
Caverns formed in salt
depositsconvergeover time
and as a result cause
subsidence troughs to be
formed at the surface. In
accordance with German
mining law the subsidence
behaviorhasto be controlled
every year above cavern
fields.

(MarkscheiderςBergverordnung)

Elevationmap
accordingto Germanmining law

-10

-8

-6

-4

-2

0

2

4

6

8

10

0 1
0

2
0

3
0

4
0

5
0

6
0

7
0

8
0

Time [days]

D
if
fe

re
n

ce
 t
o

 M
e

a
n

 V
a

lu
e

 [
m

m
]

Northing

Easting
Height

N

5 km

Rover Point Field

1

2

3

4 5

14

13

6

7

8
9

10

11 12

19

18

17

16

15

Base 2Base 1

0

1

2

3

4

5

1 2 3 4 5 6 7 8 9 1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

GPS Stations

R
M

S
 o

f 
D

a
ily

 S
o

lu
ti
o

n
s 

[m
m

]

Northing

Easting

Height

 

1993 1995 20071997 1999 2001 2003 2005

Tag 1 Tag 2 Tag 3 Tag 4 Tag 5 Tag 6 Tag 7 Tag 8

T
ro

p
o

s
p

h
ä

re
 [

m
]

üChoke-Ring antennas
üNetwork layout
üPostprocessing software

GNSS equipment & requirements 

üHigh precise satellite orbits
üAtmospheric modelling

Processing

üHigh accuracy in vertical and horizontal components

Results

üSatellite SAR interferometric techniques are one possible 
method for land surface motion monitoring 
üLarge area observation of surface deformations
üHigh spatial and temporal measurement resolution
üVarious sensors: - ERS-1/2, Radarsat-1, ENVISAT ASAR, 
Radarsat-2, JERS-1, ALOS PALSAR, TerraSAR-·Σ Χ

InSAR deformation monitoring

üStable point target scatterers can be used to perform 
differential SAR interferometry with large baselines. 
üTime series analysis makes it possible to reduce phase 
noise due to atmosphere. 
üThe differing temporal and spatial characteristics of 
atmosphere and deformation can be separated.
üProcessing of large scenes is possible using local 
reference points
üIndividual deformation histories of points can be 
generated, not just the linear deformation rate. 
üSAR differential interferometry can provide dense spatial 
sampling in urbanized regions

Advanced processing
üVarious techniques for high accuracy and reliability
Differential Interferometry, stacking, 
Persistent Scatterer Interferometry 

Conclusion

üSeismology
üVolcano monitoring
üLand subsidence monitoring
üGlacier motion estimation
üLandslide detection and monitoring

InSAR application

Examples from GMES Terrafirma

üEarthquake research in Istanbul
üInvestigation of earthquake damage potential
üIntegration of InSAR monitoring and geological data
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üAnalysis of ground motion due to pore storage in Germany
üDetection of subsidence and uplift effects
üIntegration of geological and storage operation data

üAnalysis of ground motion due to ground water 
rise in UK mining areas
üIntegration of mine abandonment data

üSlope stability analysis in Spain
üExtensive integration of auxiliary data for risk 
analysis  

üInSAR , GNSS and Leveling have their specific advantages and disadvantages, in particular
o GNSS or Levelling network does not cover full area with required point density and have 

possibly low repetition rate (except of permanent GNSS)
o InSAR monitoring covers full area with high repetition rate , but single results does not meet the 

requirements in accuracy and reliability
ü Integration of all measurements will avoid the disadvantages of each single method as far as possible 

and will subsume the advantages of each single method to an enhanced integrated result

Integration of InSAR, GNSS and/or Leveling

Monitoring of ground deformation with an integrated approach 
of InSAR and GNSS/Leveling  methods 

ü will achieve  the requirements of Mining Authorities by 
o full area coverage without information gaps
o sufficient repetition rate
o increasing of quality, accuracy and reliability of 

monitoring results
üwill support operational processes efficiently 
üwill make an important contribution to the economical 

success of an operation

All presented measurement and data evaluation methods  are

ü developed in strong co-operation with customers 
ü evaluated and approved in practice
ü appropriate to fulfill high quality requirements technically 

and economically sufficient

Conclusion
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