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ABSTRACT 

Monitoring of small scale surface deformation as 

subsidence and landslides is very important to protect 

lifeline, manmade structures, buildings and houses, 

roads and railways, and so on. In order to monitor 

subsidence and landslides, several technologies were 

applied. However, these technologies cannot be applied 

to broad area and it is difficult to understand spatial 

distribution of affected area of subsidence and 

landslides. DInSAR analysis can be understand spatial 

distribution of affected area of subsidence and landslide, 

therefore, it has high prospect in Japan because Japan 

has a lot of sites of subsidence and landslides. However, 

DInSAR analysis cannot extract sub-surface 

information like depth of source of deformation. In 

order to enhance a capability of detection of small scale 

surface deformation as subsidence and landslide by 

DInSAR analysis, integration use of DInSAR analysis 

and numerical model and original model for estimation 

of small scale surface deformation was proposed in this 

paper.  

Proposed model was applied to subsidence which was 

detected by ALOS PALSAR DInSAR. Target area is 

located in the North-East part of China. At the target 

area, large subsidence occurred due to coal mining 

activity and overuse of ground water. In order to 

consider way of countermeasure work for subsidence, it 

is important to know affected area of subsidence, depth 

of source of subsidence, and so on. Affected area of 

subsidence can be understood by the DInSAR analysis, 

however, depth of source of subsidence has difficult to 

understand by the DInSAR analysis. In order to 

understand the depth of source of subsidence, numerical 

model was necessary. Proposed model can be estimating 

affected area of subsidence and depth of source of 

subsidence by a few parameters derived from DInSAR 

analysis. Proposed model was well performed in the 

simulation of subsidence pattern of 1-D space and it 

could be estimated depth of subsidence source. 

However, it wasn't well performed to simulate 

subsidence pattern in 2-D space. Therefore, proposed 

model was improved to simulate subsidence pattern in 

2-D space by considering the spatial distribution of 

ground stiffness. 

 

1. INTRODUCTION 

Monitoring of small scale surface deformation as 

subsidence and landslides is very important to protect 

lifeline, manmade structures, buildings and houses, 

roads and railways, and so on. In order to monitor 

subsidence and landslides, several technologies were 

applied. However, these technologies cannot be applied 

to broad area and it is difficult to understand spatial 

distribution of affected area of subsidence and 

landslides. DInSAR analysis can be understand spatial 

distribution of affected area of subsidence and landslide, 

therefore, it has high prospect in Japan because Japan 

has a lot of sites of subsidence and landslides. However, 

DInSAR analysis cannot extract sub-surface 

information like depth of source of deformation. In 

order to enhance a capability of detection of small scale 

surface deformation as subsidence and landslide by 

DInSAR analysis, integration use of DInSAR analysis 

and numerical model and original model for estimation 

of small scale surface deformation was proposed in this 

paper. And proposed model was applied to subsidence 

of the North-East part of China [1], [2] which was 

detected by ALOS PALSAR DInSAR.  

 

2. MODEL FOR ESTIMATION OF SHAPE OF 

SURFACE DEFORMATION 

Peck [3] proposed a numerical model for reproducing 

subsidence due to underground excavation (Eq. 1). In 

this model, shape of surface deformation of subsidence 

has expressed by normal distribution function. 

Therefore, it is difficult to reproduce various pattern of 

subsidence. In order to reproduce various pattern of 

surface displacement of subsidence, Peck's model was 

modified. In modified model (Eq. 2), multiplier factor 

was changed from 2 to n. By using flexible value to 

multiplier factor, numerical model enabled reproducing 

various pattern of surface displacement of subsidence as 

shown in Fig. 1. Especially, its effect can be seen in Fig. 

1(b). In case of Fig. 1(b), surface displacement pattern 

shows exponential function type. In this case, surface 

displacement pattern cannot be reproduced by Peck's 

model, however, it can be reproduced by modified 

model. The effectiveness of modified model was 

confirmed by this result. 
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Where, sδ  is surface displacement, maxδ  is maximum 

value of surface displacement, d is radius distance from 

the center of subsidence, and 5.0W  is half width of 

subsidence trough. 
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Where, n is fitting parameter. 
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Figure 1. Result of DInSAR and reproduction and 

comparison of profile of surface displacement by Peck’s 

model and modified Peck’s model 

 

3. MODEL FOR ESTIMATION OF SOURCE OF 

SURFACE DEFORMATION 

Mogi’s model [4] is famous for the estimation of source 

of subsidence due to the volcanic activity. This model 

has possibility to apply for estimation of subsidence in 

urban area. However, it has a few unknown parameters 

and depth of subsidence source is different between case 

of volcano and urban area. Thus, very simple model for 

estimation of source of subsidence was proposed in this 

paper. To estimate depth/ground stiffness of subsidence 

area from DInSAR result, very simple model that shown 

in Eq. 3 was proposed. Model is considered based on 

nonlinear curve of deformation pattern of subsidence. 

The main parameter of this model is both minimum and 

maximum value of surface displacement that can be 

derived from DInSAR analysis. Normally, maximum 

displacement can be measured at the center part of 

subsidence pattern on the differential interferogram. 

And also, minimum displacement can be measured at 

the outside of subsidence pattern on the differential 

interferogram. Using these parameters and predictable 

parameters as ground stiffness and depth of source of 

subsidence, surface displacement can be calculated. 

Fig. 2 shows effect of predictable materials and its 

variation. And Fig. 3 shows validation result of 

proposed model based on the simulation of laboratory 

test. From the validation result, proposed model 

reproduced result of laboratory test precisely was 

confirmed. 
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Where, sδ  is surface displacement, maxδ  is maximum 

value of surface displacement, minδ  is minimum value 

of surface displacement, d is radius distance from the 

center of subsidence, n is fitting parameter, m is 

material parameter, and f is depth of source of 

subsidence. 
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Figure 2. Effect of material parameter “m” as ground 

stiffness 
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Figure 3. Reproduction and comparison of laboratory 

test by proposed model 

 

3.1.3.1.3.1.3.1. Application for reproducing of DInSAR result 
Proposed model was applied for estimation of 

depth/ground stiffness from DInSAR result. Firstly, 

material parameter was considered by assuming ground 

stiffness from loose to dense condition. From 

consideration, loose condition of ground stiffness was 



 

estimated. Then, material parameter with 0.09 was 

estimated. Secondly, depth of source of subsidence was 

estimated using material parameter with 0.09. From 

comparison of various depth, depth with 70m shows 

good agreement with profile of DInSAR result as shown 

in Fig. 4(a). And simulated DInSAR result was obtained 

as shown in Fig. 4(a). Assuming that same ground 

material distributed in test site 2, depth of source of 

subsidence at test site 2 was estimated by same 

procedure of test site 1. Then, depth of source of 

subsidence at test site 2 with 30m was estimated as 

shown in Fig. 4(b). And simulated DInSAR result was 

obtained as shown in Fig. 4(b). From both results, 
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(a) Test site 1 
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(b) Test site 2 

Figure 4. Comparison of DInSAR result and simulated 

result by proposed model 

 

proposed model can be reproduced profile of surface 

displacement was confirmed. However, it cannot be 

reproduced planer distribution of surface displacement 

because constant value of ground material was applied 

to whole area in this analysis. 

 

3.2.3.2.3.2.3.2. Introduction of parameter plane 
In order to reproduce planer distribution of surface 

displacement, ground material parameter plane was 

considered. By the characteristic of proposed model that 

can be changed surface displacement profile curve by 

material parameter, different value of material 

parameter was applied in any places. Fig. 5 shows the 

result of consideration of ground material plane. In the 

simulated result, proposed model was reproduced the 

shape of distribution of surface displacement better than 

before consideration of ground material that shows in 

Fig. 4. From this result, effect of application of ground 

material parameter plane was confirmed. And it was 

shown that possibility of reproducing of DInSAR result, 

and it has a possibility to estimate distribution of ground 

material using both DInSAR result and proposed model. 

 

 
Figure 5. Effect of introduction of ground material 

plane for proposed model 

 

4. CONCLUSIONS 

In this paper, a modified model and proposed model for 

estimation of small scale surface displacement was 

proposed. Both modified model and proposed model 

was derived from the result of DInSAR analysis. 

Especially, proposed model was shown good agreement 

with laboratory test as well as DInSAR result. However, 

proposed model was difficult to reproduced 2-D 

distribution of deformation. Therefore, introduction of 

material parameter plane was considered. By 

consideration of material parameter plane, proposed 

model was reproduced distribution of surface 

displacement precisely than the previous one. From this 

result, introduction of material parameter plane for 

proposed model shown possibility of reproducing of 

DInSAR result, and it shown possibility to estimate 

distribution of ground material using both DInSAR 

result and proposed model was confirmed. 

 

5. REFERENCES 

1. Sawada, K., Furuta, R., Yashima, A., Ma, G. 

(2008). Utilization of SAR Differential 

Interferometry for Surface Deformation 



 

Detection Cased by Natural Resource Mining. 

Proc. The 3rd International Symposium on 

Modern Mining & Safety Technology. 

pp.1047-1049. 

2. Furuta, R. (2008). Analysis for disaster monitoring 

using ALOS data. Annual Report of RESTEC. 

pp.34-35. (In Japanese) 

3. Peck, R. B. (1969). Deep Excavations and 

Tunnelling in Soft Ground (Session 4 General 

Report). 7th Int. Conf. Soil Mech. Foud. Eng. 

State of the Art Volume. pp. 225-290. 

4. Mogi, K. (1958). Relations between the Eruptions 

of Various Volcanoes and the Deformations of 

the Ground Surface around them. Bulletin of 

the Earthquake Research Institute. Vol. 36. 

pp.99-134. 

5. Kiyama, H., Fujimura, H., Katsumi, T., and Moriki, 

S. (1980). Surface Displacement Caused by 

Tunnelling in a Shallow Depth. Reports of 

Faculty of Engineering. Tottori University. No. 

11. pp. 193-203. 


