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Disaster management is a big issue in the past few years. Talking about the disaster, an 
aspect that should be focussed on is mitigation. The development and the ability of Remote 
sensing technology have a significant impact on disaster management and significantly 
contribute to disaster mitigation, such as for the disaster monitoring system. The slow-
landslide movement is rarely considered in disaster mitigation, even though the acceleration 
can increase time by time and will be more dangerous than usual. Therefore, the observation 
of the remote sensing technology is needed for disaster mitigation. PS-InSAR as a space-
based observation method can observe the continuous movement on a site location. Thus, 
this study illustrates the slow-landslide movement mechanism based on remote sensing 
technology using the PS-InSAR method compared with rainfall data. In this study, the 
Sentinel-1 images and STAMPS/MTI by Hooper (2004) successfully detect the 
displacement rate of the Kalibawang Village, Special Region of Yogyakarta, Indonesia, with 

the maximum displacement rate -23 mm/year along the Line of Sight (LoS) of the satellite. 

The PS-InSAR result was also compared with the rainfall data, and shows a correlation of 
the movement during the rainfall season. Therefore, further mitigation is needed to reduce 
the risk of the disaster. 
 

 
INTRODUCTION  

As a tropical country, Indonesia has two main seasons: the rainy and the dry. Seasonal variations have a 
substantial impact on natural phenomena. Commonly, a landslide is beginning during wet seasons. The constant 
rain is like a warning phenomenon, especially when it falls on a slope with high permeability soil or in a 
mountainous area. However, many other variables, such as geological aspects, geomorphology, Etc., contributed 
to the land movement. [1-3]. 

It is a challenge for risk management or disaster mitigation regarding the landslide due to many uncertain 
things. On the other side, it is essential to protect the human population in the location. The comprehensive 
studying for slope failure mechanism has been widely studied in this past decade. The various mechanism has 
widely explained landslide, especially concerning landslide triggered by rainfall [4].  

The location interest is in the Kalibawang village, located on the Kulonprogo Regency, West of Yogyakarta, 
Indonesia, as shown in Figure 1. The study location is located around a mountainous area and a bit hilly. Landslide 
is a big issue in this location. During 2017, the movement affected some public facilities, like the school and the 
irrigation tunnel at the site location. [5]. A previous study about land movement in Kalibawang mentioned by [6] 
studied the landslide hazard map of the Kalibawang village. The result was shown if the Kalibawang village has 
the possibility of land movement due to several places with a high risk of landslide (see Figure 2).  

The monitoring system based on remote sensing technology has been widely used in this era, such as using 
the PS-InSAR method, which uses the SAR image to monitor the movement on an area. The study aims to know 
the landslide mechanism on the location interest regarding what has been mentioned before. Here, we adjust the 
rainfall as a variable that caused the movement. Hence, we will use the rainfall data and the PS-InSAR result to 
find the correlation of both data. 

 
Interferogram SAR 

Concerning landslide disaster mitigation, the investigation of the site location is essential to minimizing the 
risk. Thus, it is needed to monitor pre-failure motions and their progression through time and examine the 
predisposing and triggering elements [7, 8]. Since the Seasat satellite was launched in 1972, many techniques were 
developed for monitoring the earth's surface. The Seasat satellite is a kind of active sensor satellite, which can 
monitor the earth's surface without the distraction of the environment due to the image captured using the radar.  
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Figure  1 the study location map and the study location in Kalibawang at KulonProgo Regency, Special Region of Yogyakarta. 

 
The use of SAR satellites is growing up in the past couple of decades, especially in monitoring surface 

movement. One method for the deformation measurement is to use the Interferogram Synthetic Aperture Radar 
(InSAR). Interferometric SAR (InSAR) is a combination of two or more SAR images obtained at different times, 
determining the change of the position in the satellite line of sight (LOS) on an area[9]. InSAR is performed as 
pixel by pixel product of the reference image (master) times the complex conjugated secondary (slave) image. 

The growth of SAR satellite divided SAR satellite into several different categories. Commonly, the SAR satellite 
uses X band, C band, and L band frequencies, where each frequency has its sensitivity. The illustration of the 
capability of each sensor is shown in Figure 3. The C band and L band are commonly used for InSAR processing.  
Generally, the radar with an L-band wavelength provides greater penetration than C-band because of the longer 
wavelength[10]. While the C-Band sensor is more sensitive due to the shorter wavelength, thus the signal can not 
pass the canopy of the forest or vegetational area[11]. The relationship between the radar wavelength and radar 
sensitivity is shown in Figure 4. 
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The SAR image contains several components like the flat-earth phase 𝜙𝑓𝑙𝑎𝑡 , topographic phase 𝜙𝑡𝑜𝑝𝑜, 

atmospheric phase 𝜙𝑎𝑡𝑚 , the orbital change 𝜙𝑜𝑟𝑏𝑖𝑡, and noise phase 𝜙𝑛𝑜𝑖𝑠𝑒, as shown in Eq. 1. This component 
reduces the SAR image quality; therefore, it needs to be removed [12]. The first technique of InSAR was birth in 
1989, developed by [13] with the Differential Interferogram SAR (DInSAR) method. The DInSAR method is a 
stack of two different complex images at different times in a similar place. This method was successfully detecting 
the ground surface movement in mm measurement. Even though this method successfully removed some SAR 
image components, this method has several limitations, especially for the temporal limitation[14, 15]. Therefore, 
some researchers improve this technique to create a new technique, like [16, 17]. [17] has developed a new thing 
called as STAMPS/MTI method. Basically, this method refers to the PS-InSAR method developed by [18, 19]. 
This method uses the persistent scatter technique of the image to get a better result. The PS-InSAR method has 
been widely used for monitoring, including for landslide deformation monitoring as well as [20-22]. Therefore, it 
possible to know the deformation rate of a location and mechanism of the landslide movement. However, this is 
still a substantial challenge regarding the applicability of radar data to landslide monitoring [23]. 
 

𝜙 =  𝜙𝑓𝑙𝑎𝑡 + 𝜙𝑡𝑜𝑝𝑜 + 𝜙𝑑𝑖𝑠𝑝 + 𝜙𝑎𝑡𝑚 + 𝜙𝑜𝑟𝑏𝑖𝑡 + 𝜙𝑛𝑜𝑖𝑠𝑒      (Eq. 1) 
 

 

 
Figure  2 the landslide hazard map of the Kalibawang village published by [6]. 

 
 

 
Figure  3 the illustration of each radar backscattering base on the wavelength capability [10]. 
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Figure  4 the relationship or the wavelength and sensitivity. 

 
METHODS  

The study was conducted using PS-InSAR analysis to determine the deformation of the location interest plotted on a 

base map. The movement of the slope is assumed due to rainfall that can cause a loss of soil strength. The correlation 

between rainfall data and PS-InSAR data is examined using a statistical approach such as correlation coefficient. 
Rainfall correlated with slope movement can be used to assessing and monitoring of landslide warning system. 
  
PS-InSAR Analysis 

The PS-InSAR method has been widely used for land subsidence and landslide monitoring. In this works, 
STAMPS/MTI was used. This method was developed [17] and a convenience method for PS-InSAR monitoring. 
In order to terrace the deformation rate of the location interest, the primary data for this analysis was using satellite 
data where those were gotten from Sentinel 1A satellite, and due to the slope face to the East direction, hence the 
ascending orbital was used. 

We collected 27 complex images from January 2019 to December 2020. Those data were analyzed using three 
procedures: pre-processing step, main step, and mapping. At the first step, we used SNAP software developed by 
European Space Agency (ESA) and exported the result to the STAMPS/MTI method as the main processing. The 
STAMPS/MTI has several parameters that need to configure; this parameter may read in the STAMPS/MTI 
manual book. The final step is for plotting the result. The result was plotted using ArcMap software, where it was 
plotted on a base map. 

 
Rainfall Data 

Rainfall is assumed as the primary cause of the landslide. The rainfall may cause a loss of strength of the slope 
so that the movement possibly occurred. The rainfall data is obtained from the Tropical Rainfall Measuring 
Mission Precipitation Radar (TRMM) satellite product. Several studies regarding the validation of the TRMM 
were done by [24, 25], and [4]. The study showed that satellite-derived rainfall was over-predicted during the rainy 
season, and it has excellent agreement over the field rain gauge for the monsoonal rainfall type, as shown in Table 
1. Therefore, the TRMM satellite might be used as a primary source for this study. The availability of the TRMM 
data only to the end of December 2019; thus, the continued data was using the Global Precipitation Measurement 
(GPM) satellite product. The study of [26] was shown the correlation of GPM data above 0.83; therefore, it 
possible to use in this work.  

 
Data Analysis 

The PS-InSAR data were compared to the rainfall data to know more about the land movement mechanism.  
Twenty-four months of the rainfall data are used, as shown in Figure 3. Based on the rainfall data, two 
characteristics of monsoon data were formed as usually as the tropical climate types, where the wet season formed 
since October to May and the dry season were formed since June to September [27]. The visualization was shown 
a similar pattern through rainfall and PS-InSAR data. In this work, these two kinds of data were examined by 
comparing the data using a statistical approach such as correlation coefficient to know the correlation between 
rainfall and PS-InSAR data. The formula of the correlation coefficient was given in Eq. 2.  

The interpretation of the coefficient correlation was mentioned by [28-30], where there are two kinds of 
interpretation, positive correlation, and negative correlation. The formal rule the interpretation separated into 
three as shown in Table 1, namely (1) Weak correlation, (2) Moderate correlation, and (3) Strong correlation. 
Furthermore, the correlations are indicated by the p-value of the variable relationship, where statistically, the 
significant correlation is lower than 0.05. This P-value is known as alpha level or Sig. (2 tailed) in SPSS notation.  

 
Table 1 the interpretation of coefficient correlation [28-30]. 

Weak Moderate Strong 

-0.5 – 0.5 Either -0.8 to -0.5 or 0.5 
to 0.8 

Either ≥ 0.8 or ≤ -0.8 
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Table 2 the correlation of the TRMM satellite data with observed rainfall data [4, 26]. 

 TRMM  GPM 

Correlation Coefficient 0.831 0.86 

RMSE (mm/day) 149.619 71.76 

   

 
Figure  5 the visualization of the rainfall data. 

 

𝑀 =  
∑ (𝐼𝑖−𝐼)̅(𝑅𝑖−�̅�)𝑛

𝑖=1

√∑ (𝐼𝑖−𝐼)̅2 √∑ (𝑅𝑖−�̅�)2𝑛
𝑖=1

𝑛
𝑖=1

        (Eq. 2) 

Where, M = Correlation coefficient of the movement, I= InSAR Result, R= Rainfall Data. 
 
RESULTS AND DISCUSSIONS  
Result Analysis 

Several data were analyzed and visualized. The visualization of the result shows that there is a movement 
during a couple of years. Figure 4 shows the maximum displacement rate is > -23mm/year and the minimum 
displacement is approximate to 5 mm/year, respectively, along the Line of Sight of the satellite direction. In this 
works, we chose three main points to know more about the mechanism of the movement; they are Loc 1, Loc 2, 
and Loc 3, respectively. Figure 5 shows the movement mechanism and the comparison between the displacement 
of the landslide area with the rainfall. The chart indicates a pattern of movement during a couple of years compared 
to the rainfall pattern.  

We have examined the correlation between the rainfall and the PS-InSAR data using Statistical Product and 
Service Solutions (SPSS) software with the bivariate analysis of Pearson coefficient and correlation. The coefficient 
correlation result was shown in Table 2. The result shows the values of Loc 1, Loc 2, and Loc. 3 are 0.629, 0.623, 
and 0.585, respectively.  All of the results show the positive correlation where it has more than 0.5 so that it can 
be concluded that all locations correlate between displacement and precipitation. Therefore, it needs to know more 
about the cause of the movement. However, based on the displacement rate, it is categorized as the slow-landslide 
movement that the acceleration may increase as following years. Hence the mitigation of the further risk is needed. 
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Figure  6 the visualization of PS-InSAR analysis along the LOS direction. 

 

 
Figure  7 the comparison between the displacement with the precipitation during the time period. 

 
Table 2 the SPSS output of the coefficient correlation of the rainfall against location interest 

 Correlations  

  PS_InSAR_Loc_1 PS_InSAR_Loc_2 PS_InSAR_Loc_3 

Rainfall Pearson Correlation .629** .623** .585** 

 Sig. (2-tailed) 0.001 0.001 0.003 

 N 24 24 24 

Correlation is significant at the 0.01 level (2-tailed). 
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DISCUSSION 

The use of remote sensing technology for landslide monitoring has been applied in this study, starting from 
the data acquisition like rainfall data to the data analysis, like PS-InSAR method, whether the application of InSAR 
for long-term or short-term is debatable. Figure 7 shows the rainfall tren and the PS-InSAR tren seem to have a 
pattern during wet and dry seasons, indicating a soil creep movement. Soil creep is the extremely slow movement 
of surficial soil layers on a slope (typically less than 1 m deep) induced by periodic volume changes due to climate 
change (wetting and drying) [31].  

One of them is from the book chapter written by [32], where explained that creep is rarely realized because its 
movement is very slow. One of the influential factors is adding or reducing of the volume change during the 
wetting and drying process. In other words, it is triggered by water also. As a result, the creep is seasonal also. A 
similar issue was also discovered by [33], showing that during the wet season, the velocity of this form of creep 
may increase or be seen clearly, and likewise during the dry season. Therefore, the long-term monitoring to observe 
its movement was carried out by [34]. The method is simple, combining the PS-InSAR monitoring with in situ 
monitoring for several years in a row, and the trend is clear. 

 
CONCLUSIONS  

The conclusion is that rain can be considered one of the shift triggers. However, the correlation is moderate 
or in other words, it is not significant enough due to several other factors must be known first, such as the slope 
properties, the position of the water table, the type of soil, etc. Even so, it is still worth paying attention to for 
disaster mitigation, especially during the rainy season. First, because creep can be categorized as a slow-landslide 
movemen that the velocity is higher during rainy season. Second, because the slow-landslide movement is a 
destroyer that is rarely realized, the acceleration can increase over time. This paper may be an opening for further 
investigation and as a disaster mitigation to reduce the risk. This research is exciting if the availability of field data 
supports on it, and indeed many other locations have the same incident. However, it could be mismanaged because 
they do not understand the mechanism.  
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