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ABSTRACT: Pre and post-earthquake(EQ) satellite images of area near the source of the 2016 Manipur EQ are
used for finding the probable liquefaction. Liquefaction-induced surface effects are identified by measuring the
increase in moisture content of the area with respect to the low moisture content of the surrounding area. In this
study, satellite image/ data, LANDSAT 7 is acquired for EQ affected area before and after the EQ. These images
contain data of different bands information in terms of Digital Numbers (DN). The DN is first converted to Radiance.
The value of the radiance is affected by the atmospheric condition of the area. So, atmospheric correction is carried
out by using the FLAASH module in ENVI software. The thermal infrared spectrum of the satellite data is used for
calculating the radiant temperature. With the help of Planck’s radiation equation, spectral radiance is converted to
the temperature. As soil surface temperature decreases with increasing soil water content, it can be correlated with
soil moisture content. After finding the soil moisture content, the pre and/or post-earthquake(EQ) satellite are
compared to find out the changes. On the basis of the changes and soil moisture contain difference between nearby
area the probable post EQ liquefaction features positions are found out for the region.
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1 INTRODUCTION

Studying satellite data or image is the way to get information about an area without going to that
particular area. Thus it helps in acquiring data from a remote place. This also reduces time effort and
money in finding different features, objects etc. in a particular location. As the data acquisition is done
from the sky, satellite remote sensing can be used to collect data for different spectral bands with
required spatial and temporal resolutions. Thus satellite image can be used to capture data before and
after an event. Information obtain from various spectral bands can be used to find the properties of the
earth surface. Many researchers have studied different earthquake (EQ) induced effects by comparing
the pre- and post-EQ images (Gupta et al., 1995; Kohiyama and Yamazaki, 2005; Rathje et al., 2005;
Huyck et al., 2006; Rathje et al., 2006; and Eguchi et al., 2010). Satellite image can be used in two
ways; either both pre- and post-earthquake data can be used to identify change or the only post-EQ
imagery can be used to identify the damage (Oommen et al. 2013). In this study, both pre- and post EQ
data are used for identification of liquefaction features.

North East (NE) India is seismically most active region in entire India. All places of the NE India are
situated in Zone V of seismic zonation of India (1S-1893, 2016). In past, many major and great EQs
were occurred in the area. During those major and great EQs in many places of the region were undergo
liquefaction (Rastogi et al., 1993). During 1869 Cachar EQ (7.5 Mw), liquefaction features were occurred
in in Manipur, along the banks of the Jiri River and in North Cachar region Oldham1899. During 1897
Assam earthquake (8.1 Mw), large numbers of liquefaction occurred throughout the Assam valley
(Oldham 1899, Baro and Kumar 2015). During 2017 Manu earthquake (5.6 Mw) which is a moderate
EQ, liquefaction features were observed near the epicentral region in Tripura (Debbarma et al., 2017).

The objective of this study is to find the probable liquefaction induced surface features in NE India
region occurred after an EQ, using satellite image and different bands data. As per Oommen et al. 2013,
when liquefaction occurs, soil moisture increases in a particular area compare to the surrounding non-
liquefied areas. These can be determined by finding the wetness of the areas on the basis of the
reflectance values of different bands. The increase in soil moisture results in decrease in temperature
of the area which can be found by using reflectance information of different bands such as thermal
infrared (TIR) and shortwave infrared (SWIR) (Yusuf et al., 2001) of the satellite data. By comparing
this information of pre and post EQ satellite data the probable liquefaction is identified in the study.
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2 METHODOLOGY

In this study the method proposed by Oommen et al. 2013 is used for finding the probable liquefaction
feature in an area where EQ was occurred. The soil temperatures and soil moistures difference obtain
from the pre and post EQ satellite images are calculated to find whether the soil was undergoing
liquefaction or not. The method is described below.

2.1 Digital Number to Radiance

On a satellite images, collected from different source the reflected energy which is captured by the
sensor for different band is represented as a Digital Number (DN). This DN need to be converted to
reflectance first. To do so first it is needed to convert to radiance. Radiance is the energy that the sensor
detect which come from the objects (Pandya et al., 2002; Srinivasulu and Kulkarni, 2003). The DN
which is dependent on the satellite sensor property can be calculated by using the calibration
parameters and radiometric resolution of the satellite sensors. In this study, following relation is used
to find out the Radiance from DN number value for different band (Chander et al., 2009).

Lmax/l - Lminl

Ly = Linina (Qcar — Qcar min)
Qcal max ~ Qcal min

Here, L, is the spectral radiance, L1 and L, are the minimum and maximum spectral radiance
values of the satellite sensor corresponding to the gain settings at the time of acquisition, Q.q; max IS the
maximum possible DN value and Q.4 min iS the minimum possible DN value. For the Landsat ETM*
Sensors Qcaimax= 255 and Qcqimin = 1., Lmina @Nnd L4, for different band of Landsat ETM* satellite
is given in the Table 1(Chander et al., 2009).

Table 1: Spectral Radiance Range (Watts/(m? * sr * um)) for LANDSAT-7 bands (Chander et al., 2009)

Low Gain High Gain Low Gain High Gain
Bands Bands
Lminl Lmaxl Lminl Lmaxl Lminl Lmaxl Lminl Lmaxl
Bandl 6.2 293.7 6.2 191.6 Band5 1 47.57 1 31.06
Band2 6.4 300.9 6.4 196.5 Band6 0 17.04 3.2 12.65
Band3 5 234.4 5 152.9 Band7 0.35 16.54 0.35 10.80
Band4 5.1 241.1 5.1 1574 Band8 4.7 243.1 4.7 158.3

2.2 Radiance to Temperature

The spectral radiance of the thermal band (band 6 of Landsat ETM* can be used to calculate the At-
satellite brightness temperature. This can be done by using the following relation (Chander et al., 2009).
T = 2
K,

In (L/1 + 1)
Where, T is the Effective at-sensor brightness temperature in K, K1 and Kz are the calibration constants
and L is the at sensor spectral radiance in W/(m2 sr ym). For Landsat ETM* L1 data Ki= 666.09
Watts/(m2 sr um) and Kz=1282.71 K. For this study, the land surface temperature (LST) is considered
approximately equal to this at-sensor brightness temperature.

2.3 Atmospheric Correction

The data sensed by the sensor in the space contain information about both earth surface and
atmosphere as the energy has to pass through the atmosphere to reach the satellite. For this to know
about the earth surface properties it is required to remove the effect of the atmospheric substances.
This process is called atmospheric correction. In this study, the FLAASH module of ENVI is used for
atmospheric correction of the Landsat 7 data for bands 1-5 and band 7 (Adler-Golden et al., 1999;
Matthew et al.,2000).

The information about scene, data acquisition time and sensor are needed for using the FLAASH.
This information can be found from the METADATA file of the Landsat ETM+ data source folder. The
tropical atmospheric model is selected for all the images based on the latitude of the areas. 40 km initial
visibility is assumed. Output file of the FLAASH contains at-surface reflectance information of the image.
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2.4 Tasseled Cap Transformation

Tasseled Cap transformation is used to convert the reflectance values of Landsat ETM+ bands to six
axes. This six axes include three major axes which gives physical characteristics values like brightness,
greenness, and wetness. As per Oman et al. 2013, we can use of the Landsat ETM+ image tasseled
cap transform wetness axes to find the surface wetness/moisture in the pre- and post-earthquake
coverage to find out the liquefaction. Huang et al. (2002) developed the tasseled cap transformation
coefficients for Landsat 7 bands reflectance values. The coefficients are given in Table 2. For this study,
these coefficients are used for the transformation.

Table 2: Tasseled cap coefficients for Landsat 7 at-satellite reflectance (Huang et al., 2002)
Index Band 1 Band 2 Band 3 Band 4 Band 5 Band 7

Brightness 0.3561 0.3972 0.3904 0.6966 0.2286 0.1596
Greenness | 20.3344 | 20.3544 | 20.4556 0.6966 20.0242 20.263
Wetness 0.2626 0.2141 0.0926 0.0656 20.7629 | 20.5388
Fourth 0.0805 20.0498 0.195 20.1327 0.5752 20.7775
Fifth 20.7252 | 20.0202 0.6683 0.0631 20.1494 | 20.0274
Sixth 0.4 20.8172 0.3832 0.0602 20.1095 0.0985

2.5 Change Detection

In this study, the change detection is performed by differencing the Post and pre EQ images:
D(x) = L(x) — I, (x)

Where, D(x) is the difference image, I,(x) and I,(x) are the post-earthquake and pre-earthquake
images respectively. The results of this differencing gives positive and negative values for the areas
where change is there and gives near zero for the area where there is no or little change. Image
standardization is applied to the images before the image differencing is carried out as per suggestion
by Warner and Chen, 2001 and Oman et al. 2013.

3 STUDY AREA AND DATA COLLECTION

In January 4 2016, Manipur EQ occurred with a magnitude of 6.7 Mw. In this study, the nearby areas
of the origin of the EQ is taken as study area (Figure 1). As situated in Zone V many Major EQs affect
the area and in past study shows that there are many liquefactions happened in those areas. Landsat
7 images for the area are collected from the earthexplorer site (https://earthexplorer.usgs.gov/). One
pre EQ image (Date 24.12.2015) and one post EQ image (date 25.01.2016) are collected for the study.
For detecting the liquefaction, the area which have less vegetation and plain are considered. Standard
false colour composite (FCC) of the area is shown in the Figure 2. For the study, the area covered by
the green rectangle in the Figure 2 is taken as study area as it has less vegetation and no cloud
coverage.

4 RESULTS AND DISCUSSION

Above methodology is followed to obtain the LST and wetness value for the both images. After this,
image standardization is applied to the images in both the cases and differencing is carried out. Figure
3(a) shows the temperature difference image between the pre- and post-earthquake wetness images.
Similarly, the wetness difference image is obtained from pre- and post-earthquake temperature images
(Figure 3(b)). Figure 4(a) shows the areas of extreme decrease in temperature, considering change in
the temperature value less than -1.5 standard deviation as the extreme decrease in LST as per Oman
et al. 2013. In Figure 4(b), the areas of extreme increase in wetness is shown. In this study, a change
in the wetness value more than 1.5 standard deviation is considered as the extreme increase in wetness
as per Oman et al. 2013 Areas of extreme changes where there is no vegetation and no cloud coverage
are considered as the areas where liquefactions were occurred during the EQ.
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Figure 1: Figure showing the NE India and the area for which the satellite images are collected
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Figure 2: Standard FCC of LANDSAT 7 satellite data of the region and the study area
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Figure 4: Images showing extreme changes (a) areas of LST changes <-1.5 standard deviation, (b) areas of
wetness changes > 1.5 standard deviation

From Figure 3 (a) and (b) it can be seen that for some parts where there is increase in temperature
the wetness is increase in those places also. Similarly, Figure (a) and (b) also show that those places
where extreme reduction in LST the extreme increase in wetness is not occurred there. Only some
places which are located East and south part in the images there is both extreme decrease in LST and
extreme increase in wetness. The result of the present study does not confirm about the liquefaction
occurred but gives a probable identification of the liquefaction. The result of the study will help to carry
out field investigation in the area for finding liquefaction in future.

5 CONCLUSIONS

From the above study, it is found that there are many places where liquefaction might be occurred
during the 2016 Manipur EQ. As most of the NE India region is hilly and covered with vegetation finding
liquefaction features by using satellite image is difficult. For the study, area which have plain topography
and less vegetation is considered. Due to the presence of the cloud, satellite image just after 5 days of
the EQ is not taken for the study. That can give a better result. For the study, LST taken as equal to at
sensor brightness temperature. In future, estimated LST may be used for the detection of area undergo
liquefaction.
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