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Development for Detecting the Landslide Areas Using 
Single Optical Sensor Image and Synthetic Aperture Radar Image

Abstract 

Satellite remote sensing is one of the useful tools to understand the situation of 
damaged areas when a severe natural disaster occurred because that can observe 
remotely wide area at a once. 

In general, it is necessary to use satellite image both before and after to extract 
damaged areas due to natural disaster. It is very easy to detect changes of land surface 
by comparing before and after images. 

However, it is not always a possible method in emergency situation. There is no 
useful archive data in some region for detecting damages. Furthermore, additional pre-
processing is requited such as geometric correction and removing effects of seasonal 
changesd for each data sets. 

In this study, I would like to propose the new method to detect landslide areas 
just using satellite images of after natural disaster occurrence. ALOS and ALOS-2 as 
optical sensor and Synthetic Aperture Radar (SAR) images are applied for this study and 
the characteristics of each methods are evaluated in actual disaster events. 

I developed two methods to detect landslide areas using Normalized Difference 
Vegetation Index (NDVI) and NIR-Blue-Red (NBR). I developed NBR as new index for 
the 2008 Iwate-Miyagi Nairiku Earthquake and the 2009 July Chugoku-Northern 
Kyushu Heavy Rainfall for application of optical sensor images. 

As a result, I found that it is possible to detect landslide areas from two 
thresholds which are determined as intersections of histograms created from the pixel 
values of landslide area, vegetation area and water area in NDVI and NBR images.  

The method using NDVI could detect landslide areas with 99% recall and 29% 
precision for the 2008 Iwate-Miyagi Nairiku Earthquake when the region of 0.15-0.62 
which was determined by the two thresholds, and with 93% recall and 4% precision for 
the 2009 July Chugoku-Northern Kyushu Heavy Rainfall when 0.15-0.50 was used. On 
the other hand, the method using NBR could detect those with 80% recall and 52% 
precision for the 2008 Iwate-Miyagi Nairiku Earthquake when 0.23-0.13 was used, 
and with 73% recall and 3% precision for the 2009 July Chugoku-Northern Kyushu 
Heavy Rainfall when 0.21-0.02 was used, From the results, we can that the method 
using NDVI is possible to detect with high recall and the method using NBR is possible 
to detect with high precision. 



For SAR applications, I developed three methods; first, using one polarization 
images such as HH, HV, VH and VV images, second, using two polarization images of 
four images, and third using all the four polarization images for the 2014 August Heavy 
Rainfall. 

The method using HH polarization image could detect 18 landslide areas of 19 
landslide areas which actually occurred for the 2014 August Heavy Rainfall when 6.2-
13.4 was used as thresholds. The method using two-polarization images and four-
polarization images could detect all landslide areas in front side slope. 

As a conclusion, landslide areas can be detected using the proposed methods 
which use only �after image�. This is very useful in emergency disaster phase in case 
that �before image� cannot be obtained. Furthemore, this study can contribute for coming 
new satellite data such as ALOS-3 and ALOS-4, also for making training data for 
machine learning without pre-processing for each data sets. 
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óìòè

(4.2) 2

øìòî÷

[m] [m]
[deg] A A�

ø õ ÷ 

(4.2) (4.3)

 ã  
 ï  ø­·² ÷

­·² 
øìòí÷

óìòç

(4.4) (4.5)

 ã  ø  õ  ÷  ­·² øìòì÷

 ã   ­·² øìòë÷

[km]
[km] [km] [deg]

óìòè óìòç
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(4.4) (4.5) (4.6)

­·² ã  ï õ   ­·² øìòê÷

(4.3) (4.6)
(4.7)

 ã  
ï

 ï õ ø­·² ÷

 ï øìòé÷ 

1.5 SAR
óìòïð

óìòïðø¿÷ ×
JGD2011 13)

WGS84 1cm 22)

5m 0.3m
13)

¿ 17) ¾ SAR
óìòïð SAR 21)
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(4.7)
SAR

óìòïðø¾÷ ×

Descending

ó

ìòïðø¾÷ ×
SAR

26 8
2 19

12 óìòïï

óìòïï 26 8
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HH, HV, VH, VV
óìòïî óìòïë

óìòë

SAR

óìòïî HH

óìòïí HV
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óìòïì VH

óìòïë VV

óìòë

HH HV VH VV 
6.2 13.4 10.6 6.3 12.9 4.4 6.0 13.4 

óìòë óìòïê óìòïç

Descending
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10

óìòê

ð

HH

2) óìòê

90

HH

SAR

HH, HV, VH, VV HH
19 18

VV
18 13
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óìòïê HH

óìòïé HV
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óìòïè VH

óìòïç VV
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óìòê

m2 HH  HV  VH  VV

1 22,104 64.6 
2 27,288 85.6 
3 17,721 51.6 
4 7,261 33.6 
5 25,218 42.6 
6 3,141 33.6 
7 30,942 52.6 
8 27,486 41.6 
9 15,966 22.6 
10 15,705 12.6 
11 13,689 2.6 
12 34,587 171.4 × × ×
13 90,009 136.6 
14 4,401 164.4 
15 5,922 167.6 
16 16,821 171.6 
17 15,066 176.4 
18 5,076 179.4 
19 7,821 167.6 

1
19)

óìòë

óìòîð óìòîí óìòé

23)
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óìòîð HH

óìòîï HV
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Ü·ºº»®»²½» Ð±´¿®·¦¿¬·±² ×²¼»¨ ç÷ ÒÜÐ×
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ì ØØô ØÊô ÊØô ÊÊ ô î øëòï÷

ïî ìÐî ïî
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 +  
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2  =  �
 +  (5.2)

4  =  {( + )� ( + )}
{( + ) + ( + )} (5.3)
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