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Landslide prone
area of Ciloto

Landslide prone
area of Ciloto

CilotoCilotoCilotoCiloto zone consist of zone consist of zone consist of zone consist of breccia breccia breccia breccia rock, clay soil, rock, clay soil, rock, clay soil, rock, clay soil, silt silt silt silt soilsoilsoilsoil

Debris materialDebris materialDebris materialDebris material



Mass Movement Indication in Mass Movement Indication in Mass Movement Indication in Mass Movement Indication in CilotoCilotoCilotoCiloto ZoneZoneZoneZone

Morphology at Ciloto Area

Unit I : Gunung Lemo Area

Unit II : Pondok Cikoneng
Area, Gunung Mas, 
Gunung Gedogan, 
and Gunung Joglok

Unit III : Puncak, Jember
Area

Unit IV : Sindanglaya Area

Unit V : Cempaka Slope 
Area, Tugu

(Sugalang, 1989)



Static model : Static model : Static model : Static model : 

�Status vector of horizontal and vertical Status vector of horizontal and vertical Status vector of horizontal and vertical Status vector of horizontal and vertical 
displacement displacement displacement displacement 

Kinematic model :Kinematic model :Kinematic model :Kinematic model :

�Status vector of horizontal and vertical Status vector of horizontal and vertical Status vector of horizontal and vertical Status vector of horizontal and vertical 
displacementdisplacementdisplacementdisplacement

�Velocity and acceleration of material Velocity and acceleration of material Velocity and acceleration of material Velocity and acceleration of material 
displacementdisplacementdisplacementdisplacement

Methodology – Geometric Method
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YPL : Slope Surface Equation 
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Characteristic

Coordinates, Velocity and 

Acceleration of Geodesy 

Monitoring Points

Geometric 

Method

Displacement vector

Kinematic Model

Static Model

Result : Geodesy Monitoring Points 

Coordinate

Data Processing

Monitoring Points Measurement by Geodetic 

Method

Slope Surface Profile

Maximum-Minimum Function

GPS Survey

Geodetic Slip 

surface Estimation

Velocity Trend Line

Approximation by Polynomial 

Function

Landslide 

Type

S             S             S             S             : Sample location: Sample location: Sample location: Sample location

P             P             P             P             : : : : Piezometer locationPiezometer locationPiezometer locationPiezometer location

AAAA----BBBB----CCCC----D  D  D  D  : : : : Cross sectionCross sectionCross sectionCross section

B.1, B.2  B.1, B.2  B.1, B.2  B.1, B.2  : : : : Drilling pointDrilling pointDrilling pointDrilling point

: debris slide: debris slide: debris slide: debris slide

: slope cutting: slope cutting: slope cutting: slope cutting

: slumping: slumping: slumping: slumping

: : : : crackcrackcrackcrack

: : : : riverriverriverriver

: : : : fish pond, buildingfish pond, buildingfish pond, buildingfish pond, building

: : : : streetstreetstreetstreet

∴∴∴∴ :::: plantation,plantation,plantation,plantation, agriculturalagriculturalagriculturalagricultural

fieldfieldfieldfield



GPS SURVEY (2002-2005)

GPS Survey Strategy

Measurement 

Method

Differential Static

Equipment 

Type

Dual Frequency , 

Geodetic type

Data  Type P and C/A code

Carrier  phase 

Duration 4 - 6 hour

Epoch Interval 30 “

Elevation 

Mask

15 0

GPS Measurement Campaign

• Epoch Epoch Epoch Epoch 1 : 211 : 211 : 211 : 21----22 22 22 22 January January January January 2002200220022002

• Epoch Epoch Epoch Epoch 2 : 042 : 042 : 042 : 04----05 April 200205 April 200205 April 200205 April 2002

• Epoch Epoch Epoch Epoch 3 : 10 Mei 20033 : 10 Mei 20033 : 10 Mei 20033 : 10 Mei 2003

• Epoch Epoch Epoch Epoch 4 : 144 : 144 : 144 : 14----15 Mei 200415 Mei 200415 Mei 200415 Mei 2004

• Epoch Epoch Epoch Epoch 5 : 035 : 035 : 035 : 03----04 04 04 04 July July July July 2005200520052005

GPS Receiver type

Receiver Unit

Ashtech Z-XII3 3

Trimble 4000SSi 7

Leica SR9500 2

Leica SR520 2
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Receiver 1, 2,…, nReceiver 1, 2,…, nReceiver 1, 2,…, nReceiver 1, 2,…, n

GPS DataGPS DataGPS DataGPS Data
Database :Database :Database :Database :

Antenna Height, Station Antenna Height, Station Antenna Height, Station Antenna Height, Station 

Coordinate, Meteorology Coordinate, Meteorology Coordinate, Meteorology Coordinate, Meteorology 

datadatadatadata
Conversion to Conversion to Conversion to Conversion to 

RINEXRINEXRINEXRINEX

Ionosphere Ionosphere Ionosphere Ionosphere 

analysisanalysisanalysisanalysis

Observation Observation Observation Observation 

data filesdata filesdata filesdata files

Message Message Message Message 

data filesdata filesdata filesdata files

Ephemerides Ephemerides Ephemerides Ephemerides 

correction correction correction correction ----

Orbit Orbit Orbit Orbit 

computationcomputationcomputationcomputation

Navigation data Navigation data Navigation data Navigation data 

filesfilesfilesfiles

Orbital Message Orbital Message Orbital Message Orbital Message 

InformationInformationInformationInformation

Single Point Solution Correction Single Point Solution Correction Single Point Solution Correction Single Point Solution Correction ::::

Ionosphere, Troposphere, Earth Ionosphere, Troposphere, Earth Ionosphere, Troposphere, Earth Ionosphere, Troposphere, Earth 

Rotation, Relativistic, Rotation, Relativistic, Rotation, Relativistic, Rotation, Relativistic, Cycle SlipsCycle SlipsCycle SlipsCycle Slips

Cycle Slips correctionCycle Slips correctionCycle Slips correctionCycle Slips correction

Ambiguity Ambiguity Ambiguity Ambiguity 

UpdateUpdateUpdateUpdate

Session SolutionSession SolutionSession SolutionSession Solution

Network SolutionNetwork SolutionNetwork SolutionNetwork Solution

Estimation Parameter Estimation Parameter Estimation Parameter Estimation Parameter 

ProcessProcessProcessProcess

Fiducially Fiducially Fiducially Fiducially 

Points Points Points Points 

External External External External 

ObservationObservationObservationObservation

Station coordinateStation coordinateStation coordinateStation coordinate

VarianceVarianceVarianceVariance----Covariance matrixCovariance matrixCovariance matrixCovariance matrix

StatisticalStatisticalStatisticalStatistical

-ResidualResidualResidualResidual

-Error EllipseError EllipseError EllipseError Ellipse

Kinematic ModelKinematic ModelKinematic ModelKinematic Model

Equations Equations Equations Equations ((((YalcinkayaYalcinkayaYalcinkayaYalcinkaya dandandandan BayrakBayrakBayrakBayrak, 2004) :, 2004) :, 2004) :, 2004) :
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Calculation of Calculation of Calculation of Calculation of vector vector vector vector status prediction status prediction status prediction status prediction (scalar, velocity and acceleration) by (scalar, velocity and acceleration) by (scalar, velocity and acceleration) by (scalar, velocity and acceleration) by 

KalmanKalmanKalmanKalman Filtering MethodFiltering MethodFiltering MethodFiltering Method



1),1(

3,33,33,3

13,33,33,3

2
1

3,313,33,3

1,

1,

_

00

)(0
2

)(
)(

−

−

−
−























































−

−
−

=



































=

ih

N

E

h

N

E

ii

ii
ii

ih

N

E

h

N

E

i

a

a

a

V

V

V

h

N

E

I

ttII

tt
IttII

a

a

a

V

V

V

h

N

E

Y

T
iiiYiYiiYiYi TQTQ )1(,)1(),1()1(,, −−−−=

1,,1,1,1,
ˆˆ
iiiLiii YAvLL =+=

1,1,,1,
ˆ

iiiiLi LYAv −=

KalmanKalmanKalmanKalman FilteringFilteringFilteringFiltering

�Status vector of horizontal and vertical 
displacement 
� Quantification of material displacement

� Comparation of displacement characteristic of 
landslide zone common with single sliding→ head, 
depletion zone (in middle), accumulation zone (foot-
toe) to find movement mechanism 
→single/succesive/multiple/retrogressive sliding

� Comparation between horizontal and vertical 
(negative-positive) displacement of monitored 
point→terain profile to find minor scarp position, 
subsidence & bulging → translational/rotational 
slide

Result-1



Kinematic M. : 
Cumulative 
Horizontal 

Displacement

Kinematic M. : 
Cumulative 

Vertical 
Displacement

Epoch 1-2

Epoch 2-3

Epoch 3-4

Epoch 4-5

Top of Landslide 

zone

Middle of Landslide 

zone

Toe of 

Landslide zone

Kinematic Model

� Velocity and acceleration of material displacement

� High horizontal velocity in depletion zone

� High vertical velocity in head (vertical -) and 
accumulation zone (positive +)

Result-2



Illustration of Horizontal DisplacementIllustration of Horizontal DisplacementIllustration of Horizontal DisplacementIllustration of Horizontal Displacement

Vertical profileVertical profileVertical profileVertical profile
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Velocity – Displacement (Horizontal)
Epoch 1-2 Epoch 2-3

Epoch 3-4 Epoch 4-5

Horizontal Displacement Horizontal Velocity

Velocity – Displacement (Vertical)

Epoch 2-3

Vertical Displacement Vertical Velocity

Epoch 4-5
Epoch 3-4

Epoch 1-2



Relation of Displacement and Velocity
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Displacement (Polynomial) Velocity (Polynomial)

Horizontal displacement  (m)and velocity (m/month)

�Vector Status of Position and Velocity

� Evacuation area 

� Position of instability point (subsidence and 
bulging)

� Position of stability point (breakline) 

�New Minor Scarp

� Retrogressive indication

� New scarp caused new external factor

Discussion



New Minor ScarpNew Minor ScarpNew Minor ScarpNew Minor Scarp
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3

4

Cross Section Line



Cross Section Line 1Cross Section Line 1Cross Section Line 1Cross Section Line 1stststst

Velocity Trend Line Velocity Trend Line Velocity Trend Line Velocity Trend Line 

(VTL) per point(VTL) per point(VTL) per point(VTL) per point

Slip Surface from Slip Surface from Slip Surface from Slip Surface from 

intersection of  VTLintersection of  VTLintersection of  VTLintersection of  VTL

Approx. Approx. Approx. Approx. Surface  from Surface  from Surface  from Surface  from 

kinematic modelkinematic modelkinematic modelkinematic model

Vertical surface ProfileVertical surface ProfileVertical surface ProfileVertical surface Profile

Approx. Surface from Approx. Surface from Approx. Surface from Approx. Surface from 

Polynomial FunctionPolynomial FunctionPolynomial FunctionPolynomial Function

Cross Section Line 2Cross Section Line 2Cross Section Line 2Cross Section Line 2ndndndnd

Velocity Trend Line Velocity Trend Line Velocity Trend Line Velocity Trend Line 

(VTL) per point(VTL) per point(VTL) per point(VTL) per point

Slip Surface from Slip Surface from Slip Surface from Slip Surface from 

intersection of  VTLintersection of  VTLintersection of  VTLintersection of  VTL

Approx. Approx. Approx. Approx. Surface  from Surface  from Surface  from Surface  from 

kinematic modelkinematic modelkinematic modelkinematic model

Vertical surface ProfileVertical surface ProfileVertical surface ProfileVertical surface Profile

Approx. Surface from Approx. Surface from Approx. Surface from Approx. Surface from 

Polynomial FunctionPolynomial FunctionPolynomial FunctionPolynomial Function



Cross Section Line 3Cross Section Line 3Cross Section Line 3Cross Section Line 3rdrdrdrd

Velocity Trend Line Velocity Trend Line Velocity Trend Line Velocity Trend Line 

(VTL) per point(VTL) per point(VTL) per point(VTL) per point

Slip Surface from Slip Surface from Slip Surface from Slip Surface from 

intersection of  VTLintersection of  VTLintersection of  VTLintersection of  VTL

Approx. Approx. Approx. Approx. Surface  from Surface  from Surface  from Surface  from 

kinematic modelkinematic modelkinematic modelkinematic model

Vertical surface ProfileVertical surface ProfileVertical surface ProfileVertical surface Profile

Approx. Surface from Approx. Surface from Approx. Surface from Approx. Surface from 

Polynomial FunctionPolynomial FunctionPolynomial FunctionPolynomial Function

Cross Section Line 4Cross Section Line 4Cross Section Line 4Cross Section Line 4thththth

Velocity Trend Line Velocity Trend Line Velocity Trend Line Velocity Trend Line 

(VTL) per point(VTL) per point(VTL) per point(VTL) per point

Slip Surface from Slip Surface from Slip Surface from Slip Surface from 

intersection of  VTLintersection of  VTLintersection of  VTLintersection of  VTL

Approx. Approx. Approx. Approx. Surface  from Surface  from Surface  from Surface  from 

kinematic modelkinematic modelkinematic modelkinematic model

Vertical surface ProfileVertical surface ProfileVertical surface ProfileVertical surface Profile

Approx. Surface from Approx. Surface from Approx. Surface from Approx. Surface from 

Polynomial FunctionPolynomial FunctionPolynomial FunctionPolynomial Function



�Characteristic

� Displacement Velocity is very slow 5 x 10-5 – 5 x 10-7

mm/second

� Environment effect (rainfall→water
infiltration→stress→strain : subsidence/bulging) to 
material displacement can defined magnitude and 
direction

� New minor scarp give information of instability area 
of landslide zone

�Landslide Type 

� Multiple compound (rotational and translational) 
debris slide

Conclusion



Technical Engineering can applied with information :

� Priority location to minimize water infiltration

� Location of vulnerable area 

� Direction and magnitude of velocity of material 
displacement

� External factor which influence to landslide zone can 
be defined well, like as river, spring, busy road, farm 
land

Landslide Hazard Mitigation


