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Abstract—Earthquake every year leads to human and material
losses and unpredictability of it by now makes this natural disaster
worsen. The objective of the current study was to determine the
anomalies in land surface temperature (LST) in areas affected
by earthquakes. In this research, three earthquakes (M >6) were
studied. Moderate Resolution Imaging Spectroradiometer Aqua
and Terra day and night LST data used from 2003 to 2018. The
interquartile range (IQR) and mean + 26 methods utilized to select
anomalies. As a result, based on the IQR method, no prior and
after anomaly detected in selected cases and data. Based on mean
+ 20, usually positive anomaly occurred during daytime. However,
negative (or positive) anomaly occurred during the nighttime before
the Mexico and Bolivia earthquakes. During 10 days after the
earthquake, sometimes a negative anomaly detected.

Index Terms—Anomaly detection, Earthquake, Land
surface temperature, Remote sensing.

1. INTRODUCTION

One of the most destructive natural disasters is the earthquake
which brings enormous losses to humankind (Geil and
Taubenbdck, 2013). International seismology and remote
sensing community considered utilizing remote sensing (data)
for monitoring of earthquake as a promising research area
(Tronin, 2009). Ground stations data for earthquakes represent
only a small extent. Therefore, compared to traditional
approaches of seismic monitoring, satellite data have numerous
advantages (Jiao, Zhao and Shan, 2018). During 2018, 134
earthquakes (M >6) occurred around the world (USGS.gov,
2019). However, optical satellite data also have disadvantages,
such as cloud cover. Therefore, three examples of them in
clear sky atmospheres selected for the current research.

Many signs of earthquake can be monitored by referring
to prevailing temperature of underground water, near-surface

ARO-The Scientific Journal of Koya University

Vol. VIII, No.2 (2020), Article ID: ARO.10591, 7 pages
DOI:10.14500/ar0.10591

Received: 15 November 2019; Accepted: 07 August 2020 E'aﬂ'k"
Regular research paper: Published: 01 September 2020
Corresponding author’s e-mail: azad.rasul@soran.edu.iq

Copyright © 2020 Azad Rasul, Lugman W. Omar. This is an open-
access article distributed under the Creative Commons Attribution
License.

air temperature, radon, and greenhouse gas. Moreover, the
dominant parameters of temporal-spatial magnitude of the
earthquake are an anomaly of satellite thermal infrared,
temperature, and ionosphere disturbances (Wu and Liu,
2009). Tramutoli, et al. (2001) and Tronin, Hayakawa and
Molchanov (2002) detected up to 5°C temperature increase
before the earthquakes in Italy, Japan, and China. An
increase in land surface temperature (LST) and a decrease in
sea surface temperature observed in the Gujarat earthquake
in India by Ouzounov and Freund (2004). Furthermore,
Ouzounov, et al. (2018) discovered infrared signals such as
outgoing longwave radiation (OLR) hotspots several days
before some earthquakes near the epicentre. Approximately
7-8 days before the major earthquake, OLR anomaly can
increase 30-45 Wm? around epicentral areas (Rawat, et al.,
2011). Zoran Savastru and Savastru (2015) discerned the
development of spatiotemporal prior anomaly of LST,
OLR, and mean air temperature parameters related to strong
earthquakes in Romania.

Despite productive research in this field, still, uncertainty
and arguments remain about pre-seismic anomaly detection
due to some crucial misinterpretations and failure earthquake
forecasting (Geller, 2011; Tronin, 2009). The seismic
community still not completely accepted seismic precursor
because it is not perfectly formed (Geller, 1997; Geller,
et al., 1997). Earthquake prediction to be trusted should be
based on scientific methods, the data should be accessible
to researchers and earthquake-related signs should be well
documented. Besides, the research should specify the
spatiotemporal and magnitude window and researcher level
of confidence in the prediction and chances of occurring
earthquake (Allen, 1976; Geller, 1997). Jiao, Zhao and Shan
(2018) suggested that reliability of earthquake forecasting
could be intensified by utilizing combined application and
multiparameter analysis.

In this research, we utilize both Aqua and Terra LST
data of day and night because having an anomaly in many
parameters before the earthquakes in the same area, capable
to make temperature anomaly that associated with earthquake
more trustful and realistic. To save time and efforts in
processing LST long time series data, the code script of
cloud-based remote sensing platform Google Earth Engine
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(GEE) was prepared and utilized. In addition, we observed
that detecting the earthquake anomaly by utilizing only one
statistical method is not robust (Bhardwaj, et al., 2017), in
this study, therefore, two methods, namely, interquartile
range (IQR) and mean + 26 were utilized to improve the
efficiency of anomalous difference. This study is important
because select LST anomaly in robust technique can have
many implications in terms of monitoring earthquakes and its
consequences.

The objective of the current study was to determine the
earthquake’s remote sensing LST anomaly by utilizing GEE
with R programming. Three samples of the earthquake in
the land transparent sky were considered. The research
divided into five sections. The first section is introduction
that includes background and literature review. The second
section includes explanation of materials and methods used
in the research. In the next section, results displayed then
we discussed our results compared to other researches. The
paper concluded with some conclusion that created from the
research.

II. MATERIALS AND METHODS

A. Data

Moderate Resolution Imaging Spectroradiometer (MODIS)
is one of the main sources of earth observation research.
Aqua satellite orbits the earth from south to north at 1:30
P.M. local time whereas Terra passes in the opposite direction
at 10:30 A.M. local time. Both of them use 36 spectral bands
(from 0.415 to 14.235 um) in senses the surface (Shen, et al.,
2013). LST is the radiative temperature of the land surface
which typically surveyed by remote sensing. The resolution
of selected LST MODIS data is 1 km (Rasul, Balzter and
Smith, 2016). In this research, both Aqua and Terra day and
night LST data used from 2003 to 2018 (Table I).

B. Study Sites

In this research, three strong earthquakes were assessed
which occurred during 2018 around the world (Table II).
Included earthquakes are higher than six magnitudes.

http://dx.doi.org/10.14500/ar0.10591

Because the cloudy condition is a significant problem for
active remote sensing, samples were selected in the land with
transparent sky situations (Fig. 1).

C. Methodology

C.1. Downloading and processing data

Several studies designate that earthquake anomaly within
a few days to a few weeks before the seismic events could
be considered as short-term precursors (Jiao, Zhao and
Shan, 2018). Therefore, in this study, 20 days before and
10 days after the main shake selected as temporal window.
In this study, four overpasses LST data (Table I) processed
in GEE (Appendix A) (Gorelick, et al., 2017). The data
collection and interested band and interested period selected.
One month data selected for each year, the year from 2003
to 2018. Past years’ data of 20 days before and 10 days
after the main quake have been included in the analyses to
characterise anomalies. Images were cropped to study site
and LST values are multiplied by a scale factor. Then, the
data were exported as CSV file.

C.2. Anomaly detection

Anomaly detected and graphs created in R programming
using packages such as “anomalize,” “devtools,” “coindeskr,”
“dplyr,” and “ggplot2” (Appendix B). To detect anomalies in
the time series of the data, two methods were utilized. The
first one is the IQR which utilizes a range of 25 the median
(Dancho and Vaughan, 2018). In this method, negative
anomaly LST outliers are values that smaller than limit lower
whereas positive anomaly LST is values that bigger than
limit upper. The same as a boxplot, the whiskers are lines
ranging from Q1 and Q3 to ends. Limit lower calculated by
QI — 1.5 x IQR and upper limit calculated by Q3 + 1.5 x
IQR (Streit and Gehlenborg, 2014).

Moreover, the second method is mean = 26 (equation 1).
In this rule, 95% of values drop between (mean-2*c,
mean+2*c) (anomaly.io, 2015). Some researchers (e.g.,
[Dey and Singh, 2003]) used mean+l1.5*c of parameter
as background noise. Besides, Wu, et al. (2016) used
“meantl.5*¢” and “meant2*c” for seismic precursor
parameters such as soil moisture, soil temperature, and near

TABLE I

DETAILS OF THE UTILIZED DATA IN THE RESEARCH

Data Temporal resolution Spatial resolution Start date End date Image collection ID in GEE  Selected band
Daytime LST (Terra) 1 day 1000 m January 1, 2003 1 May 2018 MODIS/006/MOD11A1 LST Day 1 km
Nighttime LST (Terra) 1 day 1000 m January 1, 2003 1 May 2018 MODIS/006/MOD11A1 LST Night 1 km
Daytime LST (Aqua) 1 day 1000 m January 1, 2003 1 May 2018 MODIS/006/MYDI11A1 LST Day_1km
Nighttime LST (Aqua) 1 day 1000 m January 1, 2003 1 May 2018 MODIS/006/MYDI11A1 LST Night 1 km
LST: Land surface temperature, MODIS: Moderate Resolution Imaging Spectroradiometer
TABLE II

DETAILS OF THE STUDIED EARTHQUAKES
S. No. Location Date Epicentre Magnitude (USGS) Focal depth (km, USGS)
1 San Pedro Jicayan, Mexico Febaury 16, 2018 16.386 N, 97.979 W 7.2 22
2 Carandayti, Bolivia April 2,2018 20.659 S, 63.006 W 6.8 559
3 Jarm, Afghanistan January 31, 2018 36.526 N, 70.851 E 6.2 193.7
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Fig. 1. Locations of studied earthquakes. Red stars are the epicentre of the earthquakes.

surface air temperature. In this study, as cautious only two
standard deviations considered as anomaly.
Anomaly=mean =(20) (N
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I
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Mean = 20

Anomalies in LST of earthquake sites

III. RESULTS

LST data of 20 days before and 10 days of data after the
quack analyzed for each selected earthquake in Mexico,
Bolivia, and Afghanistan during 2018. Both used methods
for anomaly detection in LST time series displayed in the
following figures. MODIS LST for Aqua and Terra has 4

times passed per day; therefore, they displayed separately in
the following in subfigure a, b, ¢, and d.

A. Mexico Earthquake on Febaury 16, 2018

Based on IQR method, no anomaly detected in LST Aqua
and Terra of both day and night data in the Mexico (Fig.
2b), Bolivia (Fig. 3a and b), and Afghanistan earthquakes
during 20 days before and 10 days after the earthquakes
(Fig. 4a and b). According to mean + 20, in Aqua night, positive
anomaly detected. In Terra day LST data, negative anomaly
detected 14 and 16 days before the quake (Fig. 2¢). Furthermore,
positive anomaly occurred 2 days before the Mexico earthquake.
After the quake, negative anomaly occurred in Aqua day and
Terra night data (Fig. 2a and d). Occurred negative anomaly some
days after the quack perhaps explained by returning the area to
stability. In Fig. 2d, some values passed lower limits (dotted red
lines), but these anomalies occurred during previous years and
during 2018, no anomaly detected based on interquartile outliers.

B. Bolivian Earthquake on April 2, 2018

Concerning Bolivian earthquake, no anomaly detected
based on IQR. However, based on mean + 2c methods
in Aqua night (Fig. 3b) and Terra day and night LST
(Fig. 3c and d and Table III), prior negative anomaly
detected. Duration of detected anomalies is between 5 days
and 11 days before the main shake and the degree decreased
between —6.9 and —13.1 K. The upper limit in IQR is higher
than mean plus two standard deviations. Besides, lower limit
based on IQR smaller than lower limit based on mean minus
two standard deviations. Therefore, the second method is
more capable in detect anomaly in LST time series.

C. Afghanistan Earthquake on January 31, 2018

According to mean + 26 method, prior positive anomaly
detected 10 and 11 days before Afghanistan earthquake
(January 31, 2018) in MODIS Terra daytime (Table III). These
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Fig. 2. Temporal anomalies of land surface temperature (LST) Aqua day (a), LST Aqua night (b), LST Terra day (c), LST Terra night (d), in San Pedro
Jicayan, Mexico earthquake (February 16, 2018). Gray dashed line: The day of the earthquake, blue dashed lines: Limit upper and limit lower based on
mean + 20, red dashed lines: Limit upper and limit lower based on interquartile range (IQR) method, magenta circles: Anomaly based on mean + 2o,
green circle: IQR-based anomalies, black dashed line: Mean value of the area.

TABLE III
ANOMALIES IN MEXICO (FEBRUARY 16, 2018), BoL1viA (APRIL 2, 2018), AND AFGHANISTAN (JANUARY 31, 2018) EARTHQUAKES WITH THE INTENSITY AND TYPE OF
ANOMALY AND HOW MANY DAYS BEFORE OR AFTER THE MAIN QUAKE ANOMALY OCCURRED

Earthquake Data IQR method Mean+26 method Type Compare to mean Days before

Mexico Terra night No Yes Post (negative) -3 (8 after)
Aqua night No Yes Prior positive 2.6,2.6,2.6 2,3,8
Terra day No Yes Prior positive (negative) 5.1,-10.7,-5.6 2,14, 16
Aqua day No Yes Post negative -7.0 (3 after)

Bolivia Terra night No Yes Prior negative —6.9 5
Aqua night No Yes Prior negative —-13.1,-7.8,-9.7 4,5,11
Terra day No Yes Prior negative -9.8,-9.2 5,9
Aqua day No No

Afghanistan Terra night No No
Aqua night No No
Terra day No Yes Prior positive 10.5,10.2 10, 11
Aqua day No No

outliers were larger than mean by 10.5 and 10.2 K degrees. IV. Discussion

In Aqua day and night data, no anomalies detected. Based Nezammahalleha, et al. (2013) and Saraf, et al. (2008)
on quartile outliers, no outliers detected in Aqua and Terra,  found more seismic activity occurred in areas with higher
daytime and nighttime LST data in this case study neither =~ LST in Iran and positive anomaly of LST observed in 23
during 2018 nor previous years in the same period (Fig. 4 a-d).  Indian earthquakes. The current research used daytime
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Fig. 3. Temporal anomalies of land surface temperature (LST) Aqua day (a), LST Aqua night (b), LST Terra day (c), LST Terra night (d), in Carandayti,
Bolivian earthquake (April 2, 2018). Gray dashed line: The day of the earthquake, blue dashed lines: Limit upper and limit lower based on mean + 20,

red dashed lines: Limit upper and limit lower based on interquartile range (IQR) method, magenta circles: Anomaly based on mean + 2¢, green circle:
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260
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IQR-based anomalies, black dashed line: Mean value of the area.
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Fig. 4. Temporal anomalies of land surface temperature (LST) Aqua day (a), LST Aqua night (b), LST Terra day (c), LST Terra night (d), in Jarm,

Afghanistan earthquake (January 31, 2018). Gray dashed line: The day of the earthquake, blue dashed lines: Limit upper and limit lower based on mean

+ 20, red dashed lines: Limit upper and limit lower based on on interquartile range (IQR) method, magenta circles: Anomaly based on mean + 20, green

circle: IQR-based anomalies, black dashed line: Mean value of the area.
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and nighttime MODIS LST data. It found usually positive
anomaly of LST during daytime however negative (or
positive) anomaly during the nighttime LST data before the
earthquakes. After the earthquake during 10 days, a negative
anomaly could be anticipated in both Aqua and Terra LST.
As a result of investigated three samples of an earthquake
during 2018, we observed in some earthquakes, anomaly
in more than 1 parameter discerned such as Mexico and
Bolivia. Whereas in some earthquake such as Afghanistan
earthquake, only prior anomaly occurred in daytime Terra
LST.

In LST Terra daytime, positive anomaly was detected
in the 20" and 21% of January, which means 10 and 11
days before the earthquake of Afghanistan (Fig. 4c).
However, also outliers detected during 2003, 2006, 2007,
2011, 2012, 2014, and 2018. It implies that perhaps
occurring anomaly in LST during this period is not
completely related to the earthquake. The relationship
between longtime data of climatic parameters and
dates of earthquakes required more investigations to
disclose whether the anomalies related to earthquake or
it happened by other factors. Our results confirm that
method of mean and two standard deviations is more
capable to find anomaly compared to IQR method to
select outliers in LST.

V. CONCLUSIONS

The current study aimed to determine the earthquake’s remote
sensing LST temporal anomaly of samples of earthquake
occurred during 2018. Samples of the earthquake in the land
transparent sky considered. Four times MODIS data that
available through GEE used and analyzed using GEE with R
programming.

In Bolivian earthquake, based on mean + 20 anomaly
methods, prior anomaly detected in Aqua night and Terra
LST. Based on the IQR method, anomaly of LST not
detected in assessed cases. Whereas based on mean + 20
anomaly, positive or negative anomaly of LST occurred
during daytime and nighttime. However, negative anomaly
detected after the Mexico earthquake.

Researches in this field may have some limitations, for
instance, some parameters available on the GEE, but they
are not real-time data. Some satellite data are available
in GEE but they have not high resolution. Besides, some
anomaly detected around the earthquake period, may not
relate to the occurred earthquake because of anomalies
discerned during the same month of previous years.
Another problem of earthquake forecasting is false-
negative case. Future research should focus on other
reliable factors that perhaps related to an earthquake. They
should utilize more techniques and statistical methods for
discovering robust results that may contribute to forecast
an earthquake in the future. Conclusively, use of four LST
data from different times of day and night in the current
study led to more insight about LST anomaly related to
earthquake.
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APPENDIXES

APPENDIX A: A sample of process data in the google engine code

Search places and datasets.

Google Earth Engine
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& MODIS NOVI 116 //.select(

s Malaysian Airplane 117 Filrernater 7

lay?
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APPENDIX B: A sample of utilized R code in the study

@ RGui (64-bit) - [DAa R\Anomaly outlier detection and plot -Land- Earthquake- SpatioTemporal.R - R Editor]
R File Edt Packages Windows Help

ECE=]E)

e InageCollection ( “HODIS/0065,

606/MYD11AL")

) 2018 2018 2018 2018 2018 2018 201

Date
chart Y5on
Lst
b5 e busoar
) 14800
3 .
1:time_start’, 'system:tine § 1
3 AR
Suso \l -\l
& L] ol
H . J ‘
£ 14560
& .
a0
JNZ27018  Fes, 2018 Fen19.2018  Mars 2018
5n29.200  Fep1z 208  Fenzs 2018
chartbuble o
1726 ) ®
B »

$tiff("Land combined 18 images.tiff”, width = 11, height = 11, units= 'in‘, res= 300)
par (mfrow=c (€,3))

par(mar = c(2, 3, 2, 0.7))

par (mgp = ¢(2.2,1,0))

e

library (devtools)
##1install_github("business-science/anomalize®)
1ibrary (anomalize)

library(tidyverse) ### Necessary for plotting
library(coindeskr)

library (dplyz)

library (ggplot2)

mydata<-read.csv("D:\\Earthquake\\land earthquike\\M7.2_S_San Pedro Jicayan_Mexico_l€_02_2018_16.3836N_97.979W\\specific humidity l8years.csv")

x<-mydata(,2]
x

xl<-mydata(,4]

x1

tt<-mydacal(,1]|

$888884888848 I0R anomaly method

# Analyze outliers: Outlier Report is available with verbose = TRUE
out <- 1qr(x, alpha = 0.05, max_anoms = 0.2, verbose = T)

out

1qr_outliers <- iqr(x,verbose = T)Soutlier_report

iqr_outliers

out.

e Visualize results

plot (x, axes=F, ann~F, ylim=c (0.0036,0
points(xl, col = "red”,pch=19)
points(xl, col = "red”,pch=l,cex=2)
abline(h = 0.0037 , col="$FC4E07",lty=S) # add cutoff line

abline(h = 0.0184, COl="$FC4EQ7",1ty=5) # add cutoff line

abline(v = 568, col="gray®,lty=sS) # data date of event not downloded
sResssseens

lines (x,col="darkgreen®”,lwd=2, pch = 20)

seeeee

box ()

axis(2, las=3,cex.axis=l)

cols= c("greend”, "reds”)

#title (xlab="Date”,cex.lab=1)

title (ylab= "Specific humidity(kg/kg)", main="(a) Mexico®,cex.lab=l, cex.main=l)
axis(side=l,axTicks(l),las=l, at=(1:577), labels=(tt))

019),peh=l)
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