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Abstract— Simultaneous transformation of natural land
cover contributes significantly to changing the surface
phenomena making accurate forecasting difficult. Ground
surveys would permit Land Use Land Cover (LULC)
classification, but they are burdensome, expensive, and time-
consuming and lacks accuracy in the exploration for all target
areas at the same time, which highlights satellite imagery an
evident and preferred alternative. A new mathematical method
has been used for calculating the highest and lowest Land
Surface Temperature (LST) to improve model accuracy for a
particular location and detect oil seep-induced alteration from
Landsat Data Continuity Mission (LDCM). Two sites within
different patterns were chosen to represent a diversity of
thermal anomalies positions in the study area. The results show
that there are no traces of oil in either zone 1 lies which in the
Kanoya province and zone 2 located east of the coast of
Kagoshima which is overlooking the Pacific Ocean. In the end,
the night-time scenes of the Thermal Infrared Sensor (TIRS)
achieve a high gain of the thermal image with radiance 3.2-12.65
(Watts/m? sr pm). Moreover, the analysis of the (TIRS) image is
an optimal explanation for geomorphology and subsurface
geology in southern Japan via the potentiality of the simulators
set.

Keywords— Exploration; Microseepage; Thermal sensors;
Emissivity; Brightness Temperature; Land Surface Temperature

l. INTRODUCTION

The surface anomalies of oil represents the surface
expression of the migration path, where oil will flow on both
sides of this path driven from the ground. These surface
features are evidence of the presence of oil reservoirs at the
bottom [1]. Based on previous satellite observations, several
methods have been applied to calculate air pollutant emissions
from point sources, as methane emissions associated with oil
extraction operations [2]. The presence of chemical elements
leaking out of oil tanks, and elements already present in the
surface leads to a change in the color of the surface from red
to green/gray due to change ferric turns into ferrous oxide
(FeO) [3]. Also other indications of the presence of oil when
the formation of cement carbonates such as calcite. Through
the analysis of spectral signals in the multispectral window of
the short wave of the electromagnetic spectrum can determine
the spectrum of carbon cement which is another proof of the
presence of oil [4]. Fig.1 illustrates the seepage paths and
surface alterations. Space technology is, therefore, a useful
tool for identifying potential surface phenomena due to the
microseepage of natural oil. Satellite technology is one of the
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most important modern methods used in the exploration of oil,
where satellite images are capable of providing rapid initial
analysis of the oil presence at low cost [5]. The schematic in
Figure 1 shows that extrusive, intrusive igneous, hydrothermal
fluids, oil, and chemically active volatiles travel convectively
through fault zones and rock units that have high permeability
at the time of intrusion. The hot spots could be promising spots
for oil production [6]. The hydrocarbon drain light is almost
vertical in the gaseous phase, leading to a shallow anomaly
near-surface microbial, geochemical, and alteration anomaly
above petroleum accumulation (directly above -apical or spill
point-halo). Fig. 1 illustrates the microseepage model with the
geochemical-geophysical specifications [7].
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Fig. 1. Microseepage model process and its surface effects [7]

Microseepage systems can be tracked at different
levels through satellite data, as an integrated spectral
approach can be relied upon, to investigate the quantity,
variability, and physiochemistry of minerals diagenetically
induced via an a ctive-microseepage system [8]. Tectonic
structures are subject to crustal expansion and lithosphere
thinning and are associated with structurally controlled heat
transfer and fluid flow. In seismically active regions,
temporal changes of geothermal system properties as namely
temperature, and geochemistry are the cause for changes in
subsurface chemical and physical processes, such as



microfracture, fluid mixing, occasional gas injection into the
hydrothermal system, and permeabil ity changes [9].

Il.  GEOLOGIC BACKGROUND

The land cover of the study area consists of several
geological formations, the Shimanto belt (SM) is Paleogene
accretionary complex since the Cretaceous dominates its
turbidite, limestone, and less chert. Along the Nankai trough,
the Neogene components to quaternary accretionary
complexes are mainly exposed offshore, except for the
southern margin of the Kanto area and the southern margin of
Shikoku [10]. The area, as shown in Fig. 2 was covered by
a satellite scene for LDCM. Recently, the possibility of
mapping thermal anomalies has increased, which means
increased interest in energy resources [11].
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Fig. 2. The truth colour composite (RGB) of the ROI.
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Table I represents the area of the region of interest (ROI)
and the coordinates of the upper left point and lower right
point.

TABLE I. The specifications of ROI

Area 6596.179 Km?
Upper Left Latitude 31°40 48.08" N
(UL) Longitude 130°11'42.83"E
Lower Right | Latitude 31°1'12.05"N
(LR) Longitude 131°8'50.13"E

In this research, the aim of the work was to identify the
anomalies of the thermal spectrum in the target area. Through
the change in (LST) values, which indicates the most
promising sites for the development of thermal-energy fields.
Also, to classify the oil seep-induced alteration via LDCM
and explore the potential of thermal imagery for the different
types of seeps and characterization of geophysical and
spectral maps in the study area.

I1l. METHODOLOGY

The overall methodology applied is commensurate with
the era of modern exploration of oil. The overall methodology
flowchart is depicted in Fig. 3 shows that the stages of dealing
with the thermal bands 10 and 11 and then the classification
of each image produced by the conversions within the

application of mathematical algorithms leads to special
access to the desired areas of thermal anomalies. The first
step begins with collecting data from the satellite and
available geophysical information about the study area. All
of the objects, which have a temperature greater than absolute
zero, can be emitting thermal infrared energy. This energy
can be measured through acquisition, processing, and
interpretation of the thermal radiation data within the thermal
infrared (TIR) region of the electromagnetic (EM) radiation
using thermal satellite imagery, when radiation emitted from
the target surface is measured, reversing images of optical
satellites that measure radiation reflected from the target
surface. The basis of thermal sensors is recording the
radiation temperatures of ground materials, which are related
to the surface kinetic temperature (Twin) and emissivity ().
The key of the thermal image expresses the surface radiant
temperature, where the colder areas are dark while the
warmer areas are light. The thermal anomalies that occur
caused by differences from surface temperature can be
exploited for exploration of the hydrocarbon microseepage.
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Fig. 3. The flowchart of exploration simulation data in this study

A. Thermal Infrared Sensor (TIRS)

TIRS is a push-broom sensor utilizing a focal plane with
long arrays of photosensitive detectors. TIRS utilizes
Quantum Well Infrared Photo-detectors (QWIPS) to measure
long-wave Thermal Infrared (TIR) energy emitted from the
earth’s surface that is the intensity of which is a function of
surface temperature [12]. These detectors (QWIPs) are
sensing two thermal infrared wavelength bands, band 10 and
band 11, allowing for separation of the earth’s surface
temperature from that of the atmosphere. QWIP’s styling
works on the complex fundamentals of quantum mechanics.
The sensor works in a push-broom imaging pattern to obtain
earth data in two thermal infrared channels [13], [14]. The
temporal resolution of the (LDCM) is 16-days. The LDCM
scene has a 185 km swath width. (TIRS) that is sensing the
wavelengths which are in the thermal infrared region given in
Table II.

TABLE Il. (TIRS) BANDS PROPERTIES

Instrument Band Spectral Range Spatial Resolution
10 10.6 - 11.19 ym 30 m
TIRS
11 11.5-12.51 ym 30m




B. Spectral Emissivity and Kinetic Temperature

Radiation emitted from ground objects is measured to
estimate the temperature. This mensuration gives the radiant
temperature of an object by depending on two factors kinetic
temperature and emissivity [15]. Emissivity is the emitting
capacity from a real substance compared to the emitting
capacity from the black body. In addition, it is a spectral
property that changes with the composition of substance and
geometrical arrangement of the surface [16]. Emissivity,
symbolized by epsilon (g), differs from 0 to 1. If it equal to 1,
the object has thermal behavior similarity to that of a black
body. Kinetic temperature is the surface temperature of an
object/earth and is a measurement of the amount of heat
energy include in it. It is measured by several units, like in
degrees Kelvin (°K), degrees Centigrade (°C), and degrees
Fahrenheit (°F) [17].

C. The Wien Displacement Law and Black Body Emissivity
Effect

The blackbody can be defined physically as a hypothetical
body that absorbs and emitted all incident energy at all
wavelengths. That is meaning the substances are emitting the
thermal radiation in amounts dependent on substances
properties as internal temperature and emissivity [18].

Planck's law of blackbody radiation gives the relationship
of electromagnetic radiation emitted from the black body at a
wavelength A as a function for absolute temperature. This is
done by defining the spectral radiance L, such that the
radiance AL included in a small domain of wavelengths A is
given by:

AL = L, A2 (1)

Where:
L,: Spectral radiance (W/(m? * sr * pm))
A: wavelength (pum)

Using quantum mechanics, where the following relationship
was found:

2hc?

L = 2

hc
25 (e AR 1)

Where:

h: Planck constant = 6.626 x 10" J.sec

k: Boltzmann constant = 1.38 x 102 J/ °K
c: Speed of light = 3*10% m sec?

T: Blackbody temperature (°K)

The spectrum of the blackbody is characterized by its
specialized frequency, and since the frequency increases with
increasing temperature, most of the emitted radiation is in the
infrared region of the electromagnetic spectrum [19]. The
black body emits radiation which has a continuous distribution
of emitted wavelength as illustrated in Fig. 4. Where each
curve gives the radiance L in dimensions of power per unit
area multiplicand with the wavelength and the solid angle
(Watts/m?sr um) [20]. Equation (2) can be approximated as:

Ly = — 3)

This is called the Rayleigh-Jeans approximation and it is
matching to the right-hand portion of Fig. 4. The Planck
formula can be integrated for calculating the blackbody total
radiance over all wavelengths as shown [21]:
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Fig. 4. Energy radiated of spectral distribution of blackbody for different
temperatures [22]

The black body law Formula is the basic to define the
emissivity (g), the proportion between the spectral radiance
of a given object (L;) and that of a blackbody at the same
temperature (L,p) (the ‘P’ denoted for ‘Planck’) [23]. This is
given by the following equation:

L/l = g(A)L/l,P (5)

The accurate solution for this equation to calculate
amount of T is:

hc

T = - 6
kA ln(1+exp(hc/lka) 1) ( )

&

If the emissivity (g) is approaching to one then T can be
approximated as:

T
T ~ —ityme (7)

1+ he

IV. PROCEDURES AND RESULTS

The procedure consists of taking two different random
locations on the result thermal image using a number of steps,
then converting the Thermal Infrared Sensor (TIRS) raw
data, in terms of Digital Numbers (DNs), to Land surface
temperature (LST).

The raw data is acquired at night away from the
incoming and exitance radiation of the shortwave that
becomes zero after sunset [24]. The LST estimate using
Landsat conversion DNs to physical units formulas using the
parameters are given in equations (8, 9, and 10).



L, = ML+ Qcal + A, ®)

Where:

L;: Spectral radiance (W/(m? * sr * pm))

M, Radiance multiplicative scaling factor = 0.0003342
Qcai: pixel value in DN

Ar: Radiance additive scaling factor = 0.1

_ Ky (Lp+1)
- InKq

Tp )

Where:
Ty Brightness Temperature °K

K; and Ky: Band-specific thermal conversion constant from
the metadata.
__TB
LST = 1+AkTBlns (10)

hc

LST: Land Surface Temperature °K

A: Wavelength for band

K: Boltzmann's Constant = 1.38 x 102 J/ °K
h: Plank's Constant = 6.626 x 103 J.s

¢: Velocity of Light 3 x 108 m/s

¢ 0.96 [25]

Fig. 5. shows the raw data of TIRS images for band 10
and band 11 respectively. Fig. 6. shows the conversion
dataset from digit numbers (DNs) values to spectral radiance
values. Fig. 7. shows the conversion dataset from spectral
radiance values to Top of Atmosphere (TOA) brightness
temperature. Fig. 8. shows the conversion dataset from top
(TOA) brightness temperature to Land Surface Temperature
(LST), and Fig. 9. illustrates LST mean image. The results of
the above procedures can be included in Table 1V.
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Fig. 5. Raw data of TIRS image bands 10 &11 histograms.
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Fig. 7. TOA Tg data of TIRS image bands 10 &11 histograms.
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TABLE Ill. DESCRIBES THE RESULTS OF THE FOUR PROCEDURES WITHIN
THE SIMULATOR ENVIRONMENT.

Parameters Bands Band 10 Band 11
DNs Value 24304 22595
Max. count pixel of DNs Value 236065 243232
S. R. Values (W/(m? * sr * pm)) 8.22 7.64
Max. count pixel of S. R. Values 231148 244038
B. T. Values (°K) 289.94 288.92
Max. count pixel of B. T. Values 236679 257612
LST Values (°K) 292.57 291.79
Max. count pixel of LST Values 236540 258240
LST Average Value (°K) 289.47
Max. count pixel of LST Average Value 245605

The study area is classified according to the resulting LST
averages values to extract the thermal anomalies using the
density slice classification within the simulator environment.
Temperature ranges are divided by color according to their
values. The areas with the lowest temperatures take the blue
color, ascending to areas where the temperatures are the
highest values where they take the color magenta. The values
that are confined between these ranges take arrangement from
the cold colors to the warm colors which lie between the blue
and magenta colors. Two random patterns of LSTs averages
at different locations from the study area, in each one of these



patterns, takes the samples of LSTs averages using arbitrary
profile within simulator environment, for inside and outside
of thermal anomaly (the pattern). After that, it is calculated
the change of LSTs averages between the points along with
the profile that located inside and outside the thermal
anomaly (AT) by calculating the average value of LSTs
averages inside the profile (T2) and the average value of
LSTs averages outside the profile (T1), and the locations of
the profiles in the density slice classification of LST averages
shown in the thermal anomalies map of the studied area in
Fig. 10.
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Fig. 10. The density slice classification of Land surface temperatures
averages with thermal anomalies map of the studied area.

The first thermal anomaly (Profilel) lies in the Kanoya
province, and consists of mountainous forests, a number of
scattered farms within the thermal anomaly zone, and two
villages on the boundaries of the thermal anomaly zone,
where the temperatures in this zone are different from the
surrounding areas. Fig. 11 is displaying the land surface
temperatures (LSTs) averages values on the length of the
profilel inside the thermal anomaly region (T2) where its
value is 283.5131924 °K and the land surface temperatures
(LSTSs) averages values on the length of the profilel outside
the thermal anomaly region (T1) value is 287.2096651°K,
therefore the (AT) in this zone was -3.6964727 °K.
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Fig. 11. Land surface temperature average change along on the Profilel

The second thermal anomaly (Profile2) lies located east
of the coast of Kagoshima which is overlooking the Pacific
Ocean. The temperatures in this zone are different from the
surrounding areas. Fig. 12 is displaying the land surface
temperatures (LSTs) averages values on the length of the
profilel inside the thermal anomaly region (T2) where its
value is 282.6721610 °K and the land surface temperatures
(LSTSs) averages values on the length of the profilel outside
the thermal anomaly region (T1) value is 283.4496575 °K,
therefore the (AT) in this zone was -0.7774965 °K.
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Fig. 12. Land surface temperature average change along on the Profile2.

The thermal anomalies zones in the study area are
estimated via calculated the land surface temperature average
gradient change to the presence of oil under the surface. From
select two thermal anomalies zones, there are no traces of oil
in profile 1 and profile 2 because the change of the land
surface temperature in these zones anomalies is less than one
Kelvin (AT < 1 °K). The results of the two profiles can be
summarized according to the Table IV.

TABLE IV. THE RESULTS OF THE TWO REGIONS CAN BE
SUMMARIZED ACCORDING TO VALUE OF AT

Profiles Profilel Profile2

Parameters

Start profile Lat.

31°28'35.25"N

31°14'15.81"N

Start profile Long.

130°20'55.67"E

130°48'46.14"E

End profile Lat.

31°28'35.54"N

31°14'15.96"N

End profile Long.

130°30'40.00"E

130°58'31.20"E

Cumulative Length profile | 15.5 Km 15.6 Km

Euclidian Length profile 15.4 Km 155 Km

Max elevation 460 m 879 m

Min elevation 6.2m 104 m

T, 2835131924 °K | 282.6721610 °K

Ty 287.2096651 °K | 283.4496575 °K

AT -3.6964727 °K -0.7774965 °K
- There is There is

Situation - . : .

unlikely any oil unlikely any oil

At the last, the night-time scenes of the Thermal Infrared

Sensor (TIRS) achieve a high gain of the thermal image with
radiance 3.2-12.65 w/m ¥ pm/sr. Moreover, the analysis of the
(TIRS) image is an optimal explanation for geomorphology
and subsurface geology in the study area. The method used in
this research achieved its objectives desired to improve model
accuracy of oil exploration and for a large area in record time.



V. CONCLUSIONS

This study demonstrated the spectral recipe within
thermal infrared (TIR) region of the electromagnetic (EM)
radiation via thermal satellite imagery, geophysical data set,
and isotopic analyses that aims to provide further
understanding for the surface expressions of oil in the Kanoya
province, and the coast of Kagoshima (the two regions are
located in the south of Japan), which can be applied to
identify the subsurface migration pathways for oil. So these
phenomena provide useful information about the importance
of these zones as a tool for the exploration of structures for
oil. The night-time scenes of LDCM achieve high gains of the
thermal image with radiance 3.2-12.65 (Watts/m? sr pm)
when taken in ascending passages of the orbit, whereas the
radiation anomalies can take different forms according to the
surface expression of hydrocarbon. Moreover, the analysis of
the LDCM image is an optimal explanation for
geomorphology and surface geology in southern Japan via the
potentiality of emulators set.
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