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ABSTRACT: Land subsidence poses a serious risk to the low-lying coastal city of Bangkok, Thailand; major flooding occurred there in 1983 and again in 2011. Extreme water pumping in the past led to subsidence rates of up to 120 mm yr-1. Although water extraction 
is now controlled, maximum rates     measured by leveling today are still up to 20 mm yr-1. In this study, we apply InSAR time series analysis to study subsidence in Bangkok between October 2005 and March 2010. We validate the InSAR results, by comparison to 
leveling rates and find good agreement between the two techniques. We detect    approximately 300 000 coherent pixels overall, with an average density of 120 observations per km2. This is two orders of magnitude greater than the density of leveling benchmarks 
and reveals subsiding areas that are missed by the leveling network. 

1.  INTRODUCTION 
 The province of Bangkok, Thailand, is under a continuous threat of flooding. This region has a very 
low elevation, with height ranging from 0.5 to 1.50 m above mean sea level, and is situated on a river 
delta. The area has already suffered from major floods in 1983 and 2011. Monitoring of subsidence in 
Bangkok is therefore crucial, particularly as the city of Bangkok is the most populated metropolitan area of 
Thailand and the economical and political heart of the country. 
 The most recent leveling results show maximum rates of 20 mm yr-1 inside Bangkok, However, the 
leveling network is rather sparse and interpolated maps may underestimate the rates between       
benchmarks. The geological setting of Bangkok further complicates the study of subsidence from leveling 
data. Features such as roads, pavement, and walkways lie on the soft clay ground surface, while most 
buildings and bridges rest on piles standing on the deeper and less compressible sand layer 20-50 m     
beneath the surface. As a result of differing water content and physical properties, the subsidence rates of 
the soft clay layers are faster than those of the sand layer. Most leveling monuments are metal plates 
fixed to bridges and public buildings. Ground monuments do exist, but they are usually destroyed or 
moved in a short time due to development and construction. As such, leveling data provide mainly    
subsidence rates of the sand layer, not those of the ground surface. These estimates are however of great 
value for many applications such as drainage and flood protection. 
 In contrast to the sparsity of the leveling network, interferometric synthetic aperture radar (InSAR) 
time series analysis can provide a network of observations with a density of 100 observations per km2, or 
more for urban areas. The precision of InSAR time series techniques can be on up to 1 mm yr-1. These 
techniques use a set of Synthetic aperture radar (SAR) images to estimate topography and surface motion. 
The phase evolution of pixels is used to detect those that remain coherent within the time span covered 
by the data set. As a result, it is possible to detect and measure millimeter variations in the satellite    
line-of-site. 
 Our contribution focuses on applying InSAR time series analysis to study subsidence in Bangkok and 
assessing the potential of the technique for subsidence monitoring in this area. Time series analysis   
methods, namely persistent scatterer interferometry (PSI) and small baseline (SB) techniques were        
developed to address the limitations of differential InSAR such as atmospheric delay and loss of coher-
ence. These algorithms can produce good results, even for small number of images. 
 

2. STUDY AREA AND DATA SET 
 
2.1 Study Area  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 Data Set  

 We employ 19 Radarsat-1 images in F1N beam mode with nominal azimuth resolution 8.9 m and nominal range resolution 6.0 m in slant range. 
The images cover an area approximately 2 500 km2 centred in Bangkok (lat 13° 33' 44.37"N, long 100° 38' 47.76"E). The images were acquired        
between October 2005 and March 2010 in ascending orbit (Path-Row: 2-60). From the available radar images, fine beam mode is the best spatial 
resolution available for the Radarsat-1 system. Each original fine beam position can either be shifted closer to or further away from Nadir by     
modifying timing parameters and adding 10 new positions with offset ground coverage. The resulting positions are denoted by either an N (Near) or F 
(Far). The swath width is 50 km to keep the downlink signal within its allocated bandwidth. All production requests were submitted through a   
Product Generation System (PGS) interface at GISTDA Earth observation centre. The data employed in this research were single look complex (SLC) 
products, which are pre-processed in CEOS format. 

3. INSAR TIME SERIES ANALYSIS PROCESSING APPROACH 

4. RESULTS AND DISCUSSION  
 In order to explore the variation of subsidence in the study area, 
we choose five areas that display different subsidence patterns, the 
locations of which can be found in figure 2(a). Figure 4(a) shows the 
agricultural Nongchok district of Bangkok, which includes a lake and 
paddy fields surrounded by villages. The subsidence rate in the area is 
between 10 and 30 mm yr-1 due to the soft clay and over pumping of 
ground water for irrigation. This area is set as a critical groundwater 
pumping zone following the ‘Groundwater Act for the Implementation 
of Groundwater Management Measurement’ of the Department of 
Mineral Resources (Provincial Waterworks Authority 2010). Figure 4(b) 
includes the coastal zone and southern neighbouring provinces (Samut 
Prakarn, Na klua) in which severe flooding has occurred, probably 
caused by a combination of erosion and land subsidence (DMR 2011). 
For this area we also find strong subsidence of ~25 mm yr-1. These  
values must be treated with caution as the low density of PS may 
have compromised phase unwrapping. The area of Samut Prakarn-
Thepharak in figure 4(c) shows subsidence rates that reflect the rapid 
development of an urban industrial zone in recent years. 

Figure 4(d) is located at the Suvarnabhumi airport. Here we de-
tect the subsidence of the runway at a rate of 20 mm yr-1. This con-
trasts with the slower deformation at the terminal building              
(0.5 mm yr-1), which is built on piles resting on the sand layer. Finally, 
figure 4(e) shows the difference in land subsidence between the 
ground surface and the sand layer. The highway in figure 4(e) is built 
on piles that stand on the sand layer around 21 m beneath ground 
surface, and appears to be very stable. 

5. CONCLUSIONS  
 The application of a multi-temporal InSAR approach that combines both persistent scatterer and small 
baseline methods detected approximately 3 0 0  0 0 0  pixels that can serve as monitoring points. These        
observations provide orders of magnitude better spatial density than leveling. Deformation rates have been 
estimated for the period 2005-2010, with a maximum relative rate of about 30 mm yr-1. Velocities estimated 
from InSAR agree with those estimated from leveling, within the measurement uncertainty, for 80% of the 
leveling benchmarks. 

In this comparison we have used all coherent targets at a distance of up to 100 from the benchmarks. 
Therefore, the high agreement that we have found suggests that the deformation does not change over this 
distance. From this we also conclude that most of the scattering objects seem to match the benchmark 
type. For example, since most of the benchmarks are located on buildings (and infrastructure) the results 
suggest that most of the scatterers are also located on buildings. 

Until now, the principal source of information about vertical ground movements has come from      
annual leveling campaigns by the RTSD, which have been carried out since 1978. While, leveling is a reliable 
technique, the distribution of points in the leveling network is sparse. On the other hand, the results from 
InSAR provide a very high observation density. InSAR should, therefore, be considered as a complementary 
technique to leveling for monitoring deformation in Bangkok. 
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Figure 1 Gaps opened due to differences between subsidence of the ground surface and buildings whose 
foundations rest on the sand layer. 

Figure 7 Displacement rates in the neighbourhood of two selected leveling benchmarks. (a): Benchmark B27 
is surrounded by many coherent targets due to the high number of buildings in the vicinity. (b): B7 is located 

in north-eastern Bangkok, which is a rapid growing suburban area. Fewer points are within a 100 m radius, 
which likely contributes to the disagreement between leveling and InSAR for this benchmark. 
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 Figure 2(a) Subsidence rate (mm yr-1) from InSAR time series analysis  
 

Figure 2(b): Standard deviations of mean rates (mm yr-1). 

Figure 4 Subsidence rate (mm yr-1) plotted on the mean radar amplitude. 
(a): Bangkok- Nongchok, (b): Samut Prakarn-Na klua, (c): Samut Prakarn-

Thepharak, (d): Suvarnabhum Airport, (e): Bangna-Trad Road.  

Table 1 Comparison of subsidence rates between InSAR and leveling with standard deviation (mm yr-1)      
using B52 as a reference.  

We compare InSAR against leveling rates using the t-test, Using a level of confidence of 95%, we find 
that 80% of the benchmarks agree with the estimation from InSAR. In other words, the distribution of the  
difference in rates is close to that expected. Nevertheless, we find that for some benchmarks, e.g., B5, B42 
and B45, there are significant differences between leveling and InSAR. One possible explanation for these  
differences could be the nature of the scatterers contributing to the InSAR measurements. Ground scatterers 
(ground to wall reflections) are expected to subside faster than, for example, roof-top scatterers, because 
buildings usually have deep foundations. In any case, based on the t-test we perform for the rates, it seems 
that in most of the cases (80%), InSAR pixels seem to relate to infrastructure. However, scatterer characteri-
zation is complex to assess and is beyond the scope of this paper. 

Figure 6 Displacement time series obtained from InSAR and leveling 
for three benchmarks for which the mean displacement rates are in 

agreement. Vertical offsets are added for visualization.  

Figure 5 Spatial interpolation of subsidence rate (mm yr-1) from (a)      
leveling and (b) InSAR using inverse distance weighted interpolation.   
Coloured symbols represent leveling benchmarks, with red triangles     

indicating the benchmarks shown in figure 6. The yellow circle indicates 
the reference benchmark. 
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Figure 3 Processing flow chart (Modified from Bekaert, 2010). A distinction is made between processing   
using DORIS (interferograms) and StaMPS-MTI software.  

 

 


