ournal of the Korean Association of Geographic Information Studies, 21(2) 2018, 68-79  ISSN 1226-9719(Print
e oy Oy Tty Al I P YA PP: RN 2o o)

Assessment of the Relationship between Air
Temperature and TOA Brightness Temperature in
Different Seasons Using Landsat—8 TIRS*
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ABSTRACT

In general, Top Of Atmosphere(TOA) brightness temperature is closely related to air
temperature. Brightness temperature can be derived from the Thermal Infra—Red Sensors
(TIRS) of the earth observation satellites such as the Landsat series. The TIRS
instrument of the Landsat—8 satellite collects the two spectral bands (Bands 10 and 11)
that measure brightness temperature. In this research, the relationship between the air
temperature data measured by the weather stations in Seoul, South Korea and the
brightness temperature data separately derived from Bands 10 and 11 of the Landsat—8
satellite were assessed in the different seasons through the correlation analysis. The
statistical results led to the following conclusions. First, brightness temperature is closely
related to air temperature in order of Spring, Autumn, Winter and Summer. Second, when
air temperature increases, brightness temperature also increases in Spring, Autumn and
Winter but decreases in Summer. Third, Band 10 has a closer relationship to air
temperature than Band 11.
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INTRODUCTION

defined as ‘the

temperature of the surrounding air as

Air temperature is

measured by a dry—bulb thermometer,”
(The Free Dictionary by Farlex, 2018).
Measuring air temperature 1is significant
because it is the important descriptor of
terrestrial environmental conditions across
the earth(Prihodko and Goward, 1997). In

the various countries, air temperature is
observed at real times as their weather
forecasting program(Australian Government,
2018). In South Korea, the air temperature
data is collected by the Automatic Weather
Station(AWS) centers(Korean Meteorological
Administration(KMA), 2018a).
shows the image showing the AWS centers

Figure 1

that collect the air temperature data.
The earth observation satellites such as
the Landsat series have a Thermal Infra—

FIGURE 1. Images showing the AWS centers (KMA, 2018a)
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Red Sensor(TIRS) that can measure Top
Of Atmosphere(TOA) brightness temperature
of the earth’ s surface (United States
Geological Survey (USGS), 2018a). TOA
brightness temperature is defined as “A
measurement of radiance of the microwave
radiation traveling upward from the top of
the atmosphere to the satellite, expressed
in units of the temperature of an
equivalent black body” (Remote Sensing
Systems, 2018). The Landsat—8 has the
two TIRS bands(Bands 10 and 11) that can
separately measure brightness temperature
(USGS, 2018b).

Research on utilization of satellite
remote sensed brightness temperature has
been carried out. Rao et al(1987) Shi et
al(2009) utilized brightness temperature
on estimating the regional soil moisture.
Kohn and Royer(2012) also proved that
brightness temperature can be the

indicator of air temperature. However,
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previous research has been limited to
assess the detailed relationship between
air temperature and brightness temperature
in the different seasons(Spring, Summer,
Autumn and Winter). In addition, research
on assessing the relationship between air
temperature and the different Landsat—8
TIRS bands(Bands 10 and 11) also has
been limited.

Hence, this research assessed the two
relationship: The first relationship between
air temperature and brightness temperature
in the different seasons(Spring, Summer,
Autumn and Winter), and the second
relationship between air temperature and
the different Landsat—8 TIRS bands
(Bands 10 and 11) through the correlation
analysis.

Study Area and Data

In this research, the air temperature

3TN

3TN0

FIGURE 2. Locations of the 28 AWS centers that collect the air temperature data
in Seoul, South Korea



landsat-8 #179¢| @Xe| HMME H48t o2 et 87

37°30'00"N

126°50°00"E
Max.: 29809

I Min.: 0

127°00"00"E 127°10°00"E

: AWS Centersin Seoul [ | Boundary of Seoul

(b)

FIGURE 3. One scene each of Band 10 and Band 11 of the Landsat—8 TIRS data (the acquired
date: May 1, 2015): (a) one scene of Band 10; (b) one scene of Band 11

data collected by the 28 AWS centers of
Seoul were used because Seoul has the
most number of the AWS centers in South
Korea (KMA, 2018b). FIGURE 2 shows
the locations of the 28 AWS centers that
collect the air temperature data in Seoul,
South Korea.

Bands 10 and 11 of the Landsat—8 TIRS
acquired in the study area between 2014
and 2016 were also utilized to generate
the brightness temperature images.
FIGURE 3 shows one scene each of Band
10 and Band 11 of the Landsat—8 TIRS
data (the acquired date: May 1, 2015).

Methodology

This section illustrates the procedure for
assessing the relationship between air

temperature and brightness temperature
using the air temperature data collected by
the AWS centers and the
temperature data derived from Bands 10
and 11 of the Landsat—8 TIRS data (see
FIGURE 4).

In the first step of the proposed
methodology, the Digital Number (DN) of
both Bands 10 and 11 was separately

brightness

converted into the Brightness Temperature
(BT) image (called as “BT_10" derived
from Band 10 and “BT_11" derived from
Band 11, respectively). The next step is
to collect the air temperature and
brightness temperature data from the AWS
and BT datasets. Then correlation analysis
between  the alr  temperature and
brightness temperature was carried out.
Finally, the

statistical results in the
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FIGURE 4. Flowchart showing the procedure for assessing the
relationship between the air temperature data collected by the AWS
centers and the brightness temperature datasets separately derived

from Bands 10 and 11 of the Landsat—8 TIRS

different seasons (Spring, Summer, Autumn
and Winter) and bands (Bands 10 and 11)
derived from the correlation analysis were
compared.

1. Conversion of DN into BT image

This the
steps for converting the DN of Bands 10
and 11 to the different BT images (BT_10
and BT_11). In the first step, the DN of

section illustrates multiple

the original Bands 10 and 11 were
converted to the Top Of Atmosphere
(TOA) spectral radiance through the
radiance rescaling method shown in the
equation below (USGS, 2018a; ESRI,
2018).

L=MQcut+ Az (1)

where L 1s the TOA spectral radiance,

M, is the
rescaling factor from the metadata file,

band—specific multiplicative
Qcal is the pixel values of Bands 10 and
11, and Ay is the band—specific additive
rescaling factor from the metadata file.
The second step was to convert the TOA
the TOA
brightness temperature in degree Kelvin
using the equation below(USGS, 2018a;
ESRI, 2018).

spectral radiance values to

K,

T= (2)

K,
ln(f-!— 1)

where T is the TOA brightness
temperature in degrees Kelvin, L is the
TOA the
band—specific thermal conversion constant
is the
band—specific thermal conversion constant

spectral radiance, Aj is

from the metadata file and K,
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from the metadata file.

The final step was to convert the
brightness temperature in degrees Kelvin
to the brightness temperature in degrees
Celsius using the equation below (USGS,
2018a; ESRI, 2018).

C = T-273.15 4)
where C is the brightness temperature

in degrees Celsius and T is the brightness
temperature in degrees Kelvin. Table 1

shows all the inputs needed in equations
(1), (2) and (3) that are included in the
metadata file of the Landsat—8 TIRS data
(USGS, 2018a; ESRI, 2018).

After the completion of the final step,
BT_10 and BT_11 were finally converted
from Band 10 and Band 11, respectively.
FIGURE 5 shows one scene each of
BT_10 and BT_11 converted from Band 10
and Band 11, respectively.

TABLE 1. All the inputs needed to calculate the BTs using the different bands of the
Landsat—8 TIRS data (USGS, 2018a; ESRI, 2018).

M K K>
Band 10 0.0003342 0.1 774.89 1321.08
Band 11 0.0003342 0.1 480.89 1201.14
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FIGURE 5. One scene each of BT_10 and BT_11 converted from Band 10 and Band 11 (the
acquired date: May 1, 2015), respectively: (a) one scene of BT_10 converted from Band 10; (b)
one scene of BT_11 converted from Band 11.
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2. Collection of air and brightness

temperature data

After the generation of the two BT
images (the BT_10 and BT_11 images) per
Landsat—8 TIRS, the air temperature and
BT data were through the
following steps. In the first step, the
intensity values of the pixels where the
AWS centers located in all the BT_10 and
BT_11 images were collected. Then the air

collected

temperature data collected by the AWS
centers in Seoul was collected considering
the acquisition time of the Landsat—8
image (KMA, 2018b; USGS, 2018a). To
avoid the atmospheric effects in the AWS
data, the selection of the pixels that had
been affected by the clouds in the BT
avoided. The
selection of the air temperature data

images was manually
collected at the rainfall times was also
avoided. Finally, the BT_10 and BT_11
data derived from the BT_10 and BT_11
Through this
procedure, 485 sets of air temperature,
BT 10 and BT_11 data were -collected.
Considering the climate patterns of Seoul,
the datasets obtained in March, April and

images were collected.

May were classified as the datasets for
the spring season; those obtained in June,
July and August were classified as the
datasets for the summer season; those
October and
November were classified as the datasets

obtained in September,
for the autumn season; and those obtained
in December, January and February were
classified as the datasets for the winter
season. The 168, 79, 112 and 126 sets
were utilized for assessing the relationship
between air temperature and brightness
temperature in the spring, summer, autumn

and winter seasons, respectively.

3. Correlation analysis between air
temperature and brightness temperature

For the assessment of the relationship
between air temperature and brightness
temperature, the Pearson’ s correlation
coefficient was utilized using the variables
of air temperature and  brightness
temperature through the equation below

(Rumsey, 2017; Statistics How To, 2018).

oC= N AD-XA0 D )
VS 42— (D AP X 2 (X 0)?)

where CC is the correlation coefficient
between air temperature and brightness
temperature, N is the number of sets of
air temperature and brightness temperature
data, A is the
temperature data, and L is the variable of

variable of the air

the brightness temperature data.

The Pearson’ s correlation coefficient is
a widely wused correlation formula for
determining how strong the relationship is
between the two datasets(Rumsey, 2017;
Statistics How To, 2018). If the value of
the correlation coefficient is close to 1,
there is a positive relationship between air
temperature and brightness temperature.
Hence, when the air temperature increases,
the  brightness  temperature likewise
increases. If the value of the correlation
coefficient is close to -1, there is a
negative relationship between air temperature
and brightness temperature. Hence, when
the  air
brightness temperature decreases. If the

temperature  increases, the

correlation coefficient is 0O, there i1s no
relationship between air temperature and



landst-8 #179¢] EHe| MME H4o tTl2 e BT WRE AU 2 / FEW - HUY - A 75

brightness temperature. calculated using the air temperature and
BT_10 data was called “Cor_10" , while

Results the correlation coefficient calculated using

the air temperature and BT_11 data was

The relationship between air temperature called as “Cor_11" . TABLE 2 shows the
and brightness temperature in the different statistical results of the Cor 10 and
seasons was assessed by calculating the Cor_11 calculated in whole study period
correlation coefficient using the variables of and in the spring, summer, autumn and
air temperature and brightness temperature. winter seasons; FIGURE 6 shows the
In this research, the correlation coefficient correlation graphs of Cor_10 and Cor_11

TABLE 2. Statistical results of Cor_10 and Cor_11 calculated in whole study period and in
the spring, summer, autumn and winter seasons: (a) Cor_10 and Cor_11
calculated in the whole study period; (b) Cor_10 and Cor_11 calculated in the
Spring, Summer, Autumn and Winter seasons

(a)
Cor_10 Cor_11
Correlation coefficient 0.97 0.95
(b)
Spring Summer Autumn Winter
Cor_10 Cor_11 Cor_10 Cor_11 Cor_10 Cor_11 Cor_10 Cor_11
Correlation coefficient 0.95 0.94 —-0.25 —-0.52 0.78 0.80 0.59 0.55
. - c.;;
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FIGURE 6. Correlation graphs of Cor_10 and Cor_11: (a) Correlation graphs of Cor_10 and Cor_11

in the whole study period; (b) Correlation graphs of Cor_10 and Cor_11 in the Spring season; (c)

Correlation graphs of Cor_10 and Cor_11 in the Summer season; (d) Correlation graphs of Cor_10

and Cor_11 in the Autumn season; (e) Correlation graphs of Cor_10 and Cor_11 in the Winter
season.
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FIGURE 6. Continued

calculated in whole study period and in the

Spring, Summer, Autumn and Winter
seasons;, and TABLE 3 shows the
statistical results of air temperature,

BT_10 and BT_11 in the different seasons.

As seen in FIGURE 6 and TABLE 3, the
given datasets (the air temperature data
and the brightness temperature data) have

the paired  observations, continuous
variables and no outlier that are the
requirements for Pearson’ s correlation

assumptions.

Discussions

As seen in TABLE 2 and FIGURE 6,
brightness temperature is closely related
to air temperature in the order of spring
(Cor_10:  0.95; Cor_11: 0.94),
(Cor_10: 0.78; Cor_11: 0.80), winter
(Cor_10: 0.59; Cor_11: 0.55) and summer
(Cor_10: —0.25; Cor_11: —0.52). That is,
the

autumn

when the air temperature increases,
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TABLE 3. Statistical results of air temperature, BT_10 and BT_11 in the different seasons

Air temperature

BT_10 BT_11

Average Standard deviation Average Standard deviation Average Standard deviation
(c) (c) (c)
Spring 19.12 8.29 23.70 8.05 22.13 7.31
Summer 29.25 3.05 28.62 2.56 24.61 2.37
Autumn 22.88 2.89 24.79 3.33 22.62 3.15
Winter -3.11 1.88 -1.24 1.86 -1.10 1.81
Air temperature BT_10 BT_11
Maximum Minimum (C) Maximum Minimum (C) Maximum Minimum (C)
() () (C)
Spring 29.10 4.70 39.29 8.13 36.43 8.06
Summer 34.50 23.80 35.53 23.9 31.14 20.56
Autumn 27.60 15.80 31.14 15.74 28.17 14.30
Winter 1.20 -=7.00 2.58 —6.41 2.44 —6.16
brightness temperature also increases in Conclusions
spring, autumn and winter but decreases in
summer. As can be seen in Table 3, air This  research  contributes to  the

temperature has a higher average in
summer than in spring, autumn and winter.
In addition, in South Korea, the humidity,
rainfall and vegetation activity are highest
in summer (KMA, 2018b). Hence, it can be
assumed that there are other parameters
that temperature more than
brightness TABLE 3 also

shows that air temperature has a lower

affect air

temperature.

average and smaller standard deviation in
winter than in spring and autumn, and it
can be assumed that this might cause the
lowest positive relationship between air
temperature and brightness temperature in
winter. In general, it is not generally
recommended to use Band 11 in science
studies, because such band is affected by
the straight
distortions in the pixel values Montanaro et
al, 2014; USGS, 2018b), hence it can be

assumed that it causes Band 10 to have a

light rays that may cause

closer relationship to air temperature than
Band 11.

assessment of the relationship between air
temperature and brightness temperature in
the different the data
acquired by the AWS centers and two
spectral bands(Bands 10 and 11) of the
Landsat—8 TIRS South Korea.
The following conclusions were obtained.
First,
related to air temperature in the order of

seasons using

in Seoul,

brightness temperature is closely

winter and
the

increases the brightness temperature also

spring, autumn, summer.

Second,  when air  temperature
increases in spring, autumn and winter but
the decrease in summer. Third, Band 10
has a closer relationship to air temperature
than Band 11. Air temperature estimation
1s important for predicting crop growth and
productivity and for estimating evaporation
rates and relative humidity, among others
2018),

recognized that brightness temperature can

(Environmental monitor, and we
be the significant indicator for estimating
air temperature through this research. The

statistical results obtained in this research
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showed, however, that the utilization of
only the brightness temperature data in
estimating air temperature is limited in
various land covers and seasons. Hence, in
the  future research, various other
parameters, such as land cover, humidity,
elevation, air pressure, and wind speed,
will  be integrated with  brightness
temperature in the estimation of the air

temperature in the various kinds of

B

environments.
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