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TanDEM-X data for early mapping and 
volume estimation of lava flows:
October 2010 Lava flow of Piton de la Fournaise case 
study 
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Imaging the Piton de la Fournaise Eruption Through InSAR
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RADAR GEOMETRY
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[September 19, 2010 to October 22, 2010]

1 fringe = λ/2 (λTSX=~3cm)

5th TerraSAR‐X / 4th Tandem‐X Science Meeting  10‐14 June 2013 DLR, Germany
TanDEM‐X data for early mapping and volume estimation of lava flows: October 2010 Lava flow of Piton de la Fournaise case study 



25 m resolution DEM from  aerial 
photogrammetry (IGN data, 1997)
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Aa = 39.23
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Aa = 39.23
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Since 1998, the Piton de la Fournaise topography has changed 
significantly due to lava flows emplacement (34 eruptions).
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7.5 m resolution LiDAR DEM (IGN data, 
2008-2009) 
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Ascending (18104_18605) 
spanning 33 days 

1 fringe = λ/2 (λ=~3cm)
NNE-SSW : ~7.5 cm (5fringe)
NNW-SSE : ~13.5 cm (9 fringe)

(TSX )October 2010 Eruption 
(September 19, 2010 to October 22, 2010)
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Descending (18104_18605) 
spanning 55 days 

1 fringe = λ/2 (λ=~3cm)
NS  : ~42 cm  (27–28 fringes)
Y-B-R

(TSX )October 2010 Eruption 
(September 01, 2010 to October 26, 2010)
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Maximum EW (Horizontal) 
displacement: 40 cm

Maximum UD (Vertical) 
displacement: 30 cm

Opening + Inflation :
Propagation of a dike through the surface!!

(m) (m)



Ascending (18104_18605) , 33days 
(September 19, 2010 to October 22, 2010)

Area:  0.71 km2

Descending (18104_18605), 55 days 
(September 01, 2010 to October 26, 2010)

Area:  0.75 km2

The coherence quantifies the degree of correlation or the stability of the phases 
between the 2 acquisitions.
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What about the post emplacement 
behavior?
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Cosmo SkyMed Satellite System
(CSK) λ= ~3cm

54 SAR Images from  CSK
(April 09, 2011 to January 01, 2012)

Orbits the Earth every 16 days, covering 
237 revolutions per cycle.

435 Interferograms are calculated.
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Extracting Region of Interest (ROI)

HI09_AR_23833_24070 
(Nov 03  to Nov 19, 2011)
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HI09_AR_23833_24070 
(November 03  to November 19, 2011)

Duration: 16 days
|AA |: 10.64

HI15_AR_20204_23522
(March 03 to October 13, 2011)

Duration:  224 days
|AA |: 223.59
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Phase Unwrapping

Wrapped Phase Unwrapped Phase

HI15_AR_20204_23522

(rad)
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Detrending

6 degree surface polynomial
(HI15_AR_20204_23522 )
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Detrending

HI15_AR_20204_23522  (March 03, 2011 to October 13, 2011)
Duration:  224  days      |AA |:  223.59

Detrended Unwrapped PhaseUnwrapped Phase

(rad) (rad)
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Detrending

HI09_AR_23833_24070                       (Nov 03, 2011 to Nov 19, 2011)
Duration: 16 days      |AA |: 10.64 

Detrended Unwrapped PhaseUnwrapped Phase

(rad) (rad)
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Max: 4 cm/yr ± 0.1 cm
(1σ)

EW Displacement Rate
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Vol: 3.83 ± 0.19 Mm3
Max: 13.5 cm/yr ± 0.2 cm

(1σ)

UD Displacement Rate
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Vol: 3.83 ± 0.19 Mm3
Vol: 3.83 ± 0.19 Mm3

(1σ)
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Derived Thickness Map
CSK (435 Interferograms)



Vol: 3.83 ± 0.19 Mm3
Vol: 3.83 ± 0.19 Mm3

(1σ)

3.06 ± 0.15 Mm3
(20% vesicularity)

OVPF: 2.8 Mm3 (Geodetic measurements)
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Derived Thickness Map
CSK (435 Interferograms)
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R2Map (Cosmo Skymed, 435 Interferos)
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Misfit Map (Cosmo Skymed, 435 Interferos)
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TanDEM-X and TerraSAR-X in Space © DLR
λ= ~3cm
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Can TANDEM-X provide better 
results?



Interferogram 2700800_2700810
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28 Apr 2012



Interferogram 2700800_2700810

UNWRAPPED 2700800_2700810
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Interferogram 2700800_2700810

UNWRAPPED 2700800_2700810
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Interferogram 2700800_2700810

DETRENDED 2700800_2700810
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Interferogram 2700800_2700810

DETRENDED 2700800_2700810
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Vol: 2.24 ± 0.10 Mm3

Derived Thickness Map:
TanDEM‐X (41 interfero) 

5th TerraSAR‐X / 4th Tandem‐X Science Meeting  10‐14 June 2013 DLR, Germany
TanDEM‐X data for early mapping and volume estimation of lava flows: October 2010 Lava flow of Piton de la Fournaise case study 



Derived Thickness Map:
TanDEM‐X (AA and SNR filtered, 27 interfero)

Vol: 2.26 ± 0.103 Mm3
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Derived Thickness Map:
Cosmo‐SkyMed (435 interfero)

Vol: 3.83 ± 0.19 Mm3
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Difference in Thickness
CSK (435 images) vs. TDX (41 images)

Vol. Diff: 1.59 Mm3

Slope: 1.54
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Difference in Thickness
CSK (435 images) vs. TDX (27 images)

Slope: 1.51

Vol. Diff: 1.56 Mm3
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R2Map (Cosmo Skymed, 435 Interferos)
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R2Map (Tandem-X, 27 Interferos)
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Misfit Map (Cosmo Skymed, 435 Interferos)
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Misfit Map (Tandem-X, 27 Interferos)
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