion constitutes a thematic map in the
GIS database, and in this phase, we understood the major
importance for the total evaluation, of the factor selection
process (criteria) in a consistent and objective way.

The MCE is based on integrating all criteria and
alternatives in a pair-comparison matrix (PCM), where
criteria are in the main column and alternatives in the main
row, and in the inner cells punctuations derived from the
assessment resulted from the expert’s evaluation. These
punctuations represent the value, preference level, degree of
attraction or significance that each alternative has obtained
in each criterion. This study is a first step towards more
comprehensive researches on vulnerability assessment as
input to determinate the landslides hazard on one of the
highest volcanoes inMexico (Aceves-Quesada et al. 2007a).

AlternativesAlternativesAlternativesAlternatives WeightWeightWeightWeight

Geomorphology 0.408

Vertical Erosion 0.200

Energy Relief 0.200

Geology 0.103

Potential Erotion 0.061

Slope 0.028
Table 1 Weights for the alternatives (maps) using for the
landslide hazard map.
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The most important factor determining the landslide
hazard was the geomorphologic map, followed by the vertical
erosion and the energy relief maps.

This study is a first step towards a more comprehensive
research on assessing landslide hazard on one of the highest
volcanoes in Mexico. The method applied here is an
alternative procedure for the construction of risk-prevention
maps in areas where information is scarce and of low spatial
resolution.

By directly addressing the landslide characterization of
the historical debris flows, local authorities in Mexico such as
the civil protection agencies of the State of Mexico and other
governmental organizations as well as the inhabitants will
benefit with regard to landslide hazard mitigation and
planning.

The information was Integrated in a GIS the obtained
information and simultaneously assess groups, factors, and
standardized and weighted constraints. Weighth values were
assigned for the Multi-criteria Evaluation. The values were
assigned in accordance with the importance of the factors to
trigger landslides (Tables 2,3,4,5, 6,7).

GeologyGeologyGeologyGeology WeightWeightWeightWeight

Q Alluvium-Lacustrine 0.2

Q Alluvium 0.6

Q Crater 0

Q Volcanic Lake 0

Q Dacitic Lava 0

Q Dome 0.3

Q Andencitic Lava 0.1

Pls_Ho Pyroclastic Flows 1

Pls Dome 0.4

Pls Andesitic Rock 0.2

Ts Mafic Sequence 0
Table 2 Weights for the geology map

InternalInternalInternalInternal ReliefReliefReliefRelief WeightWeightWeightWeight

0 0

0 - 10 0.1

10 - 20 0.2

20-35 0.3

35-50 0.6

>50 1
Table 3 Weights for the internal relief map

In this map the application of the Evaluation multi-criterion
we see as the important zones that contribute the material
that it goes away to deposit in the low part of the basin and
that is a part of the fan it is along the river bed is located the
critical points where so much the type of material, the
morphology of the ravine, as the slopes, the vertical erosion
and the energy of the relief present the highest values and

therefore these spots in red color indicate the most unstable
zones where the biggest number of slides appears
throughout the year, this result happened in field (orange
points in the maps) there being obtained a certainty of 75 %
(fig. 8).

VerticalVerticalVerticalVertical
ErosionErosionErosionErosion WeightWeightWeightWeight

0-5 0

5-20 0.1

20-50 0.2

50-100 0.2

100-150 0.3

150-200 0.4

200-300 0.6

>300 1
Table 4 Weights for the Vertical Erosion map

SlopeSlopeSlopeSlope WeightWeightWeightWeight

0-2 0

2-6 0.1

6-9 0.2

9-12 0.2

12-20 0.3

20-30 0.4

30-45 0.6

>45 1
Table 5 Weights for the Slope map.

GeomorphologyGeomorphologyGeomorphologyGeomorphology WeightWeightWeightWeight

Alluvial Fan 0.0125

Alluvial Plain 0

Alluvio-Lacustrine Plain 0

Tephra Plain 0

Buried Cinder Cone 0.0125

Cinder Cone 0.0125

Crater 0

Dome 0.0125

Stratovolcano 0.03125

Upper Slope 0.0625

Lower Slope 0.125

Lava Hills buried by Tephra 0.03125

Lava Hillslope 0

Lava Plateu 0

Nevado de Toluca Cone 0.0625

Pyroclastic Hillslope 0.125

Volcanic Piedmont 0.0125

Gully 0.5
Table 6 Weights for the Geomorphology map.
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Fig.Fig.Fig.Fig. 10101010 LandslideLandslideLandslideLandslidehazardhazardhazardhazardMapMapMapMap

PotentialPotentialPotentialPotential ErosionErosionErosionErosion WeigthWeigthWeigthWeigth

Null 0

Very Weak 0.1

Weak 0.1

Medium - High 0.3

High 0.5

Very High 0.5

Intense 1
TableTableTableTable 7777 WeightsWeightsWeightsWeights forforforfor thethethethe PotentialPotentialPotentialPotential ErosionErosionErosionErosion map.map.map.map.

ConclusionsConclusionsConclusionsConclusions
The most important factor determining the landslide hazard
was the geomorphologic map, follow by the vertical erosion
and the energy relief maps.

This study is a first step towards a more comprehensive
research about hazard landslides assessment in one of the
highest volcanoes in Mexico.

The methodology applied here is an alternative
procedure for the construction of risk-prevention maps in
areas with a scarce and of low spatial resolution information.

By directly addressing the landslide characterization of
the historical debris flows, local authorities in Mexico such as
the civil protection agencies of the state of Mexico and other
governmental organizations as well as the inhabitants will
benefit with regard to landslide hazard mitigation and
planning.
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AbstractAbstractAbstractAbstract The features of a rainfall- induced debris flow
are described and attempt is made to relate particle
morphology with frictional characteristics of the soils
associated with the landslide. The concept of false
unconformity has been introduced to explain slope
instability in the study site and the factors exacerbating it.
Finding is made that most of the long travel landslides in
this area occur at the outset of rainy season rather than
during the peak of rains. Finding is also made that the
nature of the soils (loosely consolidated, silty sand) and
the presence of a thin claystone layer composed of
montmorillonite, Halloysite, Boggsite, Lizardite and
Tridymite and directly overlain by the sility sands are the
main factors aggravating landslides and erosion in the Iva
Valley and Onyeama areas. While it is evident that
liquefaction is the mechanism of mass movement, the
claystone that breaks into flakes and partings of diverse
dimensions when dry is the principal cause of instability
in this area. Because of the resultant apparent
unconformity, debris flow and long travel landslides are
restricted to the outset of rainy season rather during the
peak of rains as is the case in some other parts of the
country. Landslide prevention in this area may be more
effective if the effect of the claystone layer on formation
and distribution of unstable slopes is considered.
KeywordsKeywordsKeywordsKeywordsDebris flow, apparent unconformity, claystone

TheTheTheThe StudyStudyStudyStudy AreaAreaAreaArea
Iva Valley and Onyama are at the outskirt of Enugu town,
the capital territory of Enugu State, Nigeria (Fig. 1); and
are located within latitude 60 25’N - 60 29’N and 70 24’E –
70 30’E. This area has a good network of roads with the
valley settlements highly dispersed due to topography
and mining activities. It is bounded in the north by
Abakpa, in the south by Awkunanaw to the east by
Emene and Eke Communities to the west (Fig. 2).
Landslides and erosion are the dominant mass wasting
processes in Southeastern Nigeria; and are responsible for
more than 95% of damage resulting from natural hazards
in the area annually. Efforts at checking the menace has
not yielded expected outcomes due in part to inadeuqte
knowledge of the behavior of the soils.

GeologyGeologyGeologyGeology
The area consists of three geologic formations (as shown
in Fig. 3), the Enugu shale (Campanian), the Mamu

Formation (Lower Maastritchian) and Ajali sandstone
(Upper Maastritchian) (Ezeigbo et al, 1993). The Enugu
shale outcrops in the plain east of the north-south
trending escarpment.

Figure 1 Map of Africa showing Nigeria in green

Figure 2 Location of Iva-Valley landslide
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This formation consists of soft grey to dark grey Shales
and mudstone as well as intercalations of sand and sandy
shale. The shales weather rapidly to red clay soil which
forms lateritic capping (Reyment, 1965). The Mamu
formation consists of fine to medium grained sandstones,
sandy shales, shales and mudstone (Reyment, 1965). Five
coal seams occur and the third which maintains thickness
in excess of 1.5m is mined. The formation is highly
fractured and is about 395 thick in the area. The shales
contain pyrite flakes and show sulphur stains. The Ajali
sandstone which overlies the main formation consists of
thick, friable, poorly sorted and cross-bedded sandstone
that is generally white in colour but sometimes iron
stained. Intercalations of mudstone and shale occur. The
Ajali sandstone which is about 406m thick in the area is
overlain by lateritic/red earth deposits (H.I Ezeigbo, 1993).
The formations in Enugu coal mine are highly fractured
with presence of both jointing and fractures.

Figure 3 Geologic setting of the study site

ClimateClimateClimateClimate
The study area has a tropical climate with two distinct
seasons. The raining season begins in April and ends in
October with drastic decline in September while the dry
season last from November to March, however this limits
are not strictly defined as changes may result due to
potential climate shift resulting from global warming.
Annual rainfall ranges between 1750mm to 2000mm .The
area lies between the tropical rainforest which dominates
nearly half of southern Nigeria and is characterised by
luxuriant vegetation and abundant plant species. It is
bounded by fresh water swamp forest in the south and
Guniea Savanna in the north. The vegetation is marked
by continuous growth of trees, shrubs and climbing
plants (Ofomata, 2002).

DescriptionDescriptionDescriptionDescription ofofofof thethethethe landslidelandslidelandslidelandslide
Heavy and prolonged rainfall of May 20th and 21st, 2011
triggered a debris flow (Fig. 4) that destroyed farmlands
and many economic trees in the hilly areas of Enugu
State, Nigeria. The objective of the present research is to
use a combinantion of field and laboratory studies to
understand the mechanism of mass wasting in the area,
and to properly grasp the role of hydrogeology in the
entire processes. The landslide has an estimated volume
of 15,575m3 and reached a distance of about 150 m in the
southeastern direction.

Figure 4 Iva Valley landslide in Enugu, Nigeria

Figure 5 Old and new landslide scars in the study site

The elevation of the source area was 563 m. Slope height
and inclination were 77 m and 420 respectively. The
depth and inclination of slip surface were 26 m and 420
respectively. The slip surface is composed of hard, iron-
stained impermeable clayey material. Analysis reveal this
impermeable clayey material contains significant amount
of montmorillonite, Halloysite, Boggsite, Lizardite and
Tridymite. Field work observation found no other layer
between the overlying materials and the underlying
claystone. The major unstable areas are distinct with
features of instability including cliffs on heavily
weathered rocks showing new and old landslide scars.
The landslide was analyzed for stability using the
strength parameters determined from triaxial
compression tests. The analysis shows that the factor of
safety of the slopes or landslide blocks in the area of
interest varied from 0.75 to 0.97 indicating the slopes are
at or near to the limiting state of equilibrium; under such
conditions heavy rainfall or a rare seismic activity could
trigger slope movements in the area. Although there was
no fatality or loss of important structures because the
landslide occurred outside residential zone, large
agricultural resources was destroyed.
Most of the landslides in the area are reactivated
landslides and are usually the result of failure of
unconsolidated to loosely consolidated and weathered
coastal sands capping slopes steepened to unstable angles
by erosion. There are many landslide scars in the area of
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landslide (Fig. 5). Landslides on these soils often destroy
farmlands and isolate small towns that are the main
farming zones.

MajorMajorMajorMajor causecausecausecause ofofofof instabilityinstabilityinstabilityinstability inininin thethethethe areaareaareaarea
Because of its composition, the claystone (Fig. 6) absorbs
water during a given circle of rainy season and swells
many times its original volume. In dry season it not only
contracts but also flakes, peeling off a large chunk of its
body mass creating instability in the sand body that rest
on it (Fig.7). Additional stress on the sand body resulting
from increase in self-weight and pore pressure following
the very first rains of another rainy season readily leads to
the failure of the slope. The silty nature of the materials
ensures that sliding down the slope proceed in undrained
condition leading to further increase in pore pressure.
Progressive and continuous accumulation of water and
earth materials downslope produces a state where the
excess pore water pressure becomes equal to the effective
normal stress on the soil leading to a transformation from
slide to flow. The progressive movement of material
downslope is accompanied by destruction and total
reworking of the original structure of the slope soil; with
such destruction and reworking only ceasing after a
steady state is reached. Further rains during a given
season may trigger debris flow on a fresh section of the
slope that satisfy the condition of instability and can
induce sliding on surfaces where previous landslide
events have yet to reach or expose the claystone layer.
When slip surfaces are located within the silty sand
overlying the impermeable material landslides of varying
scales are to be expected until the material contributing
to instability is sufficiently exposed.
The area of in which the landslide occurred is part of the
eastern facing scarp slope of the Nsukka-Udi Cuesta.
Shaped like a large question mark the cuesta stretches
from Lokoja in the North curving through Nsukka and
Enugu before curving eastwards at Okigwe towards the
Cross River. The scarp slope of most of the cuesta is
dissected by a complex of gullies created by head ward
erosion of east flowing rivers sourced from the rock
formations. Mass wasting processes have and are a
significant part of this erosion that is gradually causing
the Cuesta face to retreat to the west (Obi, Okogbue, &
Nwajide, 2001). The landslide occurred in the central part
of the Anambra Basin. The Campanian to Eocene
Anambra basin formed as a result of the structural
inversion and folding of the Aptian-Santonian Abakaliki
basin (Benkhelil, 1989; Kogbe, 1989; Ojoh, 1992; Obi &
Okogbue, 2004). The deposits range from the Campanian
to the Eocene in age and were deposited in enviroments
that pass from continental in the proximal parts through
paralic to shallow marine in the distal parts (Kogbe, 1989;
Oboh-Ikuenobe, Obi, & Jamarillio, 2005). The oldest
deposits with the Anambra basin belong to the
Campanian Nkporo Group composed of the diachronous
Enugu Shale formation, Nkporo shale formation and the
Owelli Sandstone formation. Rocks of the Enugu

formation outcrop in the landslide area and consist of
bluish dark grey shales containing abundant
carbonaceous matter with thin and siltsone and
sandstone layers. The Mamu formation was deposited
after the Enugu shale and consists of heteroliths of
siltstone shale and fine grained sands with coal seams.
These units were deposited in the Maastrichian period.
The Maastrichian Ajali Sandstone Formation lies
conformably on the Mamu Formation. It consists of
characteristically friable cross-bedded sandstones with a
virtual absence of clay. In the area of the slide the Ajali
sandstone is actively incised by the head waters of many
streams which are also sourced for this aquifer. This
explains the presence of the numerous gullies in the slide
area. The Ajali formation is overlain by the Maastritchian
to Palaeocene Nsukka formation and the Paleocene to
Eocence Imo shale formation. In the Eocene another
structural inversion uplifted and slightly tilted the
anambra basin while shifting the depositional centre
further south to the Niger Delta basin (Riejers, 1997; Obi,
Okogbue, & Nwajide, 2001). From then on headward
incision of eastward flowing rivers cut into the now
exposed Anambra basin deposits resulting in a Cuesta
landscape with an eastward scarp which retreats eastward
by gully erosion and mass wasting events especially in the
regions underlain by the Ajali sandstone.

Figure 6 An outcrop of sand body resting on a claystone layer

Figure 7 The claystone layers break into flakes when dry

A sand body resting on a claystone layer

Claystone layers

Claystone layers
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TheTheTheThe shearshearshearshear apparatusapparatusapparatusapparatus

The schematic diagram of the ring shear apparatus is
shown in Figure 8. Because of a certain attribute in its
design that permits unlimited deformation and
displacement of specimen the ring-shear apparatus can
be used to investigate the residual shear resistance
mobilized along the sliding surface at large shear
displacements in landslides. The ring-shear apparatus
was developed with the aim of reproducing the formation
of a shear zone and the resulting motion along the zone.
To ensure an accurate determination of the total normal
stress acting on a given soil specimen this particular ring
shear apparatus was designed to measure the friction
between the soil specimen and the sidewalls of the upper
shear box. The inner and outer diameters of the shear box
are 12cm and 18cm respectively. The shear area is 141.37
cm2. The maximum height of specimen in the shear box
is 11.5 cm while the ratio of maximum height to width is
3.83. The maximum normal stress that can be applied is
2,000 kPa while the maximum shear speed is 10 cm/sec.
The maximum data acquisition rate is 200 readings/sec.
The authors think the shear box is deep enough to allow
the development of a definite and easily recognizable
shear zone within the soil specimen which has the
advantage of limiting or eliminating the possibility of
measuring the shear resistance between soil specimen
and the loading platen or the bottom of the shear box.

Figure 8 The major features of ring shear apparatus

Methodology:Methodology:Methodology:Methodology: FieldFieldFieldField mappingmappingmappingmapping andandandand LaboratoryLaboratoryLaboratoryLaboratory
procedureprocedureprocedureprocedure
The landslide occurred in May which is almost at the
outset of rainy season. Field measurements and sampling
were undertaken about one week after. Important
features measured include position, elevation of landslide
source and toe, slope height, slope inclination, aerial
extent of moving block, direction of movement, depth
and inclination of slip surface, rock type, degree of
weathering and composition of slip surface.
The first step was to carry out preliminary mapping
which covered the watersheds of rivers and streams.
Topographic map interpretation was carried before and
during the field work. Evidence of past landslides, mainly
the presence of scars and gullies, was considered during
the study. The location of settlements, land degradation,
and steepness of the slope also formed part of the criteria.
A landslide inventory was attempted. Landslides were
identified from photographs taken using a sony SF-516
digital camera which showed scars and channels of
streams. Fieldwork involved traversing the area,
inspecting all slopes for scars, gullies, evidence of soil
creeping and rock falls. Local people, especially eye
witnesses to the landslide event, provided information on
the location of the landslide scene, landslide histories,
and the general weather conditions prior to the
landslides. Measurements of average widths, depths and
lengths of channels and diameter of the scars were
carried out, using a 200-meter surveying tape. The angle
at which the scar is located was determined by an Abney
level while the actual location was determined by GPS.
The third step focused on collecting geological data.
During the fieldwork strikes, dip direction and
magnitude, and foliation trends were determined, using a
Silva compass. Slope angles were measured, using an
Abney level. Geological map interpretation was carried
out to obtain additional information on the geology of
the area. This involved interpreting the geological maps
of Enugu State and that of the Eastern Nigerian highlands,
both at scales 1:100,000. These sources provided
information on dipping angle, strike, foliation trends,
faulting, and the type of geology. Boulder measurements
were carried out, using a 50-meter surveying tape. For
block boulders, length, height, and width were measured.
Data was collected on rainfall and temperature pattern of
the study area. Climate plays a very important role in
triggering landslides. Rainfall influences changes in
ground water while temperature affects the rate of
weathering. Both rainfall and temperature data were
obtained from meteorological stations at Enugu and the
University of Nigeria, Nsukka. Only records for a period
of 15 years (from 1996 to 2010) were obtained. A period of
15 years was chosen to provide a good analysis of rainfall
patterns.
Land-use and land-cover data provides an indication of
the stability or the disturbance of the slope; and are
important in landslide hazard assessment and mitigation.
Information on land-use was obtained from topographic

106



Proceedings of ICL Symposium, Kyoto, 2012

maps of the area, as well as reports provided by the
Enugu State Ministry of Agriculture and Water Resources.
Soil and sediment textural and physical properties have
an influence on the susceptibility of such material to
failures. Sampling of soils was undertaken in order to
determine physical characteristics that have a bearing on
soil structural strength.
Soil samples were analysed for the following: particle size,
natural moisture content, compaction, liquid limit,
plastic limit, plasticity index and shear strength. These
parameters determine the structural properties of the soil.
The samples were analysed at the Soil Mechanics
Laboratory, Department of Civil Engineering, University
of Nigeria, Nsukka.

DigitalDigitalDigitalDigital imageimageimageimage processingprocessingprocessingprocessing
Scanning electron microscope images (Fig. 9) of cross
sections of the porous specimens are digitized and
analysis is made using image processing techniques.
Properties such as particle shape, size, distribution,
porosity and specific surface area are obtained directly or
estimated from measured two-point spatial correlation
functions (Fig. 10). These values may in-turn be
correlated to other physical properties of the soil. For
instance, some forms of empirical formulas are able to
estimate fluid permeability by combining measured
porosity values and image specific surface with known
values of electrical formation factors. Image analysis is a
very useful method for measuring the size distribution of
granular soils especially if the grains to be measured are
very small or are imbedded in a solid matrix.
Digital image processing (DIP) technique was used to
evaluate the particle size distribution. Fractal analysis
was employed to examine the structure of the particles.
Because particle form may influence results of sieve
analysis, image analysis methods provide new means for
determining size and shape of aggregates. It is a known
fact that the shape of the coarse aggregate affects the
strength and durability of the concrete produced. DIP
offers an easy and reliable means of measuring the long
and intermediate axial dimensions of particles. Image
analysis provides accurate measurement of the axial
dimensions for each individual particle whereas sieve
methods yield results that are dependent on particle form
characteristics. Fractal analysis is one form of image
analysis technique that provides the simplest method of
examining particle size, shape, count and void
characteristics over a wide range of scales. These are
important geotechnical attributes that may be influenced
by changes initial stress conditions. Particle shape is an
important factor determining the mechanical or frictional
behaviour of granular materials. The study found that
specimens that were more angular tended to have less
void and higher internal friction angle. The resultant
increase in strength could be attributed to interlocking
effect. Compared to the internal friction angles of clean
silica sands, the soils associated with the landslide have
lower values. This may imply that other factors like

degree of weathering, stress history and mineralogy have
significant effect on the shear strength of soils.

Figure 9 SEM image processed to reveal particles and voids

Figure 10 DIP technique showing particles, voids, shape, count

Figure 11 SEM image revealing particles and voids after shear

Shearing tests to residual or steady state is accompanied
by particle rearrangement, breakage, and crushing. The
new texture including particles and voids is illustrated in
Figures 11 and 12. It is noted that the post-shear texture
shows less voids and more angular particles with higher
angle of internal friction when sheared repeatedly.
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Figure 12 DIP technique showing particles and voids after shear

MechanismMechanismMechanismMechanism ofofofof failurefailurefailurefailure

The landslide is essentially a rainfall induced debris flow
which occurred on a structurally and geotechnically weak
slope. The slope angle was too high to be stable under the
structural conditions of the slope. With such high slope
angle and a stratigraphic sequence in which highly
permeable layers of sandy materials overlie impervious
thin layer of claystone composed of montmorilonite
among other clay minerals the failure of the slope became
just a matter of time.
This thin claystone layer forms the slip surface of most
landslides in Iva Valley and Onyeama mine areas of
Enugu state. Because of its composition, the claystone
absorbs water during a given circle of rainy season and
expands in volume. Under an intense precipitation there
is a high probability of landslide as water not only
reduces the shear strength of the soils but also increases
the shear stress on them. Witness accounts indicate the
landslide occurred few hours after an intense rainfall in
what may be accepted as a sufficient lag time for the
lubrication of the slip surface which was the interface
between the highly permeable sands and the
impermeable claystone. The silty sands are loosely
consolidated and permeable; allowing high infiltration of
rainwater and a consequent reduction in factor of safety
arising from increase in self-weight and pore pressure.
Further rise in ground water level can only act as trigger
as the loose sand attempts to consolidate under its new
weight. However, because of the presence of silty
particles an undrained situation is established which
ultimately leads to pore pressure rising to a value close to
that of the total normal stress on the soil. As soosn as
effective normal stress becomes very small or zero the
soil liquefies. The low angles of shearing resistance and
cohesion support the theory of liquefaction as the main
mechanism of failure of the slopes in Iva Valley areas. A
liquefied material on a fractured slope sitting at an angle
of over 40° will move downslope at considerable speed.
Such progressive movement downslope is accompanied
by destruction and total reworking of the original
structure of the slope soil; with such destruction and

reworking only ceasing after a residual or steady state is
reached.

TheTheTheThe flowflowflowflowphenomenonphenomenonphenomenonphenomenon
Flows (flow slides, debris flow and debris avalanche) in
granular soils are multidisciplinary, interdisciplinary and
intradisplinary phenomena involving fluid dynamics,
geotechnical engineering, geology and geomorphology.
Debris flow and debris avalanche are distinguished in
Figure 13. The shear strength mobilized after failure and
during motion is considered the most important factor in
assessing debris flows. Therefore tanφa = (mobilized
shear resistance)/ (total normal stress) can be used to
represent mobility, the apparent friction and the
apparent friction angle mobilized during the motion.
When energy lost to pore water pressure, collission,
curvature and fluctuation of tragetory are taking into
consideration, the equation reduces to:

ma
u φ

σ
σφ tantan −

= where, φm = effective friction

angle mobilized during motion.

Sassa 1988 found that the friction angle of granular
soils during motion will be around 30 degrees as an

approximation. And if the soil layer is saturated until the
ground surface, the apparent friction angle mobilized will
be around 15 degrees because at that state, cohesion in

the granular soils will be zero and the equation

φ
γ
γγ

θ tantan ×
−

=
t

wt will be satisfied; where, γt: total

unit weight of soil layer, γw: unit weight of water.

Our research found the friction angle of the soils
associated with the debris flow at Iva Valley and
Onyeama area of Enugu State varied from 260 to 320.
Debris flow is a mix of saturated granular soils, gravels,
stones and boulders in motion. The permeability of
materials should be high enough to permit speedy
drainage. From geotechnical standpoint it means that
movement or motion should cease as soon as it began.
This usually not the case. There must therefore be
another condition a slope must satisfy for a mass
movement to proceed as a debris flow. The concept of
critical pore pressure introduced by Igwe et al 2004 to
analyze some landslides becomes relevant.
The possibility of a slide turning into flow will depend on
whether or not this threshold pore pressure is exceeded.
When exceeded, soils may collapse and liquefy rapidly.
When the contrary is the case, a transformation from
slide to flow is not expected. The threshold pore pressure
can be expressed as uc = (σtanφ/(1+tanφ) deduced from the
relationship ∆u = ∆τ at failure, where uc denotes the
critical pore pressure, σ represents the total normal stress,
and φ stands for the angle of internal friction. Results of
tests on soils collected at the head scarp of the landslides
show that the friction angle at steady state is
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equal to both the friction angle at phase transformation
and the friction angle at critical state. The friction angle
at steady state is a crucial factor in analyzing landslides
and predicting their potential run-out distance. The
knowledge that the friction angle at steady state is equal
to the friction angle at phase transformation offers strong
merit in landslide risk analysis especially in developing
countries because the friction at phase transformation
can be easily and quickly obtained from a simple direct
shear test. The critical state parameter, as used in the
present research, is the critical or limit value of pore
pressure at the failure line (or at the beginning of phase
transformation where the resistance of soils drops
temporarily at small strains, and regain strength with
further shearing at higher strains), above which a soil
collapses and liquefies, and below which a soil dilates and
regains stability, at least temporarily, if the soil is
monotonically loaded in undrained condition. When
curves of shear resistance and pore pressure versus shear
displacement are made, the critical state parameter could
be defined as the least possible dilation a sample of
known void ratio can sustain under the same laboratory
conditions. Theoretically, and now, practically, it is
possible to narrow the gaps between shear resistances
and their corresponding pore pressures until least
possible dilation (critical state) at the existing laboratory
condition is arrived at, that is when the value of shear
resistance and its corresponding pore pressure become
the same. This will, undoubtedly, represent the truest
critical state experimentally possible. The implication, is
that the transition from dense to loose or from loose to
dense state is only possible if the “fine line’’ that separates
these states is crossed. This fine line is the critical state
parameter as used here. The concept of critical pore
pressure recognizes that pore pressure is central to
liquefaction and flow failures, and is based on the
principles that (1) the void ratio or the relative density of
any given sample of granular material determines the
stress path followed to the failure line, phase
transformation line, or even to the quasi-steady state line
when it is monotonically loaded in undrained condition,

all other factors remaining constant, (2) all changes in the
shear resistance of a soil are because of changes in its
effective stress, and (3) changes in effective stress could
engineer equal changes in shear resistance at the failure
line, (4) whenever the value of pore pressure at failure
equals the corresponding value of shear resistance, a
critical condition is established, (5) the critical condition
so established could be safely used to define and predict
the behavior of other samples of the same material tested
under same laboratory conditions; and could also be
confidently used to predict the possible stress path of a
sample that would dilate the least in a series of undrained
tests under the same laboratory condition.

Conclusions

The concepts of apparent unconformity and critical pore
pressure are introduced to explain slope instability and
the dominant mechanisms triggering landslides in the Iva
Valley area of Enugu State, Nigeria. A new digital image
processing technique was used to evaluate the particle
morphology of the soils. The engineering properties of
the problematic soils associated with massive erosion and
landslides in this part of Nigeria are also investigated and
results compared to silica sands of similar particle size
and gradation. The investigation is part of a larger
program of action aimed at finding appropriate soil
stabilization technique and remediation method to check
the menace of gully erosion and dangerous landsliding in
the region.
We found that most of landslides with long run-out
distances in this area occur at the outset of rainy season
rather than during the peak of rains. We also found that
the nature of the soils (loosely consolidated, silty sand)
and the presence of a thin claystone layer composed of
montmorillonite, Halloysite, Boggsite, Lizardite and
Tridymite and directly overlain by the sility sands are the
main factors aggravating landslides and erosion in the Iva
Valley and Onyeama areas. While it is evident that
liquefaction is the mechanism of mass movement, the
claystone that breaks into flakes and partings of diverse

Figure 13 : Illustration of debris flows and debris avalanche as examples of flow (from Cruden and Varnes, 1996). (a) Debris
flow, and (b) debris avalanche.
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dimensions when dry is the principal cause of instability
in this area. Because of the resultant apparent
unconformity, debris flow and long travel landslides are
restricted to the outset of rainy season rather during the
peak of rains as is the case in some other parts of the
country.

Fractal analysis, which is one form of image analysis
technique, revealed particle size (medium to fine), shape
(slight departure from spherical), count and void
characteristics of the soils over a wide range of scales.
The study found that specimens that were more angular
tended to have less void and higher internal friction angle.
The resultant increase in strength could be attributed to
interlocking effect. Compared to the internal friction
angles of clean silica sands, the soils associated with the
landslide have lower values. This may imply that other
factors like degree of weathering, stress history and
mineralogy have significant effect on the shear strength
of soils.

A range of over-consolidation and normal stress values
were chosen based on conditions existing at the areas of
interest. Results show that while peak friction angle
increases considerably with over-consolidation ratio, the
steady state friction angle is unaffected. The magnitude
of the increase in peak friction was found to be the same
with that for normally consolidated soils suggesting the
effect of over-consolidation ratio and increasing normal
stress in creating tighter packing of soil particles may be
similar. The overburden stress history of soils associated
with landslides, especially in regions where soil erosion is
active, may shed light on the strain-softening behaviour
of liquefiable soils. Defined as the ratio of the maximum
pre-consolidation stress to the current stress on the soil;
it is a process widely believed to lead to tighter particle
arrangement and structural adjustments during soil
formation and development.

The 20th of May, 2011 landslide displaced a silty sand
body overlying an impermeable claystone layer that is
flaky when dry. Sieve analysis showed that the displaced
soil is a well graded silty sand. Results of triaxial
compression tests show that angle of internal friction
varied from 260 to 320; while cohesion varied from 5 kPa
to 12 kPa. Factor of safety calculated for different
landslide blocks in the area of interest varied from 0.75 to
0.97 indicating the slopes are at or near to the limiting
state of equilibrium; under such conditions heavy rainfall
or a rare seismic activity could trigger slope movements
in the area. Ring shear tests indicate that liquefaction is
the major mechanism controlling the deformation of the
soils in this region.

Integrating results of investigation, it is noted that the
soils liquefied because a critical pore water pressure was
exceeded and that exceeding the critical value was a

prerequesite for the transformation of a slide to flow.
The critical pore pressure is represented by: uc =
(σtanφ/(1+tanφ) where uc denotes the critical pore
pressure, σ represents the total normal stress, and φ
stands for the angle of internal friction.

Profuse fractures were observed in the sandstone beds
overlying the claystone in Onyeama hills and its environs.
The potential trigger and preparatory causes of the
landslide are still present in the area, particularly in the
rainy season, and this highlights the need for further
slope stability analysis in the area and adoption of
appropriate prevention measures.
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AbstractAbstractAbstractAbstract A sssstrong international cooperation in the field
of science and technology is 0f a paramount importance
for a small country such as Slovenia, Central Europe
(20,273 km2; population of 2 million). Since landsliding is
an important natural hazard in Slovenia, international
cooperation in landslide research and risk mitigation is a
must. The University of Ljubljana as the largest and the
oldest university in Slovenia (established in 1919) joined
the ICL in 2008. In this paper, a structure and some
preliminary results of the 3-year European research
project called PARAmount (2009-2012) are presented (the
acronym PARAmount stands for “imPPPProved AAAAccessibility:
RRRReliability and security of AAAAlpine transport infrastructure
related to mountmountmountmountainous hazards in a changing climate”).
The natural hazards covered by the PARAmount project
are avalanches, rock falls and debris flows. The field
activities in Slovenia were conducted in 2 testbed regions:
on the Koroška Bela torrential fan (debris flow), along a
state railway between the towns of Jesenice and Nova
Gorica (rock fall & avalanches), and along a parallel main
state road from Bled to Bohinjska Bistrica in the
Bohinjska Soteska gorge.

KeywordsKeywordsKeywordsKeywords Alps, debris flows, hazard maps, modeling,
railways, roads, rock falls, traffic, transport infrastructure

IntroductionIntroductionIntroductionIntroduction

The Republic of Slovenia is a rather small country in the
center of Europe (area of 20,273 km2; just above 2 million
inhabitants; population density ~100inhabitants/km2),
neighboring Italy, Croatia, Hungary, and Austria. On
short distances between the Alps in NW and N and the
Mediterranean coastline in SW, large climate variability
can be observed (alpine, sub-Mediterranean, and
continental climate). With average annual precipitation

of close to 1600mm, but locally well above 3000mm,
typical wet periods are those of prolonged rains in
autumn and of heavy thunder storms and short torrential
rains in summer (Mikoš et al., 2004).

These conditions are in favor of triggering rainfall-
induced landslides; the landslide inventory map of
Slovenia consists of close to 7000 active landslides
(without rock falls and rock slides; average density of
around 1 landslide on every 3km2). The database is called
GIS_UJME and was developed in the GIS environment. In
the last decade of the 20th century, several large
landslides (i.e. with the total volume of around 1 million
m3 or more) were triggered in Slovenia (Stože, Koseč,
Slano blato, and Macesnik landslides; see Mikoš and
Majes, 2010 for details on their mitigation). Furthermore,
the snow avalanches inventory map of Slovenia consists
of over 1500 avalanches, primarily in the alpine part of the
country. The preliminary flood hazard map of Slovenia
reveals that some 4% of the territory is occasionally
flooded (Mikoš et al., 2004), mainly while torrential flash
floods are prevailing over low-land floods on karst poljes
and in wide valleys with alluvial floodplains.

All these natural conditions call for intensive
research on different aspects in the field of natural
hazards and risks. Before and after entering the European
Union in 2004, Slovenia has steadily increased its
international research efforts in various scientific
cooperation forms. Apart from successful participation in
prestigious EU Framework projects (4th, 5th, 6th, and 7th FP
projects) and EUREKA technological projects, recently
some other ways of scientific cooperation have been
introduced in Europe. For 2007-2013, the European
Community Initiative INTERREG has been upgraded to
“European Territorial Cooperation Objective”, co-funded
by the European Regional Development Fund (ERDF).
Out of existing 14 programmes, Slovenia has so far
participated in the Alpine Space program
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(http://www.alpine-space.eu), and the South East Europe
program (http://www.southeast-europe.net). In this
paper we report on the structure, goals and preliminary
results of an Alpine Space research project called
PARAmount.

GeneralGeneralGeneralGeneral notesnotesnotesnotes onononon thethethethe PARAmountPARAmountPARAmountPARAmount projectprojectprojectproject

LandslidingLandslidingLandslidingLandsliding andandandand transporttransporttransporttransport infrastructureinfrastructureinfrastructureinfrastructure
Why a research project dedicated to the road and rail
infrastructure safety in the Alps? It is a known fact that
the Alps are well supported by a high-level transport
infrastructure partially for local demands but mainly for
transnational and international traffic and to support
tourism. On one hand, a temporal or longer disruption of
transport infrastructure causes direct operational costs
and indirect micro and macroeconomic costs in the
transportation sector. On the other hand, there is a
profound knowledge on natural hazards in the Alps, but
the experts mainly focus themselves on a single hazard
process, they usually don’t take into account specific
effects of natural hazards on transport infrastructure, and
also mainly focus on populated areas due to their higher
vulnerability potential.

Therefore, the main PARAmount project goal is to
improve risk management strategies for transportation
infrastructure protection against mountainous hazards by
the adaptation of existing tools and practices to these
special requirements. The project was building on
knowledge of several past European projects that were
active in the broader theme of natural disasters, such as
DIS-ALP (www.dis-alp.org; Disaster Information System
of Alpine Regions) and Monitor (www.monitor-
cadses.org; Hazard Monitoring for Risk Assessment and
Risk Evaluation) and was interacting with on-going
similar projects such as AdaptAlp (www.adaptalp.org;
Adaptation to Climate Change in the Alpine Space),
AlpCheck2 (www.alpcheck2.eu; Alpine Mobility Check –
Step 2), and Monitor II (www.monitor2.org; Practical Use
of MONITORing in Natural Disaster Management).

ProjectProjectProjectProject partnerspartnerspartnerspartners andandandand projectprojectprojectproject observersobserversobserversobservers
The PARAmount project (www.paramount-project.eu)
runs from September 2009 until November 2012. The
University of Ljubljana, Faculty of Civil and Geodetic
Engineering (UL FGG) and the Torrent and Erosion
Control Agency (PUH, Ljubljana) are the two Slovenian
partner out of 13 academic and research institutional
partners from Austria (3x), France (1x), Italy (5x), Slovenia
(2x), and Switzerland (2x).

As a typical applied research project and to fulfill its
aims and goals, the PARAmount project also
encompasses 24 project observers (that are at the same
tome also the closest potential project results’
beneficiaries); these are state, regional and local
stakeholders in the field of transport sector (more than
half of all observers; official observer in Slovenia are the
Slovenian Railways), natural hazards mitigation, and civil

protection agencies. The main PARAmount project aim
in this regard is to establish a permanent discourse
between natural hazard experts (project partners) and
transport operators (project observers) to exist also after
the project completion.

The mountainous natural hazards covered by the
PARAmount project are avalanches, rock falls and debris
flows. The practical part of the project runs in the
selected areas called testbeds: i.e. in Slovenia for debris-
flow phenomenon the Koroška Bela torrential fan in NW
Slovenia was selected (densely populated, regional road;
active landslide in the headwaters). Furthermore,
avalanches, rock falls and debris flows were studied in the
field along a state railway between the towns of Jesenice
and Nova Gorica, and along a shorter reach of the parallel
main state road from Bled to Bohinjska Bistrica in the
Sava Bohinjka River gorge called Soteska (3766 vehicles a
day on average in the period 2000-2010). The project is an
applied one with clearly defined applicable deliverables;
among others are also different models (called operative
tools) that may be used for preliminary hazard
assessment and for detailed hazard mapping.

FieldFieldFieldField workworkworkwork onononon rockrockrockrock fallfallfallfall hazardhazardhazardhazard alongalongalongalong thethethethe railwayrailwayrailwayrailway tracktracktracktrack
JeseniceJeseniceJeseniceJesenice –––– NovaNovaNovaNova GoricaGoricaGoricaGorica

AimsAimsAimsAims andandandand goalsgoalsgoalsgoals
In Slovenia, there is in total 1228 km of railway tracks, out
of which 330km are double tracks and 503 km are
electrified (Fig. 1). Many tracks have been built in the
period before the World War I, and the railway networks
badly needs fast modernization. In 2010, railway
passenger transport was in a steady state (16.220 million
passengers were carried: 15.294 million in national
transport and 0.926 million in international transport
with 813 million passenger-km in total: 680 million km in
national transport and 134 million km in international
transport). In 2010, railway goods transport was less than
before the economic crisis started in late 2008 (16.234
million tons were transported: 3.520 million tons in
national transport and 12.714 million tons in international
transport).

Figure 1. The railway network in Slovenia (red: main railway
lines connecting neighboring countries; blue: regional railway
lines).
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Figure 2. A debris landslide closed the railway line during heavy
rainfall.

Figure 3. A rock-fall hazard indication orto-photo map of a
shorter reach of the railway track Jesenice – Nova Gorica.

As a testbed, the railway track from Jesenice in NW
Slovenia through the Julian Alps to the City of Nova
Gorica in W Slovenia on the border with Italy was chosen.
The track was built in the period 1902-1906 as a second
track to reach the main Austrian port of Trieste at that
time from Vienna (capitol of the Austrian-Hungarian
monarchy). Nowadays, this track is a parallel track to the
main one from Koper through Ljubljana to Maribor to
transport goods from the main Adriatic port of Koper (in
2011 over 17 million tons of unloaded/loaded goods). This
track is in its alpine part threatened by mountainous
natural hazards (e.g. landslides, see Fig. 2). This situation
is comparable to the Austrian one, where out of the total
6,000 km railway tracks, around 1,400 km are threatened
by mountainous natural hazards (according to the data
made available by the Austrian Railways).

Rock-fallRock-fallRock-fallRock-fall documentationdocumentationdocumentationdocumentation databasedatabasedatabasedatabase
A field study to elaborate a database of past rock fall
events was performed. A digitized (geo-referenced)

database has a graphical representation on orto-photo
maps with attributes such as date and time of the event,
location (railway track name), position (stationing along
the railway track), rock type, rock weight/size(volume),
height above the railway track, source area, pathway, and
deposition area. This data help to prepare a rock-fall
hazard indication map (Fig. 3). Until the end of the
project, modeling of rock falls is foreseen in order to
prepare a preliminary rock-fall hazard map.

VulnerabilityVulnerabilityVulnerabilityVulnerability analysisanalysisanalysisanalysis
A short vulnerability analysis was performed. On this
one-track railway line between Jesenice and Nova Gorica
there are 44 trains a day (94% utilized frequency
capacity). The railway operator (Slovenian Railways)
reports for this railway track on average annually 0.35
million passengers (mostly daily commuter to jobs and
schools; ski trains to ski resorts in winter & touristic
museum steam trains in summer) and 0.4 million tons of
cargo (mainly in transit from the Port of Koper).

Figure 4. An orto-photo map of rockfall protection structures
along the railway line Jesenice – Nova Gorica close to Podbrdo.

Figure 5. An old wooden protection fences against rock fall on
the slopes above the railway line Jesenice – Nova Gorica close to
Podbrdo (W Slovenia).
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Rock-fallRock-fallRock-fallRock-fall protectionprotectionprotectionprotection structuresstructuresstructuresstructures
A field survey to elaborate a rock-fall protection
infrastructure cadastre on an ortophoto map (Fig. 4) was
performed. Using GPS equipment (Trimble) the location
was determined in the field, and each structure was
signed on an ortophoto map (Fig. 5).

SurveySurveySurveySurvey onononon riskriskriskrisk awarenessawarenessawarenessawareness andandandand perceptionperceptionperceptionperception onononon
regional/localregional/localregional/localregional/local levellevellevellevel

AimsAimsAimsAims andandandand goalsgoalsgoalsgoals
Within the PARAmount work package 4 (SWOT & risk
management state) an analysis of risk perception and risk
awareness for damage in transport infrastructure due to
natural hazards among various actors in the local test
regions was to be realized. The study was composed of a
qualitative and quantitative survey, as well as workshops
in the Alpine Space comprising five test regions in the
countries of France, Austria, Slovenia, Switzerland and
Italy. The objectives of the study were to increase
knowledge about risk awareness, to collect information
about local risk perception and the state of the art of
tools being implemented. As target group regional and
local authorities, transport operators, economic interest
groups (chambers of commerce, tourism associations etc.)
and technicians from disaster management disciplines,
spatial planning etc. have been identified and contacted
in the course of the study.

MethodologyMethodologyMethodologyMethodology
Interviews (step 1 in survey procedure) with
representatives of the target groups have been carried out
by the project partners (supported by the subcontractor
from the lead partner). The interview guideline was
structured in six main parts composed of sub-questions:
Personal experience with natural hazards, Problem
perspectives, Effects of past experience on decision
making, Information about natural hazards, Risk
perception and Requirements and requests.

Figure 6. Degree of concern about natural hazards affecting the
location.

ResultsResultsResultsResults inininin PosoPosoPosoPosoččččjejejeje testbedtestbedtestbedtestbed
Rating the degree of concern on a 5-point Likert scale
from 1, meaning extremely concerned to 5, meaning not
concerned the respondents are concerned about floods
(2.67), earthquake (3), landslides or debris flows (3) and
torrential floods (3). The respondents are less concerned
about droughts (3.5) and windstorms (3.5) (Fig. 6).

The respondents do agree with the statements
‘Natural hazards are seen as a major problem in the
location’, ‘The potential of natural hazards is a
disadvantage for the location’ and ‘Natural hazards
impair the general attractiveness of the location’.

Analyzing the usage of risk management tools at
different levels it can be stated that in the own
organization 33.3% of the respondents have implemented
risk dialogue groups. On the local level no risk
management tools are used. On the regional level 66.7%
of respondents indicate that hazard mapping tools, early
warning systems, early alert systems, action plans and
training for hazard scenarios are used.

A Slovenian regional workshop was organized in
Šempeter pri Novi Gorici; it was joined by experts and
local and regional actors that participated in interviews
and by interested stakeholders – general public. They
agree - no matter the doubt why the natural hazards
occur greater and more frequently in the last season, if
the reason is the climate change or not, we should
assume that this trend will continue and so we should
give bigger meaning to the natural hazards. In the search
for and implementation of protection measures against
natural hazards is crucial a participation of all concerned
and responsible operators and a clear delineation of roles
and responsibilities. The participants agree, that system
of protection against natural and other disaster in region
is very well developed and is working very well but they
also undoubtedly agree, that even a highly developed
such a civil protection system is, when faced with sudden
flash floods, incapable of replacing everything was missed
in the prevention phase, especially in the fields of spatial
planning and water management.

FieldFieldFieldField workworkworkwork onononon debrisdebrisdebrisdebris flowflowflowflow hazardhazardhazardhazard inininin thethethethe SavaSavaSavaSava BohinjkaBohinjkaBohinjkaBohinjka
RiverRiverRiverRiver gorgegorgegorgegorge SoteskaSoteskaSoteskaSoteska

AimsAimsAimsAims andandandand goalsgoalsgoalsgoals
As known widely, protection forests have an important
protective role against mountainous natural hazards. The
forest cover in Slovenia is among the highest in Europe
(with well over 60% of the total land cover); only 10% of
all forests in Slovenia have an indirect protection
function, while 30% of them perform a direct protection
function. Along the main state road and the railway track
Jesenice – Nova Gorica, a local-scale field study of the
protection efficiency of beech dominated forests was
performed. The forest structure on right-hand slopes of
the 2-km long reach of the Sava Bohinjska River was
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obtained from 47 sample plots of around 500 m2 each,
where all trees with DBH ≥10 cm were measured.

LocalLocalLocalLocal debris-flowdebris-flowdebris-flowdebris-flow susceptibilitysusceptibilitysusceptibilitysusceptibility mapmapmapmap
In this narrow alpine valley of the Sava Bohinjka River
(called the Bohinjska Soteska gorge) steep slopes are
predominantly composed of tertiary rocks (limestone,
dolomites), and the lower parts of the slopes are on many
locations covered by thick rock talus. The predominant
vegetation cover type is the beech dominated forest, a
typical forest community for Slovenian forests. Not many
soil slides have been observed on these slopes in the past;
due to steep slopes rock falls and rock slides are the main
concern together with torrential processes.

Figure 7. Several local debris flows cut of the railway tracks in
the narrow Sava Bohinjska River gorge Soteska on September 18,
2007 (photo: Aleš Zdešar).

During heavy rainfall in September 2007 that led to large
(but mainly) flash floods across Slovenia (Rusjan et al.,
2009), several local debris flows were observed (Fig. 7).
The railway connection Jesenice – Nova Gorica was
broken for a few days (Fig. 8), and on several locations
the main state road from Bled to Bohinjska Bistrica (and
further to the Bohinj Lake, an important tourist
destination) was interrupted for a few days in order to
mechanically remove torrential deposits of the order of
several 10,000 m3. The measured rainfall intensities in a
close-by rainfall station Bohinjska Češnjica were 58mm in
30 minutes, 95mm in 60 minutes, 132mm in 120 minutes,

218mm in 360 minutes, and 279mm in 720 minutes
(Rusjan et al., 2009).

Several potential debris-flow source areas were
recognized in this region by a field geological survey, and
they were confirmed by downscaling of the debris-flow
susceptibility map of Slovenia at scale 1:250,000 (Komac
et al., 2009) to a regional map at scale 1:5,000 (Fig. 9).

Figure 8. During rainfall steep torrential channels are
interrupting the railway track in the Bohinjska Soteska gorge
(photo: Jošt Sodnik).

Figure 9. Local debris-flow susceptibility map of the area under
investigation along the Sava Bohinjka River in Soteska (from
GeoZS, 2011).

Debris-flowDebris-flowDebris-flowDebris-flowmodelingmodelingmodelingmodeling andandandand aaaa locallocallocallocal debris-flowdebris-flowdebris-flowdebris-flow hazardhazardhazardhazard mapmapmapmap
The main state road and the railway track are threatened
by torrential processes (flash floods) and occasional
debris flows where active torrential channels, like the one
in Fig. 10 cross the road or the railway.

For debris-flow modeling a two-dimensional model
TopRunDF was applied (Scheidl and Rickenmann, 2009).
This model is based on an empirical relationship between
planimetric deposition area and debris-flow event volume
(magnitude) with a mobility coefficient as the main
model parameter. The deposition area of a potential
debris flow with a given magnitude is determined using a
simple flow routing algorithm from a selected starting
point of the deposition area and by applying the Monte-
Carlo technique to compute debris-flow paths and
therefore spreading of a debris flow and thus determining
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the run-out area covered by debris-flow deposits. The
obtained model results using this approach in the
investigated area in the Bohinjska Soteska gorge are given
in Fig. 11.

Figure 10. A typical steep torrential channel on the slopes in the
investigated area (one of those in Fig. 11; photo: Gal Fidej, 2010).

Figure 11. A local debris-flow preliminary hazard map as a basis
for an assessment of forest protection function (from Fidej et al.,
2011).

Debris-flowDebris-flowDebris-flowDebris-flow hazardhazardhazardhazard assessmentassessmentassessmentassessment onononon thethethethe KoroKoroKoroKorošššškakakaka BelaBelaBelaBela
torrentialtorrentialtorrentialtorrential fanfanfanfan

TheTheTheThe testtesttesttest bedbedbedbed descriptiondescriptiondescriptiondescription
The Koroška Bela torrential fan in NW Slovenia (Fig. 12)
covers 1.02km2 with numerous houses and 2200 residents
(high damage potential). The torrential watershed area is
6.4km2 with average slope of 52% and the height
difference of 0.57km. In the headwaters there is an active
landslide that might under unfavorable conditions turn
into a debris flow; the activity of this landslide was

proved by the field monitoring system established by the
Slovenian Geological Survey (Komac et ., 2012).

In 1789, a large debris flow on the fan ruined 40
houses and several mills (Jež et al., 2008). On the bottom
of the fan there is also a local road between Slovenski
Javornik and Jesenice. Since there is a high damage
potential on the fan and a possibility for a debris flow to
occur, hazard assessment was a suitable starting point.

Figure 12. The orto-photo of the Koroška Bela torrential fan
used as a test areas for 2D debris-flow numerical modeling.

Debris-flowDebris-flowDebris-flowDebris-flowmodelmodelmodelmodel sensitivitysensitivitysensitivitysensitivity analysisanalysisanalysisanalysis
We used the Flo2D commercial model for debris flow
hazard assessment and hazard mapping. Flo2d was
successfully applied in previous debris flow cases in
Slovenia (Log pod Mangartom, Koseč) and it widely used
in other European countries. We performed an extensive
sensitivity analysis of the model. We tested influence of
control parameters, Manning roughness coefficient,
rheological parameters, different options of structures
modeling, position of inflow hydrograph, computational
grid cell size and different topographic data. As the main
results of these studies, the topographic data (Sodnik et
al., 2009) and the debris flow magnitude (event scenario)
turned out to be the most important parameters of debris
flow modeling, using the Flo2D model.

In Slovenia, we have publicly available DEM25,
DEM12.5 and DEM5. The quality of this data is vary
various due to the methods they were created. We used
DEM12.5 and DEM5. The DEM12.5 was produced
according to appropriately fused various existing data
sources, which were of different quality, where their best
properties were exposed. The DEM5 was produced by
simply resampling of the DEM12.5, and with further
improving of geometrical accuracy. Areas were locally
adjusted CAD-tools. The final DEM 5 is geometrically
higher quality than the DEM12.5, but quite
inhomogeneous with low morphological accuracy. Both
of public DEMs proved to be useful only for preliminary
hazard mapping due to their low accuracy. Because of
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that fact, LiDAR data for out test bed was captured. We
produced DEM0.5 and DEM5 from LiDAR which was
captured as a full-wave point cloud with resolution from 1
to 10 points/m2.

The LiDAR derived data turned out to be much
more useful and can provide more accurate results;
compare the computed results in Fig. 13. The Koroška
Bela torrential channel is better expressed; depths on the
fan are more heterogeneous. High resolution data allows
many improvements and additional analysis, for instance
algorithms for remote sensing of torrential fans.

Figure 13. The computed maximum flow depths (in meters,
uniform scale) using classical DEM12.5 (above) and original
LiDAR DEM0.5 (below).

Dense population makes proper modeling of houses
on Koroška Bela torrential fan even more significant. We
used two options of objects modeling. First approach
included higher Manning roughness coefficients for
populated area, second approach used function of
“blocked cells” where object on the fan were recognized,
using digital ortophoto. The second approach turned out
to be more useful if we presume that all buildings
withstand the pressure of the debris flow. The blocked-
cells approach derives more precise results especially
local conditions i.e. local velocities increased due to
influence of object. The maximum velocities are very
important when assessing debris flow hazard.

DebrisDebrisDebrisDebris flowflowflowflow hazardhazardhazardhazard mapmapmapmap
Debris-flow magnitude estimation stays the main
problem. Different empirical approaches for magnitude
estimation were proposed (Sodnik and Mikoš, 2006). We
used different scenarios for hazard map preparation. We
based our assumptions on hydrological modeling with
official precipitation data for nearest rain station. HEC-
MHS hydrological model was applied. The resulted
hazard map for the Koroška Bela torrential fan and the
selected debris-flow scenario is given in Fig. 14.

Figure 14. Debris flow hazard map for the Koroška Bela
torrential fan. Debris flow hazard map was prepared using
potential scenario with the debris-flow magnitude of 155.000m3

and the computed peak discharge of 430m3/s (high hazard
(h>1m or v*h>1m2/s) is given in red, medium hazard (h>0.5m or
v*h>0.5m2/s) is given in orange, and low hazard (h>0.2m or
v*h>0.2m2/s) in yellow).

DevelopmentDevelopmentDevelopmentDevelopment ofofofof anananan operativeoperativeoperativeoperative tooltooltooltool (OT)(OT)(OT)(OT)
In last few years many numerical models for debris flow
modeling were published. Two of them are the
TopRunDF (used in the Bohinjska Soteska gorge) and the
TopFlowDF. The TopRunDF is a GIS-based simulation
model to predict deposition area as well as deposition
height of a debris-flow event on the fan. The TopRunDF
is written in Visual Basic 6.0 and is available also as an
open source. The TopRunDF was applied in the
Bohinjska Soteska gorge and also tested on the Koroška
Bela torrential fan. With the TopRunDF you can estimate
debris-flow deposition area and deposition height. The
TopFlowDF combines a simple dynamical mass-point
model with a random based flow algorithm, implemented
in the TopRunDF. The physical concept of the
TopFlowDF is based on the constant-discharge model.
With the TopFlowDF you can also estimate debris-flow
maximum flow velocities. The TopFlowDF is more
promising since debris flow velocities are an important
factor when assessing debris flow hazard. The
TopFlowDF is also available free of charge online
(www.debris-flow.at).

One of the PARAmount project deliverables is also a
so-called operative tool which was developed by one of
the project partners. This tool includes a hydrological
model for precipitation analysis and definition of a runoff
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hydrograph, a triggering model to define a debris flow
scenario, and two routing models; all models are GIS
based. One of the routing models is a simple empirical
model for a preliminary assessment; the second one is the
cellular- automata based model. The proposed operative
tool is a step forward because it includes also a triggering
model. The new model is available on the project website
(PARAmount, 2012); and reference and user manual are
also available. Until the end of the project in November
2012, the operative tool will be tested in all the project
testbeds and this will provide vital information for its
potential improvements.

ConclusionsConclusionsConclusionsConclusions

In Slovenia, we are obliged to gradually prepare flood
hazard maps according to a detailed methodology taking
into account the postulates of the European Union
Floods Directive (2007), which aim is to reduce and
manage the risks that floods pose to human health, the
environment, cultural heritage and economic activity.
This approach covers floods, flash floods and occasional
hyper-concentrated (sediment laden) flows and their
effects, but not also channelized debris flows or even
hillslope debris flows. Therefore, a separate methodology
for debris-flow hazard assessment is needed.

The scientific cooperation within different European
projects, such as the PARAmount project, presented in
this paper, is rather important with regard to the
development of a debris-flow hazard assessment
methodology to be a part of future legislation in Slovenia
in the field of natural hazard prevention. Such a scientific
co-operation gives us fruitful opportunities to test
different models and tools and furthermore to possibly
adopt them after such a successful testing phase in pilot
(test) regions. The PARAmount project will, together
with the other European projects in the field of natural
hazards, in which Slovenian research partners have been
or are still involved, contribute its share to a new step
further in the field of developing a modern risk
governance system in this field in Slovenia.
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AbstractAbstractAbstractAbstract Persistent Scatterer Interferometry (PSI) is
capable of millimetric measurements of ground
deformation phenomena occurring at radar signal
reflectors (persistent scatterers / PS) that are phase
coherent over a period of time. However, there are also
limitations to PSI; significant phase decorrelation can
occur between subsequent SAR acquisitions in vegetated
and low-density PS areas. Here artificial amplitude- and
phase-stable radar scatterers may have to be introduced.
I2GPS was a Galileo project (02/2010 – 09/2011) that
aimed to develop a novel device consisting of a Compact
Active Transponder (CAT) with an integrated Global
Positioning System (GPS) antenna, to ensure millimetric
co-registration and a coherent cross ‐ reference.
Advantages are: 1) all advantages of CATs such as small
size, light weight, unobtrusiveness, and usability with
multiple satellites and tracks; 2) absolute calibration for
PSI data; 3) high sampling rate of GPS enables detection
of abrupt ground motion in 3D; 4) vertical components of
the local velocity field can be derived from single-track
InSAR line-of‐sight displacements. A field trial was set
to test the approach at a potential landslide site in
Potoška planina (SLO, still ongoing) to evaluate the
applicability for operational monitoring of natural
hazards. Preliminary results from the Slovenian trial
highlight some of the key considerations for operational
deployments in the field. Ground motion measurements
also allowed an assessment of landslide hazard at the site,
and demonstrated the synergies between InSAR and GPS
measurements for landslide applications. InSAR and GPS
measurements were compared to assess the consistency
between the methods from the slope mass movement
detection aspect.

KeywordsKeywordsKeywordsKeywords Persistent Scatterers, Compact Active
Transponders, GPS, landslide, monitoring, Slovenia

IntroductionIntroductionIntroductionIntroduction

In the past decade radar interferometry (InSAR) has been
used for variety of surface change detection purposes,
from hydrology (Declerq et al., 2005; Ludwig and
Schneider, 2006), mining subsidence (Carnec and
Delacourt, 2000), glaciology (Mohr and Madsen, 2000),

ecology (Borgeaud and Wegmüller, 1997), volcanology
(Salvi et al., 2004), monitoring of slow landslides (Hilley
et al., 2004; Bovenga et al., 2006; Farina et al., 2006; Hole
et al., 2011; Žibret et al., in print), to tectonics (Komac and
Bavec, 2007; Žibret et al., in print). InSAR technique was
further developed to detect differences between
interferometric pairs (Diferential InSAR) and to detect
long-term differences in interferometric images
(Persistent Scatterer Interferomety).

The NAVSTAR Global Positioning System (GPS) was
designed as an all-weather space-based navigation system
by the U.S. Department of Defense for both military and
civilian navigation needs. Already early on it was realized
that carrier phase observations can be used to determine
relatively short baselines between two receivers with
millimetre accuracy (Bossler et al, 1980, Remondi, 1985).
The establishment of the International GNSS Service (IGS)
in 1994 made it possible to obtain millimetre accuracies
on a global scale (Mueller and Beutler, 1992, Dow et al.,
2009), leading to significant improvements in the
International Terrestrial Reference Frame (ITRF) and
numerous high precision geodetic and geodynamics
applications (Teunissen and Kleusberg, 1998).

The driving idea of I2GPS project was to combine
the two technologies, GPS/GNSS and InSAR, co-register
the measurements and use them for monitoring slowly
moving landslides in 3D. For the purpose of the project
two trials at different test sites were performed, a
‘laboratory trial’ in Delft (NL) to validate the capabilities
of the technology (not elaborated in this paper)
(Mahapatra et al., 2011), and a potential landslide site in
Potoška planina (SLO) to evaluate the applicability for
operational monitoring of natural hazards (Fromberg et
al., 2011). The results of the first trial are not elaborated in
this paper and as the second trial is still ongoing (January
2012), we present here partial, yet still interesting results.

LocalLocalLocalLocal SettingSettingSettingSetting

GeologyGeologyGeologyGeology andandandand geographygeographygeographygeography
The key aim of the Slovenian field trial (one of two trials
within the I2GPS project; the second trial was performed
in Delft, NL) was to demonstrate that the system
developed (an unit for collecting co-registered GNSS and

119



M. Komac, B. Milanič, P. Mahapatra et al. – I2GPS – a new approach to 3D surface displacement monitoring

InSAR data) is able to respond to specific user needs, in
this case to provide useful measurements of landslide and
tectonic motion in an operational setting.

The chosen landslide site lies above the village of
Koroška Bela, on the outskirts of the town of Jesenice in
the Karavanke Mountain area of north-western Slovenia
(Fig. 1). The Potoška Planina landslide is known to have
produced at least four historical debris flows (Jež et al.,
2008), some of which caused significant damage to a
village down-slope. A slide in the 18th century caused
partial or total destruction of forty buildings, and
landslides of the same or greater mass could endanger
the village in the future. Current activity on the slide is
presumed to be active slow-motion slip. As landslides
and debris-flows present serious danger to Alpine
infrastructure and inhabitants (Mikoš et al, 2012) such
attempts as presented here represent complementary
tools to mitigate hazards due to slope mass movements.

The main part of the site occupies a gently sloping
area at the foot of a steep limestone ridge. The lower,
south-eastern section of the site is dissected by a steep-
sided ravine, which broadens and levels out to form the
main area of the landslip. Any debris slipping from the
landslip would be funnelled down this ravine towards the
village (Fig. 2).

The wider area is dissected by numerous faults
linking Periadriatic and Sava fault zones. The underlying
geology is composed of heavily deformed clastic and
carbonate rocks, with a large amount of talus material
occurring in the upper part of the landslide at the foot of
the ridge. Motion on the slide is predominately
accelerated by percolation of surface and underground
water, and the maximum volume of sliding masses has
been estimated at about 1.8×106m3.

Figure 1. Location of the studied landslide site Potoška
planina is situated above the village of Koroška Bela, on the
outskirts of the town of Jesenice in the Karavanke Mountain
area of north-western Slovenia.

Figure 2. View from the limestone ridge at the head of the
Potoška Planina landslide, looking directly down the slide (red)
into the ravine leading to the village of Koroška Bela (yellow).
The Sava Fault runs along the valley below. The direction of the
view is southwards.

Meteorological data from 2004-2008 was obtained
for a site approximately 1 km from Potoška planina and at
a similar altitude. Meteorological data confirmed the
reports from field observations that snow cover during
the winter had the potential to cause interruptions to the
service and that the units were likely to be operating
within their temperature specifications for the majority, if
not all, of the year. Both CAT and GNSS units suffer from
phase artefacts if the antennae are covered by snow – for
small amounts it may be possible for snow to be cleared
during field visits, but if more than 50 cm of snow falls
this will not be possible and measurements will be invalid.
Such snow clearance also relies on a field visit being
practicable before each satellite overpass, and on access
to the site being clear. The meteorological data confirm
observations that snow is likely from late November, and
may be heavy in January and February. However the
amount varies greatly from year to year, from almost
none through to snow covers of several metres.

UnitUnitUnitUnit locationslocationslocationslocations
The ravine and lower area of the landslip are heavily
forested, and therefore unsuitable for unit placement, but
higher up the slope trees are smaller and there are several
rocky areas which protrude from the trees. To either side
of the active slip lie areas of grassy pastoral land, which
are assumed to be geologically stable and are ideal for
reference point locations.

Test SAR imagery was used to locate areas of the site
where CATs would be visible, and where they would be
bright relative to the local background clutter. Together
with vegetation considerations, this was used to
construct a list of potential locations for the units. Site
visits were then conducted to evaluate the suitability of
each potential location. Several of the proposed locations
were eliminated due to the presence of tall vegetation in
the vicinity. A further site was discounted for health and
safety reasons due to its location on a steep rocky slope.
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A total of three reference points (Ref_1, Ref_2, and
Ref_3) and four landslide points (CAT_1, CAT_2, CAT_3,
and CAT_4) were selected for unit installation for the
purpose of slope stability monitoring (Fig. 3). The main
I2GPS reference point (Ref_2) is located in an area of
pastoral ground to the northwest of the landslip. Two
further CAT reference points (Ref_1 and Ref_3) are
located to the southeast and southwest, forming a
triangle enclosing the lower half of the landslide. This
configuration was designed to provide an estimate of a
planar atmospheric gradient across the site.
Intercomparison of the three points enabled evaluation of
the stability of the main reference, and the additional
references provided back-up in case the main reference
failed or became unstable. There was an additional unit
(CAT_5) located on the south bank of the Sava river near
the village of Blejska Dobrava (the distant area across the
river on upper left part of Fig. 2), approximately 3.5 km
from and approximately 600 m lower than the Potoška
planina reference points for the purpose of monitoring
active tectonics related to the Sava fault that runs along
the valley. Measurements results from CAT_5 are out of
the scope of this paper and won’t be discussed here.

Unit mountings were prepared in one of two ways,
dependant on the local terrain. Where hard rock
mounting points were available, a 3 cm hole was drilled
and a metal post concreted in. Where the underlying
ground was composed of soil or scree, a concrete
foundation was constructed, with footings excavated
approximately half a metre into the ground. This
concrete was then drilled and a post secured as before.

The metal posts are topped by a flat plate; with
attachment points for the unit mounting and alignment
structure. Each monument has an associated geodetic
reference point marker, fixed firmly on the rock or
concrete base structure. The mounting and alignment
structure has been designed such that the phase centre of
the GNSS antenna can be precisely centred over this
marker, at a known height offset. This ensures that points
can be reliably re-surveyed at a later date even after unit
removal, either by re-installation of the unit or surveying
using conventional GNSS equipment.

Units were installed on the prepared monuments,
and accurately aligned. The base plate was levelled to
within ±1° using a bi-axial spirit level, and to within ±2° of
true north using a compass. The GNSS antenna phase
centre was precisely centred above the geodetic marker
using a laser plumb. Positions of all units were initially
surveyed with a handheld GNSS unit, to provide location
and topographic height estimates for use during SAR
processing. Comprehensive instructions for installation
and alignment were prepared within an operation
manual provided to installation personnel. Unit locations
were enclosed by a fence, to reduce the risk of
interference or damage from humans or animals.

Once in the field, units required regular visits for
GNSS data to be downloaded for processing. The CAT
units deployed could hold stored data and operational

logs for several months of autonomous operation but for
the purpose of more timely access to the GNSS results for
comparison with CAT processing, and for closely
monitoring the technical performance of the units it was
decided to visit the site on monthly bases. In addition to
GNSS positioning data, operation of both the GNSS and
CAT units produces diagnostic and logging information
to enable monitoring of unit function, and alongside any
deformation results technical validation of the units was
also a key outcome of the trial. Site visits also enabled
checking the environmental conditions and mitigating
any problems. For example any vegetation growing close
to the units could be trimmed, and snow or leaf
accumulation could be cleared. Units were also checked
for damage, interference, or signs that they might have
become unstable with respect to the ground.

Figure 3. Potoška planina site, showing approximate
boundaries of slipping area (white polygon), and locations of
CATs and Reference points (yellow pins). Map image copyright
Google, Cnes/Spotimage, GeoEye and TerraMetrics 2010.

MethodsMethodsMethodsMethods

PersistentPersistentPersistentPersistent Scatterers/InSARScatterers/InSARScatterers/InSARScatterers/InSAR andandandand datadatadatadata processingprocessingprocessingprocessing
Persistent scattering technique is a technique that uses
ground radar targets (Persistent Scatterers) that through
a longer period reflect (scatter) radar signal back to the
satellite with a high reliability (signal coherence).

As one of the major drawbacks of the technology is
that it relies on natural or coincident man-made
persistent scatterers that are already present on observed
area and that the vegetation present hinders the ability of
the method, artificial scatterers such as corner reflectors
or Compact Active Ttransponders (CATs) were developed.

Historically, the most commonly used wavelength
for InSAR applications has been C-band, with a
wavelength of 5.6 cm, and hence CATs have been
designed to operate at this band. We used them as a part
of the unit in our study.

A number of C-band instruments are currently
available or planned for launch (Table 1). Historically the
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majority of InSAR work has utilised data from the two
ERS satellites and the more recent Envisat, operated by
the European Space Agency (ESA). Of these, ERS-1 and
ERS-are no longer in operation. Envisat will be
operational until 2013, although suitability for
interferometry was reduced from October 2010.

Table 1 Current and forthcoming C-band instruments suitable
for I2GPS-type projects.

Satellite Oper.
body

Revisit
time (d)

Inciden.
angle

Resol.
(m)

€

Envisat ESA 35 15-45.2 28.8 500
Radarsat-1 Can.SA 24 20-49 28.8 3200
Radarsat-2 Can.SA 24 20-49.8 1.6-26 3200
Sentinel-1 ESA 6-12 >25 22 open

Commercially, C-band data is available from the
Canadian Space Agency (Can.SA) Radarsat-1 and
Radarsat-2 satellites however data costs are an order of
magnitude larger than for Envisat. In the longer term,
ESA plan to launch SAR instruments aboard their
Sentinel-1 satellites from 2013, these are expected to offer
open access to data, potentially making operational
I2GPS and similar projects more economical.

The designation C-band covers a range of
frequencies. Previous CAT designs were optimised for
frequencies of 5300-5331 MHz, used by the Envisat and
Radarsat-1 satellites. The newer Radarsat-2 and Sentinel
satellites moved to a frequency of 5405 MHz to avoid
frequencies being used for terrestrial wireless internet
services. Unfortunately this new frequency partially
overlaps with one used for air navigation, which places
constraints on the CAT unit design and may in some
cases complicate the radio transmission licensing, that is
needed to use CATs. Although the I2GPS field trials used
Envisat data, new dual-frequency CATs were produced to
demonstrate future compatibility with Radarsat-2 and
Sentinel.

Satellites such as Radarsat and Envisat can be
requested to acquire data over specific areas. Searchable
catalogues are provided which describe a list of potential
acquisitions, these can be selected and ordered, and are
then programmed and uploaded to the instrument by the
satellite operator. Data are then delivered via FTP, usually
within a few days of acquisition.

In some cases, conflict occurs when multiple users
request data acquisition for an area using incompatible
instrument modes, for example image mode (used for
InSAR) and wide swath (WS), or request different
incidence angles. There is also a period of unavailability
when the instrument is required to change modes
between successive imaging requests along the satellite
track.

It is anticipated that the Sentinel-1 satellites will
operate to a pre-defined acquisition plan, with a baseline
target to achieve repeat coverage of all land areas every 12
days initially, and every 6 days once the second
instrument is launched in 2014. Since data will be

automatically acquired using a standard mode,
programming will not be required and conflicts should be
infrequent.

SARSARSARSAR datadatadatadata processingprocessingprocessingprocessing
SAR images were received from ESA via FTP download,
within 3-5 days of image acquisition. Images were
focussed and a single-look complex (SLC) image was
produced. CAT units were identified and their radar
response measured at the point of peak amplitude (Fig. 4).
Two SLC images were then co-registered using a
combination of knowledge of the orbital geometry and
image cross-correlation, and combined to form a complex
interferogram. Phase contributions from orbital and
topographic effects were modelled using details of the
orbital geometry combined with a digital elevation model
(DEM), and subtracted from the interferogram.

Figure 4 Identification of CAT response in SLC image
(left), and measurement of their peak response (right, showing
response as a function of range and azimuth).

Where sufficient coherence was present in the wider
area surrounding a site, estimation of residual orbital and
large-scale atmospheric trends was possible. These trends
were modelled based on a planar gradient, and
subtracted from the interferogram (Fig. 5). Phase values
for each CAT were then extracted from the interferogram.

Figure 5 Section of wrapped interferogram showing a
strong residual orbital trend due to poor-quality orbital state
vectors (left), and the same area after removal of a planar phase
gradient (right).

Extracted phase values were considered relative to a
selected CAT chosen as a fixed reference point. The
reference point phase was subtracted from each
remaining CAT measurement to give a phase difference.
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Phase measurements (φ, in radians) were then scaled to
represent apparent line-of-sight (LOS) deformation (DLOS)
in millimetres, using the equation [2]:

ϕ
π
⋅=

2
28

LOSD [2]

Phase measurements were recorded modulo 2π, due
to the cyclic nature of phase (Fig. 6), resulting in
potential for ambiguities in motion measurements. In
conventional DifSAR processing, these ambiguities can
usually be resolved by using an assumption of smooth
spatial variation to identify and compensate the
anomalous phase jumps (termed ‘unwrapping’). However
this is more challenging for point measurements, where
there are no intervening phase measurements to identify
phase jumps between points.

Figure 6 The observed phase difference due to increasing
LOS displacement (red arrows) increases until the phase offset
is equal to a complete wavelength (here equivalent to 28 mm of
deformation). At this point the offset phase is identical to the
original phase, and no deformation appears to have occurred.

Initially, these phase ambiguities were resolved
using an assumption of minimal motion over the time
span of the interferogram (Fig. 7), however these
estimates could later be revised in the context of spatial
and temporal information for the site, or GNSS motion
information where available. Estimates of uncertainty in
the phase measurements were calculated from an
examination of the local background clutter conditions.

Figure 7 Plot of hypothetical deformation measurements
from a CAT unit (black line), with black crosses marking the
latest measurement modulo 2π. Possible assumptions to resolve
the ambiguity could include minimal deformation (red), trend
from previous measurements (blue) or closest fit to GNSS data
(green).

Processing of the results was performed in the
PULSAR interferometry software. Topographic phase was
a significant factor for the point scatterers due to the
large variations in topographic relief; this was calculated
using heights derived from GNSS measurements. Orbital
phase trends were estimated and removed from
interferograms which contained sufficient coherence,
based on visible phase gradients.

Data acquisition utilised data from ESA’s Envisat
satellite. ESA announced that there would be changes to
the orbit of Envisat, beginning in October 2010. Although
a few scenes were acquired before the change, the
majority of the trial data were acquired from February
2011 onward. It was widely reported that data acquired
after the Envisat orbit change would undergo a
progressive lengthening of baselines with respect to the
start of the mission phase, as orbital inclination was
allowed to drift. It was anticipated that this would limit
interferogram timespans to relatively short term pairs.
While an increase of baselines was observed, this was not
as severe as initially expected and interferometry
remained possible between the first and last SAR images.
However the orbital change did restrict useful
acquisitions to descending data, preventing estimation of
horizontal and vertical motion using two lines of sight.

Programmed acquisitions before and after the orbit
change were affected by numerous scheduling conflicts
and cancellations, making collection of a continuous time
series difficult. After helpful discussion with ESA, it was
confirmed that many of these clashes involved the
European Maritime Safety Agency (EMSA), who acquire
SAR data for their ‘Clean Sea Net’ maritime monitoring
programme in the northern Adriatic. EMSA were
exceedingly helpful in working with FNPA, a partner in
project I2GPS responsible for SAR imagery acquirement,
to find a solution to the conflicts, and agreed to avoid
programming on the desired I2GPS tracks for the
duration of the trial. No further conflicts were
encountered during trial data collection.

123



M. Komac, B. Milanič, P. Mahapatra et al. – I2GPS – a new approach to 3D surface displacement monitoring

Initial SAR images encountered problems with CAT
visibility. A systematic review of potential causes was
undertaken, with an estimation of likelihood, and
relevant diagnostic procedures were outlined for each
factor. The majority of these were eliminated by checks
on the SAR data and processing, field observations and
functional checks of the units. Once Envisat data
collection resumed it was determined that the main
cause of the visibility loss was the restriction on CAT
beamwidth for steep incidence angles.

The data acquisition plan was modified to use a
primary track acquired at a shallower angle (IS3), which
improved CAT visibility. A second IS2 ‘backup’ track was
acquired (381, not listed in the Table 2) for use in the
event that the optimal track suffered from cancellations,
this track was slightly steeper and did suffer from some
residual visibility problems, degrading the quality of
results from this track. As such, interpretation of results
focused primarily on the primary track 108, where result
quality is higher. Table 2 lists the post-orbit-change SAR
scenes acquired across the site for track 108.

Table 2 SAR images across the Potoška planina site acquired
after the Envisat orbital change.

Acquisition
Date

Time Track Model Local incidence
angle

02/02/2011 09:22 108 IS3 28.8
04/03/2011 09:22 108 IS3 28.8
03/04/2011 09:23 108 IS3 28.8
03/05/2011 09:23 108 IS3 28.8
02/06/2011 09:24 108 IS3 28.8
01/08/2011 09:25 108 IS3 28.8

GPS/GNSSGPS/GNSSGPS/GNSSGPS/GNSS datadatadatadata processingprocessingprocessingprocessing
The GNSS data was collected by the I2GPS units on a
continuous basis. The GPS observations were stored in
Septentrio’s Binary Format with a 30 second interval. A
new file was started each day by the receiver and the files
were downloaded at regular intervals from the receiver
(once every 1-2 months) using a laptop and USB
connection to the receiver.

The GNSS processing consisted of two main steps; (i)
data pre-processing, and (ii) GPS solution following all
standards set for IGS and EUREF analysis centres using
the Bernese GPS Software version 5.0 (BSW50) (Dach et
al., 2007, Dow et al., 2009, Bruyninx, 2004). During
preprocessing data logged in Septentrio Binary Format
(SBF) was converted into the Receiver Independent
Exchange Format (RINEX Version 2.11) using Septentrio’s
sbf2rin version 6.1 and the quality of the data was checked
using teqc from Unavco. Plots of the data quality
checking have been generated usingMatlab tool.

In Fig. 8 an example of the information that can be
found in the summary files is given for CAT_1, CAT_3,
CAT_5 and Ref_2 locations, showing the percentage of
daily data that is tracked (stored). Other performance
indicators are the number of satellites that are tracked;
the number and percentage of observations, above the

horizon and above 10 degrees elevation; and the pseudo-
range noise statistics. The example in Fig. 8 clearly shows
the tracking problems during the winter period due to
the power deficit of the solar panels caused either by cold
or snow cover.

Figure 8 Example of a data quality plot generated during
preprocessing. KBR2 is a GPS coding for Ref_2; KBC1 is a GPS
coding for CAT_1; KBC3 is a GPS coding for CAT_3; KBC5 is a
GPS coding for CAT_5 (not elaborated in this paper).

The RINEX files store the raw pseudo-range and
carrier phase data for the satellites tracked by the receiver.
The receiver does not output any position information
other than a rough pseudo-range solution. It should be
noted that the receiver does not do a Real-Time
Kinematic (RTK) solution, as this does not provide the
desired level of precision in the solution for deformation
studies. Instead, the raw pseudo-range and, in particular,
the carrier phase data is later post-processed to obtain
the precise location of the receiver antenna. This was the
second phase of the GNSS processing.

The main GNSS processing consisted of a GNSS
ionosphere free network solution using the BSW50
software following the standards set for IGS and EUREF
analysis centres. The network of four I2GPS stations was
therefore extended with 7 IGS Permanent GPS stations
with highly accurate station coordinates and velocities in
the International Terrestrial Reference Frame 2008
(ITRF2008/IGS08). These stations provided the reference
frame for the four I2GPS stations. A GPS permanent
station in Ljubljana was added to the network in order to
have another reference station in the network, which is to
be processed in exactly the same way as the four I2GPS
stations, and that can be used for comparison purposes
and as additional stable point.

The main goals of this processing step were (i) to
obtain the best possible site coordinates and position
time series in a global reference frame (ITRF2008), (ii) to
obtain estimates of the atmospheric delay (Tropospheric
Zenith Delay) over the area of interest, and (iii) to verify
the stability of the presumed stable reference points
(KBR2/Ref_2). For the main processing the Bernese
Processing Engine (BPE) with Process Control Script
RNX2SNXA was used. RNX2SNXA is a slightly modified
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version of the standard RNX2SNX script provided with
the Bernese GPS Software.

Approximate values for the station coordinates in
the Potoška planina area have been computed using a
PPP solution. For the velocities the plate motion from the
Nuvel-1A plate model was used. For the IGS and EPN
stations, station coordinates and velocities from the
IGS08 realization of the ITRF2008 reference frame were
used.

The Bernese software computes an unconstrained
free network solution that does not initially use any
coordinate constraints for the IGS stations. This allowed
us to verify the stability of the reference stations. The free
network solution was in a final step linked to the absolute
reference frame by a three parameter Helmert
transformation (shifts in X, Y and Z) making the closes
possible fit of the IGS stations onto the values given in
the IGS08 reference frame. It should be pointed out that
the external coordinates for the IGS stations were only
used to determine a shift from the free network solution
onto the absolute reference frame.

The I2GPS antenna type, called SATIMO-005-A, was
unknown within IGS/EPN. Therefore, before the
processing commenced, absolute antenna calibrations as
measured by Satimo, have been introduced into the
antenna calibration files of the Bernese GPS software.
This was a very critical step in setting up the processing
for new equipment and a potential area of mistakes,
especially with a new provider of antenna calibration
values (Satimo).

The resulting solution is saved in the Solution
Independent Exchange (SINEX) format, which included
the station coordinates and the full co-variance matrix of
the solution, as well as the estimated Tropospheric
Zenith Delays (as separate files), that are used for the
integrated processing.

IntegratedIntegratedIntegratedIntegrated datadatadatadata analysisanalysisanalysisanalysis (Co-registration(Co-registration(Co-registration(Co-registration ofofofof InSARInSARInSARInSAR andandandand
GPS/GNSSGPS/GNSSGPS/GNSSGPS/GNSS data)data)data)data)
The main goal of the project I2GPS was to develop an
integrated system that would allow GPS/GNSS and InSAR
co-registered data collection and for that purpose an
I2GPS unit was compiled (Fig. 9). Once InSAR and
GPS/GNSS data acquired by the unit have been processed,
a cross-comparison of the two datasets was performed.
InSAR data produced relative LOS motion measurements
with respect to a reference point (Ref_2). In order to
compare motion measurements from the GPS/GNSS data,
these had to be projected into the satellite LOS to
calculate the equivalent component of the 3D GPS/GNSS
motion vector. Initial assumptions about InSAR
measurement ambiguities were revised in light of motion
information from the GNSS, since the precision of the
GPS/GNSS measurements is expected to be sufficient to
resolve these ambiguities. Then the degree of
correspondence between the two was examined.

There are possible benefits of the integrated
processing of the GPS/GNSS and InSAR data and these
are: (i) an integrated 3D displacements in the absolute
International Terrestrial Reference Frame, (ii)
atmospheric correction of the InSAR data using
estimated GPS Zenith Delays, and (iii) ambiguity
resolution for InSAR data over longer baselines.

Considering the first benefit there are potential
benefits but a basic condition has to be met for successful
integration of the two measurements – there has to be a
fixed relation between the phase centres of the
GPS/GNSS and CAT of the I2GPS unit and this relation
must not change in time. The design of the I2GPS units is
sufficient guarantee that this condition is met. Even when
a unit is reinstalled, or replaced by another unit, the
condition is still fulfilled through the alignment facilities
and procedures that are part of I2GPS unit and
installation procedure. The benefit of integrated units
(I2GPS) is that it is easy to maintain a fixed relation
between InSAR and GPS and that this relation can be
repeated after a remount. It is also possible to obtain 3D
displacement vectors for the I2GPS units, but the first
condition has to be met (an integrated GPS/GNSS and
InSAR unit or system). Integrating GPS/GNSS with InSAR,
gives, from the InSAR perspective 3D displacements.
Vice-versa, integrating InSAR with GPS/GNSS, gives
improved estimates in the height component refines the
velocity estimate of the GPS/GNSS system.

The differential phase measured for CAT units
contained a component from variations in atmospheric
refractivity across the site. To minimise this source of
error, constraints were placed on the distance and change
in elevation between each unit and the reference points.
GPS/GNSS processing also included generation of an
estimate of the tropospheric zenith delays (TZD)
encountered by electromagnetic radiation travelling
between the satellite and the ground due to atmospheric
refractivity. These calculated delays were used to
estimate the differential LOS delay corresponding to
InSAR measurements, which could then subtracted to
give corrected results. TZD corrections were only
produced as part of the tectonic element of the field trial
(related to CAT_5 that is not elaborated in this paper), to
investigate the potential for mitigating atmospheric
errors, but not for the results presented in this paper.

InSAR gives displacements in the line of sight with
respect to a reference epoch. With GPS we obtain
displacements in three dimensions in an “absolute”
reference frame. The reference frame used for GPS in this
campaign is the International Terrestrial Reference
Frame ITRF2008 which is maintained by the
International Association of Geodesy (IAG) by means of
various observational techniques (GPS, SLR, VLBI). Two
immediate benefits of integrating InSAR with GPS are: (i)
displacements in an absolute reference frame for all CAT
and I2GPS units, as long as there is one I2GPS unit in the
network, (ii) improved 3D displacement vectors for all
I2GPS units in the network.
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If there is at least one I2GPS unit in the network the
displacements from all CAT’s and other permanent
scatterers can be computed in the International
Terrestrial Reference Frame. The operation is fairly
straightforward: if there is only one I2GPS unit in the
campaign, and assuming this unit has been used as a
reference (e.g. KBR2/REF2), the GPS displacements in the
line of sight simply have to be added to the InSAR
displacements (obtained with respect to the reference
unit). If there are multiple I2GPS units in the campaign
then the combination can be done through a simple
adjustment.

It is also possible to obtain 3D displacement vectors
for the I2GPS units. This only works for the units that are
integrated GPS and InSAR. Integrating GPS with InSAR,
gives, from the InSAR point of view, 3D displacements.
The other way round, integrating InSAR with GPS, gives
from the GPS point of view, improved estimates in the
height component. This procedure is based on an
integrated adjustment of the 3D GPS displacements, at
the epoch of a SAR acquisition, with the full co-variance
matrix as computed by the GPS processing, together with
the line of sight displacements from InSAR with the co-
variance matrix from the SAR processing.

Figure 9 Design of the I2GPS unit.

ResultsResultsResultsResults andandandand discussiondiscussiondiscussiondiscussion

InSARInSARInSARInSAR resultsresultsresultsresults andandandand discussiondiscussiondiscussiondiscussion
Approximate uncertainties for each CAT measurement
were calculated based on the Radar Cross Section (RCS)
of the response compared to the magnitude of
surrounding clutter (Table 3). They represent an estimate
of the accuracy with which the actual CAT response
phase can be measured from the SAR image, in terms of
contamination from background clutter. For a given
brightness of background, the weaker the CAT signal the
greater the proportion of that phase measurement is
coming from elsewhere and the higher the resulting
uncertainty. There may also be additional uncertainties
introduced through other effects related to low
magnitude responses, for example miss-estimation of the

location of peak amplitude, however these effects are
harder to quantify. In addition, the estimated
uncertainties do not include sources of error which stem
from external contributions to measured interferogram
phase, for example orbital and atmospheric components.
The average uncertainty estimate for track 108 was ±1.28
mm, not accounting for Ref_2 as it is the main I2GPS
reference.

CAT responses were derived using a ‘single master’
approach, measuring deformation in each SAR image
relative to the first date, minimising errors due to phase
estimation from the SAR images. As an additional check,
further ‘short timespan’ interferograms were produced
between adjacent SAR images; these are usually more
coherent so trend estimation is more reliable, however
phase measurement and orbital estimation errors add
cumulatively along the time series making the later
measurements less accurate. The long-term
interferogram measurement for a given epoch should
have coincided with the cumulative sum of the short-
term interferograms, to within the estimated
uncertainties. Where this was not the case, residual
differences were likely to stem from variations in orbital
phase corrections applied to the various interferograms.

Since Ref_3 didn’t have stable phase, it was not
possible to use the three reference points to estimate and
remove a local phase gradient due to atmospheric and
orbital sources. Orbital phase trends were instead
estimated and removed from interferograms which
contained sufficient coherence, based on visible phase
gradients.

The CATInSAR results were measured in the
descending LOS direction, so negative displacements
(away from the satellite) could include elements of both
downward and westward motion, and positive
displacements could include upward and/or eastward
motion (Table 4).

Table 3 Estimated uncertainty (mm) at each location, relative to
Ref_2 and 2nd of Feb, for CATInSAR results for Track 108 SAR
data presented in Table 4.

Acq.
date

2.Feb
.
2011

4.Mar
.
2011

3.Apr.
2011

3.Ma
y
2011

2.Jun.
2011

1.Aug
.

2011
Ref_1 0.00 1.28 1.33 1.24 1.13 1.26
Ref_2 0.00 0.00 0.00 0.00 0.00 0.00
Ref_3 0.00 1.30 1.18 1.13 1.09 1.14
CAT_
1

0.00 1.35 1.23 1.31 1.26 1.26

CAT_
2

0.00 1.00 4.64 1.13 1.14 1.09

CAT_
3

0.00 1.03 0.92 0.97 0.88 1.11

CAT_
4

0.00 1.32 1.28 1.26 1.13 1.19

Table 4 Cumulative deformation (mm) at each location, relative
to Ref_2 and 2nd of Feb, derived from Track 108 SAR data.
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Acq.
date

2.Feb
2011

4.Mar
2011

3.Apr
2011

3.Ma
y
2011

2.Jun
2011

1.Aug
2011

Ref_1 0.0 -1.57 -2.35 -2.83 -2.45 0.18
Ref_2 0.0 0.00 0.00 0.00 0.00 0.00
Ref_3 0.0 7.95 4.42 -2.90 4.86 -6.97
CAT_1 0.0 -1.77 -7.39 -

10.15
-
13.38

-
14.56

CAT_2 0.0 -1.08 -8.70 -8.88 -8.65 -4.73
CAT_3 0.0 -0.52 1.58 -0.98 -2.01 1.72
CAT_4 0.0 -0.29 -6.51 -9.59 -9.95 -

12.35

The interferogram-wide estimation of orbital trends
does not remove smaller-scale components of
atmospheric phase variation, but these were expected to
be small for all CATs (relative to Ref_2) due to the small
size of the Potoška planina site and hence small distances
between observed locations and Ref_2.

Figure 10 Example of scale phase measurements at Ref_3.

The large scale phase variations seen at Ref_3 (Fig.
10) are believed to stem from phase contamination from
adjacent bright pixels, rather than ground motion. This
risk was foreseen during trial planning and test SAR data
was acquired in order to avoid areas of background
scatter. However the positioning accuracy of this
assessment was limited by the coarse resolution of
available DEM data used to geocode the SAR image. One
of the purposes of the post-installation visibility check
was also to detect such a problem and apply any
necessary correction before the full trial started.
Unfortunately, other visibility problems meant that the
problem did not become apparent until well into the trial.

Fig. 11 shows the InSAR and GPS/GNSS motion
measurements for CAT_1 (above) and CAT_3 (below),
projected into the track 108 LOS. While for the CAT_1 the
measurements are coherent (both moving away from the
satellite, t.i. downwards) this cannot be stated with
certainty for CAT_3 as here the measurements are
appearing to be contradictory (while one moves away
from the satellite the other moves towards and vice-
versa). Still the differences in GPS/GNSS and InSAR
measurements at CAT_3 are only marginally larger than
the uncertainties; hence it is possible that observed

displacements are not that different. Nevertheless, the
assumption of minimal motion used to reconcile the
InSAR motion ambiguities appears to be realistic, and it
is considered unlikely that high motion rates are causing
ambiguity limits to be exceeded in any epoch.

Figure 11 LOS displacement measurements for CAT_1
(above) and CAT_3 (below) relative to Ref_2.

GPS/GNSSGPS/GNSSGPS/GNSSGPS/GNSS resultsresultsresultsresults andandandand discussiondiscussiondiscussiondiscussion
The quality of the GPS solution can be expressed in
several ways. The formal standard deviation in North and
East is generally below 0.5 mm, while the standard
deviation for the Height is between 1.5 and 2 mm. The
Chi2/dof (degree of freedom) test statistic for the daily
solutions is between 1.1 and 2.9, with expected value of
one. This corresponds to a standard deviation of the
carrier phase observations between 1.05 and 1.7 mm. The
Chi2/dof statistic was significantly lower during the
winter period than during the summer. This is not
unusual as this is often related to residual atmospheric
delays, but it could also be partly explained by the fact
that during the winter period the Potoška planina
receivers were experiencing tracking problems and hence
were not present in calculations of the winter solutions. It
is well know that the formal standard deviations are on
the optimistic side, as these standard deviations, like the
Chi2 statistic, only represent the internal accuracy during
the daily processing. In particular, the formal standard
deviations ignore the effect of long periodic and
systematic orbit errors.
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Figure 12 Time series in North, East and Up for REF_2
(KBR2) in IGS08 (ITRF2008) corrected for Nuvel-1A plate
motion. The green line is the fitted trend line. The red crosses
are GPS samples where the receiver did not track the GPS
signals for more than 16 hours/day.

Instead of the formal standard deviations one can
consider the daily station repeatability as an indicator of
the quality of the solution. The average of daily station
repeatability for 7 reference (IGS) stations in the LOS was
3.2 mm while the average daily repeatability for Potoška
planina receivers was 5.1 mm. The daily station
repeatability is defined as the root mean square error of
the daily station coordinates after fitting a linear trend to
the coordinates. These repeatabilities therefore contain
two error contributions, (i) the estimation error of the
GNSS processing (true error, including all possible effects)
and (ii) an effect of residual station motion (all motions
that cannot be described by a linear trend). Compared to
the formal errors, which tend to be too optimistic, the
repeatabilities are over bounding the GNSS errors and are
on the pessimistic side.

The daily station repeatability is about twice as large
as the formal standard deviations: it is about 1-1.5 mm for
the North and East components, and 3-3.5 mm for the
height, for the IGS stations. For the Potoška planina
stations the repeatability is larger: for the North and East
about 2-3 mm, and in the height 5-7 mm. This could be
related to the GPS receiver and antenna for the I2GPS
units (tracking problems due to power interruptions, new
and unknown antenna type, setup with metallic
baseplate), or residual motion of the units (within the day)
due to the deployment on an instable area. Another effect
could be snow on the antenna (snow on the GPS antenna
will introduce significant errors). In the computation of
the repeatability we have not done any outlier rejection.
If we remove the partially observed days and other
outliers the repeatability are slightly improved. Given the
fact that the best achieved repeatability at IGS stations
was 2.8 mm in the LOS, we can conclude that the GNSS
accuracy in the LOS for Potoška planina locations would
be around 3 mm (standard deviation).

In Fig. 12 the time series in North, East and Up
coordinates for REF_2 is given corrected for the known
plate motion from the Nuvel-1A model. In Fig. 13 and Fig.
14 the time series in North, East and Up coordinates for

CAT_1 (KBC1), and CAT_3 (KBC3) are given respectively
with respect to the Ref_2 (KBR2). The coordinates were
computed in the IGS08 (ITRF2008) reference frame, and
the known motion for the Eurasian plate from the Nuvel-
1A model has been subtracted from the coordinates (-
0.0144 m/y, 0.0180 m/y, 0.0092 m/y in X, Y and Z
direction). At the end time series for Ref_2 were
subtracted from time series of CAT_1 and CAT_3 to get
their relative rates (vectors) of movement. Represented
values are actually the coordinate differences CAT_1-
Ref_2, CAT_3-Ref_2, which represent coordinate vectors,
or baselines, from Ref_2 to CAT_1 and CAT_3 respectively.
The green line in Fig. 13 and Fig. 14 is the fitted trend line.
The red crosses are GPS samples where one of the
receivers (either the reference receiver Ref_2, or target
receiver CAT_1 or CAT_3) tracked the GPS signals for less
than 16 hours/day. The repeatability was computed after
subtracting the linear motion. If no data for Ref_2 was
available, also no results for the baselines to CAT_1 and
CAT_3 were available. It is therefore rather disturbing
that Ref_2 had a lot of tracking problems during
Feb/March 2011 as shown in Fig. 8.

The estimated average rates for these stations (after
correction for Nuvel-1A plate motion and in relation to
Ref_2) and station repeatability are given in Table 4. The
repeatability is computed after subtracting the yearly
velocity. Still we have to be careful with interpretations as
motions may not always be linear and this may affect the
repeatabilities (computed after removing the linear
motion). Also the period of data collecting was too short
for estimation of other motions than a linear motion
although the GPS/GNSS data plots (Fig. 13, Fig. 14)
indicate at some evidence for non-linear motions.

Table 4 Estimated velocities for GSR1, Ref_2, CAT_1 and CAT_3
in mm/year in IGS08 corrected for Nuvel-1A plate motion,
estimated velocities for Ref_2’, CAT_1’ and CAT_3’ in mm/year
with respect to the Ref_2 (Vel N, Vel E, Vel Up – velocity
towards N, E, and Up respectively) and daily repeatabilities
(after subtracting the linear motion) in mm (Rep N, Rep E, Rep
Up).

Vel N Vel E Vel Up Rep N Rep E Rep Up
GSR1 3.73 0.88 -1.75 1.1 1.5 3.0
Ref_2 -0.06 -0.38 -1.38 1.6 2.1 4.7
CAT_1 -

22.14
-

57.43
0.56 1.8 3.5 6.2

CAT_3 -6.01 -
13.17

-8.80 2.5 4.4 4.8

Ref_2’ 0 0 0 0 0 0
CAT_1’ -

21.99
-

57.79
2.04 1.3 1.8 5.7

CAT_3’ -6.28 -
13.99

-7.19 1.9 2.7 5.0

When calculating absolute rates of stations’
movement also data from the nearby EPN station GSR1
(Ljubljana, Slovenia; see Table 4) was included and it was
treated in a similar way as the four I2GPS stations Ref_2,
CAT_1, CAT_3 and CAT_5. This was done for comparison
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purposes; and to have another alternative for a stable
(non-moving) marker. Results show that Ref_2 is suitable
as a stable reference point.

If we compare the results of the baselines (last three
rows in Table 4) to the repeatabilities in an absolute
frame (first four rows in Table 4) we can observe that the
North and East repeatabilities for the short baselines
CAT_1’=CAT_1-Ref_2 and CAT_3’=CAT_3-Ref_2 are
improved. The Up repeatability is about the same for
these two baselines. An improvement in results is quite
important, as it implies that by taking differences
between stations some common mode error has been
removed. If the data would have been uncorrelated then
we would have expected an increase in the repeatability
by a factor of 1.4.

ResultsResultsResultsResults ofofofof integratedintegratedintegratedintegrated GPS/GNSSGPS/GNSSGPS/GNSSGPS/GNSS andandandand InSARInSARInSARInSAR datadatadatadata analysisanalysisanalysisanalysis andandandand
discussiondiscussiondiscussiondiscussion

A comparison of the two measurement datasets is
possible if the displacements from GPS/GNSS are plotted
in the same system (Fig. 15). The cyan line with crosses is
the LOS deformation for GPS/GNSS; it is the LOS
deformation difference with the reference Ref_2. It has
been computed by projecting the displacements at CATs
onto the line of sight to the SAR satellite. The red crosses
are GPS/GNSS samples where the receiver did not track
the GPS/GNSS signal for more than 16 hours/day. The
green line is the fitted trend line and the magenta curve
is the 7-day running average of the GPS/GNSS. The
GPS/GNSS repeatability that is reported is computed
after subtracting the trend line.

The displacements from InSAR are shown in Fig. 15
as black diamonds and pentagons. The diamonds are the
InSAR displacements computed from using a single
master image (long term displacements), the pentagons
are the InSAR displacements resulting from the
cumulative summing of consecutive pairs of images
(short term displacements).

Fig. 15 represents difference between receiver single
differences displacements of the GPS with respect to a
certain reference epoch. The reference epoch is not the
same at the reference epoch for the InSAR double
difference displacements. The InSAR double difference
displacements have been aligned to the GPS double
difference displacements by shifting the InSAR data such
that the difference between the GPS and InSAR is
minimized. This is equivalent to a minimum norm
transformation. It should be pointed out that this shift is
not zero, on account of the different reference epochs in
the GPS and InSAR double differences, and on account
that both are measurements.

As reference for the GPS we took the unsmoothed
daily estimates (the cyan curve in the plot). The trend-
line and 7-day running average have not been included in
the comparison.

The RMS differences are shown in Table 5.

Table 5 Standard deviation of the difference between GPS/GNSS
and InSAR displacements.

singlesinglesinglesingle mastermastermastermaster imageimageimageimage summingsummingsummingsumming
consecutiveconsecutiveconsecutiveconsecutive imagesimagesimagesimages

KBC1-KBR2 3.2 3.1
KBC3-KBR2 5.3 5.3

For track 108 the best fitting results are obtained
from the InSAR displacements that resulted from the
processing with a single master image. The rms
differences are between 2.1 and 3.4 mm. This is
compatible with the individual accuracy of the GPS
displacements (3 mm) and InSAR displacements (1.3 mm).

When analysing the benefits of linking the
integrated GPS/GNSS and InSAR data into the absolute
reference system (ITRF2008) two scenarios exist, one
where GPS/GNSS data is corrected with the InSAR data
to enhance the vertical displacements accuracy, and the
other where InSAR measurements are added into the
GPS/GNSS system to estimate velocities could be used.
Results of the first approach do show significant
improvements in vertical displacement measurement
accuracy, but these can be only done for the
measurements at the time of InSAR data acquisition. The
best improvements were achieved with the vertical
component of displacements. As GPS/GNSS data are near
continuous time series such (sporadic) corrections made
with InSAR don’t really offer significant improvement of
the combined vertical displacements accuracy. The
second approach, which only integrates at the level of
velocity estimates, we do not recommend as adding
InSAR, had little impact on the horizontal velocities but
also the impact on the vertical velocities was very small.
It is also a highly unreliable approach for non-linear
motion that is present at the Potoška planina site (Fig. 13
and Fig. 14).

Assessment of the troposphere zenith delays (TZD)
results shows that were significant effects of the height
differences between the stations and also the effect of the
seasons was present. Due to some very inconvenient data
gaps at Ref_2 in Feb/March 2011 a CAT_1 was chosen as a
merit for the calculation of the TZD, but as this is
performed between points it doesn’t change the results.

The mean and standard deviation of the differences
were calculated are summarized in Table 6. In order to
get the effect of the troposphere delay in the LOS to the
SAR satellites the differences were multiplied by the same
troposphere mapping function as has been used in the
GPS/GNSS processing (Niell mapping function; roughly
1/cos(z), where z stands for the incidence angle of SAR
signal). The value estimated gradient for Track 108 is 1.141.
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Figure 13 Time series in North, East and Up for CAT_1 in IGS08 (ITRF2008) corrected for Nuvel-1A plate motion and in relation
to the Ref_2. The green line is the fitted trend line. The red crosses are GPS samples where the receiver did not track the GPS signals

for more than 16 hours/day.

Figure 14 Time series in North, East and Up for CAT_3 in IGS08 (ITRF2008) corrected for Nuvel-1A plate motion and in relation
to the Ref_2. The green line is the fitted trend line. The red crosses are GPS samples where the receiver did not track the GPS signals

for more than 16 hours/day.

Table 6 Mean and standard deviation of the TZD differences
with respect to CAT_1.

Mean (mm) STD (mm)
Ref_2-CAT_1 23.7 4.1
CAT_3-CAT_1 28.4 4.6

The standard deviation of the GPS/GNSS
atmospheric corrections is estimated at 5-6 mm in the
LOS. If these corrections are applied to the InSAR data
the results of the comparison between GPS/GNSS and
InSAR do not improve. On the contrary, the root mean
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square (RMS) differences are worse. This is
understandable for the short baseline as the error in the
double differenced atmospheric corrections is much
larger than the effect itself. But we haven’t achieved any
improvement for the long baselines either. The results
are even worse than for the short baselines since the
corrections are much larger. In order to find any
improvement for the long baselines we need to also
address ambiguity resolution, as it is likely that when
atmospheric corrections are applied this affects the (2.8
cm) ambiguities. The RMS error in the atmospheric
corrections was about 5-6 mm in the LOS. If we applied
these corrections to the InSAR data the precision of the
InSAR displacements was also reduced to 5-6 mm
accuracy, which was worse than the GPS displacements.

It would only be useful to apply atmospheric
corrections if the accuracy of the corrections would be
around 1-2 mm at most. In order to obtain this quality for
the atmospheric corrections and to reduce errors, if
possible at all, we would need to do advance atmospheric
modelling, smoothing, or only consider the systematic
contribution. Hence the conclusion is that the
application of instantaneous atmospheric corrections
from GPS has not been successful as they are too noisy.

It was also anticipated that co-located GPS/GNSS
measurements would be advantageous for resolution of
potential wrapping ambiguities in InSAR measurements.
The trial results showed this is indeed possible. However,
given the greater temporal sampling and availability of a
3D motion vector, it would appear that there is little
added benefit from this at points where high-accuracy
continuous GNSS measurements are already available.
There could be potential added value to use the
GPS/GNSS measurements to resolve ambiguities of
nearby non-GNSS artificial reflectors, in addition to those
at the co-located unit. However this would depend on the
spatial continuity of the motion phenomenon being
observed. The close correspondence of InSAR motion
measurements for the adjacent CAT_1 and CAT_4 could
indicate that this spatial continuity may be present in
some parts of the Potoška planina landslide.

The benefits of integrated processing can be
considered in terms of the mutual benefits of each
technique to the other.

Given the greater temporal sampling, and
availability of a 3D motion vector, it would appear that
there is little added benefit from the addition of an InSAR
capability where high-accuracy continuous GNSS
measurements are available. It is often stated that GNSS
has insufficient vertical accuracy in comparison to InSAR,
however results from this trial show that high-
specification continuous GNSS equipment and expert
processing can give vertical accuracies approaching those
of InSAR.

Addition of co-located GNSS to InSAR
measurements does enhance the capabilities of InSAR
with regard to resolution of motion ambiguities. However
this is of little benefit at the co-located point, since the

GNSS measurements are already providing an accurate
3D motion vector at that location. There could be scope
in some situations to use the GNSS measurements to
resolve ambiguities of nearby artificial reflectors,
although this will depend on the spatial continuity of the
motion phenomenon being observed. Field trial results
show that GNSS-derived atmospheric corrections are too
noisy in order to be useful to correct InSAR data without
any additional modelling. Addition of GNSS equipment
at numerous locations also involves installation of costly
ground infrastructure, negating the low-cost remote
wide-area monitoring advantages of the InSAR technique.

It is felt that the largest possible benefit of
integrating InSAR and GNSS is the provision of an
absolute reference point to tie relative InSAR results into
conventional geodetic reference systems. This would
leverage the wide-area remote monitoring capabilities of
conventional InSAR techniques, while limiting the GNSS
equipment cost to a small number of units. Deployment
of a number of co-located GNSS and artificial reflector
units could also have potential for mitigating orbital
trends in InSAR results.

A requirement for the integrated processing
discussed above is that there is a fixed relation between
the phase centres of the GNSS antenna and the artificial
reflector, and that this relationship does not change in
time. The advantage of the I2GPS unit and associated
mounting structure used in this work is that it provides a
mechanism to ensure such a relationship should be
repeatable even after unit removal and replacement. It
also defines a standard such that this relationship could
be kept identical across multiple I2GPS units and sites.

ConclusionsConclusionsConclusionsConclusions

As the approach presented in this paper was the first
known attempt to combine continuous GPS/GNSS and
InSAR active transponders in a co-registered system (the
same baseplate) there were number of challenges to be
overcome during the work. At the same time such an
attempt was unique to our knowledge in the field of
landslide monitoring. Despite obstacles listed in the
paper we can conclude there are two immediate benefits
of integrating InSAR with GPS/GNSS and these are (i)
displacements in an absolute reference frame for all CATs
and I2GPS units, as long as there is one I2GPS unit in the
network, and (ii) improved 3D displacement vectors for
all I2GPS units in the network.
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Figure 15 Line of sight deformation for Track 108 (IS3) with incidence 28.78 degrees. The crosses (cyan) are the LOS deformation for
GPS; it is the los deformation difference between KBC1 (top) and KBC3 (bottom) with the reference KBR2. The magenta curve is the 7-
day running average of the GPS results and the green line is the fitted trend line. The red crosses are GPS samples where the receiver
did not track the GPS signals for more than 16 hours/day. The repeatability is computed after subtracting the yearly velocity. The

InSAR deformations are shown as black diamonds and pentagons. The diamonds is the deformation computed wrt to the first image,
the pentagon’s result from the cumulative summing of consecutive pairs of images. The InSAR deformations are aligned to the GPS

results through an arbitrary shift computed from the InSAR and GPS difference.
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Abstract:Abstract:Abstract:Abstract: Landslides on road network is usually one of
emergent issues of Transport sector Vietnam, and is also
one of the most popular natural disasters in rainy season
in Vietnam. In decades, Transport sector has rich
experience in landslides prevention and treatment and
successful guarantee for transport situation. However, in
the phrase of country’s economic development, the
demand of transport’s stability and safety is reasonable
and urgent, especially for a country strongly impacted by
climate change and sea level rise as Vietnam. Therefore,
with it own effort and enthusiastic support, as well as
high responsibility from the International Consortium on
Landslides (ICL), Vietnam has had new steps on landslide
research and treatment on road network. The paper
presents basic characters of landslides in Vietnam and
information of the Project on development of the
landslide risk assessment technology in monitoring and
early warning in Vietnam with ODA fund by JICA. And it
also describes the effective tight cooperation between ICL
and Ministry of Transport of Vietnam (MOT), as well as
the Institute of Transport Science and Technology (ITST)
in the Project implementation in Vietnam

KeywordsKeywordsKeywordsKeywords landslides, road, transport, ITST, ICL

OverviewOverviewOverviewOverview ofofofof thethethethe landslidelandslidelandslidelandslide situationsituationsituationsituation onononon roadroadroadroad networknetworknetworknetwork inininin
VietnamVietnamVietnamVietnam

Vietnam is located on the Indo-Chinese Peninsula
belonging to the South East Asia, with the population is
90 million people. The topography of Vietnam is varied
according to the natural areas, which are divided into
major areas of terrain such as the Northwestern
Mountains, Northeastern Mountains, the Red River Delta
in the north, the Mekong Delta in the south, the coastal
plain and the Western highlands adjoins Laos (also
known as the Central Highlands). Overall, Vietnam is
composed of three geographic domain extends from
North to South. In which, the North has mountainous
terrain concentrated in the Northwest and the Northeast,
plus the Red River Delta; The Central has a strip of
coastal plain and high mountains called Truong Son
mountain range adjoins Laos; and the South’s major
terrain is the Mekong Delta (See the map of Vietnam
mentioned in Figure 1). The average annual rainfall
throughout the country from 1200 to 3000 mm, some
particular areas in the Central reach to 4.000-4500

mm/year. The average sunshine hour is 1,500 and 3,000
hours/year and temperature fluctuation from 5°C to 37°C.
Particularly, sometimes the temperature drops to 0° C (at
Sa-Pa) or increases to 40-45 ° C (in Hanoi, Ha Tinh,
Quang Binh). Vietnam has to deal with typhoons and
floods every year, with an average of 7 to 10 typhoons/ year.

In such natural condition, landslides is one of the
most popular natural phenomena occur on road network
in rainy season in Vietnam, while it is located in extreme
climate areas where are impacted by heavy rain and high
terrain and strong cleavage and complex geological
structure. Landslide is always one of the most dangerous
and damaged natural disaster for transport in Vietnam. It
becomes one of natural disasters disturb the most for
people life, socio-economic development in Vietnam in
rainy season.

In accordance with the Statistics up to 2010 of MOT,
total length of highways in Vietnam is about 17,500 km, it
takes about 8% total length of the country’s road network.
In which, 3/4 total length of highways is in mountainous
terrain. The landslide regular areas concentrate on the
routes of north-western mountains and of the Central in
Vietnam, with a total length of landslide regular
highways over 3000 km. The annual average volume of
landslides caused by typhoons on road network is from
300,000 m3 to 600,000 m3 depends on the number of
typhoons hit the land and typhoon intensity. Particularly,
the volume was over 1 million m3/ year during the rainy
season of 1999 – 2000.

Regarding to landslides, under the geological
perspective, some Vietnamese scientists have been
published the research results which are shown that there
are still 14 moving tectonic faults in Northwest area. This
impacts directly to the stability of talus in the area and
make high ability of landslides developed on basis of the
tectonic destruction zone. On mountainous routes in
Central of Vietnam, because of left faults in A Luoi, in
Hue City and others, landslides on Ho Chi Minh Road
occur seriously, especially in some sections as Huong Khe
- Tan Ap, Pheo cross - northern Bung bridge, Khe Gat - U
Bo pass, Dakrong - Ta Rut - Peke, A Dot - A Tep – Hien –
Thanh My, Xoi bridge – Kham Duc – Dak Zon – Dak Pet –
Dak Glei… with a total of over 800 sites in varied sizes.
During the typhoon No.9 (named Ketsana, in Oct. 2009),
from Dakrong (Quang Tri prov.) to Lo Xo pass (Quang
Ngai prov.), as Statistics of ITST, there are 400 new
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landslides appeared. While they had built until 2007 over
150 km of retaining wall on Ho Chi Minh Road for
landslide prevention, according to the summary report of
Ho Chi Minh Road Project Management Unit (PMU). But
till now, it is seen that landslides have not been
controlled on this route.

In order to support the research on reduction of
disasters caused by landslides in the world, the
International Consortium on Landslides (ICL) has been
established on January 21st 2002 in Kyoto, Japan. This is
an international non-governmental and non-profit
scientific organization, which is supported by prestigious
international organizations such as United Nations (UN),
Educational, Scientific and Cultural Organization
(UNESCO), the World Meteorological Organization

(WMO), the Food and Agriculture Organization of the
United Nations (FAO)... and financial support from
Governments of Japan and other governmental bodies. At
present, ICL is the largest organization for research on
reduction of disasters caused by landslides in the world
with 52 members from many countries. The Institute of
Transport Science and Technology (ITST) is a new official
member of ICL and it starts to join ICL’s activities from
May 2010. According to research results of ICL, the
average loss of people caused by annual landslides in
China is 150 people/year; in Italy is 60 people/year; in
USA is 50 people/year. And in Vietnam, the average
death by annual landslides is about 25-30 people/year, by
disasters including typhoon, flood... is to 60 people/year,
as Statistics.

Figure 1. Map of Vietnam
and the National Road No.1 Figure 2. Areas of strong impact by landslides in the world (By ICL)

An important scientific and technological event for
Vietnam in general and for MOT in particular, occurred
in 2011, when the Japanese government approved an ODA
Project for Vietnam on landslide research. The Project
has been accepted by Vietnamese government and MOT
is its Line Agency. On July 26th 2011, MOT assigned ITST
by the dispatch No. 4456/BGTVT-KHDT to become the
Owner of the Project “Development of landslide risk
assessment technology along transport arteries in
Vietnam” with ODA budget in fiscal years of 2011- 2016.
And the Minutes of Meeting (M/M) and Record of
Discussion (R/D) have been signed between MOT and
JICA representatives on July 27th and November 7th 2011
in Hanoi, that makes the Project to be into the process.

ClassificationClassificationClassificationClassification ofofofof landslideslandslideslandslideslandslides onononon transporttransporttransporttransport networknetworknetworknetwork

In accordance with the research results of ITST, scientific
basic for landslide classification on transport network in
Vietnam is either classification research results published

by many countries in the world or research results on
place, including issues as follow:

1. The essence, the mechanism of arising and
development of the phenomenon;

2. Conditions and main reasons of phenomenon.
3. Characteristics of deformation, movement and

outcrops at site.

Figure 3a. Slide, Landslides
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Figure 3b. Topples, Earthflows, Debris Avalanche

Figure 3c. Soil Erosion, Debris Flows

Figure 3d. Rockfalls

Figure 3. 4 major types of landslides on transport network in
Vietnam (Proposal of classification by ITST in December 2009)

Based on results of investigation and statistics on
over 1000 landslides, with 35 years of research and
experiment of classification landslides in terrain and
geology conditions of Vietnam, MOT has approved the
classification of ITST as follow: Landslides, Topples,
Erosion and Rockfalls. The classification is shown in Fig.
3 (a, b, c, d). In 4 major types of landslides mentioned
above, as Statistics, the most popular type is Topples with
60%. Though the Landslides just take about 10-15%, they
are the most difficult and expensive for treatment. The
types above usually occur in rainy season depend on
respective condition of terrain, geomorphology,
geological structure and hydrology.

The selection of landslide treatment technology in
Vietnam is reasonable when detailed survey, analysis and
logical explanation on adverse conditions and direct

cause of a phenomenon are conducted. And then, based
on the essence of the phenomenon, the designing
consultants should propose and select the most suitable
technology and/or solution for treatment. The
technology has to meet both of conditions as follow:

1. Condition 1: Selected technology should
contributes to ensure the temporary or permanent
stability of slope and the safety for people and vehicles.

2. Condition 2: Selected technology should be along
with the invested policy and budget capacity of
authorities. Therefore, they can choose a temporary
solution with simple and inexpensive technology or a
permanent one with model and invested technology.

TechnologicalTechnologicalTechnologicalTechnological achievementsachievementsachievementsachievements onononon landslidelandslidelandslidelandslide treatmenttreatmenttreatmenttreatment inininin
VietnamVietnamVietnamVietnam

In accordance with the summary of ITST, technological
application in landslide treatment and/or solidification
on transport network in Vietnam is divided into 2 major
types.

1. The simple and temporary technologies for
transport situation ensuring are economic and rapid in
construction. They are:

- Cutting slope reduction load combined with drainage;
- Planting vegetation cover created on the surface

slope to prevent soil;
- Retainingwall using gabion in small landslides;
- Retaining wall using bamboo poles in small erosion

slope;
- Retaining wall using dry stone at foot slope in small

landslides; and
- Retaining wall using stone with mortar at foot slope

in small landslides.
Besides, in order to ensure the transport situation,

especially on the sections of topples on negative slope
which destroy the embankment, they can make bypass or
using belay beam as over-bridge.

2. More model technologies for permanent stability
of solidification are more sustainable but take more time
of designing and construction, as well as more expensive.
They are:

- Retaining wall using reinforced concrete;
-Retaining wall using reinforced concrete combined

with reinforced concrete pile;
-Retaining wall using reinforced concrete combined

with rail pile;
- Pin pile structure;
-Reinforce anti-erosion surface with reinforced

concrete or masonry structures; and
-Retaining wall using anchor.
In recent 20 years, transport sector of Vietnam starts to

apply some new technologies in condition of Vietnam, such
as retaining wall with reinforced concrete, retaining wall
with reinforced concrete pile and anchor frame system.
There are hundreds of permanent retaining walls and at
least 2 sites applied anchor system on Ho Chi Minh Road,
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at the section of Da Deo pass (Quang Binh prov.) and on
Highway No.70 (Lao Cai prov.)

a) b)

Figure 4. Solidification construction for landslide prevention in Vietnam designed by ITST on Ho Chi Minh Road
a/. Anchor structure for slope stability on Da Deo pass, Ho Chi Minh Road, comleted in 2007

b/. Retaining wall with anti-erosion surface on Ho Chi Minh Road, section of A Dot – A Tep, completed in 2008

However, because of limited technology and budget
for landslide prevention, there are issues for research and
development in Vietnam beside achievements. They are:

- Technologies of landslide inspection, monitoring
and forecast;

- Technologies of groundwater moving monitoring
and control;

- Landslide mapping for Vietnam;
- Completion of experiments, analysis and selection

of calculated data;
- Model technologies with data calculation and

analysis and designing softwares;
- Development of International Projects/ Programs

with technological support from abroad, especially from
Japan where has rich experience on landslide prevention;

- Development of technical standards on landslide
investigation and designing based on domestic and
international research results; and

- Development of policy and dissemination on
landslides.

CooperationCooperationCooperationCooperation withwithwithwith ICLICLICLICL inininin implementationimplementationimplementationimplementation ofofofof thethethethe ProjectProjectProjectProject
inininin VietnamVietnamVietnamVietnam

The Project ““““DevelopmentDevelopmentDevelopmentDevelopment ofofofof landslidelandslidelandslidelandslide riskriskriskrisk
assessmentassessmentassessmentassessment technologytechnologytechnologytechnology alongalongalongalong transporttransporttransporttransport arteriesarteriesarteriesarteries inininin
VietnamVietnamVietnamVietnam”””” approved and supported by Japanese
government. MOT has assigned ITST to collaborate with
ICL in implementation of the Project in 5 years (2011-
2016). Long-term objective is in order to ensure transport
arteries and mountainous resident areas in Vietnam; and
short-term objective is technology development and
human resources education in the joint-research with
Japan side through the Project in Vietnam.

Major activities of the Project are implemented in 4
Work Groups (WG).

1.1.1.1. WG1:WG1:WG1:WG1: IntegratedIntegratedIntegratedIntegrated Research,Research,Research,Research, Education,Education,Education,Education,
DevelopmentDevelopmentDevelopmentDevelopment ofofofof humanhumanhumanhuman resourses,resourses,resourses,resourses, announcementannouncementannouncementannouncement
andandandand informationinformationinformationinformation spread.spread.spread.spread.

Major outputs of WG1:
- Prepare integrated guidelines for the application of

developed landslide risk assessment technology based on
the Activities of other WGs;

- Education and Human resources development. In
which, training courses of Master (2 years) or Doctor (3
years) at Kyoto University/Tohoku Gakuin
University/University of Shimane Prefecture/Shizuoka
University/University Gunma with an accumulate
duration of 12 years. Study tours in Japan in 2 – 3 weeks
for researchers and engineers work in the Project;

- Holding Workshops and Seminars in Japan and in
Vietnam through LTF for Project results’ information
spread, as well as papers; and

- The Vietnam Landslides Association fro Transport
(VLAT) conducts spread and awareness enhancement for
residents around Project implemented areas on landslide
risk and salvage skill when landslide occurs. And spread
on Project related information through the website of
VLAT during the Project.

2.2.2.2. WG2:WG2:WG2:WG2: Wide-areaWide-areaWide-areaWide-area landslidelandslidelandslidelandslide mappingmappingmappingmapping andandandand
identificationidentificationidentificationidentification ofofofof landslidelandslidelandslidelandslide riskriskriskrisk area.area.area.area.

Major outputs of WG2:
- Identification of previous landslide sites from air

and satellite photos;
- Identification of the precursor stage of landslides

by the pattern analysis of digital surface model (DSM) of
forest cover and others;

137



Proceedings of ICL Symposium, Kyoto, 2012

- Formation of landslide risk map based on detailed
field investigation and analytical model such as Analytical
Hierarchy Process method (AHP); and

- Development of the technology to visualize the
feature of landslide.

3.3.3.3. WG3:WG3:WG3:WG3: SoilSoilSoilSoil testingtestingtestingtesting &&&& ComputerComputerComputerComputer simulationsimulationsimulationsimulation ofofofof
landslidelandslidelandslidelandslide initiationinitiationinitiationinitiation andandandandmotion.motion.motion.motion.

Major outputs of WG3:
- Development of undrained dynamic-loading ring

shear apparatus;
- Elucidation of the initiation mechanism and the

dynamics of post-failure motion of the targeted
landslides; and

- Development of hazard assessment technology of
the precursor stage of landslides.

4.4.4.4. WG4:WG4:WG4:WG4: LandslideLandslideLandslideLandslide monitoringmonitoringmonitoringmonitoring &&&& DevelopmentDevelopmentDevelopmentDevelopment
ofofofof earlyearlyearlyearly warmingwarmingwarmingwarming systemsystemsystemsystem

Major outputs of WG4:
- Selection of pilot area for landslide monitoring

based on the field investigation. Conducting of drilling at
site for samples to make test of mechanical and physical
indicators of soil; for slide surface assessment; for
measurement of groundwater table; and for installation
of groundwater monitoring equipments;

- Development of the integrated automatic
monitoring system for rainfall-groundwater-slope
movement; and

- Establishment of early warning system suitable for
the region based on the landslide experiment on natural
slopes with artificial rains.

Members of Project are researchers and engineers of
ITST and experts from ICL and VLAT. All of Project
activities are implemented under instruction and
inspection of MOT and JICA.

After the Project completed, Vietnam will be
expected to become one of countries who has research
capacity on landslide investigation, monitoring, forecast
and early warning technologies applied to road network.
Besides, ITST will take a new step of scientific and
technological research to become a pretigious Center of
landslide research and treatment in Vietnam and in the
area, contributing to the landslide prevention career in
the world under leadership by ICL.

ConclusionConclusionConclusionConclusion

Vietnam is the country on the coastal area of Pacific
Ocean. Because of mountainous terrain, complicated
geological structure and high rainfall, landslides occur
regularly and seriously on mountainous road network in
rainy season. Though Vietnam’s economic condition
recent years is difficult, the Vietnamese government and
MOT pay attention and investment to landslide research,
contributing to landslide prevention on road network. In
such situation, the ODA Project by Japanese government
in the years of 2011-2016 will help ITST in human

resourses education, in equipments and standard system
on landslide investigation, monitoring, forecast and early
warning, contributing to disaster prevention and
reduction of Vietnam in the future.
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Abstract 
 
Considering the assessment of slope mass stability under the influence of slope mass behavior by using accurate 
statistical theory was a difficult work because samples and data resources were very complicated. Especially, 
emerging in the data of slope mass stability had no accurate data for hardness, core logging, and precipitation 
from meteorological records. This paper selected around Jatigede dam project of West Java Island, Indonesia as 
a study area where belonged to tropical – volcanic region with tectonic settings. The authors determined the 
threshold value from the integrated influence in difference of rock mass property, environmental and geometric 
factor by using Hayashi’s quantification theory type II. This theorem could provide the obvious numeral 
materials about multi-factor cause-effect relationship for decision making and was useful in the quantificational 
assessment for impacting slope mass failure during the study period. Whereby, the most controlling factor of 
slope mass stability was gradient, the second was rock type, and the third was core condition and weathering. 
Furthermore, 88 samples of the potential slope failure prediction were also identified by relationship between 
standard category score and external criterion variable. 
 
Keywords: Slope mass stability; Rock mass property; Environment; Geometric factor; Hayashi’s quantification 
theory type II. 
 

1.  Introduction  
Due to the complexity of geomechanics factors 
affecting underground construction, the empirical 
design method is still widely used in current 
engineering practices. Therefore, in the last decades, 
the rock mass classification concept has been 
applied extensively in engineering design and 
construction such as tunnels, slopes and 
foundations for a long time. The main purpose of 
all the above researches is to extend life-time as 
well as safety factor for construction. Until now for 
rock engineering, the most commonly used rock 
mass classification systems are the Rock Structure 
Rating, RSR (Wickham et al., 1972), the Rock 
Mass Rating, RMR (Bieniawski, 1979, 1989), and 
the Q-system (Barton et al., 1974). However, these 
traditional classification systems, which ignored the 
regional and local environmental features as well as 
rock properties, were constructed with the fixed 
weight for each factor. Furthermore, the rock mass 
classification was formulated for tunnel engineering 
but more recent methods (Romana, 1991) 
incorporate a systematic procedure to indicate slope 
mass stability in term of slope mass quality 
estimation. In addition, almost the main islands of 
Indonesia is relatively young in geological terms 
and is situated at volcanic plate borders inside 
tropical region, thus rock property, rock strength or 
hardness, geostructure, weathering, and 

groundwater differ greatly. Therefore, it is 
necessary to start building up a new slope mass 
classification system, which can be suitable for 
determining the slope stability in Indonesia.  
 
2. Case study  
The research area, Jatigede dam project, is located 
approximately 55km east of Bandung, West Java 
Island, Indonesia as shown in figure 1. The project 
is one of the important constructions in central of 
West Java Island which was surveyed by 1980s. 
Almost the items of project are situated at the 
average elevation about 200m to 300m and have 
been disrupted by some slope mass instabilities in 
the rainy season. The aim of the dam project 
construction is to control flood in the heavy rainy 
season in downstream, irrigation in the drought 
season, improvement for local resident’s life and 
supply electricity for national network to service for 
industrial development.  
 
 
 
 
 
 
 
 

 
 139



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Location of study area (symbol A) in West Java Island, Indonesia 
 
This area is approximately 143km2 at the central of 
West Java Island, where exists many active 
volcanoes, due to subduction of Indo Australian 
plate under Asian plate along Java trench with 
movement direction Southwest – Northeast, 
70mm/annual. Moreover, according to Köppen – 
Geiger climate classification, the whole Indonesia 
country belongs to Af - tropical rainforest climate 
or equatorial climate with no dry season, no 

summer or winter, hot and wet through the year, 
average precipitation larger than 60mm/month, 
rainfall being heavy and frequently, and average 
temperature about 270C/year. The slope mass 
instability occurred in the research area was 
characterized by unconsolidated rock, 
environmental and inclination angle factor.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Tropical rainforest climate or equatorial climate Af  in Indonesia 
 
The direct observation from field site of the slope 
failures is carried out to evaluate the relationships 
between slope failures and their behavior features. 
In paper of Liu and Chen (2007), Taiwan used 
analytic hierarchy process and the fuzzy Delphi 
method to assess the stability of the rock slopes 
according to the rock mass classification procedure 
and the failure probability in the early stage. 
Meanwhile, Lee et al. (2007) proposed to slope 

protection methods by assessing failures of weak-
rock slopes adjacent to roadsides in southwestern 
Taiwan where most often occurred during or 
immediately after heavy rainfall. Furthermore, 
some researches (Zhang & Wang, 2008; Kyi et al., 
2007) only focused on estimation for the soil 
failures in the residual soil aspect to publish 
potential landslide map in China and Indonesia. 
Based on the above previous researches, the real 
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situation in the field of tropical – volcanic arc are 
considered to derive a relationship between the 
terrain conditions and the occurrence of slope 
failures by using multivariable statistical analysis.  
Therefore, the important behavior of slope mass 
stability in tropical – volcanic region with tectonics 
setting is rock mass properties, environmental and 
geometric factor. Hence, analyzing, evaluating as 
well as determining closely relationship between 
slope mass stability assessment and tropical – 
volcanic region with tectonic settings are the main 
purpose of this paper.  

3. Material  
3.1 Data resources  
The 354 data sets including 49 failure slopes are 
used to analysis. Each input data based on 
observation (failure or not failure) and classified to 
factors of slope mass stability. All above data 
investigated around main Jatigede dam with 
approximately 143km2 which situated at main dam, 
left and right bank side, along the diversion tunnel 
as well as many observed points around dam 
project. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Geological map and slope failure (black flag) points in study area 
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Figure 4: Slope failure point occurred in study area 
a – on young volcanic breccias or tuffaceous breccias on the road;  

b – on claystone of upper Halang Formation in spillway;  
c – on intercalating claystone and sandstone of upper Cinambo in Cinambo river;  

d – on volcanic breccias of lower Halang Formation nearby the conduit tunnel 
 
Moreover, to provide more information for 
evaluating and dividing into factors and items 
inside slope mass, the other data such as rock type, 
hardness of rock, geological structure, core drilling 
by log boreholes, weathering, groundwater, annual 
average rainfall and temperature, human activity 
and gradient of each data set were investigated and 
estimated. 
  
3.2 Factors and items of slope mass stability  
According to behavior of slope mass stability, the 
author divided into 3 factors which influenced 
closely to stability of slopes in research area 
including rock mass property, environmental and 
geometrical factor. Deeply, rock mass property is 
intact rock and discontinuity characterization. 
Meanwhile, in this paper, environmental factor 
indicates external processing with tropical – 
volcanic features and tectonic settings. Geometrical 
factor implies to outside shape of slope which 
inclination angle (gradient) plays the best important 
role.  
Following each factor, 24 items will be designed by 
authors’ experiments as well as previous researches 
which related to slope mass stability. Consequently, 

rock mass property factor comprises 10 items as 
rock type, hardness, porosity, joint set numbers, 
joint orientation, joint spacing, joint filling, 
roughness, aperture and wall hardness. With 
environmental factor, 9 items are also designed as 
weathering, alteration, water content, rainfall, 
runoff, groundwater, valley side, human activity, 
and earthquake. The 5 last items of geometric factor 
are height width, gradient, inclination and 
orientation of construction. However, to analyzing 
and evaluating effectively, some items should be 
combined or ignored.  
Finally, 11 items of the 3 above factors will be used 
to analysis and estimate. Rock type, hardness, 
geological structure (which is combined by joint set 
number, joint spacing and roughness), and core 
condition (which is combined by joint filling, 
aperture and wall hardness) belong to rock mass 
property. With environmental factor, weathering, 
groundwater, runoff, valley side, rainfall and 
human activity will be kept to analysis. Alteration, 
water content and earthquake will be estimated by 
another analysis as X-ray diffraction, petrography, 
and seismic statistics. In the last geometric factor, 

  

  

a b 

c d 
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the authors only keep gradient item to analysis 
because it is the best important item of this factor. 
 
3.3 Categorized classification   
Based on the investigated data and 11 items of 3 
factors, the categories of each item need classified 
one by one clearly. 
  
Rock mass property factor  
Rock type is the most basic item for estimating 
stability on slope. Thus, in this study area, the 
author attempted investigating and recording all 
rock types which appeared around research area. 
The four types of rock are their identification which 
depends on their color, formation and material. In 
the research area, having 5 rock types are divided 
into 4 categories as (1) volcanic breccias, brown or 
grey color belongs to lower Halang Formation at 
Miocene age, the breccias consist of various sizes 
of fragments such as 3cm to 20cm and some consist 
of 50cm to 60cm to boulder within the matrix; (2) 
intercalating claystone and sandstone, light grey 
color belongs upper Cinambo Formation at 
Oligocene age, each sandstone and claystone layer 
intercalates together with layer thickness changing 
from 20cm to 100cm; (3) claystone with light grey 

color belongs to upper Halang Formation at 
Miocene age; (4) tuffaceous breccias (or lappily) 
and young volcanic breccias with breccias fragment 
changing from 5cm to 30cm, yellowish grey, brown, 
red or light red color at Pliocene age.  
Hardness is the strength of rock. From measuring 
and recording values of hardness in many parts on 
the slope of rock mass, primary assessment about 
stability of slope will be determined. With hardness 
of rock type, Schmidt hammer is used to measure 
and record all values of all rock types around the 
study area. By statistics, 1292 recorded values are 
used and classified by 3 categories with hardness 
value changing from smaller than 10kg/cm2 to 
60kg/cm2 or smaller than 20MPa to about 240MPa 
which is converted by Schmidt hammer – type L 
hammer with average density of rock equals 
2.6kN/m3 of Hoek (2006). From diagram between 
measurement and hardness value, the trendline is 
used to find the average values with coefficient R2 
equals 0.815 (close with initial data). Hence, 
categories of rock hardness are (1) hard rock with R 
>45kg/cm2; (2) medium rock with R >30 to 
45kg/cm2; and (3) weak rock with R smaller than or 
equal 30 kg/cm2. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Categories of hardness based on recorded times in the investigated site 
 
From observation and investigation in the field, 
geological structure will be estimated by joint set 
numbers, joint spacing and roughness. In the other 
hand, geological structure will give for 

investigators an overall structural view outside of 
slope. To classifying, the authors used standard 
classification of International Society of Rock 
Mechanics (ISRM, 1978a). According to ISRM, 
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geological structure will be divided into 4 
categories as (1) very few or none, including non-
fracture with discontinuity spacing lager than 2m; 
(2) moderately jointed, including about 1 
discontinuity set numbers with discontinuity 
spacing changing from smaller than 0.2m to 2m, 
rough to very rough joint; (3) highly jointed, 
including about 2 discontinuity set numbers with 
discontinuity spacing changing from 0.06m to 0.2m, 
smooth to very smooth joint; (4) and crushed 
jointed, including more than 3 discontinuity set 
numbers with discontinuity spacing smaller than 
0.06m,, slickenside.  
Changing of inside structure of rock slope is very 
important because it is potential risk which also 
affects to slope stability. By using boreholes and 
log cores, description of inside structure of rock 
type will be estimated by core condition. Core 
condition item are collected by over 90 boreholes 
around main dam with average depth 40m – 60m 
which drilled in 1990s with symbol JD, PW, RQ, 
GJ, etc. Additionally, the categories of the above 
item will contain components as joint filling, core 
length and rock mass quality (RQD). Therefore, 5 
categories are (1) very high, core is perfect with 
few natural break, some calcite veins about 1mm, 
maximum core length 60-90cm, RQD about 50 – 
100%; (2) high, fragments of andesite, core almost 
perfect with few natural breaks. Some calcite veins 
about 1mm, some irregular steep rough joints with 
limonite, maximum core length 50-80cm, RQD 
about 30-90%; (3) medium, mostly spontaneous 
cracking on storage, some calcite veins about 1mm, 
shearing mostly at 45 degree, fragment of andesite, 
horizontal joint, closed joint in many directions, 

maximum core length 10-60cm, RQD about 20-
70%; (4) low, core is very broken easily, mostly in 
small and completely fragment, matrix can 
disaggregated with a knife, crumble easily by 
hammer, maximum core length 5-10cm, RQD 
about 10-30%; (5) very low, mostly material is 
heterogeneous mixture of soil or rock, fragments 
ranging in size from clay to rocks of a meter or 
more, RQD about smaller than 15%. 
 
Environmental factor  
In weathering item, Chan (2007) divided into 6 
categories which depended on decay and change in 
state from an original condition as a result of 
external processes. Actually, the two main 
components of weathering are mechanical 
disintegration and chemical decomposition. On the 
other hand, Hong Kong is also situated in tropical 
country, and then weathering processes will be 
similar with some Asian countries including 
Indonesia. In this paper, the authors will follow the 
above weathered description to publish 5 categories 
as (1) fresh, un-weathering with 100% rock, may 
show slightly discoloration along discontinuity; (2) 
slight, still rock lager than 90% with small amount 
of the material converted to soil along 
discontinuity; (3) moderate, still rock 51-90% with 
interlocked structure; (4) high, still rock 30-50% 
with both rock convert to relict discontinuity may 
affect shear behavior of mass; (5) complete, still 
rock smaller than 30% with soil retains original 
mass structure and material texture or fabric, rock 
content does not affect shear behavior of mass but 
relict discontinuity in soil may do so. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Weathering classification follows mechanical disintegration and chemical decomposition (Chan, 2007) 
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The effect of valley side is the important failure 
phenomena. Some rock masses of the valley sides 
have discontinuities, such as joints or faults, 
bedding planes, etc. that initiate a wedge failure to 
occur. Moreover, the appearance of groundwater 
condition will promote slopes which will lose 
balance immediately. Finally, failure on slopes will 
occur. Thus, to evaluate influence of valley side and 
groundwater condition, 2 categories for each item 
with yes or no will be designed.  
Runoff is the surface water flowing on rock. The 
essential impact of runoff is erosion by the flowing 
velocity. Furthermore, if slopes appear crack, the 
surface water flowing will fulfill water into cracks 
easily. Thus, slope stability will be decreased by 
pore water pressure which created from filling 

water into cracks. Therefore, 3 categories of runoff 
will be (1) none or dry; (2) damp to wet; (3) 
dripping to flowing. 
In the tropical climate region, average rainfall and 
temperature is always high and hot. So, the annual 
high rainfall supported to the external processes as 
well as changing of inside structure on rock quickly. 
That is reason why the weathered layers are often 
very thickness in tropical region. Hence, average 
rainfall and temperature are also one of items which 
reduce the stability of slope. According collected 
data, 4 categories are (1) very low, smaller than 
80mm/month with smaller than 250C; (2) low, 80 to 
210mm/month with 25 to 260C; (3) medium, 210 to 
325mm/month with 26 to 270C; (4) high, lager than 
325mm/month with larger than 270C. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Relationship between rainfall and temperature around Jatigede dam 
 
Changing the morphology naturally takes many 
decades but human can alter the morphology within 
short time. The human can increase or decrease the 
potential of failure due to road cut or landuse. The 
cutting at the toe of the slope for highway, domestic 
area and the loading on the upper slope can enhance 
to become failures. At some portions of the channel, 
the creeping phenomena and destruction of channel 
are observed due to active pressure from the slope 

failure side. The road, channel and residential area 
near the slope are chosen as human impact in this 
study area. Thus, 3 categories of human activity 
include in (1) none or natural forest; (2) resident 
near slope; (3) road or channel.  
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Geometric factor  

Gradient is one of the most important items of 
geometric factor. In the slope with small gradient or 
nearby horizontal surface, the failure will never 
occur. Otherwise, if slopes have inclination angle 
highly as well as the other symptoms (cracks), 
failures will happen quickly. According to 
Okamoto 1992 in Japan, gradient of slope mass 
stability for rock was classified by rock type and 
cut height. The largest gradient of slope will be 
1:0.3 (about 730) while the smallest gradient of 
slope is 1:1.8 (about 290). However, based on the 
investigated data around the research area, the 
author divided into 4 categories for gradient item as 
(1) very gradual, smaller than 310; (2) gradual, 30 – 
450; (3) medium, 46 – 600; (4) steep, lager than 600.  

 

4. Hayashi’s quantification theory II  

4.1 General  

Chikio Hayashi (1918 – 2002), is one of the famous 
professors in Japan, who developed Hayashi’s 
quantification theory including a set of statistical 
methods with namely Hayashi’s quantification I, II, 
III, and IV. In Japan, Hayashi’s methods of 
quantification are well known and widely used in 
various fields, such as social and marketing surveys, 
psychological and medical research, etc., where 
information is obtained mainly in the form of 
qualitative categories. Hayashi’s quantitative theory 
type II is a method of multivariate discriminative 
analysis to manipulate attribute data as predictor 
variables. In this paper, the outside variable is the 
degree of slope with failure or stability. The 
predicted variables, that is, the items are the 
influence categories of items which belong to 
factors. According to section 3, this research had 11 
items with 39 categories, which would be used for 
statistical information of 354 investigated data 
including 49 failure slopes.  

 

4.2 Computing procedure  

The purpose of the Hayashi’s quantitative theory II 
is to determine significant factors, which depends 
on range and category score. Moreover, relationship 
between predicted failure data and real failure data 
will also be assessed by correlationship coefficient. 

According to Kan and Fujikoshi (2011), to get the 
category scores, steps of calculation are used by 
matrices with row and column following 354 
investigated data and 39 categories of 11 items. In 
order to express the response of item and category 
for each sample, the dummy variable 푥( ) is 
introduced to the model when samples i represent 
the factor in category k of item j:  

y( ) = a . x( ) 

Where:  

g = 1, 2,…, G : group or external criteria variable 

i = 1, 2,…, N :  sample ith data  

j = 1, 2,…, J : items of factor  

k = 1, 2,…, cj: categories of item j (∑ c = K) 

y( ): Failure prediction of ith data in group g 

ajk :primary category scores of item j 

x( ) (dummy variable) = 1: if ith data in category k of item j
= 0: otherwise

  

In the first step of calculation, assumption aj1 of all 
items equal 0 because of reduce variables ajk in the 
matrices. Hence, by converting and calculating 
matrices with N rows and M columns (K – J), the 
primary category score ajk will be obtained. Based 
on the data which correspond to each category of 
item njk, total data N, and primary category score ajk 

including aj1 = 0, standard category score bjk will be 
estimated by: 

b = a −
∑ a n

N  

 
4.3 Application  
Ratio of correlation η2  
 
The ratio of correlation η2 is defined as a ratio of 
the difference between groups 푠  and sum of the 
differences 푠 . From category weight bjk , the other 
parameters will be obtained. Sum of the difference 
between groups & the difference within groups:  

s = y( ) − y
( )

= b x( ) − x
( )

 

The difference between groups:  

s = y( ) − y
( )

= n b x( ) − x  

The difference within groups:  

s = y( ) − y( )

( )

= b x( ) − x( )
( )

 

Balance value:  
s = s + s  

Correlationship ratio:  

0 ≤ η =
s
s → maxx ≤ 1 
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Range of items rj and contributing weight αj  
Following the outcome of the discriminatory 
analysis, a calculation numerical value is given to 
each category of the non-quantitative traits, and a 
range is calculated for each item as follows: 

rj = bjkmax - bjkmin 

Where bjkmax and bjkmin: maximum and minimum 
value of category score of item j. A wider range of 
category scores for each item also indicates a 
greater contribution of outside variable, that is, the 
potential failure slope. The larger the item range, 
the more contribution percentage to the potential 
failure slope. Herein, a contributing weight for each 

item to the potential failure slope is also given as 
follows: 

α =
r

∑ r
 

Moreover, partial correlation coefficient represents 
the weight for discrimination is calculated for each 
item j.  
 
5. Results   
By analysis and evaluate, runoff and valley side 
items with 5 categories will be ignored by very low 
category scores. Thus, the remaining 9 items with 
34 categories are analyzed by Hayashi’s 
quantitative formula II.  

 
Table 1: Behavior of slope mass stability including factors, items, and categories of items 

Factor Item (j) Category (k) 

Intact rock and 

Discontinuity 

 

1/ Rock type 1   2   3   4 

2/ Hardness 1   2   3 

3/ Geological structure 1   2   3   4 

4/ Core condition 1   2   3   4   5 

Environment 

5/ Weathering 1   2   3   4   5 

6/ Groundwater 1   2 

7/ Rainfall 1   2   3   4 

8/ Human activity 1   2   3 

Geometry 9/ Gradient 1   2   3   4 

 
Each evaluated factor is quantificational, measured 
in consideration of the category score and item 
range of the raw data by using Hayashi’s 
quantification theory type II. This allows analyzing 
the relative contribution of the 9 items as rock type, 
hardness, geological structure, core condition, 
weathering, rainfall, groundwater, human activity, 
and gradient to the degree of slope mass failure 
assessment.  
 
 

 
The contribution of each item can be shown by the 
standard category scores and items ranges. The 
category score on x-axis expresses the contribution 
of the impact factors to the degree of slope mass 
failure. The larger category score of item is the 
larger the contribution of factors to slope mass 
failure. The positive value shows the corresponding 
category will promote the slope mass failure. In 
contrast, the negative value shows the 
corresponding category will restrain the degree of 
slope mass failure. 
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Table 2: Results of quantification theory type II analysis 

Item (j) Category (k) 
Category 

score bjk 

Analysis 

score 
Range rj 

Partial 
correlation 
coefficient 

Contributing 

weight αj 

1/ 

 Rock type 

1 – Volcanic breccias 0.042 31 4.025 0.46 0.20 

2-Intercalating claystone 
& sandstone 0.323 35    

3 – Claystone -0.883 17    

4-  Tuffaceous 
breccias/young volcanic 
breccias 

3.142 77    

2/  

Hardness 

1 – Hard 0.087 32 0.189 0.29 0.01 

2 – Medium -0.102 29    

3 – Weak  0.005 31    

3/ 
Geological 
structure 

1 – Very few/None -0.299 26 1.468 0.11 0.07 

2 – Moderate -0.573 22    

3 – High  0.895 44    

4 - Crush 0.049 31    

4/  

Core 
condition 

1 – Very high -0.258 27 2.966 0.26 0.15 

2 – High 2.167 63    

3 – Medium -0.799 19    

4 – Low -0.448 24    

5 – Very low 0.102 32    

5/  

Weathering 

1 – Fresh 0.321 35 2.762 0.26 0.14 

2 – Slight -2.080 0    

3 – Moderate -0.220 27    

4 – High 0.131 32    

5 - Complete 0.682 41    

6/  

Rainfall 

1 – Very low -0.1099 14 1.808 0.15 0.09 

2 – Low -0.515 23    

3 – Medium -0.552 22    

4 – High 0.709 41    
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7/ 
Groundwater 

1 – No -0.251 27 0.898 0.001 0.04 

2 – Yes 0.647 40    

8/  

Human 
activity 

1 – None -0.168 28 0.712 0.13 0.04 

2 – Residents near slope 0.328 35    

3 – Road/channel 0.545 39    

9/  

Gradient 

1 – Very gradual 2.455 67 5.422 0.69 0.27 

2 – Gradual 4.637 100    

3 – Medium 0.748 42    

4 – Steep  -0.785 19    

 

From the above range items, the most significant 
item show effect on the slope mass failure is the 
gradient with 5.422 (contribution weight α = 27%), 
the rock type is the second significant item with 
4.025 (α = 20%), the core condition and weathering 

are the third significant items with 2.966 and 2.762 
(α = 15% and 14%), and the rainfall and geological 
structure are the fourth significant items with 1.808 
and 1.468 (α = 9% and 7%). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Diagram performs standard category scores of 9 items 
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Figure 9: Diagram shows range of 9 items  

 

Accuracy of the calculation by correlation ration η2 
is 0.74 which indicates the precision satisfies 
statistical significance. Additionally, it also shows 
about the difference between 2 groups with stability 
or slope failure are high or low. Beside, estimating 
the partial correlation coefficient ηj

2 performs role 
and relationship between each items as well as 
accuracy of data. By analysis, the best important 
controlling item of slope failure is the gradient with 
0.69, the second item is rock type, the third item is 
hardness, and the fourth item is core condition and 
weathering with 0.26.     

In the other aspect, by using the standard category 
score, the slope failure prediction will be assessed 
by variable yi on each data ith. Based on the data, 
the positive influence to slope failure will be 

showed by yi > 0. Reversely, the negative influence 
to slope failure will be yi < 0.  

Consequently, having 88 potential instability 
samples with 29% in total 305 data of group 1, 
which is external criterion variable for assumption 
stability. From the yi, the 14 overlapped samples of 
2 groups include 5 samples with 6% in 88 potential 
instability data of group 1 and 9 samples with 18% 
in 49 slope failure points of group 2. 

According to relationship between category scores 
bjk and slope failure prediction yi, having 137 
values of sample with yi > 0 belong to the slope 
failure potential risk while the overlapped values of 
2 groups with minimum value is 1.49 and 
maximum value is 3.35.  
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Figure 10: Relationship between data samples and instable prediction 

 

6. Conclusion and discussion  

The quantificational assessment of slope mass 
stability by intact rock and discontinuity, 
environmental, and geometric factors using 
Hayashi’s quantitative theory type II has been 
performed and provided the following conclusion: 

(1) According to the result of multivariable 
statistical analysis in this study area, the most 
controlling factor is the gradient of slope (r = 5.422), 
the second controlling factor is the rock type (r = 
4.025), the third controlling factor is core condition 
and weathering factors (r = 2.966 and 2.762), and 
the fourth controlling factor is rainfall and 
geological structure factors (r = 1.808 and 1.468). 
However, the effect of groundwater (r = 0.898) is 
not significant factor because rock type of the 
research area is claystone or intercalating claystone 
and sandstone. Thus, influence of groundwater 
factor on the slope mass stability reduced markedly. 
Similarly, hardness and human activity factors (r = 
0.712 and 0.189) also reduced influences to 
stability of slope clearly. 

(2) The value of η2 of 0.74 can provide the evidence 
that Hayashi’s quantitative theory II is a reliable 
insight that is statistically sound.  

(3) The resulted scores are very close and 
meaningful to the natural phenomena of slope 

failure in the real condition. The resulted weight 
score can be implemented for similar tropical – 
volcanic region with tectonic settings.  

(4) For the estimation of risk analysis, each data 
sample is determined by the potential slope failure 
with external criterion variable yi inside group 1. 
Based on the prediction, samples corresponded to 
the investigated points in the real site needed 
countermeasure to increase restrain stability for 
slope. By calculating, 88 locations in the real site 
should be observed and recorded again. 
Furthermore, the estimation will be changed due to 
time space with reflect of geomorphological data 
and human activity of the area. The updating of the 
real data is very important for effective estimation 
of the potential risk area based on the prior 
information of the slope failure prediction.  
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