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ExecutiveȱSummeryȱ
ȱ
InȱrecentȱyearsȱmanyȱlandslideȱeventsȱhaveȱbeenȱexperiencedȱinȱhillyȱdistrictsȱofȱBangladeshȱ
suchȱasȱChittagong,ȱCox’sȱBazaar,ȱandȱTeknaf.ȱ Itȱshowsȱ thatȱaȱsignificantȱ landslideȱhazardȱ
existsȱ forȱ suchȱurbanȱ centersȱandȱmanyȱ communitiesȱareȱvulnerableȱ toȱ thisȱnewlyȱknownȱ
typeȱ ofȱ hazardȱ inȱ Bangladesh,ȱ whichȱ mayȱ resultȱ inȱ severeȱ damagesȱ andȱ severeȱ socioȬ
economicȱ consequencesȱ inȱ futureȱ inȱmanyȱ otherȱ areasȱ too.ȱ Theȱ urbanȱ centersȱwhichȱ areȱ
threatenedȱbyȱtheȱlandslideȱeventsȱinȱtheȱrecentȱpastȱareȱfastȱgrowingȱandȱwithȱconsiderableȱ
influenceȱ inȱ theȱ economicȱdevelopmentsȱofȱ theȱ country.ȱ Itȱ isȱ thereforeȱ essentialȱ toȱhaveȱ aȱ
realisticȱ understandingȱ ofȱ theȱ nature,ȱ severityȱ andȱ consequencesȱ ofȱ likelyȱ damagesȱ andȱ
lossesȱ thatȱ possibleȱ futureȱ landslideȱ eventsȱ couldȱ causeȱ onȱ theȱ vulnerableȱ communitiesȱ
livingȱ nearȱ theȱ landslideȱ hazardȱ proneȱ areasȱ andȱ toȱ developȱ aȱmodelȱ forȱ landslideȱ riskȱ
management.ȱ
ȱ
Theȱ keyȱ toȱ successȱ inȱ futureȱ isȱ theȱ studyȱ ofȱ theȱ eventsȱ occurredȱ inȱ theȱ pastȱ andȱ takesȱ
appropriateȱ proactiveȱ actionsȱ usingȱ theȱ lessonsȱ learned.ȱ Itȱ isȱ necessaryȱ toȱ haveȱ aȱ criticalȱ
evaluationȱofȱtheȱfactsȱassociatedȱwithȱpastȱlandslidesȱandȱmoreȱimportantlyȱwhyȱthereȱisȱaȱ
suddenȱ increaseȱinȱnumberȱofȱlandslidesȱandȱtheirȱmagnitudeȱinȱtheȱtwoȱtargetȱcities.ȱAlsoȱ
theȱ findingsȱ ofȱ suchȱ studyȱ willȱ serveȱ asȱ theȱ basisȱ forȱ studiesȱ inȱ otherȱ citiesȱ suchȱ asȱ
Chittagongȱwhereȱsimilarȱescalationȱofȱlandslideȱeventsȱhaveȱtakenȱplace.ȱȱ
ȱ
Thisȱreportȱ isȱpreparedȱ toȱsummarizeȱ theȱfindingsȱofȱ theȱactivityȱforȱInventoryingȱ theȱpastȱ
landslideȱeventsȱinȱCoxȇsȱBazaarȱandȱTeknafȱMunicipalitiesȱ.Theȱactivityȱhasȱbeenȱcarriedȱoutȱ
underȱ theȱProjectȱonȱ “RainfallȱTriggeredȱLandslideȱHazardȱZonationȱ inȱCoxȇsȱBazaarȱandȱ
Teknafȱ Municipalitiesȱ forȱ Introducingȱ aȱ CommunityȬbasedȱ Earlyȱ Warningȱ Systemȱ forȱ
LandslideȱHazardȱManagement”.ȱ
ȱ
Anyȱtypeȱofȱlandslideȱriskȱevaluationȱaimsȱtoȱdetermineȱtheȱ“expectedȱdegreeȱofȱlossȱdueȱtoȱ
aȱlandslide”ȱ(specificȱrisk)ȱandȱtheȱexpectedȱnumberȱofȱliveȱlost,ȱpeopleȱinjured,ȱdamageȱtoȱ
propertyȱandȱdisruptionȱofȱeconomicȱactivityȱ(totalȱrisk)ȱ(Varnesȱetȱal.,ȱ1984).ȱTheȱactivityȱforȱ
“Preparationȱofȱ theȱ Inventoryȱofȱpastȱ landslideȱeventsȱ inȱ twoȱ targetȱcities”ȱnamelyȱTeknafȱ
andȱCox’sȱBazar,ȱhasȱbeenȱcarriedȱoutȱwithȱthreeȱspecificȱpurposes:ȱ
ȱ
a. recordingȱallȱfactsȱconnectedȱtoȱpastȱlandslideȱeventsȱinȱtwoȱcitiesȱtoȱfacilitateȱanalysisȱofȱ

causativeȱfactorsȱandȱcorrespondingȱimpacts;ȱ
b. Identificationȱofȱhotspotsȱ(orȱmostȱvulnerableȱwards/urbanȱsettlements)ȱofȱlandslides;ȱ
c. Assessȱ theȱ degreeȱ ofȱ attributesȱ ofȱ triggerȱ ofȱ landslidesȱ inȱ connectionȱ toȱ allȱ causativeȱ

factorsȱ andȱmodifyingȱ theȱweightingsȱ assignedȱ toȱ attributesȱ selectedȱ asȱmapȱ unitsȱ ifȱ
necessary.ȱ

ȱ
ȱItȱisȱnotȱtheȱidealȱsituationȱtoȱstudyȱtheȱlandslideȱeventsȱseveralȱmonthsȱafterȱtheȱoccurrenceȱ
ofȱtheȱevent.ȱManyȱimportantȱfactorsȱmayȱbeȱlostȱwithȱtheȱpassageȱofȱtimeȱandȱinvestigationȱ
teamȱwillȱhaveȱdifficultiesȱinȱpostulatingȱtheȱscenariosȱatȱtheȱtimeȱofȱtheȱdisaster.ȱHoweverȱ
duringȱtheȱexecutionȱofȱtheȱactivity,ȱemphasisȱhasȱbeenȱplacedȱonȱpostulatingȱtheȱeventȱasȱitȱ
happened,ȱ andȱ subsequentlyȱ evaluatingȱ theȱ postȱ disasterȱ scenario.ȱ Inȱ additionȱweȱ haveȱ
madeȱanȱattemptȱtoȱstudyȱ theȱcurrentȱstatusȱofȱtheȱ locationȱandȱprovidingȱaȱdescriptionȱofȱ
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theȱpostulatedȱscenarioȱasȱwellȱasȱtheȱfutureȱthreat,ȱtoȱsucceedȱtowardsȱanȱevaluationȱofȱtheȱ
exposureȱandȱaȱcharacterizationȱofȱtheȱfutureȱrisk.ȱȱ
ȱ
InȱtheȱcaseȱofȱTeknafȱandȱCox’sȱBazaarȱfollowingȱinformationȱrelatedȱtoȱpastȱlandslidesȱhasȱ
beenȱ collectedȱ throughȱ collectionȱ ofȱ pastȱ reportsȱ preparedȱ byȱ otherȱ agencies,ȱ fieldȱ
investigations,ȱ interviewsȱwithȱcommunityȱmembers,ȱdiscussionsȱwithȱ localȱauthoritiesȱetcȱ
inȱorderȱtoȱdevelopȱtheȱinventoryȱofȱlandslidesȱforȱlastȱ25ȱyears:ȱ
ȱ
1. Locationȱ(coordinatesȱ–latitudeȱandȱlongitudeȬȱorȱatȱleastȱnameȱofȱnearestȱvillage/city).ȱ
2. Dateȱ(andȱifȱpossible,ȱtime)ȱofȱoccurrenceȱforȱpostulatingȱtheȱscenario.ȱ
3. Rainfallȱdataȱ
4. Provideȱaȱdescriptionȱofȱtheȱgeologicalȱandȱgeotechnicalȱconditionsȱofȱtheȱsiteȱasȱweȱcanȱ

witnessȱnowȱ
5. Immediateȱconsequencesȱ(quantificationȱofȱcasualties,ȱinjuriesȱandȱdamage)ȱofȱtheȱevent.ȱ
6. Anyȱotherȱevidencesȱtoȱsupportȱdefinitionȱofȱȱtheȱfutureȱthreatȱandȱtoȱpostulateȱtheȱtriggerȱ

mechanismsȱȱ
ȱ
Inȱ developingȱ theȱ inventoryȱ ourȱ teamȱ hasȱ goneȱ throughȱ severalȱ stepsȱ andȱ theȱ reportȱ
comprisesȱ theȱoutcomeȱofȱcombinedȱefforts.ȱTheȱfirstȱstepȱwasȱtoȱstudyȱtheȱoldȱnewspaperȱ
recordsȱ andȱprepareȱ theȱ chronologyȱ ofȱ eventsȱ asȱ givenȱ inȱ theȱmediaȱ reports.ȱTheȱprojectȱ
teamȱhasȱvisitedȱ archivesȱofȱ fewȱnationalȱnewspapersȱ andȱ collectedȱ theȱdetailsȱwhichȱ areȱ
givenȱinȱtheȱreport.ȱAȱteamȱhaveȱhadȱextensiveȱeffortsȱinȱorderȱtoȱcollectȱinformationȱrelatedȱ
toȱ pastȱ atȱ leastȱ 25ȱ yearsȱ fromȱ theȱ field.ȱ Inȱ theȱ sameȱwayȱ Projectȱ teamȱ hasȱ studiedȱ theȱ
previousȱ landslideȱ reportsȱpreparedȱbyȱDistrictȱandȱSubȬdistrictȱadministration,ȱrespectiveȱ
LGEDȱofficesȱetc.ȱTheȱinformationȱprovidedȱbyȱtheȱinstitutionsȱlocatedȱinȱtwoȱcitiesȱsuchȱasȱ
theȱDepartmentȱofȱForest,ȱMeteorologicalȱDepartment,ȱ armedȱ forceȱdivisionȱ etcȱ alsoȱwereȱ
veryȱ useful.ȱ Theȱ reportsȱ availableȱ withȱ otherȱ agenciesȱ suchȱ asȱ Geologicalȱ Surveyȱ ofȱ
Bangladesh,ȱ Disasterȱ Managementȱ Bureau,ȱ andȱ Dhakaȱ universityȬFacultyȱ ofȱ Geology,ȱ
ChittagongȱUniversityȱ ofȱ Engineeringȱ technologyȱ (CUET)ȱ etc.ȱ alsoȱ providedȱ veryȱ usefulȱ
informationȱonȱpastȱevents.ȱȱ
ȱ
TheȱProjectȱ teamȱwishesȱ toȱ acknowledgeȱ thankfullyȱ theȱ assistanceȱprovidedȱ byȱ allȱ aboveȱ
mentionedȱinstitutionsȱinȱpreparingȱthisȱreport.ȱ
ȱ
Basedȱ onȱ theȱ dataȱ collectedȱ fromȱ theȱ combinedȱ methodsȱ explainedȱ aboveȱ andȱ thro’ȱ
interviewsȱofȱtheȱcommunityȱmembers,ȱaȱLandslideȱInventoryȱforȱtwoȱtargetȱcitiesȱhaveȱbeenȱ
prepared.ȱ Theȱ accompanyingȱ mapȱ indicatesȱ theȱ locationsȱ ofȱ allȱ eventsȱ thatȱ haveȱ beenȱ
studied.ȱTheȱteamȱalsoȱhasȱcarriedȱoutȱanȱassessmentȱonȱtheȱdegreeȱofȱattributesȱofȱtriggerȱofȱ
landslidesȱ inȱconnectionȱ toȱallȱcausativeȱ factorsȱandȱmodifyingȱ theȱweightingsȱassignedȱ toȱ
attributesȱselectedȱasȱmapȱunitsȱifȱnecessary.ȱ
ȱ
Thisȱ reportȱ hasȱ beenȱ accomplishedȱ asȱ partȱ ofȱ projectȱ onȱ “Rainfallȱ Triggeredȱ Landslideȱ
HazardȱZonationȱinȱCoxȇsȱBazaarȱandȱTeknafȱMunicipalitiesȱforȱIntroducingȱaȱCommunityȬ
basedȱ Earlyȱ Warningȱ Systemȱ forȱ Landslideȱ Hazardȱ Management”,ȱ CDMPȱ hasȱ
commissionedȱandȱallocatedȱtheȱresponsibilityȱforȱimplementingȱtheȱprojectȱtoȱDatExȬADPCȱ
Jointȱ Venture.ȱ Theȱ Projectȱ isȱ beingȱ implementedȱ underȱ Comprehensiveȱ Disasterȱ
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managementȱ Programmeȱ (CDMP)ȱ ofȱ theȱ Governmentȱ ofȱ Bangladeshȱ (GoB).ȱ CDMPȱ isȱ aȱ
programȱ executedȱbyȱ theȱMinistryȱofȱFoodȱ andȱDisasterȱManagementȱ (MoFDM)ȱwhichȱ isȱ
supportedȱbyȱUNDP,ȱDFID,ȱGovernmentȱofȱNorway,ȱandȱtheȱECȱetc.ȱ
ȱ
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1. LandslideȱInventoryȱMappingȱ
ȱ
1.1. Introductionȱ
ȱ
TheȱincidentsȱofȱlandslidesȱareȱbecomingȱaȱveryȱfrequentȱdisasterȱinȱmanyȱcountriesȱinȱAsia.ȱ
Landslidesȱusuallyȱdoȱnotȱbringȱsignificantȱnegativeȱimpactsȱonȱtheȱdevelopmentȱinitiativesȱ
likeȱ otherȱmajorȱ disasterȱ eventsȱ suchȱ asȱ earthquakesȱ andȱ floodsȱ andȱ theȱ areaȱ affectedȱ isȱ
comparativelyȱnotȱveryȱlarge.ȱThereforeȱlessȱattentionȱhasȱbeenȱgivenȱtoȱlandslideȱproblemsȱ
inȱmanyȱofȱtheȱcountriesȱinȱAsia.ȱHoweverȱduringȱpastȱfewȱyearsȱweȱhaveȱseenȱescalationȱinȱ
numberȱandȱmagnitudeȱofȱ landslideȱ eventsȱ inȱ countriesȱ suchȱasȱBhutan,ȱ India,ȱ Indonesia,ȱ
Nepal,ȱ Philippines,ȱ Sriȱ Lankaȱ andȱ Thailand.ȱ Theȱ latestȱ additionȱ toȱ thisȱ listȱ mayȱ beȱ
Bangladesh.ȱUsuallyȱBangladeshȱ isȱregardedȱasȱaȱ flatȱcountryȱwhichȱgetsȱaffectedȱoftenȱbyȱ
floodȱ andȱ cycloneȱ events.ȱHoweverȱ inȱ additionȱ toȱ suchȱ frequentȱhazards;ȱ landslidesȱ alsoȱ
continueȱtoȱresultȱinȱhumanȱsufferings,ȱpropertyȱlossesȱduringȱrecentȱyearsȱespeciallyȱinȱtheȱ
southernȱ hillyȱ areasȱ ofȱ Bangladesh.ȱAsȱ populationȱ increasesȱ andȱ societiesȱ becomeȱmoreȱ
complex,ȱ theȱeconomicȱandȱ societalȱ lossesȱdueȱ toȱ suchȱeventsȱmayȱ continueȱ toȱ riseȱunlessȱ
properȱ attentionȱ isȱ givenȱ atȱ earlyȱ stagesȱ asȱ increasingȱ anthropogenicȱ activitiesȱ inȱ theȱ
mountainȱareasȱcanȱaddȱtoȱtheȱexistingȱvulnerabilityȱofȱcommunitiesȱfurther.ȱȱ
ȱ
Bangladeshȱisȱhighlyȱvulnerableȱtoȱseveralȱnaturalȱdisastersȱandȱeveryȱyearȱnaturalȱcalamityȱ
upsetȱ human’sȱ livesȱ andȱ livelihoodȱ inȱ someȱ partȱ ofȱ theȱ country.ȱAmongȱmajorȱ disastersȱ
concernedȱ inȱtheȱcountry,ȱfatalȱlandslidesȱeventsȱinȱtheȱrecentȱyearsȱcanȱbeȱnoted.ȱExposedȱ
softȱsedimentaryȱrocksȱ inȱtheȱvastȱtractȱofȱmountainousȱandȱhillyȱterrainsȱ(18%ȱofȱ theȱ totalȱ
areaȱ ofȱ theȱ country)ȱ andȱ interventionsȱ ofȱ humanȱ activitiesȱ acrossȱ theȱ slopesȱ causedȱ fatalȱ
landslidesȱtriggeredȱbyȱtheȱtorrentialȱmonsoonȱrainfall.ȱTheȱhillyȱterrainȱinȱtheȱsoutheasternȱ
partȱ ofȱ theȱ countryȱ hasȱ theȱ longȱ historyȱ ofȱ slopeȱ instability.ȱ Theȱ landslidesȱ hazardȱ inȱ
ChittagongȱCityȱareaȱandȱitsȱsurroundingsȱoccurredȱonȱJuneȱ11,ȱ2007ȱwasȱaȱphenomenalȱoneȱ
thatȱ tookȱ theȱ lifeȱofȱ127ȱpeopleȱandȱcausedȱ injuryȱ toȱhundredsȱofȱpeopleȱandȱmadeȱmanyȱ
peopleȱhomeless.ȱTheȱlandslidesȱwereȱtriggeredȱbyȱuncommonȱheavyȱdownpourȱwhichȱwasȱ
estimatedȱ348ȱmmȱforȱaȱperiodȱofȱaroundȱ12ȱhours.ȱFatalȱ landslidesȱsubsequentlyȱoccurredȱ
inȱ 2008ȱ andȱ 2009ȱ atȱChittagongȱ cityȱ asȱwellȱ asȱCox’sȱBazarȱ andȱTeknafȱ (GolamȱMahabubȱ
Sarwarȱ2008).ȱInȱ2010,ȱ landslidesȱagainȱ tookȱplaceȱ inȱCox’sȱBazarȱandȱTeknafȱandȱ tookȱ theȱ
lifeȱ ofȱ aroundȱ 60ȱ people.ȱ Consideringȱ theȱ potentialȱ rainfallȱ inducedȱ landslideȱ hazardȱ inȱ
Bangladeshȱ andȱ recentȱ landslideȱ events,ȱ attemptȱ hasȱ beenȱ takenȱ inȱCDMPȬIIȱ toȱ developȱ
landslideȱhazardȱmappingȱofȱCox’sȱBazarȱandȱTeknafȱMunicipalȱareas.ȱȱ
ȱ
ObjectivesȱofȱthisȱReportȱ
ȱ
ThisȱreportȱisȱaȱsubmissionȱasȱaȱpartȱofȱtheȱassignmentȱbeingȱcarriedȱoutȱjointlyȱbyȱdatExȱandȱ
ADPC.ȱThisȱreportȱisȱpreparedȱtoȱsummarizeȱtheȱfindingsȱofȱtheȱactivityȱforȱInventoryingȱtheȱ
pastȱ landslideȱ eventsȱ inȱCoxȇsȱBazaarȱ andȱTeknafȱMunicipalitiesȱTheȱ reportȱdescribesȱ theȱ
landslideȱ issuesȱ inȱ Bangladeshȱ inȱ generalȱ andȱ onȱ Teknafȱ&ȱCox’sȱ BazarȱMunicipalityȱ inȱ
particular,ȱgeomorphologyȱofȱCox’sȱBazarȱandȱTeknaf,ȱoccurrencesȱofȱlandslidesȱupȱtoȱdateȱ
inȱ theȱ studyȱ areas,ȱ detailȱ listȱ ofȱ observedȱ landslideȱ eventsȱ withinȱ theȱ administrativeȱ
boundariesȱofȱtwoȱmunicipalities.ȱȱȱȱȱ
ȱ
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1.2. StatementȱofȱtheȱProblemȱandȱDescriptionȱofȱtheȱStudyȱAreaȱ
ȱ
1.2.1. GeneralȱLandslideȱHistoryȱofȱBangladeshȱ

ȱ
Inȱ theȱ recentȱ past,ȱ Landslideȱ hasȱ becomeȱ aȱ majorȱ concernȱ inȱ theȱ countryȱ andȱ becameȱ
commonȱ inȱ theȱhillyȱareasȱofȱsoutheasternȱBangladesh.ȱTheseȱareasȱhaveȱaȱ longȱhistoryȱofȱ
instability.ȱAlthoughȱwrittenȱrecordsȱofȱ landslideȱ incidentsȱareȱveryȱrare,ȱ theyȱhaveȱbeenȱaȱ
hazardȱtoȱpeopleȱeverȱsinceȱtheyȱhaveȱbeenȱlivingȱthere.ȱInȱfact,ȱeveryȱyearȱespeciallyȱinȱtheȱ
rainyȱ seasonȱ landslidesȱ takeȱ placeȱ inȱ bothȱ naturalȱ andȱ manȬinducedȱ slopes.ȱ Although,ȱ
Bangladeshȱ isȱaȱdenselyȱpopulatedȱcountry,ȱtheȱhillyȱregionȱpresentsȱaȱsharpȱcontrastȱwithȱ
theȱoverallȱdemographicȱpattern.ȱThisȱisȱpartlyȱdueȱtoȱtheȱlandslideȱhazardȱpotentialȱwhichȱ
discouragesȱ manyȱ peopleȱ toȱ liveȱ thereȱ asȱ wellȱ asȱ toȱ buildȱ infrastructures;ȱ however,ȱ
inaccessibility,ȱdenseȱforestȱcoverȱandȱtheȱhillyȱtopographyȱareȱalsoȱdiscouragingȱfactors.ȱ
ȱ
Majorȱprocessesȱ thatȱ causeȱ landslidesȱ inȱBangladeshȱ areȱ 1)ȱ removalȱ ofȱ lateralȱ support:ȱ a)ȱ
erosionȱbyȱ rivers,ȱb)ȱpreviousȱ slopeȱmovementsȱ suchȱasȱ slumpsȱ thatȱcreateȱnewȱ slopes,ȱ c)ȱ
humanȱmodificationsȱofȱ slopesȱ suchȱasȱ cuts,ȱpits,ȱandȱ canals;ȱ2)ȱadditionȱofȱweightȱ toȱ theȱ
slope:ȱ a)ȱ accumulationȱ ofȱ rainȱwater,ȱ b)ȱ increaseȱ inȱ vegetation,ȱ c)ȱ constructionȱ onȱ fill,ȱ d)ȱ
weightȱofȱbuildingsȱandȱotherȱstructures,ȱe)ȱweightȱofȱwaterȱfromȱleakingȱpipelines,ȱsewers,ȱ
canals,ȱandȱreservoirs;ȱ3)ȱearthquakes;ȱ4)ȱ5)ȱremovalȱofȱunderlyingȱsupport:ȱa)ȱundercuttingȱ
byȱriversȱandȱwaves;ȱb)ȱswellingȱofȱclays;ȱ6)ȱanthropogenicȱactivitiesȱasȱjhumȱcultivation.ȱ
ȱ

Tableȱ1:ȱChronologyȱofȱmajorȱlandslidesȱinȱBangladesh.ȱ

Yearȱ EventȱDescription
1968ȱȱ
ȱ

AtȱKaptaiȬChandraghonaȱroadȱwhereȱtheȱprotectiveȱvegetationȱisȱremoved,ȱtheȱsoilȱ
getsȱexposedȱtoȱtheȱmonsoonȱrainsȱandȱerodedȱrapidly.ȱThisȱresultedȱinȱlandslides,ȱ
andȱ theȱ looseȱ soilȱwashedȱdownȱ theȱ slopesȱandȱcarriedȱbyȱ riversȱ intoȱ theȱKaptaiȱ
Lake.ȱAsȱaȱresult,ȱtheȱreservoirȱsiltedȱupȱandȱtheȱauthoritiesȱconfirmedȱthatȱinȱitsȱ30ȱ
yearsȱexistenceȱitȱhadȱlostȱaboutȱ25%ȱofȱitsȱvolumeȱdueȱtoȱsiltation.ȱȱ

1970ȱȱ SimilarȱeventȱalongȱGhagraȬRangamatiȱroad.ȱ

1990ȱȱȱ OccurredȱonȱMayȱ30,ȱ1990.ȱAffectedȱtheȱlinkȱroadȱembankmentȱatȱJhagarȱbeelȱareaȱ
ofȱRangamatiȱdistrict.ȱȱ

1997ȱȱ AȱmajorȱlandslideȱoccurredȱinȱJulyȱ1997ȱatȱCharaipadaȱofȱBandarban.ȱTheȱtotalȱareaȱ
affectedȱbyȱ itȱwasȱ aboutȱ 90,000Ȭsqȱm.ȱ Ifȱ suchȱ aȱ landslideȱoccurredȱ inȱBandarbanȱ
Townȱ andȱ anyȱ otherȱ urbanȱ orȱ semiȬurbanȱ centre,ȱ theȱ devastationȱ wouldȱ beȱ
tremendous.ȱȱ

1999ȱȱ
ȱ

TwoȱbigȱlandslidesȱoneȱinȱBandarbanȱandȱtheȱotherȱoneȱinȱChittagongȱoccurredȱonȱ
11ȱ andȱ 13ȱ Augustȱ 1999ȱ respectivelyȱ claimingȱ theȱ lifeȱ ofȱ 17ȱ people.ȱ Outȱ ofȱ 17ȱ
fatalities,ȱ 10ȱwereȱ inȱ Chittagongȱ andȱ theȱ restȱ inȱ Bandarbanȱ district.ȱHeavyȱ andȱ
incessantȱ rainfallȱ atȱ thatȱ timeȱwasȱ oneȱ ofȱ theȱ causesȱ ofȱ sliding.ȱ Thisȱ landslideȱ
affectedȱLamaȱthanaȱandȱtheȱAzizȱNagarȱunionȱofȱBandarbanȱdistrict.ȱAzizȱNagarȱisȱ
almostȱanȱinaccessibleȱruggedȱhillyȱterrain.ȱLandslideȱbadlyȱaffectedȱtheȱvillagesȱofȱ
Chittaputti,ȱ Monargiri,ȱ Meounda,ȱ Muslimpara,ȱ Sonaisari,ȱ Bazapara,ȱ Kalargiri,ȱ
Maishkata,ȱ Aungratali,ȱ Chionipara,ȱ Kariungpara.ȱ Theȱ 11ȱ Augustȱ landslideȱ wasȱ
followedȱ againȱ onȱ 15ȱ Augustȱ atȱ Chittaputtiȱ area.ȱ Atȱ leastȱ 50ȱ housesȱ wereȱ
completelyȱvanishedȱunderȱ theȱsolidȱearthȱandȱ300ȱhousesȱwereȱpartlyȱdamaged.ȱ
Aboutȱ 283.50ȱ haȱ ofȱ cultivatedȱ land,ȱ 810ȱ haȱ ofȱ householdȱ garden,ȱ andȱ 50ȱ kmȱ
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Yearȱ EventȱDescriptionȱ
unmetalledȱ roadȱ wereȱ crushed.ȱ Roadȱ communicationȱ betweenȱ Bandarbanȱ
headquartersȱ andȱ remoteȱ thanasȱ becameȱ snapped.ȱ Especially,ȱAziznagarȬBazaliaȱ
roadȱhadȱbeenȱclosedȱforȱtrafficȱdueȱtoȱfallingȱofȱhugeȱmassȱofȱearthȱoverȱtheȱroadȱatȱ
25ȱ places.ȱ Chittagongȱ landslideȱ locationȱ wasȱ atȱ Gopaipurȱ underȱ Chittagongȱ
Kotwaliȱ Thana.ȱ Theȱ slidesȱ crushedȱ twoȱ thatchedȱ housesȱ atȱ theȱ footȱ ofȱ theȱ hillȱ
claimedȱtheȱlivesȱofȱtheȱinmatesȱofȱtheȱhousesȱwhoȱwereȱasleep.ȱȱ

2000ȱȱ Atȱ leastȱ 13ȱ peopleȱ wereȱ killedȱ andȱ 20ȱ injuredȱ inȱ landslideȱ incidentsȱ onȱ theȱ
ChittagongȱUniversityȱcampusȱandȱotherȱpartsȱofȱChittagongȱCityȱonȱSaturday,ȱtheȱ
24ȱ Juneȱ2000.ȱTheȱ incidentȱwasȱcausedȱdueȱ toȱ theȱdelugeȱofȱmudȱandȱwaterȱ thatȱ
swampedȱ variousȱ partȱ ofȱ theȱ portȱ cityȱ amidȱ torrentialȱ rain.ȱ Theȱ landslidesȱ
damagedȱpropertyȱworthȱseveralȱlacsȱofȱtakaȱinȱthoseȱplaces.ȱȱ

2003ȱ 6ȱmembersȱofȱ aȱ familyȱwereȱkilledȱ inȱ aȱ landslideȱ atȱLighthouseȱParaȱnearȱCoxȇsȱ
Bazarȱtownȱonȱ16thȱJune.ȱTwoȱotherȱpeopleȱwereȱalsoȱinjuredȱinȱtheȱincident.ȱ
4ȱ peopleȱ wereȱ washedȱ awayȱ byȱ ragingȱ floodwatersȱ inȱ Fatikchhariȱ upazilaȱ inȱ
Chittagongȱdistrictȱonȱ28thȱ Juneȱasȱtheȱsituationȱ inȱsoutheasternȱandȱnorthwesternȱ
districtsȱworsenedȱbecauseȱofȱtorrentialȱmonsoonȱrainsȱandȱonrushȱofȱhillȱwaters.ȱ
ȱ
6ȱpeople,ȱ includingȱ fourȱsisters,ȱwereȱburiedȱaliveȱandȱnineȱothersȱ injuredȱ inȱ twoȱ
landslidesȱ onȱ theȱ outskirtsȱ ofȱCoxȇsȱ Bazarȱ resortȱ townȱ onȱ 29thȱ July.ȱ Theȱ districtȱ
administrationȱ andȱ localsȱ believedȱ thatȱ torrentialȱ monsoonȱ rainsȱ andȱ multipleȱ
cracksȱcausedȱtoȱhillocksȱbyȱpreviousȱday’sȱearthquakeȱtriggeredȱtheȱmudslidesȱatȱ
KalataliȱandȱPurbaȱKalataliȱAdarshaȱGram,ȱtwoȱneighbouringȱvillages.ȱ

2005ȱ Aȱ landslideȱnearȱ theȱGaroȱhillsȱatȱBaramariȱareaȱofȱNalitabariȱupazilaȱofȱSherpurȱ
killedȱaȱworkerȱonȱ9thȱJuneȱ2005.ȱPoliceȱandȱwitnessesȱsaidȱAbdulȱMajidȱ(35),ȱsonȱofȱ
lateȱJanabȱAliȱwasȱdiggingȱforȱstonesȱwhenȱtheȱlandslideȱtookȱplace.ȱHeȱdiedȱonȱhisȱ
wayȱtoȱNalitabariȱUpazilaȱHealthȱComplex.ȱ
2ȱconstructionȱworkersȱwereȱkilledȱandȱ2ȱothersȱinjuredȱinȱaȱlandslideȱatȱORȱNizamȱ
RoadȱHousingȱSocietyȱofȱtheȱportȱcityȇsȱPanchlaishȱarea,ȱpoliceȱandȱwitnessesȱsaidȱ
onȱ3rdȱAugustȱ2005.ȱSourcesȱ saidȱ thatȱ theȱ incidentȱoccurredȱwhenȱaȱbigȱchunkȱofȱ
earthȱ fromȱ nearbyȱ hillȱ suddenlyȱ collapsedȱ onȱ aȱ hutȱ whereȱ fourȱ constructionȱ
workersȱwereȱstaying,ȱbesideȱaȱunderȱconstructionȱbuildingȱatȱtheȱPanchlaishȱarea.ȱ
Aȱworkerȱwasȱkilledȱ andȱ threeȱothersȱ injuredȱ inȱ aȱ landslideȱ atȱAkabpurȱvillage,ȱ
borderingȱIndiaȇsȱTripuraȱstateȱarea,ȱunderȱKasbaȱupazilaȱofȱBrahmanbariaȱdistrictȱ
onȱ12thȱOctoberȱ2005.ȱ
Threeȱ children,ȱ includingȱ twoȱ sisters,ȱwereȱ killedȱ andȱ anotherȱwasȱ injuredȱ inȱ aȱ
landslideȱ atȱ Shantinagarȱ areaȱ adjacentȱ toȱ theȱ Bangladeshȱ CooperativeȱHousingȱ
SocietyȱinȱBayezidȱBostamiȱthanaȱinȱtheȱportȱcityȱonȱ31stȱOctoberȱ2005.ȱ

2006ȱ Aȱmotherȱ andȱ herȱ daughterȱwereȱ buriedȱ inȱ aȱ landslide,ȱ andȱ herȱ anotherȱ sonȱ isȱ
criticallyȱwounded.ȱ ȱTheȱ landslideȱwasȱ triggeredȱbyȱ incessantȱrainfallȱatȱSatkaniaȱ
upazilaȱofȱtheȱdistrictȱearlyȱ7thȱJulyȱ2006.ȱTheyȱdiedȱtragicȱdeathsȱwhenȱaȱbigȱchunkȱ
ofȱ theȱ nearbyȱ hillȱ suddenlyȱ fellȱ onȱ theirȱ thatchedȱ hutȱ atȱ villageȱMothuradangaȱ
underȱnorthȱKanchonaȱunionȱofȱtheȱupazilaȱ.ȱ

2007ȱ Atȱ leastȱ 127ȱ peopleȱ wereȱ killedȱ andȱ hundredsȱ moreȱ injuredȱ andȱ missingȱ asȱ
torrentialȱrainsȱsparkedȱaȱseriesȱofȱdevastatingȱlandslidesȱinȱChittagongȱonȱ11thȱJuneȱ
2007ȱ,ȱplungingȱtheȱcountryȇsȱsecondȱcityȱintoȱchaos,ȱwithȱpowerȱsuppliesȱsnapped,ȱ
theȱportȱandȱairportȱclosedȱandȱresidentsȱseekingȱsafetyȱonȱtheirȱroofs.ȱTheȱheaviestȱ
rainfallȱinȱquarterȱofȱaȱcenturyȱsaturatedȱtheȱhillsidesȱinȱandȱaroundȱtheȱcityȱgivingȱ
residentsȱnoȱchanceȱtoȱescapeȱwhenȱaȱtideȱofȱmudȱandȱwaterȱsweptȱdownȱonȱtheirȱ
homesȱinȱtheȱearlyȱhoursȱofȱyesterdayȱmorning,ȱburyingȱwholeȱfamiliesȱunderȱmudȱ
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Yearȱ EventȱDescriptionȱ
andȱdebrisȱwhileȱtheyȱslept.ȱTheȱpowerfulȱcurrentȱsimplyȱwashedȱothersȱaway.

2008ȱȱ Atȱ leastȱ 10ȱ peopleȱ diedȱ inȱ rainȬinducedȱ landslidesȱ andȱwallȱ collapseȱwhileȱ twoȱ
drownedȱinȱrainwaterȱatȱCoxȇsȱBazarȱ3rdȱJulyȱ2008.ȱTorrentialȱrainȱcontinuedȱduringȱ
theȱweekȱinȱTeknafȱtriggeringȱtheȱlandslides,ȱsourcesȱclaimed.ȱ
Againȱonȱ6thȱJulyȱLandslideȱcausedȱbyȱtorrentialȱrainsȱkilledȱ4ȱmembersȱofȱaȱfamilyȱ
atȱKalyanparaȱ inȱTeknafȱ upazilaȱ ofȱCoxȇsȱBazar.ȱMeantime,ȱ anotherȱ personȱwasȱ
killedȱinȱaȱlandslideȱatȱMahajanparaȱinȱCoxȇsȱBazarȱtown,ȱreportedȱourȱChittagongȱ
correspondentȱofȱtheȱDailyȱStar.ȱ
AȱrainȬinducedȱmudslideȱatȱMatijharnaȱinȱChittagongȱcityȱonȱ18thȱAugustȱ2008ȱleftȱ
11ȱ people,ȱ almostȱ allȱ ofȱ twoȱ families,ȱ deadȱ andȱ twoȱ injured.ȱ Theȱ mudslideȱ
destroyedȱ14ȱhousesȱofȱaȱslumȱbuiltȱonȱaȱhillsideȱfromȱwhichȱtheȱgovernmentȱwasȱ
relocatingȱfamiliesȱapprehendingȱtheȱdanger.ȱȱ

2009ȱ Aȱ landslideȱ claimedȱ theȱ livesȱ ofȱ threeȱ labourersȱ onȱ theȱ Chitraȱ atȱ Teroȱ Khedaȱ
upazilaȱinȱKhulnaȱonȱMarchȱ28ȱ2009.ȱItȱalsoȱleftȱtwoȱothersȱinjured.ȱ
Sandȱ andȱ stoneȱ fromȱ anȱunprecedentedȱ landslideȱ createdȱ aȱ naturalȱdamȱ onȱ theȱ
ShankhaȱriverȱatȱBandarban,ȱcompletelyȱobstructingȱitsȱflowȱforȱoverȱ60ȱhoursȱsinceȱ
9thȱMayȱ2009.ȱCommunicationȱthroughȱtheȱriverȱhasȱremainedȱsnappedȱbecauseȱofȱ
theȱ20Ȭfootȱlongȱblockadeȱacrossȱtheȱ25ȬfootȱwidthȱofȱtheȱriverȱatȱGalengaȱinȱRumaȱ
upazilaȱ ofȱ theȱ district.ȱ Thisȱ hasȱ affectedȱ theȱ businessesȱ inȱ theȱ area.
Landslidesȱ triggeredȱbyȱheavyȱrainsȱkilledȱsixȱpeople,ȱfiveȱofȱthemȱofȱaȱ family,ȱ inȱ
twoȱteaȱgardensȱinȱSrimangalȱupazilaȱonȱ18thȱMayȱ2009.ȱWitnessesȱsaidȱaȱbigȱchunkȱ
ofȱmudȱcollapsedȱonȱtheȱhillsideȱhouse.ȱ
IncessantȱrainȱforȱtheȱlastȱfourȱdaysȱtriggeredȱaȱmassiveȱmudslideȱatȱHarinmaraȱofȱ
Lamaȱ inȱBandarbanȱonȱ31stȱ Julyȱ2009ȱkillingȱ10ȱpeople,ȱ includingȱsixȱofȱaȱ family,ȱ
andȱdestroyingȱ50ȱhouses.ȱ

2010ȱ 2ȱ peopleȱ diedȱ inȱ aȱ landslideȱ atȱDhalircharaȱ ofȱ Ramuȱ upazilaȱ inȱCoxȇsȱ Bazarȱ atȱ
aroundȱ9amȱonȱ7thȱAprilȱ2010.ȱȱTheȱlandslideȱoccurredȱasȱtheȱtwoȱwereȱcuttingȱaȱhillȱ
toȱbuildȱtheirȱhouse.ȱ
Atȱleastȱ52ȱpeopleȱwereȱkilledȱinȱaȱseriesȱofȱrainȬtriggeredȱlandslidesȱinȱCoxȇsȱBazarȱ
andȱ Bandarbanȱ districtsȱ onȱ 15thȱ Juneȱ 2010.ȱ Ofȱ them,ȱ 47ȱ includingȱ fiveȱ armyȱ
personnelȱdiedȱ inȱCoxȇsȱBazarȱ andȱ theȱ restȱ inȱBandarban.ȱOverȱ 100ȱ othersȱwereȱ
injuredȱ inȱ theȱ landslides.ȱ InȱHimchhari,ȱ bodiesȱ ofȱ theȱ fiveȱ armyȱpersonnelȱwereȱ
recoveredȱwhileȱoneȱmanȱwasȱstillȱmissing,ȱsaidȱanȱISPRȱpressȱrelease.ȱȱ
Aȱwomanȱwasȱkilledȱandȱ twoȱofȱherȱ familyȱmembersȱwereȱ injuredȱcriticallyȱ inȱaȱ
landslideȱinȱonȱ16thȱDecember.ȱMoynaȱalongȱwithȱherȱfamilyȱmembersȱwasȱdiggingȱ
intoȱtheȱhillȱatȱNalaparaȱinȱAmbaganȱareaȱtoȱexpandȱtheirȱhome,ȱsaidȱFaridȱAhmedȱ
Chowdhury,ȱseniorȱstationȱofficerȱofȱAgrabadȱfireȱstation,ȱquotingȱeyewitness.ȱ

*Source:ȱBanglapedia,ȱTheȱDailyȱStarȱOnlineȱandȱBDȱNewsȱ24ȱȱ
ȱ
1.2.2. LandslideȱProblemȱinȱCox’sȱBazarȱandȱTeknafȱMunicipalityȱ
ȱ
Cox’sȱBazarȱisȱoneȱofȱtheȱattractiveȱtouristȱplacesȱinȱBangladeshȱdueȱtoȱitsȱeasyȱaccessibilityȱ
andȱpresenceȱofȱworld’sȱlargestȱseaȱbeach.ȱOverȱtheȱdecadesȱtheȱdistrictȱhasȱdevelopedȱatȱaȱ
goodȱpaceȱespeciallyȱ targetingȱ theȱbeachȱwhereȱaȱmajorȱpartȱ isȱ locatedȱ inȱ theȱmunicipalityȱ
area.ȱAsȱaȱresultȱofȱ theȱrapidȱdevelopment,ȱ thereȱwereȱ lotsȱofȱ interventionsȱonȱ theȱnaturalȱ
settingsȱ ofȱ theȱ municipalityȱ particularlyȱ onȱ theȱ hills.ȱ Asȱ aȱ resultȱ ofȱ that,ȱ aȱ numberȱ ofȱ
landslidesȱtookȱplaceȱwithinȱtheȱmunicipalityȱwhichȱcausedȱdamageȱtoȱpropertyȱandȱlifeȱasȱ
well.ȱMostȱofȱtheȱlandslidesȱtookȱplaceȱdueȱtoȱdeforestation,ȱhillȱcuttingȱandȱheavyȱrainfall.ȱ
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Fieldȱ surveyȱunderȱ thisȱparticularȱ studyȱhasȱ identifiedȱ aboutȱ 147ȱ landslideȱ eventsȱwithinȱ
Cox’sȱ BazarȱMunicipality.ȱ Theseȱ eventsȱ rangesȱ fromȱ smallȱ scaleȱmudȱ flowȱ toȱ largeȱ scaleȱ
slidesȱwhereȱthereȱwereȱsignificantȱdamageȱwereȱonȱlifeȱandȱproperty.ȱ
ȱ
Theȱ identifiedȱ landslideȱeventsȱ inȱCox’sȱBazarȱMunicipalityȱdatedȱbackȱ fromȱ1995ȱ toȱ2010.ȱ
Theȱ trendȱ ofȱ landslideȱ eventsȱ showsȱ thatȱ theȱ numberȱ increasedȱ withȱ theȱ yearsȱ whichȱ
indicateȱ aȱ positiveȱ correlationȱ betweenȱ newȱ settlementsȱ andȱ increaseȱ inȱ numberȱ ofȱ
landslides.ȱAboutȱ85%ȱofȱ theȱ landslidesȱ inȱ theȱmunicipalityȱ tookȱplaceȱduringȱ Juneȱ10thȱ toȱ
16thȱ2010ȱafterȱheavyȱrainfallȱ inȱtheȱregion.ȱFollowingȱ isȱtheȱ lastȱofȱLandslidesȱasȱ identifiedȱ
throughȱfieldȱsurveyȱunderȱthisȱprojectȱinȱCox’sȱBazarȱandȱTeknafȱMunicipalityȱrespectively.ȱȱȱȱȱȱȱȱ
ȱ

Tableȱ2:ȱListȱofȱMajorȱLandslideȱEventsȱinȱCox’sȱBazarȱMunicipalityȱȱ

IDȱ
ȱȱ

Nameȱofȱtheȱ
Localityȱ

GPSȱLocationȱ
ȱȱ

Dateȱ
ȱȱ

Damage/ȱ
Casualtyȱ
ȱȱ

ExistingȱSituationȱofȱtheȱSiteȱ

Xȱ Yȱ Riskȱ Houseȱ Populationȱ
1ȱ Mohajerȱ

Paraȱ
91.97772222ȱ 21.43755556ȱ 14ȱ

June,2010ȱ
1ȱPersonȱ
Diedȱȱ

Highȱ 7ȱ 25ȱ

91.97713889ȱ 21.43577778ȱ June,2008ȱ ȱ1ȱPersonȱ
Diedȱ

Highȱ 10ȱ 70ȱ

2ȱ Southȱ
Ganarȱ
Ghonaȱ

92.0155ȱ 21.41661111ȱ 2008,ȱ2010ȱ 1ȱHouseȱ Lowȱ 0ȱ 0ȱ
92.01525ȱ 21.41727778ȱ june,ȱ2010ȱ 1ȱBetelȱleafȱ

gardenȱ
Lowȱ 0ȱ 0ȱ

3ȱ SouthȱLarȱ
Paraȱ

92.00541667ȱ 21.41375ȱ 13,june,ȱ
2010ȱ

1ȱBetelȱleafȱ
gardenȱ

Lowȱ 0ȱ 0ȱ

4ȱ Adorshaȱ
Gramȱ

91.98986111ȱ 21.41375ȱ Juneȱ
13,2010ȱ

1ȱHouseȱ Lowȱ 7ȱ 40ȱ

91.99191667ȱ 21.41322222ȱ june,2010ȱ 3ȱHouseȱ Mediumȱ 12ȱ 80ȱ
91.99125ȱ 21.41511111ȱ OLDȱLSȱ

andȱ
june,2010ȱ

ȱȱ Lowȱ 0ȱ 0ȱ

91.99155556ȱ 21.41705556ȱ Juneȱ,2010ȱ 1ȱHouseȱ Lowȱ 6ȱ 37ȱ
5ȱ KolatoliȱByȱ

Passȱ
91.99294444ȱ 21.42036111ȱ Juneȱ,2010ȱ 1ȱHouseȱ Mediumȱ 0ȱ 0ȱ
91.99419444ȱ 21.42177778ȱ 2008,ȱ2010ȱ 1ȱHouseȱ Mediumȱ 2ȱ 17ȱ

6ȱ WestȱLarȱ
Paraȱ

91.99638889ȱ 21.42661111ȱ 2003,ȱ2010ȱ
(Repeat)ȱ

1ȱHouseȱ Mediumȱ 5ȱ 30ȱ

92.00027778ȱ 21.42438889ȱ Juneȱ,2010ȱ 1ȱHouseȱ Mediumȱ 2ȱ 13ȱ
7ȱ LarȱParaȱ 92.00283333ȱ 21.42505556ȱ 2008,ȱ2010ȱ 1ȱHouseȱ Highȱ 7ȱ 50ȱ

92.00255556ȱ 21.42452778ȱ Juneȱ,2010ȱ 1ȱHouseȱ Mediumȱ 4ȱ 27ȱ
8ȱ Southȱ

Dikkulȱ
92.01044444ȱ 21.42252778ȱ 2009,ȱ2010ȱ 1ȱHouseȱ Highȱ 3ȱ 17ȱ

9ȱ SouthȱHajiȱ
Paraȱ

92.01111111ȱ 21.42405556ȱ 2006,ȱ2010ȱ 2ȱHouseȱ Highȱ 7ȱ 42ȱ
92.01075ȱ 21.42258333ȱ 2004,ȱ2010ȱ 1ȱHouseȱ Highȱ 10ȱ 60ȱ
92.01108333ȱ 21.42177778ȱ 2008,2010ȱȱ 1ȱHouseȱ Highȱ 5ȱ 28ȱ

10ȱ Badsharȱ
Ghonaȱ

91.98061111ȱ 21.43344444ȱ Juneȱ,2010ȱ 1ȱHouseȱ Highȱ 2ȱ 15ȱ
91.98130556ȱ 21.43488889ȱ Juneȱ,2010ȱ 1ȱHouseȱ Lowȱ 4ȱ 24ȱ

11ȱ EastȱLightȱ
HouseȱParaȱ

91.98122222ȱ 21.42838889ȱ Juneȱ,2010ȱ 1ȱHouseȱ
damagedȱ
andȱ1ȱ
personȱ
diedȱ

Highȱ 4ȱ 27ȱ

91.98036111ȱ 21.42783333ȱ 2008,ȱ2010ȱ 1ȱHouseȱ Highȱ 5ȱ 33ȱ
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12ȱ Pahartoliȱ 91.98252778ȱ 21.43561111ȱ Juneȱ,2010ȱ 1ȱHouseȱ Highȱ 6ȱ 25ȱ
91.98375ȱ 21.43313889ȱ 2007,ȱ2010ȱ 2ȱHouseȱ Mediumȱ 6ȱ 30ȱ
91.98641667ȱ 21.43047222ȱ Juneȱ,2010ȱ 1ȱHouseȱ Mediumȱ 3ȱ 17ȱ

13ȱ Baharȱ
Chara,ȱ
Southȱ
Kolatoliȱ

91.99841667ȱ 21.39877778ȱ Juneȱ,2010ȱ 1ȱHouseȱ Lowȱ 14ȱ 72ȱ

14ȱ Baharȱ
Charaȱ

92.00222222ȱ 21.39555556ȱ Juneȱ,2010ȱ 1ȱHouseȱ Lowȱ 0ȱ 0ȱ
92.00055556ȱ 21.39630556ȱ 2008,ȱ2009,ȱ

2010ȱ
1ȱHouseȱ Highȱ 1ȱ 7ȱ

15ȱ Kolatoliȱ 91.99330556ȱ 21.40588889ȱ Juneȱ,2010ȱ 1ȱHouseȱ Mediumȱ 6ȱ 40ȱ
16ȱ Baidderȱ

Ghonaȱ
91.98183333ȱ 21.43802778ȱ 2008,ȱ2010ȱ 1ȱHouseȱ

damagedȱ
andȱ1ȱ
personȱ
diedȱ

Highȱ 15ȱ 76ȱ

91.98111111ȱ 21.43855556ȱ 2006ȱ 1ȱHouseȱ
damagedȱ
andȱ1ȱ
personȱ
diedȱ

Highȱ 20ȱ 90ȱ

*Source:ȱFieldȱSurvey,ȱAprilȬMay,ȱ2011ȱ
ȱ

Plateȱ1:ȱȱPictorialȱIllustrationsȱofȱFrequentȱLandslideȱLocationsȱinȱCox’sȱBazarȱMunicipalityȱ

ȱ

VulnerableȱHousesȱatȱEastȱPahartoliȱ VulnerableȱHousesȱatȱȱWestȱLarȱParaȱ

VulnerableȱhousesȱatȱMohajerȱparaȱ Ghonarȱparaȱ
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HousesȱatȱHillsideȱofȱKolatoliiȱ HousesȱvulnerableȱtoȱLandslideȬMohajerȱparaȱ
ȱȱȱȱȱȱȱ
ThereȱwereȱalsoȱseveralȱlandslideȱincidentsȱinȱTeknafȱMunicipalityȱoverȱfewȱyears.ȱMostȱofȱ
theseȱ landslidesȱ tookȱplaceȱdueȱ toȱhillȱcuttingȱandȱafterȱheavyȱ rainfall.ȱ Itȱ isȱ identifiedȱ thatȱ
sinceȱ2002,ȱ18ȱlandslidesȱtookȱplaceȱwhichȱkilledȱ18ȱpeopleȱandȱdamagedȱaboutȱ10ȱhousesȱinȱ
theȱmunicipality.ȱFollowingȱisȱaȱlistȱofȱlandslideȱeventsȱinȱTennaf.ȱ
ȱ

Tableȱ3:ȱListȱofȱMajorȱLandslideȱEventsȱinȱTeknafȱMunicipalityȱȱ

IDȱ
ȱȱ

Nameȱofȱ
theȱ
Localityȱ

GPSȱLocationȱ Date
ȱȱ

Damage/ Casualty
ȱȱ

ExistingȱSituationȱofȱtheȱSite
Xȱ Yȱȱ Risk Houseȱ Population

1ȱ
ȱ

Urumchar
a,ȱPuranȱ
Pallanȱ
Paraȱ

92.29227778ȱ 20.87102778ȱ
June,2010ȱ
andȱ2009ȱ

1ȱpersonȱdiedȱandȱ
1houseȱdamagedȱ

Highȱ
6ȱ 37ȱ

92.29227778ȱ 20.87205556ȱ June,2002ȱ 1ȱHouseȱDamagedȱ Highȱ 2ȱ 15ȱ

2ȱ

Puranȱ
Pallanȱ
Paraȱ

92.29111111ȱ 20.87227778ȱ June,2010ȱ
1ȱpersonȱdiedȱandȱ
1ȱhouseȱdamagedȱ

Highȱ
1ȱ 6ȱ

92.29152778ȱ 20.87530556ȱ June,2010ȱ
6ȱpersonsȱdiedȱ&ȱ1ȱ
houseȱdamagedȱ

Highȱ
1ȱ 7ȱ

92.29222222ȱ 20.87541667ȱ June,2008ȱ
4ȱpersonsȱdiedȱ&ȱ1ȱ
houseȱdamagedȱ

Highȱ
5ȱ 36ȱ

92.29083333ȱ 20.87366667ȱ June,2010ȱ
5ȱpersonsȱdiedȱ&ȱ1ȱ
houseȱdamagedȱ

Nilȱ Ȭȱ Ȭȱ

*Source:ȱFieldȱSurveyȱAprilȬMay,ȱ2011ȱandȱComparedȱwithȱotherȱmediaȱnewsȱȱ
ȱ

Plateȱ2:ȱȱPictorialȱIllustrationsȱofȱFrequentȱLandslideȱLocationsȱinȱTeknafȱMunicipalityȱ

HousesȱnearȱlandslideȱsiteȱatȱUrumerȱCharaȱ HousesȱLocatedȱnearȱtheȱLandslideȱsiteȱatȱPuranȱ
PallanȱParaȱ
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ȱ

LandslideȱSitesȱatȱPuranȱPallanȱParaȱ
ȱ

1.2.3. RegionalȱPhysiographyȱ
ȱ

Physiographyȱ isȱ aȱ descriptionȱ ofȱ theȱ physicalȱ natureȱ (form,ȱ substance,ȱ arrangement,ȱ
changes)ȱofȱobjects,ȱespeciallyȱofȱnaturalȱfeatures.ȱȱ
ȱ
Quaternaryȱ (beganȱ aboutȱ 2ȱ millionȱ yearsȱ agoȱ andȱ extendsȱ toȱ theȱ present)ȱ sediments,ȱ
depositedȱ mainlyȱ byȱ theȱ Ganges,ȱ Brahmaputraȱ (Jamuna)ȱ andȱ Meghnaȱ riversȱ andȱ theirȱ
numerousȱdistributaries,ȱcoverȱaboutȱ threeȬquartersȱofȱBangladesh.ȱTheȱphysiographyȱandȱ
theȱdrainageȱpatternȱofȱtheȱvastȱalluvialȱplainsȱinȱtheȱcentral,ȱnorthernȱandȱwesternȱregionsȱ
haveȱ goneȱ underȱ considerableȱ alterationsȱ inȱ recentȱ times.ȱ Theȱ depositionȱ ofȱQuaternaryȱ
sedimentsȱwasȱ influencedȱandȱcontrolledȱbyȱstructuralȱactivities.ȱTheȱeastwardȱshiftȱofȱ theȱ
GangesȱandȱtistaȱasȱwellȱasȱtheȱsignificantȱwestwardȱshiftȱofȱtheȱBrahmaputraȱduringȱtheȱlastȱ
200ȱyearsȱgivesȱevidenceȱofȱepeirogenicȱmovementsȱevenȱ inȱrecentȱdays.ȱHillocksȱandȱhillsȱ
areȱconfinedȱtoȱaȱnarrowȱstripȱalongȱtheȱsouthernȱspurȱofȱtheȱShillongȱPlateau,ȱtoȱtheȱeasternȱ
andȱsouthernȱportionsȱofȱtheȱSylhetȱdistrict,ȱandȱtoȱtheȱChittagongȱHillȱTractsȱ(CHT)ȱinȱtheȱ
southeastȱ ofȱ theȱ countryȱ borderingȱ uponȱ theȱ Indianȱ statesȱ ofȱ Tripuraȱ andȱMizoramȱ andȱ
Myanmar.ȱȱ
ȱ

Inȱtheȱcontextȱofȱphysiography,ȱBangladeshȱmayȱbeȱclassifiedȱintoȱthreeȱdistinctȱregionsȱ(a)ȱ
floodplains,ȱ (b)ȱ terraces,ȱandȱ (c)ȱhillsȱeachȱhavingȱdistinguishingȱcharacteristicsȱofȱ itsȱown.ȱ
Theȱphysiographyȱofȱtheȱcountryȱhasȱbeenȱfurtherȱdividedȱintoȱ24ȱsubȬregionsȱandȱ54ȱunitsȱ
(Rashid,ȱ1991).ȱMajorȱsubȬregionsȱandȱunitsȱareȱasȱbelow:ȱ
ȱ

i)ȱOldȱHimalayanȱPiedmontȱPlain;ȱii)ȱTistaȱFloodplain;ȱiii)ȱOldȱBrahmaputraȱFloodplain;ȱiv)ȱ
Jamunaȱ(YoungȱBrahmaputra)ȱFloodplain;ȱv)ȱHaorȱBasin;ȱvi)ȱSurmaȬKushiyaraȱFloodplain;ȱ
vii)ȱMeghnaȱFloodplainȱȬȱa.ȱMiddleȱMeghnaȱFloodplain,ȱb.ȱLowerȱMeghnaȱFloodplain,ȱc.ȱOldȱ
MeghnaȱEstuarineȱFloodplain,ȱd.ȱYoungȱMeghnaȱEstuarineȱFloodplain;ȱviii)ȱGangesȱRiverȱ
Floodplain;ȱ ix)ȱGangesȱTidalȱ Floodplain;ȱ x)ȱ Sundarbans;ȱ xi)ȱLowerȱAtraiȱBasin;ȱ xii)ȱArialȱ
Beel;ȱ xiii)ȱGopalganjȬKhulnaȱ PeatȱBasin;ȱ xiv)ȱChittagongȱCoastalȱ Plain;ȱ xv)ȱNorthernȱ andȱ
EasternȱPiedmontȱPlain;ȱxvi)ȱPleistoceneȱUplands:ȱa.ȱBarindȱTract,ȱb.ȱMadhupurȱTractȱandȱc.ȱ
TipperaȱSurface;ȱxvii)ȱNorthernȱandȱEasternȱHillsȱa.ȱLowȱHillȱRangesȱ(DupiȱTilaȱandȱDihingȱ
Formations),ȱb.ȱHighȱHillȱorȱMountainȱRangesȱ(SurmaȱandȱTipamȱFormations)ȱ(Figureȱ1).ȱ
Inȱ theȱChittagongȱ region,ȱ thisȱunitȱ includesȱ theȱSitakundaȱandȱMaraȱTongȱ rangesȱandȱ theȱ
complexȱofȱhillsȱtoȱtheȱsouthȱandȱeastȱofȱRamgarh,ȱincludingȱtheȱeasternȱpartȱofȱtheȱMiddleȱ
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Feniȱriverȱvalley.ȱTheȱSitakundaȱrangeȱhasȱ32Ȭkmȱ longȱridgeȱ inȱ theȱmiddle,ȱwhichȱreachesȱ
352mȱatȱSitakundaȱpeak.ȱToȱtheȱnorth,ȱtheȱhighȱpeaksȱonȱthisȱrangeȱareȱRajbariȱTilaȱ(274m)ȱ
andȱSajidhalaȱ (244m).ȱToȱ theȱsouth,ȱ thereȱ isȱanȱabruptȱ fallȱandȱChittagongȱcityȱheightsȱareȱ
lessȱthanȱ92m.ȱInȱtheȱMaraȱTongȱrangeȱaȱheightȱofȱonlyȱ113mȱisȱreached.ȱFurtherȱnortheastȱ
theȱhillsȱareȱhigher.ȱTheȱtopographyȱ isȱdeeplyȱerodedȱandȱrounded;ȱtheȱvalleysȱareȱcurvedȱ
andȱalmostȱisolatedȱhillocksȱareȱcommon.ȱȱȱ
ȱ

Atȱ theȱSitakundaȱpeak,ȱ thereȱareȱseveralȱhotȱsprings.ȱThereȱareȱ fiveȱbrokenȱ rangesȱofȱhillsȱ
betweenȱKarnafuliȱriverȱandȱtheȱsouthernȱtipȱofȱBangladesh.ȱSouthȱofȱBakkhaliȱriverȱtheȱhillsȱ
reachȱ theȱ seaȱ atȱ Coxȇsȱ Bazar.ȱ Thereafterȱ theȱmainȱmassȱ ofȱ hillsȱ goesȱ downȱ theȱ Teknafȱ
peninsulaȱasȱtheȱTeknafȱrange.ȱThereȱisȱaȱslightȱbreakȱinȱtheȱwestȱalongȱtheȱRejukhalȱvalley.ȱ
Inȱ itsȱnorthernȱpart,ȱ theȱTeknafȱrangeȱ isȱcomparativelyȱ lowȱ (61ȱ toȱ91m).ȱFromȱWhykongȱaȱ
highȱridgeȱrunsȱsouth;ȱitsȱmainȱpeaksȱareȱBaragongȱ(119m),ȱTaungangaȱ(268m),ȱandȱNytongȱ
(168m).ȱTheȱsouthwesternȱendȱofȱthisȱrangeȱendsȱatȱaȱvillageȱcalledȱNoakhaliȱwhereȱthereȱareȱ
aȱseriesȱofȱ impressiveȱcliffs,ȱsomeȱ30mȱ inȱheight.ȱTheȱrangeȱendsȱatȱTeknafȱBazar.ȱSouthȱofȱ
Gorjaniaȱ (northeastȱofȱTeknafȱpeninsula)ȱ theseȱhillsȱcontinueȱ intoȱMyanmar.ȱTheȱRejukhalȱ
valleyȱisȱanȱimportantȱcomponentȱofȱthisȱbrokenȬupȱlandscape.ȱ
ȱ
ȱ

ȱ
Figureȱ1:ȱPhysiographicȱmapȱofȱBangladeshȱ(Banglapedia;ȱRashid,ȱ1991;ȱReiman,ȱ1993)ȱ

ȱ
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Highȱ hillȱ orȱmountainȱ rangesȱ compriseȱ anȱ almostȱ parallelȱ ridgeȱ runningȱ approximatelyȱ
northȬsouthȱandȱwithȱsummitsȱreachingȱ300Ȭ1000ȱm.ȱTheyȱhaveȱveryȱsteepȱslopesȱȬȱgenerallyȱ
>40%,ȱ oftenȱ 100%ȱ andȱ areȱ subjectȱ toȱ landslideȱ erosion.ȱ Theyȱ areȱ mainlyȱ underlainȱ byȱ
consolidatedȱ shales,ȱ siltstonesȱ andȱ sandstones.ȱ Thisȱ unitȱ coversȱmostȱ ofȱ ChittagongȱHillȱ
Tracts,ȱsomeȱsmallȱpartsȱofȱsouthernȱHabiganj,ȱandȱtheȱsouthȱandȱeasternȱbordersȱofȱMaulviȱ
Bazar.ȱ Allȱ theȱmountainȱ rangesȱ ofȱ theȱHillȱ Tractsȱ areȱ almostȱ hogbackȱ ridges.ȱ Theyȱ riseȱ
steeply,ȱthusȱlookingȱfarȱmoreȱimpressiveȱthanȱtheirȱheightȱwouldȱimply,ȱandȱextendȱinȱlongȱ
narrowȱridges,ȱwhoseȱtopsȱareȱbarelyȱ30mȱwide.ȱMostȱofȱtheȱrangesȱhaveȱscarpsȱinȱtheȱwest,ȱ
withȱcliffsȱandȱwaterfalls.ȱȱ
ȱ
Theseȱareȱdifferentȱfromȱtheȱlowȱroundedȱfoothillsȱtoȱtheȱwest.ȱThereȱareȱextensiveȱstretchesȱ
ofȱlowȱhillsȱandȱhillocksȱinȱbetweenȱtheȱranges.ȱFourȱranges,ȱwithȱanȱelevationȱofȱoverȱ300m,ȱ
strikeȱinȱNȬSȱdirectionȱinȱtheȱnorthernȱpartȱofȱtheȱregion.ȱTheȱwesternȬmost,ȱtheȱPhoromaniȱ
range,ȱreachesȱ463mȱatȱPhoromani,ȱ436mȱatȱRampahar,ȱandȱ417mȱatȱBhangamura.ȱTheȱnextȱ
rangeȱeastwardsȱ isȱ theȱDolajeri;ȱ itsȱhighestȱpeakȱ isȱLangtraiȱ (429m).ȱOnȱ theȱeasternȱsideȱofȱ
thisȱrangeȱareȱseveralȱhighȱwaterfalls:ȱ twoȱofȱ theȱhighestȱhaveȱ fallsȱofȱ60ȱandȱ40m.ȱFurtherȱ
east,ȱacrossȱtheȱMainiȱvalleyȱisȱtheȱBhuachariȱrange,ȱwhichȱrisesȱtoȱ611mȱatȱChangpaiȱpeak.ȱ
TheȱeasternȬmost,ȱwithinȱBangladesh,ȱisȱtheȱChipuiȬLungsirȱrangeȱ(alsoȱknownȱasȱtheȱBarkalȱ
range).ȱ Itsȱhighestȱpeaks,ȱ fromȱnorthȱ toȱ south,ȱ areȱKhantlangȱ (683m),ȱThangnangȱ (735m),ȱ
Lungtianȱ(679m),ȱChipuiȱ(480m),ȱBaraȱToungȱ(447m),ȱandȱBarkalȱ(572m).ȱȱ
ȱ
Southȱ ofȱ theȱ Karnafuliȱ thereȱ areȱ sevenȱ mainȱ mountainȱ rangesȱ withinȱ Bangladesh.ȱ Theȱ
Muranjaȱ rangeȱ risesȱ outȱ ofȱ theȱ Chunotiȱ hillsȱ 5ȱ kmȱ eastȱ ofȱ Harbang,ȱ andȱ strikesȱ inȱ aȱ
southeasterlyȱdirection.ȱ ItsȱwellȬknownȱpeaksȱareȱMuranjaȱ (502m),ȱNashpoȱTaungȱ (586m),ȱ
andȱ Basitaungȱ (664m).ȱ Eastȱ ofȱ theȱMuranjaȱ rangeȱ andȱ alsoȱ roughlyȱ parallelȱ toȱ itȱ areȱ theȱ
Tyanbang,ȱ Batimainȱ andȱ Politaliȱ ranges.ȱ Theȱ Tyanbangȱ orȱChimbukȱ rangeȱ risesȱ southȱ ofȱ
Sanguȱriverȱandȱcontinuesȱ intoȱMyanmar.ȱ ItsȱmainȱpeaksȱareȱLulaingȱ (720m),ȱThainkhiangȱ
(894m),ȱKroȱ (868m),ȱRungrangȱ(849m),ȱandȱTinduȱ(898m).ȱOnȱaȱbranchȱofȱ theȱLulaingkhal,ȱ
nearȱLulaingȱpeak,ȱthereȱisȱaȱwaterfallȱofȱ107mȱheight.ȱTheȱhighȱpeaksȱwithinȱBangladeshȱareȱ
Waibungȱ(808m),ȱMowdokȱTlangȱ(905m),ȱRangȱTlangȱ(958m),ȱMowdokȱMualȱ(1,004m)ȱandȱ
Tajingdong,ȱwhichȱisȱtheȱhighestȱpeakȱofȱBangladesh,ȱofficiallyȱcalledȱasȱBijoyȱ(1,280m).ȱȱ
ȱ
1.2.4. ȱȱȱȱPhysiographicȱFeaturesȱofȱCox’sȱBazarȱTownȱandȱSurroundingsȱ
ȱ
1.2.4.1. LandȬuseȱandȱTopographyȱȱ
ȱ

TheȱCox’sȱBazarȱcliffȱrunsȱfromȱNNWȱtoȱSSEȱdirectionȱalongȱtheȱshoreȱofȱBayȱofȱBengal.ȱTheȱ
rangeȱliesȱonȱtheȱeasternȱsideȱofȱtheȱBayȱofȱBengal.ȱBeachȱrunsȱapproximatelyȱalongȱSȱ35˚E.ȱ
Easternȱsideȱofȱ theȱcliffȱ isȱaccompaniedȱbyȱaȱseriesȱofȱhills.ȱTheȱhighestȱ ridgeȱofȱ theȱCox’sȱ
Bazarȱhillȱisȱaboutȱ82ȱmȱaboveȱtheȱseaȬlevel.ȱValleysȱareȱirregularlyȱsituatedȱinȱthisȱhillȱrange.ȱ
Theȱheightȱofȱtheȱcliffȱalongȱtheȱbeachȱvariesȱwithinȱaȱnarrowȱrangeȱfromȱaboutȱ50mȱtoȱ82mȱ
andȱtheseȱcliffsȱterminateȱabruptlyȱagainstȱtheȱbeachȱpresentingȱverticalȱsections.ȱ
ȱ

LandȱUseȱMappingȱ
ȱ

Asȱ perȱ requirementȱ ofȱ Landslideȱ Hazardȱ Zonationȱ mapping,ȱ generalȱ landȬusesȱ wereȱ
extractedȱ fromȱ highȱ resolutionȱ satelliteȱ imagesȱ availableȱwithȱ theȱ consultant.ȱGeographicȱ
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informationȱSystemȱ(GIS)ȱsoftwareȱsuchȱasȱArcGISȱ10ȱwasȱusedȱforȱextractingȱtheȱlandȬusesȱ
byȱ onȬscreenȱ digitizationȱmethod.ȱ Laterȱ onȱ theȱ landȬuseȱmapsȱwereȱ verifiedȱ andȱ refinedȱ
conductingȱGPSȱsurveyȱatȱfieldȱlevel.ȱLandȱuseȱfeaturesȱwereȱidentifiedȱandȱclassifiedȱusingȱ
theȱ individualȱ codeȱ andȱ separatedȱ inȱ differentȱ layersȱduringȱdataȱ processingȱ stage,ȱ fromȱ
whereȱ theȱ categoryȱwiseȱ landȱuseȱmapȱwasȱdrawnȱusingȱ theȱ identificationȱ layersȱofȱ eachȱ
landȱusesȱfeaturesȱasȱpresentedȱinȱtheȱtableȱbelowȱandȱMapȬ1ȱ&ȱ2.ȱ
ȱ
LandȬuseȱCategoryȱ
LandȬuseȱCategoryȱ RatingȱCriteriaȱ Description
A:ȱVaryȱHighȱ LandȬusesȱwithȱhighȱimpactsȱ

toȱlandȱdegradationȱȱ
Ͳ Denseȱurbanȱsettlementsȱonȱhills;ȱ

B:ȱMediumȱ LandȬusesȱwithȱmediumȱ
impactsȱtoȱlandȱdegradationȱ

Ͳ Cultivatedȱareaȱwithȱpoorȱdrainage;ȱ
Ͳ Denseȱurbanȱsettlement;ȱ
Ͳ Scatteredȱsettlements;ȱ
Ͳ Vacantȱhillyȱareaȱwithȱscatteredȱbushȱandȱshrubs;ȱȱ

C:ȱVeryȱLowȱ LandȬusesȱwithȱminimumȱ
impactsȱtoȱlandȱdegradationȱ

Ͳ Forestȱarea;ȱ
Ͳ Areaȱwithȱgoodȱnaturalȱvegetationȱcover;ȱ
Ͳ Areaȱwithȱgoodȱdrainage.ȱ
Ͳ CultivableȱLand;ȱ
Ͳ UncoveredȱSoil;ȱ
Ͳ Airportȱarea;ȱ
Ͳ BeachȱArea;ȱ
Ͳ Lawȱlandȱareaȱwithȱtidalȱinfluenced.ȱ

ȱ
ContourȱMappingȱ&ȱDigitalȱElevationȱModelȱ(DEM)ȱ
ȱ
TheȱDEMȱofȱtheȱstudyȱareasȱwereȱpreparedȱwithȱaȱ2mȱPixelȱsize.ȱDEMȱofȱCox’sȱBazarȱandȱ
Teknafȱmunicipalitiesȱwereȱgeneratedȱusingȱtheȱmethodsȱdescribedȱbelow:ȱ
ȱ
Spot/Landȱ levelȱ dataȱ capturedȱ fromȱ existingȱ topographicalȱ mapȱ ofȱ coastalȱ areaȱ ofȱ
Bangladeshȱ preparedȱ byȱ FINMAPȱ wereȱ usedȱ forȱ generatingȱ DEM.ȱ Afterȱ scanningȱ &ȱ
digitizingȱtheȱspotȱlevels/spotȱheightsȱfromȱexistingȱtopographicȱmapȱpreparedȱbyȱFINMAP,ȱ
randomȱ fieldȱ levelȱ checkingȱwereȱdoneȱatȱvariousȱ locationsȱofȱ theȱprojectȱareaȱusingȱGPSȱ
supportedȱTotalȱStationȱ survey.ȱBasedȱonȱ fieldȱ checkingȱ surveyȱnecessaryȱ refinementȱandȱ
adjustmentȱwereȱdoneȱandȱtheȱfinalȱspotȱheightsȱwereȱusedȱasȱmassȱpointȱforȱpreparingȱ1.5mȱ
intervalȱcontoursȱ(MapȬ3ȱ&ȱ4)ȱ&ȱDEMȱofȱ2mȱresolutionȱ(MapȬ5ȱ&ȱ6).ȱ
ȱ
AllȱspatialȱinformationȱorȱdataȱwereȱstoredȱunderȱaȱcomprehensiveȱGISȱdatabaseȱcomponentȱ
inȱ BTMȱ (Northing,ȱ Easting,ȱ MSLȱ inȱ meter)ȱ projectionȱ system.ȱ Geographicȱ informationȱ
Systemȱ(GIS)ȱsoftwareȱsuchȱasȱArcGISȱ10ȱwasȱusedȱforȱthisȱpurpose.ȱȱ
ȱ
3DȱAnalystȱ&ȱSpatialȱAnalystȱmodulesȱofȱ ȱArcGISȱ10ȱwasȱusedȱ forȱdevelopingȱ contourȱatȱ
1.5mȱintervalȱandȱDEMȱofȱ2mȱpixelȱsize.ȱȱ
ȱ
ȱ
ȱ
ȱ



Rainfall Triggered Landslide Hazard Zonation in Cox’s Bazaar and Teknaf Municipalities as well as Introducing Community-based Early 
Warning System for Landslide Hazard Management 

Report on Landslide Inventory & Land-use Mapping, 
DEM Preparation, Precipitation Threshold Value & Establishment of Early Warning Devices  
 
 

CDMP                                                                                                                                                    datEx-ADPC   
 
 
 

20

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ



Rainfall Triggered Landslide Hazard Zonation in Cox’s Bazaar and Teknaf Municipalities as well as Introducing Community-based Early 
Warning System for Landslide Hazard Management 

Report on Landslide Inventory & Land-use Mapping, 
DEM Preparation, Precipitation Threshold Value & Establishment of Early Warning Devices  
 
 

CDMP                                                                                                                                                    datEx-ADPC   
 
 
 

21

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ



Rainfall Triggered Landslide Hazard Zonation in Cox’s Bazaar and Teknaf Municipalities as well as Introducing Community-based Early 
Warning System for Landslide Hazard Management 

Report on Landslide Inventory & Land-use Mapping, 
DEM Preparation, Precipitation Threshold Value & Establishment of Early Warning Devices  
 
 

CDMP                                                                                                                                                    datEx-ADPC   
 
 
 

22

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ



Rainfall Triggered Landslide Hazard Zonation in Cox’s Bazaar and Teknaf Municipalities as well as Introducing Community-based Early 
Warning System for Landslide Hazard Management 

Report on Landslide Inventory & Land-use Mapping, 
DEM Preparation, Precipitation Threshold Value & Establishment of Early Warning Devices  
 
 

CDMP                                                                                                                                                    datEx-ADPC   
 
 
 

23

1.2.4.2. DrainageȱandȱWaterȱSupplyȱ
 

Thereȱareȱseveralȱstreamsȱandȱstreamletsȱinȱtheȱareaȱsurveyedȱduringȱtheȱfieldȱwork.ȱAmongȱ
themȱRejukhalȱ isȱ theȱprominentȱstreamȱofȱ theȱareaȱandȱ theȱdrainageȱ isȱmainlyȱeffectedȱbyȱ
thisȱ stream.ȱTheȱHimcharichara,ȱAmtalichara,ȱHatracharaȱ andȱKelatalicharaȱ areȱ theȱ otherȱ
streamsȱ andȱ streamletsȱ ofȱ lesserȱ significance.ȱ Theȱ streamletsȱ areȱ driedȱ upȱ inȱwinterȱ andȱ
becomeȱactiveȱinȱtheȱrainyȱseason.ȱRejukhalȱisȱtheȱmainȱsourceȱofȱwaterȱsupplyȱofȱthisȱareaȱ
andȱ easilyȱ navigableȱ throughoutȱ theȱwholeȱ season.ȱ Theȱ distanceȱ ofȱ Rejukhalȱ fromȱCox’sȱ
Bazarȱtownȱisȱaboutȱ9.5ȱmilesȱtowardsȱsouth.ȱ
ȱ
1.2.4.3. VegetationȱandȱCultureȱ
ȱ
Denseȱforestȱwithȱtropicalȱevergreenȱtreesȱcoversȱtheȱareaȱmakingȱitȱdifficultȱtoȱfindȱexposureȱ
alongȱtheȱfootȱtracksȱonȱtopȱofȱtheȱhills.ȱTheȱforestȱshowsȱaȱmixedȱvegetationȱcharacterȱwithȱ
jaw,ȱGarjan,ȱShimulȱandȱJaroolȱtrees.ȱBombooȱandȱbetelnutȱtreesȱareȱalsoȱpresentȱinȱthisȱarea.ȱ
Theȱforestȱbecomesȱmoreȱdenseȱandȱgreenȱwhereȱtheȱwaterȱsupplyȱisȱsufficient.ȱ
ȱ
Theȱsoilȱofȱtheȱvalleyȱisȱfertile,ȱbutȱtheȱslopeȱlandȱofȱtheȱhillȱisȱlessȱfertile.ȱMostȱofȱtheȱareasȱ
areȱfitȱforȱcultivationȱthroughoutȱtheȱyear.ȱTheȱcropsȱraisedȱareȱpaddyȱandȱotherȱRobiȱcrops.ȱ
Soilȱandȱ climateȱ isȱnotȱ suitableȱ forȱ juteȱcultivation.ȱ0nȱ theȱ slopesȱofȱ theȱhill,ȱ cultivationȱofȱ
betelȱ leafȱgardensȱareȱcarriedȱout.ȱLocalȱpeopleȱproduceȱnonȬrefinedȱordinaryȱ tableȱsaltȱ inȱ
theȱcoastalȱlandȱbyȱtheȱlocalȱprocess.ȱȱ
ȱ
1.2.5. ȱȱȱȱPhysiographicȱFeaturesȱofȱTeknafȱTownȱandȱSurroundingsȱ
ȱ
1.2.5.1. LandȬuseȱandȱTopographyȱ
ȱ
TheȱTeknafȱtownȱandȱitsȱadjoiningȱareaȱcanȱbeȱdividedȱintoȱthreeȱdistinctiveȱphysiographicȱ
units.ȱTheȱ unitsȱ areȱ 1)ȱ EasternȱNafȱRiverȱ andȱ itsȱ adjacentȱ floodȱ plain;ȱ 2)ȱMiddleȱDakhinȱ
Nhilaȱ Anticlineȱ andȱ 3)ȱWesternȱ Bayȱ ofȱ Bengal.ȱ Amongȱ themȱ theȱmiddleȱ unitȱ hasȱ beenȱ
describedȱbecauseȱofȱitsȱimportanceȱforȱtheȱoccurrenceȱofȱlandslideȱevents.ȱ
ȱ
Theȱtopographicȱfeaturesȱsuchȱasȱhillsȱcliffs,ȱstreams,ȱescarpmentsȱetc.ȱcharacterizeȱtheȱmajorȱ
portionȱofȱtheȱcentralȱhillȱrange.ȱTheȱdistributionȱofȱvariousȱtopographicȱfeaturesȱisȱmainlyȱ
theȱ resultȱofȱ subarealȱweatheringȱ andȱ erosionȱprocessȱofȱ streams.ȱTheȱwholeȱhillȱ rangeȱ isȱ
characterizedȱbyȱisolatedȱpeaksȱandȱridges.ȱTheȱslopingȱnatureȱofȱtheȱsidesȱofȱtheȱhillȱrangeȱ
isȱnotȱsame.ȱTheȱeasternȱflankȱofȱtheȱAnticlineȱisȱwideȱandȱgentleȱthanȱtheȱwesternȱflank.ȱ
ȱ

TheȱhighestȱridgeȱofȱtheȱhillȱinsideȱtheȱTeknafȱpourashovaȱareaȱisȱaboutȱ76mȱaboveȱtheȱseaȬ
level.ȱValleysȱareȱ irregularlyȱsituatedȱ inȱ thisȱhillȱ range.ȱTheȱheightȱofȱ theȱcliffsȱofȱ theȱhillsȱ
variesȱwithinȱ aȱnarrowȱ rangeȱ fromȱ aboutȱ 30mȱ toȱ 76mȱ andȱ theseȱ cliffsȱ terminateȱ abruptlyȱ
againstȱtheȱbeachȱpresentingȱverticalȱsections.ȱ
ȱ

LandȬuseȱ categoryȱandȱmethodologyȱappliedȱ forȱpreparingȱ landȬuseȱ&ȱ contourȱmapsȱandȱ
developingȱDEMȱwereȱ alreadyȱ presentedȱ inȱArticleȬȱ 1.2.4.1.ȱ LanduseȱMapȱ (MapȬ7ȱ&ȱ 8),ȱ
ContourȱMapȱ (MapȬ9ȱ &ȱ 10)ȱ andȱ DEMȱ (MapȬ11ȱ &ȱ 12)ȱ ofȱ Teknafȱ Pourashovaȱ areaȱwereȱ
presentedȱinȱtheȱreport.ȱ
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1.2.5.2. DrainageȱandȱWaterȱSupplyȱ
ȱ

TheȱDakhinȱNhilaȱhillȱrangeȱliesȱbetweenȱtheȱNafȱRiverȱonȱtheȱeastȱandȱtheȱBayȱofȱBengalȱonȱ
theȱwest.ȱTheȱNafȱRiverȱ flowsȱ alongȱwithȱ theȱBangladeshȬMyanmarȱ InternationalȱBorderȱ
andȱ alsoȱ runsȱ roughlyȱ parallelȱ toȱ theȱ hillȱ range.ȱ Mostȱ ofȱ theȱ streamsȱ observedȱ areȱ ofȱ
consequentȱ typeȱ andȱ locallyȱ namedȱ chara.ȱ Theȱ streamsȱ areȱ intermittentȱ andȱ dendriteȱ inȱ
pattern.ȱDuringȱtheȱinvestigationȱtheȱstreamsȱwereȱdry.ȱTheseȱstreamsȱareȱinȱyouthfulȱstageȱ
andȱ demonstratedȱ byȱ theirȱ characteristicȱ erosionȱ features.ȱ Theȱ verticalȱ erosionȱ hasȱ beenȱ
muchȱfasterȱthanȱtheȱlateralȱerosionȱandȱmakingȱtheȱstreamsȱnarrowȱandȱstraightȱdueȱtoȱtheȱ
strongȱ current.ȱRandomȱorientationȱofȱboulders,ȱpebbles,ȱ cobblesȱ suggestȱ thatȱ theȱ erosionȱ
processesȱareȱactiveȱinȱtheȱarea.ȱTheȱstreamsȱofȱtheȱeasternȱflankȱofȱtheȱhillȱrangeȱflowȱintoȱ
theȱNafȱRiverȱandȱ theȱ streamsȱofȱ theȱwesternȱ flankȱofȱ theȱhillȱ rangeȱ flowȱ intoȱ theȱBayȱofȱ
Bengal.ȱ ȱ Ladhakhal,ȱ RangikhaliChara,ȱ Dumdumiakhal,ȱ etc.ȱ areȱ flowingȱ toȱ theȱNafȱ riverȱ
whereasȱDakchara,ȱNoakhalichara,ȱRajarcharaȱareȱflowingȱtoȱtheȱBayȱofȱBengal.ȱ
ȱ

1.2.5.3. Climateȱ
ȱ

Teknafȱ isȱ subjectedȱ toȱ tropicalȱ climate.ȱ So,ȱuniformȱ temperatureȱ isȱ alwaysȱpresentȱ inȱ thisȱ
placeȱ inȱ comparingȱ withȱ otherȱ partȱ ofȱ Bangladesh.ȱ Teknafȱ regionȱ enjoysȱ threeȱ distinctȱ
seasonsȱnamelyȱtheȱmonsoon,ȱtheȱwinterȱandȱtheȱsummer.ȱTheȱextentȱofȱrainfallȱisȱaboutȱ300ȱ
cm.ȱ annually.ȱ Bulkȱ ofȱ theȱ rainfallȱ takesȱ placeȱ duringȱ theȱ periodȱ Juneȱ toȱ September.ȱ Theȱ
maximumȱ temperatureȱ isȱ380C,ȱwhichȱ isȱattainedȱ inȱ theȱmonthȱofȱMay.ȱTheȱweatherȱ fromȱ
NovemberȱtoȱMarchȱisȱfavorableȱtoȱconductȱfieldworkȱinȱBangladesh.ȱ
ȱ
1.2.6. TectonicȱSettingȱofȱtheȱAreaȱ
ȱ

TheȱhillȱrangesȱofȱCox’sȱBazarȱandȱTeknafȱareasȱareȱtheȱpartȱofȱtheȱwesternȱextensionȱofȱtheȱ
TertiaryȱFoldedȱBeltȱofȱ IndoȬBurmanȱOrogenyȱ (Figureȱ2).ȱTheȱupperȱTertiaryȱsedimentsȱofȱ
theȱareaȱareȱarrangedȱintoȱlongȱfoldsȱofȱsubȬmeridionalȱtrend.ȱTheȱareaȱisȱcharacterizedȱbyȱaȱ
seriesȱofȱparallelȱ structuresȱwhichȱ isȱ theȱ continuationȱofȱArakanȱYomaȱAnticlinoriumȱandȱ
startedȱtoȱdevelopȱduringȱOligoceneȱ(Figureȱ3).ȱ
ȱ

ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ ȱ
ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱFigureȱ2:ȱTectonicȱsettingȱofȱtheȱBengalȱbasin.ȱ

ȱ
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Theȱ IndianȱPlateȱmovedȱeastwardȱandȱwentȱunderneathȱEurasianȱPlateȱresultingȱeastȬwestȱ
trendingȱHimalayanȱRangesinȱ theȱnorthȱandȱ ȱnorthȬsouthȱtrendingȱfoldedȱbeltsȱofȱArakanȬȱ
YomaȱandȱNagaȱLushaiȱRangesȱ inȱ theȱeast.ȱThisȱhappenedȱpossiblyȱduringȱOligocene.ȱTheȱ
rangesȱ cameȱ intoȱ prominentȱ duringȱ theȱ lateȱ phasesȱ ofȱ Himalayanȱ upliftmentȱ inȱ PlioȬ
Pleistocene.ȱ
ȱ

TheȱregionalȱstrikeȱofȱtheȱfoldsȱtrendsȱinȱNNWȬSSEȱdirection.ȱTheȱfoldingȱofȱthisȱzoneȱisȱofȱ
complexȱ typeȱandȱpossessesȱaȱnumberȱofȱpeculiaritiesȱ suchȱasȱboxȱandȱ ridgeȱ likeȱ formȱofȱ
anticline,ȱstrikingȱdifferenceȱinȱwidthȱofȱsynclineȱandȱanticlines,ȱandȱenȬechelonȱarrangementȱ
ofȱstructures.ȱ
ȱ

ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ ȱ
ȱ

Figureȱ3:ȱGeologicalȱStructuresȱofȱtheȱeasternȱpartȱofȱBangladeshȱandȱsurroundings.ȱȱ
ȱ
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1.2.7. RegionalȱGeologyȱȱ
ȱ
InȱChittagongȱandȱChittagongȱHillȱTractsȱ theȱUpperȱTertiaryȱsandyȬargillaceousȱsedimentsȱ
haveȱbeenȱ foldedȱ intoȱaȱ seriesȱofȱ longȱ submeridionalȱ (NNWȬSSE)ȱanticlinesȱandȱ synclinesȱ
representedȱinȱtheȱsurfaceȱtopographyȱbyȱelongatedȱhillȱrangesȱandȱinterveningȱvalleys.ȱTheȱ
foldedȱ structuresȱareȱcharacterizedȱbyȱenȬechelonȱorientationȱwithȱanȱ increasingȱdegreeȱofȱ
intensityȱandȱcomplexityȱtowardȱtheȱeast.ȱAccordingly,ȱtheȱfoldedȱflankȱisȱdividedȱintoȱthreeȱ
parallelȱ almostȱ NȬSȱ trendingȱ zonesȱ fromȱ westȱ toȱ eastȱ as:ȱ (a)ȱ theȱ Westernȱ Zoneȱ isȱ
characterizedȱbyȱ simpleȱboxȬlikeȱorȱ similarȱ shapedȱanticlinesȱwithȱ steepȱ flanksȱandȱgentleȱ
crestsȱseparatedȱbyȱgentleȱsynclines,ȱviz.ȱMatamuhuriȱanticline,ȱSemutangȱanticline,ȱetc;ȱ(b)ȱ
theȱMiddleȱZoneȱisȱcharacterizedȱbyȱmoreȱcompressedȱstructures,ȱotherȱthanȱjustȱsimpleȱboxȬ
likeȱ folds,ȱ withȱ ridgeȱ likeȱ asymmetricȱ anticlinesȱ frequentlyȱ associatedȱ withȱ faultsȱ andȱ
separatedȱ byȱ narrowȱ synclinesȱ viz.ȱ Sitapaharȱ anticline,ȱ Bandarbanȱ anticline,ȱ Gilasariȱ
anticline,ȱ Patiyaȱ anticline,ȱ Changohtungȱ anticline,ȱ Tulamuraȱ anticline,ȱ Kaptaiȱ syncline,ȱ
Alikadamȱ syncline,ȱ etc;ȱ (c)ȱTheȱEasternȱZoneȱ isȱ characterisedȱbyȱhighlyȱdisturbedȱnarrowȱ
anticlinesȱwithȱsteepȱclippingȱ flanksȱandȱmostlyȱassociatedȱwithȱ thrustȱ faults,ȱviz.ȱBelasariȱ
anticline,ȱ Subalongȱ syncline,ȱ Utanchatraȱ anticline,ȱ Barkalȱ anticline,ȱ Mowdacȱ anticline,ȱ
Ratlongȱanticline,ȱKasalongȱsyncline,ȱSanguȱValleyȱsynclineȱandȱfewȱothers.ȱ
ȱ
1.2.8. GeologyȱofȱCox’sȱBazarȱTownȱandȱSurroundingsȱ
ȱ
TheȱgeologyȱofȱCox’sȱBazarȱareaȱhasȱbeenȱdescribedȱ intoȱ twoȱparts,ȱsuchȱasȱ ȱ1)ȱgeologicalȱ
structureȱonȱwhichȱCox’sȱBazarȱtownȱisȱlocatedȱandȱ2)ȱstratigraphyȱbyȱwhichȱtheȱsubsurfaceȱ
groundȱandȱtheȱhillyȱareaȱofȱCox’sȱBazarȱtownȱisȱformedȱof.ȱȱ
ȱ
1.2.8.1. GeologicalȱStructureȱ
ȱȱ
Cox’sȱBazarȱtownȱisȱsituatedȱonȱtheȱnortheasternȱpartȱofȱtheȱInaniȱAnticlineȱ(Figureȱ3).ȱTheȱ
structureȱ isȱ boundedȱ byȱ latitudesȱ fromȱ 21°5´Nȱ toȱ 21°25´Nȱ andȱ longitudeȱ fromȱ 92°0ȇEȱ toȱ
92°10´E.ȱItȱisȱrepresentedȱbyȱNNWȬSSEȱtrendingȱlowȱhillocksȱattainingȱmaximumȱelevationȱ
54.86ȱm.ȱ Tectonically,ȱ Inaniȱ anticlineȱ isȱ situatedȱ inȱ theȱChittagongȱ Foldedȱ Beltȱ ofȱ Bengalȱ
Foredeep.ȱ Theȱ structureȱ runsȱ alongȱ theȱ coastlineȱ ofȱ theȱ Bayȱ ofȱ Bengal.ȱ Theȱ anticlineȱ isȱ
dissectedȱ intoȱ twoȱ partsȱ byȱ Rejukhalȱ acrossȱ theȱ northernȱ pitch.ȱ Theȱ southernȱ pitchȱ isȱ
representedȱbyȱveryȱ lowȱreliefȱdueȱtoȱsaddleȱseparatingȱInaniȱstructureȱfromȱDakhinȱNhilaȱ
structure.ȱ
ȱ
Inaniȱ isȱ aȱ narrowȱ andȱ elongatedȱ structureȱ inȱwhichȱ theȱ Tipamȱ Sandstoneȱ Formationȱ isȱ
characterizedȱbyȱsteepȱzoneȱinȱbothȱtheȱflanks.ȱMaximumȱ70°ȱdipȱwasȱrecordedȱinȱtheȱsteepȱ
zone.ȱ Inȱ theȱ crestalȱpartȱ theȱdipȱvariesȱ fromȱ3°ȱ toȱ12°.ȱTheȱTipamȱSandstoneȱFormationȱ isȱ
unconformablyȱ underlainȱ byȱ theȱ Bokaȱ Bilȱ Formationȱ inȱ aȱ gradualȱ lowȱ dip.ȱ Theȱ oldestȱ
exposedȱrockȱisȱtheȱBokaȱBilȱFormation.ȱȱ
ȱ
1.2.8.2. Stratigraphyȱ
 

TheȱCoxȇsȱBazarȱdistrictȱisȱboundȱinȱtheȱwestȱandȱsouthȱbyȱtheȱBayȱofȱBengal,ȱinȱtheȱeastȱbyȱ
theȱhillȱrangesȱofȱelevationȱaroundȱ100Ȭ200ȱm.ȱTheȱBasinȱofȱMatamuhuriȱRiverȱandȱBakkhaliȱ
riverȱ formȱ theȱmorphologicalȱ patternȱ onȱ theȱNorthȱ ofȱ theȱ district.ȱ Theȱ continentȱ ofȱ theȱ
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districtȱofȱCoxȇsȱBazarȱincludesȱtwoȱdistinctȱgeologicalȱsettingsȱnamelyȱTertiaryȱFoldedȱBeltȱ
andȱ coastalȱ deposits.ȱ Theȱ Tertiaryȱ Foldedȱ Beltȱ extendsȱ northȬsouthȱ asȱ partȱ ofȱ theȱ IndoȬ
Burmeseȱmobileȱbeltȱ thatȱ isȱcharacterizedȱbyȱ longȱnarrowȱ foldsȱ (Alamȱetȱalȱ1990).ȱCoastalȱ
Holoceneȱ depositsȱ overlieȱ theȱ Tertiaryȱ rocks,ȱ resultingȱ inȱ differentȱ surfacialȱ forms.ȱ Theȱ
presentȱdayȱmorphologyȱofȱtheȱareaȱareȱbelievedȱtoȱbeȱinfluencedȱbyȱtheȱHoloceneȱseaȱlevelȱ
rise,ȱtidalȱandȱfluvialȱdischargesȱandȱveryȱspecialȱtypeȱofȱphysicalȱsetȱupȱofȱtheȱplainȱaroundȱ
TheȱTertiaryȱhillsȱrepresentȱtheȱgeologicalȱstructuresȱ inȱCoxȇsȱBazarȱarea.ȱCoxȇsȱBazarȱtownȱ
andȱsurroundingsȱpredominantlyȱconsistȱofȱDihingȱFormationȱandȱDupiȱTilaȱFormationȱofȱ
PlioȬPleistoceneȱ age.ȱTheȱFormationsȱ areȱ characterizedȱbyȱ fineȱ toȱmediumȱgrainedȱpoorlyȱ
consolidatedȱsandstoneȱandȱclayeyȱsandstoneȱofȱvariableȱcolorsȱrangingȱfromȱyellow,ȱbrownȱ
toȱgrey.ȱToȱtheȱsouthȱofȱDihingȱandȱDupiȱTilaȱFormation,ȱtheȱGirujanȱclayȱofȱPleistoceneȱandȱ
Neogeneȱ ageȱ isȱ presentȱ followedȱ byȱ Tipamȱ Sandstoneȱ Formationȱ ofȱ Neogeneȱ age.ȱ Theȱ
formationsȱ coversȱUkhiaȱUpazilaȱonȱ theȱ south,ȱpartȱofȱRamuȱUpazilaȱonȱnorthȱandȱnorthȱ
eastȱ andȱ aȱ thinȱ zoneȱ toȱ theȱ eastȱ ofȱ Coxȇsȱ Bazar.ȱ TheȱGirujanȱ Clayȱ Formationȱ isȱ greyȱ toȱ
greenishȱgrey,ȱ redȱmottledȱ siltyȱ shale,ȱ shaleȱ andȱ claystoneȱ interȱbeddedȱwithȱ subordinateȱ
thinlyȱbeddedȱsiltstoneȱandȱcrossȬbeddedȱsandstone.ȱTheȱTipamȱSandstoneȱFormationȱisȱfineȱ
toȱmediumȱgrainedȱsandstone,ȱsiltstoneȱandȱshale,ȱmassiveȱ toȱ thinlyȱbedded,ȱ locallyȱcrossȬ
beddedȱandȱcurrentȬbedded.ȱInȱtheȱsouthȱtheȱGiruanȱClayȱandȱTipamȱSandstoneȱFormationsȱ
mergeȱtoȱtheȱBokaȱBilȱFormationȱofȱtheȱNeogeneȱageȱandȱtheȱBhubanȱFormationȱofȱMioceneȱ
age.ȱTheȱ areaȱ includesȱTeknafȱUpazilaȱ inȱ southȱ andȱ easternȱpartȱofȱCoxȇsȱBazarȱ city.ȱTheȱ
formationsȱareȱcharacterizedȱbyȱmassiveȱtoȱthinlyȱbeddedȱshale,ȱsiltstoneȱandȱsandstone.ȱ
ȱ
FloodȱplainȱandȱcoastalȱdepositȱofȱHoloceneȱageȱoverliesȱLateȱTertiaryȱformationsȱatȱplacesȱ
presentingȱtheȱsurfacialȱform.ȱMorphologicalȱpatternȱofȱtheȱNorthernȱUpazilasȱofȱtheȱdistrictȱ
suchȱ asȱ Pekuaȱ andȱ Chakariaȱ isȱ charaterizedȱ byȱ theȱ Matamuhariȱ Basin.ȱ Theȱ majorȱ
geomorphicȱ unitsȱ ofȱ theȱ basinȱ fromȱ eastȱ toȱ theȱwestȱ areȱ i)ȱ Fanȱ ii)ȱDeltaicȱ Plainȱ andȱ iii)ȱ
Estuarineȱ plainȱ (Huqȱ andȱ Ahmed,ȱ 1997).ȱ Kutubdiaȱ andȱ aȱ beltȱ onȱ theȱ eastȱ bankȱ ofȱ theȱ
Moheskhaliȱchannelȱ includeȱcoastalȱdepositȱofȱHoloceneȱageȱconsistingȱofȱbeachȱandȱduneȱ
sandȱoverlyingȱlateȱTertiaryȱformations.ȱTheȱcoastalȱdepositȱisȱalsoȱpresentȱatȱtheȱsoutheastȱ
partȱofȱtheȱdistrictȱorȱtheȱcountryȱandȱtoȱtheȱsouthȱofȱTeknafȱbeyondȱtheȱhillyȱarea.ȱAlamȱetȱalȱ
(1999)ȱ presentsȱ theȱmorphologyȱ ofȱCoxȇsȱBazarȱ coastalȱ plain.ȱTheȱ schematicȱ crossȬsectionȱ
showsȱthatȱtheȱplainȱisȱelevatedȱlandwardȱandȱgraduallyȱslopeȱtowardȱtheȱsea.ȱTheȱelevationȱ
ofȱ theȱmarginalȱ partȱ ofȱ theȱ plainȱ isȱ ofȱ theȱ orderȱ ofȱ 2ȱ toȱ 3ȱmȱ aboveȱmeanȱ seaȱ level.ȱ Theȱ
characteristicsȱofȱdifferentȱlandformsȱareȱshownȱinȱTableȱ3.ȱTableȱshowsȱthatȱsedimentȱofȱtheȱ
plainȱvariesȱ fromȱveryȱ fineȱsiltȱ toȱmediumȱsandȱwithȱ finerȱparticlesȱatȱ theȱ floodȱplainȱandȱ
largestȱgrainȱsizeȱforȱtidalȱcreeks.ȱ
ȱ
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ȱ

ȱ

Figureȱ4:ȱMorphologyȱofȱtheȱCoxȇsȱBazarȱSadarȱ(afterȱAlamȱetȱal,ȱ1999)ȱ

ȱ

Tableȱ4:ȱLandformȱCharacteristicsȱofȱtheȱCoxȇsȱBazarȱCoastalȱPlainȱ(Alamȱet.ȱal.,ȱ1999)ȱ

ȱ
ȱ

1.2.9. GeologyȱofȱTeknafȱTownȱandȱSurroundingsȱ
ȱ

Theȱ geologyȱ ofȱ Teknafȱ areaȱ hasȱ beenȱ describedȱ intoȱ twoȱ parts,ȱ suchȱ asȱ ȱ 1)ȱ geologicalȱ
structureȱonȱwhichȱCox’sȱBazarȱtownȱisȱlocatedȱandȱ2)ȱstratigraphyȱbyȱwhichȱtheȱsubsurfaceȱ
groundȱandȱtheȱhillyȱareaȱofȱCox’sȱBazarȱtownȱisȱformedȱof.ȱȱ
ȱ

1.2.9.1. GeologicalȱStructureȱȱ
ȱ

Teknafȱ Townȱ andȱ surroundingsȱ areȱ locatedȱ onȱ theȱDakhinȱNhilaȱAnticlineȱwhichȱ isȱ theȱ
southernmostȱ structureȱ ofȱ ChittagongȬTripuraȱ foldedȱ belt,ȱmainlyȱ comprisesȱ ofȱNeogeneȱ



Rainfall Triggered Landslide Hazard Zonation in Cox’s Bazaar and Teknaf Municipalities as well as Introducing Community-based Early 
Warning System for Landslide Hazard Management 

Report on Landslide Inventory & Land-use Mapping, 
DEM Preparation, Precipitation Threshold Value & Establishment of Early Warning Devices  
 
 

CDMP                                                                                                                                                    datEx-ADPC   
 
 
 

32

Sedimentaryȱ rocks.ȱ Itȱ isȱ theȱwesternȱmostȱ extensionȱofȱArakanȬYomaȱAnticlinorium’sȱandȱ
separatedȱfromȱtheȱmainȱbodyȱofȱtheȱArakanȬYomaȱbyȱseveralȱkmȱwideȱfloodȱplainȱofȱNafȱ
River.ȱȱ
ȱ
Theȱ Dakhinȱ Nhilaȱ Anticlineȱ liesȱ underȱ Teknafȱ Upazilaȱ andȱ Cox’sȱ Bazarȱ Districtȱ andȱ
boundedȱbyȱlatitudesȱfromȱ20°52ȇȱtoȱ21°07ȇNȱandȱlongitudesȱfromȱ92°08ȇȱtoȱ92°18ȇE.ȱTheȱhillsȱ
andȱvalleysȱ strikingȱNȱ I7°WȱandȱSȱ17°Eȱ representȱ theȱ axialȱdirectionȱofȱ theȱanticline.ȱTheȱ
maximumȱelevationȱisȱaboutȱ266mȱaboveȱmeanȱseaȱlevel.ȱTheȱnorthernȱpitchȱisȱrepresentedȱ
byȱlowȱreliefȱdueȱtoȱsaddleȱseparatingȱfromȱInaniȱAnticline,ȱwhereasȱsouthernȱpitchȱabruptlyȱ
mergesȱwithȱ theȱplainȱ land.ȱDakhinȱNhilaȱAnticlineȱ isȱanȱelongated,ȱasymmetric,ȱandȱboxȱ
likeȱ structure.ȱ Itȱ isȱ aȱ complicatedȱ structureȱ dueȱ toȱ theȱ presenceȱ ofȱ longitudinalȱ andȱ
transverseȱfaults.ȱȱ
ȱ

1.2.9.2. Stratigraphyȱ
ȱ

TheȱoldestȱexposedȱrockȱinȱtheȱDakhinȱNhilaȱAnticlineȱisȱtheȱUpperȱBhubanȱFormationȱthatȱ
isȱaboutȱ545mȱthick.ȱTheȱexposedȱrockȱformationsȱfromȱolderȱtoȱyoungerȱareȱUpperȱBhubanȱ
formation,ȱ Bokaȱ Bilȱ Formation,ȱ Tipamȱ Formationȱ andȱ Dupiȱ Tilaȱ Formation.ȱ Mostlyȱ
argillaceousȱ sedimentsȱ withȱ littleȱ coverageȱ ofȱ arenaceousȱ sedimentsȱ characterizeȱ theȱ
structure.ȱTheȱaxisȱofȱtheȱstructureȱrunsȱalongȱNNWȬSSEȱdirection.ȱSomeȱportionȱofȱwesternȱ
flankȱandȱyoungerȱformationȱofȱsouthernȱpitchȱhasȱbeenȱerodedȱawayȱdueȱtoȱerosionȱbyȱtheȱ
BayȱofȱBengal.ȱȱ
ȱ

TheȱaxesȱofȱfoldsȱrunȱalongȱNNWȬSSEȱdirectionȱwhichȱisȱdisruptedȱandȱcomplicatedȱbyȱtheȱ
presenceȱofȱnumerousȱfaults.ȱItȱisȱgenerallyȱobservedȱthatȱtheȱ intensityȱofȱfoldingȱincreasesȱ
towardsȱ theȱ east.ȱ Theȱ developmentȱ ofȱ Bengalȱ Foredeepȱ isȱ directlyȱ relatedȱ toȱ theȱ
developmentȱofȱHimalayanȱinȱtheȱnorthȱandȱtheȱArakanYomaȱMountainsȱinȱtheȱeastȱdueȱtoȱ
theȱnortheasternȱcollisionȱofȱIndianȱplateȱwithȱEurasianȱplate.ȱTheȱmovementsȱofȱtheȱArakanȱ
SubȬplateȱboundedȱbyȱtheȱNinetyȱEastȱRidgeȱandȱcoveringȱtheȱeasternȱandȱsoutheasternȱpartȱ
ofȱBangladesh,ȱhaveȱbeenȱsuggestedȱtoȱhaveȱresultȱtheȱformationȱofȱfoldsȱofȱtheȱeasternȱflankȱ
ofȱtheȱBengalȱBasinȱ(Faruquee,ȱ1975).ȱ
ȱ

Foldsȱ ofȱChittagongȱ andȱChittagongȱHillȱTractsȱ areȱ theȱwesternȱ extensionȱ ofȱ theȱArakanȱ
YomaȱAnticlinorium,ȱwhichȱareȱknownȱinȱBangladeshȱasȱfoldedȱflankȱofȱBengalȱForedeepȱofȱ
BengalȱBasin.ȱTheȱsurfaceȱreliefȱofȱ theȱareaȱ isȱrepresentedȱbyȱnorthȬsouthȱstretchedȱhillsȱofȱ
sedimentaryȱcover.ȱ
ȱ

Fromȱ theȱ aboveȱ discussion,ȱ itȱ isȱ observedȱ thatȱ theȱ relativeȱmovementȱ ofȱ theȱ Indianȱ andȱ
Burmeseȱplateȱhasȱdevelopedȱ theȱmainȱeastȱwestȱcompressionȱ inȱ theȱ region.ȱTheȱBurmeseȱ
plateȱbeingȱoverriddenȱtheȱplateȱhasȱbeenȱservingȱasȱtheȱmainȱpushingȱagentȱandȱasȱaȱresultȱ
theȱmagnitudeȱofȱforceȱisȱhigherȱinȱtheȱeastȱthanȱtheȱwest.ȱ
ȱ

Anotherȱmajorȱ plateȱmovementȱ tookȱ placeȱ inȱ theȱ Plioceneȱ thatȱ resultedȱ inȱ aȱ largeȬscaleȱ
movementȱalongȱtheȱDaukiȱFaultȱandȱtheȱDhubriȱShearȱZone.ȱDuringȱtheȱEocene,ȱbasinȱwideȱ
emergenceȱandȱmaximumȱregressionȱoccurredȱ inȱ theȱBengalȱBasin,ȱfollowedȱbyȱdepositionȱ
ofȱ theȱ Barailȱ Groupȱ inȱ theȱ Oligocene.ȱ Butȱ duringȱmostȱ ofȱ theȱMioceneȱ theȱ deepȱ basinȱ
featuredȱconspicuousȱ subsidenceȱandȱMarineȱ transgressionȱandȱduringȱ theȱ lateȱMioceneȱaȱ
newȱphaseȱofȱstructuralȱandȱdepositionalȱdevelopmentȱtookȱplaceȱbecauseȱofȱglobalȱeustaticȱ
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regression.ȱTheȱonsetȱofȱ theȱ finalȱupliftȱandȱofȱ structuralȱdeformationȱ theȱHimalayanȱandȱ
IndoȬBurmeseȱorogeniesȱasȱwellȱasȱtheȱrenewedȱriseȱofȱtheȱShillongȱPlateauȱresultedȱinȱlargeȬ
scaleȱ erosionȱ andȱ thusȱ inȱ theȱ supplyȱ ofȱ hugeȱ quantitiesȱ ofȱ coarseȬgrainedȱdetritusȱ inȱ theȱ
Plioceneȱ(Reimann,1993).ȱȱȱ
ȱ

Thisȱstructureȱfallsȱinȱtheȱtropicalȱclimateȱzoneȱandȱreceivesȱheavyȱshowerȱduringȱmonsoon.ȱ
Theȱareaȱisȱcoveredȱbyȱdenseȱmixedȱforestȱwithȱgamari,ȱChittagongȱteakȱandȱbamboo,ȱshrubsȱ
etc.ȱȱ

ȱ
Figureȱ5:ȱStructuralȱmapȱofȱChittagongȱHillȱTractsȱ

ȱ
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ȱ

ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱFigureȱ6:ȱGeologicalȱmapȱofȱBangladeshȱ(Alamȱetȱal.,ȱ1990)ȱȱ

ȱ
1.2.10. PhysicalȱsettingȱandȱHumanȱInterventionsȱinȱtheȱMunicipalitiesȱ
ȱȱȱ
CoxȇsȱBazarȱmunicipalityȱwasȱconstitutedȱinȱ1869ȱduringȱtheȱBritishȱPeriodȱandȱconvertedȱtoȱ
townȱcommitteeȱinȱ1959ȱduringȱPakistanȱPeriodȱandȱafterȱtheȱindependenceȱofȱBangladeshȱitȱ
hasȱbecomeȱ theȱmunicipalityȱ inȱ1972.ȱUptoȱ itsȱcurrentȱstatus,ȱ itȱ isȱaȱclassȱoneȱmunicipalityȱ
underȱtheȱministryȱofȱLocalȱGovernmentȱandȱRuralȱDevelopment.ȱTheȱmunicipalityȱcoversȱ
anȱareaȱofȱ6.85ȱ sqȱkmȱwithȱ theȱmajorȱ landusesȱ likeȱ residential,ȱ commercial,ȱ agriculture,ȱ civic,ȱ
recreationalȱandȱhillȱ&ȱ forest.ȱPresentȱpopulationȱofȱ theȱmunicipalityȱ isȱaboutȱsixtyȱ thousandȱ
(projectedȱ basedȱ onȱ 2001ȱ BBSȱ census)ȱwithȱ 9ȱ administrativeȱwards.ȱ Theȱ trendȱ ofȱ urbanȱ
populationȱgrowthȱofȱ theȱmunicipalityȱ isȱ steadyȱoverȱ lastȱ fourȱdecades.ȱAccordingȱ toȱBBSȱ
communityȱ seriesȱ theȱdecadalȱgrowthȱofȱ theȱmunicipalityȱ isȱ 30.4,ȱ 57.2,ȱ 33.7,ȱ 42.1ȱ andȱ 37.2ȱ
whichȱwasȱ respectivelyȱ forȱ theȱdecadesȱofȱ 1951Ȭ1961,ȱ 1961Ȭ1974,ȱ 1974Ȭ1981,ȱ 1981Ȭ1991ȱandȱ
1991Ȭ2001.ȱȱȱȱ
ȱȱ
Aȱlargeȱportionȱofȱtheȱmunicipalityȱisȱcoveredȱwithȱhillyȱareasȱwithȱmediumȱtoȱlowȱdensityȱ
forest.ȱOtherȱpartsȱofȱtheȱmunicipalityȱareȱflatȱinȱnatureȱwithȱaȱlargeȱseaȱshoreȱonȱtheȱsouthȱ
westernȱpartȱofȱtheȱmunicipality.ȱOverȱlastȱdecadeȱaȱnumberȱofȱphysicalȱinterventionsȱhaveȱ
takenȱ placeȱ onȱ acrossȱ theȱ seaȱ beachȱ throughȱ constructionȱ ofȱ residentialȱ hotelsȱ andȱ
restaurants.ȱ Apartȱ fromȱ this,ȱ theȱ residentialȱ settlementȱ ofȱ theȱ municipalityȱ hasȱ grownȱ
towardsȱsouthȱwestȱandȱsouthȬeastȱfocusingȱtheȱseaȱbeach.ȱThisȱspatialȱgrowthȱisȱmainlyȱdueȱ
toȱ theȱ touristȱattractionsȱ toȱ theȱdistrictȱandȱ toȱ theȱmunicipalityȱ inȱparticular.ȱAsȱaȱresultȱofȱ
creationȱ ofȱ employmentȱ opportunities,ȱ immigrationȱ tookȱplaceȱ fromȱneighboringȱdistrictsȱ
andȱ interventionsȱhaveȱ takenȱplaceȱonȱ theȱhillsȱwhereȱaȱnumberȱofȱ settlementsȱ tookȱplaceȱ
cuttingȱforestȱandȱhills.ȱ
ȱ
Itȱ isȱ evidentȱ fromȱ theȱ fieldȱ investigationȱ inȱ theȱ hillyȱ partȱ ofȱ theȱmunicipalityȱ areȱ bringȱ
occupiedȱbyȱtheȱ immigrantsȱandȱtheyȱareȱ livingȱ inȱtheȱplacesȱwhichȱareȱproneȱtoȱ landslideȱ
events.ȱDuringȱtheȱfieldȱsurveyȱaboutȱ65ȱhousesȱinȱandȱaroundȱtheȱhillȱsidesȱwithȱaboutȱ600ȱ
populationsȱ wereȱ identifiedȱ whichȱ canȱ beȱ consideredȱ asȱ vulnerableȱ areasȱ inȱ respectȱ ofȱ
landslideȱhazard.ȱȱȱȱ
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Teknafȱ Upazilaȱȱ isȱ boundedȱ byȱ hillyȱ areaȱ andȱUkhiaȱupazilaȱ onȱ theȱ north,ȱ theȱ Bayȱ ofȱ
Bengalȱonȱtheȱsouthȱandȱwest,ȱNafȱriverȱandȱMyanmarȱonȱtheȱeast.ȱTheȱupazilaȱstandsȱonȱtheȱ
southȬeasternȱextremityȱofȱBangladeshȱandȱatȱaȱdistanceȱofȱ86ȱkmȱ toȱ theȱsouthȱ fromȱCoxȇsȱ
BazarȱSadar.ȱAndȱtheȱTeknafȱ(Town)ȱMunicipalityȱisȱtheȱmajorȱurbanȱcenterȱofȱtheȱUpzilaȱwithȱanȱ
areaȱofȱ4.05ȱsqȱkilometerȱwithȱ9ȱwardsȱandȱ9ȱmahallasȱasȱadministrativeȱunits.ȱTheȱdensityȱofȱ
populationȱperȱsqȱkmȱisȱ601.ȱThisȱmunicipalityȱisȱveryȱsmallȱinȱareaȱconsideration.ȱHowever,ȱ
thisȱmunicipalityȱplaysȱanȱimportantȱroleȱasȱaȱlandȱportȱwithȱneighboringȱcountryȱMyanmar.ȱ
Moreover,ȱshrimpȱcultivationȱandȱfishȱhatcheriesȱinȱtheȱregionȱhaveȱmadeȱthisȱmunicipalityȱ
moreȱbusyȱareaȱoverȱtheȱyears.ȱTheȱpaceȱofȱurbanizationȱinȱTeknafȱMunicipalityȱisȱnotȱthatȱ
activeȱasȱinȱCox’sȱBazarȱMunicipality.ȱTheȱmajorȱlanduseȱofȱtheȱmunicipalityȱisȱagriculture,ȱ
residentialȱwithȱhouseȱmostlyȱmadeȱofȱ localȱmaterials,ȱcommercialȱandȱfisheries.ȱHowever,ȱ
theȱdamageȱtoȱtheȱlandslideȱeventsȱwereȱdevastatingȱinȱnatureȱsinceȱaboutȱ18ȱpeopleȱdiedȱinȱ
5ȱ landslideȱ eventsȱ duringȱ lastȱ 3ȱ yearsȱ whichȱ isȱ comparativelyȱ highȱ inȱ theȱ contextȱ ofȱ
Bangladesh.ȱAllȱ theseȱ incidentsȱ tookȱplaceȱsinceȱ theȱsettlementsȱwereȱ justȱatȱtheȱendȱofȱtheȱ
hillȱcutȱslope.ȱ
ȱȱȱȱȱȱȱȱ
1.3. CollectionȱofȱLandslideȱInformationȱforȱdevelopingȱtheȱLandslideȱInventoryȱ
ȱ

1.3.1. Overviewȱofȱtechniquesȱusedȱ
ȱ

1.3.1.1. DocumentȱReviewȱandȱFieldȱInvestigationȱ
ȱ

Landslideȱriskȱevaluationȱaimsȱtoȱdetermineȱtheȱ“expectedȱdegreeȱofȱlossȱdueȱtoȱaȱlandslide”ȱ
(specificȱrisk)ȱandȱtheȱexpectedȱnumberȱofȱliveȱlost,ȱpeopleȱinjured,ȱdamageȱtoȱpropertyȱandȱ
disruptionȱ ofȱ economicȱ activityȱ (totalȱ risk)ȱ (Varnesȱ etȱ al.,ȱ 1984).ȱConsideringȱ theȱ fact,ȱ theȱ
studyȱ teamȱ hasȱ usedȱ severalȱ techniquesȱ toȱ developȱ theȱ landslideȱ inventoryȱ forȱ theȱ
municipalityȱofȱCox’sȱBazarȱandȱTeknaf.ȱȱ
ȱ

Inȱ theȱ caseȱ ofȱ Teknafȱ andȱ Cox’sȱ Bazarȱ informationȱ relatedȱ toȱ pastȱ landslidesȱ hasȱ beenȱ
collectedȱ fromȱ twoȱ differentȱ sources.ȱAmongȱ theseȱ (a)ȱ fromȱ theȱ newspaperȱ recordsȱ andȱ
recordsȱfromȱdifferentȱagencyȱ(b)ȱinȱdepthȱfieldȱsurveyȱinȱbothȱofȱtheȱmunicipalities.ȱȱ
ȱ

Anȱ inȬdepthȱ studyȱ wasȱ carriedȱ outȱ onȱ theȱ recordsȱ ofȱ landslideȱ acrossȱ Bangladeshȱ
particularlyȱ inȱ theȱ Chittagongȱ hillȱ tractȱ region.ȱ Thisȱ studyȱ wasȱ carriedȱ outȱ fromȱ oldȱ
newspapersȱbothȱfromȱlocalȱandȱnationalȱlevel.ȱAȱdetailȱdescriptionȱonȱtheȱlandslideȱeventsȱ
collectedȱfromȱnewspaperȱ&ȱotherȱsourcesȱareȱattachedȱasȱAnnexȬA.ȱMoreover,ȱrecordsȱfromȱ
localȱ fireȱ serviceȱ stationȱ andȱ municipalityȱ wereȱ alsoȱ takenȱ underȱ considerationȱ forȱ
developingȱ theȱ landslideȱ inventoryȱ forȱ theȱ studyȱ areaȱ asȱ wellȱ asȱ forȱ otherȱ placesȱ inȱ
Bangladesh.ȱFollowingȱisȱaȱlistȱofȱLandslideȱeventsȱinȱdifferentȱpartsȱofȱBangladesh.ȱȱ
ȱ

Tableȱ5:ȱListȱofȱRainfallȱInducedȱLandslidesȱinȱBangladeshȱ

Slȱ
No.ȱ

Dateȱ Yearȱ Locationȱ Causeȱ ofȱ
Landslideȱ

Latitudeȱ Longitudeȱ Fatalitiesȱ

1ȱ 5thȱMayȱ 2003ȱ Noabadi,ȱ
Akhaura,ȱ
Chittagongȱ

HeavyȱRainȱ 23.8617ȱ 91.2189ȱ 31ȱ

2ȱ 15thȱJuneȱ 2003ȱ CoxȇsȱBazaarȱȱ HeavyȱRainȱ 21.5867ȱ 92.0748ȱ 6ȱ

3ȱ 29thȱȱJuneȱ 2003ȱ Potiya,ȱChittagongȱ HeavyȱRainȱ 22.3000ȱ 91.9833ȱ 4ȱ
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Slȱ
No.ȱ

Dateȱ Yearȱ Locationȱ Causeȱ ofȱ
Landslideȱ

Latitudeȱ Longitudeȱ Fatalitiesȱ

4ȱ 30thȱJulyȱ 2003ȱ CoxȇsȱBazaarȱȱ HeavyȱRainȱ 24.4670ȱ 91.7500ȱ 6ȱ

5ȱ 11thȱJuneȱ 2007ȱ ChittagongȱCityȱ HeavyȱRainȱ 22.315957ȱ 91.833194ȱ 128ȱ

6ȱ 11thȱJuneȱ 2007ȱ Rangamatiȱ HeavyȱRainȱ 22.63678ȱ 92.145249ȱ 3ȱ

7ȱ 3rdȱMarchȱ 2007ȱ Coxȇsȱ Bazaarȱ
(Sadar)ȱ

HeavyȱRainȱ ȱ ȱ 1ȱ

8ȱ 10thȱ
Septembe
rȱ

2007ȱ Nabinagarȱ inȱ
Chittagongȱ

HeavyȱRainȱ 23.8916667ȱ 90.9733333ȱ 2ȱ

9ȱ 15thȱ
Octoberȱ

2007ȱ Betbunia,ȱ
Rangamatiȱ

HeavyȱRainȱ 22.533333ȱ 89.4ȱ 3ȱ

10ȱ 19thȱ
Octoberȱ

2007ȱ Madamdevihatȱ ,ȱ
Chittagongȱ

HeavyȱRainȱ 22.894039ȱ 91.532741ȱ 2ȱ

11ȱ 19thȱ
Octoberȱ

2007ȱ Dolhajraȱ inȱ
Chokoriaȱ upazila,ȱ
Chittagongȱ

HeavyȱRainȱ NAȱ NAȱ ȱ

12ȱ 30thȱJuneȱ 2008ȱ Moheshkhaliȱ HeavyȱRainȱ NAȱ NAȱ 1ȱ

13ȱ 3rdȱJulyȱ 2008ȱ Coxȇsȱ Bazaar,ȱ
Moheshkhali,ȱ
Teknafȱ

HeavyȱRainȱ 21.4400ȱ 92.0000ȱ 12ȱ

14ȱ 3rdȱJulyȱ 2008ȱ Moheshkhaliȱ HeavyȱRainȱ NAȱ NAȱ 5ȱ

15ȱ 3rdȱJulyȱ 2008ȱ Teknafȱ HeavyȱRainȱ NAȱ NAȱ 3ȱ

16ȱ 6thȱJulyȱ 2008ȱ Coxȇsȱ Bazaarȱ
(Sadar)ȱ

HeavyȱRainȱ NAȱ NAȱ 3ȱ

17ȱ 6thȱJulyȱ 2008ȱ Teknafȱ HeavyȱRainȱ NAȱ NAȱ 2ȱ

18ȱ 8thȱJulyȱ 2008ȱ Ramu,ȱChittagongȱ HeavyȱRainȱ NAȱ NAȱ 2ȱ

19ȱ 18thȱ
Augustȱ

2008ȱ Lalkhanȱ Bazarȱ inȱ
Chittagongȱ

HeavyȱRainȱ 22.3399ȱ 91.8237ȱ 925ȱ
injuredȱ

20ȱ 18thȱ
Augustȱ

2008ȱ Cox’sȱBazarȱ HeavyȱRainȱ NAȱ NAȱ 2ȱ

21ȱ 18thȱMayȱ 2009ȱ Sreemangalȱ
upazila,ȱ
Moulvibazer.ȱ

HeavyȱRainȱ 24.3083ȱ 91.7333ȱ 6ȱ

22ȱ 31stȱJulyȱ 2009ȱ Lamaȱ village,ȱ
Bandarbanȱȱ

HeavyȱRainȱ 22.2251ȱ 92.1900ȱ 10ȱ

23ȱ 15thȱJuneȱ 2010ȱ Teknaf,ȱUkhia,ȱ
ȱ

HeavyȱRainȱ NAȱ NAȱ 5134ȱ
injuredȱ

24ȱ 15thȱJuneȱ 2010ȱ Ramuȱ HeavyȱRainȱ NAȱ NAȱ ȱ

25ȱ 15thȱJuneȱ 2010ȱ CoxȱBazarȱ(Sadar)ȱ HeavyȱRainȱ NAȱ NAȱ ȱ

*Source:ȱDifferentȱDailyȱNewspapersȱ fromȱBangladeshȱ andȱnewsȱwebȱ linksȱ (ForȱDetailȱ reference,ȱpleaseȱ seeȱ
annexȬA)ȱ
Apartȱfromȱtheȱlisted/ȱrecordedȱlandslideȱeventsȱinȱtheȱstudyȱarea,ȱoneȱteamȱwasȱassignedȱinȱ
theȱfieldȱtoȱidentifyȱtheȱdetailedȱlandslideȱeventsȱinȱTeknafȱandȱCox’sȱBazarȱMunicipality.ȱAȱ
twoȱ memberȱ teamȱ wasȱ deployedȱ toȱ conductȱ detailȱ landslideȱ inventory.ȱ Thisȱ inventoryȱ
focusedȱonȱtheȱLocationsȱ(coordinatesȱ–latitudeȱandȱlongitudeȬȱorȱatȱleastȱnameȱofȱtheȱarea),ȱ
Typeȱ ofȱ landslide.ȱ Usingȱ theȱ Crudenȱ &ȱ Varnesȱ (1996)ȱ classification,ȱ specifyingȱ atȱ least:ȱ
materialȱ (Soilȱ –earthȱ orȱ debrisȬȱ orȱ Rock),ȱ dateȱ (andȱ ifȱ possible,ȱ time)ȱ ofȱ occurrence,ȱ
Consequencesȱ (quantificationȱ ofȱ casualties,ȱ injuriesȱ andȱ damage),ȱ existingȱ landuseȱ ofȱ theȱ
area,ȱ elementsȱ atȱ riskȱ etc.ȱAȱ detailȱ inventoryȱ forȱ bothȱCox’sȱ Bazarȱ andȱ Teknafȱ hasȱ beenȱ
developedȱȱ
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InȱCox’sȱBazarȱ147ȱpointsȱhaveȱbeenȱidentifiedȱwhereȱlandslideȱeventsȱtookȱplaceȱduringȱlastȱ
25ȱyears.ȱTheseȱ landslideȱ eventsȱ areȱ rangingȱ fromȱ smallȱ slidesȱ toȱbigȱ eventsȱwhenȱwholeȱ
structuresȱ wereȱ buried.ȱ Althoughȱ theȱ totalȱ numberȱ ofȱ casualtiesȱ areȱ notȱ thatȱ inȱ theȱ
municipalityȱbutȱthereȱisȱaȱpotentialȱthreatȱtoȱpeopleȱandȱpropertyȱsinceȱexistingȱsettlementsȱ
areȱ locatedȱ atȱ manyȱ ofȱ theȱ hills.ȱ Similarlyȱ aboutȱ 18ȱ areasȱ haveȱ beenȱ identifiedȱ inȱ theȱ
municipalityȱofȱTeknafȱwhereȱ landslidesȱ tookȱplaceȱ inȱ theȱpast.ȱAȱgoodȱnumberȱofȱpeopleȱ
diedȱduringȱ theȱ landslideȱ eventsȱ inȱTeknafȱmunicipality.ȱAȱdetailȱ listȱofȱ theȱ inventoryȱonȱ
landslideȱeventsȱinȱTeknafȱandȱCox’sȱBazarȱisȱattachedȱinȱAnnexȬB.ȱȱȱȱȱ
ȱ

1.3.1.2. Meetingȱwithȱlocalȱgovernmentȱandȱotherȱstakeholdersȱȱ
ȱ

Theȱstudyȱteamȱhadȱaȱnumberȱofȱmeetingsȱwithȱdifferentȱstakeholdersȱinȱtheȱmunicipalityȱofȱ
Cox’sȱBazarȱandȱTeknaf.ȱTheȱfirstȱmeetingȱwasȱarrangedȱbyȱCox’sȱBazarȱmunicipalityȱwhereȱ
theȱ representativesȱ fromȱ fireȱ serviceȱ andȱ civilȱ defense,ȱ forestry,ȱ Bangladeshȱmetrologicalȱ
department,ȱwaterȱdevelopmentȱboard,ȱroadsȱandȱhighwaysȱdepartment,ȱBangladeshȱAnser,ȱ
Bangladeshȱredȱcross,ȱwardȱcouncilorȱfromȱdifferentȱwardsȱwereȱpresent.ȱTheȱmainȱideaȱofȱ
theȱconsultationȱmeetingȱwasȱtoȱshareȱtheȱideaȱofȱtheȱlandslideȱmappingȱprojectȱandȱalsoȱtoȱ
getȱ theȱ viewsȱ fromȱ differentȱ stakeholdersȱ fromȱ theirȱ experiences.ȱ Apartȱ fromȱ theseȱ theȱ
representativesȱ fromȱ differentȱ departmentsȱ gaveȱ theirȱ opinionȱ onȱ theȱ projectȱ
implementationȱwhichȱhasȱhelpedȱ lotȱduringȱ theȱ fieldȱsurvey.ȱTheȱstudyȱ teamȱalsoȱvisitedȱ
theȱArmyȱCampȱlocatedȱnearȱtheȱMarinȱDriveȱwhereȱSevierȱlandslideȱevenȱtookȱplaceȱonȱ15thȱ
Juneȱwhenȱ6ȱarmyȱpersonnelȱdied,ȱ20ȱinjuredȱandȱvehiclesȱ&ȱstructuresȱwereȱdamaged.ȱTheȱ
armedȱforcesȱdivisionȱsharedȱtheirȱexperiencesȱinȱrecoveryȱprocessȱafterȱtheȱlandslideȱeventȱ
inȱtheȱcamp.ȱȱȱ
ȱ

1.4. ExplanationȱonȱclassificationȱofȱfutureȱriskȱlevelsȱusedȱinȱInventoryȱofȱlandslides.ȱ
ȱ

Forȱriskȱ toȱbeȱdeterminedȱ theȱelementsȱatȱriskȱneedȱ toȱbeȱassessedȱwithinȱ theȱ flowȱpathȱofȱ
existingȱlandslideȱlocationsȱassumingȱtheȱprobabilityȱofȱreoccurrenceȱofȱrespectiveȱlandslidesȱ
explainedȱbelowȱunderȱchapterȱ4.ȱTheȱRiskȱtoȱelementsȱatȱriskȱwithinȱtheȱobservedȱlandslideȱ
sitesȱ explainedȱ belowȱ haveȱ beenȱ categorizedȱ basedȱ onȱ theȱ recommendationȱ ofȱ theȱ JTCȬ1ȱ
Report,ȱproducedȱbyȱtheȱjointȱISSMGE,ȱIAEGȱandȱISRMȱTechnicalȱCommitteeȱonȱLandslideȱ
andȱEngineeredȱSlopesȱasȱperȱtheȱfollowingȱtable,ȱItȱshouldȱbeȱrecognizedȱthatȱriskȱzonesȱareȱ
dependentȱonȱ theȱhazard,ȱ theȱelementsȱatȱriskȱandȱriskȱcontrolȱ factors.ȱ Ifȱanyȱoneȱofȱ thoseȱ
alterȱsubsequentlyȱtheȱriskȱzoningȱneedȱtoȱbeȱrevised.ȱ

Tableȱ6:ȱAnȱExampleȱofȱdescriptorsȱforȱriskȱzoningȱusingȱpropertyȱlossȱcriteriaȱ

ȱ ConsequencesȱtoȱProperty(withȱindicativeȱapproximateȱcostȱofȱdamage)(1)ȱ
Likelihoodȱ ofȱ
reoccurrenceȱ

1:Catastrophicȱ200%ȱȱ 2:Majorȱ60%ȱ 3:Mediumȱ20%ȱ 4:Minorȱ5%ȱ 5:Insignificantȱ0.5%ȱȱ

Almostȱ
certainȱ

VeryȱHighȱ VeryȱHighȱ VeryȱHighȱ Highȱ Medium/Moder
ateȱorȱLow(2)ȱ

likelyȱ VeryȱHighȱ VeryȱHighȱ Highȱ Medium/Moderateȱ Lowȱ
Possibleȱ VeryȱHighȱ Highȱ Medium/Moderateȱ Medium/Moderateȱ VeryȱLowȱ
Unlikelyȱ Highȱ Mediumȱ Lowȱ Lowȱ VeryȱLowȱ
Rareȱ Medium/Moderateȱ Lowȱ Lowȱ VeryȱLowȱ VeryȱLowȱ
Barelyȱ
credibleȱ

Lowȱ VeryȱLowȱ VeryȱLowȱ VeryȱLowȱ VeryȱLowȱ

1.ȱasȱaȱpercentageȱofȱtheȱvalueȱofȱtheȱpropertyȱ
2.ȱforȱcellȱ5,ȱmayȱbeȱsubȬdividedȱsuchȱthatȱaȱconsequenceȱofȱlessȱthanȱ0.1%isȱlowȱriskȱ
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1.5. LandslideȱInventoryȱdevelopedȱthroughȱfieldȱmappingȱȱ
ȱ

Asȱmentionedȱearlier,ȱanȱ inȱdepthȱsurveyȱwasȱcarriedȱoutȱtoȱdoȱtheȱ landslideȱ inventoryȱonȱ
theȱ municipalities.ȱ Theȱ inventoryȱ includesȱ theȱ Locationsȱ (coordinatesȱ –latitudeȱ andȱ
longitudeȬȱorȱatȱleastȱnameȱofȱtheȱarea),ȱTypeȱofȱlandslide.ȱUsingȱtheȱCrudenȱ&ȱVarnesȱ(1996)ȱ
classification,ȱ specifyingȱ atȱ least:ȱmaterialȱ (Soilȱ –earthȱ orȱ debrisȬȱ orȱ Rock),ȱ dateȱ (andȱ ifȱ
possible,ȱ time)ȱ ofȱ occurrence,ȱ Consequencesȱ (quantificationȱ ofȱ casualties,ȱ injuriesȱ andȱ
damage),ȱexistingȱlanduseȱofȱtheȱarea,ȱelementsȱatȱriskȱetc.ȱFollowingȱisȱtheȱdetailȱdescriptionȱ
onȱtheȱmajorȱlandslidesȱinȱCox’sȱBazarȱandȱTeknafȱMunicipalities.ȱ
ȱ

ȱȱȱȱȱȱȱȱȱȱȱȱȱ ȱ
Figureȱ7:ȱLocationsȱofȱLandslideȱEventsȱatȱCox’sȱBazarȱMunicipalityȱ

ȱ
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ȱ
LandslideȱID:ȱ09ȱ
Location:ȱSouthȱGanarȱGhona,ȱCox’sȱBazarȱdistrictȱ

Coordinates:ȱ
NȬ21˚25ƾ00.5”,ȱEȬ92˚01c04.6”ȱ

ȱ ȱ
DateȱofȱOccurrence:ȱ15ȱJuneȱ2010,ȱ3ȱJulyȱ2008ȱandȱ11ȱ
Juneȱ2007.ȱ
(Theȱ Landslideȱ Occurredȱ aroundȱ 6:00amȱ dueȱ toȱ
heavyȱrain.ȱȱ

Landslideȱ History:ȱ Initiatedȱ movementȱ inȱ
Juneȱ 2007,ȱ Subsequentlyȱ activatedȱ inȱ Julyȱ
2008ȱandȱJune2010.ȱ

Rainfall:ȱJuneȱ11,ȱ2007:ȱ101ȱmmȱduringȱ24ȱhoursȱandȱ240mmȱduringȱ7ȱdaysȱ(continuousȱrainȱfromȱ4ȱ
toȱ11ȱJune).ȱ
Julyȱ3,ȱ2008:ȱ134ȱmmȱduringȱ24ȱhoursȱandȱ729mmȱduringȱ7ȱdaysȱ(continuousȱrainȱfromȱ27ȱJuneȱtoȱ3ȱ
July).ȱ
Juneȱ15,ȱ2010:ȱ
Geology:ȱTheȱfailedȱslopeȱisȱwesternȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ15m.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ12mȱandȱwidthȱisȱaroundȱ60ȱm.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱlowerȱ
bluishȱgrayȱ thinlyȱ laminatedȱmoderatelyȱweatheredȱ shaleȱunitȱ andȱupperȱ ȱmoderatelyȱweatheredȱ
yellowishȱbrownȱcrossȬbeddedȱ toȱmassiveȱmediumȬȱ toȱ fineȬgrainedȱsandstoneȱandȱ ȱ theȱ topȱpartȱofȱ
thisȱunitȱaboutȱ3ȱmȱ isȱhighlyȱweathered.ȱTheȱ failedȱmassȱcomprisedȱofȱhighlyȱweatheredȱrockȱandȱ
moderatelyȱweatheredȱrock.ȱAfterȱ theȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱrockȱ isȱexposed.ȱTheȱ
exposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱ
Theȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ12ȱm.ȱ
ȱ
Fracturing:ȱThreeȱsetsȱofȱjointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(158/15)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(260/85ȱ
andȱ100/89).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
ȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱ comprisedȱofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱ residualȱ soilȱ layerȱwhichȱ overlaysȱ theȱ bedȱ rockȱmassȱ isȱ aroundȱ 1ȱmȱ thick.ȱ Theȱ thicknessȱ ofȱ
colluvialȱsoilȱisȱaroundȱ4m.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ andȱ theȱ upperȱ partȱ consistsȱ ofȱ

highlyȱweatheredȱ bedȱ rock.ȱ Lowerȱ partȱ consistsȱ ofȱ thinlyȱ laminatedȱ
shale.ȱLightȱbrownȱcolorȱ fineȱ toȱmediumȱgrainedȱsandȱwhichȱ isȱaboutȱ
3mȱinȱthicknessȱpresentȱaboveȱtheȱshaleȱlayer.ȱ
Theȱfailedȱmassȱisȱaȱpartȱofȱtheȱnearȱverticalȱescarpmentȱandȱtheȱdebrisȱ
movedȱfromȱtheȱslopeȱisȱunderlainȱbyȱtheȱtalusȱmaterial,ȱwhichȱseemsȱtoȱ
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beȱtheȱremnantsȱofȱpreviousȱlandslides.ȱ
Theȱslopeȱofȱupperȱpartȱofȱ theȱhillȱ isȱaboutȱ18˚andȱ lowerȱpartȱ isȱaboutȱ
32˚.ȱTheȱupperȱpartȱconsistsȱofȱhighlyȱweatheredȱclayȱtypeȱrock.ȱLowerȱ
partȱ consistsȱofȱ sandȱ andȱ shaleȱmass.ȱTheȱ failedȱmassȱ isȱaȱpartȱofȱ theȱ
upperȱportion.ȱThicknessȱisȱaroundȱ4ȱmeters.ȱ

Landȱuseȱ Theȱ areaȱ isȱmostlyȱ coveredȱwithȱ barrenȱ fieldȱwithȱ smallȱ toȱmediumȱ
heightȱ treesȱ andȱ theȱ landslideȱ destroyedȱ aȱ partȱ ofȱ theȱ barrenȱ fieldȱ
aroundȱ 40sqm.ȱ Someȱ partȱ ofȱ thisȱ areaȱ isȱ usedȱ forȱ treeȱ andȱ betelȱ leafȱ
gardeningȱandȱthreeȱhousesȱforȱhumanȱresidence.ȱTheȱmaterialȱhasȱbeenȱ
accumulatedȱwithȱtheȱfallenȱtreesȱdueȱtoȱmovingȱmass.ȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱ
isȱdry.ȱ

LandslideȱMechanismȱ Theȱ recentȱ historyȱ showsȱ thatȱ theȱ excessiveȱ rainfallȱ isȱ theȱ mainȱ
triggeringȱ factorȱofȱ theȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱ flow”.ȱ
Theȱslideȱhasȱbeenȱreactivatedȱseveralȱtimesȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱjointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱ verticalȱ andȱ almostȱ perpendicularȱ toȱ eachȱ other.ȱ Jointsȱ areȱ filledȱ
withȱfineȱclayeyȱmaterial.ȱDuringȱtheȱrainyȱseasonȱtheȱclayȱfilledȱ jointsȱ
getȱsaturatedȱextrusionȱofȱ jointsȱtakeȱplaceȱthusȱopeningȱandȱwideningȱ
theȱjoints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱjointsȱwillȱbecomeȱ
dryȱ andȱ shrinksȱ inȱ volume.ȱ Thisȱ reducesȱ theȱ cohesiveȱ strengthȱ andȱ
bondingȱ .Thisȱphenomenaȱhasȱ repeatedȱ severalȱ timesȱduringȱdryȱ andȱ
wetȱperiodsȱuntilȱ itȱhasȱbrokenȱ awayȱ fromȱ theȱmainȱmassȱdueȱ toȱ theȱ
combinedȱeffectȱofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Noȱ majorȱ impacts.ȱ Onlyȱ aȱ smallȱ portionȱ ofȱ theȱ hillȱ gotȱ destroyedȱ
completelyȱȱ

FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ
destabilizationȱ ofȱ theȱ massȱ aboveȱ theȱ slope.ȱ Theȱ impactȱ wouldȱ beȱ
furtherȱdestructionȱtoȱtheȱhillȱandȱgarden.ȱ
Inȱ theȱ downȱ slopeȱ aroundȱ 50mȱ awayȱ severalȱ humanȱ settlementsȱ areȱ
locatedȱandȱdownȱslopeȱmovementȱofȱdebrisȱflowȱcanȱcreateȱimpactȱtoȱ
housesȱandȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱȱ

ȱ
LandslideȱID:ȱ21ȱ
Location:ȱSouthȱGanarȱGhona,ȱCox’sȱBazarȱdistrictȱ

Coordinates:ȱ
NȬ21˚25c02.2”,ȱEȬ92˚00c54.9”ȱ

ȱ ȱ
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DateȱofȱOccurrence:ȱ15ȱJuneȱ2010.ȱ
Theȱ Landslideȱ Occurredȱ aroundȱ 5:00amȱ dueȱ toȱ
heavyȱrain.ȱȱ

LandslideȱHistory:ȱLandslideȱoccurredȱhereȱ inȱ
Juneȱ2010.ȱ
ȱ

Geology:ȱTheȱheightȱofȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ5mȱandȱwidthȱis aroundȱ20m.ȱTheȱexposedȱ
rockȱ unitsȱ areȱmostlyȱ composedȱ ofȱ lightȱ brownȱ silt,ȱ andȱ fineȱ toȱmediumȱ grainedȱ sand;ȱ locallyȱ
containsȱdebrisȱderivedȱfromȱlocalȱbedrock.ȱLithologyȱofȱthisȱareaȱisȱmainlyȱSand.ȱ
Theȱbedȱrockȱisȱmassiveȱandȱlooseȱsedimentsȱinȱtheȱupperȱpartȱandȱlowerȱpartȱisȱwellȱconsolidated.ȱ
Theȱfailedȱmassȱcomprisedȱofȱcompletelyȱweatheredȱrockȱandȱhighlyȱweatheredȱrock.ȱAfterȱtheȱslideȱ
atȱplacesȱaȱmoderatelyȱweatheredȱrockȱisȱexposed.ȱTheȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ5m.ȱ
Fracturing:ȱSetsȱofȱjointsȱareȱnotȱobservedȱonȱfailureȱsurfaceȱofȱtheȱrock.ȱȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱcomprisedȱofȱclay,ȱsiltȱandȱfineȱsandȱmaterials.ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱresidualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ1mȱthick.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ toȱ inclineȱ andȱ theȱ upperȱ partȱ

consistsȱofȱhighlyȱtoȱmoderatelyȱweatheredȱrock.ȱLowerȱpartȱconsistsȱofȱ
fineȱtoȱmediumȱgrainedȱsandȱandȱitȱisȱcomparativelyȱslightlyȱweathered.ȱ

Landȱuseȱ Thisȱ areaȱ completelyȱ affectedȱ byȱ humanȱ intervention.ȱ Severalȱ housesȱ
there.ȱSomeȱpartȱofȱthisȱareaȱisȱusedȱforȱgardening.ȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱ
isȱdry.ȱ

LandslideȱMechanismȱ Theȱ recentȱ historyȱ showsȱ thatȱ theȱ excessiveȱ rainfallȱ isȱ theȱ mainȱ
triggeringȱ factorȱofȱ theȱ slideȱwhichȱ canȱbeȱdescribedȱasȱ“debrisȱ flow”.ȱ
Theȱslideȱhasȱbeenȱreactivatedȱseveralȱtimesȱduringȱmonsoonȱperiod.ȱ

Impactȱofȱtheȱlandslideȱ Oneȱhouseȱinȱfrontȱofȱthisȱhillȱgotȱdestroyedȱcompletely.ȱ
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
destructionȱtoȱtheȱhouseȱandȱgarden.ȱ
Theȱriskȱisȱmoderateȱtoȱlow.ȱ

ȱ
LandslideȱID:ȱ47ȱ
Location:ȱAdorshaȱGram,ȱCox’sȱBazarȱdistrictȱ

Coordinates:ȱ
NȬ21˚24c47.6”,ȱ
EȬ91˚59c30.9”ȱ

ȱ

DateȱofȱOccurrence:ȱ15ȱJuneȱ2010.ȱ
Rainfall:ȱȱ

LandslideȱHistory:ȱLandslideȱoccurredȱhereȱ inȱ
June,ȱ2010.ȱ
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Geology:ȱTheȱfailedȱslopeȱisȱwesternȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ25m.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ6mȱandȱwidthȱisȱaroundȱ20ȱm.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱlowerȱ
bluishȱ grayȱ thinlyȱ laminatedȱmoderatelyȱweatheredȱ shaleȱunitȱ andȱupperȱ ȱmoderatelyȱweatheredȱ
yellowishȱbrownȱcrossȬbeddedȱ toȱmassiveȱmediumȬȱ toȱ fineȬgrainedȱsandstoneȱandȱ ȱ theȱ topȱpartȱofȱ
thisȱunitȱaboutȱ2.5ȱmȱisȱhighlyȱweathered.ȱTheȱfailedȱmassȱcomprisedȱofȱhighlyȱweatheredȱrockȱandȱ
moderatelyȱweatheredȱ rock.ȱAfterȱ theȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱrockȱ isȱexposed.ȱTheȱ
exposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱ
Theȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ6ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱjointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(165/5)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(350/85ȱ
andȱ185/90).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱTotalȱ overburdenȱ comprisedȱ ofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱresidualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ1ȱmȱthick.ȱ

SlopeȱCharacteristics Originalȱ slopeȱ 15˚.Theȱ upperȱ partȱ consistsȱ ofȱ highlyȱweatheredȱ clayȱ
typeȱrock.ȱLowerȱpartȱconsistsȱofȱsandȱandȱshaleȱmass.ȱTheȱfailedȱmassȱ
isȱ aȱ partȱ ofȱ theȱ upperȱ portion.ȱ Theȱ slopeȱ ofȱ landslideȱ isȱ southȱwestȱ
whichȱisȱagainstȱtheȱbedȱslopeȱ(NorthȬeast).ȱ

Landȱuseȱ Thisȱareaȱcompletelyȱaffectedȱbyȱhumanȱ intervention.ȱ12ȱhousesȱ thereȱ
andȱaboutȱ80ȱpeopleȱlivingȱhere.ȱSomeȱpartȱusedȱforȱgardening.ȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱ
isȱdry.ȱ

LandslideȱMechanismȱ Theȱ recentȱ historyȱ showsȱ thatȱ theȱ excessiveȱ rainfallȱ isȱ theȱ mainȱ
triggeringȱfactorȱofȱtheȱslide.ȱȱTheȱslideȱhasȱonlyȱbeenȱactivatedȱinȱJuneȱ
2010ȱduringȱmonsoonȱperiod.ȱȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱ jointȱ systems.ȱOneȱ isȱ parallelȱ toȱ beddingȱ planeȱ andȱ otherȱ
twoȱareȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱ
withȱfineȱclayeyȱmaterial.ȱDuringȱtheȱrainyȱseasonȱtheȱclayȱfilledȱjointsȱ
getȱsaturatedȱextrusionȱofȱjointsȱtakeȱplaceȱthusȱopeningȱandȱwideningȱ
theȱjoints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱjointsȱwillȱbecomeȱ
dryȱ andȱ shrinksȱ inȱ volume.ȱ Thisȱ reducesȱ theȱ cohesiveȱ strengthȱ andȱ
bondingȱ .Thisȱphenomenaȱhasȱ repeatedȱ severalȱ timesȱduringȱdryȱandȱ
wetȱperiodsȱuntilȱ itȱhasȱbrokenȱawayȱ fromȱ theȱmainȱmassȱdueȱ toȱ theȱ
combinedȱeffectȱofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Haveȱmajorȱimpacts.ȱThreeȱhousesȱgotȱdestroyedȱcompletely.ȱ
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱ ofȱ theȱ massȱ aboveȱ theȱ slope.ȱ Theȱ impactȱ wouldȱ beȱ
furtherȱdestructionȱtoȱtheȱhillȱandȱhumanȱsettlementsȱandȱgardens.ȱTheȱ
riskȱisȱmoderateȱtoȱhigh.ȱ

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
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LandslideȱID:ȱ70ȱ
Location:ȱWestȱ Larȱ Para,ȱKolatoliȱBypass.,ȱCox’sȱ
Bazarȱdistrictȱ

Coordinates:ȱ
NȬ21˚25c35.8”ȱ
EȬ91˚59c47.0”ȱ

ȱ

Dateȱ ofȱOccurrence:ȱ 15ȱ June,ȱ 2010ȱ andȱ 15ȱ June,ȱ
2003.ȱ

LandslideȱHistory:ȱ Initiatedȱmovementȱ inȱ Juneȱ
2003,ȱ Subsequentlyȱ activatedȱ inȱ Juneȱ 2010ȱ
(Repetitive).ȱ

Rainfall:ȱJuneȱ15,ȱ2003:ȱ77ȱmmȱduringȱ24ȱhoursȱandȱ771mmȱduringȱ13ȱdaysȱ(continuousȱrainȱfromȱ3ȱtoȱ
15ȱJune)ȱJuneȱ15,ȱ2010:ȱ

Geology:ȱTheȱfailedȱslopeȱ isȱwesternȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ25m.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ20mȱandȱwidthȱisȱaroundȱ50ȱm.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱlowerȱ
bluishȱ grayȱ thinlyȱ laminatedȱmoderatelyȱweatheredȱ shaleȱ unitȱ andȱ upperȱ ȱmoderatelyȱweatheredȱ
yellowishȱbrownȱcrossȬbeddedȱ toȱmassiveȱmediumȬȱ toȱ fineȬgrainedȱ sandstoneȱandȱ ȱ theȱ topȱpartȱofȱ
thisȱunitȱaboutȱ3ȱmȱ isȱhighlyȱweathered.ȱTheȱ failedȱmassȱcomprisedȱofȱhighlyȱweatheredȱ rockȱandȱ
moderatelyȱweatheredȱ rock.ȱAfterȱ theȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱ rockȱ isȱexposed.ȱTheȱ
exposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱ
Theȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ20ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱ jointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(345/7)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(170/85ȱ
andȱ5/88).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱTotalȱ overburdenȱ comprisedȱ ofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱthicknessȱofȱtheȱ
residualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ2ȱmȱthick.ȱTheȱthicknessȱofȱcolluvialȱ
soilȱisȱaroundȱ8m.ȱ
SlopeȱCharacteristics Theȱescarpmentȱslopeȱ isȱ inclinedȱandȱ theȱupperȱpartȱconsistsȱofȱhighlyȱ

weatheredȱbedȱrock.ȱLowerȱpartȱconsistsȱofȱ laminatedȱshaleȱagainstȱ theȱ
slope.ȱȱ
Originalȱslopeȱ29˚.Theȱupperȱpartȱconsistsȱofȱhighlyȱweatheredȱclayȱtypeȱ
rock.ȱLowerȱpartȱconsistsȱofȱ sandȱandȱshaleȱmass.ȱTheȱ failedȱmassȱ isȱaȱ
partȱofȱtheȱupperȱportion.ȱThicknessȱisȱaroundȱ8meters.ȱ

Landȱuseȱ Thisȱareaȱcompletelyȱaffectedȱbyȱhumanȱintervention.ȱThereȱareȱ5ȱhousesȱ
andȱaboutȱ30ȱpeopleȱlivingȱhere.ȱSomeȱpartȱusedȱforȱgardeningȱandȱrestȱ
ofȱtheȱareaȱisȱbarrenȱfield.ȱȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱ
isȱdry.ȱ
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LandslideȱMechanismȱ Theȱrecentȱhistoryȱshowsȱthatȱtheȱexcessiveȱrainfallȱisȱtheȱmainȱtriggeringȱ
factorȱofȱtheȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱflow”.ȱTheȱslideȱhasȱ
beenȱ reactivatedȱ severalȱ timesȱ duringȱmonsoonȱ period.ȱ Theȱ slideȱ hasȱ
beenȱactivatedȱinȱJuneȱ2003ȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱjointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱwithȱ
fineȱ clayeyȱmaterial.ȱDuringȱ theȱ rainyȱ seasonȱ theȱ clayȱ filledȱ jointsȱ getȱ
saturatedȱextrusionȱofȱ jointsȱ takeȱplaceȱ thusȱopeningȱandȱwideningȱ theȱ
joints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱjointsȱwillȱbecomeȱdryȱ
andȱshrinksȱinȱvolume.ȱThisȱreducesȱtheȱcohesiveȱstrengthȱandȱbondingȱ
.Thisȱphenomenaȱhasȱrepeatedȱseveralȱtimesȱduringȱdryȱandȱwetȱperiodsȱ
untilȱitȱhasȱbrokenȱawayȱfromȱtheȱmainȱmassȱdueȱtoȱtheȱcombinedȱeffectȱ
ofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Haveȱmajorȱimpacts.ȱOneȱhouseȱgotȱdestroyedȱcompletelyȱandȱ2ȱpeopleȱ
diedȱinȱJuneȱ2003.ȱ

FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ
destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
destructionȱtoȱtheȱhill.ȱ
Inȱ theȱ downȱ slopeȱ aroundȱ 20mȱ awayȱ severalȱ humanȱ settlementsȱ areȱ
locatedȱandȱdownȱslopeȱmovementȱofȱdebrisȱ flowȱcanȱcreateȱ impactȱ toȱ
housesȱ andȱ alsoȱ peopleȱ livingȱ there.ȱ Theȱ impactȱ wouldȱ beȱ furtherȱ
destructionȱtoȱtheȱhill.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱ

ȱ
LandslideȱID:ȱ80ȱ
Location:ȱLarȱPara,ȱKolatoliȱBypass.,ȱCox’sȱBazarȱ
districtȱ

Coordinates:ȱ
NȬ21˚25c30.2”,ȱ
EȬ92˚00c10.2”ȱ

ȱ ȱ

DateȱofȱOccurrence:ȱ15ȱJune,ȱ2010ȱandȱ3ȱJulyȱ2008. LandslideȱHistory:ȱ Initiatedȱmovementȱ inȱ Julyȱ
2008,ȱSubsequentlyȱactivatedȱinȱJuneȱ2010.ȱ

Rainfall:ȱJulyȱ3,ȱ2008:ȱ134ȱmmȱduringȱ24ȱhoursȱandȱ729mmȱduringȱ7ȱdaysȱ(continuousȱrainȱfromȱ27ȱ
Juneȱtoȱ3ȱJuly)ȱ

Geology:ȱTheȱfailedȱslopeȱisȱnothȬwesternȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ30m.ȱ
Theȱheightȱofȱ theȱ failedȱpartȱofȱ theȱslopeȱ isȱaroundȱ24mȱandȱwidthȱ isȱaroundȱ35ȱm.ȱTheȱmountainȱ
formingȱbedȱ rockȱofȱ theȱescarpmentȱ isȱ formedȱofȱmainlyȱ twoȱ lithologicalȱunitsȬȱbluishȱgrayȱ thinlyȱ
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laminatedȱ shaleȱ unitȱ andȱ yellowishȱ brownȱ crossȬbeddedȱ toȱ massiveȱ mediumȬȱ toȱ fineȬgrainedȱ
sandstone.ȱ ȱLithologyȱofȱthisȱareaȱ isȱmainlyȱalterationȱofȱShaleȱandȱSandstone.ȱTopȱpartȱofȱthisȱunitȱ
aboutȱ 2.5ȱ mȱ isȱ highlyȱ weathered.ȱ Theȱ failedȱ massȱ comprisedȱ ofȱ highlyȱ weatheredȱ rockȱ andȱ
moderatelyȱweatheredȱ rock.ȱAfterȱ theȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱrockȱ isȱexposed.ȱTheȱ
exposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱ
Theȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ24m.ȱ
Fracturing:ȱThreeȱsetsȱofȱjointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(330/5)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(170/85ȱ
andȱ5/89).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱTotalȱ overburdenȱ comprisedȱ ofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱresidualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ1ȱmȱthick.ȱTheȱsoilȱthicknessȱofȱtheȱ
residualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ2mȱthick.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ andȱ theȱ upperȱ partȱ consistsȱ ofȱ

highlyȱ weatheredȱ bedȱ rock.ȱ Lowerȱ partȱ consistsȱ ofȱ fineȱ toȱ mediumȱ
grainedȱsand.ȱTheȱ landslideȱslopeȱ isȱcreatedȱagainstȱ theȱbedȱslope.ȱTheȱ
jointȱ systemȱ isȱ almostȱ vertical.ȱ Theȱ failedȱmassȱ isȱ aȱ partȱ ofȱ theȱ nearȱ
verticalȱescarpmentȱandȱtheȱdebrisȱmovedȱfromȱtheȱslope.ȱ
Originalȱslopeȱisȱaboutȱ45˚.Theȱupperȱpartȱconsistsȱofȱhighlyȱweatheredȱ
clayȱtypeȱrock.ȱLowerȱpartȱconsistsȱofȱalterationȱofȱsandȱandȱshaleȱmass.ȱ
Theȱfailedȱmassȱisȱaȱpartȱofȱtheȱupperȱportion.ȱThicknessȱisȱaroundȱ2m.ȱ

Landȱuseȱ Theȱareaȱ isȱmainlyȱusedȱ forȱhumanȱsettlements.ȱThereȱareȱmoreȱ thanȱ7ȱ
housesȱandȱmoreȱthanȱ50ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱ
usedȱforȱgardening.ȱȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱ
isȱdry.ȱ

LandslideȱMechanismȱ Theȱ recentȱ historyȱ showsȱ thatȱ theȱ excessiveȱ rainfallȱ isȱ theȱ mainȱ
triggeringȱ factorȱofȱ theȱ slideȱwhichȱ canȱbeȱdescribedȱasȱ“debrisȱ flow”.ȱ
TheȱslideȱhasȱbeenȱactivatedȱinȱJuneȱ2008ȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱjointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱwithȱ
fineȱ clayeyȱmaterial.ȱDuringȱ theȱ rainyȱ seasonȱ theȱ clayȱ filledȱ jointsȱ getȱ
saturatedȱextrusionȱofȱ jointsȱ takeȱplaceȱ thusȱopeningȱandȱwideningȱ theȱ
joints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱjointsȱwillȱbecomeȱdryȱ
andȱshrinksȱinȱvolume.ȱThisȱreducesȱtheȱcohesiveȱstrengthȱandȱbondingȱ
.Thisȱphenomenaȱhasȱrepeatedȱseveralȱtimesȱduringȱdryȱandȱwetȱperiodsȱ
untilȱitȱhasȱbrokenȱawayȱfromȱtheȱmainȱmassȱdueȱtoȱtheȱcombinedȱeffectȱ
ofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Haveȱmajorȱimpacts.ȱOneȱhouseȱgotȱdestroyedȱcompletely.ȱ
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
destructionȱtoȱtheȱhill.ȱ
Inȱ theȱ downȱ slopeȱ aroundȱ 10mȱ awayȱ theȱ localȱ peopleȱ residenceȱ isȱ
locatedȱ andȱ downȱ slopeȱ movementȱ ofȱ largerȱ debrisȱ flowȱ canȱ createȱ
impactȱ toȱhousesȱandȱalsoȱpeopleȱ livingȱ there.ȱTheȱ riskȱ isȱmoderateȱ toȱ
high.ȱ

ȱ
ȱ
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LandslideȱID:ȱ86ȱ
Location:ȱ Southȱ Dikkul,ȱ Larȱ Para,ȱ Kolatoliȱ
Bypass.,ȱCox’sȱBazarȱdistrictȱ

Coordinates:ȱ
NȬ21˚25c17.5”,ȱ
EȬ92˚00c29.1”ȱ

ȱ ȱ

DateȱofȱOccurrence:ȱJulyȱ6,ȱ2008.ȱ
ȱ

LandslideȱHistory:ȱLandslideȱoccurredȱhereȱinȱ
Julyȱ2008.ȱ

Rainfall:ȱ64ȱmmȱduringȱ24ȱhoursȱandȱ927mmȱduringȱ10ȱdaysȱ (continuousȱ rainȱ fromȱ27ȱ Juneȱ toȱ6ȱ
July)ȱ
Geology:ȱTheȱfailedȱslopeȱisȱwesternȱscarpȱofȱaȱlargeȱescarpment withȱaȱheightȱofȱaroundȱ15m.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ12mȱandȱwidthȱisȱaroundȱ60ȱm.ȱȱ
Theȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunits:ȱbluishȱ
grayȱ thinlyȱ laminatedȱ shaleȱunitȱandȱyellowishȱbrownȱ crossȬbeddedȱ toȱmassiveȱmediumȬȱ toȱ fineȬ
grainedȱ sandstone.ȱSandstonesȱcomparativelyȱ looseȱandȱ lessȱcompact.ȱTopȱpartȱofȱ thisȱunitȱaboutȱ
3.5mȱ isȱ highlyȱweathered.ȱTheȱ failedȱmassȱ comprisedȱ ofȱ highlyȱweatheredȱ rockȱ andȱmoderatelyȱ
weatheredȱrock.ȱAfterȱtheȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱrockȱisȱexposed.ȱTheȱexposedȱrockȱ
unitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱTheȱheightȱofȱ
theȱfailureȱsurfaceȱisȱaroundȱ13ȱm.ȱ
ȱ
Fracturing:ȱThreeȱsetsȱofȱjointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(345/7)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(350/85ȱ
andȱ185/88).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
ȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱ comprisedȱofȱ clay,ȱ siltȱandȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱ residualȱ soilȱ layerȱwhichȱ overlaysȱ theȱ bedȱ rockȱmassȱ isȱ aroundȱ 1ȱmȱ thick.ȱ Theȱ thicknessȱ ofȱ
colluvialȱsoilȱisȱaroundȱ8m.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ toȱ inclineȱ andȱ theȱ upperȱ partȱ

consistsȱ ofȱ highlyȱweatheredȱ bedȱ rockȱ (clayȱ typeȱ rock).ȱ Lowerȱ partȱ
consistsȱofȱfineȱtoȱmediumȱgrainedȱsand.ȱSoilȱmassȱaccumulatedȱagainstȱ
theȱ slope.ȱOriginalȱ slopeȱ 32˚.ȱ Theȱ failedȱmassȱ isȱ aȱ partȱ ofȱ theȱ upperȱ
portion.ȱThicknessȱisȱaroundȱ8m.ȱ

Landȱuseȱ Theȱareaȱisȱmainlyȱusedȱforȱhumanȱsettlements.ȱThereȱareȱmoreȱthanȱ5ȱ
housesȱandȱmoreȱthanȱ30ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱ
usedȱforȱgardening.ȱTheȱmaterialȱhasȱbeenȱaccumulatedȱwithȱtheȱfallenȱ
treesȱdueȱtoȱmovingȱmass.ȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱ
isȱdry.ȱ
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LandslideȱMechanismȱ Theȱ recentȱ historyȱ showsȱ thatȱ theȱ excessiveȱ rainfallȱ isȱ theȱ mainȱ
triggeringȱ factorȱofȱ theȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱ flow”.ȱ
TheȱslideȱhasȱonlyȱbeenȱactivatedȱinȱJuneȱ2009ȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱ jointȱ systems.ȱOneȱ isȱ parallelȱ toȱ beddingȱ planeȱ andȱ otherȱ
twoȱareȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱ
withȱfineȱclayeyȱmaterial.ȱDuringȱtheȱrainyȱseasonȱtheȱclayȱfilledȱjointsȱ
getȱsaturatedȱextrusionȱofȱjointsȱtakeȱplaceȱthusȱopeningȱandȱwideningȱ
theȱjoints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱjointsȱwillȱbecomeȱ
dryȱ andȱ shrinksȱ inȱ volume.ȱ Thisȱ reducesȱ theȱ cohesiveȱ strengthȱ andȱ
bondingȱ .Thisȱphenomenaȱhasȱ repeatedȱ severalȱ timesȱduringȱdryȱandȱ
wetȱperiodsȱuntilȱ itȱhasȱbrokenȱawayȱ fromȱ theȱmainȱmassȱdueȱ toȱ theȱ
combinedȱeffectȱofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Noȱmajorȱimpacts.ȱOnlyȱaȱhouseȱgotȱdestroyedȱpartially.ȱ
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱ ofȱ theȱ massȱ aboveȱ theȱ slope.ȱ Theȱ impactȱ wouldȱ beȱ
furtherȱdestructionȱtoȱtheȱhill.ȱ
Inȱ theȱ downȱ slopeȱ aroundȱ 10mȱ awayȱ theȱ localȱ humanȱ residenceȱ isȱ
locatedȱ andȱ downȱ slopeȱmovementȱ ofȱ largerȱ debrisȱ flowȱ canȱ createȱ
impactȱtoȱhousesȱandȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱ isȱmoderateȱtoȱ
high.ȱȱ

ȱ
LandslideȱID:ȱ87ȱ
Location:ȱ Southȱ Dikkul,ȱ Larȱ Para,ȱ Kolatoliȱ
Bypass.,ȱCox’sȱBazarȱdistrict.ȱ

Coordinates:ȱ
NȬ21˚25c20.4”,ȱȱ
EȬȱ92˚00c27.2”ȱ

ȱ

Dateȱ ofȱ Occurrence: Juneȱ 19,ȱ 2004ȱ andȱ Julyȱ 8,ȱ
2006.ȱ

LandslideȱHistory:ȱInitiatedȱmovementȱinȱJuneȱ
2004,ȱSubsequentlyȱactivatedȱinȱJulyȱ2006.ȱ

Rainfall:ȱJuneȱ19,ȱ2004:ȱ142ȱmmȱduringȱ24ȱhoursȱandȱ447mmȱduringȱ4ȱdaysȱ(continuousȱrainȱfromȱ15ȱ
toȱ19ȱJune)ȱ
Julyȱ8,ȱ2006:ȱ100ȱmmȱduringȱ24ȱhours.ȱ

Geology:ȱTheȱfailedȱslopeȱisȱsouthȬeasternȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ24m.ȱ
Theȱheightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ20mȱandȱwidthȱisȱaroundȱ40ȱm.ȱȱ
Theȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunits:ȱbluishȱ
grayȱ thinlyȱ laminatedȱ shaleȱunitȱandȱyellowishȱbrownȱ crossȬbeddedȱ toȱmassiveȱmediumȬȱ toȱ fineȬ
grainedȱsandstone.ȱSandstonesȱcomparativelyȱlooseȱandȱlessȱcompact.ȱTopȱpartȱofȱthisȱsectionȱaboutȱ
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3ȱmȱ isȱ highlyȱweathered.ȱ Theȱ failedȱmassȱ comprisedȱ ofȱ highlyȱweatheredȱ rockȱ andȱmoderatelyȱ
weatheredȱrock.ȱAfterȱtheȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱrockȱisȱexposed.ȱTheȱexposedȱrockȱ
unitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱTheȱheightȱofȱ
theȱfailureȱsurfaceȱisȱaroundȱ20ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱjointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(350/10)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(350/80ȱ
andȱ185/85).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱ comprisedȱofȱ clay,ȱ siltȱandȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱresidualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ1.5ȱmȱthick.
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ toȱ inclineȱ andȱ theȱ upperȱ partȱ

consistsȱ ofȱ highlyȱ weatheredȱ bedȱ rockȱ (clayȱ typeȱ rock).ȱ Lowerȱ partȱ
consistsȱofȱfineȱtoȱmediumȱgrainedȱsand.ȱSoilȱmassȱaccumulatedȱagainstȱ
theȱ slope.ȱOriginalȱ slopeȱ 32˚.ȱ Theȱ failedȱmassȱ isȱ aȱ partȱ ofȱ theȱ upperȱ
portion.ȱThicknessȱisȱaroundȱ7m.ȱ

Landȱuseȱ Theȱareaȱisȱmainlyȱusedȱforȱhumanȱsettlements.ȱThereȱareȱmoreȱthanȱ7ȱ
housesȱandȱmoreȱthanȱ35ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱ
usedȱforȱgardening.ȱTheȱmaterialȱhasȱbeenȱaccumulatedȱwithȱtheȱfallenȱ
treesȱdueȱtoȱmovingȱmass.ȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱ
isȱdry.ȱ

LandslideȱMechanismȱ Theȱ recentȱ historyȱ showsȱ thatȱ theȱ excessiveȱ rainfallȱ isȱ theȱ mainȱ
triggeringȱ factorȱofȱ theȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱ flow”.ȱ
TheȱslideȱhasȱbeenȱactivatedȱinȱJuneȱ2004ȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱjointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱ verticalȱ andȱ almostȱ perpendicularȱ toȱ eachȱ other.ȱ Jointsȱ areȱ filledȱ
withȱfineȱclayeyȱmaterial.ȱDuringȱtheȱrainyȱseasonȱtheȱclayȱfilledȱ jointsȱ
getȱsaturatedȱextrusionȱofȱ jointsȱtakeȱplaceȱthusȱopeningȱandȱwideningȱ
theȱjoints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱjointsȱwillȱbecomeȱ
dryȱ andȱ shrinksȱ inȱ volume.ȱ Thisȱ reducesȱ theȱ cohesiveȱ strengthȱ andȱ
bondingȱ .Thisȱphenomenaȱhasȱ repeatedȱ severalȱ timesȱduringȱdryȱandȱ
wetȱperiodsȱuntilȱ itȱhasȱbrokenȱ awayȱ fromȱ theȱmainȱmassȱdueȱ toȱ theȱ
combinedȱeffectȱofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Noȱmajorȱimpacts.ȱOnlyȱaȱkitchenȱgotȱdestroyedȱpartially.ȱ
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱ ofȱ theȱ massȱ aboveȱ theȱ slope.ȱ Theȱ impactȱ wouldȱ beȱ
furtherȱdestructionȱtoȱtheȱhill.ȱ
Inȱ theȱ downȱ slopeȱ aroundȱ 10mȱ awayȱ theȱ localȱ humanȱ residenceȱ isȱ
locatedȱ andȱ downȱ slopeȱmovementȱ ofȱ largerȱ debrisȱ flowȱ canȱ createȱ
impactȱ toȱhousesȱandȱalsoȱpeopleȱ livingȱ there.ȱTheȱriskȱ isȱmoderateȱ toȱ
high.ȱȱ

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
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LandslideȱID:ȱ90ȱ
Location:ȱ Southȱ Dikkul,ȱ Larȱ Para,ȱ Cox’sȱ Bazarȱ
district.ȱ

Coordinates:
NȬ21˚25c31.8”ȱ
ȱEȬ92˚00c25.7”ȱ

ȱ ȱ

DateȱofȱOccurrence:ȱJulyȱ3,ȱ2008.ȱ
ȱ

Landslideȱ History:ȱ Subsequentlyȱ activatedȱ inȱ
Julyȱ2008.ȱ

Rainfall:ȱ134ȱmmȱduringȱ24ȱhoursȱandȱ729mmȱduringȱ7ȱdaysȱ(continuousȱrainȱfromȱ27ȱJuneȱtoȱ3ȱJuly)
Geology:ȱTheȱfailedȱslopeȱisȱwesternȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ15m.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ11mȱandȱwidthȱisȱaroundȱ30ȱm.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱthreeȱlithologicalȱunitsȬȱbluishȱ
grayȱthinlyȱlaminatedȱshaleȱunit,ȱdarkȱgrayȱmudstoneȱandȱyellowishȱbrownȱcrossȬbeddedȱtoȱmassiveȱ
mediumȬȱ toȱ fineȬgrainedȱ sandstone.ȱ Theȱ failedȱ massȱ comprisedȱ ofȱ highlyȱ weatheredȱ rockȱ andȱ
moderatelyȱweatheredȱrock.ȱAfterȱ theȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱrockȱ isȱexposed.ȱTheȱ
exposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱ
Theȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ11ȱm.ȱ
ȱ
Fracturing:ȱThreeȱsetsȱofȱjointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(350/10)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(350/80ȱ
andȱ185/85).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
ȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱ comprisedȱofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱresidualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ0.5ȱmȱthick.ȱ
SlopeȱCharacteristics Theȱescarpmentȱ slopeȱ isȱverticalȱandȱ theȱupperȱpartȱconsistsȱofȱhighlyȱ

weatheredȱbedȱ rockȱ (clayȱ typeȱ rock).ȱ ȱOriginalȱ slopeȱ 36˚.ȱMiddleȱpartȱ
consistsȱofȱthickȱmudstoneȱlayer.ȱLowerȱpartȱconsistsȱofȱfineȱtoȱmediumȱ
grainedȱ sand.ȱ Soilȱmassȱ accumulatedȱ againstȱ theȱ slope.ȱ Thicknessȱ isȱ
aroundȱ2m.ȱȱ

Landȱuseȱ Theȱareaȱ isȱmainlyȱusedȱforȱhumanȱsettlements.ȱThereȱareȱmoreȱthanȱ2ȱ
housesȱandȱmoreȱthanȱ15ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱ
usedȱforȱgardening.ȱȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱ
isȱdry.ȱ

LandslideȱMechanismȱ Theȱ recentȱ historyȱ showsȱ thatȱ theȱ excessiveȱ rainfallȱ isȱ theȱ mainȱ
triggeringȱ factorȱofȱ theȱ slideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱ flow”.ȱ
TheȱslideȱhasȱbeenȱactivatedȱinȱJuneȱ2009ȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
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Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱjointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱwithȱ
fineȱ clayeyȱmaterial.ȱDuringȱ theȱ rainyȱ seasonȱ theȱ clayȱ filledȱ jointsȱgetȱ
saturatedȱextrusionȱofȱ jointsȱtakeȱplaceȱthusȱopeningȱandȱwideningȱtheȱ
joints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱjointsȱwillȱbecomeȱdryȱ
andȱshrinksȱinȱvolume.ȱThisȱreducesȱtheȱcohesiveȱstrengthȱandȱbondingȱ
.Thisȱphenomenaȱhasȱrepeatedȱseveralȱtimesȱduringȱdryȱandȱwetȱperiodsȱ
untilȱitȱhasȱbrokenȱawayȱfromȱtheȱmainȱmassȱdueȱtoȱtheȱcombinedȱeffectȱ
ofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Noȱmajorȱimpacts.ȱOnlyȱaȱtreeȱgardenȱdestroyedȱpartially.ȱ
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱ ofȱ theȱ massȱ aboveȱ theȱ slope.ȱ Theȱ impactȱ wouldȱ beȱ
furtherȱdestructionȱtoȱtheȱhill.ȱ
Inȱ theȱ downȱ slopeȱ aroundȱ 15mȱ awayȱ theȱ localȱ humanȱ residenceȱ isȱ
locatedȱ andȱ downȱ slopeȱmovementȱ ofȱ largerȱ debrisȱ flowȱ canȱ createȱ
impactȱ toȱhousesȱandȱalsoȱpeopleȱ livingȱ there.ȱTheȱ riskȱ isȱmoderateȱ toȱ
high.ȱȱ

ȱ
LandslideȱID:ȱ93ȱ
Location:ȱ Southȱ Dikkul,ȱ Larȱ Para,ȱ Cox’sȱ Bazarȱ
districtȱ

Coordinates:ȱ
NȬ21˚25c26.2”,ȱ
ȱEȬ92˚00c33.2”ȱ

ȱ ȱ

DateȱofȱOccurrence:ȱ15ȱJuneȱ2010ȱandȱ3ȱJulyȱ2008. LandslideȱHistory:ȱ Initiatedȱmovementȱ inȱ Julyȱ
2008,ȱSubsequentlyȱactivatedȱinȱJuneȱ2010.ȱ

Rainfall:ȱJulyȱ6,ȱ2008:ȱ64ȱmmȱduringȱ24ȱhoursȱandȱ927mmȱduringȱ10ȱdaysȱ(continuousȱrainȱfromȱ27ȱ
Juneȱtoȱ6ȱJuly)ȱ
Geology:ȱTheȱfailedȱslopeȱisȱnorthernȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ40m.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ30mȱandȱwidthȱisȱaroundȱ50ȱm.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱbluishȱ
grayȱthinlyȱlaminatedȱshaleȱunitȱandȱupperȱ ȱyellowishȱbrownȱcrossȬbeddedȱtoȱmassiveȱmediumȬȱtoȱ
fineȬgrainedȱsandstoneȱandȱȱtheȱtopȱpartȱofȱthisȱunitȱaboutȱ4ȱmȱisȱhighlyȱweathered.ȱTheȱfailedȱmassȱ
comprisedȱ ofȱ highlyȱweatheredȱ rockȱ andȱmoderatelyȱweatheredȱ rock.ȱAfterȱ theȱ slideȱ atȱ placesȱ aȱ
moderatelyȱweatheredȱrockȱisȱexposed.ȱTheȱexposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱ
fineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱ ȱSandstonesȱcomparativelyȱlooseȱandȱlessȱcompact.ȱTheȱ
heightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ30ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱjointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
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theȱbeddingȱplaneȱ(350/10)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(350/80ȱ
andȱ185/85).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱ comprisedȱofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱresidualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ2ȱmȱthick.ȱ
SlopeȱCharacteristics Theȱescarpmentȱslopeȱisȱinclinedȱandȱtheȱupperȱpartȱconsistsȱofȱhighlyȱ

weatheredȱ bedȱ rockȱ (clayȱ typeȱ rock).ȱ Lowerȱ partȱ consistsȱ ofȱ fineȱ toȱ
mediumȱgrainedȱsand.ȱOriginalȱslopeȱ31˚.ȱTheȱ failedȱmassȱ isȱaȱpartȱofȱ
theȱupperȱportion.ȱThicknessȱisȱaroundȱ3m.ȱ

Landȱuseȱ Theȱareaȱ isȱmainlyȱusedȱ forȱhumanȱ residence.ȱThereȱareȱmoreȱ thanȱ4ȱ
housesȱandȱmoreȱthanȱ20ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱ
usedȱ forȱ treeȱgardening.ȱTheȱmaterialȱhasȱbeenȱaccumulatedȱwithȱ theȱ
fallenȱtreesȱdueȱtoȱmovingȱmass.ȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱ
isȱdry.ȱ

LandslideȱMechanismȱ Theȱ recentȱ historyȱ showsȱ thatȱ theȱ excessiveȱ rainfallȱ isȱ theȱ mainȱ
triggeringȱfactorȱofȱtheȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱflow”.ȱ
TheȱslideȱhasȱbeenȱactivatedȱinȱJuneȱ2008ȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱ jointȱ systems.ȱOneȱ isȱparallelȱ toȱ beddingȱplaneȱ andȱ otherȱ
twoȱ areȱ verticalȱ andȱ almostȱ perpendicularȱ toȱ eachȱ other.ȱ Jointsȱ areȱ
filledȱwithȱfineȱclayeyȱmaterial.ȱDuringȱtheȱrainyȱseasonȱtheȱclayȱfilledȱ
jointsȱ getȱ saturatedȱ extrusionȱ ofȱ jointsȱ takeȱ placeȱ thusȱ openingȱ andȱ
wideningȱ theȱ joints.ȱDuringȱ theȱdryȱseasonȱ theȱwaterȱsaturatedȱ jointsȱ
willȱ becomeȱ dryȱ andȱ shrinksȱ inȱ volume.ȱ Thisȱ reducesȱ theȱ cohesiveȱ
strengthȱ andȱ bondingȱ .Thisȱ phenomenaȱ hasȱ repeatedȱ severalȱ timesȱ
duringȱdryȱ andȱwetȱperiodsȱuntilȱ itȱhasȱbrokenȱ awayȱ fromȱ theȱmainȱ
massȱdueȱtoȱtheȱcombinedȱeffectȱofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Noȱmajorȱimpacts.ȱOnlyȱaȱkitchenȱgotȱdestroyedȱpartially.ȱ
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱ ofȱ theȱ massȱ aboveȱ theȱ slope.ȱ Theȱ impactȱ wouldȱ beȱ
furtherȱdestructionȱtoȱtheȱhill.ȱ
Inȱ theȱ downȱ slopeȱ aroundȱ 20mȱ awayȱ theȱ localȱ humanȱ residenceȱ isȱ
locatedȱ andȱ downȱ slopeȱmovementȱ ofȱ largerȱ debrisȱ flowȱ canȱ createȱ
impactȱtoȱhousesȱandȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱ
high.ȱȱ

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
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LandslideȱID:ȱ95ȱ
Location:ȱ Southȱ Dikkul,ȱ Larȱ Para,ȱ Cox’sȱ Bazarȱ
districtȱ

Coordinates:ȱ
NȬ21˚25c21.1”ȱ
EȬ92˚00c37.6”ȱ

ȱ

DateȱofȱOccurrence:ȱ15ȱJuneȱ2010ȱandȱJulyȱ3,ȱ2008. LandslideȱHistory:ȱ Initiatedȱmovementȱ inȱ Julyȱ
2008,ȱSubsequentlyȱactivatedȱinȱJuneȱ2010.ȱ

Rainfall:ȱJulyȱ3,ȱ2008:ȱ134ȱmmȱduringȱ24ȱhoursȱandȱ729mmȱduringȱ7ȱdaysȱ(continuousȱrainȱfromȱ27ȱ
Juneȱtoȱ3ȱJuly)ȱ

Geology:ȱTheȱfailedȱslopeȱisȱnorthȬwesternȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ40m.ȱ
Theȱheightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ30mȱandȱwidthȱisȱaroundȱ60m.ȱȱ
Theȱmountainȱ formingȱ bedȱ rockȱ ofȱ theȱ escarpmentȱ isȱ darkȱ grayȱ shaleȱ butȱ highlyȱ toȱmoderatelyȱ
weatheredȱonȱ theȱsurfaceȱexposure.ȱTheȱbedȱ rockȱ isȱ thinlyȱ laminatedȱandȱhighlyȱweatheredȱ inȱ theȱ
upperȱpartȱandȱlowerȱpartȱisȱwellȱconsolidated.ȱTheȱfailedȱmassȱcomprisedȱofȱcompletelyȱweatheredȱ
rockȱandȱhighlyȱweatheredȱrock.ȱAfterȱ theȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱrockȱ isȱexposed.ȱ
Theȱexposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱ lightȱbrownȱsilt,ȱclayȱandȱ fineȱ toȱmediumȱgrainedȱ
sand.ȱLithologyȱofȱthisȱareaȱisȱmainlyȱShaleȱandȱSandstone.ȱSandstonesȱcomparativelyȱlooseȱandȱlessȱ
compact.ȱTheȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ30ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱjointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(350/10)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(350/80ȱ
andȱ185/85).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱ comprisedȱofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱresidualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ2mȱthickȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ toȱ inclineȱ andȱ theȱ upperȱ partȱ

consistsȱ ofȱ highlyȱ weatheredȱ bedȱ rockȱ (clayȱ typeȱ rock).ȱ Lowerȱ partȱ
consistsȱofȱ fineȱ toȱmediumȱgrainedȱ sand.ȱOriginalȱ slopeȱ20˚.ȱTheȱ failedȱ
massȱisȱaȱpartȱofȱtheȱupperȱportion.ȱThicknessȱisȱaroundȱ10m.ȱ

Landȱuseȱ Theȱ areaȱ isȱmainlyȱ usedȱ forȱ humanȱ residence.ȱ Thereȱ areȱmoreȱ thanȱ 3ȱ
housesȱandȱmoreȱthanȱ17ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱ
usedȱforȱtreeȱgardening.ȱȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱisȱ
dry.ȱ

LandslideȱMechanismȱ Theȱrecentȱhistoryȱshowsȱthatȱtheȱexcessiveȱrainfallȱisȱtheȱmainȱtriggeringȱ
factorȱofȱtheȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱflow”.ȱTheȱslideȱhasȱ
beenȱactivatedȱinȱJuneȱ2009ȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
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Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱjointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱwithȱ
fineȱ clayeyȱmaterial.ȱDuringȱ theȱ rainyȱ seasonȱ theȱ clayȱ filledȱ jointsȱ getȱ
saturatedȱextrusionȱofȱ jointsȱ takeȱplaceȱ thusȱopeningȱandȱwideningȱ theȱ
joints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱ jointsȱwillȱbecomeȱdryȱ
andȱshrinksȱ inȱvolume.ȱThisȱreducesȱ theȱcohesiveȱstrengthȱandȱbondingȱ
.Thisȱphenomenaȱhasȱrepeatedȱseveralȱtimesȱduringȱdryȱandȱwetȱperiodsȱ
untilȱitȱhasȱbrokenȱawayȱfromȱtheȱmainȱmassȱdueȱtoȱtheȱcombinedȱeffectȱ
ofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Haveȱmajorȱimpacts.ȱAȱhouseȱgotȱdestroyedȱcompletelyȱbutȱnoȱinjured.ȱ
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
destructionȱtoȱtheȱhill.ȱ
Inȱtheȱdownȱslopeȱaroundȱ10mȱawayȱtheȱlocalȱhumanȱresidenceȱisȱlocatedȱ
andȱ downȱ slopeȱmovementȱ ofȱ largerȱ debrisȱ flowȱ canȱ createȱ impactȱ toȱ
housesȱandȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱȱ

ȱ
LandslideȱID:ȱ97ȱ
Location:ȱSouthȱHajiȱPara,ȱCox’sȱBazarȱdistrictȱ

Coordinates:ȱ
NȬ21˚25c26.6”ȱ
ȱEȬ92˚00c40.0”ȱ

ȱ ȱ

Dateȱ ofȱ Occurrence: 15ȱ Juneȱ 2010ȱ andȱ 10ȱ Juneȱ
2006.ȱ

LandslideȱHistory:ȱInitiatedȱmovementȱ inȱJuneȱ
2006,ȱSubsequentlyȱactivatedȱinȱJuneȱ2010.ȱ

Rainfall:ȱJuneȱ10,ȱ2006:ȱ113ȱmmȱduringȱ24ȱhoursȱandȱ477mmȱduringȱ7ȱdaysȱ(continuousȱrainȱfromȱ4ȱ
toȱ10ȱJune).ȱ
Geology:ȱTheȱ failedȱslopeȱ isȱeasternȱscarpȱofȱaȱ largeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ12m.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ10mȱandȱwidthȱisȱaroundȱ30m.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱbluishȱ
grayȱthinlyȱlaminatedȱmoderatelyȱweatheredȱshaleȱunitȱandȱȱmoderatelyȱweatheredȱyellowishȱbrownȱ
crossȬbeddedȱtoȱmassiveȱmediumȬȱtoȱfineȬgrainedȱsandstoneȱandȱȱtheȱtopȱpartȱofȱthisȱunitȱaboutȱ1ȱmȱ
isȱhighlyȱweathered.ȱTheȱfailedȱmassȱcomprisedȱofȱhighlyȱweatheredȱrockȱandȱmoderatelyȱweatheredȱ
rock.ȱAfterȱ theȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱrockȱ isȱexposed.ȱTheȱexposedȱrockȱunitsȱareȱ
mostlyȱ composedȱ ofȱ lightȱ brownȱ fineȱ toȱ mediumȱ grainedȱ sand,ȱ siltȱ andȱ clay.ȱ Sandstonesȱ
comparativelyȱ looseȱandȱ lowerȱportionȱcomprisesȱofȱclayeyȱsiltȱmaterials.ȱTheȱheightȱofȱ theȱ failureȱ
surfaceȱisȱaroundȱ10ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱjointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
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theȱbeddingȱplaneȱ(350/10)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(350/80ȱ
andȱ185/85).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱ comprisedȱofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱresidualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ0.5ȱmȱthick.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱverticalȱ andȱ theȱupperȱpartȱ consistsȱofȱhighlyȱ

weatheredȱ bedȱ rockȱ (clayȱ typeȱ rock).ȱ Lowerȱ partȱ consistsȱ ofȱ fineȱ toȱ
mediumȱgrainedȱsandȱandȱsiltyȱclay.ȱOriginalȱslopeȱ23˚.ȱȱ

Landȱuseȱ Theȱ areaȱ isȱmainlyȱ usedȱ forȱ humanȱ residence.ȱ Thereȱ areȱmoreȱ thanȱ 7ȱ
housesȱandȱmoreȱthanȱ42ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱ
usedȱforȱtreeȱgardening.ȱȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱisȱ
dry.ȱ

LandslideȱMechanismȱ Theȱrecentȱhistoryȱshowsȱthatȱtheȱexcessiveȱrainfallȱisȱtheȱmainȱtriggeringȱ
factorȱofȱtheȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱflow”.ȱTheȱslideȱhasȱ
beenȱactivatedȱinȱJuneȱ2006ȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱjointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱwithȱ
fineȱ clayeyȱmaterial.ȱDuringȱ theȱ rainyȱ seasonȱ theȱ clayȱ filledȱ jointsȱ getȱ
saturatedȱextrusionȱofȱ jointsȱ takeȱplaceȱ thusȱopeningȱandȱwideningȱ theȱ
joints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱ jointsȱwillȱbecomeȱdryȱ
andȱshrinksȱ inȱvolume.ȱThisȱreducesȱ theȱcohesiveȱstrengthȱandȱbondingȱ
.Thisȱphenomenaȱhasȱrepeatedȱseveralȱtimesȱduringȱdryȱandȱwetȱperiodsȱ
untilȱitȱhasȱbrokenȱawayȱfromȱtheȱmainȱmassȱdueȱtoȱtheȱcombinedȱeffectȱ
ofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Haveȱ majorȱ impacts.ȱ Twoȱ housesȱ gotȱ destroyedȱ completelyȱ butȱ noȱ
injured.ȱ

FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ
destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
destructionȱtoȱtheȱhill.ȱ
Inȱtheȱdownȱslopeȱaroundȱ10mȱawayȱtheȱlocalȱhumanȱresidenceȱisȱlocatedȱ
andȱ downȱ slopeȱmovementȱ ofȱ largerȱ debrisȱ flowȱ canȱ createȱ impactȱ toȱ
housesȱandȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱȱ

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
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LandslideȱID:ȱ98ȱ
Location:ȱSouthȱHajiȱPara,ȱCox’sȱBazarȱdistrictȱ

Coordinates:ȱ
NȬ21˚25c21.3”ȱ
EȬ92˚00c38.7”ȱ

Dateȱ ofȱOccurrence:ȱ 15ȱ Juneȱ 2010ȱ andȱ Juneȱ 19,ȱ
2004.ȱ

LandslideȱHistory:ȱInitiatedȱmovementȱinȱJuneȱ
2004,ȱSubsequentlyȱactivatedȱinȱJuneȱ2010.ȱ

Rainfall:ȱJuneȱ19,ȱ2004:ȱ142ȱmmȱduringȱ24ȱhoursȱandȱ447mmȱduringȱ4ȱdaysȱ(continuousȱrainȱfromȱ15ȱ
toȱ19ȱJune)ȱ
Geology:ȱTheȱfailedȱslopeȱisȱnorthernȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ30m.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ28mȱandȱwidthȱisȱaroundȱ40m.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱbluishȱ
grayȱthinlyȱlaminatedȱshaleȱunitȱandȱrȱȱyellowishȱbrownȱcrossȬbeddedȱtoȱmassiveȱmediumȬȱtoȱfineȬ
grainedȱsandstoneȱandȱ ȱtheȱtopȱpartȱofȱthisȱsectionȱaboutȱ3ȱmȱisȱhighlyȱweathered.ȱTheȱfailedȱmassȱ
comprisedȱ ofȱ highlyȱweatheredȱ rockȱ andȱmoderatelyȱweatheredȱ rock.ȱAfterȱ theȱ slideȱ atȱ placesȱ aȱ
moderatelyȱweatheredȱrockȱisȱexposed.ȱTheȱexposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱ
fineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱSandstonesȱcomparativelyȱlooseȱandȱlessȱcompact.ȱTheȱ
heightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ28ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱjointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(350/10)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(350/80ȱ
andȱ185/85).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱ comprisedȱofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱ residualȱ soilȱ layerȱwhichȱ overlaysȱ theȱ bedȱ rockȱmassȱ isȱ aroundȱ 1ȱmȱ thick.ȱ ȱTheȱ residualȱ soilȱ
thicknessȱisȱaboutȱ1mȱandȱcolluviumsȱsoilȱisȱaboutȱ11m.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ toȱ inclineȱ andȱ theȱ upperȱ partȱ

consistsȱ ofȱ highlyȱ weatheredȱ bedȱ rockȱ (clayȱ typeȱ rock).ȱ Lowerȱ partȱ
consistsȱofȱfineȱtoȱmediumȱgrainedȱsand.ȱOriginalȱslopeȱ20˚.ȱTheȱfailedȱ
massȱ isȱ aȱ partȱ ofȱ theȱ nearȱ verticalȱ escarpmentȱ andȱ theȱdebrisȱmovedȱ
fromȱtheȱslopeȱisȱunderlainȱbyȱtheȱtalusȱmaterial,ȱwhichȱseemsȱtoȱbeȱtheȱ
remnantsȱofȱpreviousȱlandslides.ȱTheȱfailedȱmassȱisȱaȱpartȱofȱtheȱupperȱ
portion.ȱThicknessȱisȱaroundȱ11ȱmeters.ȱ

Landȱuseȱ Theȱareaȱ isȱmainlyȱusedȱ forȱhumanȱresidence.ȱThereȱareȱmoreȱ thanȱ10ȱ
housesȱandȱmoreȱthanȱ60ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱ
usedȱforȱtreeȱgardening.ȱȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱ
isȱdry.ȱ

LandslideȱMechanismȱ Theȱ recentȱ historyȱ showsȱ thatȱ theȱ excessiveȱ rainfallȱ isȱ theȱ mainȱ
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triggeringȱ factorȱofȱ theȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱ flow”.ȱ
TheȱslideȱhasȱbeenȱactivatedȱinȱJuneȱ2004ȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱjointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱ verticalȱ andȱ almostȱ perpendicularȱ toȱ eachȱ other.ȱ Jointsȱ areȱ filledȱ
withȱfineȱclayeyȱmaterial.ȱDuringȱtheȱrainyȱseasonȱtheȱclayȱfilledȱ jointsȱ
getȱsaturatedȱextrusionȱofȱ jointsȱtakeȱplaceȱthusȱopeningȱandȱwideningȱ
theȱjoints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱjointsȱwillȱbecomeȱ
dryȱ andȱ shrinksȱ inȱ volume.ȱ Thisȱ reducesȱ theȱ cohesiveȱ strengthȱ andȱ
bondingȱ .Thisȱphenomenaȱhasȱ repeatedȱ severalȱ timesȱduringȱdryȱ andȱ
wetȱperiodsȱuntilȱ itȱhasȱbrokenȱ awayȱ fromȱ theȱmainȱmassȱdueȱ toȱ theȱ
combinedȱeffectȱofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Haveȱ majorȱ impacts.ȱ Oneȱ houseȱ gotȱ destroyedȱ completelyȱ butȱ noȱ
injured.ȱ

FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ
destabilizationȱ ofȱ theȱ massȱ aboveȱ theȱ slope.ȱ Theȱ impactȱ wouldȱ beȱ
furtherȱdestructionȱtoȱtheȱhill.ȱ
Inȱ theȱ downȱ slopeȱ aroundȱ 10mȱ awayȱ theȱ localȱ humanȱ residenceȱ isȱ
locatedȱ andȱ downȱ slopeȱmovementȱ ofȱ largerȱ debrisȱ flowȱ canȱ createȱ
impactȱ toȱhousesȱandȱalsoȱpeopleȱ livingȱ there.ȱTheȱ riskȱ isȱmoderateȱ toȱ
high.ȱȱ

ȱ
LandslideȱID:ȱ99ȱ
Location:ȱSouthȱHajiȱPara,ȱCox’sȱBazarȱdistrictȱ

Coordinates:ȱ
NȬ21˚25c18.4”ȱ
EȬ92˚00c39.9”ȱ

ȱ ȱ
DateȱofȱOccurrence:ȱ15ȱJuneȱ2010ȱandȱJulyȱ3,ȱ2008. LandslideȱHistory:ȱ Initiatedȱmovementȱ inȱ Julyȱ

2008,ȱSubsequentlyȱactivatedȱinȱJuneȱ2010.ȱ
Rainfall:ȱJulyȱ3,ȱ2008:ȱ134ȱmmȱduringȱ24ȱhoursȱandȱ729mmȱduringȱ7ȱdaysȱ(continuousȱrainȱfromȱ27ȱ
Juneȱtoȱ3ȱJuly)ȱ

Geology:ȱTheȱfailedȱslopeȱisȱsouthernȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ25m.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ21mȱandȱwidthȱisȱaroundȱ30m.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱbluishȱ
grayȱ thinlyȱ laminatedȱ shaleȱunitȱ andȱyellowishȱbrownȱ crossȬbeddedȱ toȱmassiveȱmediumȬȱ toȱ fineȬ
grainedȱ sandstone.ȱ Topȱ partȱ ofȱ thisȱ sectionȱ aboutȱ 2.5ȱ mȱ isȱ highlyȱ weathered.ȱ Theȱ failedȱ massȱ
comprisedȱ ofȱ highlyȱweatheredȱ rockȱ andȱmoderatelyȱweatheredȱ rock.ȱAfterȱ theȱ slideȱ atȱ placesȱ aȱ
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moderatelyȱweatheredȱrockȱisȱexposed.ȱTheȱexposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱ
fineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱTheȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ21ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱjointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(350/10)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(350/80ȱ
andȱ185/85).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱ comprisedȱofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱresidualȱsoilȱ layerȱwhichȱoverlaysȱ theȱbedȱrockȱmassȱ isȱaroundȱ1ȱmȱ thickȱandȱ theȱresidualȱsoilȱ
thicknessȱisȱaroundȱ6m.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ toȱ inclineȱ andȱ theȱ upperȱ partȱ

consistsȱ ofȱ highlyȱ weatheredȱ bedȱ rockȱ (clayȱ typeȱ rock).ȱ Lowerȱ partȱ
consistsȱofȱ fineȱ toȱmediumȱgrainedȱ sand.ȱOriginalȱ slopeȱ34˚.ȱTheȱ failedȱ
massȱisȱaȱpartȱofȱtheȱnearȱverticalȱescarpmentȱandȱtheȱdebrisȱmovedȱfromȱ
theȱ slopeȱ isȱ underlainȱ byȱ theȱ talusȱ material,ȱ whichȱ seemsȱ toȱ beȱ theȱ
remnantsȱofȱpreviousȱ landslides.ȱTheȱ failedȱmassȱ isȱaȱpartȱofȱ theȱupperȱ
portion.ȱThicknessȱisȱaroundȱ6ȱmeters.ȱ

Landȱuseȱ Theȱ areaȱ isȱmainlyȱ usedȱ forȱ humanȱ residence.ȱ Thereȱ areȱmoreȱ thanȱ 5ȱ
housesȱandȱmoreȱthanȱ28ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱ
usedȱforȱtreeȱgardening.ȱȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱisȱ
dry.ȱ

LandslideȱMechanismȱ Theȱrecentȱhistoryȱshowsȱthatȱtheȱexcessiveȱrainfallȱisȱtheȱmainȱtriggeringȱ
factorȱofȱtheȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱflow”.ȱTheȱslideȱhasȱ
beenȱactivatedȱinȱJuneȱ2008ȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱjointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱwithȱ
fineȱ clayeyȱmaterial.ȱDuringȱ theȱ rainyȱ seasonȱ theȱ clayȱ filledȱ jointsȱ getȱ
saturatedȱextrusionȱofȱ jointsȱ takeȱplaceȱ thusȱopeningȱandȱwideningȱ theȱ
joints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱ jointsȱwillȱbecomeȱdryȱ
andȱshrinksȱ inȱvolume.ȱThisȱreducesȱtheȱcohesiveȱstrengthȱandȱbondingȱ
.Thisȱphenomenaȱhasȱrepeatedȱseveralȱtimesȱduringȱdryȱandȱwetȱperiodsȱ
untilȱitȱhasȱbrokenȱawayȱfromȱtheȱmainȱmassȱdueȱtoȱtheȱcombinedȱeffectȱ
ofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Haveȱmajorȱimpacts.ȱOneȱhouseȱgotȱdestroyedȱcompletelyȱbutȱnoȱinjured.
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
destructionȱtoȱtheȱhill.ȱ
Inȱtheȱdownȱslopeȱaroundȱ15mȱawayȱtheȱlocalȱhumanȱresidenceȱisȱlocatedȱ
andȱdownȱ slopeȱmovementȱ ofȱ largerȱdebrisȱ flowȱ canȱ createȱ impactȱ toȱ
housesȱandȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱȱ

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
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LandslideȱID:ȱ100ȱ
Location:ȱSouthȱHajiȱPara,ȱCox’sȱBazarȱdistrictȱ

Coordinates:ȱ
NȬ21˚25c11.5”ȱ
EȬ92˚00c43.3”ȱ

DateȱofȱOccurrence:ȱ14ȱJuneȱ2010ȱ
Rainfall:ȱȱ

Landslideȱ History:ȱ Subsequentlyȱ activatedȱ inȱ
Juneȱ2010.ȱ

Geology:ȱTheȱfailedȱslopeȱisȱsouthernȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ12m.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ10mȱandȱwidthȱisȱaroundȱ30m.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱbluishȱ
grayȱ thinlyȱ laminatedȱ shaleȱunitȱ andȱyellowishȱbrownȱ crossȬbeddedȱ toȱmassiveȱmediumȬȱ toȱ fineȬ
grainedȱ sandstone.ȱ Topȱ partȱ ofȱ thisȱ sectionȱ aboutȱ 3ȱ mȱ isȱ highlyȱ weathered.ȱ Theȱ failedȱ massȱ
comprisedȱ ofȱ highlyȱweatheredȱ rockȱ andȱmoderatelyȱweatheredȱ rock.ȱAfterȱ theȱ slideȱ atȱ placesȱ aȱ
moderatelyȱ weatheredȱ rockȱ isȱ exposed.ȱ Sandstonesȱ comparativelyȱ looseȱ andȱ lessȱ compact.ȱ Theȱ
exposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱ
Theȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ10ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱjointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(350/10)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(350/80ȱ
andȱ185/85).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱ comprisedȱofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱresidualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ1ȱmȱthick.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ toȱ inclineȱ andȱ theȱ upperȱ partȱ

consistsȱ ofȱ highlyȱ weatheredȱ bedȱ rockȱ (clayȱ typeȱ rock).ȱ Lowerȱ partȱ
consistsȱofȱfineȱtoȱmediumȱgrainedȱsand.ȱȱ
Originalȱ slopeȱ 30˚.ȱ Theȱ failedȱ massȱ isȱ aȱ partȱ ofȱ theȱ nearȱ verticalȱ
escarpmentȱ andȱ theȱdebrisȱmovedȱ fromȱ theȱ slopeȱ isȱunderlainȱbyȱ theȱ
talusȱmaterial,ȱwhichȱseemsȱ toȱbeȱ theȱremnantsȱofȱpreviousȱ landslides.ȱ
Theȱ failedȱmassȱ isȱaȱpartȱofȱ theȱupperȱportion.ȱThicknessȱ isȱaroundȱ 7ȱ
meters.ȱ

Landȱuseȱ Theȱareaȱisȱcoveredȱwithȱforestȱandȱtheȱlandslideȱdestroyedȱaȱpartȱofȱtheȱ
forestȱpatchȱaroundȱ20sqm.ȱSomeȱpartȱofȱthisȱareaȱisȱusedȱforȱbetelȱleafȱ
gardening.ȱTheȱmaterialȱhasȱbeenȱaccumulatedȱwithȱtheȱfallenȱtreesȱdueȱ
toȱmovingȱmass.ȱ

Hydrologyȱ Aȱ waterȱ canalȱ (naturalȱ drainageȱ path)ȱ isȱ visibleȱ inȱ theȱ areaȱ ofȱ theȱ
landslideȱandȱtheȱflowȱofȱthisȱwaterȱcanalȱisȱmonsoonal.ȱ

LandslideȱMechanismȱ Theȱ recentȱ historyȱ showsȱ thatȱ theȱ excessiveȱ rainfallȱ isȱ theȱ mainȱ
triggeringȱ factorȱofȱ theȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱ flow”.ȱ
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TheȱslideȱhasȱbeenȱactivatedȱinȱJuneȱ2010ȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱjointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱ verticalȱ andȱ almostȱ perpendicularȱ toȱ eachȱ other.ȱ Jointsȱ areȱ filledȱ
withȱfineȱclayeyȱmaterial.ȱDuringȱtheȱrainyȱseasonȱtheȱclayȱfilledȱ jointsȱ
getȱsaturatedȱextrusionȱofȱ jointsȱtakeȱplaceȱthusȱopeningȱandȱwideningȱ
theȱjoints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱjointsȱwillȱbecomeȱ
dryȱ andȱ shrinksȱ inȱ volume.ȱ Thisȱ reducesȱ theȱ cohesiveȱ strengthȱ andȱ
bondingȱ .Thisȱphenomenaȱhasȱ repeatedȱ severalȱ timesȱduringȱdryȱ andȱ
wetȱperiodsȱuntilȱ itȱhasȱbrokenȱ awayȱ fromȱ theȱmainȱmassȱdueȱ toȱ theȱ
combinedȱeffectȱofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Noȱmajorȱ impacts.ȱOnlyȱ aȱ smallȱ patchȱ ofȱ forestȱ (aroundȱ 20sqm)ȱ gotȱ
destroyedȱcompletely.ȱ

FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ
destabilizationȱ ofȱ theȱ massȱ aboveȱ theȱ slope.ȱ Theȱ impactȱ wouldȱ beȱ
furtherȱdestructionȱtoȱtheȱhill.ȱ
Inȱtheȱdownȱslopeȱaroundȱ10mȱawayȱtheȱbetelȱleafȱgardenȱisȱlocatedȱandȱ
downȱslopeȱmovementȱofȱlargerȱdebrisȱflowȱcanȱcreateȱimpactȱtoȱforestsȱ
andȱalsoȱbetelȱleafȱgarden.ȱTheȱriskȱisȱmoderateȱtoȱlow.ȱȱ

ȱ
LandslideȱID:ȱ103ȱ
Location:ȱBadsharȱGhuna,ȱCox’sȱBazarȱdistrictȱ

Coordinates:ȱ
NȬ21˚26c0.4”ȱ
EȬ91˚58c50.2”ȱ

ȱ ȱ
DateȱofȱOccurrence:ȱ15ȱJuneȱ2010ȱ
Rainfall:ȱȱ

Landslideȱ History:ȱ Subsequentlyȱ activatedȱ inȱ
juneȱ2010.ȱ

Geology:ȱTheȱfailedȱslopeȱisȱnorthȬwesternȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ25m.ȱ
Theȱheightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ20mȱandȱwidthȱisȱaroundȱ30m.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱlowerȱ
bluishȱ grayȱ thinlyȱ laminatedȱmoderatelyȱweatheredȱ shaleȱ unitȱ andȱ upperȱmoderatelyȱweatheredȱ
yellowishȱbrownȱcrossȬbeddedȱtoȱmassiveȱmediumȬȱtoȱfineȬgrainedȱsandstone.ȱTopȱpartȱofȱthisȱunitȱ
aboutȱ2ȱmȱisȱhighlyȱweathered.ȱTheȱfailedȱmassȱcomprisedȱofȱhighlyȱweatheredȱrockȱandȱmoderatelyȱ
weatheredȱrock.ȱAfterȱtheȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱrockȱisȱexposed.ȱTheȱexposedȱrockȱ
unitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱTheȱheightȱofȱ
theȱfailureȱsurfaceȱisȱaroundȱ20ȱm.ȱ
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Fracturing:ȱThreeȱsetsȱofȱjointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(340/5)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(250/89ȱ
andȱ70/89).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱ comprisedȱofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱ residualȱsoilȱ layerȱwhichȱoverlaysȱ theȱbedȱ rockȱmassȱ isȱaroundȱ1ȱmȱ thick.ȱTheȱcolluvialȱsoilȱ isȱ
aboutȱ10m.ȱ
SlopeȱCharacteristics Theȱescarpmentȱslopeȱisȱnearȱverticalȱandȱtheȱupperȱpartȱconsistsȱofȱhighlyȱ

weatheredȱ rock.ȱ Lowerȱ partȱ consistsȱ ofȱ thinlyȱ laminatedȱ shale.ȱ Lightȱ
brownȱcolorȱfineȱtoȱmediumȱgrainedȱsandȱwhichȱisȱaboutȱ5mȱinȱthicknessȱ
presentȱaboveȱtheȱshaleȱlayer.ȱ
Originalȱ slopeȱ 34˚.ȱ Theȱ failedȱ massȱ isȱ aȱ partȱ ofȱ theȱ upperȱ portion.ȱ
Thicknessȱisȱaroundȱ10ȱmeters.ȱ

Landȱuseȱ Theȱ areaȱ isȱmainlyȱ usedȱ forȱ humanȱ residence.ȱ Thereȱ areȱmoreȱ thanȱ 2ȱ
housesȱandȱmoreȱthanȱ15ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱisȱ
barrenȱfield.ȱDueȱtoȱsandȱonȱsurfaceȱvegetationȱisȱlowȱinȱthisȱarea.ȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱisȱ
dry.ȱ

LandslideȱMechanismȱ Theȱrecentȱhistoryȱshowsȱthatȱtheȱexcessiveȱrainfallȱisȱtheȱmainȱtriggeringȱ
factorȱofȱtheȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱflow”.ȱTheȱslideȱhasȱ
beenȱactivatedȱinȱJuneȱ2010ȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱ jointȱsystems.ȱOneȱ isȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱwithȱ
fineȱ clayeyȱmaterial.ȱ Duringȱ theȱ rainyȱ seasonȱ theȱ clayȱ filledȱ jointsȱ getȱ
saturatedȱ extrusionȱ ofȱ jointsȱ takeȱplaceȱ thusȱ openingȱ andȱwideningȱ theȱ
joints.ȱDuringȱ theȱdryȱseasonȱ theȱwaterȱsaturatedȱ jointsȱwillȱbecomeȱdryȱ
andȱ shrinksȱ inȱvolume.ȱThisȱ reducesȱ theȱcohesiveȱ strengthȱandȱbondingȱ
.Thisȱphenomenaȱhasȱrepeatedȱseveralȱtimesȱduringȱdryȱandȱwetȱperiodsȱ
untilȱitȱhasȱbrokenȱawayȱfromȱtheȱmainȱmassȱdueȱtoȱtheȱcombinedȱeffectȱofȱ
theȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Haveȱmajorȱimpacts.ȱOneȱhouseȱgotȱdestroyedȱcompletelyȱbutȱnoȱinjured.
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
destructionȱtoȱtheȱhill.ȱ
Inȱ theȱdownȱslopeȱaroundȱ8mȱawayȱ theȱhumanȱresidenceȱ isȱ locatedȱandȱ
downȱslopeȱmovementȱofȱ largerȱdebrisȱ flowȱcanȱcreateȱ impactȱ toȱhousesȱ
andȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱȱ
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LandslideȱID:ȱ104ȱ
Location:ȱBadsharȱGhuna,ȱCox’sȱBazarȱdistrictȱ

Coordinates:ȱ
NȬ21˚25c58.6”ȱ
EȬ91˚58c52.2”ȱ

ȱ

DateȱofȱOccurrence:ȱ15ȱJuneȱ2010ȱ
Rainfall:ȱȱ

Landslideȱ History:ȱ Subsequentlyȱ activatedȱ inȱ
Juneȱ2010.ȱ

Geology:ȱTheȱfailedȱslopeȱisȱsouthernȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ25m.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ22mȱandȱwidthȱisȱaroundȱ35m.ȱȱ
Theȱmountainȱ formingȱ bedȱ rockȱ ofȱ theȱ escarpmentȱ isȱ darkȱ grayȱ shaleȱ butȱ highlyȱ toȱmoderatelyȱ
weatheredȱonȱtheȱsurfaceȱexposure.ȱTheȱbedȱrockȱisȱthicklyȱlaminatedȱandȱmoderatelyȱweatheredȱinȱ
theȱupperȱpartȱandȱlowerȱpartȱisȱwellȱconsolidated.ȱTheȱfailedȱmassȱcomprisedȱofȱhighlyȱweatheredȱ
rock.ȱAfterȱtheȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱrockȱisȱexposed.ȱTheȱexposedȱrockȱunitsȱareȱ
mostlyȱcomposedȱofȱlightȱbrownȱsilt,ȱclayȱandȱfineȱtoȱmediumȱgrainedȱsand.ȱLithologyȱofȱthisȱareaȱisȱ
mainlyȱShaleȱandȱSandstone.ȱSandstonesȱ comparativelyȱ looseȱandȱ lessȱcompact.ȱTheȱheightȱofȱ theȱ
failureȱsurfaceȱisȱaroundȱ22ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱjointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(340/5)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(250/89ȱ
andȱ70/89).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱ comprisedȱofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱ theȱ relicȱ structureȱofȱ theȱbedȱ rockȱwhichȱ suggestsȱ itȱ toȱbeȱ residualȱ soil.ȱTheȱ residualȱ soilȱ
thicknessȱisȱaboutȱ1mȱandȱcolluviulȱsoilȱisȱaboutȱ10m.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ toȱ inclineȱ andȱ theȱ upperȱ partȱ

consistsȱ ofȱ highlyȱ weatheredȱ rock.ȱ Middleȱ partȱ consistsȱ ofȱ fineȱ toȱ
mediumȱ grainedȱ sand.ȱLowerȱpartȱ consistsȱ ofȱ thinlyȱ laminatedȱ shale.ȱ
Lightȱbrownȱcolorȱfineȱtoȱmediumȱgrainedȱsandȱwhichȱisȱaboutȱ10mȱinȱ
thicknessȱpresentȱaboveȱtheȱshaleȱlayer.ȱ
Originalȱ slopeȱ 30˚.ȱ Theȱ failedȱ massȱ isȱ aȱ partȱ ofȱ theȱ upperȱ portion.ȱ
Thicknessȱisȱaroundȱ10ȱmeters.ȱ

Landȱuseȱ Theȱ areaȱ isȱmainlyȱusedȱ forȱhumanȱ residence.ȱThereȱ areȱmoreȱ thanȱ 8ȱ
housesȱandȱmoreȱthanȱ43ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱ
isȱbarrenȱfield.ȱDueȱtoȱsandȱonȱsurfaceȱvegetationȱisȱlowȱinȱthisȱarea.ȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱ
isȱdry.ȱ

LandslideȱMechanismȱ Theȱ recentȱ historyȱ showsȱ thatȱ theȱ excessiveȱ rainfallȱ isȱ theȱ mainȱ
triggeringȱ factorȱofȱ theȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱ flow”.ȱ
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TheȱslideȱhasȱbeenȱactivatedȱinȱJuneȱ2010ȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱjointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱ verticalȱ andȱ almostȱ perpendicularȱ toȱ eachȱ other.ȱ Jointsȱ areȱ filledȱ
withȱfineȱclayeyȱmaterial.ȱDuringȱtheȱrainyȱseasonȱtheȱclayȱfilledȱ jointsȱ
getȱsaturatedȱextrusionȱofȱ jointsȱtakeȱplaceȱthusȱopeningȱandȱwideningȱ
theȱjoints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱjointsȱwillȱbecomeȱ
dryȱ andȱ shrinksȱ inȱ volume.ȱ Thisȱ reducesȱ theȱ cohesiveȱ strengthȱ andȱ
bondingȱ .Thisȱphenomenaȱhasȱ repeatedȱ severalȱ timesȱduringȱdryȱ andȱ
wetȱperiodsȱuntilȱ itȱhasȱbrokenȱ awayȱ fromȱ theȱmainȱmassȱdueȱ toȱ theȱ
combinedȱeffectȱofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Noȱmajorȱimpacts.ȱ
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱ ofȱ theȱ massȱ aboveȱ theȱ slope.ȱ Theȱ impactȱ wouldȱ beȱ
furtherȱdestructionȱtoȱtheȱhill.ȱ
Inȱtheȱdownȱslopeȱaroundȱ8mȱawayȱtheȱhumanȱresidenceȱisȱlocatedȱandȱ
downȱslopeȱmovementȱofȱlargerȱdebrisȱflowȱcanȱcreateȱimpactȱtoȱhousesȱ
andȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱ

ȱ
LandslideȱID:ȱ107ȱ
Location:ȱBadsharȱGhuna,ȱCox’sȱBazarȱdistrictȱ

Coordinates:ȱ
NȬ21˚26c4.4”ȱ
EȬ91˚58c50.7”ȱ

ȱ ȱ

Dateȱ ofȱOccurrence:ȱ 15ȱ Juneȱ 2010ȱ andȱ Juneȱ 11,ȱ
2007.ȱ

LandslideȱHistory:ȱInitiatedȱmovementȱ inȱJuneȱ
2007,ȱSubsequentlyȱactivatedȱinȱJuneȱ2010.ȱ

Rainfall:ȱJuneȱ11,ȱ2007:ȱ101ȱmmȱduringȱ24ȱhoursȱandȱ240mmȱduringȱ7ȱdaysȱ(continuousȱrainȱfromȱ4ȱ
toȱ11ȱJune)ȱ
Geology:ȱTheȱ failedȱslopeȱ isȱeasternȱscarpȱofȱaȱ largeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ30m.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ25mȱandȱwidthȱisȱaroundȱ40m.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱlowerȱ
bluishȱ grayȱ thinlyȱ laminatedȱmoderatelyȱweatheredȱ shaleȱ unitȱ andȱ upperȱmoderatelyȱweatheredȱ
yellowishȱ brownȱ crossȬbeddedȱ toȱmassiveȱmediumȬȱ toȱ fineȬgrainedȱ sandstone.ȱ Topȱ partȱ ofȱ thisȱ
sectionȱ aboutȱ 3ȱmȱ isȱhighlyȱweathered.ȱTheȱ failedȱmassȱ comprisedȱofȱhighlyȱweatheredȱ rockȱ andȱ
moderatelyȱweatheredȱrock.ȱAfterȱ theȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱrockȱ isȱexposed.ȱTheȱ
exposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱ
Sandstonesȱcomparativelyȱlooseȱandȱlessȱcompact.ȱTheȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ25ȱm.ȱ
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Fracturing:ȱThreeȱsetsȱofȱjointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(340/5)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(250/89ȱ
andȱ70/89).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱ comprisedȱofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱ residualȱ soilȱ layerȱwhichȱ overlaysȱ theȱ bedȱ rockȱmassȱ isȱ aroundȱ 1ȱmȱ thick.ȱ Theȱ alluvialȱ soilȱ
thiknessȱisȱaroundȱ8m.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ toȱ inclineȱ andȱ theȱ upperȱ partȱ

consistsȱ ofȱ highlyȱ weatheredȱ rock.ȱ Lowerȱ partȱ consistsȱ ofȱ thinlyȱ
laminatedȱshale.ȱLightȱbrownȱcolorȱfineȱtoȱmediumȱgrainedȱsandȱwhichȱisȱ
aboutȱ15mȱinȱthicknessȱpresentȱaboveȱtheȱshaleȱlayer.ȱ
Theȱ failedȱmassȱ isȱaȱpartȱofȱ theȱnearȱverticalȱescarpmentȱandȱ theȱdebrisȱ
movedȱfromȱtheȱslopeȱisȱunderlainȱbyȱtheȱtalusȱmaterial,ȱwhichȱseemsȱtoȱ
beȱtheȱremnantsȱofȱpreviousȱlandslidesȱ
Originalȱ slopeȱ 32˚.ȱ Theȱ failedȱ massȱ isȱ aȱ partȱ ofȱ theȱ upperȱ portion.ȱ
Thicknessȱisȱaroundȱ8ȱmeters.ȱ

Landȱuseȱ Theȱ areaȱ isȱmainlyȱ usedȱ forȱ humanȱ residence.ȱ Thereȱ areȱmoreȱ thanȱ 5ȱ
housesȱandȱmoreȱthanȱ30ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱisȱ
barrenȱfield.ȱDueȱtoȱsandȱonȱsurfaceȱvegetationȱisȱlowȱinȱthisȱarea.ȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱisȱ
dry.ȱ

LandslideȱMechanismȱ Theȱrecentȱhistoryȱshowsȱthatȱtheȱexcessiveȱrainfallȱisȱtheȱmainȱtriggeringȱ
factorȱofȱtheȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱflow”.ȱTheȱslideȱhasȱ
beenȱactivatedȱinȱJuneȱ2007ȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱjointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱwithȱ
fineȱ clayeyȱmaterial.ȱDuringȱ theȱ rainyȱ seasonȱ theȱ clayȱ filledȱ jointsȱ getȱ
saturatedȱextrusionȱofȱ jointsȱ takeȱplaceȱ thusȱopeningȱandȱwideningȱ theȱ
joints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱ jointsȱwillȱbecomeȱdryȱ
andȱshrinksȱ inȱvolume.ȱThisȱreducesȱ theȱcohesiveȱstrengthȱandȱbondingȱ
.Thisȱphenomenaȱhasȱrepeatedȱseveralȱtimesȱduringȱdryȱandȱwetȱperiodsȱ
untilȱitȱhasȱbrokenȱawayȱfromȱtheȱmainȱmassȱdueȱtoȱtheȱcombinedȱeffectȱ
ofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Noȱmajorȱimpacts.ȱ
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
destructionȱtoȱtheȱhill.ȱ
Inȱtheȱdownȱslopeȱaroundȱ8mȱawayȱtheȱhumanȱresidenceȱisȱlocatedȱandȱ
downȱslopeȱmovementȱofȱlargerȱdebrisȱflowȱcanȱcreateȱimpactȱtoȱhousesȱ
andȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱ

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
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LandslideȱID:ȱ108ȱ
Location:ȱ Eastȱ Lightȱ Houseȱ para,ȱ Cox’sȱ Bazarȱ
districtȱ

Coordinates:ȱ
NȬ21˚25c42.2”ȱ
EȬ91˚58c52.4”ȱ

ȱ

DateȱofȱOccurrence:ȱ15ȱJuneȱ2010ȱ
Rainfall:ȱȱ

Landslideȱ History:ȱ Subsequentlyȱ activatedȱ inȱ
Juneȱ2010.ȱ

Geology:ȱTheȱfailedȱslopeȱisȱsouthȬwesternȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ12m.ȱ
Theȱheightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ10mȱandȱwidthȱisȱaroundȱ40m.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱlowerȱ
bluishȱ grayȱ thinlyȱ laminatedȱmoderatelyȱweatheredȱ shaleȱunitȱ andȱupperȱ ȱmoderatelyȱweatheredȱ
yellowishȱbrownȱcrossȬbeddedȱ toȱmassiveȱmediumȬȱ toȱ fineȬgrainedȱsandstoneȱandȱ ȱ theȱ topȱpartȱofȱ
thisȱunitȱaboutȱ3ȱmȱ isȱhighlyȱweathered.ȱTheȱ failedȱmassȱcomprisedȱofȱhighlyȱweatheredȱ rockȱandȱ
moderatelyȱweatheredȱ rock.ȱAfterȱ theȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱrockȱ isȱexposed.ȱTheȱ
exposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱ
Theȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ10ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱjointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(340/15)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(160/89ȱ
andȱ70/85).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱTotalȱ overburdenȱ comprisedȱ ofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱTheȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱresidualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ1ȱmȱthick.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱnearȱ verticalȱ andȱ theȱ upperȱpartȱ consistsȱ ofȱ

highlyȱweatheredȱ bedȱ rock.ȱ Lowerȱ partȱ consistsȱ ofȱ thinlyȱ laminatedȱ
shale.ȱLightȱbrownȱcolorȱ fineȱ toȱmediumȱgrainedȱsandȱwhichȱ isȱaboutȱ
5mȱinȱthicknessȱpresentȱaboveȱtheȱshaleȱlayer.ȱ
Originalȱslopeȱ25˚.ȱTheȱfailedȱmassȱisȱaȱpartȱofȱtheȱupperȱportion.ȱ

Landȱuseȱ Theȱareaȱ isȱmainlyȱusedȱ forȱhumanȱ residence.ȱThereȱareȱmoreȱ thanȱ4ȱ
housesȱandȱmoreȱthanȱ27ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱ
isȱusedȱforȱgardening.ȱȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱ
isȱdry.ȱ

LandslideȱMechanismȱ Theȱ recentȱ historyȱ showsȱ thatȱ theȱ excessiveȱ rainfallȱ isȱ theȱ mainȱ
triggeringȱ factorȱofȱ theȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱ flow”.ȱ
Theȱslideȱhasȱbeenȱactivatedȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
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developedȱ jointȱ systems.ȱOneȱ isȱ parallelȱ toȱ beddingȱ planeȱ andȱ otherȱ
twoȱareȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱ
withȱfineȱclayeyȱmaterial.ȱDuringȱtheȱrainyȱseasonȱtheȱclayȱfilledȱjointsȱ
getȱsaturatedȱextrusionȱofȱjointsȱtakeȱplaceȱthusȱopeningȱandȱwideningȱ
theȱjoints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱjointsȱwillȱbecomeȱ
dryȱ andȱ shrinksȱ inȱ volume.ȱ Thisȱ reducesȱ theȱ cohesiveȱ strengthȱ andȱ
bondingȱ .Thisȱphenomenaȱhasȱ repeatedȱ severalȱ timesȱduringȱdryȱandȱ
wetȱperiodsȱuntilȱ itȱhasȱbrokenȱawayȱ fromȱ theȱmainȱmassȱdueȱ toȱ theȱ
combinedȱeffectȱofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Haveȱmajorȱ impacts.ȱ Oneȱ houseȱ gotȱ destroyedȱ completelyȱ andȱ oneȱ
childȱdiedȱduringȱJuneȱ2010ȱlandslide.ȱ

FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ
destabilizationȱ ofȱ theȱ massȱ aboveȱ theȱ slope.ȱ Theȱ impactȱ wouldȱ beȱ
furtherȱdestructionȱtoȱtheȱhill.ȱ
Inȱtheȱdownȱslopeȱaroundȱ5mȱawayȱtheȱhumanȱresidenceȱisȱlocatedȱandȱ
downȱ slopeȱ movementȱ ofȱ largerȱ debrisȱ flowȱ canȱ createȱ impactȱ toȱ
housesȱandȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱ

ȱ
LandslideȱID:ȱ109ȱ
Location:ȱ Eastȱ Lightȱ Houseȱ para,ȱ Cox’sȱ Bazarȱ
districtȱ

Coordinates:ȱ
NȬ21˚25c40.2”ȱ
EȬ91˚58c49.3”ȱ

ȱ ȱ

DateȱofȱOccurrence:ȱ15ȱJuneȱ2010ȱandȱJulyȱ3,ȱ2008. LandslideȱHistory:ȱ Initiatedȱmovementȱ inȱ Julyȱ
2008,ȱSubsequentlyȱactivatedȱinȱJuneȱ2010.ȱ

Rainfall:ȱJulyȱ3,ȱ2008:ȱ134ȱmmȱduringȱ24ȱhoursȱandȱ729mmȱduringȱ7ȱdaysȱ(continuousȱrainȱfromȱ27ȱ
Juneȱtoȱ3ȱJuly)ȱ
Geology:ȱTheȱfailedȱslopeȱisȱnorthernȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ30m.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ25mȱandȱwidthȱisȱaroundȱ40m.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱbluishȱ
grayȱthinlyȱlaminatedȱmoderatelyȱweatheredȱshaleȱunitȱandȱupperȱȱmoderatelyȱweatheredȱyellowishȱ
brownȱ crossȬbeddedȱ toȱmassiveȱmediumȬȱ toȱ fineȬgrainedȱ sandstoneȱ andȱ ȱ theȱ topȱpartȱofȱ thisȱunitȱ
aboutȱ 3.5ȱ mȱ isȱ highlyȱ weathered.ȱ Theȱ failedȱ massȱ comprisedȱ ofȱ highlyȱ weatheredȱ rockȱ andȱ
moderatelyȱweatheredȱ rock.ȱAfterȱ theȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱ rockȱ isȱexposed.ȱTheȱ
exposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱ
Sandstonesȱcomparativelyȱlooseȱandȱlessȱcompact.ȱTheȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ25ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱ jointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(340/15)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(160/89ȱ
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andȱ70/85).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱ Totalȱ overburdenȱ comprisedȱ ofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱ Theȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱ residualȱ soilȱ layerȱwhichȱoverlaysȱ theȱbedȱ rockȱmassȱ isȱaroundȱ1ȱmȱ thickȱandȱ theȱalluvialȱ soilȱ
thicknessȱisȱaroundȱ7m.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ andȱ theȱ upperȱ partȱ consistsȱ ofȱ

highlyȱ weatheredȱ bedȱ rock.ȱ Lowerȱ partȱ consistsȱ ofȱ thinlyȱ laminatedȱ
shale.ȱLightȱbrownȱ colorȱ fineȱ toȱmediumȱgrainedȱ sandȱwhichȱ isȱ aboutȱ
15mȱinȱthicknessȱpresentȱaboveȱtheȱshaleȱlayer.ȱ
Originalȱ slopeȱ 32˚.ȱ Theȱ failedȱ massȱ isȱ aȱ partȱ ofȱ theȱ nearȱ verticalȱ
escarpmentȱ andȱ theȱ debrisȱmovedȱ fromȱ theȱ slopeȱ isȱ underlainȱ byȱ theȱ
talusȱmaterial,ȱwhichȱ seemsȱ toȱbeȱ theȱ remnantsȱofȱpreviousȱ landslidesȱ
Theȱ failedȱmassȱ isȱ aȱpartȱ ofȱ theȱ upperȱ portion.ȱThicknessȱ isȱ aroundȱ 7ȱ
meters.ȱ

Landȱuseȱ Theȱ areaȱ isȱmainlyȱ usedȱ forȱ humanȱ residence.ȱ Thereȱ areȱmoreȱ thanȱ 5ȱ
housesȱandȱmoreȱthanȱ33ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱ
isȱusedȱforȱgardening.ȱȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱ
isȱdry.ȱ

LandslideȱMechanismȱ Theȱrecentȱhistoryȱshowsȱthatȱtheȱexcessiveȱrainfallȱisȱtheȱmainȱtriggeringȱ
factorȱofȱtheȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱflow”.ȱTheȱslideȱhasȱ
beenȱactivatedȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱjointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱwithȱ
fineȱ clayeyȱmaterial.ȱDuringȱ theȱ rainyȱ seasonȱ theȱ clayȱ filledȱ jointsȱ getȱ
saturatedȱextrusionȱofȱ jointsȱ takeȱplaceȱ thusȱopeningȱandȱwideningȱ theȱ
joints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱjointsȱwillȱbecomeȱdryȱ
andȱshrinksȱinȱvolume.ȱThisȱreducesȱtheȱcohesiveȱstrengthȱandȱbondingȱ
.Thisȱphenomenaȱhasȱrepeatedȱseveralȱtimesȱduringȱdryȱandȱwetȱperiodsȱ
untilȱitȱhasȱbrokenȱawayȱfromȱtheȱmainȱmassȱdueȱtoȱtheȱcombinedȱeffectȱ
ofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Haveȱmajorȱ impacts.ȱOneȱhouseȱgotȱdestroyedȱcompletelyȱduringȱ Juneȱ
2010ȱlandslide.ȱ

FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ
destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
destructionȱtoȱtheȱhill.ȱ
Inȱtheȱdownȱslopeȱaroundȱ10mȱawayȱtheȱhumanȱresidenceȱisȱlocatedȱandȱ
downȱslopeȱmovementȱofȱlargerȱdebrisȱflowȱcanȱcreateȱimpactȱtoȱhousesȱ
andȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱ

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
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LandslideȱID:ȱ112ȱ
Location:ȱPahartoli,ȱCox’sȱBazarȱdistrictȱ

Coordinates:ȱ
NȬ21˚26c8.2”ȱ
EȬ91˚58c57.1”ȱ

ȱ ȱ

DateȱofȱOccurrence:ȱ15ȱJuneȱ2010ȱ
Rainfall:ȱȱ

Landslideȱ History:ȱ Subsequentlyȱ activatedȱ inȱ
Juneȱ2010.ȱ

Geology:ȱTheȱfailedȱslopeȱisȱnorthȬwesternȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ20m.ȱ
Theȱheightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ15mȱandȱwidthȱisȱaroundȱ30m.ȱȱ
Theȱmountainȱ formingȱ bedȱ rockȱ ofȱ theȱ escarpmentȱ isȱ formedȱ ofȱmainlyȱ ȱmoderatelyȱweatheredȱ
yellowishȱbrownȱcrossȬbeddedȱtoȱmassiveȱmediumȬȱtoȱfineȬgrainedȱsandstoneȱandȱȱtheȱtopȱpartȱofȱthisȱ
unitȱ aboutȱ 3ȱ mȱ isȱ highlyȱ weathered.ȱ Theȱ failedȱmassȱ comprisedȱ ofȱ highlyȱ weatheredȱ rockȱ andȱ
moderatelyȱweatheredȱ rock.ȱAfterȱ theȱ slideȱatȱplacesȱaȱmoderatelyȱweatheredȱ rockȱ isȱexposed.ȱTheȱ
exposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱ
Sandstonesȱcomparativelyȱlooseȱandȱlessȱcompact.ȱTheȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ15ȱm.ȱȱ
Fracturing:ȱSetsȱofȱjointsȱareȱnotȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrock.ȱȱ
OverburdenȱDeposits:ȱ Totalȱ overburdenȱ comprisedȱ ofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱ Theȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱresidualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ1ȱmȱthick.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱnearȱverticalȱ andȱ theȱupperȱpartȱ consistsȱofȱ

highlyȱweatheredȱ bedȱ rock.ȱ Lowerȱ partȱ consistsȱ ofȱ fineȱ toȱmediumȱ
grainedȱsand.ȱOriginalȱslopeȱ32˚.ȱTheȱfailedȱmassȱisȱaȱpartȱofȱtheȱupperȱ
portion.ȱ

Landȱuseȱ Theȱareaȱ isȱmainlyȱusedȱ forȱhumanȱ residence.ȱThereȱareȱmoreȱ thanȱ6ȱ
housesȱandȱmoreȱthanȱ25ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱ
isȱusedȱforȱgardening.ȱȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱ
isȱdry.ȱ

LandslideȱMechanismȱ Theȱ recentȱ historyȱ showsȱ thatȱ theȱ excessiveȱ rainfallȱ isȱ theȱ mainȱ
triggeringȱfactorȱofȱtheȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱflow”.ȱ
Theȱslideȱhasȱbeenȱactivatedȱduringȱmonsoonȱperiod.ȱ

Impactȱofȱtheȱlandslideȱ Haveȱmajorȱimpacts.ȱOneȱhouseȱgotȱdestroyedȱcompletelyȱduringȱJuneȱ
2010ȱlandslide.ȱ

FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ
destabilizationȱ ofȱ theȱ massȱ aboveȱ theȱ slope.ȱ Theȱ impactȱ wouldȱ beȱ
furtherȱdestructionȱtoȱtheȱhill.ȱ
Inȱ theȱdownȱ slopeȱaroundȱ10mȱawayȱ theȱhumanȱ residenceȱ isȱ locatedȱ
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andȱdownȱslopeȱmovementȱofȱ largerȱdebrisȱ flowȱcanȱcreateȱ impactȱ toȱ
housesȱandȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱ

ȱ
LandslideȱID:ȱ116ȱ
Location:ȱPahartoli,ȱCox’sȱBazarȱdistrictȱ

Coordinates:ȱ
NȬ21˚25c59.3”ȱ
EȬ91˚59c01.5”ȱ

ȱ
ȱ

Dateȱ ofȱOccurrence:ȱ 15ȱ Juneȱ 2010ȱ andȱ Juneȱ 11,ȱ
2007.ȱ

LandslideȱHistory:ȱ Initiatedȱmovementȱ inȱ Juneȱ
2007,ȱSubsequentlyȱactivatedȱinȱJuneȱ2010.ȱ

Rainfall:ȱJuneȱ11,ȱ2007:ȱ101ȱmmȱduringȱ24ȱhoursȱandȱ240mmȱduringȱ7ȱdaysȱ(continuousȱrainȱfromȱ4ȱtoȱ
11ȱJune)ȱ

Geology:ȱTheȱ failedȱslopeȱ isȱeasternȱscarpȱofȱaȱ largeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ20m.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ11mȱandȱwidthȱisȱaroundȱ40m.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱbluishȱ
grayȱthinlyȱlaminatedȱmoderatelyȱweatheredȱshaleȱunitȱandȱȱmoderatelyȱweatheredȱyellowishȱbrownȱ
crossȬbeddedȱtoȱmassiveȱmediumȬȱtoȱfineȬgrainedȱsandstoneȱandȱȱtheȱtopȱpartȱofȱthisȱunitȱaboutȱ4ȱmȱisȱ
highlyȱweathered.ȱTheȱ failedȱmassȱcomprisedȱofȱhighlyȱweatheredȱ rockȱandȱmoderatelyȱweatheredȱ
rock.ȱAfterȱ theȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱrockȱ isȱexposed.ȱTheȱexposedȱ rockȱunitsȱareȱ
mostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱTheȱheightȱofȱtheȱfailureȱ
surfaceȱisȱaroundȱ11ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱ jointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(340/15)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(160/89ȱ
andȱ70/85).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱ Totalȱ overburdenȱ comprisedȱ ofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱ Theȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱresidualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ1ȱmȱthick.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ andȱ theȱ upperȱ partȱ consistsȱ ofȱ

highlyȱ weatheredȱ bedȱ rock.ȱMiddleȱ partȱ consistsȱ ofȱ thinlyȱ laminatedȱ
shale.ȱLowerȱpartȱconsistsȱofȱfineȱtoȱmediumȱgrainedȱsand.ȱLightȱbrownȱ
colorȱ fineȱ toȱ mediumȱ grainedȱ sandȱ whichȱ isȱ aboutȱ 4mȱ inȱ thicknessȱ
presentȱaboveȱtheȱshaleȱlayerȱOriginalȱslopeȱ12˚.ȱTheȱfailedȱmassȱisȱaȱpartȱ
ofȱ theȱnearȱverticalȱescarpmentȱandȱ theȱdebrisȱmovedȱ fromȱ theȱslopeȱ isȱ
underlainȱ byȱ theȱ talusȱ material,ȱ whichȱ seemsȱ toȱ beȱ theȱ remnantsȱ ofȱ
previousȱlandslides.ȱTheȱfailedȱmassȱisȱaȱpartȱofȱtheȱupperȱportion.ȱ

Landȱuseȱ Theȱ areaȱ isȱmainlyȱ usedȱ forȱ humanȱ residence.ȱ Thereȱ areȱmoreȱ thanȱ 6ȱ
housesȱandȱmoreȱthanȱ30ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱisȱ
usedȱforȱgardening.ȱȱ
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Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱisȱ
dry.ȱ

LandslideȱMechanismȱ Theȱrecentȱhistoryȱshowsȱthatȱtheȱexcessiveȱrainfallȱisȱtheȱmainȱtriggeringȱ
factorȱofȱtheȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱflow”.ȱTheȱslideȱhasȱ
beenȱactivatedȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱjointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱwithȱ
fineȱ clayeyȱmaterial.ȱDuringȱ theȱ rainyȱ seasonȱ theȱ clayȱ filledȱ jointsȱ getȱ
saturatedȱextrusionȱofȱ jointsȱ takeȱplaceȱ thusȱopeningȱandȱwideningȱ theȱ
joints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱ jointsȱwillȱbecomeȱdryȱ
andȱshrinksȱinȱvolume.ȱThisȱreducesȱtheȱcohesiveȱstrengthȱandȱbondingȱ
.Thisȱphenomenaȱhasȱrepeatedȱseveralȱtimesȱduringȱdryȱandȱwetȱperiodsȱ
untilȱitȱhasȱbrokenȱawayȱfromȱtheȱmainȱmassȱdueȱtoȱtheȱcombinedȱeffectȱ
ofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Haveȱmajorȱimpacts.ȱTwoȱhousesȱgotȱdestroyedȱcompletely.ȱ
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
destructionȱtoȱtheȱhill.ȱ
Inȱtheȱdownȱslopeȱaroundȱ20mȱawayȱtheȱhumanȱresidenceȱisȱlocatedȱandȱ
downȱslopeȱmovementȱofȱlargerȱdebrisȱflowȱcanȱcreateȱimpactȱtoȱhousesȱ
andȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱ

 
LandslideȱID:ȱ124ȱ
Location:ȱSahittikaȱPalli,ȱCox’sȱBazarȱdistrictȱ

Coordinates:ȱ
NȬ21˚26c11.4”ȱ
EȬ91˚59c37.0”ȱ

ȱ ȱ

DateȱofȱOccurrence:ȱ15ȱJuneȱ2010ȱ
Rainfall:ȱȱ

Landslideȱ History:ȱ Subsequentlyȱ activatedȱ inȱ
Juneȱ2010.ȱ

Geology:ȱTheȱfailedȱslopeȱisȱsouthernȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ32m.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ29mȱandȱwidthȱisȱaroundȱ60m.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱbluishȱ
grayȱthinlyȱlaminatedȱmoderatelyȱweatheredȱshaleȱunitȱandȱȱmoderatelyȱweatheredȱyellowishȱbrownȱ
crossȬbeddedȱtoȱmassiveȱmediumȬȱtoȱfineȬgrainedȱsandstoneȱandȱȱtheȱtopȱpartȱofȱthisȱunitȱaboutȱ2.5ȱȱmȱ
isȱhighlyȱweathered.ȱTheȱfailedȱmassȱcomprisedȱofȱhighlyȱweatheredȱrockȱandȱmoderatelyȱweatheredȱ
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rock.ȱAfterȱ theȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱrockȱ isȱexposed.ȱTheȱexposedȱ rockȱunitsȱareȱ
mostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱTheȱheightȱofȱtheȱfailureȱ
surfaceȱisȱaroundȱ29ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱ jointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(20/14)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(200/85ȱ
andȱ110/89).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱ Totalȱ overburdenȱ comprisedȱ ofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱ Theȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱ residualȱ soilȱ layerȱwhichȱoverlaysȱ theȱbedȱ rockȱmassȱ isȱaroundȱ1ȱmȱ thickȱ andȱ theȱalluvialȱ soilȱ
thicknessȱisȱaroundȱ4m.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ andȱ theȱ upperȱ partȱ consistsȱ ofȱ

highlyȱweatheredȱbedȱrockȱ(clayȱtypeȱrock).ȱLowerȱpartȱconsistsȱofȱfineȱtoȱ
mediumȱgrainedȱsandȱandȱ thicknessȱ isȱaroundȱ24m.ȱOriginalȱslopeȱ38˚.ȱ
Theȱ failedȱmassȱ isȱ aȱ partȱ ofȱ theȱ upperȱ portion.ȱ Thicknessȱ isȱ aroundȱ 4ȱ
meters.ȱȱ

Landȱuseȱ Theȱ areaȱ isȱmainlyȱ usedȱ forȱ humanȱ residence.ȱ Thereȱ areȱmoreȱ thanȱ 7ȱ
housesȱandȱmoreȱthanȱ30ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱisȱ
usedȱforȱgardening.ȱȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱisȱ
dry.ȱ

LandslideȱMechanismȱ Theȱrecentȱhistoryȱshowsȱthatȱtheȱexcessiveȱrainfallȱisȱtheȱmainȱtriggeringȱ
factorȱofȱtheȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱflow”.ȱTheȱslideȱhasȱ
beenȱactivatedȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱjointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱwithȱ
fineȱ clayeyȱmaterial.ȱDuringȱ theȱ rainyȱ seasonȱ theȱ clayȱ filledȱ jointsȱ getȱ
saturatedȱextrusionȱofȱ jointsȱ takeȱplaceȱ thusȱopeningȱandȱwideningȱ theȱ
joints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱ jointsȱwillȱbecomeȱdryȱ
andȱshrinksȱinȱvolume.ȱThisȱreducesȱtheȱcohesiveȱstrengthȱandȱbondingȱ
.Thisȱphenomenaȱhasȱrepeatedȱseveralȱtimesȱduringȱdryȱandȱwetȱperiodsȱ
untilȱitȱhasȱbrokenȱawayȱfromȱtheȱmainȱmassȱdueȱtoȱtheȱcombinedȱeffectȱ
ofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Haveȱmajorȱimpacts.ȱOneȱhouseȱgotȱdestroyedȱcompletely.ȱ
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
destructionȱtoȱtheȱhill.ȱ
Inȱtheȱdownȱslopeȱaroundȱ10mȱawayȱtheȱhumanȱresidenceȱisȱlocatedȱandȱ
downȱslopeȱmovementȱofȱlargerȱdebrisȱflowȱcanȱcreateȱimpactȱtoȱhousesȱ
andȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱ

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
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LandslideȱID:ȱ129ȱ
Location:ȱ Barachara,ȱ Southȱ kolatoli,ȱ Cox’sȱ Bazarȱ
districtȱ

Coordinates:ȱ
NȬ21˚23c46.7”ȱ
EȬ92˚00c02.0”ȱ

ȱ ȱ

DateȱofȱOccurrence:ȱ15ȱJuneȱ2010ȱ
Rainfall:ȱȱ

Landslideȱ History:ȱ Subsequentlyȱ activatedȱ inȱ
Juneȱ2010.ȱ

Geology:ȱTheȱfailedȱslopeȱisȱsouthernȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ25m.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ25mȱandȱwidthȱisȱaroundȱ120m.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱbluishȱ
grayȱthinlyȱlaminatedȱmoderatelyȱweatheredȱshaleȱunitȱandȱmoderatelyȱweatheredȱyellowishȱbrownȱ
crossȬbeddedȱtoȱmassiveȱmediumȬȱtoȱfineȬgrainedȱsandstoneȱandȱȱtheȱtopȱpartȱofȱthisȱunitȱaboutȱ3ȱmȱisȱ
highlyȱweathered.ȱTheȱ failedȱmassȱcomprisedȱofȱhighlyȱweatheredȱ rockȱandȱmoderatelyȱweatheredȱ
rock.ȱAfterȱ theȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱ rockȱ isȱexposed.ȱTheȱexposedȱ rockȱunitsȱareȱ
mostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱTheȱheightȱofȱtheȱfailureȱ
surfaceȱisȱaroundȱ25ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱ jointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(345/5)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(260/70ȱ
andȱ100/89).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱ Totalȱ overburdenȱ comprisedȱ ofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱ Theȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱ residualȱ soilȱ layerȱwhichȱ overlaysȱ theȱ bedȱ rockȱmassȱ isȱ aroundȱ 1.5mȱ thick.ȱ Theȱ colluvialȱ soilȱ
thicknessȱisȱaboutȱ8m.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ andȱ theȱ upperȱ partȱ consistsȱ ofȱ

highlyȱweatheredȱrock.ȱMiddleȱpartȱconsistsȱofȱthinlyȱlaminatedȱshaleȱandȱ
lowerȱpartȱconsistsȱfineȱtoȱmediumȱgrainedȱsand.ȱOriginalȱslopeȱ31˚.ȱTheȱ
failedȱmassȱisȱaȱpartȱofȱtheȱupperȱportion.ȱThicknessȱisȱaroundȱ8ȱmeters.ȱ

Landȱuseȱ Theȱ areaȱ isȱ mainlyȱ usedȱ forȱ humanȱ residence.ȱ Thereȱ areȱ moreȱ thanȱ
2housesȱandȱmoreȱthanȱ11ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱ
isȱusedȱforȱgardeningȱandȱsomeȱpartȱisȱusedȱforȱpaddyȱfield.ȱȱ

Hydrologyȱ Naturalȱdrainageȱpathȱ isȱvisibleȱ inȱ theȱ areaȱofȱ theȱ landslide.ȱ ȱAȱ streamȱ
locallyȱnamedȱchharaȱisȱflowingȱperenniallyȱ.ȱ

LandslideȱMechanismȱ Theȱrecentȱhistoryȱshowsȱthatȱtheȱexcessiveȱrainfallȱisȱtheȱmainȱtriggeringȱ
factorȱofȱtheȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱflow”.ȱTheȱslideȱhasȱ
beenȱactivatedȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
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developedȱ jointȱsystems.ȱOneȱ isȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱwithȱ
fineȱ clayeyȱmaterial.ȱDuringȱ theȱ rainyȱ seasonȱ theȱ clayȱ filledȱ jointsȱ getȱ
saturatedȱ extrusionȱofȱ jointsȱ takeȱplaceȱ thusȱopeningȱ andȱwideningȱ theȱ
joints.ȱDuringȱ theȱdryȱseasonȱ theȱwaterȱsaturatedȱ jointsȱwillȱbecomeȱdryȱ
andȱshrinksȱ inȱvolume.ȱThisȱ reducesȱ theȱcohesiveȱstrengthȱandȱbondingȱ
.Thisȱphenomenaȱhasȱrepeatedȱseveralȱtimesȱduringȱdryȱandȱwetȱperiodsȱ
untilȱitȱhasȱbrokenȱawayȱfromȱtheȱmainȱmassȱdueȱtoȱtheȱcombinedȱeffectȱ
ofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Noȱ majorȱ impacts.ȱ Onlyȱ someȱ partȱ ofȱ treeȱ gardenȱ gotȱ destroyedȱ
completely.ȱ

FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ
destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
destructionȱtoȱtheȱhill.ȱ
Theȱriskȱisȱmoderateȱtoȱhigh.ȱ

ȱ
LandslideȱID:ȱ143ȱ
Location:ȱBaidderȱGhuna,ȱCox’sȱBazarȱdistrictȱ

Coordinates:ȱ
NȬ21˚26c16.9”ȱ
EȬ91˚58c54.6”ȱ

ȱ ȱ

DateȱofȱOccurrence:ȱ15ȱJuneȱ2010ȱandȱJulyȱ3,ȱ2008. LandslideȱHistory:ȱ Initiatedȱmovementȱ inȱ Julyȱ
2008,ȱSubsequentlyȱactivatedȱinȱJuneȱ2010.ȱ

Rainfall:ȱJulyȱ3,ȱ2008:ȱ134ȱmmȱduringȱ24ȱhoursȱandȱ729mmȱduringȱ7ȱdaysȱ(continuousȱrainȱfromȱ27ȱ
Juneȱtoȱ3ȱJuly)ȱ
Geology:ȱTheȱfailedȱslopeȱisȱnorthernȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ3om.ȱTheȱ
heightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ20mȱandȱwidthȱisȱaroundȱ40m.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱbluishȱ
grayȱthinlyȱlaminatedȱmoderatelyȱweatheredȱshaleȱunitȱandȱȱmoderatelyȱweatheredȱyellowishȱbrownȱ
crossȬbeddedȱtoȱmassiveȱmediumȬȱtoȱfineȬgrainedȱsandstoneȱandȱȱtheȱtopȱpartȱofȱthisȱunitȱaboutȱ3ȱmȱisȱ
highlyȱweathered.ȱTheȱ failedȱmassȱcomprisedȱofȱhighlyȱweatheredȱ rockȱandȱmoderatelyȱweatheredȱ
rock.ȱAfterȱ theȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱ rockȱ isȱexposed.ȱTheȱexposedȱ rockȱunitsȱareȱ
mostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱTheȱheightȱofȱtheȱfailureȱ
surfaceȱisȱaroundȱ20ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱ jointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(340/5)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(250/89ȱ
andȱ70/89).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱ Totalȱ overburdenȱ comprisedȱ ofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱ Theȱmaterialȱ
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containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱresidualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ1ȱmȱthick.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ andȱ theȱ upperȱ partȱ consistsȱ ofȱ

highlyȱ weatheredȱ bedȱ rock.ȱ Middleȱ partȱ consistsȱ ofȱ fineȱ toȱ mediumȱ
grainedȱ sandȱ andȱ lowerȱ partȱ consistsȱ ofȱ thinlyȱ laminatedȱ shale.ȱ Theȱ
failedȱmassȱisȱaȱpartȱofȱtheȱupperȱportion.ȱ

Landȱuseȱ Theȱ areaȱ isȱmainlyȱusedȱ forȱhumanȱ residence.ȱThereȱ areȱmoreȱ thanȱ15ȱ
housesȱandȱmoreȱthanȱ76ȱpeopleȱliveȱinȱthisȱarea.ȱSomeȱpartȱofȱthisȱareaȱ
isȱusedȱforȱgardening.ȱȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱ
isȱdry.ȱ

LandslideȱMechanismȱ Theȱrecentȱhistoryȱshowsȱthatȱtheȱexcessiveȱrainfallȱisȱtheȱmainȱtriggeringȱ
factorȱofȱtheȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱflow”.ȱTheȱslideȱhasȱ
beenȱactivatedȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱjointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱwithȱ
fineȱ clayeyȱmaterial.ȱDuringȱ theȱ rainyȱ seasonȱ theȱ clayȱ filledȱ jointsȱ getȱ
saturatedȱextrusionȱofȱ jointsȱ takeȱplaceȱ thusȱopeningȱandȱwideningȱ theȱ
joints.ȱDuringȱtheȱdryȱseasonȱtheȱwaterȱsaturatedȱjointsȱwillȱbecomeȱdryȱ
andȱshrinksȱinȱvolume.ȱThisȱreducesȱtheȱcohesiveȱstrengthȱandȱbondingȱ
.Thisȱphenomenaȱhasȱrepeatedȱseveralȱtimesȱduringȱdryȱandȱwetȱperiodsȱ
untilȱitȱhasȱbrokenȱawayȱfromȱtheȱmainȱmassȱdueȱtoȱtheȱcombinedȱeffectȱ
ofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Haveȱ majorȱ impacts.ȱ Oneȱ houseȱ gotȱ destroyedȱ completelyȱ andȱ oneȱ
peopleȱdiedȱduringȱ2008ȱlandslide.ȱ

FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ
destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
destructionȱtoȱtheȱhill.ȱ
Inȱtheȱdownȱslopeȱaroundȱ8mȱawayȱtheȱhumanȱresidenceȱisȱlocatedȱandȱ
downȱslopeȱmovementȱofȱlargerȱdebrisȱflowȱcanȱcreateȱimpactȱtoȱhousesȱ
andȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱ

ȱ
ȱ
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ȱȱ ȱ

Figureȱ8:ȱLocationsȱofȱLandslideȱEventsȱatȱTeknafȱMunicipalityȱ

ȱ
ȱ
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LandslideȱID:ȱ03ȱ
Location:ȱFakirerȱMura,ȱPuranȱPallanȱPara,ȱTeknafȱ
MunicipalȱAreaȱ

Coordinates:ȱ
NȬ20˚52c21.4”ȱ
EȬ92˚17c34.2”ȱ

ȱ ȱ
DateȱofȱOccurrence:ȱJuneȱ15,ȱ2010ȱandȱJulyȱ6,ȱ2008 LandslideȱHistory:ȱInitiatedȱmovementȱinȱJulyȱ

2008,ȱSubsequentlyȱactivatedȱinȱJuneȱ2010ȱ.ȱ
Rainfall:ȱJulyȱ6,ȱ2008:ȱ209ȱmmȱduringȱ24ȱhoursȱandȱ1332mmȱduringȱ12ȱdaysȱ(continuousȱrainȱfromȱ25ȱ
Juneȱtoȱ6ȱJuly)ȱ
Geology:ȱTheȱfailedȱslopeȱisȱnorthȬeasternȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ35m.ȱ
Theȱheightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ30mȱandȱwidthȱisȱaroundȱ50ȱm.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱtwoȱlithologicalȱunitsȬȱlowerȱ
bluishȱ grayȱ thinlyȱ laminatedȱmoderatelyȱweatheredȱ shaleȱ unitȱ andȱ upperȱ ȱmoderatelyȱweatheredȱ
yellowishȱbrownȱcrossȬbeddedȱ toȱmassiveȱmediumȬȱ toȱ fineȬgrainedȱ sandstoneȱandȱ ȱ theȱ topȱpartȱofȱ
thisȱunitȱaboutȱ3.5ȱmȱisȱhighlyȱweathered.ȱTheȱfailedȱmassȱcomprisedȱofȱhighlyȱweatheredȱrockȱandȱ
moderatelyȱweatheredȱ rock.ȱAfterȱ theȱslideȱatȱplacesȱaȱmoderatelyȱweatheredȱ rockȱ isȱexposed.ȱTheȱ
exposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱfineȱtoȱmediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱ
Theȱ sandstoneȱ rockȱ isȱmassiveȱ andȱ poorlyȱ consolidatedȱ inȱ theȱ upperȱ partȱ andȱ lowerȱ partȱ isȱwellȱ
consolidated.ȱTheȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ30ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱ jointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(115/78)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(205/89ȱ
andȱ92/4).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱcomprisedȱofȱclayȱsandȱmaterial.ȱȱTheȱmaterialȱcontainsȱtheȱ
relicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱtheȱresidualȱ
soilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ1ȱmȱthick.ȱTheȱcolluvialȱsoilȱthicknessȱisȱaroundȱ
8m.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ andȱ theȱ upperȱ partȱ consistsȱ ofȱ

highlyȱ weatheredȱ bedȱ rock.ȱ Lowerȱ partȱ consistsȱ ofȱ fineȱ toȱ mediumȱ
grainedȱsand.ȱȱ
Theȱ originalȱ slopeȱ ofȱ theȱ hillȱ isȱ aboutȱ 48˚.ȱ Theȱ upperȱ partȱ consistsȱ ofȱ
highlyȱweatheredȱclayȱ typeȱ rock.ȱLowerȱpartȱconsistsȱofȱ sandȱandȱ shaleȱ
mass.ȱTheȱ failedȱmassȱ isȱaȱpartȱofȱ theȱnearȱverticalȱescarpmentȱandȱ theȱ
debrisȱmovedȱ fromȱ theȱ slopeȱ isȱunderlainȱ byȱ theȱ talusȱmaterial,ȱwhichȱ
seemsȱtoȱbeȱtheȱremnantsȱofȱpreviousȱlandslides.ȱ
Theȱ failedȱmassȱ isȱ aȱ partȱ ofȱ theȱ upperȱ portion.ȱ Thicknessȱ isȱ aroundȱ 8ȱ
meters.ȱ

Landȱuseȱ Thisȱareaȱcompletelyȱaffectedȱbyȱhumanȱintervention.ȱThereȱareȱ4ȱhousesȱ
andȱaboutȱ24ȱpeopleȱliveȱthere.ȱSomeȱpartȱusedȱforȱgardening.ȱ
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Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱisȱ
dry.ȱ

LandslideȱMechanismȱ Theȱrecentȱhistoryȱshowsȱthatȱtheȱexcessiveȱrainfallȱisȱtheȱmainȱtriggeringȱ
factorȱofȱtheȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱflow”.ȱTheȱslideȱhasȱ
beenȱreactivatedȱseveralȱtimesȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱ jointȱsystems.ȱOneȱisȱparallelȱtoȱbeddingȱplaneȱandȱotherȱtwoȱ
areȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱwithȱ
fineȱ clayeyȱmaterial.ȱDuringȱ theȱ rainyȱ seasonȱ theȱ clayȱ filledȱ jointsȱ getȱ
saturatedȱ extrusionȱofȱ jointsȱ takeȱplaceȱ thusȱopeningȱ andȱwideningȱ theȱ
joints.ȱDuringȱ theȱdryȱseasonȱtheȱwaterȱsaturatedȱ jointsȱwillȱbecomeȱdryȱ
andȱshrinksȱ inȱvolume.ȱThisȱ reducesȱ theȱcohesiveȱstrengthȱandȱbondingȱ
.Thisȱphenomenaȱhasȱrepeatedȱseveralȱtimesȱduringȱdryȱandȱwetȱperiodsȱ
untilȱitȱhasȱbrokenȱawayȱfromȱtheȱmainȱmassȱdueȱtoȱtheȱcombinedȱeffectȱ
ofȱtheȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Noȱmajorȱimpacts.ȱOnlyȱaȱsmallȱportionȱofȱtheȱhillȱgotȱdestroyed.ȱȱ
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
destructionȱtoȱtheȱforest.ȱ
Inȱtheȱdownȱslopeȱaroundȱ10mȱawayȱtheȱlocalȱpeopleȱresidenceȱisȱlocatedȱ
andȱdownȱslopeȱmovementȱofȱdebrisȱflowȱandȱboulderȱcanȱcreateȱimpactȱ
toȱpeopleȱhouseȱandȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱlow.ȱ
Theȱimpactȱwouldȱbeȱfurtherȱdestructionȱtoȱtheȱhill.ȱȱ

ȱ
LandslideȱID:ȱ04ȱ
Location:ȱ Puranȱ Pallanȱ Para,ȱ Teknafȱ Municipalȱ
Areaȱ

Coordinates:ȱ
NȬ20˚52c21.3”ȱȱ
EȬ92˚17c30.9”ȱ

ȱ
DateȱofȱOccurrence:ȱJuneȱ15,ȱ2010ȱȱ
Rainfall:ȱȱ

LandslideȱHistory:ȱ Subsequentlyȱ activatedȱ inȱ
Juneȱ2010.ȱ

Geology:ȱTheȱfailedȱslopeȱisȱnorthȬeasternȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ30m.ȱ
Theȱheightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ22mȱandȱwidthȱisȱaroundȱ30ȱm.ȱȱ
Theȱ mountainȱ formingȱ bedȱ rockȱ ofȱ theȱ escarpmentȱ isȱ formedȱ ofȱ mainlyȱ moderatelyȱ weatheredȱ
yellowishȱbrownȱclayeyȱsiltȱandȱ theȱ topȱpartȱofȱ thisȱunitȱaboutȱ4ȱmȱ isȱhighlyȱweathered.ȱTheȱ failedȱ
massȱcomprisedȱofȱhighlyȱweatheredȱrockȱandȱmoderatelyȱweatheredȱrock.ȱAfterȱtheȱslideȱatȱplacesȱaȱ
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moderatelyȱweatheredȱrockȱisȱexposed.ȱTheȱexposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱlightȱbrownȱ
fineȱtoȱveryȱfineȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱTheȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ22ȱm.ȱ
Fracturing:ȱSetsȱofȱjointsȱareȱnotȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrock.ȱȱȱ
OverburdenȱDeposits:ȱ Totalȱ overburdenȱ comprisedȱ ofȱ clay,ȱ siltȱ andȱ sandȱmaterial.ȱ ȱ Theȱmaterialȱ
containsȱtheȱrelicȱstructureȱofȱtheȱbedȱrockȱwhichȱsuggestsȱitȱtoȱbeȱresidualȱsoil.ȱTheȱsoilȱthicknessȱofȱ
theȱ residualȱ soilȱ layerȱwhichȱ overlaysȱ theȱ bedȱ rockȱmassȱ isȱ aroundȱ 1ȱmȱ thick.ȱ Theȱ alluvialȱ soilȱ
thicknessȱisȱaroundȱ11m.ȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ toȱ inclineȱ andȱ theȱ upperȱ partȱ

consistsȱofȱhighlyȱweatheredȱrock.ȱLowerȱpartȱconsistsȱofȱclayeyȱsilt,ȱclayȱ
andȱveryȱfineȱgrainedȱsand.ȱTheȱfailedȱmassȱisȱaȱpartȱofȱtheȱupperȱportion.ȱ
Thicknessȱisȱaroundȱ11m.ȱ

Landȱuseȱ Thisȱareaȱcompletelyȱaffectedȱbyȱhumanȱintervention.ȱThereȱareȱ1ȱhousesȱ
andȱaboutȱ8ȱpeopleȱliveȱthere.ȱSomeȱpartȱofȱthisȱareaȱisȱusedȱforȱgardening.ȱ
Someȱpartȱofȱthisȱareaȱisȱhighlyȱvegetated.ȱ

Hydrologyȱ Aȱnaturalȱdrainageȱpathȱ(Chhara)ȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱ
theȱwaterȱflowȱisȱperennial.ȱ

LandslideȱMechanismȱ Theȱrecentȱhistoryȱshowsȱthatȱtheȱexcessiveȱrainfallȱisȱtheȱmainȱtriggeringȱ
factorȱofȱtheȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱflow”.ȱTheȱslideȱhasȱ
beenȱreactivatedȱseveralȱtimesȱduringȱmonsoonȱperiod.ȱ

Impactȱofȱtheȱlandslideȱ Noȱmajorȱimpacts.ȱOnlyȱaȱsmallȱportionȱofȱtheȱhillȱgotȱdestroyed.ȱȱ
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
destructionȱtoȱtheȱforest.ȱ
Inȱtheȱdownȱslopeȱaroundȱ10mȱawayȱtheȱlocalȱpeopleȱresidenceȱisȱlocatedȱ
andȱ downȱ slopeȱmovementȱ ofȱ debrisȱ flowȱ canȱ createȱ impactȱ toȱ peopleȱ
houseȱandȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱȱ

ȱ
ȱ
LandslideȱID:ȱ06ȱ
Location:ȱ Puranȱ Pallanȱ Para,ȱ Teknafȱ Municipalȱ
Areaȱ

Coordinates:ȱ
NȬ20˚52c31.1”ȱ
ȱEȬ92˚17c29.5”ȱ

ȱ
DateȱofȱOccurrence:ȱJuneȱ15,ȱ2010ȱȱ
Rainfall:ȱȱ

LandslideȱHistory:ȱ Subsequentlyȱ activatedȱ inȱ
Juneȱ2010.ȱ

Geology:ȱTheȱfailedȱslopeȱisȱsouthȬwesternȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ45m.ȱ
Theȱheightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ40mȱandȱwidthȱisȱaroundȱ60ȱm.ȱȱ
TheȱmountainȱformingȱbedȱrockȱofȱtheȱescarpmentȱisȱformedȱofȱmainlyȱthreeȱlithologicalȱunitsȬȱbluishȱ
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grayȱ thinlyȱ laminatedȱmoderatelyȱweatheredȱ shaleȱ unit,ȱ ȱmoderatelyȱweatheredȱ yellowishȱ brownȱ
crossȬbeddedȱtoȱmassiveȱmediumȬȱtoȱfineȬgrainedȱsandstoneȱandȱȱlightȱyellowishȱcolorȱclayeyȱsilt.ȱTopȱ
partȱofȱthisȱunitȱaboutȱ5ȱmȱisȱhighlyȱweathered.ȱTheȱfailedȱmassȱcomprisedȱofȱhighlyȱweatheredȱrockȱ
andȱmoderatelyȱweatheredȱ rock.ȱAfterȱ theȱ slideȱatȱplacesȱaȱmoderatelyȱweatheredȱ rockȱ isȱexposed.ȱ
Theȱexposedȱrockȱunitsȱareȱmostlyȱcomposedȱofȱ lightȱbrownȱ fineȱ toȱmediumȱgrainedȱsand,ȱsiltȱandȱ
clay.ȱȱTheȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ40ȱm.ȱ
Fracturing:ȱThreeȱsetsȱofȱ jointsȱareȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrockȱandȱoneȱisȱparallelȱtoȱ
theȱbeddingȱplaneȱ(235/9)ȱandȱotherȱtwoȱareȱalmostȱverticalȱandȱperpendicularȱtoȱeachȱotherȱ(225/89ȱ
andȱ135/89).ȱTheȱjointsȱareȱfilledȱwithȱweatheredȱclay,ȱsiltȱandȱfineȱsand.ȱȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱcomprisedȱofȱclay,ȱsiltȱandȱfineȱsand.ȱȱTheȱmaterialȱcontainsȱ
theȱ relicȱ structureȱ ofȱ theȱ bedȱ rockȱwhichȱ suggestsȱ itȱ toȱ beȱ residualȱ soil.ȱ Theȱ soilȱ thicknessȱ ofȱ theȱ
residualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ1ȱmȱthick.ȱColluvialȱsoilȱisȱaboutȱ10m.ȱȱ
SlopeȱCharacteristics Theȱescarpmentȱslopeȱisȱnearȱverticalȱandȱtheȱupperȱpartȱconsistsȱofȱhighlyȱ

weatheredȱ rock.ȱ Lowerȱ partȱ consistsȱ ofȱ thinlyȱ laminatedȱ shale.ȱ Lightȱ
brownȱcolorȱfineȱtoȱmediumȱgrainedȱsandȱwhichȱisȱaboutȱ8mȱinȱthicknessȱ
presentȱaboveȱtheȱshaleȱlayer.ȱ
Theȱ failedȱmassȱ isȱ aȱ partȱ ofȱ theȱ upperȱ portion.ȱThicknessȱ isȱ aroundȱ 10ȱ
meters.ȱ

Landȱuseȱ Thisȱareaȱcompletelyȱaffectedȱbyȱhumanȱintervention.ȱThereȱareȱ1ȱhousesȱ
andȱaboutȱ8ȱpeopleȱliveȱthere.ȱSomeȱpartȱofȱthisȱareaȱisȱusedȱforȱgardening.ȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱisȱ
dry.ȱHoweverȱsomeȱwaterȱisȱobservedȱseepingȱfromȱtheȱexposedȱjoints.ȱ

LandslideȱMechanismȱ Theȱrecentȱhistoryȱshowsȱthatȱtheȱexcessiveȱrainfallȱisȱtheȱmainȱtriggeringȱ
factorȱofȱtheȱslideȱwhichȱcanȱbeȱdescribedȱasȱ“debrisȱflow”.ȱTheȱslideȱhasȱ
beenȱreactivatedȱseveralȱtimesȱduringȱmonsoonȱperiod.ȱ
Theȱfollowingȱcanȱbeȱpostulatedȱaboutȱtheȱmechanisms.ȱ
Theȱ escarpmentȱ fromȱ whereȱ theȱ landslideȱ occurredȱ hasȱ threeȱ wellȱ
developedȱ jointȱsystems.ȱOneȱ isȱparallelȱ toȱbeddingȱplaneȱandȱotherȱ twoȱ
areȱverticalȱandȱalmostȱperpendicularȱtoȱeachȱother.ȱJointsȱareȱfilledȱwithȱ
fineȱ clayeyȱmaterial.ȱ Duringȱ theȱ rainyȱ seasonȱ theȱ clayȱ filledȱ jointsȱ getȱ
saturatedȱ extrusionȱ ofȱ jointsȱ takeȱplaceȱ thusȱ openingȱ andȱwideningȱ theȱ
joints.ȱDuringȱ theȱdryȱseasonȱ theȱwaterȱsaturatedȱ jointsȱwillȱbecomeȱdryȱ
andȱ shrinksȱ inȱvolume.ȱThisȱ reducesȱ theȱcohesiveȱstrengthȱandȱbondingȱ
.Thisȱphenomenaȱhasȱrepeatedȱseveralȱtimesȱduringȱdryȱandȱwetȱperiodsȱ
untilȱitȱhasȱbrokenȱawayȱfromȱtheȱmainȱmassȱdueȱtoȱtheȱcombinedȱeffectȱofȱ
theȱgravityȱandȱlossȱofȱcohesion.ȱ

Impactȱofȱtheȱlandslideȱ Haveȱmajorȱ impacts.ȱ2ȱhousesȱgotȱdestroyedȱ completely.ȱ 7ȱpeopleȱdeadȱ
andȱ1ȱpeopleȱinjured.ȱ

FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ
destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
destructionȱtoȱtheȱforest.ȱ
Inȱtheȱdownȱslopeȱaroundȱ10mȱawayȱtheȱlocalȱpeopleȱresidenceȱisȱlocatedȱ
andȱ downȱ slopeȱmovementȱ ofȱ debrisȱ flowȱ canȱ createȱ impactȱ toȱ peopleȱ
houseȱandȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱȱ

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
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LandslideȱID:ȱ08ȱ
Location:ȱ Puranȱ Pallanȱ Para,ȱ Teknafȱ Municipalȱ
Areaȱ

Coordinates:ȱ
NȬ20˚52c22.2”ȱ
EȬ92˚17c28.6”ȱ

DateȱofȱOccurrence:ȱJulyȱ6,ȱ2008.ȱ
ȱ

LandslideȱHistory:ȱ Subsequentlyȱ activatedȱ inȱ
Julyȱ2008.ȱ

Rainfall:ȱ ȱ209ȱmmȱduringȱ24ȱhoursȱandȱ1332mmȱduringȱ12ȱdaysȱ(continuousȱrainȱfromȱ25ȱJuneȱtoȱ6ȱ
July)ȱ

Geology:ȱTheȱfailedȱslopeȱisȱnorthȬeasternȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ40m.ȱ
Theȱheightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ35mȱandȱwidthȱisȱaroundȱ50ȱm.ȱȱ
Theȱmountainȱ formingȱ bedȱ rockȱ ofȱ theȱ escarpmentȱ isȱ formedȱ ofȱ mainlyȱ twoȱ lithologicalȱ unitsȬȱ
yellowishȱbrownȱcrossȬbeddedȱ toȱmassiveȱmediumȬȱ toȱ fineȬgrainedȱsandstoneȱandȱ ȱ lightȱyellowishȱ
colorȱclayeyȱsilt.ȱTopȱpartȱofȱthisȱunitȱaboutȱ5ȱmȱisȱhighlyȱweathered.ȱTheȱfailedȱmassȱcomprisedȱofȱ
highlyȱ weatheredȱ rockȱ andȱ moderatelyȱ weatheredȱ rock.ȱ Afterȱ theȱ slideȱ atȱ placesȱ aȱ moderatelyȱ
weatheredȱ rockȱ isȱ exposed.ȱ Theȱ exposedȱ rockȱ unitsȱ areȱmostlyȱ composedȱ ofȱ lightȱ brownȱ fineȱ toȱ
mediumȱgrainedȱsand,ȱsiltȱandȱclay.ȱȱTheȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ35ȱm.ȱ
Fracturing:ȱSetsȱofȱjointsȱareȱnotȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrock.ȱȱȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱcomprisedȱofȱclay,ȱsiltȱandȱfineȱsand.ȱȱTheȱmaterialȱcontainsȱ
theȱ relicȱ structureȱ ofȱ theȱ bedȱ rockȱwhichȱ suggestsȱ itȱ toȱ beȱ residualȱ soil.ȱTheȱ soilȱ thicknessȱ ofȱ theȱ
residualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ1ȱmȱthick.ȱColluvialȱsoilȱisȱaboutȱ15m.ȱȱ
SlopeȱCharacteristics Theȱ escarpmentȱ slopeȱ isȱ nearȱ verticalȱ toȱ inclineȱ andȱ theȱ upperȱ partȱ

consistsȱofȱhighlyȱweatheredȱrock.ȱLowerȱpartȱconsistsȱofȱclayeȱsiltȱandȱ
fineȱgrainedȱsand.ȱȱ
Theȱ failedȱmassȱ isȱaȱpartȱofȱ theȱupperȱportion.ȱThicknessȱ isȱaroundȱ15ȱ
meters.ȱ

Landȱuseȱ Thisȱareaȱcompletelyȱaffectedȱbyȱhumanȱintervention.ȱThereȱareȱ1ȱhousesȱ
andȱ aboutȱ 8ȱ peopleȱ liveȱ there.ȱ Someȱ partȱ ofȱ thisȱ areaȱ isȱ usedȱ forȱ
gardening.ȱȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱisȱvisibleȱinȱtheȱareaȱofȱtheȱlandslideȱandȱareaȱ
isȱ dry.ȱ Howeverȱ someȱ waterȱ isȱ observedȱ seepingȱ fromȱ theȱ exposedȱ
joints.ȱ

LandslideȱMechanismȱ Theȱ recentȱ historyȱ showsȱ thatȱ theȱ excessiveȱ rainfallȱ isȱ theȱ mainȱ
triggeringȱ factorȱofȱ theȱ slideȱwhichȱ canȱbeȱdescribedȱasȱ“debrisȱ flow”.ȱ
Theȱslideȱhasȱbeenȱreactivatedȱseveralȱtimesȱduringȱmonsoonȱperiod.ȱ

Impactȱofȱtheȱlandslideȱ Noȱmajorȱimpacts.ȱOnlyȱaȱsmallȱpartȱofȱhillȱȱgotȱdestroyed.ȱ
FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ

destabilizationȱofȱtheȱmassȱaboveȱtheȱslope.ȱTheȱimpactȱwouldȱbeȱfurtherȱ
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destructionȱtoȱtheȱforest.ȱ
Inȱ theȱ downȱ slopeȱ aroundȱ 10mȱ awayȱ theȱ localȱ peopleȱ residenceȱ isȱ
locatedȱandȱdownȱslopeȱmovementȱofȱdebrisȱ flowȱcanȱcreateȱ impactȱ toȱ
peopleȱhouseȱandȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱȱ

ȱ
LandslideȱID:ȱ11ȱ
Location:ȱ Puranȱ Pallanȱ Para,ȱ Teknafȱ Municipalȱ
Areaȱ

Coordinates:ȱ
NȬ20˚52c33.7”ȱ
EȬ92˚17c31.3”ȱ

ȱ
DateȱofȱOccurrence:ȱJulyȱ6,ȱ2008.ȱ
ȱ

LandslideȱHistory:ȱ Subsequentlyȱ activatedȱ inȱ
Julyȱ2008.ȱ

Rainfall:ȱ209ȱmmȱduringȱ24ȱhoursȱandȱ1332mmȱduringȱ12ȱdaysȱ (continuousȱrainȱ fromȱ25ȱ Juneȱ toȱ6ȱ
July)ȱ
Geology:ȱTheȱfailedȱslopeȱisȱnorthȬeasternȱscarpȱofȱaȱlargeȱescarpmentȱwithȱaȱheightȱofȱaroundȱ40m.ȱ
Theȱheightȱofȱtheȱfailedȱpartȱofȱtheȱslopeȱisȱaroundȱ35mȱandȱwidthȱisȱaroundȱ50ȱm.ȱȱ
Theȱ mountainȱ formingȱ bedȱ rockȱ ofȱ theȱ escarpmentȱ isȱ formedȱ ofȱ mainlyȱ twoȱ lithologicalȱ unitsȬȱ
yellowishȱbrownȱ crossȬbeddedȱ toȱmassiveȱmediumȬȱ toȱ fineȬgrainedȱ sandstoneȱandȱ ȱ lightȱyellowishȱ
colorȱclayeyȱsilt.ȱTopȱpartȱofȱthisȱunitȱaboutȱ5ȱmȱisȱhighlyȱweathered.ȱȱTheȱsandstoneȱrockȱisȱmassiveȱ
andȱ poorlyȱ consolidatedȱ inȱ theȱ upperȱ partȱ andȱ lowerȱ partȱ isȱwellȱ consolidated.ȱ Theȱ failedȱmassȱ
comprisedȱ ofȱ completelyȱweatheredȱ rockȱ andȱ highlyȱweatheredȱ rock.ȱ Afterȱ theȱ slideȱ atȱ placesȱ aȱ
moderatelyȱweatheredȱrockȱisȱexposed.ȱTheȱheightȱofȱtheȱfailureȱsurfaceȱisȱaroundȱ35ȱm.ȱ
Fracturing:ȱSetsȱofȱjointsȱareȱnotȱobservedȱonȱfailureȱsurfaceȱofȱtheȱbedȱrock.ȱȱ
ȱ
OverburdenȱDeposits:ȱTotalȱoverburdenȱcomprisedȱofȱclay,ȱsiltȱandȱfineȱsand.ȱȱTheȱmaterialȱcontainsȱ
theȱ relicȱ structureȱ ofȱ theȱ bedȱ rockȱwhichȱ suggestsȱ itȱ toȱ beȱ residualȱ soil.ȱ Theȱ soilȱ thicknessȱ ofȱ theȱ
residualȱsoilȱlayerȱwhichȱoverlaysȱtheȱbedȱrockȱmassȱisȱaroundȱ1ȱmȱthick.ȱColluvialȱsoilȱisȱaboutȱ10m.ȱȱ
SlopeȱCharacteristics Theȱescarpmentȱslopeȱisȱnearȱverticalȱtoȱinclineȱandȱtheȱupperȱpartȱconsistsȱ

ofȱhighlyȱweatheredȱrock.ȱLowerȱpartȱconsistsȱofȱ lightȱbrownȱcolorȱ fineȱ toȱ
mediumȱ grainedȱ sandȱwhichȱ isȱ aboutȱ 22mȱ inȱ thickness.ȱ Lightȱ yellowishȱ
colorȱ clayeyȱ siltȱwhichȱ isȱ aboutȱ 17mȱ inȱ thicknessȱpresentȱ aboveȱ theȱ sandȱ
layer.ȱTheȱfailedȱmassȱisȱaȱpartȱofȱtheȱupperȱportion.ȱThicknessȱisȱaroundȱ10ȱ
meters.ȱ

Landȱuseȱ Thisȱ areaȱ completelyȱ affectedȱ byȱhumanȱ intervention.ȱThereȱ areȱ 4ȱhousesȱ
andȱaboutȱ25ȱpeopleȱliveȱthere.ȱSomeȱpartȱofȱthisȱareaȱisȱusedȱforȱgardening.ȱȱ

Hydrologyȱ Noȱnaturalȱdrainageȱpathȱ isȱvisibleȱ inȱ theȱareaȱofȱ theȱ landslideȱandȱareaȱ isȱ
dry.ȱȱ

LandslideȱMechanismȱ Theȱ recentȱhistoryȱ showsȱ thatȱ theȱexcessiveȱ rainfallȱ isȱ theȱmainȱ triggeringȱ
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factorȱofȱ theȱ slideȱwhichȱ canȱbeȱdescribedȱasȱ“debrisȱ flow”.ȱTheȱ slideȱhasȱ
beenȱreactivatedȱseveralȱtimesȱduringȱmonsoonȱperiod.ȱ

Impactȱofȱtheȱ
landslideȱ

Noȱmajorȱimpacts.ȱOnlyȱaȱsmallȱpartȱofȱhillȱgotȱdestroyed.ȱ

FutureȱRisksȱ Inȱ futureȱ thisȱ slidingȱ canȱ getȱ repeatedȱ asȱ thereȱ isȱ aȱ possibilityȱ ofȱ
destabilizationȱofȱ theȱmassȱ aboveȱ theȱ slope.ȱTheȱ impactȱwouldȱbeȱ furtherȱ
destructionȱtoȱtheȱforest.ȱ
Inȱ theȱdownȱslopeȱaroundȱ10mȱawayȱ theȱ localȱpeopleȱ residenceȱ isȱ locatedȱ
andȱdownȱslopeȱmovementȱofȱdebrisȱflowȱcanȱcreateȱimpactȱtoȱpeopleȱhouseȱ
andȱalsoȱpeopleȱlivingȱthere.ȱTheȱriskȱisȱmoderateȱtoȱhigh.ȱȱ

ȱ
1.6. Attributesȱthatȱcanȱbeȱderivedȱfromȱtheȱmappingȱofȱpastȱlandslidesȱandȱinventoryingȱ

pastȱlandslidesȱforȱlandslideȱhazardȱMappingȱinȱtwoȱcities.ȱ
ȱ
Theȱprojectȱ teamȱhasȱ analyzedȱ theȱpastȱ landslidesȱ reportedȱ inȱ theȱ Inventoryȱ (aroundȱ 147ȱ
landslideȱeventsȱinȱCox’sȱbazarȱandȱ18ȱlandslideȱeventsȱinȱTeknafȱ)ȱtoȱseeȱwhetherȱȱthereȱisȱaȱ
correlationȱbetweenȱeventsȱinȱtwoȱmunicipalities.ȱTheȱresultsȱofȱtheȱanalysisȱareȱgivenȱbelow;ȱ
ȱ
Geologyȱattributesȱ
ȱ

a) Cox’sȱBazarȱ
ȱ

ȱ
ȱ

b) Teknafȱȱ

ȱ
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Itȱ isȱ seenȱ fromȱ theȱ pastȱ landslideȱ Inventoryȱ thatȱ thereȱ areȱ 4Ȭ5ȱ categoriesȱ ofȱ rockȱ typesȱ
observedȱonȱ theȱ failedȱslopesȱbutȱpredominantȱ rockȱ typesȱ toȱbeȱshaleȱandȱsandstones.ȱAllȱ
otherȱrockȱtypesȱareȱvariationsȱofȱtheȱsameȱwithȱthinnerȱinterȬbeddingȱandȱpresentlyȱhighlyȱ
toȱ completelyȱweathered.ȱ Itȱ isȱ seenȱ thatȱ allȱ suchȱmainȱ Rockȱ typesȱ alsoȱ areȱ subjectedȱ toȱ
weatheringȱ ȱ toȱ aȱ differentȱ degreeȱ ȱ orȱ coveredȱwithȱ aȱ Residualȱ soilȱ layerȱwhereȱ theȱ relicȱ
structureȱ wasȱ intactȱ .Inȱ certainȱ casesȱ itȱ haveȱ hadȱ aȱ colluviumsȱ layerȱ thatȱ hasȱ beenȱ
accumulatedȱonȱ theȱslope,ȱwhichȱoverlayȱtheȱweatheredȱbedȱrockȱ layerȱorȱtheȱresidualȱsoilȱ
layer.ȱSinceȱtheȱmappingȱhasȱbeenȱcarriedȱoutȱseveralȱmonthsȱinȱsomeȱcasesȱyearȱorȱmore,ȱitȱ
isȱdifficultȱtoȱestablishȱtheȱproperȱboundariesȱorȱtoȱpostulateȱtheȱsituationȱwithinȱtheȱfailureȱ
mass.ȱHoweverȱitȱisȱevidentȱthatȱtheȱmajorȱimpactȱinȱdestabilizingȱtheȱslopeȱisȱdueȱtoȱinterȬ
beddingȱ ofȱ clayȱ andȱ sandȱ layersȱ inȱ predominantȱ rockȱ typesȱ ofȱ Shaleȱ andȱ Sandstoneȱ
weatheringȱpenetratedȱalongȱ theȱ thinnerȱ layersȱ toȱaȱgreaterȱdepth.ȱApparentlyȱ theseȱ interȬ
beddedȱ layersȱareȱresultȱofȱweatheringȱalongȱ theȱbeddingȱplaneȱwhichȱusuallyȱoccursȱ inȱaȱ
nearȱhorizontalȱangle.ȱCombinationȱofȱweatheringȱalongȱbeddingȱplanesȱandȱ twoȱ fractureȱ
zonesȱobservedȱinȱtheȱareaȱareȱinfluencingȱtheȱdetachmentȱofȱrockȱmassȱfromȱtheȱmainȱbedȱ
rockȱandȱ tendȱ toȱdestabilizeȱunderȱgravity.ȱ Itȱ isȱeasyȱ toȱhaveȱwaterȱ saturationȱalongȱ suchȱ
layersȱ andȱ interplayȱofȱ severalȱ jointsȱwithȱbeddingȱplaneȱ alwaysȱ createȱwedgeȱ failuresȱorȱ
downȱslopeȱmovementȱofȱblocks.ȱHoweverȱsinceȱmajorityȱofȱtheȱlayerȱisȱinȱhighlyȱweatheredȱ
conditionȱorȱ coveredȱwithȱ residualȱ soilȱorȱweatheredȱ colluviumsȱnowȱweȱ seeȱ itȱasȱaȱmassȱ
dislocationȱcontainingȱaȱmixtureȱofȱrockȱȱandȱsoilȱsoȱitȱisȱimperativeȱtoȱseeȱsuchȱmovementsȱ
asȱDebrisȱflows.ȱTheȱvegetationȱ(seeȱPlate:03)ȱalsoȱplayȱaȱmajorȱroleȱinȱdestabilizationȱofȱsuchȱ
massȱasȱrootȱsystemsȱdevelopedȱinȱwhetherȱthinȱlayersȱcanȱhelpȱexpansionȱofȱ jointȱsystemsȱ
asȱwellȱasȱbeddingȱplanesȱwhichȱhelpȱwaterȱpenetrationȱdeepȱinȱtoȱrockȱmassȱwhichȱalwaysȱ
increasesȱtheȱpotentialȱofȱfailure.ȱ
ȱ

Plateȱ3:ȱRootȱsystemsȱdevelopedȱinȱjointsȱandȱinȱthinkȱinterȬbeddedȱlayersȱ

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
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GeoȬmorphologyȱandȱslopeȱcategoryȱattributesȱ
ȱ

A) Cox’sȱBazarȱ
ȱ

ȱ
B) Teknafȱ

ȱ

ȱ
ȱ
Theȱprojectȱ teamȱhasȱ takenȱanȱattemptȱ toȱanalysesȱ theȱ slopeȱanglesȱofȱ failedȱ slopesȱ toȱ seeȱ
whetherȱanyȱdominanceȱcouldȱbeȱseenȱinȱtheȱvariousȱslopeȱanglesȱ.Fromȱtheȱevidenceȱofȱtheȱ
pastȱlandslidesȱitȱisȱseenȱthatȱtheȱmostȱdominantȱcategoryȱamongȱfailedȱslopesȱisȱtheȱslopesȱ
betweenȱslopeȱangleȱofȱ16Ȭ30.ȱSimilarȱcorrelationȱcanȱbeȱseenȱinȱbothȱmunicipalityȱareas.ȱTheȱ
otherȱdominantȱcategoryȱisȱtheȱslopesȱwithȱslopeȱangleȱofȱ31Ȭ45.ȱTheȱslopesȱwithȱslopeȱangleȱ
ofȱ 45ȱ orȱ lessȱ thanȱ 15ȱ areȱ lessȱ dominantȱ amongȱ failedȱ slopeȱ categories.ȱ Theȱ otherȱ factorȱ
evidentȱ fromȱ theȱpastȱ landslidesȱ isȱ theȱ factȱ thatȱwhenȱ theȱslopeȱangleȱ increasesȱnumberȱofȱ
landslidesȱinȱslopesȱhigherȱthanȱ45ȱbecomesȱless.ȱItȱisȱmainlyȱdueȱtoȱtheȱfactȱthat,ȱȱwhenȱtheȱ
slopeȱ becomesȱ higherȱ theȱ probabilityȱ ofȱ retentionȱ ofȱ anyȱ weakerȱ layerȱ orȱ soilȱ massȱ isȱ
becomingȱ lessȱ andȱ underȱ gravityȱ suchȱ slopesȱ tendȱ toȱ getȱ erodedȱ systematically.ȱ Soȱ theȱ
retainedȱmassȱthicknessȱwillȱnotȱbeȱsoȱhighȱandȱsuchȱslopesȱprobablyȱwillȱnotȱfailȱeasily.ȱInȱ
certainȱ casesȱ apparentlyȱ thereȱ areȱ blockȱ failuresȱ whichȱ haveȱ beenȱ occurredȱ alongȱ nearȱ
verticalȱjointsȱalongȱescarpmentȱslopesȱelsewhereȱbutȱsuchȱfailuresȱhaveȱnotȱbeenȱseenȱasȱtheȱ
dominantȱfailureȱmodeȱwithinȱtheȱtwoȱtargetȱcities.ȱ
ȱ
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Plateȱ4:ȱLandȱuseȱattributesȱ

a) Cox’sȱBazarȱ
ȱ

ȱ
ȱ
b) Teknafȱ
ȱ

ȱ
ȱ
Theȱprojectȱteamȱhasȱobservedȱseveralȱlandȱuseȱclassesȱinȱtheȱareaȱsubjectedȱtoȱmappingȱinȱ
twoȱtargetȱmunicipalities.ȱHoweverȱtheȱdominantȱ landȱuseȱclassesȱseenȱ inȱfailedȱslopesȱareȱ
eitherȱ abandonedȱ landȱ afterȱ cultivationȱorȱ landȱ coveredȱwithȱhomesteads.ȱThisȱ isȱ seenȱ asȱ
majorȱ reasonȱ forȱ deathȱ ofȱ peopleȱ asȱ nearȱ settlementsȱ alwaysȱ communitiesȱ usedȱ toȱ growȱ
vegetables;ȱfruitȱtreesȱsuchȱasȱbananaȱonȱslopesȱandȱsuchȱlandȱuseȱpracticesȱareȱresponsibleȱ
forȱ destabilizationȱ ofȱ slopes.ȱ Theȱ abandonedȱ slopesȱ alsoȱ areȱ previouslyȱ usedȱ landȱ forȱ
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cultivationȱ ofȱ vegetables;ȱ lentilsȱ etcȱ andȱ absenceȱ ofȱ vegetationȱ coverȱ increasedȱ theȱwaterȱ
percolationȱwhichȱincreasesȱtheȱpotentialȱforȱdestabilization.ȱManyȱtypesȱofȱhumanȱactivitiesȱ
causedȱdisturbancesȱ toȱnaturalȱslopeȱsuchȱasȱcultivation,ȱremovalȱofȱearthȱ forȱconstructionȱ
purposes,ȱexcavationsȱetc.ȱTheȱhumanȱsettlementȱareasȱareȱmainlyȱsubjectedȱtoȱlandȱslidingȱ
dueȱ toȱ suchȱ humanȱ interventionsȱ (pl.ȱ seeȱ Plateȱ 05).ȱ Thickȱ forestsȱ areasȱ haveȱ notȱ beenȱ
subjectedȱtoȱlandslidesȱandȱhoweverȱpartiallyȱforestedȱareasȱwereȱsubjectedȱtoȱlandslides.ȱ
ȱ

Plateȱ5:ȱVariousȱtypesȱofȱexcavationsȱdoneȱbyȱcommunitiesȱonȱslopesȱforȱcultivationȱpurposesȱandȱ
settlementsȱonȱhillȱslopesȱ

AttributesȱofȱOverburdenȱdepositsȱ
a) Cox’sȱBazarȱ

ȱ

ȱ
ȱ

b) Teknafȱ

ȱ
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Overburdenȱ depositsȱ usuallyȱ areȱ consistsȱ ofȱ colluviums,ȱ residualȱ soilȱ andȱ completelyȱ
weatheredȱ rock.ȱ Inȱ certainȱ casesȱweatheringȱpenetratedȱ highlyȱ inȱ toȱ rockȱmassȱ andȱ thickȱ
overburdenȱ hasȱ failedȱ underȱ gravity.ȱ Itȱ isȱ seenȱ fromȱ theȱ pastȱ landslidesȱ thickerȱ theȱ
overburdenȱ tendencyȱ forȱ failureȱbecomesȱ alsoȱhigher.ȱCommunitiesȱusedȱ toȱ stayȱ inȱ areasȱ
closerȱ toȱ thickȱoverburdenȱ layerȱasȱ itȱcanȱbeȱusedȱ forȱcultivationȱpurposesȱbutȱsuchȱslopesȱ
alsoȱhaveȱseenȱasȱmostȱvulnerableȱslopesȱforȱlandslides.ȱ
ȱ
1.7. Conclusionsȱȱ
ȱ
Theȱfollowingȱconclusionsȱcanȱbeȱmadeȱfromȱtheȱanalysisȱofȱhistoricalȱeventsȱreportedȱinȱtheȱ
Cox’sȱBazaarȱandȱTecknafȱMunicipalities.ȱ
ȱ
a. Mostȱprominentȱ rockȱ typeȱoccursȱ inȱbothȱmunicipalityȱareasȱareȱshaleȱandȱsandstones.ȱ

Theȱ landslidesȱ areȱ mostlyȱ seenȱ inȱ suchȱ dominantȱ rockȱ typesȱ butȱ probabilityȱ ofȱ
occurrenceȱ isȱ higherȱ inȱ theȱ aboveȱ rockȱ typesȱwhenȱ theyȱ consistȱ ofȱ thinȱ interȬbeddedȱ
layersȱofȱ sandȱandȱ clay.ȱ Itȱmayȱbeȱdueȱ toȱ theȱ factȱ thatȱ suchȱ thinȱ layersȱhaveȱ aȱhigherȱ
tendencyȱforȱwaterȱpercolationȱandȱresultantȱpenetrationȱofȱweatheringȱdeepȱinȱtoȱrockȱ
mass.ȱ

b. Landslidesȱalsoȱareȱinfluencedȱbyȱrockȱfracturing.ȱCombinationȱofȱoccurrenceȱofȱbeddingȱ
planesȱ ȱ ȱ andȱ fractureȱ systemsȱwithinȱ aȱ sameȱ areaȱ hasȱ aȱ higherȱ tendencyȱ forȱwedgeȱ
failures.ȱWeatheringȱ alongȱ jointȱ placesȱ inȱ particularȱ fillingȱ inȱ fracturesȱ increasesȱ theȱ
potentialȱforȱlandȱsliding.ȱOftenȱinȱsuchȱareasȱblockȱfailuresȱmayȱoccur.ȱ

c. Homesteadsȱ andȱ abandonedȱ landȱ areasȱ areȱ theȱ keyȱ landȱ usesȱ reportedȱ asȱ mostȱ
vulnerableȱlandȱusers.ȱInȱmostȱcasesȱtheȱfarmersȱhaveȱtheȱtendencyȱtoȱuseȱtheȱlandȱandȱ
abandonedȱ theȱ sameȱ afterȱ fewȱ seasonsȱ andȱ moveȱ toȱ aȱ newȱ location.ȱ Suchȱ generalȱ
tendencyȱ ofȱ peopleȱ forȱ cultivationȱ onȱ slopesȱ needsȱ toȱ beȱ stoppedȱ asȱ aȱ preventionȱ
measure.ȱOftenȱdisturbancesȱtoȱnaturalȱslopesȱalsoȱareȱdueȱtoȱotherȱhumanȱinterventionsȱ
suchȱ asȱ excavationsȱ forȱ construction,ȱ removalȱ ofȱ earthȱ etcȱ butȱ thisȱ sortȱ ofȱ humanȱ
interventionsȱmayȱincreaseȱtheȱpotentialȱforȱdestabilizationȱofȱslopes.ȱ

d. Inȱ certainȱ placesȱ thickȱ overburdenȱ hasȱ beenȱ observed.ȱ Suchȱ observedȱ slopesȱ areȱ
comprisedȱofȱ colluviums,ȱ residualȱ soilȱandȱ completelyȱweatheredȱ rock.ȱ Itȱ isȱ seenȱ fromȱ
theȱpastȱlandslidesȱthatȱthickerȱtheȱoverburdenȱtendencyȱforȱfailureȱbecomesȱalsoȱhigher.ȱ

e. Findingsȱofȱ thisȱstudyȱwillȱbecomeȱaȱveryȱgoodȱ inputȱ toȱ landslideȱhazardȱmapping.ȱ Inȱ
particularȱtheȱanalysisȱcarriedȱoutȱonȱslopes,ȱgeology,ȱthicknessȱofȱoverburdenȱetcȱwillȱbeȱ
usedȱinȱfinalizingȱtheȱratingȱsystemȱforȱfindingȱtheȱattributesȱforȱhazardȱoccurrence.ȱ

ȱ
1.8. Generalȱ Recommendedȱ futureȱ actionsȱ forȱ systematicȱ maintenanceȱ ofȱ landslideȱ

inventory.ȱȱ
ȱ
1. Itȱisȱnecessaryȱtoȱhaveȱaȱsystematicȱrecordingȱofȱlandslidesȱandȱconductingȱofȱmappingȱ

andȱ inventoryingȱ themȱ soonȱafterȱ theȱoccurrenceȱofȱ landslides.ȱManyȱusefulȱevidencesȱ
willȱbeȱdestroyedȱorȱnotȱbeȱavailableȱwhenȱmappingȱ isȱundertakenȱafterȱsomeȱ timesȱasȱ
theȱareasȱwillȱbeȱdisturbedȱtoȱaȱgreatȱextent.ȱ

ȱ
2. Itȱ isȱusefulȱ toȱ identifyȱaȱnodalȱagencyȱforȱ landslideȱriskȱmanagementȱasȱthereȱ isȱaȱneedȱ

forȱ aȱ depositaryȱ ofȱ allȱ landslideȱ relatedȱ reportsȱ andȱ evidences.ȱ Theȱ sameȱ institutionsȱ
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shouldȱ beȱ empoweredȱ toȱ undertakeȱ inventoryingȱ theȱ eventsȱ andȱ developingȱ theȱ
database.ȱItȱisȱcriticalȱtoȱhaveȱmoreȱinformationȱonȱcausativeȱfactorsȱandȱdevelopmentȱofȱ
scientificȱfactualȱinformationȱwhichȱcanȱbeȱusedȱforȱdesigningȱsaferȱslopes.ȱ

ȱ
3. Itȱ isȱ criticalȱ toȱundertakeȱ communityȱ levelȱ interventionsȱ toȱ increaseȱ theȱ awarenessȱonȱ

landslideȱissue.ȱMostlyȱcommunitiesȱlivingȱinȱlandslideȱproneȱareasȱneedȱtoȱunderstandȱ
theȱfactȱthatȱwhenȱlivingȱinȱlandslideȱproneȱareas,ȱifȱtheyȱundertakeȱactivitiesȱtoȱdisturbȱ
theȱslopeȱthatȱwillȱincreaseȱtheirȱvulnerabilityȱfurther.ȱ
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ExecutiveȱSummaryȱȱ
 

Rainfallȱ isȱ aȱ recognizedȱ triggerȱ ofȱ landslides,ȱ andȱ investigatorsȱ haveȱ longȱ attemptedȱ toȱ
determineȱ theȱamountȱofȱprecipitationȱneededȱ toȱ triggerȱ slopeȱ failures.ȱBasedȱonȱ theȱusedȱ
rainfallȱ measurements,ȱ empiricalȱ rainfallȱ thresholdsȱ canȱ beȱ groupedȱ inȱ threeȱ broadȱ
categories:ȱ (i)ȱ thresholdsȱ thatȱ combineȱprecipitationȱmeasurementsȱ obtainedȱ forȱ aȱ specificȱ
rainfallȱ event,ȱ (ii)ȱ thresholdsȱ thatȱ considerȱ theȱ antecedentȱ conditions,ȱ andȱ (iii)ȱ otherȱ
thresholds.ȱ
ȱ

Considerableȱeffortsȱhaveȱbeenȱmadeȱtoȱunderstandȱtheȱtriggersȱforȱ landȱslidingȱ inȱnaturalȱ
systems,ȱwithȱquiteȱvariableȱ results.ȱReviewȱofȱ theȱ literatureȱ revealsȱ thatȱnoȱuniqueȱ setȱofȱ
measurementsȱexistsȱ toȱcharacterizeȱ theȱrainfallȱconditionsȱ thatȱareȱ likelyȱ (orȱnotȱ likely)ȱ toȱ
triggerȱslopeȱfailures.ȱ
ȱ

Rainfallȱdataȱsinceȱ1950sȱandȱlandslideȱrecordsȱwereȱcollectedȱtoȱformulateȱrainfallȱthresholdȱ
valuesȱ forȱ thisȱ area.ȱ Followingȱ conclusionsȱ andȱ recommendationsȱ couldȱ beȱ madeȱ
consideringȱtheȱrainfallȱandȱlandslideȱdataȱavailableȱinȱtheseȱtwoȱlocationsȱhavingȱreferredȱtoȱ
numberȱofȱreferencesȱonȱthisȱtopic.ȱ
ȱ

Cox’sȱBazaarȱandȱTeknafȱshowȱthatȱaroundȱ130mmȱduringȱ24ȱhrsȱrainfallȱorȱ300mmȱrainfallȱ
duringȱ48ȱhrsȱrainfallȱcouldȱcauseȱaȱlandslideȱinȱCox’sȱBazaarȱandȱTeknaf.ȱHowever,ȱgloballyȱ
theȱ lastȱnightȱ rainȱ causesȱ landslidesȱ toȱ occurȱ inȱ theȱ earlyȱmorning.ȱThen,ȱ theȱdayȱ beforeȱ
couldȱalsoȱbeȱconsideredȱasȱ24ȱhrsȱrainfallȱandȱinȱthatȱcase,ȱrainfallȱwouldȱbeȱ170mm/24ȱhrs.ȱ
ThisȱvalueȱexactlyȱfitsȱwithȱCorominasȱandȱMoyaȱ(1999)ȱvaluesȱdefinedȱforȱSpainȱandȱBrandȱ
etȱal.ȱ(1988)ȱvaluesȱforȱHongȱKong.ȱFurther,ȱitȱalsoȱhasȱsomeȱcloseȱrelationshipȱwithȱBandaraȱ
(2008)ȱ findingsȱ forȱSriȱLankaȱanȱevacuationȱwarning.ȱHowever,ȱ ifȱhourlyȱ rainfallȱcouldȱbeȱ
found,ȱitȱwouldȱbeȱaȱsupportingȱdataȱforȱaȱbetterȱprediction.ȱ
ȱ
Further,ȱwhenȱ theȱ twoȱ locationsȱ suchȱ asȱ Teknafȱ andȱ Cox’sȱ Bazaarȱ takenȱ separately,ȱ theȱ
followingȱresultsȱcouldȱbeȱestimated.ȱ
ȱ
Dataȱ fromȱTeknafȱgivesȱaroundȱ170mmȱduringȱ24ȱhrsȱrainfallȱorȱ420mmȱrainfallȱduringȱ48ȱ
hrsȱrainfallȱcouldȱcauseȱaȱlandslide.ȱHowever,ȱtheȱdayȱbeforeȱcouldȱalsoȱbeȱconsideredȱasȱ24ȱ
hrsȱrainfallȱandȱinȱthatȱcase,ȱrainfallȱwouldȱbeȱ250mm/24ȱhrs.ȱ
ȱ

DataȱfromȱCox’sȱBazaarȱgivesȱaroundȱ96mmȱduringȱ24ȱhrsȱrainfallȱorȱ185mmȱrainfallȱduringȱ
48ȱhrsȱrainfallȱcouldȱcauseȱaȱlandslide.ȱHowever,ȱtheȱdayȱbeforeȱcouldȱalsoȱbeȱconsideredȱasȱ
24ȱhrsȱrainfallȱandȱinȱthatȱcase,ȱrainfallȱwouldȱbeȱ90mm/24ȱhrs.ȱ
ȱ
ADPCȱ teamȱ hasȱ formulatedȱ theȱ thresholdȱ valuesȱ mentionedȱ inȱ thisȱ reportȱ
usingȱ theȱ availableȱ dataȱ whichȱ needsȱ improvementȱ asȱ moreȱ dataȱ becomesȱ
available.ȱWheneverȱaȱ landslideȱhappensȱ inȱ theȱconcernedȱarea,ȱ itȱ isȱaȱmustȱ toȱcollectȱ thisȱ
informationȱandȱupdateȱtheȱproposedȱthresholds.ȱ
ȱ
ADPCȱ teamȱ isȱ inȱ theȱ processȱ ofȱ settingȱ upȱ theȱ Communityȱ Basedȱ systemȱ forȱ
earlyȱwarningȱ inȱ twoȱpilotȱcommunities.ȱTheȱprecipitationȱ thresholdȱvaluesȱrecommendedȱ
toȱbeȱusedȱasȱfollows;ȱ
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*WarningȱlimitȱforȱAlertȱȬȱ75ȱmmȱinȱTeknafȱandȱ50mmȱrainfallȱforȱ24ȱhoursȱforȱCox’sȱBazaarȱ
–ȱ Increaseȱvigilanceȱandȱobserveȱappearanceȱofȱanyȱ symptomsȱofȱ slopeȱdestabilizationȱonȱ
criticalȱ slopes.ȱ Ifȱ suchȱ symptomsȱ canȱ beȱ observedȱ immediatelyȱ moveȱ outȱ fromȱ theȱ
criticalȱslopeȱarea.ȱOtherwiseȱuseȱthisȱlimitȱforȱhavingȱvigilance.ȱ
ȱ
Noteȱ–ȱIfȱCox’sȱbazaarȱgetsȱgenerallyȱhigherȱrainfallȱinȱthisȱrange,ȱthenȱeveryȱrainyȱdayȱisȱanȱ
alertȱday.ȱOnȱ theȱotherȱhand,ȱsinceȱCox’sȱBazaarȱ isȱsoȱurbanized,ȱ thisȱ rangeȱ rainfallȱcouldȱ
causeȱheavyȱdamagesȱdueȱ toȱ landslides.ȱ Ifȱweȱ takeȱ averageȱdailyȱ rainfallȱ inȱCox’sȱBazaarȱ
sinceȱ1950,ȱitȱisȱaroundȱ9.8363ȱmmȱperȱday.ȱMaximumȱdailyȱrainfallȱoccursȱinȱJuneȱandȱJulyȱ
andȱ itȱ isȱalsoȱaroundȱ 30Ȭ40ȱmmȱperȱday.ȱSoȱhavingȱ aȱ rainfallȱmoreȱ thanȱ50ȱmmȱ couldȱbeȱ
consideredȱasȱanȱalertȱsituation.ȱ
ȱ
*Warningȱ ȱlimitȱ forȱ gettingȱ readyȱ forȱ evacuationȱ toȱ saferȱ locationȱ fromȱ highȱ
riskȱlocationsȬȱ100ȱmmȱinȱTeknafȱandȱ75mmȱrainfallȱforȱ24ȱhoursȱforȱCox’sȱBazaar–ȱGetȱreadyȱ
forȱevacuation,ȱunderȱshortȱnoticeȱ
ȱ
*Warningȱ forȱEvacuation)ȱ Ȭȱ 150ȱmmȱ inȱTeknafȱ andȱ 90mmȱ rainfallȱ forȱ 24ȱ hoursȱ forȱCox’sȱ
Bazaarȱ–Warningȱforȱevacuationȱtoȱsaferȱplaces.ȱȱ
ȱ
Theȱ criticalȱ locationsȱwhereȱ theseȱwarningsȱ shouldȱbeȱ imposedȱwillȱbeȱ identifiedȱ throughȱ
landslideȱhazardȱmappingȱinȱCox’sȱBazaarȱandȱTeknaf.ȱȱ
ȱ
NoteȱȬȱSometimes,ȱpreviousȱnightȱrainȱcanȱalsoȱbeȱcontinuingȱtillȱtheȱdisasterȱhappens.ȱThen,ȱ
weȱmayȱ seeȱ aȱveryȱ smallȱvalueȱnextȱday,ȱbutȱ landslideȱ tooȱoccurs.ȱThisȱhasȱhappenedȱ inȱ
Teknaf.ȱConsideringȱ theseȱ facts,ȱ asȱ theȱ rangeȱ isȱ tooȱhighȱ fromȱ 100ȱ toȱ 200,ȱweȱ canȱ goȱ forȱ
150mmȱforȱadditionalȱsafety.ȱ
ȱ
Hourlyȱrainfallȱdataȱ isȱveryȱ importantȱ theseȱdaysȱasȱheavyȱ intenseȱshortȱ termȱrainfallsȱareȱ
causingȱnoȱofȱlandslidesȱallȱoverȱtheȱworld.ȱOnceȱhourlyȱrainfallȱdataȱwillȱbeȱavailableȱsuchȱ
dataȱalsoȱneededȱtoȱbeȱfactoredȱinȱtoȱaboveȱEWȱlimits.ȱInȱfuture,ȱdataȱintervalȱforȱrecordingȱ
shouldȱbeȱonȱhourlyȱbasis.ȱLocalȱMetȱDepartmentȱ shouldȱbeȱadvisedȱ toȱcollectȱdataȱusingȱ
hourlyȱprecipitation.ȱAsȱ itȱ isȱnotȱ theȱpracticeȱofȱMetȱDepartmentȱofȱBangladeshȱ toȱ releaseȱ
suchȱdata,ȱitȱisȱrecommendedȱifȱtheȱfocalȱagencyȱcouldȱdiscussȱandȱagreeȱonȱreleasingȱhourlyȱ
dataȱ atȱ leastȱ duringȱ monsoonȱ periodsȱ forȱ thisȱ kindȱ ofȱ nationallyȱ importantȱ disastrousȱ
situations.ȱ
ȱ
Itȱshouldȱbeȱnotedȱthatȱtheȱmainȱsetȱbackȱinȱdefiningȱtheȱgeologyȱrelatedȱspecificȱthresholdsȱ
isȱ theȱ availabilityȱ ofȱ rainfallȱ data.ȱ Becauseȱ theȱ rainfallȱ dataȱ forȱ Teknafȱ andȱCox’sȱ Bazaarȱ
representsȱ theȱ twoȱ regionsȱ andȱ siteȱ specificȱ setsȱ ofȱ dataȱ isȱ notȱ available.ȱ Evenȱ ifȱweȱ useȱ
differentȱgeologyȱtoȱprepareȱthresholds,ȱfinallyȱweȱhaveȱtheȱsameȱrainfallȱdata.ȱThereforeȱitȱ
shouldȱ beȱ encouragedȱ theȱ communityȱ participationȱ inȱ collectingȱ rainfallȱ dataȱ forȱ furtherȱ
improvementsȱofȱtheseȱproposedȱthresholds.ȱȱ
ȱ
Itȱ isȱ stronglyȱ recommendedȱ thatȱ atȱ leastȱ twoȱ automaticȱ rainȱ gaugesȱ haveȱ toȱ beȱ madeȱ
availableȱatȱrespectiveȱ targetȱmunicipalities.ȱADPCȱhasȱalreadyȱmadeȱaȱrequestȱ toȱNGIȱ forȱ
theȱ sameȱunderȱRECLAIMȱprojectȱbutȱ itȱmayȱbeȱbetterȱ ifȱ similarȱ requestȱ canȱbeȱmadeȱbyȱ
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GeologicalȱSurveyȱofȱBangladeshȱtoo.ȱItȱisȱgoodȱifȱtheȱautomaticȱrainȱgaugesȱcouldȱbeȱsetȱupȱ
soonȱbeforeȱtheȱcommencementȱofȱtheȱnextȱmonsoonȱrains.ȱ
ȱ
ItȱisȱessentialȱaȱNodalȱAgencyȱorȱresponsibleȱagencyȱcanȱbeȱidentifiedȱforȱEWȱforȱlandslides.ȱ
Theȱsameȱagencyȱshouldȱcontinueȱdataȱprocessingȱandȱupdatingȱ theȱaccuracyȱofȱ thresholdȱ
limitsȱinȱtheȱfuture.ȱ
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2. PrecipitationȱThresholdȱValueȱ
 
2.1. Introductionȱ
 
Moreȱthanȱ300ȱpeopleȱhaveȱbeenȱkilledȱinȱlandslidesȱinȱChittagongȱinȱrecentȱyears.ȱNineteenȱ
people,ȱ12ȱofȱthemȱchildren,ȱdiedȱinȱlandslidesȱinȱCoxȇsȱBazaarȱdistrictȱinȱtheȱfirstȱhalfȱofȱJulyȱ
2010ȱ alone.ȱOnȱ 3ȱ July,ȱ thisȱyear,ȱ 14ȱpeopleȱdiedȱ inȱ rainȬinducedȱ landslidesȱ atȱTeknafȱ andȱ
UkhiaȱsubȬdistrictsȱofȱCoxȇsȱBazaar,ȱwhileȱtwoȱpeopleȱinȱoneȱfamilyȱwereȱburiedȱaliveȱunderȱ
mudȱ theȱ followingȱday.ȱOnȱ14ȱ Julyȱ twoȱmoreȱdiedȱunderȱaȱmudslideȱatȱHimchhariȱ inȱ theȱ
sameȱdistrict.ȱInȱJuneȱ2007,ȱaȱlandslideȱatȱMatiȱJharnaȱcolonyȱofȱLalkhanȱBazar,ȱrightȱinȱtheȱ
heartȱofȱChittagong,ȱkilledȱ127ȱpeopleȱandȱinjuredȱ100ȱmoreȱduringȱannualȱmonsoonȱofȱ2008,ȱ
whenȱaȱhillȱcollapsedȱonȱtoȱanȱadjacentȱslum.ȱȱ
ȱ
Asȱ seenȱ fromȱ theȱaboveȱ theȱ incidentsȱofȱ landslidesȱareȱbecomingȱ aȱveryȱ frequentȱdisasterȱ
eventȱ inȱ hillȱdistrictsȱ ofȱBangladesh.ȱLandslidesȱusuallyȱdoȱ notȱ bringȱ significantȱnegativeȱ
impactsȱonȱtheȱdevelopmentȱinitiativesȱlikeȱotherȱmajorȱdisasterȱeventsȱsuchȱasȱearthquakesȱ
andȱfloodsȱandȱtheȱareaȱaffectedȱisȱcomparativelyȱnotȱveryȱlarge.ȱThereforeȱlessȱattentionȱhasȱ
beenȱgivenȱtoȱlandslideȱproblemsȱinȱmanyȱofȱtheȱcountriesȱinȱAsia.ȱDuringȱpastȱfewȱyearsȱweȱ
haveȱ seenȱ escalationȱ ofȱ landslideȱ eventsȱ inȱ Bangladeshȱ notȱ onlyȱ inȱ numberȱ butȱ alsoȱ inȱ
magnitude.ȱUsuallyȱBangladeshȱ isȱ regardedȱasȱaȱ flatȱcountryȱwhichȱgetsȱaffectedȱoftenȱbyȱ
floodȱandȱcycloneȱevents.ȱHoweverȱ inȱadditionȱ toȱsuchȱ frequentȱhazards;ȱnowȱweȱneedȱ toȱ
considerȱthatȱlandslideȱeventsȱ ȱalsoȱcontinueȱtoȱresultȱinȱhumanȱsufferings,ȱpropertyȱlossesȱ
asȱ seenȱ fromȱ theȱ eventsȱ thatȱ occurredȱ duringȱ theȱ recentȱ past.ȱ Suchȱ increasesȱ haveȱ beenȱ
reportedȱ especiallyȱ inȱ theȱ southernȱ areasȱ ofȱ Bangladesh.ȱ Asȱ populationȱ increasesȱ andȱ
societiesȱbecomeȱmoreȱ complex,ȱ theȱeconomicȱandȱ societalȱ lossesȱdueȱ toȱ suchȱ eventsȱmayȱ
continueȱtoȱriseȱunlessȱproperȱattentionȱisȱgivenȱatȱearlyȱstagesȱasȱincreasingȱanthropogenicȱ
activitiesȱinȱtheȱmountainȱareasȱcanȱaddȱtoȱtheȱexistingȱvulnerabilityȱofȱcommunitiesȱfurther.ȱȱ
ȱ
Likeȱ inȱ otherȱ countriesȱ oneȱ ofȱ theȱ reasonsȱ forȱ aggravationȱ ofȱ landslideȱ problemȱ inȱ
Bangladeshȱisȱlackȱofȱawarenessȱonȱtheȱcausativeȱfactorsȱtriggerȱmechanismȱofȱlandslidesȱetc.ȱ
Thisȱisȱaȱcommonȱproblemȱforȱatȱriskȱcommunitiesȱlivingȱinȱlandslideȱproneȱareasȱasȱwellȱasȱ
forȱmostȱofȱ theȱregulatoryȱauthorities,ȱplanningȱauthoritiesȱasȱwellȱasȱ forȱserviceȱsector.ȱ Inȱ
mostȱcasesȱunplannedȱhumanȱactivitiesȱorȱillegalȱsettlementsȱinȱhazardȱproneȱareasȱareȱseenȱ
asȱ reasonsȱ forȱ highȱ socioȬeconomicȱ impactsȱ dueȱ toȱ variousȱ hazardȱ events.ȱ Inȱ caseȱ ofȱ
landslidesȱtheȱauthoritiesȱ involvedȱ inȱhumanȱsettlementȱplanningȱandȱdevelopmentȱdoȱnotȱ
haveȱanȱapproachȱforȱintegratingȱtheȱlandslideȱriskȱreductionȱmeasuresȱinȱlandȱuseȱplanningȱ
dueȱ toȱ lackȱ ofȱ awarenessȱ onȱ mostȱ essentialȱ importantȱ factors.ȱ Asȱ wellȱ theȱ authoritiesȱ
responsibleȱ forȱ infrastructureȱdevelopmentȱ inȱ theȱ serviceȱsectorȱ suchȱasȱwater,ȱpowerȱandȱ
energy,ȱroadȱdevelopmentȱetcȱdoȱnotȱgiveȱadequateȱattentionȱ toȱ landslideȱproblemȱandȱ itsȱ
potentialȱ impactȱdueȱ toȱ sameȱ reason.ȱTheȱprofessionalsȱ involvedȱ inȱ landȱuseȱplanningȱorȱ
otherȱdevelopmentȱcontrolȱandȱdevelopmentȱprogramsȱseeȱthisȱasȱaȱnewȱproblemȱandȱdoȱnotȱ
haveȱadequateȱknowledgeȱonȱcausativeȱfactorsȱorȱmeasuresȱtoȱreduceȱtheȱimpactȱforȱsocioȬ
economicȱ developmentȱ ofȱ hillȱ districtsȱ ofȱ Bangladesh.ȱ Usuallyȱ whenȱ theȱ developmentȱ
decisionsȱareȱtakenȱinȱhillyȱareas,ȱtheȱlandslideȱpronenessȱandȱissuesȱrelatedȱtoȱreductionȱofȱ
impactsȱorȱcreationȱofȱmuchȱneededȱawarenessȱonȱtheȱissuesȱinȱgeneralȱisȱnotȱconsideredȱasȱ
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anȱimportantȱfactor.ȱInȱmostȱcases,ȱtheȱimpactȱofȱlandslidesȱisȱvisibleȱwhenȱtheȱservicesȱareȱ
disruptedȱorȱseveralȱdeathsȱareȱreportedȱcausedȱbyȱlandslideȱevents.ȱȱ
ȱ
TheȱProjectȱinitiatedȱbyȱCDMPȱonȱȱ“RainfallȱTriggeredȱLandslideȱHazardȱZonationȱinȱCoxȇsȱ
BazaarȱandȱTeknafȱMunicipalitiesȱasȱwellȱasȱIntroducingȱCommunityȬbasedȱEarlyȱWarningȱ
Systemȱ forȱ Landslideȱ Hazardȱ Management”ȱ canȱ beȱ consideredȱ asȱ aȱ majorȱ stepȱ byȱ
Bangladeshȱauthoritiesȱforȱpromotingȱlandslideȱriskȱreductionȱforȱsustainableȱdevelopmentȱ
ofȱ hillȱ countryȱ districtsȱ ofȱ Bangladesh.ȱ Thisȱwillȱ helpȱ inȱmuchȱ neededȱ awarenessȱ onȱ theȱ
causativeȱfactorsȱandȱinterventionsȱforȱreducingȱtheȱlandslideȱrisk.ȱThisȱalsoȱwillȱpromoteȱaȱ
dialogueȱ betweenȱ decisionȱmakersȱ atȱ cityȱ level,ȱ landslideȱ professionalsȱ withȱ vulnerableȱ
communitiesȱlivingȱinȱlandslideȱproneȱareasȱaboutȱtheȱtheoreticalȱandȱpracticalȱaspectsȱandȱ
issuesȱ relatedȱ toȱ landslideȱ hazardȱmitigationȱ andȱ increasedȱ preparedness.ȱ Theȱ proposedȱ
programȱactivitiesȱareȱdesignedȱtoȱbeȱimplementedȱthroughȱaȱconsultativeȱprocessȱtoȱarriveȱ
atȱaȱsuitableȱstrategyȱwhichȱcanȱbeȱreplicatedȱwithinȱallȱlandslideȱproneȱareasȱofȱBangladesh.ȱ
Thisȱ reportȱonȱ ȈDevelopmentȱofȱprecipitationȱ thresholdȱ limitsȱ forȱ landslideȱproneȱareasȱ inȱ
Coxȱ bazarȱ andȱTechnafȱMunicipalitiesȈisȱ aȱ fulfilmentȱ ofȱ oneȱ ofȱ theȱmainȱ activitiesȱ ofȱ theȱ
aboveȱproject.ȱ
ȱ
Thisȱactivityȱwillȱhaveȱfollowingȱobjectives;ȱ
x Developmentȱofȱaȱmethodologyȱforȱdeterminingȱtheȱthresholdȱlevelsȱȱ
x Investigateȱandȱprovideȱanȱoverviewȱofȱdefinitionȱofȱthersholdȱlimitsȱbyȱotherȱcountriesȱ

proneȱtoȱlandslidesȱ
x Analysisȱ ofȱRainfallȱ dataȱ pertinenetȱ toȱ historicalȱ landslidesȱ recordedȱwithinȱ theȱ twoȱ

municiplaitiesȱ
x Determinationȱofȱthersholdȱlimitsȱofȱtwoȱmuniciplaitiesȱ
ȱ
2.2. GeneralȱApproachȱforȱestablishmentȱofȱRainfallȱThresholdsȱofȱLandslidesȱȱ
 
Rainfallȱ isȱ aȱ recognizedȱ triggerȱ ofȱ landslides,ȱ andȱ investigatorsȱ haveȱ longȱ attemptedȱ toȱ
determineȱ theȱ amountȱ ofȱ precipitationȱ neededȱ toȱ triggerȱ slopeȱ failures,ȱ aȱ problemȱ ofȱ
scientificȱandȱsocietalȱinterest.ȱRainfallȱthresholdsȱcanȱbeȱdefinedȱonȱphysicalȱ(processȬbased,ȱ
conceptual)ȱ orȱ empiricalȱ (historical,ȱ statistical)ȱ basis.ȱ Empiricalȱ rainfallȱ thresholdsȱ areȱ
definedȱstudyingȱrainfallȱeventsȱthatȱhaveȱresultedȱinȱlandslides.ȱTheȱthresholdsȱareȱusuallyȱ
obtainedȱbyȱdrawingȱlowerȬboundȱlinesȱtoȱtheȱrainfallȱconditionsȱthatȱresultedȱinȱlandslidesȱ
plottedȱ inȱ Cartesian,ȱ semiȬlogarithmic,ȱ orȱ logarithmicȱ coordinates.ȱMostȱ commonly,ȱ theȱ
thresholdsȱ areȱ drawnȱ visually,ȱ i.e.,ȱ withoutȱ anyȱ rigorousȱ mathematical,ȱ statistical,ȱ orȱ
physicalȱ criterion.ȱWhereȱ informationȱ onȱ rainfallȱ conditionsȱ thatȱ didȱ notȱ resultȱ inȱ slopeȱ
failuresȱisȱavailable,ȱthresholdsȱareȱdefinedȱasȱtheȱbestȱseparatorsȱofȱrainfallȱconditionsȱthatȱ
resultedȱandȱdidȱnotȱresultȱinȱslopeȱinstability.ȱEmpiricalȱrainfallȱthresholdsȱforȱtheȱinitiationȱ
ofȱ landslidesȱ haveȱ beenȱ proposedȱ atȱ theȱ globalȱ (worldȬwide),ȱ regional,ȱ andȱ localȱ scale.ȱ
Reviewȱofȱtheȱliteratureȱrevealsȱthatȱnoȱuniqueȱsetȱofȱmeasurementsȱexistsȱtoȱcharacterizeȱtheȱ
rainfallȱ conditionsȱ thatȱ areȱ likelyȱ (orȱ notȱ likely)ȱ toȱ triggerȱ slopeȱ failuresȱ (seeȱ Tableȱ 1).ȱ
Languageȱinconsistenciesȱandȱdisagreementȱonȱtheȱrequisiteȱrainfallȱandȱlandslideȱvariablesȱ
makeȱ itȱ difficultȱ toȱ compareȱ theȱ thresholds.ȱ Basedȱ onȱ theȱ usedȱ rainfallȱ measurements,ȱ
empiricalȱ rainfallȱ thresholdsȱ canȱbeȱgroupedȱ inȱ threeȱbroadȱ categories:ȱ (i)ȱ thresholdsȱ thatȱ
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combineȱ precipitationȱmeasurementsȱ obtainedȱ forȱ aȱ specificȱ rainfallȱ event,ȱ (ii)ȱ thresholdsȱ
thatȱconsiderȱtheȱantecedentȱconditions,ȱandȱ(iii)ȱotherȱthresholds.ȱ
ȱ
2.3. LiteratureȱreviewȱonȱtheȱExistingȱThresholdȱDefinitionsȱ
 
2.3.1. ImpactȱofȱRainȱFallȱonȱSlopeȱInstabilityȱ
ȱ
Studiesȱ performedȱ elsewhereȱ onȱ theȱ impactȱ ofȱ rainfallȱ onȱ slopeȱ instabilityȱ indicatesȱ thatȱ
moderateȱshowersȱofȱlongȱdurationȱareȱmoreȱdangerousȱthanȱhighȱintensityȱshowersȱofȱshortȱ
durationȱ becauseȱ aȱ showerȱ ofȱ longȱdurationȱprovidesȱ sufficientȱ timeȱ forȱ theȱ rainwaterȱ toȱ
infiltrateȱ toȱ theȱ criticalȱ depthȱ inȱ aȱ givenȱ slope.ȱ Theȱ aboveȱ findingsȱ showȱ thatȱ rainfallȱ
intensitiesȱ thatȱareȱ lessȱ thanȱ theȱcoefficientȱofȱpermeabilityȱofȱ theȱsoilȱmayȱnotȱsaturateȱ theȱ
soilȱ belowȱ theȱ rootȱ zone.ȱ Rainfallȱ intensitiesȱ thatȱ areȱ significantlyȱ higherȱ thanȱ theȱ soilȱ
absorptionȱcapacityȱmayȱalsoȱnotȱpenetrateȱthroughȱtheȱsoilȱwithinȱaȱgivenȱdurationȱdueȱtoȱ
theȱrunoffȱ(www.fao.org/docrep/T1765E/t1765e0q.htm).ȱȱ
ȱ
Evaluationȱofȱchangingȱeffectiveȱstressȱconditionsȱdueȱ toȱporeȱwaterȱpressureȱvariationsȱ isȱ
ratherȱ aȱ complexȱ problem,ȱ especiallyȱ ifȱ theyȱ areȱ addressedȱwithinȱ theȱ impactsȱ ofȱ slopeȇsȱ
vegetationȱandȱtheȱnatureȱofȱtheȱsubȬsoil.ȱAccordingȱtoȱpreviousȱstudies,ȱtheȱbestȱapproachȱ
toȱevaluateȱtheȱimpactȱofȱgroundȱwaterȱconditionsȱisȱtoȱmeasureȱtheȱinȬsituȱsuctionȱandȱtheȱ
poreȱwaterȱpressure.ȱHowever,ȱ costȱofȱ instrumentationȱ thatȱ canȱ accuratelyȱmeasureȱ theseȱ
parametersȱ hasȱ overriddenȱ theȱ incorporationȱ ofȱ theseȱ parametersȱ intoȱ theȱ suggestedȱ
evaluationȱmethodology,ȱspecificallyȱatȱtheȱselectedȱscaleȱofȱmapping.ȱ
ȱ
2.3.2. UnderstandingȱtheȱtriggersȱforȱEstablishmentȱofȱRainfallȱThresholdȱvaluesȱ
 
Rainfallȱ thresholdȱ valuesȱ varyȱ fromȱ regionȱ toȱ regionȱ dueȱ toȱ differencesȱ inȱ exitingȱ soilȱ
characteristicsȱandȱclimatologicalȱpatternsȱinȱdifferentȱareas.ȱTherefore,ȱaȱcompleteȱstudyȱofȱ
theȱrainfallȱpatternsȱinȱlandslideȱproneȱareasȱandȱtheirȱrecordsȱofȱlandslidesȱwillȱhelpȱpredictȱ
reasonableȱthresholdȱvaluesȱofȱrainfallȱandȱuseȱthemȱasȱaȱtoolȱforȱlandslideȱforecasting.ȱWithȱ
this,ȱtherefore,ȱcollectionȱofȱcriticalȱrainfallȱvaluesȱwithȱsufficientȱgeologicalȱdataȱpertinentȱtoȱ
previousȱ landslidesȱ inȱ theȱ twoȱ citiesȱ namelyȱ Teknafȱ andȱ Cox’sȱ Bazaarȱ isȱ ofȱ paramountȱ
importanceȱ inȱ establishingȱprecipitationȱ thresholdȱ limits.ȱ Itȱ canȱ beȱ subsequentlyȱusedȱ forȱ
developingȱlandslideȱEWSȱforȱtheȱbenefitȱofȱtheȱpeopleȱwhoȱareȱvulnerableȱtoȱlandslidesȱinȱ
bothȱcities.ȱ
ȱ
Considerableȱeffortsȱhaveȱbeenȱmadeȱtoȱunderstandȱtheȱtriggersȱforȱ landȱslidingȱ inȱnaturalȱ
systems,ȱwithȱquiteȱvariableȱresults.ȱForȱexample,ȱworkingȱinȱPuertoȱRico,ȱLarsenȱandȱSimonȱ
foundȱ thatȱstormsȱwithȱaȱ totalȱprecipitationȱofȱ100–200ȱmm,ȱaboutȱ14ȱmmȱofȱrainȱperȱhourȱ
forȱseveralȱhours,ȱorȱ2–3ȱmmȱofȱrainȱperȱhourȱforȱaboutȱ100ȱhoursȱcanȱtriggerȱlandslidesȱinȱ
thatȱenvironment.ȱRafiȱAhmad,ȱworkingȱinȱJamaica,ȱfoundȱthatȱforȱrainfallȱofȱshortȱdurationȱ
(aboutȱ1ȱhour)ȱ intensitiesȱofȱgreaterȱ thanȱ36ȱmm/hȱwereȱ requiredȱ toȱ triggerȱ landslides.ȱOnȱ
theȱ otherȱ hand,ȱ forȱ longȱ rainfallȱ durations,ȱ lowȱ averageȱ intensitiesȱ ofȱ aboutȱ 3ȱmm/hȱ
appearedȱ toȱ beȱ sufficientȱ toȱ causeȱ landȱ slidingȱ asȱ theȱ stormȱ durationȱ approachedȱ
approximatelyȱ100ȱhours.ȱCorominasȱandȱMoyaȱ(1999)ȱfoundȱthatȱtheȱfollowingȱthresholdsȱ
existȱforȱtheȱupperȱbasinȱofȱtheȱLlobregatȱRiver,ȱEasternȱPyreneesȱarea.ȱWithoutȱantecedentȱ



Rainfall Triggered Landslide Hazard Zonation in Cox’s Bazaar and Teknaf Municipalities as well as Introducing Community-based Early 
Warning System for Landslide Hazard Management 

Report on Landslide Inventory & Land-use Mapping, 
DEM Preparation, Precipitation Threshold Value & Establishment of Early Warning Devices  
 
 

CDMP                                                                                                                                                    datEx-ADPC   
 
 
 

95

rainfall,ȱhighȱ intensityȱ andȱ shortȱdurationȱ rainsȱ triggeredȱdebrisȱ flowsȱ andȱ shallowȱ slidesȱ
developedȱinȱcolluviumsȱandȱweatheredȱrocks.ȱAȱrainfallȱthresholdȱofȱaroundȱ190ȱmmȱinȱ24ȱ
hȱinitiatedȱfailuresȱwhereasȱmoreȱthanȱ300ȱmmȱinȱ24Ȭ48ȱhȱwereȱneededȱtoȱcauseȱwidespreadȱ
shallowȱ landȱ sliding.ȱWithȱ antecedentȱ rain,ȱ moderateȱ intensityȱ precipitationȱ ofȱ atȱ leastȱ
40ȱmmȱ inȱ24ȱhȱ reactivatedȱmudslidesȱandȱbothȱ rotationalȱandȱ translationalȱslidesȱaffectingȱ
clayeyȱandȱ siltȬclayeyȱ formations.ȱ Inȱ thisȱ case,ȱ severalȱweeksȱandȱ200ȱmmȱofȱprecipitationȱ
wereȱneededȱtoȱcauseȱlandslideȱreactivation.ȱAȱsimilarȱapproachȱisȱreportedȱbyȱBrandȱetȱal.ȱ
(1988)ȱforȱHongȱKong,ȱwhoȱfoundȱ thatȱ ifȱ theȱ24ȱhourȱantecedentȱrainfallȱexceededȱ200ȱmmȱ
thenȱtheȱrainfallȱthresholdȱforȱaȱlargeȱlandslideȱeventȱwasȱ70ȱmmȱhrȬ1.ȱȱ
ȱ
Finally,ȱCaineȱ(1980)ȱestablishedȱaȱworldwideȱthreshold:ȱ
ȱ
Iȱ=ȱ14.82ȱDȱȬȱ0.39ȱȱ
ȱ
where:ȱIȱisȱtheȱrainfallȱintensityȱ(mmȱhȬ1),ȱDȱisȱdurationȱofȱrainfallȱ(h)ȱ
ȱ
Thisȱthresholdȱappliesȱoverȱtimeȱperiodsȱofȱ10ȱminutesȱtoȱ10ȱdays.ȱItȱisȱpossibleȱtoȱmodifyȱtheȱ
formulaȱ toȱ takeȱ intoȱ considerationȱ areasȱ withȱ highȱ meanȱ annualȱ precipitationsȱ byȱ
consideringȱ theȱ proportionȱ ofȱmeanȱ annualȱ precipitationȱ representedȱ byȱ anyȱ individualȱ
event.ȱȱ
ȱ
2.3.3. Rainfallȱandȱclimateȱvariablesȱusedȱinȱtheȱliteratureȱforȱtheȱdefinitionȱofȱrainfallȱ

thresholdsȱ
 
Projectȱ teamȱhasȱ carriedȱoutȱ aȱ literatureȱ surveyȱ toȱobtainȱ informationȱ onȱ theȱ rainfallȱ andȱ
climateȱ variablesȱ usedȱ inȱ theȱ literatureȱ forȱ theȱ definitionȱ ofȱ rainfallȱ thresholdsȱ forȱ theȱ
initiationȱofȱlandslides.ȱTableȱ7ȱlistsȱtheȱvariable,ȱtheȱunitsȱofȱmeasureȱmostȱcommonlyȱusedȱ
forȱ theȱparameter,ȱandȱ theȱauthor(s)ȱwhoȱ firstȱ introducedȱ theȱparameter.ȱ Itȱshowsȱ thatȱ theȱ
nomenclatureȱusedȱ isȱ notȱ consistentȱ inȱ theȱ literature,ȱ andȱ differentȱdefinitionsȱ haveȱ beenȱ
usedȱforȱtheȱsameȱorȱsimilarȱvariables.ȱ
ȱ

Tableȱ 7:ȱ Rainfallȱ andȱ climateȱ variablesȱ usedȱ inȱ theȱ literatureȱ forȱ theȱ definitionȱ ofȱ rainfallȱ
thresholdsȱforȱtheȱinitiationȱofȱlandslides.ȱ

VARIABLEȱ DESCRIPTIONȱ UNITS FIRSTȱ
INTRODUCEDȱ

Dȱ Rainfallȱ duration.ȱ Theȱ durationȱ ofȱ theȱ rainfallȱ
eventȱorȱrainfallȱperiod.ȱ

h,ȱorȱdaysȱ Caineȱ(1980)ȱ

DCȱ Durationȱofȱtheȱcriticalȱrainfallȱevent.ȱ hȱ Aleottiȱ(2004)ȱ
E(h),(d)ȱ Cumulativeȱ eventȱ rainfall.ȱ Theȱ totalȱ rainfallȱ

measuredȱfromȱtheȱbeginningȱofȱtheȱrainfallȱeventȱ
toȱtheȱtimeȱofȱfailure.ȱAlsoȱknownȱasȱstormȱrainfall.ȱ
“h”ȱ indicatesȱ theȱ consideredȱperiodȱ inȱhours;ȱ“d”ȱ
indicatesȱtheȱconsideredȱperiodȱinȱdays.ȱ

mmȱ Innesȱ(1983)ȱ

EMAPȱ Normalizedȱcumulativeȱeventȱrainfall.ȱCumulativeȱ
eventȱ rainfallȱ dividedȱ byȱ MAPȱ (EMAP=E/MAP).ȱ
Alsoȱknownȱasȱnormalizedȱstormȱrainfall.ȱ

Ȭȱ Guidiciniȱandȱ
Iwasaȱ(1977)ȱ
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VARIABLEȱ DESCRIPTIONȱ UNITS FIRSTȱ
INTRODUCEDȱ

Cȱ Criticalȱ rainfall.ȱTheȱ totalȱamountȱofȱ rainfallȱ fromȱ
theȱ timeȱofȱaȱdistinctȱ increaseȱ inȱ rainfallȱ intensityȱ
(t0)ȱ toȱ theȱ timeȱ ofȱ theȱ triggeringȱ ofȱ theȱ firstȱ
landslideȱ(tf).ȱ

mm Goviȱandȱ
Sorzanaȱ(1980)ȱ

CMAPȱ Normalizedȱ criticalȱ rainfall.ȱ Criticalȱ rainfallȱ
dividedȱbyȱMAPȱ(CMAP=C/MAP).ȱ

Ȭȱ Goviȱandȱ
Sorzanaȱ(1980)ȱ

Rȱ Dailyȱ rainfall.ȱTheȱ totalȱamountȱofȱ rainfallȱ forȱ theȱ
dayȱofȱtheȱlandslideȱevent.ȱ

mmȱ Crozierȱandȱ
Eylesȱ(1980)ȱ

RMAPȱ Normalizedȱdailyȱrainfall.ȱDailyȱrainfallȱdividedȱbyȱ
MAPȱ(RMAP=R/MAP).ȱ

mmȱ Terlienȱ(1998)ȱ

Iȱ Rainfallȱintensity.ȱTheȱamountȱofȱprecipitationȱinȱaȱ
period,ȱ i.e.,ȱ theȱ rateȱ ofȱ precipitationȱ overȱ theȱ
consideredȱperiod.ȱDependingȱonȱ theȱdurationȱofȱ
theȱmeasuringȱ period,ȱ rainfallȱ intensityȱmeasuresȱ
peakȱorȱaverageȱprecipitationȱrates.ȱȱ

mm/h Caineȱ(1980)

IMAPȱ Normalizedȱ rainfallȱ intensity.ȱ Rainfallȱ intensityȱ
dividedȱbyȱMAPȱ(IMAP=I/MAP).ȱ

1/h Cannonȱ(1988)

IMAXȱ Maximumȱhourlyȱrainfallȱintensity.ȱTheȱmaximumȱ
hourlyȱrainfallȱintensity.ȱ

mm/h Onoderaȱetȱal.ȱ
(1974)ȱ

IPȱ Peakȱ rainfallȱ intensity.ȱ Theȱ highestȱ rainfallȱ
intensityȱ (rainfallȱ rate)ȱ duringȱ aȱ rainfallȱ event.ȱ
Availableȱfromȱdetailedȱrainfallȱrecords.ȱ

mm/h Wilsonȱetȱal.ȱ
(1992)ȱ

Î(h)ȱ Meanȱrainfallȱ intensityȱ forȱ finalȱstormȱperiod.ȱ“h”ȱ
indicatesȱ theȱ consideredȱ period,ȱ inȱ hours,ȱ mostȱ
commonlyȱfromȱ3ȱtoȱ24ȱhours.ȱ

mm/hȱ Goviȱandȱ
Sorzanaȱ(1980)ȱ

ICȱ Criticalȱhourlyȱrainfallȱintensity. mm/h Heyerdahlȱetȱal.ȱ
(2003)ȱ

Ifȱ Rainfallȱ intensityȱ atȱ the timeȱ ofȱ theȱ slopeȱ failure.ȱ
Availableȱfromȱdetailedȱrainfallȱrecords.ȱ

mm/h Aleottiȱ(2004)

IfMAPȱ Normalizedȱ rainfallȱ intensityȱ atȱ theȱ timeȱ ofȱ theȱ
slopeȱ failure.ȱRainfallȱ intensityȱ atȱ theȱ timeȱ ofȱ theȱ
slopeȱfailureȱdividedȱbyȱMAPȱ(IfMAP=If/MAP).ȱ

1/h Aleottiȱ(2004)

A(d)ȱ Antecedentȱ rainfall.ȱ Theȱ totalȱ (cumulative)ȱ
precipitationȱ measuredȱ beforeȱ theȱ landslideȱ
triggeringȱ rainfallȱ event.ȱ “d”ȱ indicatesȱ theȱ
consideredȱperiodȱinȱdays.ȱ

mmȱ Goviȱandȱ
Sorzanaȱ(1980)ȱ

AMAPȱ Normalizedȱ antecedentȱ rainfall.ȱ Antecedentȱ
rainfallȱdividedȱbyȱMAPȱ(AMAP=A/MAP).ȱ

Ȭȱ Aleottiȱ(2004)ȱ

A(y)ȱ Antecedentȱyearlyȱprecipitationȱupȱ toȱdateȱofȱ theȱ
event.ȱ Theȱ totalȱ (cumulative)ȱ yearlyȱ precipitationȱ
measuredȱ beforeȱ theȱ landslideȱ triggeringȱ rainfallȱ
event.ȱ

mmȱ Guidiciniȱandȱ
Iwasaȱ(1977)ȱ

A(y)MAPȱ Normalizedȱantecedentȱyearlyȱprecipitationȱupȱ toȱ
dateȱofȱ theȱevent.ȱAntecedentȱyearlyȱprecipitationȱ
dividedȱbyȱMAPȱ(A(y)MAP=A(y)/MAP).ȱ

Ȭ Guidiciniȱandȱ
Iwasaȱ(1977)ȱ

FCȱ Sumȱofȱnormalizedȱantecedentȱyearlyȱprecipitationȱ
andȱ normalizedȱ eventȱ rainfallȱ (FC=A(y)MAP+EMAP).ȱ
Alsoȱknownȱasȱ“finalȱcoefficient”.ȱ

Ȭȱ Guidiciniȱandȱ
Iwasaȱ(1977)ȱ
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VARIABLEȱ DESCRIPTIONȱ UNITS FIRSTȱ
INTRODUCEDȱ

MAPȱ Meanȱ annualȱ precipitation.ȱ Forȱ aȱ rainȱ gauge,ȱ theȱ
longȱ termȱ yearlyȱ averageȱ precipitation,ȱ obtainedȱ
fromȱ historicalȱ rainfallȱ records.ȱAȱproxyȱ forȱ localȱ
climaticȱconditions.ȱ

mm Guidiciniȱandȱ
Iwasaȱ(1977)ȱ

RDsȱ AverageȱnumberȱofȱrainyȬdaysȱinȱaȱyear.ȱForȱaȱrainȱ
gauge,ȱ theȱ longȱ termȱ yearlyȱ averageȱ ofȱ rainyȱ (orȱ
wet)ȱdays,ȱobtainedȱfromȱhistoricalȱrainfallȱrecords.ȱ
Aȱproxyȱforȱlocalȱclimaticȱconditions.ȱ

#ȱ Wilsonȱandȱ
Jaykoȱ(1997)ȱ

RDNȱ RainyȬdayȱ normal.ȱ Forȱ aȱ rainȱ gauge,ȱ theȱ ratioȱ
betweenȱ theȱ MAPȱ andȱ theȱ averageȱ numberȱ ofȱ
rainyȬdaysȱinȱaȱyearȱ(RDN=MAP/RDs).ȱ

mm/#ȱ Wilsonȱandȱ
Jaykoȱ(1997)ȱ

Nȱ Ratioȱbetweenȱ theȱMAPȱofȱ twoȱdifferentȱ (distant)ȱ
areas.ȱ

Ȭȱ Barberoȱetȱal.ȱ
(2004)ȱ

Yȱ Relationshipȱ betweenȱ Normalizedȱ cumulativeȱ
rainfallȱbeforeȱaȱparticularȱ landslideȱ (7ȱdaysȱpriorȱ
orȱ3ȱdaysȱprior)ȱandȱdaysȱ

mm/dayȱ Nawagamuwaȱetȱ
al.ȱ(2011)ȱ

ȱ
Theȱ databaseȱ ofȱ rainfallȱ thresholdsȱ forȱ theȱ possibleȱ occurrenceȱ ofȱ landslidesȱwasȱ
compiledȱ throughȱ aȱ thoroughȱ reviewȱofȱ theȱ existingȱ literatureȱonȱ rainfallȱ inducedȱ
landslides.ȱReferencesȱsectionȱlistsȱtheȱmainȱreferencesȱcollected.ȱ
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ȱȱTableȱ8:ȱLandslideȱInventoryȱ(LandslideȱCatalogue)ȱusedȱinȱdefiningȱtheȱThresholdȱlimitsȱ

ȱ
IDȱ Dayȱ Monthȱ Yearȱ Locationȱ Closestȱ

Rainfallȱ
Stationȱ

Triggerȱ Latitudeȱ Longitudeȱ Fatalitiesȱ Injuries/damageȱ Sourceȱ

1ȱ 30ȱ 5ȱ 1990ȱ Jhagarȱbeelȱareaȱofȱ
Rangamatiȱdistrict.ȱ

Rangamatiȱ ȱȱ ȱȱ ȱȱ ȱȱ linkȱroadȱembankmentȱ Banglapediaȱ

2ȱ 12ȱ 7ȱ 1997ȱ CharaipadaȱofȱBandarbanȱ Rangamatiȱ ȱȱ ȱȱ ȱȱ ȱȱ 90,000Ȭsqȱmȱwasȱ
affectedȱ

ȱȱ

3ȱ 11ȱ 8ȱ 1999ȱ Bandarbanȱ Rangamatiȱ Heavyȱandȱ
incessantȱrainfallȱ

ȱȱ ȱȱ 7ȱ ȱ

4ȱ 13ȱ 8ȱ 1999ȱ Gopaipur,ȱChittagongȱ Chittagongȱ Heavyȱandȱ
incessantȱrainfallȱ

ȱȱ ȱȱ 10ȱ ȱ ȱȱ

5ȱ 15ȱ 8ȱ 1999ȱ Chittaputtiȱarea,ȱChittagongȱ Chittagongȱ Heavyȱandȱ
incessantȱrainfallȱ

ȱȱ ȱȱ ȱȱ 50ȱhousesȱ
completely,300ȱhousesȱ

partlyȱ
6ȱ 24ȱ 6ȱ 2000ȱ ChittagongȱUniversityȱ

campusȱ
Chittagongȱ delugeȱofȱmudȱandȱ

waterȱ
ȱȱ ȱȱ 13ȱ 20ȱpeopleȱinjuredȱ ȱȱ

7ȱ 5ȱ 5ȱ 2003ȱ Noabadi,ȱAkhauraȱ Chittagongȱ Heavyȱrainsȱ 23.8617ȱ 91.2189ȱ 31ȱ ȱ Durhamȱ

8ȱ 15ȱ 6ȱ 2003ȱ CoxȇsȱBazaarȱȱ CoxȇsȱBazarȱ Heavyȱrainsȱ 21.5867ȱ 92.0748ȱ 6ȱ ȱ Durhamȱ
andȱDailyȱ
Starȱ

9ȱ 29ȱ 6ȱ 2003ȱ Patiya,ȱS.ȱBangladeshȱ ȱȱ Heavyȱrainsȱ 22.3ȱ 91.9833ȱ 4ȱ ȱ Durhamȱ
andȱDailyȱ
Starȱ

10ȱ 30ȱ 7ȱ 2003ȱ CoxȇsȱBazaarȱȱ CoxȇsȱBazarȱ Heavyȱrainsȱ 24.467ȱ 91.75ȱ 6ȱ ȱ Durhamȱ
andȱDailyȱ
Starȱ

11ȱ 9ȱ 6ȱ 2005ȱ Baromariȱinȱsherpurȱ ȱȱ ȱȱ ȱȱ ȱȱ 1ȱ ȱ bdnews24ȱ

12ȱ 3ȱ 8ȱ 2005ȱ ORȱNizamȱRoadȱHousingȱ
Societyȱofȱtheȱportȱcityȇsȱ
Panchlaishȱarea,ȱ
Brahmanbariaȱ

ȱȱ Heavyȱrainsȱ ȱȱ ȱȱ 2ȱ 2ȱ bdnews24ȱ

datEx-ADPC 
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IDȱ Dayȱ Monthȱ Yearȱ Locationȱ Closestȱ
Rainfallȱ
Stationȱ

Triggerȱ Latitudeȱ Longitudeȱ Fatalitiesȱ Injuries/damageȱ Sourceȱ

13ȱ 13ȱ 10ȱ 2005ȱ Akabpurȱvillage,ȱborderingȱ
IndiaȇsȱTripuraȱstateȱarea,ȱ
underȱKasbaȱupazilaȱofȱ
Brahmanbariaȱdistrictȱ

ȱȱ Duringȱdiggingȱ
soilȱ

ȱȱ ȱȱ 1ȱ 3ȱ bdnews24ȱ

14ȱ 31ȱ 10ȱ 2005ȱ Shantinagarȱareaȱadjacentȱtoȱ
theȱBangladeshȱCooperativeȱ
HousingȱSocietyȱinȱBayezidȱ
Bostamiȱthanaȱinȱtheȱportȱ
cityȱ

Chittagongȱ Rainsȱ ȱȱ ȱȱ 2ȱ 1ȱ bdnews24ȱ

15ȱ 3ȱ 1ȱ 2006ȱ Jhinaigatiȱupazillaȱinȱ
Sherpurȱ

ȱȱ massiveȱlandslideȱ ȱȱ ȱȱ Atleastȱ4ȱ 4ȱ bdnews24ȱ

16ȱ 8ȱ 7ȱ 2006ȱ Satkaniaȱupazila,ȱ
Chittagongȱ

Chittagongȱ Rainsȱ ȱȱ ȱȱ 2ȱ 1ȱ bdnews24ȱ

17ȱ 11ȱ 6ȱ 2007ȱ Chittagongȱ Chittagongȱ Rainȱ 22.315ȱ 91.833ȱ 128ȱ ȱ TheȱDailyȱ
Star,ȱȱ

18ȱ 11ȱ 6ȱ 2007ȱ Rangamatiȱ Rangamatiȱ Heavyȱrainȱ 22.636ȱ 92.145ȱ 3ȱ ȱ TheȱDailyȱ
Star,ȱȱ

19ȱ 10ȱ 9ȱ 2007ȱ NabinagarȱinȱChittagongȱ Chittagongȱ Rainsȱ 23.891ȱ 90.973ȱ 2ȱ ȱ TheȱDailyȱ
Star,ȱȱ

20ȱ 15ȱ 10ȱ 2007ȱ Betbuniaȱ ȱȱ Rainsȱ 22.533ȱ 89.4ȱ 3ȱ 2ȱ PressȱTV,ȱȱ
TheȱDailyȱ
Star,ȱ

21ȱ 3ȱ 7ȱ 2008ȱ CoxȇsȱBazaar,ȱMoheshkhali,ȱ
Teknafȱ

Coxȇsȱ
Bazar,ȱ
Teknafȱ

Heavyȱrainsȱ 21.44ȱ 92ȱ 20ȱ(total)ȱ ȱ TheȱDailyȱ
Star,ȱ

22ȱ 3ȱ 7ȱ 2008ȱ Teknafȱupazilaȱ
headquarters,ȱUkhiaȱ
upazilaȱ

Teknafȱ Rainsȱ ȱȱ ȱȱ 9+1ȱ ȱ TheȱDailyȱ
Star,ȱ

23ȱ 3ȱ 7ȱ 2008ȱ valleyȱinȱDumperangȱofȱ
TeknafȱSadarȱ

Teknafȱ Rainsȱ ȱȱ ȱȱ 4ȱ ȱ TheȱDailyȱ
Star,ȱ

24ȱ 3ȱ 7ȱ 2008ȱ FakirerȱMuraȱ Teknafȱ Rainsȱ ȱȱ ȱȱ 5ȱ ȱ TheȱDailyȱ
Star,ȱ

datEx-ADPC 
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IDȱ Dayȱ Monthȱ Yearȱ Locationȱ Closestȱ
Rainfallȱ
Stationȱ

Triggerȱ Latitudeȱ Longitudeȱ Fatalitiesȱ Injuries/damageȱ Sourceȱ

25ȱ 6ȱ 7ȱ 2008ȱ KalyanparaȱinȱTeknafȱ
upazilaȱofȱCoxȇsȱ
Bazar,MahajanparaȱinȱCoxȇsȱ
Bazarȱ

Coxȇsȱ
Bazar,ȱ
Teknafȱ

Heavyȱrainsȱ ȱȱ ȱȱ 4+1ȱ ȱ TheȱDailyȱ
Star,ȱ

26ȱ 18ȱ 8ȱ 2008ȱ Matijharnaȱinȱ
Chittagong,CoxȱBazarȱ

Chittagong,ȱ
Coxȇsȱbazarȱ

Heavyȱmonsoonȱ
rainsȱ

22.3399ȱ 91.8237ȱ 11ȱ 25ȱinjuredȱ TheȱDailyȱ
Star,ȱ

27ȱ 23ȱ 8ȱ 2008ȱ MotijharnaȱofȱLalkhanȱ
Bazarȱinȱtheȱportȱcityȱ

Chittagongȱ EarthquakeȬrain?ȱ 22.344ȱ 91.8188ȱ noȱ ȱ TheȱDailyȱ
Star,ȱ

28ȱ 29ȱ 3ȱ 2009ȱ TeroȱKhedaȱupazilaȱinȱ
Khulnaȱ

ȱȱ Rainsȱ ȱȱ ȱȱ 3ȱ 2ȱ TheȱDailyȱ
Star,ȱ

29ȱ 9ȱ 5ȱ 2009ȱ Shankhaȱriverȱatȱ
Bandarban,ȱ

Rangamatiȱ Rainsȱ ȱȱ ȱȱ ȱȱ ȱ TheȱDailyȱ
Star,ȱ

30ȱ 18ȱ 5ȱ 2009ȱ Sreemangalȱupazila,ȱ
Moulvibazer.ȱ

ȱȱ Heavyȱrainȱ 24.3083ȱ 91.7333ȱ 6ȱ ȱ TheȱDailyȱ
Star,ȱ

31ȱ 31ȱ 7ȱ 2009ȱ HarinmaraȱofȱLamaȱinȱ
Bandarbanȱ

Rangamatiȱ 4daysȱHeavyȱrainȱ 22.2251ȱ 92.19ȱ 10ȱ 50ȱhousesȱdestroyedȱ TheȱDailyȱ
Star,ȱ

32ȱ 8ȱ 4ȱ 2010ȱ DhalircharaȱofȱRamuȱ
upazilaȱinȱCoxȇsȱBazarȱ

CoxȇsȱBazarȱ cuttingȱaȱhillȱtoȱ
buildȱtheirȱhouseȱ

ȱȱ ȱȱ 2ȱ ȱ bdnews24ȱ

33ȱ 15ȱ 6ȱ 2010ȱ Teknaf,ȱUkhia,Ramu,ȱCoxȇsȱ
BazarȱandȱBandarbanȱ
districts)ȱ

Coxȇsȱ
Bazar,ȱ
Teknaf,ȱ
Rangmatiȱ

Heavyȱrainȱ ȱȱ ȱȱ 56ȱ 34ȱinjuredȱ TheȱDailyȱ
Star,ȱ

34ȱ 16ȱ 12ȱ 2010ȱ NalaparaȱinȱAmbaganȱareaȱ
inȱtheȱportȱcityȱ

Chittagongȱ diggingȱintoȱtheȱ
hillȱ

ȱȱ ȱȱ 1ȱ 2ȱ TheȱDailyȱ
Star,ȱ

ȱ
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2.4. SuggestionsȱonȱtheȱApplicableȱThresholdȱDefinitionsȱforȱCox’sȱBazaarȱandȱTeknafȱ
ȱ
Mostȱofȱ theȱ thresholdȱvaluesȱdefinedȱ inȱTableȬ7ȱconsidersȱhourlyȱrainfallȱvalues.ȱRainfallȱdataȱ
forȱ theȱ definitionȱ ofȱ rainfallȱ thresholdsȱ forȱ theȱ initiationȱ ofȱ landslidesȱ definedȱ inȱ TableȬ8ȱ
considerȱhistoricalȱdailyȱrainfallȱdata.ȱHourlyȱrainfallȱdataȱforȱCox’sȱBazaarȱandȱTeknafȱareȱnotȱ
availableȱ forȱ anyȱ suchȱ analysis.ȱ ȱ Therefore,ȱ someȱ otherȱ normsȱ areȱ alsoȱ consideredȱ whichȱ
considerȱonlyȱtheȱdailyȱrainfall.ȱ
ȱ
CorominasȱandȱMoyaȱ(1999)ȱfoundȱthatȱtheȱfollowingȱthresholdsȱexistȱforȱtheȱupperȱbasinȱofȱtheȱ
LlobregatȱRiver,ȱEasternȱPyreneesȱareaȱinȱSpain.ȱWithoutȱantecedentȱrainfall,ȱhighȱintensityȱandȱ
shortȱ durationȱ rainsȱ triggeredȱ debrisȱ flowsȱ andȱ shallowȱ slidesȱ developedȱ inȱ colluviumȱ andȱ
weatheredȱrocks.ȱAȱrainfallȱthresholdȱofȱaroundȱ190ȱmmȱinȱ24ȱhȱinitiatedȱfailuresȱwhereasȱmoreȱ
thanȱ300ȱmmȱinȱ24Ȭ48ȱhȱwereȱneededȱtoȱcauseȱwidespreadȱshallowȱlandsliding.ȱWithȱantecedentȱ
rain,ȱmoderateȱintensityȱprecipitationȱofȱatȱleastȱ40ȱmmȱinȱ24ȱhȱreactivatedȱmudslidesȱandȱbothȱ
rotationalȱ andȱ translationalȱ slidesȱ affectingȱ clayeyȱ andȱ siltyȬclayeyȱ formations.ȱ Inȱ thisȱ case,ȱ
severalȱweeksȱ andȱ 200ȱmmȱ ofȱ precipitationȱwereȱ neededȱ toȱ causeȱ landslideȱ reactivation.ȱ Aȱ
similarȱapproachȱ isȱ reportedȱbyȱBrandȱetȱal.ȱ (1988)ȱ forȱHongȱKong,ȱwhoȱ foundȱ thatȱ ifȱ theȱ24ȱ
hourȱantecedentȱrainfallȱexceededȱ200ȱmmȱthenȱtheȱrainfallȱthresholdȱforȱaȱlargeȱlandslideȱeventȱ
wasȱ70ȱmmȱhrȬ1.ȱȱ
ȱ
Bandaraȱ(2008)ȱdiscussedȱtheȱthresholdȱlimitsȱpreparedȱafterȱstudyingȱnumberȱofȱlandslidesȱinȱ
SriȱLankaȱwithȱtheȱcorrelationȱofȱtheȱlandslideȱoccurrenceȱandȱtheȱdailyȱrainfallȱofȱtheȱincidenceȱ
dayȱ orȱ dayȱ before.ȱ ȱ Accordingȱ toȱ theȱ studiesȱ followingȱ generalizedȱ thresholdȱ limitsȱ wereȱ
decidedȱforȱtheȱwholeȱlandslideȱproneȱareasȱofȱSriȱLanka.ȱ
ȱ

ȱ
ȱ
Historicalȱ rainfallȱdataȱ relatedȱ toȱ landslideȱeventsȱareȱ summarizedȱasȱ shownȱ inȱTableȬ9ȱ forȱaȱ
clearȱdefinitionȱforȱCox’sȱBazaarȱandȱTeknaf.ȱ
ȱ
ȱ
ȱ

Typeȱȱoneȱ Ȭȱȱ
AlertȱWarningȱ–ȱRainfallȱexceedȱ75mmȱwithinȱ24ȱhoursȱȱandȱcontinueȱȱ
Typeȱtwoȱȱ Ȭȱ
Warningȱforȱgettingȱreadyȱforȱevacuationȱ–ȱRainfallȱexceedȱ100ȱmmȱwithinȱ
24ȱhoursȱandȱcontinueȱ
Typeȱthreeȱȱ –ȱ
Evacuationȱwarningȱ –ȱRainfallȱ exceedȱ 150mmȱwithinȱ 24ȱhoursȱorȱ 75mmȱ
withinȱanȱhourȱperiodȱandȱcontinueȱ
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Tableȱ9:ȱRainfallȱdataȱforȱseveralȱlandslidesȱoccurredȱinȱCox’sȱBazaarȱandȱTeknafȱinȱtheȱrecentȱhistory;ȱ
hereȱ“0”ȱrefersȱtoȱtheȱdayȱofȱlandslidesȱ

Noȱofȱdaysȱpriorȱtoȱlandslide (ValuesȱinȱBold)ȱ
Rainfallȱinȱmmȱ

Locationȱ Dateȱ 7ȱ 6ȱ 5ȱ 4ȱ 3ȱ 2ȱ 1ȱ 0ȱ +1ȱ
Teknafȱ 3/7/2008ȱ 71ȱ 106ȱ 158ȱ 98ȱ 61ȱ 33ȱ 367ȱ 53ȱ 73ȱ
CoxȇsȱBazaarȱȱ 3/7/2008ȱ 25ȱ 49ȱ 88ȱ 187ȱ 152ȱ 94ȱ 134ȱ 45ȱ 89ȱ
CoxȇsȱBazaarȱȱ 15/6/2003ȱ 17ȱ 21ȱ 110ȱ 66ȱ 13ȱ 42ȱ 8ȱ 77ȱ 84ȱ
CoxȇsȱBazaarȱȱ 30/7/2003ȱ 7ȱ 11ȱ 85ȱ 31ȱ 46ȱ 72ȱ 162ȱ 93ȱ 61ȱ
Teknafȱ upazilaȱ
headquarters,ȱ
Ukhiaȱupazilaȱ 3/7/2008ȱ 71ȱ 106ȱ 158ȱ 98ȱ 61ȱ 33ȱ 367ȱ 53ȱ 73ȱ
valleyȱ inȱ
Dumperangȱ ofȱ
TeknafȱSadarȱ 3/7/2008ȱ 71ȱ 106ȱ 158ȱ 98ȱ 61ȱ 33ȱ 367ȱ 53ȱ 73ȱ
Kalyanparaȱ inȱ
Teknafȱȱ 6/7/2008ȱ 98ȱ 61ȱ 33ȱ 367ȱ 53ȱ 73ȱ 89ȱ 209ȱ 144ȱ
upazilaȱ ofȱ Coxȇsȱ
Bazar,Mahajanparaȱ
inȱCoxȇsȱBazarȱ 6/7/2008ȱ 187ȱ 152ȱ 94ȱ 134ȱ 45ȱ 89ȱ 64ȱ 132ȱ 35ȱ
Teknafȱ 15/6/2010ȱ 0ȱ 0ȱ 3ȱ 2ȱ 58ȱ 40ȱ 68ȱ 481ȱ 91ȱ
CoxȇsȱBazarȱ 15/6/2010ȱ 0ȱ 0ȱ 41ȱ 2ȱ 15ȱ 75ȱ 78ȱ 132ȱ 186ȱ
ȱ

FollowingȱgraphȱshownȱinȱFigureȱ9ȱcanȱbeȱpreparedȱconsideringȱtheȱlastȱ24ȱandȱ48ȱhrsȱrainfallȱ
(includingȱtheȱdayȱofȱdisasterȱandȱtheȱpreviousȱday).ȱ
ȱ

ȱ
Figureȱ9:ȱȱ24ȱHrsȱandȱ48ȱHrsȱrainfallȱdataȱbeforeȱlandslidesȱinȱCox’sȱBazaarȱandȱTeknafȱ

ȱ
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Thisȱgivesȱaroundȱ130mmȱduringȱ24ȱhrsȱrainfallȱorȱ300mmȱrainfallȱduringȱ48ȱhrsȱrainfallȱcouldȱ
causeȱ aȱ landslideȱ inȱCox’sȱ Bazaarȱ andȱ Teknaf.ȱHowever,ȱ globallyȱ theȱ lastȱ nightȱ rainȱ causesȱ
landslidesȱtoȱoccurȱinȱtheȱearlyȱmorning.ȱThen,ȱtheȱdayȱbeforeȱcouldȱalsoȱbeȱconsideredȱasȱ24ȱhrsȱ
rainfallȱandȱinȱthatȱcase,ȱrainfallȱwouldȱbeȱ170mm/24ȱhrs.ȱThisȱvalueȱexactlyȱfitsȱwithȱCorominasȱ
andȱMoyaȱ (1999)ȱ valuesȱ definedȱ forȱ Spainȱ andȱ Brandȱ etȱ al.ȱ (1988)ȱ valuesȱ forȱHongȱ Kong.ȱ
Further,ȱ itȱ alsoȱhasȱ someȱ closeȱ relationshipȱwithȱBandaraȱ (2008)ȱ findingsȱ inȱSriȱLankaȱ forȱ anȱ
evacuationȱwarning.ȱHowever,ȱifȱhourlyȱrainfallȱcouldȱbeȱfound,ȱitȱwouldȱbeȱaȱsupportingȱdataȱ
forȱaȱbetterȱprediction.ȱ
ȱ
Further,ȱ whenȱ theȱ twoȱ locationsȱ suchȱ asȱ Teknafȱ andȱ Cox’sȱ Bazaarȱ takenȱ separately,ȱ theȱ
followingȱresultsȱcouldȱbeȱestimated.ȱ
ȱ
DataȱfromȱTeknafȱgivesȱaroundȱ170mmȱduringȱ24ȱhrsȱrainfallȱorȱ420mmȱrainfallȱduringȱ48ȱhrsȱ
rainfallȱ couldȱ causeȱaȱ landslide.ȱHowever,ȱ theȱdayȱbeforeȱ couldȱalsoȱbeȱ consideredȱasȱ24ȱhrsȱ
rainfallȱandȱinȱthatȱcase,ȱrainfallȱwouldȱbeȱ250mm/24ȱhrs.ȱ
ȱ
DataȱfromȱCox’sȱBazaarȱgivesȱaroundȱ96mmȱduringȱ24ȱhrsȱrainfallȱorȱ185mmȱrainfallȱduringȱ48ȱ
hrsȱrainfallȱcouldȱcauseȱaȱlandslide.ȱHowever,ȱtheȱdayȱbeforeȱcouldȱalsoȱbeȱconsideredȱasȱ24ȱhrsȱ
rainfallȱandȱinȱthatȱcase,ȱrainfallȱwouldȱbeȱ90mm/24ȱhrs.ȱ
ȱ
TheȱsameȱdataȱwasȱanalyzedȱtheȱwayȱNawagamuwaȱetȱalȱ(2011)ȱhasȱproposedȱandȱtheȱFigureȱ10ȱ
andȱ 11ȱ showȱ theȱ relationshipȱ consideringȱ theȱ cumulativeȱ rainfallȱ valuesȱ fromȱ 7daysȱ tillȱ theȱ
landslideȱforȱCox’sȱBazaarȱandȱTeknafȱrespectively.ȱ
ȱ

ȱ
Figureȱ10:ȱNormalizedȱcumulativeȱrainfallȱdataȱforȱCox’sȱBazaarȱ

ȱ
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ȱ
Figureȱ11:ȱNormalizedȱcumulativeȱrainfallȱdataȱforȱTeknafȱ

Methodologyȱ toȱ useȱ thisȱ proposedȱmethodȱ byȱNawagamuwaȱ etȱ alȱ (2011)ȱ isȱ asȱ follows.ȱ Lets 
consider the relationship found for Cox’s Bazaar. This gives a relationship between (Cumulative 
rainfall/cumulative rainfall on the day of disaster) and no of days (from 6 days prior to the disaster)ȱ
Y=0.1454X-0.0264ȱ

� � 0264.01454.0
_inf_
inf_

� ¸̧
¹

·
¨̈
©

§ days
ydisasterdaallRaCumulative

allRaCumulative
ȱ

To develop this equation, 6 days proir to the disaster has been considered. If the cumulative rainfall 4days 
prior to the disaster  then, no of days = 3.ȱ
Lets use the landslide data of Cox’s Bazaar ( even on 6th July 2008)ȱ
*cumulative rainfall 4days prior to the disaster  = 380ȱ
no of days = 3ȱ

� � 0264.031454.0
_inf_

380
� ¸̧

¹

·
¨̈
©

§
ydisasterdaallRaCumulative

ȱ

Predicted cumulative rainfall on the day of disaster =927ȱ
Actual cumulative rainfall on the day of disaster =710ȱ
now, this can be further tested.ȱ
*cumulative rainfall 3days prior to the disaster  = 425ȱ
no of days = 4ȱ

� � 0264.041454.0
_inf_

425
� ¸̧

¹

·
¨̈
©

§
ydisasterdaallRaCumulative

ȱ

Predicted cumulative rainfall on the day of disaster =765ȱ
Actual cumulative rainfall on the day of disaster =710ȱ
Threshold value is getting closer.ȱ
*cumulative rainfall 2days prior to the disaster  = 514ȱ
no of days = 5ȱ

0264.0)5(1454.0
_inf_

514
� ¸̧

¹

·
¨̈
©

§
ydisasterdaallRaCumulative

ȱ

Predicted cumulative rainfall on the day of disaster =734ȱ
Actual cumulative rainfall on the day of disaster =710ȱ
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Threshold value is almost theȱ sameȱasȱ theȱactualȱ rainfall.ȱThis means, 2 days prior to the disaster, 
threshold value could be predicted with more accuracy.ȱTwoȱotherȱlocationsȱwereȱalsoȱconsideredȱforȱ
theȱanalysis,ȱsuchȱasȱRangamatiȱandȱChittagong.ȱTableȱ10ȱgivesȱrainfallȱdataȱofȱRangamatiȱforȱ
fewȱlandslides.ȱ
ȱ

Tableȱ 10:ȱRainfallȱdataȱ forȱ severalȱ landslidesȱoccurredȱ inȱRangamatiȱ inȱ theȱ recentȱhistory;ȱhereȱ “0”ȱ
refersȱtoȱtheȱdayȱofȱlandslideȱ

Noȱofȱdaysȱpriorȱtoȱlandslideȱ ȱRainfallȱ(mm)ȱ ȱȱ ȱȱ ȱȱ ȱȱ ȱȱ
Locationȱ Dateȱ 7ȱ 6ȱ 5ȱ 4ȱ 3ȱ 2ȱ 1ȱ 0ȱ +1ȱ
Jhagarȱ beelȱ areaȱ ofȱ
Rangamatiȱdistrict.ȱ

30/05/1990ȱ
0ȱ 0ȱ 0ȱ 14ȱ 3ȱ 9ȱ 14ȱ 0ȱ 11ȱ

CharaipadaȱofȱBandarbanȱ 12/7/1997ȱ 17ȱ 0ȱ 4ȱ 13ȱ 0ȱ 39ȱ 1ȱ 5ȱ 25ȱ
Bandarbanȱ 11/8/1999ȱ 4ȱ 7ȱ 8ȱ 0ȱ 5ȱ 16ȱ 80ȱ 3ȱ 84ȱ
Rangamatiȱ 11/6/2007ȱ 25ȱ 52ȱ 4ȱ 16ȱ 0ȱ 21ȱ 7ȱ 26ȱ 146ȱ
ShankhaȱriverȱatȱBandarban,ȱ

9/5/2009ȱ 7ȱ 18ȱ 27ȱ 0ȱ 0ȱ 0ȱ 0ȱ 0ȱ 0ȱ
Harinmaraȱ ofȱ Lamaȱ inȱ
Bandarbanȱ 31/07/2009ȱ 0ȱ 3ȱ 65ȱ 192ȱ 58ȱ 34ȱ 3ȱ 596ȱ 8ȱ
ȱ
ȱ
ȱ

ȱ
Figureȱ 12:ȱ Normalizedȱ cumulativeȱ rainfallȱ dataȱ forȱ Rangamatiȱ Similarȱ analysisȱ wasȱ doneȱ forȱ
Chittagongȱtoo.ȱ
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Tableȱ11:ȱRainfallȱdataȱ forȱ severalȱ landslidesȱoccurredȱ inȱChittagongȱ inȱ theȱ recentȱhistory;ȱhereȱ“0”ȱ
refersȱtoȱtheȱdayȱofȱlandslideȱ
ȱ

ȱȱ Noȱofȱdaysȱpriorȱtoȱlandslideȱȱ

Locationȱ Dateȱ 7ȱ 6ȱ 5ȱ 4ȱ 3ȱ 2ȱ 1ȱ 0ȱ 1ȱ
Gopaipur,ȱChittagongȱ 13/8/1999ȱ 29 5ȱ 9ȱ 28ȱ 86ȱ 0ȱ 123ȱ 110 206
Chittaputtiȱarea,ȱChittagongȱ 15/08/1999 9ȱ 28ȱ 86ȱ 0ȱ 123ȱ 110ȱ 206ȱ 57ȱ 53ȱ
ChittagongȱUniversityȱcampusȱ 24/06/2000 1ȱ 3ȱ 1ȱ 28ȱ 6ȱ 0ȱ 29ȱ 22ȱ 234
Noabadi,ȱAkhauraȱ 5/5/2003ȱ 0ȱ 17ȱ 0ȱ 0ȱ 0ȱ 8ȱ 55ȱ 0ȱ 1ȱ
Shantinagarȱ areaȱ adjacentȱ toȱ theȱ
Bangladeshȱ Cooperativeȱ Housingȱ
SocietyȱinȱBayezidȱBostamiȱthanaȱinȱtheȱ
portȱcityȱ

31/10/2005 8ȱ 0ȱ 0ȱ 0ȱ 0ȱ 0ȱ 1ȱ 1ȱ 18ȱ

Satkaniaȱupazila,ȱChittagongȱ 8/7/2006ȱ 0ȱ 0ȱ 40ȱ 32ȱ 1ȱ 7ȱ 63ȱ 132 45ȱ
Chittagongȱ 11/6/2007ȱ 0ȱ 3ȱ 23ȱ 22ȱ 4ȱ 42ȱ 3ȱ 88ȱ 425
NabinagarȱinȱChittagongȱ 10/9/2007ȱ 1ȱ 0ȱ 0ȱ 7ȱ 35ȱ 84ȱ 160ȱ 40ȱ 50ȱ
MatijharnaȱinȱChittagongȱ 18/08/2008 11 106 0ȱ 8ȱ 31ȱ 2ȱ 38ȱ 104 129
MotijharnaȱofȱLalkhanȱBazarȱinȱtheȱportȱ
cityȱ

23/08/2008 2ȱ 38ȱ 104 129 11ȱ 2ȱ 2ȱ 4ȱ 2ȱ

ȱ

ȱ
Tableȱ12:ȱNormalizedȱcumulativeȱrainfallȱdataȱforȱChittagongȱ

ȱ
Dataȱofȱ theseȱRangamatiȱandȱChittagongȱareasȱdoȱnotȱprovideȱconclusiveȱ thresholdsȱasȱCox’sȱ
Bazaarȱ andȱTeknaf.ȱHowever,ȱ200mmȱ rainfallȱwithinȱ lastȱ48ȱhrsȱ couldȱbeȱ consideredȱ forȱ thisȱ
area.ȱ
ȱ
2.5. ConcludingȱRemarksȱ
Rainfallȱdataȱ sinceȱ1950sȱandȱ landslideȱ recordsȱwereȱ collectedȱ toȱ formulateȱ rainfallȱ thresholdȱ
valuesȱ forȱ thisȱarea.ȱFollowingȱconclusionsȱandȱ recommendationsȱcouldȱbeȱmadeȱconsideringȱ
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theȱ rainfallȱ andȱ landslideȱdataȱ availableȱ inȱ theseȱ twoȱ locationsȱhavingȱ referredȱ toȱnumberȱofȱ
referencesȱonȱthisȱtopic.ȱ
ȱ
Cox’sȱBazaarȱ andȱTeknafȱ showȱ thatȱ aroundȱ 130mmȱduringȱ 24ȱhrsȱ rainfallȱorȱ 300mmȱ rainfallȱ
duringȱ48ȱhrsȱrainfallȱcouldȱcauseȱaȱ landslideȱ inȱCox’sȱBazaarȱandȱTeknaf.ȱHowever,ȱgloballyȱ
theȱ lastȱnightȱrainȱcausesȱ landslidesȱtoȱoccurȱ inȱtheȱearlyȱmorning.ȱThen,ȱtheȱdayȱbeforeȱcouldȱ
alsoȱbeȱconsideredȱasȱ24ȱhrsȱrainfallȱandȱinȱthatȱcase,ȱrainfallȱwouldȱbeȱ170mm/24ȱhrs.ȱThisȱvalueȱ
exactlyȱ fitsȱwithȱCorominasȱandȱMoyaȱ (1999)ȱvaluesȱdefinedȱ forȱSpainȱandȱBrandȱetȱal.ȱ (1988)ȱ
valuesȱforȱHongȱKong.ȱFurther,ȱitȱalsoȱhasȱsomeȱcloseȱrelationshipȱwithȱBandaraȱ(2008)ȱfindingsȱ
forȱSriȱLankaȱanȱevacuationȱwarning.ȱHowever,ȱifȱhourlyȱrainfallȱcouldȱbeȱfound,ȱitȱwouldȱbeȱaȱ
supportingȱdataȱforȱaȱbetterȱprediction.ȱ
ȱ
Further,ȱ whenȱ theȱ twoȱ locationsȱ suchȱ asȱ Teknafȱ andȱ Cox’sȱ Bazaarȱ takenȱ separately,ȱ theȱ
followingȱresultsȱcouldȱbeȱestimated.ȱ
ȱ
DataȱfromȱTeknafȱgivesȱaroundȱ170mmȱduringȱ24ȱhrsȱrainfallȱorȱ420mmȱrainfallȱduringȱ48ȱhrsȱ
rainfallȱ couldȱ causeȱaȱ landslide.ȱHowever,ȱ theȱdayȱbeforeȱ couldȱalsoȱbeȱ consideredȱasȱ24ȱhrsȱ
rainfallȱandȱinȱthatȱcase,ȱrainfallȱwouldȱbeȱ250mm/24ȱhrs.ȱ
ȱ
DataȱfromȱCox’sȱBazaarȱgivesȱaroundȱ96mmȱduringȱ24ȱhrsȱrainfallȱorȱ185mmȱrainfallȱduringȱ48ȱ
hrsȱrainfallȱcouldȱcauseȱaȱlandslide.ȱHowever,ȱtheȱdayȱbeforeȱcouldȱalsoȱbeȱconsideredȱasȱ24ȱhrsȱ
rainfallȱandȱinȱthatȱcase,ȱrainfallȱwouldȱbeȱ90mm/24ȱhrs.ȱ
ȱ
ADPCȱ teamȱhasȱ formulatedȱ theȱ thresholdȱvaluesȱmentionedȱ inȱ thisȱreportȱusingȱ theȱavailableȱ
dataȱwhichȱneedsȱimprovementȱasȱmoreȱdataȱbecomesȱavailable.ȱWheneverȱaȱlandslideȱhappensȱ
inȱ theȱ concernedȱ area,ȱ itȱ isȱ aȱ mustȱ toȱ collectȱ thisȱ informationȱ andȱ updateȱ theȱ proposedȱ
thresholds.ȱ
ȱ
ADPCȱteamȱisȱinȱtheȱprocessȱofȱsettingȱupȱtheȱCommunityȱBasedȱsystemȱforȱearlyȱwarningȱinȱ
twoȱpilotȱcommunities.ȱTheȱprecipitationȱthresholdȱvaluesȱrecommendedȱtoȱbeȱusedȱasȱfollows;ȱ
ȱ
*WarningȱlimitȱforȱAlertȱȬȱ75ȱmmȱinȱTeknafȱandȱ50mmȱrainfallȱforȱ24ȱhoursȱforȱCox’sȱBazaarȱ–ȱȱ
Increaseȱvigilanceȱandȱobserveȱappearanceȱofȱanyȱsymptomsȱofȱslopeȱdestabilizationȱonȱcriticalȱ
slopes.ȱ Ifȱsuchȱsymptomsȱcanȱbeȱobservedȱ immediatelyȱmoveȱoutȱ fromȱ theȱcriticalȱslopeȱarea.ȱ
Otherwiseȱ useȱ thisȱ limitȱ forȱ havingȱ vigilance.ȱNoteȱ –ȱ Ifȱ Cox’sȱ bazaarȱ getsȱ generallyȱ higherȱ
rainfallȱinȱthisȱrange,ȱthenȱeveryȱrainyȱdayȱisȱanȱalertȱday.ȱOnȱtheȱotherȱhand,ȱsinceȱCox’sȱBazaarȱ
isȱ soȱurbanized,ȱ thisȱ rangeȱ rainfallȱ couldȱ causeȱheavyȱdamagesȱdueȱ toȱ landslides.ȱ Ifȱweȱ takeȱ
averageȱdailyȱ rainfallȱ inȱCox’sȱBazaarȱ sinceȱ1950,ȱ itȱ isȱaroundȱ9.8363ȱmmȱperȱday.ȱMaximumȱ
dailyȱ rainfallȱ occursȱ inȱ Juneȱ andȱ Julyȱ andȱ itȱ isȱ alsoȱ aroundȱ 30Ȭ40ȱmmȱ perȱday.ȱ Soȱ havingȱ aȱ
rainfallȱmoreȱthanȱ50ȱmmȱcouldȱbeȱconsideredȱasȱanȱalertȱsituation.ȱ*Warningȱȱlimitȱforȱgettingȱ
readyȱ forȱevacuationȱ toȱsaferȱ locationȱ fromȱhighȱ riskȱ locationsȬȱ100ȱmmȱ inȱTeknafȱandȱ75mmȱ
rainfallȱforȱ24ȱhoursȱforȱCox’sȱBazaar–ȱGetȱreadyȱforȱevacuation,ȱunderȱshortȱnoticeȱ
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*WarningȱforȱEvacuation)ȱȬȱ150ȱmmȱinȱTeknafȱandȱ90mmȱrainfallȱforȱ24ȱhoursȱforȱCox’sȱBazaarȱ–ȱ
Warningȱforȱevacuationȱtoȱsaferȱplaces.ȱȱ
ȱ
Theȱ criticalȱ locationsȱ whereȱ theseȱ warningsȱ shouldȱ beȱ imposedȱ willȱ beȱ identifiedȱ throughȱ
landslideȱhazardȱmappingȱinȱCox’sȱBazaarȱandȱTeknaf.ȱȱ
ȱ
NoteȱȬȱSometimes,ȱpreviousȱnightȱrainȱcanȱalsoȱbeȱcontinuingȱtillȱtheȱdisasterȱhappens.ȱThen,ȱweȱ
mayȱseeȱaȱveryȱsmallȱvalueȱnextȱday,ȱbutȱ landslideȱ tooȱoccurs.ȱThisȱhasȱhappenedȱ inȱTeknaf.ȱ
Consideringȱ theseȱ facts,ȱ asȱ theȱ rangeȱ isȱ tooȱhighȱ fromȱ 100ȱ toȱ 200,ȱweȱ canȱ goȱ forȱ 150mmȱ forȱ
additionalȱsafety.ȱ
ȱ
Hourlyȱ rainfallȱ dataȱ isȱ veryȱ importantȱ theseȱ daysȱ asȱ heavyȱ intenseȱ shortȱ termȱ rainfallsȱ areȱ
causingȱnoȱofȱlandslidesȱallȱoverȱtheȱworld.ȱOnceȱhourlyȱrainfallȱdataȱwillȱbeȱavailableȱsuchȱdataȱ
alsoȱneededȱtoȱbeȱfactoredȱinȱtoȱaboveȱEWȱlimits.ȱInȱfuture,ȱdataȱintervalȱforȱrecordingȱshouldȱbeȱ
onȱ hourlyȱ basis.ȱ Localȱ Metȱ Departmentȱ shouldȱ beȱ advisedȱ toȱ collectȱ dataȱ usingȱ hourlyȱ
precipitation.ȱAsȱitȱisȱnotȱtheȱpracticeȱofȱMetȱDepartmentȱofȱBangladeshȱtoȱreleaseȱsuchȱdata,ȱitȱisȱ
recommendedȱ ifȱ theȱ focalȱ agencyȱ couldȱ discussȱ andȱ agreeȱ onȱ releasingȱ hourlyȱ dataȱ atȱ leastȱ
duringȱmonsoonȱperiodsȱforȱthisȱkindȱofȱnationallyȱimportantȱdisastrousȱsituations.ȱ
ȱ
Itȱshouldȱbeȱnotedȱthatȱtheȱmainȱsetȱbackȱinȱdefiningȱtheȱgeologyȱrelatedȱspecificȱthresholdsȱisȱ
theȱavailabilityȱofȱrainfallȱdata.ȱBecauseȱtheȱrainfallȱdataȱforȱTeknafȱandȱCox’sȱBazaarȱrepresentsȱ
theȱtwoȱregionsȱandȱsiteȱspecificȱsetsȱofȱdataȱisȱnotȱavailable.ȱEvenȱifȱweȱuseȱdifferentȱgeologyȱtoȱ
prepareȱ thresholds,ȱ finallyȱweȱhaveȱ theȱsameȱrainfallȱdata.ȱThereforeȱ itȱshouldȱbeȱencouragedȱ
theȱ communityȱ participationȱ inȱ collectingȱ rainfallȱ dataȱ forȱ furtherȱ improvementsȱ ofȱ theseȱ
proposedȱthresholds.ȱȱ
ȱ
Itȱisȱstronglyȱrecommendedȱthatȱatȱleastȱtwoȱautomaticȱrainȱgaugesȱhaveȱtoȱbeȱmadeȱavailableȱatȱ
respectiveȱtargetȱmunicipalities.ȱADPCȱhasȱalreadyȱmadeȱaȱrequestȱtoȱNGIȱforȱtheȱsameȱunderȱ
RECLAIMȱprojectȱbutȱ itȱmayȱbeȱbetterȱ ifȱsimilarȱrequestȱcanȱbeȱmadeȱbyȱGeologicalȱSurveyȱofȱ
Bangladeshȱ too.ȱ Itȱ isȱ goodȱ ifȱ theȱ automaticȱ rainȱ gaugesȱ couldȱ beȱ setȱ upȱ soonȱ beforeȱ theȱ
commencementȱofȱtheȱnextȱmonsoonȱrains.ȱ
ȱ
ItȱisȱessentialȱaȱNodalȱAgencyȱorȱresponsibleȱagencyȱcanȱbeȱidentifiedȱforȱEWȱforȱlandslides.ȱTheȱ
sameȱagencyȱshouldȱcontinueȱdataȱprocessingȱandȱupdatingȱtheȱaccuracyȱofȱthresholdȱlimitsȱinȱ
theȱfuture.ȱ
ȱ
ȱ
ȱ
 
 
 
 



Rainfall Triggered Landslide Hazard Zonation in Cox’s Bazaar and Teknaf Municipalities as well as Introducing Community-based Early 
Warning System for Landslide Hazard Management 

Report on Landslide Inventory & Land-use Mapping, 
DEM Preparation, Precipitation Threshold Value & Establishment of Early Warning Devices  
 
 

CDMP                                                                                                                                                               datEx-ADPC   

 
109

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ȱ
ȱ
ȱ
ȱ

ChapterȬ3ȱ
EstablishmentȱofȱEarlyȱWarningȱDevicesȱ

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ

 
 

 
 
 



Rainfall Triggered Landslide Hazard Zonation in Cox’s Bazaar and Teknaf Municipalities as well as Introducing Community-based Early 
Warning System for Landslide Hazard Management 

Report on Landslide Inventory & Land-use Mapping, 
DEM Preparation, Precipitation Threshold Value & Establishment of Early Warning Devices  
 
 

CDMP                                                                                                                                                               datEx-ADPC   

 
110

ExecutiveȱSummeryȱȱ
ȱ

Geographically,ȱ 38.7%ȱ ofȱ fatalȱ landslideȱ events,ȱ andȱ 34.5%ȱ ofȱ landslideȱ deaths,ȱ occurredȱ inȱ
SouthȱAsia.ȱInȱtermsȱofȱoccurrenceȱofȱlandslideȱfatalitiesȱbyȱnation,ȱBangladeshȱstandsȱtheȱmostȱ
affectedȱ countryȱ includingȱChina,ȱ Indonesia,ȱ India,ȱNepalȱ andȱVietnam.ȱApartȱ fromȱ regularȱ
events,ȱ inȱ 2007ȱ inȱ Bangladesh,ȱ heavyȱ rainfallȱ causedȱ aȱ landslideȱ atȱ theȱ commercialȱ cityȱ
ChittagongȱinȱBangladeshȱkillingȱ86ȱpeopleȱandȱ100ȱotherȱpeopleȱinjured.ȱ
ȱ
ADPCȱ inȱcollaborationȱwithȱComprehensiveȱDisasterȱManagementȱProgramȱ(CDMP)ȱhasȱbeenȱ
implementingȱprojectȱ toȱaddressȱ theȱrisksȱofȱ landslidesȱ inȱCox’sȱBazarȱandȱTeknaf.ȱThisȱeffortȱ
corroboratesȱ toȱbringȱ theȱscience,ȱsocietyȱandȱ institutionsȱ togetherȱ toȱdealȱwithȱ theȱ landslidesȱ
risks.ȱTheȱprimaryȱobjectiveȱofȱ thisȱprojectȱ isȱ toȱ toȱ introduceȱcommunityȬbasedȱearlyȱwarningȱ
systemȱasȱaȱpilotȱbasisȱinȱBangladeshȱforȱmanagingȱlandslideȱhazard.ȱ
ȱ
Sinceȱ theȱprojectȱ inception,ȱvariousȱactivitiesȱwereȱconductedȱbothȱatȱ theȱcityȱandȱcommunityȱ
level.ȱPreliminaryȱvisitsȱtoȱcommunityȱproneȱtoȱlandslides,ȱearlyȱwarningȱauditȱinȱsixȱdifferentȱ
keyȱ areasȱ suchȱ asȱ communicationȱ andȱ coordination,ȱ warningȱ reception,ȱ localȱ hazardȱ
monitoring,ȱ localȱ warningȱ dissemination,ȱ preparednessȱ andȱ administrativeȱ compliance,ȱ cityȱ
levelȱ workshopsȱ toȱ developȱ consensusȱ onȱ mostȱ vulnerableȱ locationsȱ andȱ communitiesȱ toȱ
landslides,ȱ rapportȱ buildingȱ withȱ vulnerableȱ communities,ȱ PDMCȱ andȱ otherȱ cityȱ officials,ȱ
trainingȱandȱorientationȱprogramȱforȱvolunteersȱandȱcommunityȱbasedȱfacilitators,ȱcommunityȱ
riskȱassessmentȱandȱearlyȱwarningȱandȱmonitoringȱsystemȱdevelopment.ȱȱ
ȱ
Inȱcontinuationȱofȱ theȱcommunityȱbasedȱearlyȱwarningȱsystem,ȱDownscaleȱ theȱearlyȱwarningȱ
informationȱ productsȱ atȱ localȱ level,ȱAlignmentȱ ofȱ hazardȱmonitoringȱ andȱ riskȱ profilingȱ intoȱ
earlyȱwarningȱsystem,ȱDevelopmentȱofȱdecisionȱsupportȱsystemȱatȱtheȱcityȱlevel,ȱCollectionȱandȱ
processingȱ ofȱ rainȱ gaugeȱ dataȱ atȱ theȱ municipalityȱ level,ȱ Installationȱ ofȱ Rainȱ Gaugeȱ atȱ theȱ
Communityȱlevelȱandȱdisplayȱsystemȱandȱsimulationȱandȱmockȱdrillsȱwouldȱbeȱfacilitated.ȱȱ
ȱ

ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
ȱ
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3. Establishmentȱofȱearlyȱwarningȱdevicesȱ
 
3.1. Introductionȱ
ȱ
Inȱ 2007ȱ aȱ totalȱ ofȱ 395ȱ fatalȱ landslideȱ eventsȱwereȱ recorded,ȱ inducingȱ aȱ totalȱ ofȱ 3017ȱ deathsȱ
worldwide.ȱThisȱ isȱ considerablyȱ lowerȱ thanȱ theȱ averageȱ overȱ theȱperiodȱ 2003Ȭ2006,ȱwhichȱ isȱ
4399ȱ excludingȱ lossesȱ associatedȱ withȱ theȱ 2005ȱ Kashmirȱ earthquake,ȱ orȱ 10976ȱ ifȱ estimatedȱ
landslideȱ deathsȱ fromȱ thisȱ eventȱ areȱ included.ȱ Nonethelessȱ theȱ totalȱ ofȱ overȱ 3000ȱ deathsȱ
continuesȱ toȱ demonstrateȱ thatȱ previousȱ estimatedȱ ofȱ humanȱ lossesȱ fromȱ landslidesȱ haveȱ
massivelyȱunderestimatedȱ theȱ trueȱ costs.ȱGeographically,ȱ38.7%ȱofȱ fatalȱ landslideȱevents,ȱandȱ
34.5%ȱofȱlandslideȱdeaths,ȱoccurredȱinȱSouthȱAsia.ȱInȱtermsȱofȱoccurrenceȱofȱlandslideȱfatalitiesȱ
byȱ nation,ȱ Bangladeshȱ standsȱ theȱmostȱ affectedȱ countryȱ includingȱ China,ȱ Indonesia,ȱ India,ȱ
NepalȱandȱVietnam.ȱApartȱfromȱregularȱevents,ȱinȱ2007ȱinȱBangladesh,ȱheavyȱrainfallȱcausedȱaȱ
landslideȱ atȱ theȱ commercialȱ cityȱ Chittagongȱinȱ Bangladeshȱ killingȱ 86ȱ peopleȱ andȱ 100ȱ otherȱ
peopleȱinjured.ȱTheȱlandslideȱphenomenonȱandȱsettlementȱinȱthoseȱareasȱhaveȱbeenȱconstantlyȱ
debatedȱinȱvariousȱdomainsȱincludingȱpoliticalȱgroups,ȱNGOs,ȱgovernmentȱagenciesȱandȱmediaȱ
asȱwell.ȱDueȱtoȱlackȱofȱawarenessȱtoȱunderstandȱtheȱnatureȱofȱpreȬeventȱsymptomsȱtoȱtakeȱactionȱ
beforeȱ theȱeventȱoccur,ȱhasȱcompoundedȱ theȱproblemȱmanifold.ȱInȱmostȱofȱ theȱcase,ȱ landslideȱ
occursȱinȱtheȱeventȱofȱflashȬfloodsȱorȱearthquakes.ȱThisȱmakesȱtheȱcaseȱofȱlandslideȱasȱsecondaryȱ
hazardȱwhileȱfocusȱturnedȱtoȱtheȱfloodsȱandȱearthquakes.ȱInȱaȱway,ȱlandslideȱhasȱlargelyȱbeenȱ
ignoredȱandȱsubsidedȱfromȱtheȱdisasterȱriskȱreductionȱstrategyȱtoȱincorporateȱasȱaȱmainȱhazard.ȱȱ
ȱ
ADPCȱ inȱcollaborationȱwithȱComprehensiveȱDisasterȱManagementȱProgramȱ(CDMP)ȱhasȱbeenȱ
implementingȱprojectȱ toȱaddressȱ theȱrisksȱofȱ landslidesȱ inȱCox’sȱBazarȱandȱTeknaf.ȱThisȱeffortȱ
corroboratesȱ toȱbringȱ theȱscience,ȱsocietyȱandȱ institutionsȱ togetherȱ toȱdealȱwithȱ theȱ landslidesȱ
risks.ȱCommunityȱinȱbothȱtheȱcitiesȱareȱfacingȱlandslideȱrisksȱonȱdailyȱbasisȱwhichȱareȱsomehowȱ
indicateȱ theȱ extensiveȱ hillȱ cuttingȱ andȱ lackȱ ofȱ awarenessȱ onȱ landslide.ȱToȱ addressȱ theseȱ twoȱ
issues,ȱ aȱ communityȱ basedȱ earlyȱwarningȱ systemȱ hasȱ beenȱ proposedȱ toȱ setȱ upȱ toȱ increaseȱ
awarenessȱ amongȱ communityȱ toȱ monitorȱ landslideȱ eventsȱ asȱ wellȱ asȱ reduceȱ hillȱ cuttingȱ
activities.ȱȱ
ȱ
3.2. ProjectȱObjectivesȱ
ȱ
Theȱ primaryȱ objectiveȱ ofȱ thisȱ projectȱ isȱ toȱ modelȱ theȱ slopesȱ inȱ Cox’sȱ Bazaarȱ andȱ Teknafȱ
municipalȱ areasȱ susceptible/potentialȱ toȱ failureȱ triggeredȱ byȱ heavyȱ rainfallȱ andȱ toȱ introduceȱ
communityȬbasedȱearlyȱwarningȱsystemȱasȱaȱpilotȱbasisȱinȱBangladeshȱforȱmanagingȱlandslideȱ
hazard.ȱ
ȱ
Theȱsecondaryȱobjectiveȱ isȱ toȱuseȱ theȱprojectȱexperienceȱasȱaȱmodelȱ forȱ landslideȱdisasterȱ riskȱ
reductionȱ inȱ twoȱ hazardȱ proneȱ citiesȱ inȱ Bangladeshȱ andȱ assistȱ stakeholderȱ institutionsȱ toȱ
formulateȱaȱlongȱtermȱlandslideȱhazardȱmitigationȱstrategyȱforȱBangladeshȱ
ȱ
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ȱ
3.3. ProcessȱofȱCommunityȱbasedȱLandslideȱEarlyȱWarningȱSystemȱ
ȱ

x Preliminaryȱ visitȱ toȱ Cox’sȱ Bazarȱ andȱ
TeknafȬȱ Atȱ theȱ initialȱ stageȱ ofȱ project,ȱ aȱ
teamȱofȱexpertsȱofȱADPCȱ includingȱsenior,ȱ
intermediateȱ andȱ juniorȱ technicalȱ staffȱ
madeȱvisitȱ toȱbothȱ theȱcities.ȱTheȱobjectiveȱ
ofȱthisȱvisitȱwasȱtoȱintroduceȱandȱshareȱtheȱ
purposeȱ ofȱ theȱprojectȱ toȱ theȱmunicipalityȱ
andȱ theȱ primaryȱ stakeholder;ȱ theȱ
vulnerableȱ community.ȱTransectȱwalkȱ andȱ
directȱobservationȱmethodologyȱwereȱusedȱ
toȱ observeȱ theȱ landslideȱ locationsȱ andȱ
affectedȱ habitationȱ andȱ theirȱpattern.ȱProjectȱ relatedȱ informationȱwereȱ sharedȱ atȱ bothȱ
level;ȱcommunityȱandȱmunicipality.ȱSinceȱcommunityȱisȱtheȱprimaryȱstakeholderȱofȱthisȱ
project,ȱitȱwasȱessentialȱtoȱunderstandȱtheȱlandslideȱriskȱperspective.ȱCommunityȱbasedȱ
focalȱpersonsȱwereȱalsoȱidentifiedȱwhoȱwillȱtakeȱaȱleadȱroleȱinȱfacilitatingȱtheȱCBEWS1.ȱȱ
ȱ

x EarlyȱWarningȱAuditȬȱHazardȱ readyȱ toolkitȱ isȱprimarilyȱ anȱ auditȱ orȱ investigationȱ onȱ
earlyȱwarningȱsystemȱdevelopmentȱ toȱunderstandȱtheȱstrengthsȱandȱweaknessesȱofȱ theȱ
existingȱ informationȱ disseminationȱ processȱ fromȱ nationalȱ toȱ communityȱ level.ȱ Itȱ

providesȱ anȱ opportunityȱ toȱ
enquireȱ sixȱ differentȱ keyȱ areasȱ
ofȱ earlyȱ warningȱ systemsȱ suchȱ
asȱ communicationȱ andȱ
coordination,ȱ warningȱ
reception,ȱ localȱ hazardȱ
monitoring,ȱ localȱ warningȱ
dissemination,ȱ preparednessȱ
andȱadministrativeȱcompliance.ȱ
Thisȱhelpsȱ inȱbridgingȱ theȱgapsȱ
amongȱtheseȱkeyȱcomponentsȱofȱ
earlyȱwarningȱsystemȱasȱwellȱasȱ
exploringȱopportunitiesȱtoȱmakeȱ

theȱearlyȱwarningȱdisseminationȱprocessȱsimplerȱandȱeffective.ȱȱ
ȱ

Asȱ theȱfourȱkeyȱelementsȱofȱearlyȱwarningȱ focusȱonȱriskȱknowledge,ȱmonitoringȱandȱ
warningȱ service,ȱ disseminationȱ andȱ communicationȱ andȱ responseȱ capability,ȱ theȱ
hazardȱ readyȱ toolkitȱ hasȱ alignȱ theseȱ perspectivesȱ asȱwellȱ asȱ toȱ touchȱ uponȱ theȱ crossȱ

                                                 
1 CBEWS- Community based Early Warning System 
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cuttingȱissuesȱsuchȱasȱgovernanceȱandȱinstitutionsȱarrangement,ȱmultiȬhazardȱapproach,ȱ
ownershipȱofȱlocalȱcommunities,ȱgenderȱperspectivesȱandȱculturalȱdiversity.ȱTheȱhazardȱ
readyȱ toolkitȱ primaryȱ highlightsȱ theȱ setȱ ofȱ rolesȱ playedȱ byȱ variousȱ agenciesȱ suchȱ asȱ
communities,ȱ localȱ governments,ȱ nationalȱ governments,ȱ regionalȱ institutionsȱ andȱ
organizations,ȱinternationalȱbodies,ȱnonȬgovernmentalȱorganizations,ȱtheȱprivateȱsector,ȱ
theȱscienceȱandȱacademicȱ institutions.ȱTheȱearlyȱwarningȱauditȱwasȱconductedȱbothȱatȱ
theȱ communityȱ andȱmunicipalityȱ level.ȱThoughȱ theȱmunicipalȱ authoritiesȱ inȱ bothȱ theȱ
citiesȱpayȱadequateȱattentionȱinȱrespondingȱtoȱtheȱlandslideȱeventsȱmostly,ȱbutȱlandslideȱ
monitoringȱandȱpreparednessȱisȱkeyȱconcernȱforȱcommunityȱandȱauthorities.ȱDueȱtoȱhighȱ
prioritiesȱ givenȱ toȱ cyclone,ȱ stormȱ surgeȱ andȱ floods,ȱ landslideȱ alwaysȱ consideredȱ toȱ aȱ
secondaryȱ hazardȱ inducedȱ byȱ incessantȱ rain,ȱ cycloneȱ andȱ stormȱ surgeȱ andȱ soȱ asȱ
monitoringȱandȱearlyȱwarningȱatȱallȱlevelsȱfromȱnationalȱtoȱcommunity.ȱȱ
ȱ

x Cityȱ levelȱmeetingsȱandȱworkshopsȬȱCityȱ
levelȱ workshopsȱ wereȱ organizedȱ andȱ
projectȱ relatedȱ objectives,ȱ activitiesȱ andȱ
outcomesȱ wereȱ shared.ȱ Inȱ theȱ
chairmanshipȱ ofȱ Mayor,ȱ theȱ workshopsȱ
wereȱ presidedȱ byȱ electedȱ councilors,ȱ
PDMC2ȱmembers,ȱlocalȱmetȱofficeȱandȱRedȱ
Crescentȱ representative.ȱ Inȱ theȱworkshop,ȱ
theȱ mostȱ vulnerableȱ communitiesȱ withinȱ
theȱcityȱwereȱidentifiedȱbyȱtheȱparticipantsȱ
toȱ implementȱ theȱ communityȱ basedȱ
activitiesȱ onȱ landslideȱ riskȱ reduction.ȱ
Duringȱ theȱworkshop,ȱ theȱ consensusȱwasȱdevelopmentȱ that,ȱmunicipalityȱwouldȱ takeȱ
leadȱ roleȱ inȱ theȱ implementationȱ ofȱ theȱ project.ȱ Itȱwasȱ alsoȱ discussedȱ thatȱ theȱ electedȱ
commissionerȱwouldȱ beȱ aȱ changeȱ agentȱ inȱ thisȱ projectȱ andȱmobilizesȱ communityȱ onȱ
landslideȱriskȱreduction.ȱȱ

ȱ
x IdentificationȱofȱmostȱvulnerableȱcommunitiesȬȱDuringȱtheȱworkshop,ȱrepresentativesȱ

fromȱ differentȱ agenciesȱ identifiedȱ theȱ vulnerableȱ locationsȱ andȱ communitiesȱ toȱ
implementȱ theȱproject.ȱPastȱeventsȱonȱ landslideȱwereȱalsoȱ theȱmajorȱ considerationȱ forȱ
selectingȱcommunity.ȱDuringȱtheȱinitialȱvisitsȱtoȱCox’sȱBazarȱandȱTeknaf,ȱallȱtheȱprobableȱ
vulnerableȱcommunitiesȱwereȱidentifiedȱbasedȱonȱMunicipalityȱrecommendations.ȱAfterȱ
that,ȱallȱvulnerableȱcommunitiesȱsatȱ togetherȱ toȱ identifyȱmostȱvulnerableȱcommunitiesȱ
amongȱ them.ȱFollowingȱ areȱ theȱ criteriaȱ thatȱhaveȱbeenȱ impliedȱduringȱ theȱdiscussionȱ
withȱcommunity,ȱwardȱcouncilors,ȱandȱpouroshavaȱrepresentatives;ȱ
ȱ

¾ Pastȱeventsȱofȱlandslides;ȱ
¾ Lossȱofȱlivesȱandȱproperty;ȱ

                                                 
2 PDMC- Pouroshava Disaster Management Committee 
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¾ Populationȱdensity;ȱ
¾ Women,ȱchildren,ȱpersonsȱwithȱdisabilitiesȱandȱelderly.ȱ
ȱ

Thereȱwasȱcommonȱconsensusȱonȱidentifiedȱcommunitiesȱproneȱtoȱlandslidesȱforȱbothȱ
cities.ȱBelowȱmentionedȱareȱtheȱidentifiedȱcommunitiesȱinȱbothȱCox’sȱBazarȱandȱTeknaf:ȱ

ȱ
Teknafȱ Cox’sȱBazarȱ

Locationȱ Risk3 Locationȱ Risk4ȱ
PuranȱPallanȱParaȱ Highȱ MohajerȱParaȱ Highȱ
Urumchara,ȱPuranȱPallanȱParaȱ Highȱ S.M.ȱJadiȱPaharȱ Highȱ
FakirerȱMura,ȱPuranȱPallanȱParaȱ Highȱ

Source:ȱFieldȱSurveyȱ
ȱ

x Rapportȱ buildingȱ withȱ vulnerableȱ communitiesȬȱ Withȱ theȱ identificationȱ ofȱ theȱ
vulnerableȱcommunities,ȱvolunteersȱandȱcommunityȱfacilitatorsȱwereȱidentifiedȱ inȱeachȱ
selectedȱ communities.ȱ Theseȱ volunteersȱ andȱ communityȱ facilitatorsȱ wouldȱ actȱ asȱ aȱ
changeȱagentȱforȱlandslideȱriskȱreduction.ȱȱ
ȱ

x Orientationȱ andȱ Trainingȱ Programȱ forȱ
Volunteersȱ andȱ Communityȱ facilitatorsȬȱ
Withȱ theȱ identificationȱ ofȱ theȱ communityȱ
basedȱ facilitatorsȱ andȱ volunteers’,ȱ trainingȱ
onȱ earlyȱwarningȱ systemȱwasȱ organizedȱ toȱ
orient.ȱ Inȱ thisȱ training,ȱ theȱ focusȱ wasȱ toȱ
discussȱaboutȱ theȱCDMPȱLandslideȱandȱ theȱ
basicsȱofȱearlyȱwarningȱcomponentsȱsuchȱasȱ
riskȱ knowledge,ȱ monitoringȱ andȱ warning,ȱ
disseminationȱ andȱ communicationȱ andȱ responseȱ capability.ȱTheȱ trainingȱ alsoȱ coveredȱ
theȱprocessȱofȱcommunityȱbasedȱdisasterȱriskȱreductionȱ(CBDRR)ȱandȱhowȱ toȱmobilizeȱ
vulnerableȱcommunity.ȱȱ
ȱ

x StakeholdersȱAnalysisȬȱ Inȱ determiningȱ theȱ targetȱ beneficiaryȱ groups,ȱ itȱ isȱ crucialȱ toȱ
conductȱaȱ stakeholderȱanalysisȱandȱ identifyȱwhichȱgroupȱamongȱ theȱvulnerableȱ isȱ theȱ
mostȱ vulnerable.ȱ Thisȱ analysisȱ thereforeȱ focusedȱ onȱ vulnerableȱ groupsȱ livingȱ inȱ theȱ
landslideȱlocations.ȱȱ

                                                 
3 Risk category has been assigned based on the previous incidents as well vulnerable locations based on critical 

slopes. 
4 Risk category has been assigned based on the previous incidents as well vulnerable locations based on critical 

slopes. 
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Tableȱ13:ȱPrimaryȱStakeholderȱAnalysis5ȱ

Group� Issues� Needs� Vulnerability�

Cox’�Bazar�and�Teknaf�

Men/youth� During�the�focus�group�discussions�with�men/youth,�it�was�found�that�there�is�lack�
of�understanding�of�the�risk�that�landslide�carries.�Participants�responded�that,�
they�are�aware�of�the�consequences�of�landslide�but�it�is�difficult�for�them�to�
understand�which�particular�location�would�high�vulnerability�to�landslide.�In�the�
group�discussion�it�was�also�found�that,�participants�did�not�have�understanding�
about�CRITICAL�SLOPE.�Due�to�this�lack�of�awareness,�lot�of�constructions�are�
taking�place�on�CRITICAL�SLOPE,�however�this�can�be�avoided�to�a�great�extent�to�
identify�the�locations�which�can�be�used�to�construct�houses.�

x Create�awareness�on�landslide�
risks.�

x Training�and�orientation�about�
the�CRITICAL�SLOPE�and�
Landslide�OBSERVATION.�

x Training�on�Construction�of�
House�on�SLOPES.�

Medium�

Women/children� During�the�focus�group�discussion�with�women,�it�was�found�that�the�
understanding�on�landslide�risk�among�women�is�more�or�less�same�with�
men/youth.�Some�of�the�participants�did�recognize�that�most�of�the�time�women�
stay�at�home�as�men�go�out�for�livelihood.�In�this�case�women�become�more�
vulnerable�than�men.�This�also�depends�on�the�time�of�landslide�event�(day/night)�

x Create�awareness�on�landslide�
risks.�

x Training�and�orientation�on�
Landslide�OBSERVATION�

x Provide�lead�role�in�Landslide�
Early�Warning�System��

High�

Persons�with�
different�abilities�

In�specific�group�discussions�with�persons�with�different�abilities,�it�was�found�
that,�in�the�community,�they�are�the�most�vulnerable�group.�The�reasons�that�
participants�brought�up�during�the�discussions�were;�very�limited�participation�in�
any�of�the�community�or�public�meetings,�limited�interactions�with�the�ongoing�
community�based�activities.�As�most�of�the�time,�persons�with�different�abilities�
stay�at�home�close�by�places�due�to�the�household�restrictions.�

x Same�as�above� High�

Elderly� During�the�group�discussion�with�elderly�it�was�found�that,�in�terms�of�
understanding�the�nature�and�symptoms�of�landslides,�group�of�elderly�people�
have�vast�knowledge.�Water�oozing,�cracks,�hill�cutting�were�some�of�the�
symptoms�that�participants�discussed.�But�due�to�lack�of�participation�in�
community�based�activities,�elderly�people�do�not�take�interest�to�facilitate�the�
Landslide�Risk�Reduction�process�and�due�to�cultural�barrier,�elderly�people�are�
less�mobile�than�men/youth�or�women.��

x Same�as�above� High��

                                                 
5 There are two kinds of stakeholders; Primary and Secondary. The above matrix gives information on Primary Stakeholders because of the direct impact of 

the disasters.  

datEx-ADPC 
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Tableȱ14:ȱSecondaryȱStakeholderȱAnalysisȱ

Group� Issues� Needs�

Bangladesh�
Meteorological�(BMD)�
Department�

x The�BMD�provides�rain�fall�forecast�and�warnings.�The�
existing�problem�is�with�the�limited�understanding�to�
interpret�the�rainfall�data�and�predict�landslide�event�or�
warning.�

x BMD�can�downscale�the�rainfall�related�information�at�
the�city�level�and�local�met�office�can�assist�municipality�
to�develop�LOG�BOOK�to�OBSERVE�or�MONITOR�the�
THRESHOLD�VALUES�for�LANDSLIDES�

City�level�Met�Office� x The�linkage�between�city�level�met�office�and�PDMC�is�weak�
in�terms�of�utilizing�information�generated�by�the�BMD�from�
national�to�local�office.�

x The�local�met�office�can�play�a�key�role�in�mechanizing�
the�information�from�BMD�at�national�level�to�the�city�
level�linked�with�PDMC.�

PDMC� x PDMC�members�are�mostly�elected�members�representing�
the�different�wards�and�normally�they�do�not�get�involved�in�
this�early�warning�activity�at�all.�

x PDMC�is�an�asset�for�the�city�which�has�linked�to�the�
community,�given�the�opportunity�to�mobilize�community�
on�EWS,�PDMC�would�be�able�to�do�so.�

NGOs� x NGOs�have�intensive�outreach�in�Cox’s�Bazar�and�Teknaf�but�
have�little�interventions�on�CBEWS.��

x With�the�assistance�of�NGOs,�the�outreach�can�be�
maximized�in�different�community�settings.�

datEx-ADPC 
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x CommunityȱRiskȱAssessmentȱ (CRA)ȱ ȬȱAfterȱconductingȱ theȱ training,ȱ theȱnextȱstepȱ
wasȱ toȱ facilitateȱ communityȱ riskȱ
assessment.ȱ Underȱ thisȱ activity,ȱ
riskȱ mapping,ȱ earlyȱ warningȱ
actionȱ planningȱ andȱ
implementationȱ wereȱ facilitatedȱ
throughȱtheȱidentifiedȱvolunteersȱ
andȱcommunityȱbasedȱ facilitator.ȱ
Riskȱ andȱ resourceȱ mapsȱ wereȱ
developedȱ forȱ eachȱ ofȱ theȱ
communityȱ andȱwardȱ level.ȱ Theȱ
purposeȱofȱ theȱ riskȱandȱ resourceȱ
mapȱareȱasȱfollows:ȱ
¾ Communityȱ willȱ beȱ ableȱ

toȱunderstandȱaboutȱcriticalȱslopeȱinȱlandslideȱlocations.ȱ
¾ Communityȱwillȱbeȱ ableȱ toȱ identifyȱvulnerableȱhousesȱandȱpeopleȱoverȱ theȱ

space.ȱ
¾ Communityȱwillȱbeȱableȱtoȱidentifyȱtheȱsymptomsȱofȱlandslides.ȱ
¾ Theȱriskȱandȱresourceȱmapȱhasȱalsoȱidentifiedȱtheȱevacuationȱrouteȱwithinȱtheȱ

communityȱinȱtheȱeventȱofȱlandslides.ȱ
ȱ

x Reviewȱ andȱ validationȱ ofȱ Communityȱ Riskȱ Assessmentȱ (CRA)ȱ processȱ –ȱ afterȱ
accomplishmentȱofȱCRAȱprocess,ȱaȱreviewȱandȱvalidationȱactivitiesȱwereȱconductedȱ
inȱbothȱtheȱcitiesȱatȱtheȱcommunityȱlevel.ȱInȱtheȱreviewȱandȱvalidationȱprocess,ȱeachȱ
identifiedȱcommunityȱreviewedȱtheȱriskȱandȱresourceȱmapsȱandȱidentifiedȱtheȱgaps.ȱ
Followingȱ wereȱ theȱ informationȱ updatedȱ duringȱ theȱ validationȱ processȱ atȱ theȱ
communityȱlevelȱwhereȱvolunteers,ȱwardȱcouncilors,ȱteachers,ȱandȱrepresentativesȱ
fromȱvulnerableȱhousesȱ
¾ Someȱ ofȱ theȱ riskȱ andȱ resourceȱ mapsȱ didȱ notȱ haveȱ theȱ communityȱ levelȱ

demographicȱinformation.ȱ
¾ Duringȱtheȱmappingȱprocess,ȱrisksȱwereȱcategorizedȱintoȱthree;ȱhigh,ȱmediumȱ

andȱ lowȱ risks.ȱDuringȱ theȱdiscussionȱwithȱ communityȱ itȱwasȱ foundȱ that,ȱ
someȱofȱtheȱhousesȱwereȱexactlyȱ locatedȱonȱtheȱcriticalȱslopesȱandȱsomeȱatȱ
theȱfoothill.ȱBasedȱonȱtheȱdiscussionȱwithȱcommunity,ȱhousesȱlocatedȱatȱtheȱ
criticalȱ slopesȱ haveȱ beenȱ identifiedȱ asȱ VERYȱHIGHȱ RISKȱ andȱ housesȱ atȱ
foothillȱasȱHIGHȱRISK.ȱȱ

¾ Someȱofȱtheȱrisksȱandȱresourceȱmapsȱdidȱnotȱhaveȱlegendȱmentioned.ȱ
¾ Housesȱ ofȱ importantȱ resourceȱ personsȱ suchȱ asȱ volunteersȱwardȱ councilorsȱ

andȱteachersȱwereȱnotȱlocatedȱonȱtheȱmap.ȱ
¾ Developmentȱofȱevacuationȱmapȱ

ȱ
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x Developmentȱ ofȱ Communicationȱ StrategyȬȱ Afterȱ theȱ completionȱ ofȱ riskȱ andȱ
resourceȱ mapȱ validation,ȱ aȱ communicationȱ strategyȱ isȱ beingȱ developedȱ atȱ theȱ
communityȱ level.ȱTheȱ communicationȱ strategyȱdealsȱwithȱ theȱ communicationȱ andȱ
disseminationȱprocedureȱbeforeȱ andȱduringȱ theȱ landslideȱ event.ȱFollowingȱ areȱ theȱ
standardȱstepsȱthatȱhaveȱbeenȱadoptedȱtoȱdevelopȱtheȱcommunicationȱstrategy:ȱ

House Located at the Critical Slop in 
Teknaf 

House Located at the Foothill in 
Teknaf 

Risk and Resource Map Validation in 
Cox’s Bazar 

Risk and Resource Map Validation in 
Teknaf 
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¾ Demarcationȱ ofȱClustersȱwithinȱ theȱ identifiedȱ communityȬȱTheȱ identifiedȱ
communityȱ hasȱ beenȱ groupedȱ asȱ clusterȱ toȱdesignȱ theȱ communicationȱ andȱ
disseminationȱstrategyȱatȱ theȱcommunityȱ level.ȱHowȱ theȱ informationȱwouldȱ
beȱdisseminatedȱtoȱeachȱofȱtheȱvulnerableȱlocation.ȱ

¾ Identificationȱ ofȱ Clusterȱ levelȱ volunteersȱ withinȱ communityȬȱ theȱ
demarcationȱ ofȱ clustersȱ withinȱ communityȱ thenȱ identifiedȱ theȱ clusterȱ
volunteers.ȱEachȱclusterȱvolunteerȱwouldȱhaveȱlistȱofȱkeyȱresourceȱpersonsȱtoȱ
mobilizeȱ householdsȱ inȱ thatȱ particularȱ clusterȱ asȱ wellȱ asȱ toȱ otherȱ clusterȱ
volunteersȱtoȱprovideȱlandslideȱearlyȱwarningȱinformation.ȱȱȱ

¾ Communicationȱ ProcessȬȱ Theȱ communicationȱ processȱ wasȱ alsoȱ discussedȱ
withȱeachȱcommunityȱonȱHOWȱeachȱclusterȱwillȱcommunicateȱinternallyȱandȱ
externallyȱwithȱregardsȱtoȱlandslideȱearlyȱwarningȱsystem.ȱȱ

¾ Internal,ȱwithinȱ clusterȱandȱexternalȱ communicationȱprocessȬȱEachȱ clusterȱ
hasȱ discussedȱ andȱ definedȱ theȱ communicationȱ process.ȱ Clusterȱ volunteersȱ
willȱhaveȱinternalȱcommunicationȱwithȱregardsȱtoȱearlyȱwarningȱinformationȱ
collectionȱ andȱ dissemination.ȱOnȱ theȱ otherȱ hand,ȱ clusterȱ volunteersȱwouldȱ
alsoȱ communicateȱ withȱ otherȱ clusterȱ counterpartȱ asȱ aȱ partȱ ofȱ communityȱ
mobilizationȱbeforeȱandȱduringȱ theȱ landslideȱevent.ȱAtȱ theȱsameȱ time,ȱ theseȱ
clusterȱ volunteersȱwouldȱ alsoȱ communicateȱwithȱ externalȱ agenciesȱ suchȱ asȱ
Pouroshava,ȱRedȱCrescent,ȱNGOsȱandȱotherȱresponseȱagencies.ȱ

ȱ

ȱ
ȱ

Figureȱ13:ȱCommunicationȱStrategyȱonȱLandslideȱRiskȱInformationȱDisseminationȱ

ȱ
InȱCox’sȱBazar,ȱeachȱcommunityȱhasȱfourȱclustersȱandȱinȱTeknaf,ȱthereȱareȱ3ȱclusters.ȱ
Theȱdemarcationȱofȱclustersȱisȱbasedȱonȱasȱfollows:ȱ
ȱ
¾ InȱCox’sȱBazarȬȱTheȱcriteriaȱofȱfourȱclustersȱwithinȱtheȱcommunityȱisȱbasedȱonȱ

theȱ geographicȱ locationȱ andȱ area.ȱ Theȱ geographicalȱ areaȱ inȱ selectedȱ



Rainfall Triggered Landslide Hazard Zonation in Cox’s Bazaar and Teknaf Municipalities as well as Introducing Community-based Early 
Warning System for Landslide Hazard Management 

Report on Landslide Inventory & Land-use Mapping, 
DEM Preparation, Precipitation Threshold Value & Establishment of Early Warning Devices  
 
 

CDMP                                                                                                                                                               datEx-
ADPC   

 

120

communityȱisȱbigȱandȱitȱisȱdifficultȱforȱvolunteersȱtoȱmanage.ȱItȱwasȱdecidedȱ
byȱ theȱvolunteersȱ that,ȱ thereȱ shouldȱbeȱ fourȱ clustersȱ inȱS.M.ȱ JatiȱPaharȱandȱ
Mohajeerȱ Paraȱ soȱ thatȱ communicateȱ theȱ earlyȱ warningȱ effectivelyȱ andȱ
communityȱcanȱbeȱmobilizedȱeasily.ȱ

¾ InȱTeknafȬTheȱcriteriaȱhereȱisȱbasedȱonȱlocationȱofȱvolunteers.ȱThereȱareȱthreeȱ
clustersȱ inȱselectedȱcommunityȱwhereȱclusterȱvolunteersȱareȱ locatedȱ inȱ threeȱ
differentȱlocations.ȱȱ
ȱ

x Developmentȱ ofȱ StandardȱOperatingȱ Procedureȱ (SOP)ȱ atȱ communityȱ levelȬȱ Theȱ
standardȱoperatingȱprocedureȱwasȱalsoȱdevelopedȱduringȱvalidationȱofȱCRAȱprocess.ȱ
Keyȱmobilizersȱwithinȱeachȱclusterȱandȱ stakeholdersȱ forȱSOPȱwereȱalsoȱdeveloped.ȱ
TheȱpurposeȱofȱSOPȱisȱtoȱhaveȱaȱSIMPLEȱGUIDELINEȱatȱtheȱcommunityȱlevelȱsoȱthatȱ
specificȱ rolesȱ andȱ responsibilitiesȱ canȱ beȱ performed.ȱ Theȱ developȱ SOPȱ isȱ atȱ theȱ
consultationȱstageȱandȱwouldȱbeȱ finalizedȱduringȱ theȱsimulation.ȱItȱ isȱalsoȱbetterȱ toȱ
giveȱ thisȱ guidelineȱ aȱ localȱ nameȱ ratherȱ thanȱ SOPȱwhichȱ isȱmoreȱ technical.ȱWhatȱ
shouldȱ beȱ theȱ nameȱ ofȱ thisȱ guidelineȱ willȱ alsoȱ beȱ discussedȱ withȱ community.ȱ
Followingȱ isȱ theȱ formatȱ thatȱ haveȱ beenȱ developedȱ forȱ SOPȱ andȱ writtenȱ byȱ
communityȱthemselves:ȱ

ȱ
ȱ
Changeȱ
Agentsȱofȱ
Earlyȱ
Warningȱ
Systemȱ

Responsibilities

Beforeȱ During

Clusterȱ
Volunteersȱ

x Facilitateȱtheȱriskȱandȱresourceȱmapȱ
developmentȱandȱinstallationȱofȱEarlyȱ
WarningȱDisplayȱBoardȱ

x MonitoringȱVeryȱHighȱVulnerableȱHousesȱ
andȱregularȱcontactȱandȱPutȱColorȱcodeȱtoȱ
theȱmostȱvulnerableȱhousesȱ

x MaintenanceȱofȱEarlyȱWarningȱEquipment.ȱ
x CollectȱdataȱfromȱRainȱGaugeȱandȱinterpretȱ
x Disseminateȱearlyȱwarningȱinformationȱtoȱ
VulnerableȱHousesȱinȱClustersȱ

x FacilitateȱSimulation/Drillȱonȱregularȱbasisȱ

x CommunicateȱwithȱWardȱ
Councilorsȱandȱresponseȱ
agenciesȱ

x FacilitateȱEvacuationȱforȱotherȱ
possibleȱlandslideȱareasȱ

x Informȱotherȱclusterȱ
volunteersȱtoȱbeȱvigilantȱ

Wardȱ
Councilorsȱ

x Mobilizeȱcommunityȱtoȱdevelopȱandȱupdateȱ
RiskȱandȱResourceȱMapȱ

x Disseminateȱearlyȱwarningȱinformationȱtoȱ
variousȱkeyȱpersonsȱinȱtheȱcommunity,ȱ
schoolȱteacher,ȱreligiousȱleaderȱandȱ
Pouroshavaȱauthorities.ȱ

x FacilitateȱSimulation/Drillȱonȱregularȱbasisȱ

x CoordinateȱwithȱResponseȱ
agencies.ȱ

x Facilitateȱevacuationȱprocessȱ
forȱotherȱpossibleȱlandslideȱ
areas.ȱ

x Keepȱinȱtouchȱwithȱotherȱ
clusterȱvolunteersȱandȱ
externalȱagenciesȱ

Religiousȱ
Leadersȱȱ

x Mobilizeȱcommunityȱtoȱdevelopȱandȱupdateȱ
riskȱandȱresourceȱmapȱ

x Regularȱpublicȱannouncementȱaboutȱ
Landslideȱprotectionȱandȱvigilanceȱ

x FacilitateȱSimulation/Drillȱonȱregularȱbasisȱ

x CoordinateȱwithȱResponseȱ
agencies.ȱ

x Facilitateȱevacuationȱprocessȱ
forȱotherȱpossibleȱlandslideȱ
areas.ȱ
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x Keepȱinȱtouchȱwithȱotherȱ
clusterȱvolunteersȱandȱ
externalȱagenciesȱ

Teachersȱ x DiscussȱonȱHillȱCuttingȱandȱitsȱconsequencesȱ
withȱchildrenȱ

x Participateȱinȱtheȱdevelopmentȱofȱriskȱandȱ
resourceȱmapȱalongȱwithȱchildrenȱ

x Orientȱchildrenȱtoȱdiscussȱaboutȱlandslideȱ
withȱtheirȱparentsȱandȱsiblingsȱ

x ParticipateȱinȱSimulation/Drillȱonȱregularȱ
basisȱwithȱchildrenȱ

x CoordinateȱwithȱResponseȱ
agencies.ȱ

x Facilitateȱevacuationȱprocessȱ
forȱotherȱpossibleȱlandslideȱ
areas.ȱ

x Keepȱinȱtouchȱwithȱotherȱ
clusterȱvolunteersȱandȱ
externalȱagenciesȱ

RedȱCrescentȱ x DiscussȱonȱHillȱCuttingȱandȱitsȱconsequencesȱ
withȱhousesȱlocatedȱinȱveryȱhighȱriskȱareasȱ

x Facilitateȱtheȱriskȱandȱresourceȱmapȱ
developmentȱandȱinstallationȱofȱEarlyȱ
WarningȱDisplayȱBoard.ȱ

x FacilitateȱPublicȱAwarenessȱonȱregularȱbasisȱ
x FacilitateȱSimulation/Drillȱonȱregularȱbasisȱ

x CommunicateȱwithȱWardȱ
Councilorsȱandȱresponseȱ
agencies.ȱ

x FacilitateȱEvacuationȱforȱotherȱ
possibleȱlandslideȱareasȱ

x Informȱotherȱclusterȱ
volunteersȱtoȱbeȱvigilantȱ

SocialȱWorkerȱ x DiscussȱonȱHillȱCuttingȱandȱitsȱconsequencesȱ
withȱhousesȱlocatedȱinȱveryȱhighȱriskȱareasȱ

x FacilitateȱPublicȱAwarenessȱonȱregularȱbasisȱ
x FacilitateȱSimulation/Drillȱonȱregularȱbasisȱ

x FacilitateȱEvacuationȱforȱotherȱ
possibleȱlandslideȱareasȱ

ȱ

YouthȱClubȱ x DiscussȱonȱHillȱcuttingȱandȱitsȱconsequencesȱ
withȱhousesȱlocatedȱinȱveryȱhighȱriskȱareas.ȱ

x Facilitateȱtheȱriskȱandȱresourceȱmapȱ
development.ȱ

x FacilitateȱPublicȱAwarenessȱonȱregularȱbasisȱ
x FacilitateȱSimulation/Drillȱonȱregularȱbasisȱ

x FacilitateȱEvacuationȱforȱotherȱ
possibleȱlandslideȱareasȱ

ȱ

Schoolȱ
Childrenȱ

x DiscussȱwithȱPeerȱGroup,ȱparentsȱandȱ
siblingsȱaboutȱlandslidesȱ

x Participateȱinȱtheȱdevelopmentȱofȱriskȱandȱ
resourceȱmapsȱ

x ParticipateȱinȱPublicȱAwarenessȱCampaignȱ
onȱLandslidesȱ

x ParticipateȱinȱSimulation/Drillȱ
Womenȱ x DiscussȱonȱHillȱcuttingȱandȱitsȱconsequencesȱ

withȱhousesȱlocatedȱinȱveryȱhighȱriskȱareas.ȱ
x Facilitateȱtheȱriskȱandȱresourceȱmapȱ
development.ȱ

x FacilitateȱPublicȱAwarenessȱonȱregularȱbasisȱ
x FacilitateȱSimulation/Drillȱonȱregularȱbasisȱ

x FacilitateȱEvacuationȱforȱotherȱ
possibleȱlandslideȱareasȱ

ȱ

Personsȱwithȱ
Disabilitiesȱ

x Discussȱwithȱhouseholdȱmembersȱaboutȱ
landslidesȱ

x Participateȱinȱtheȱdevelopmentȱofȱriskȱandȱ
resourceȱmapsȱ

x ParticipateȱinȱPublicȱAwarenessȱCampaignȱ
onȱLandslidesȱ

x ParticipateȱinȱSimulation/Drillȱ

x FacilitateȱEvacuationȱforȱotherȱ
possibleȱlandslideȱareasȱ

SourceȬCommunityȱConsultationȱ
ȱ
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x Earlyȱ warningȱ andȱ monitoringȱ systemȱ developmentȬȱ afterȱ conductingȱ theȱ
communityȱ riskȱ assessment,ȱ earlyȱ warningȱ andȱ monitoringȱ systemȱ hasȱ beenȱ
developed.ȱ ȱNumerousȱareasȱofȱpossibleȱ interventionsȱwereȱ identifiedȱ throughȱ thisȱ
activity.ȱEncouragingly,ȱmostȱ ofȱ theȱ identifiedȱpossibleȱ interventionsȱ haveȱ alreadyȱ
beenȱincorporatedȱintoȱtheȱProjectȱdesign.ȱInȱthisȱsection,ȱtheȱimportantȱthingȱnowȱisȱ
toȱanalyzeȱhowȱ toȱbestȱ implementȱ theseȱ interventions.ȱAnalysisȱonȱ localȱ institutionsȱ
mechanismȱandȱcommunityȬlevelȱsocialȱdynamicsȱareȱveryȱimportantȱinȱthisȱregard,ȱ
asȱtheyȱhelpȱidentifyȱexistingȱmechanisms/institutionsȱtheȱProjectȱcanȱtakeȱadvantageȱ
ofȱ toȱ ensureȱ smoothȱ implementationȱ andȱ sustainabilityȱ ofȱ theȱ projectȱ impacts.ȱ
Followingȱmechanismȱhasȱbeenȱdiscussedȱwithȱmunicipalityȱandȱcommunityȱ toȱactȱ
uponȱtoȱestablishȱearlyȱwarningȱandȱmonitoringȱsystemȱdevelopment:ȱ

ȱ
¾ Downscaleȱ theȱ earlyȱ warningȱ informationȱ productsȱ atȱ localȱ levelȬȱ Atȱ theȱ

nationalȱ levelȱ inȱ Bangladeshȱ BMDȱ haveȱ beenȱ engagedȱ intensivelyȱ toȱ developȱ
varietyȱ ofȱ informationȱ productsȱ onȱ rainfallȱ dataȱ andȱ forecasts.ȱTheseȱ productsȱ
requiredȱtoȱbeȱanalyzedȱinȱtheȱ localȱcontextȱsoȱthatȱtheȱessenceȱofȱtheȱgeneratedȱ
informationȱremainsȱtheȱsameȱbutȱtheȱinterpretationȱchangesȱfromȱMacroȬMesoȬ
Microȱ levels.ȱ Inȱ otherȱwords,ȱ theȱ developedȱ earlyȱwarningȱ informationȱ atȱ theȱ
nationalȱlevelȱrequiresȱguidanceȱtoȱbeȱtranslatedȱatȱtheȱcityȱandȱcommunityȱlevelȱ
forȱdifferentȱusers.ȱȱ
ȱ

 

Figureȱ14:ȱDMINȱgenericȱdesignȱ

¾ Alignmentȱofȱhazardȱmonitoringȱandȱ riskȱprofilingȱ intoȱ earlyȱwarningȱ systemȬ
Theȱmostȱimportantȱaspectȱinȱearlyȱwarningȱsystemȱisȱtoȱmonitorȱtheȱhazardȱandȱ
understandȱhowȱandȱwhereȱitȱwillȱhaveȱtheȱsevereȱimpactȱwithinȱtheȱlocation.ȱInȱ
theȱ currentȱ scenario,ȱ hazardȱ monitoringȱ isȱ beingȱ doneȱ byȱ theȱ governmentȱ
agenciesȱatȱvariousȱlevelsȱsuchȱasȱmeteorologicalȱdepartmentȱandȱlocalȱmetȱofficeȱ
etc.ȱToȱcomplementȱtheȱexistingȱefforts,ȱtheȱriskȱprofilingȱcanȱbeȱbroughtȱintoȱtheȱ
pictureȱ toȱdevelopȱ theȱ scenariosȱ inȱ caseȱofȱhazardȱ turnsȱ intoȱdisaster.ȱThisȱwillȱ
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alsoȱ helpȱ monitoringȱ institutions,ȱ governmentȱ agencies,ȱ designatedȱ responseȱ
agencies,ȱȱ

¾ volunteers,ȱ nonȬgovernmentȱ organizationsȱ toȱ makeȱ theirȱ responseȱ smartȱ andȱ
effectiveȱinȱtimesȱemergency.ȱȱ

ȱ
¾ DevelopmentȱofȱdecisionȱsupportȱsystemȱatȱtheȱcityȱlevelȬAtȱpresentȱtheȱcityȱhasȱ

veryȱ limitedȱ capacityȱ toȱ developȱ decisionȱ supportȱ system.ȱMostȱ ofȱ theȱ time,ȱ
decisionȱ supportȱ systemȱutilizationȱorȱanalysisȱ takesȱplaceȱatȱ theȱnationalȱ levelȱ
whichȱinvariablyȱtakesȱtimeȱtoȱreachȱtoȱmicroȱlevel.ȱToȱminimizeȱtheȱinformationȱ
transmissionȱcostȱasȱwellȱasȱincreaseȱtheȱreactionȱtime,ȱthereȱisȱaȱneedȱtoȱdevelopȱ
theȱ capacityȱofȱ theȱ cityȱ levelȱofficialsȱ toȱengageȱ inȱdevelopingȱdecisionȱ supportȱ
system.ȱIfȱcityȱisȱproneȱtoȱlandslideȱhazardȱwithȱhighȱvulnerabilities,ȱinȱthisȱcaseȱ
theȱDSSȱwouldȱassistȱcityȱtoȱprepareȱandȱrespondȱtoȱlandslides.ȱMostȱofȱtheȱworkȱ
atȱtheȱcityȱlevelȱwithȱregardsȱtoȱdisasterȱriskȱreductionȱtakesȱplaceȱwithoutȱtheȱuseȱ
ofȱ riskȱ mapsȱ andȱ resourceȱ inventory,ȱ riskȱ profile,ȱ vulnerabilityȱ mapsȱ andȱ
inundationȱmapsȱandȱtheseȱinformationȱareȱtheȱrequirementsȱofȱcityȱlevelȱdisasterȱ
managementȱ authorities.ȱ Theȱ diagramȱ showsȱ theȱ disasterȱ managementȱ
informationȱ networkȱ (DMIN)ȱ whichȱ hasȱ coveredȱ bothȱ slowȱ andȱ rapidȱ onsetȱ
hazard.ȱUsingȱtheȱexistingȱresourcesȱandȱsystem,ȱtheȱDSSȱcanȱeasilyȱbeȱdevelopedȱ
atȱtheȱcityȱlevel.ȱȱ
ȱ

¾ Collectionȱ andȱ processingȱ ofȱ rainȱ gaugeȱ dataȱ atȱ theȱ municipalityȱ levelȬȱ Theȱ
informationȱ collectedȱ atȱ theȱ communityȱ levelȱwouldȱ beȱ sendȱ toȱmunicipality.ȱ
Municipalityȱwouldȱalsoȱhaveȱaȱdisplayȱsystemȱtoȱrecordȱtheȱrainfallȱdataȱonȱdayȱ
toȱ dayȱ basis.ȱ Municipalityȱ wouldȱ closelyȱ workȱ withȱ localȱ meteorologicalȱ
departmentȱtoȱobserveȱandȱinterpretȱtheȱrainȱgaugeȱdataȱandȱwillȱactȱaccordingly.ȱ

ȱ
¾ InstallationȱofȱRainȱGaugeȱatȱ theȱCommunityȱ levelȱandȱdisplayȱ systemȬȱSinceȱ

theȱscientificȱstudyȱhasȱbeenȱdoneȱtoȱdevelopȱtheȱthresholdȱvaluesȱusingȱrainfallȱ
dataȱ andȱ soilȱ quality,ȱ rainȱ gaugesȱ haveȱ beenȱ installedȱ inȱ variousȱ strategicȱ
locationsȱinȱtheȱcommunityȱvulnerableȱtoȱlandslides.ȱVolunteersȱandȱcommunityȱ
basedȱfacilitatorsȱhaveȱbeenȱ trainedȱ toȱcollectȱ theȱrainȱ fallȱdataȱ throughȱ theȱrainȱ
gauge.ȱTheseȱrainȱgaugesȱhaveȱthreeȱdifferentȱcolorȱcodesȱasȱshownȱbelow:ȱ

ȱ
Colorȱcodeȱ Level Threshold Values Actionsȱ
ȱȱȱȱȱȱȱ Evacuateȱ ȱ ȱ
ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱ Readyȱ ȱ ȱ
ȱ Alertȱ ȱ ȱ

ȱ
Theȱinformationȱcollectedȱbyȱvolunteersȱandȱfacilitatorsȱatȱeachȱofȱtheȱrainȱgaugeȱwouldȱbeȱ
displayedȱatȱtheȱcommunityȱlevelȱusingȱaȱdisplayȱboard.ȱTheȱdisplayȱboardȱwouldȱbeȱ
locatedȱinȱaȱstrategicȱplaceȱwithinȱtheȱcommunity.ȱȱ
ȱ
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Figureȱ15:ȱCommunityȱbasedȱearlyȱwarningȱsystemȱ

Basedȱ onȱ communityȱ consultation,ȱ regardingȱ theȱ displayȱ boardȱ whereȱ communityȱ byȱ
themselvesȱhasȱdecidedȱtheȱbestȱpossibleȱstructureȱforȱtheȱinformationȱtoȱbeȱdisplayed.ȱTheȱ
locationȱtoȱinstallȱtheȱdisplayȱboardȱhasȱalsoȱbeenȱfinalized.ȱTheȱdevelopedȱriskȱandȱresourceȱ
mapȱwouldȱbeȱcomputerizedȱandȱprintedȱandȱinstalledȱwithȱearlyȱwarningȱsystemȱasȱshownȱ
above.ȱȱ
ȱ
3.4. NextȱStepȱ
ȱ
Bangladeshȱhasȱdevelopedȱtheȱinformationȱproductsȱrelatedȱtoȱearlyȱwarningȱatȱtheȱnationalȱ
level.ȱ Theseȱ informationȱ productsȱ requireȱ toȱ beȱ translatedȱ toȱ theȱ cityȱ asȱ wellȱ asȱ atȱ theȱ
communityȱ levelȱ byȱ understandingȱ whatȱ informationȱ productsȱ areȱ requiredȱ byȱ theȱ
communityȱ andȱ inȱwhatȱ languageȱorȱ communicationȱmedium.ȱTheȱ effortȱhereȱ isȱ toȱbringȱ
science,ȱ institutionsȱandȱsocietyȱtogetherȱ toȱminimizeȱorȱreduceȱ theȱ impactȱofȱdisaster.ȱTheȱ
currentȱ interventionȱ isȱ toȱ strengthenȱ theȱ DMINȱ wouldȱ beȱ anȱ additionalȱ advantageȱ forȱ
developingȱaȱcommunityȱbasedȱearlyȱwarningȱsystemȱ (CBEWS).ȱBelowȱmentionedȱactivityȱ
detailȱareȱtheȱnextȱstepȱtoȱrealizeȱtheȱcommunityȱbasedȱearlyȱwarningȱsystemȱonȱLandslidesȱ
inȱCox’sȱBazarȱandȱTekanf:ȱ
ȱ

1. InstallationȱofȱRainȱgaugesȱatȱtheȱcommunityȱlevel.ȱ
2. TrainingȱofȱClusterȱVolunteersȱonȱCommunityȱBasedȱEarlyȱWarningȱSystemȱ
3. InstallationȱofȱRiskȱInformationȱDISPLAYȱBOARDȱincludingȱriskȱandȱresourceȱmaps,ȱ

evacuationȱmapȱandȱearlyȱwarningȱonȱLandslides.ȱ
4. DevelopmentȱofȱDecisionȱSupportȱSystemȱ(DSS)ȱatȱtheȱCityȱlevel.ȱ
5. SimulationȱandȱMockȱDrillsȱȱ

ȱ
ȱ
 
�
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AnnexȬBȱ
ListȱofȱtheȱinventoryȱonȱlandslideȱeventsȱinȱTeknafȱandȱCox’sȱBazarȱ
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