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Abstract : This paper presents the result of surface deformation by using remote sensing technique of synthetic aperture radar over Surabaya city,
Indonesia. In order to investigate the impact of urban area, we applied the Interferometry Synthetic Aperture Radar (InSAR) method using ALOS
PALSAR images to detect surface deformation. The research has been conducted by open source software and the method includes the process of
focusing the SAR data, incorporating the precise orbit, coordinate transformation to radar systems, atmospheric correction, generating interferogram
and phase unwrapping by using SNAPHU algorithms. This paper will show the displacement changes on the surface which is characterized by a phase
change in the LOS (line of sight) direction of the satellite by millimeter to centimeter level.
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1. Introduction

Surabaya is the second big city as urban area in Indonesia with the
population more than 2,5 million. Long-term surface monitoring is needed
for urban area and many other metropolitan areas worldwide. Extensive
ground water pumping over the urban and industrial area has resulted in  caused by excessive ground water extraction.
several centimeters of land subsidence in locations all around the world S

(Buckley et al, 2002, Chaussard, 2013). Surface deformation impacts in urban f

areas are quite numerous and can be categorized into infrastructural,

environmental, economic and social impacts. It was natural-anthropogenic
hazard affecting urban areas. This type of silent hazard is mainly caused by

the combination of excessive groundwater extraction, natural consolidation

of alluvium soil, load of constructions and tectonic activities (Abidin et al.,
2011)

3. Result

The interferogram result was shown surface deformation occured
over Surabaya city with average 2,1 cm per year. In industrial area
(eastern Surabaya) subsidence reach up 3 cm per year. It can be

Time = Feb-21-2008
= *-'ﬂ ’, T T Ol

Time = Feb-18-2007

Time = Feb-21-2008

uth

-10

—-20

1000 1100 1200 1300 1400 1500 1600

2007.01 2007.29 2007.57 2007.86 2008.14

0 500 100 0
Range
2008.14 2007.01 2007.29 2007.57 2007.86 2008.14

Figure 2. Descending Interferogram Images 2007 (A) and 2008 (B)
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Figure 1. Surabaya and Its Population

2. Data and Methodology

To analysis surface deformation we used 9 FBS descending images (36 pairs)
during period 2007-2008 with and 12 ascending images (66 pairs) of
PALSAR for 2006-2011. SRTM3 (90 m resolution) data is used as external
DEM for removing the topographic fringe. Small Baseline method is
adopted to reduce spatial decorrelation (Berardino, 2002)
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Figure 3. Time Series Diagram of Surface Deformation over Surabaya
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4. Conclusion and Future Works

v'The results of this research show that spatial pattern and rate of
subsidence derived by InSAR methods are quite similar over
Surabaya area. Average of subsidence rate derived by ALOS PALSAR
data during the period of 2006 —2011 varies between 2 — 4 cm per

year.

v' Multi temporal InSAR data with Small Baseline concept yields better
result to reduce spatial decorrelation characteristics.
v Furthermore, there could also be possible existence of other causes

[

_ due to anthropogenic factors in almost all subsidence areas and
natural factors such as tectonic processes in Southern of Surabaya.
v'GPS measurement will be conducted to improve accuration and

validation for InSAR result to better understanding for surface

deformation.
Acknowledgements !

We thank to Indonesia Endowment Fund for Education (LPDP) for financial support during study period. The ALOS-PALSAR images data are copyright of the Japan Space Agency (JAXA) and the Ministry
of Economy, Trade and Industry (METI) of Japan. These data were made available by the PALSAR Interferometry Consortium to Study our Evolving Land surface (PIXEL) under a cooperative research
contract with the Earthquake Research Institute (ERI) of the University of Tokyo.

References

1. Abidin, H.Z, H Andreas, | Gumilar, Y Fukuda, Y Pohan, and T Deguchi. 2011. Land subsidence of Jakarta (Indonesia) and its relation with urban development. Natural Hazards, 1753-1771

2. Berardino, P, Fornaro, G., Lanari, R., and Sansosti, E. 2002. A new Algorithm for Surface Deformation Monitoring based on Small Baseline Differential SAR Interferograms. |EEE Transact. Geoscience and Remote Sensing, 40(11), 2375-2383.
3. Buckley, S. M., P. A. Rosen, S. Hensley, and B. D. Tapley. 2003. Land subsidence in Houston, Texas, measured by radar interferometry and constrained by extensometers. ). Geophys. Res., 108(B11), 2542

4. Chaussard, E., Wdowinski S., E Cano, and Amelung, F. 2014. Land subsidence in central Mexico detected by ALOS InSAR Time-Series. Journal of Remote Sensing of Environment, 2014: 94-106

For further details, contact : Mr. Arif Aditiya, Bw-601, 6-1, Komaba 4-chome, Meguro, Tokyo 153-8505 Japan (http://wtlab.iis.u-tokyo.ac.jp, E-mail : arif@iis.u-tokyo.ac.jp




