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Abstract: Scientific interest in geophysical information about land surface temperature (LST) is ever increasing,
as such information provides a base for a large number of applications, including environmental and agricultural
monitoring. Therefore, the research of LST retrieval has become a hot topic. Recent availability of Landsat-8 satel-
lite imagery provides a new data source for LST retrieval. Hence, exploring an adaptive method with reliable ac-
curacy seems to be essential. In this study, basing on features of Landsat-8 TIRS thermal infrared channels, we
re-calculated parameters in the atmospheric transmittance empirical models of the existing split-window algorithm,
and estimated the ground emissivity with the help of the land cover classification map of the study area. Further-
more, a split-window algorithm was rebuilt by virtual of the estimation model of the updated atmospheric transmit-
tance and the ground emissivity, and then a remote sensing retrieval for the LST of Shihezi city in Xinjiang Uygur
autonomous region of Northwest China was conducted on the basis of this modified algorithm. Finally, precision
validation of the new model was implemented by using the MODIS LST products. The results showed that the LST
retrieval from Landsat-8 TIRS data based on our algorithm has a higher credibility, and the retrieved LST is more
consistent with the MODIS LST products. This indicated that the modified algorithm is suitable for retrieving LST
with competitive accuracy. With higher resolutions, Landsat-8 TIRS data may provide more accurate observation
for LST retrieval.
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Earth surface temperature, including water surface
temperature and land surface temperature (LST), re-
fers to the temperature of the critical layer by which
the earth surface interacts with the atmosphere. Earth
surface temperature is an important parameter reflect-
ing earth surface environment, and is widely used in
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several research fields such as climate change, agri-
cultural drought monitoring and urban heat island ef-
fect (Friedel, 2012; Son et al., 2012; Maimaitiyiming
etal., 2014).

The traditional method to obtain LST is a meas-
urement at fixed observation time and location by a
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thermometer. Due to the variable changes of LST, the
method of discrete point measurement cannot obtain
large-scale and continuous LST information. However,
the development of satellite thermal infrared remote
sensing technology makes it possible to get the LST
distribution over large regions with a regular revisit
capability (Peng et al., 2014). Since the 1980s, nu-
merous studies have been conducted to explore the
feasibility and accuracy of image analysis applications
for LST retrieval (Vinnikov et al., 2011; Li et al.,
2013). A variety of algorithms, such as mono-window
algorithm, split-window algorithm and multi-channel
algorithm (Qin et al., 2001a; Katsiabani et al., 2009;
Zhou et al., 2010), have been proposed to obtain LST
on account of the characteristics of different data and
actual application situations.

Currently, thermal infrared satellite sensors that can
be used for retrieving LST mainly include NOAA-
AVHRR, EOS-MODIS, Advanced Spaceborne Ther-
mal Emission and Reflection Radiometer (ASTER),
Landsat TM/ETM+, HJ-1B IRS and CBERS-02
IRMSS (Wan, 2008; Jiménez-Muiioz et al., 2010; Li
et al., 2010). Among these, mono-window algorithm
is suitable for Landsat TM/ETM+ and HJ-1B IRS,
which contain only one thermal infrared channel;
split-window algorithm is suitable for NOAA-
AVHRR and EOS-MODIS, which include two ther-
mal infrared channels; and multi-channel algorithm is
suitable for EOS-MODIS and ASTER, which can
provide sufficient observational information from
multiple channels.

Landsat series satellites of USA played an incom-
parable role in the monitoring of ecological environ-
ment changes at the global scale. TM contains a ther-
mal infrared band with a spatial resolution of 120 m.
While the ETM+ is obtained by one thermal infrared
band appearing in both channels, with the data in
channel one fixed in high gain (6H) and the data in
channel two fixed in low gain (6L), and the spatial
resolution is 60 m. According to these characteristics,
Qin et al. (2001b) proposed a mono-window algo-
rithm, while Jiménez-Mufioz and Sobrino (2003) put
forward a generalized single-channel algorithm. Both
of their algorithms do not rely on the data of real-time
vertical atmospheric profile and radiation transfer

model, and can achieve high accuracies. In addition,
the relative higher spatial resolutions of TM/ETM+
thermal infrared data enable the data be widely con-
cerned in the applications that require accurate re-
gional analysis of relevant surface temperature
(Srivastava et al., 2009; Ma et al., 2010).

Landsat-8 was successfully launched by United
States Geological Survey (USGS) and National Aero-
nautics and Space Administration (NASA) on 11
February 2013. The Operational Land Imager (OLI)
carried by Landsat-8 has nine spectral bands with a
spatial resolution of 30 m, including one 15-m pan-
chromatic band which is mainly used to obtain remote
sensing images in the visible, near infrared and short-
wave infrared spectral ranges. In particular, the Ther-
mal Infrared Sensor (TIRS) carried by Landsat-8 sets
up two thermal infrared spectral bands (10.60-11.19
and 11.50-12.51 um, respectively) with a spatial
resolution of 100 m by dividing the thermal infrared
wave band based on the formal Landsat-7 (Irons et al.,
2012). Therefore, split-window algorithm can be used
to eliminate atmospheric effects, and then obtain LST
retrieval results with a relatively higher accuracy.

In this study, basing on the characteristics of Land-
sat-8 TIRS data, we made relevant revision to the em-
pirical relationship of Qin’s algorithm (Qin et al.,
2001c) applied to NOAA-AVHRR thermal infrared
data, and then applied this modified algorithm to re-
trieve the LST of Shihezi city and gave a quantitative
evaluation for this algorithm.

1 Study area and data source

1.1 Study area

Shihezi city is located in the northern part of Xinjiang
Uygur autonomous region and on the northern slope of
central  Tianshan  Mountains  (84°45-86°40'E,
43°20"-45°20"N; 300-500 m asl; Fig. 1). From south to
north, its terrain forms are Tianshan Mountains area,
mountain piedmont hilly area, piedmont plain and allu-
vial plain. The region is characterized by a temperate
continental climate. The annual average temperature is
6.5°C-7.2°C, with the maximum in July and the mini-
mum in January. The average annual precipitation
125.0-207.7 mm, while the average annual evapotran-
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spiration is 1,000-1,500 mm. As Shihezi region is a
typical arid irrigated agricultural area, the use of remote
sensing techniques to conduct researches on LST re-

trieval at a regional scale has a positive significance for
the ecological construction and sustainable agricultural
development in this region.
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Fig. 1

1.2 Data source and preprocessing

In this study, Landsat-8 L1T data provided by USGS
were acquired at 13:04 on 4 September 2013, with a
track number of 144/29 and 1% image mean cloudi-
ness. MODIS LST/emissivity products (MOD11A1)
at the same day were provided by NASA, with a track
number of h24v04 and a spatial resolution of 1 km.
Moreover, automatic weather station (AWS) observa-
tional data such as surface vapor pressure surrounding
the study area were collected from the website of the
local bureau of meteorology according to the satellite
transit time.

For data preprocessing, three procedures were im-
plemented. Firstly, radiometric calibration and at-
mospheric correction were made to the OLI imagery
by referring to the header file information. In this
procedure, Digital Number (DN) values recorded by
the sensor were converted into apparent reflectance

Location of the study area

and satellite brightness temperature for OLI and TIRS
data, respectively. Then TIRS data were resampled in
a 30-m resolution. Secondly, the format conversion
and projection transformation (from Sinusoidal pro-
jection to UTM/WGS1984) of MODIS LST products
was performed via the MODIS Reprojection Tool
(MRT). The original DN values were transformed into
LST, too. Finally, the data required for the LST re-
trieval and its validation were collected by clipping
the above images according to the vector boundaries
of the study area.

2 LST retrieval method based on Land-
sat-8 TIRS data

2.1 Transfer equation of the land surface thermal
radiation

The thermal radiation received by the sensor mainly
includes three parts: surface thermal radiation after
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atmospheric attenuation, upwelling atmospheric ther-
mal radiation and downwelling atmospheric thermal
radiation with atmospheric attenuation after being re-
flected by the surface and eventually received by the
remote sensor (Qin et al., 2001a). Therefore, transfer
equation of the land surface thermal radiation can be
expressed as Eq. 1.

B(T)=7,(0)&B(T)+(1-s)[ N1+ 1, T. (1)
Where, B,(T;) is the radiation intensity received by
the sensor; i is the sensor channel number; 7; is the
brightness temperature; 7,(6) is the atmospheric
transmittance in channel i at a viewing angle 8; ¢; is
the ground emissivity; 7; is the LST; By(Ty) is the
ground radiation intensity when the surface tem-
perature is Tj; and [;1 and [;| represent upwelling
and downwelling atmospheric radiation intensity,
respectively.

Qin et al. (2001a) found that the replacement of
downwelling atmospheric radiation with upwelling
atmospheric radiation would have an insignificant
effect on the estimate of 7. Thus, the above equation
can be simplified as Eq. 2.

B(T)) = &7,(0)B,(T,) +[1 - 7,O)][1 + (1~ £)7,()1B,(T,).

2)
Where, T, is the upwelling effective mean atmos-
pheric temperature, and B,(7,) is the atmospheric
thermal radiation intensity when upwelling effective
mean atmospheric temperature is 7.

Therefore, LandSat-8 Bands 10 and 11 can be ex-
pressed as Eq. 3 and Eq. 4, respectively.

By (Tg) = &,0710(0) By (T5) +[1 - 730 (0)]
[1+ (1= &,0)70(D)]B, (T;,),

B(T})) = &7, (0) B, (1) +[1 - 7,,(0)]
0+ -&)7,(0)]B),(T,).

2.2 Split-window algorithm

)

“4)

Split-window algorithm, the most mature LST re-
trieval method by far, was first proposed by McMillin
(1975) for estimating sea surface temperature on the
basis of AVHRR thermal infrared data. Afterwards, it
was applied to retrieve LST by Price et al. (1984). Its
basic principle is that the difference between the
brightness temperatures in two channels will yield
information about the atmospheric attenuation, as the

two adjacent thermal infrared spectral windows have
different absorption characteristics. Over the past
three decades, scholars all over the world have pro-
posed more than 10 kinds of split-window algorithms.
Through experimental comparison, Qin et al. (2001c)
found that Qin’s algorithm was better in terms of cal-
culation accuracy. Due to the approximate characteris-
tics and spectral response curve of Landsat-8 TIRS
thermal infrared channels and AVHRR channels 4 and
5, we made some improvements on Qin’s algorithm in
this study in order to adapt Landsat-8 TIRS data for
LST retrieval.

Qin’s algorithm is a typical two-factor model which
can retrieve LST by using just two factors: ground
emissivity and atmospheric transmittance. Its basic
form is as Eq. 5.

T = 4y + ATy — 4T, 6))
Where A4y, A and A, are parameters defined as fol-
lows:
Ay =[a, Dy (1= Cyy = Dyy) —a;, Dy
(- C11 - Dn)] / (DIICIO_ D10C11),
A =1+[Dy + by Dy (1-Cy = Dyy)1/ (Dy,C1p— DGy ),

(6)

©

AZ :D10[1+b11(1_cll _Dll)]/(Dllcl() _Dlocll)ﬁ (8)
C; =£7,(0). ©)

D, =[1-7,()][1+ (1A -¢&)r;(9)]. (10)

Constants of ayo, b1g, a1 and by; can be obtained from
linear expansion of the Planck’s radiation equation
(Qin et al., 2001a).

2.3 Linear expansion of the Planck’s radiation
equation

In order to solve the correlation between radiation
intensity and brightness temperature in TIRS thermal
infrared channels, we explored linear expansion of
the Planck’s radiation equation. Using the first two
approximation of Taylor expansion to express
non-linear function Planck’s equation, we can
achieve higher expansion accuracy and obtain Eq.
11.

(T, ~T)OB,(T)
o (11)
(L;+T, -T)oB/(T)/ oT.

Where, B{(T;) and B,(T) represent radiation intensity at

B(T,)=B(T)+
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temperatures 7; and 7, respectively; when i=10 or 11
and j=10 or 11, T} represents brightness temperature of
Band 10 or 11; if j=s, T;represents LST to be solved;
if j=a , T; represents upwelling mean atmospheric
temperature; 7 is brightness temperature; L; is a tem-

perature-related intermediate variable in Kelvin,
which is expressed as follows:
L, =B/(T,)/[0B,(T)/oT]. (12)
Planck Formula:
C
By (T;) = l 13)

By Egs. 12 and 13, we can get the equation of L;:
2 _
L, =Bi(TA)/[éB,.(TA)/GT]=TC—/1(1—e %T). (14)
2
Where, C; and C, are radiation constants with the val-
ues of 3.7415x10'® w.m® and 1.4387685x10* um.K,
respectively, and 4; is effective center wavelength of
Band i. Since the wavelength intervals of LandSat-8
Bands 10 and 11 are 10.60-11.19 and 11.50-12.51
um, respectively, effective center wavelengths A,;=
10.9 pm and 4,,=12.0 pm are assigned (Irons et al.,
2012).

For the relationship between the intermediate pa-
rameter L; introduced in the expansion process and
brightness temperature, Gao and Qin (2007) found
that linear model L=a;+b;T; has a higher accuracy and
stability. So linear model L=a;+b;T; was used in this
study for fitting parameters when Ty, and 79, are
within the temperature range of 0°C—70°C (Fig. 2).
From Fig. 2, we can get a;;= —66.338, b;,=0.4463,
an= —70.898 and b11:04827
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Fig. 2 Relationship of intermediate parameter L; with temperature

2.4 Ground emissivity

Ground emissivity is a key parameter in LST retrieval
model. It uses thermal infrared remote sensing tech-
niques, which mainly depends on the surface material
structure and wavelength range of the remote sensor.
Emissivity is a measure of the ability of a surface to
emit energy by radiation which has a great influence
on LST retrieval. Currently, the visible and near- in-
frared spectra are often used for estimating ground
emissivity, such as Van de Griend’s empirical formula
(Van de Griend and Owe, 1993) and separation
method of mixed pixels (Becker and Li, 1995). Each
Landsat-8 OLI imagery pixel region (30 mx30 m)
could contain two or more land cover types and there
is a surface inhomogeneity exists at the pixel scale. So,
we used separation method of mixed pixels to esti-
mate the ground emissivity.

As emissivity of different land cover types varies
significantly, we used the Gram-Schmidt fusion
method of higher image fidelity in this study to make
fusion of the Landsat-8 panchromatic band (15 m)
with multi-spectral images (30 m), so as to improve
the reliability and accuracy of visual interpretation in
classification. The fused images could provide in-
creased interpretation capabilities since it enhances the
details of spatial features (Fig. 3a). Then supervised
classification was performed to divide the study area
into water body, town (road, industrial and mining
district, city and rural residential area), bare land,
grassland and arable land. Lastly, they were reclassi-
fied into three categories, namely water body, town
and natural surface (including bare land, grassland and
arable land).

On the basis previous studies (Sobrino et al., 2001;
Stathopoulou et al., 2007), the emissivity of town,
vegetation and bare land in pure pixels were assigned
as 0.970, 0.986 and 0.972, respectively. As water
body pixels are easy to be distinguished and relatively
unitary, its emissivity was directly assigned as 0.995.
Town pixels can be regarded as the mixture of towns
and vegetation. Similarly, natural surface pixels can
be regarded as the mixture of vegetation and bare land.
Zheng et al. (2010) put forward a set of formulae to es-
timate the emissivity of town and natural surface, which
can be expressed as Eq. 15 and Eq. 16, respectively.
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Fig. 3 Gram-Schmidt fusion image (a) and the distribution of ground emissivity (b) for the study area

g, =0.9608420 +0.0860322 f. — 0.0671580]"52, (15)
g, =0.9643744 +0.0614704 f, - 0.0461286]’62. (16)

Where f. represents vegetation cover, which can be
calculated by Eq. 17.

f. =(NDVI = NDVI )/ (NDVI,, = NDVI ;). (17)

In Eq. 17, NDVI represents normalized differential
vegetation index, NDVI,, is NDVI value of pure
vegetation area, and NDVly; is bare soil or non-
vegetation covering area. If there are no obvious
vegetation or bare soil pixels in the area, then NDVI,.,
and NDVlI,; are assigned 0.7 and 0.05, respectively.
Therefore, when NDVI>0.7, it can be regarded as full
vegetation cover, with both & and g, being 0.986;
when NDVI<0.05, it can be regarded as bare soil, with
both ¢ and ¢, being 0.970; when 0.05<<NDVI<0.7,
emissivity can be calculated by Eqs. 15 and 16. Based
on the above method, the emissivity of each pixel can
be calculated by combining NDVI, vegetation cover-
age and classification map (Fig. 3b).

2.5 Atmospheric transmittance

Atmospheric transmittance mainly depends on the
dynamic changes in the amount of water vapor (Qin et
al., 2001a). Currently, water vapor content of the at-
mosphere is usually estimated by using atmospheric
software, such as MODTRAN, LOWTRAN and 6S,
with standard atmospheric models. It also can be
quantitatively retrieved by using absorption character-
istics difference of water vapor in the visible, near
infrared and thermal infrared bands, such as two-band
ratio method (Kaufman and Gao, 1992) and
three-band ratio method (Jiang et al., 2006), which
were proposed according to the band setting charac-
teristics of MODIS. As water vapor absorption dif-
ference in related bands of Landsat-8 cannot be di-
rectly used to retrieve atmospheric water vapor con-
tent, this study used the relation of water vapor con-
tent and surface vapor pressure in the Tianshan
Mountains (Eq. 18; Yao, 2012) to estimate the water
vapor content in Shihezi region.
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w=1.6571e. (18)
Where, w is water vapor content in mm, and e is sur-
face vapor pressure in hPa.

To obtain the surface vapor pressure data covering
the entire study area, we collected the observation data
of 12 automatic weather stations in the surrounding
areas of Shihezi during the satellite transit time. We
also used inverse distance weighting (IDW) interpola-
tion method to convert point observation into grid data,
and resampled its spatial resolution to 30 m. Subse-
quently, the atmospheric water vapor content can be
calculated by Eq. 18.

Lastly, MODTRAN 4 was used to simulate the at-
mospheric transmittance of two thermal infrared
channels of Landsat-8 TIRS under the conditions with
the mid-latitudes summer mode, temperature of 25°C
and water vapor content of 0.4-3.0 g/cm” (Table 1). In
order to get a better result of the relationship between
atmospheric transmittance and water vapor content,
we used piecewise linear fitting method to obtain the
universal transmittance estimation equations in the
water vapor content ranges of 0.4-1.6 and 1.6-3.0 g/cm®
(Fig. 4). The flow chart of LST retrieval based on
Landsat-8 is shown in Fig. 5.

3 Results and discussion

3.1 Retrieved LST and its analysis

The LST distribution map of Shihezi city was re-
trieved by using the improved split-window algorithm
according to computed results of ground emissivity
and atmospheric transmittance (Fig. 6a).
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Table 1 Atmospheric transmittance of TIRS Bands 10 and 11 of
Landsat-8
Atmospheric water vapor content (g/cmz) 710 T

0.4 0.9565 0.9252
0.6 0.9460 0.9088
0.8 0.9350 0.8919
1.0 0.9236 0.8745
1.2 0.9116 0.8566
1.4 0.8991 0.8380
1.6 0.8861 0.8188
1.8 0.8695 0.7956
2.0 0.8529 0.7727
2.2 0.8340 0.7472
2.4 0.8154 0.7223
2.6 0.7967 0.6969
2.8 0.7775 0.6712
3.0 0.7579 0.6453

With the lack of synchronized measured LST data
during the satellite transit time, absolute accuracy as-
sessment of retrieved LST cannot be obtained. The
current widely used MODIS LST products were used
in the experiment for the validation and analysis of the
retrieved LST. Wan et al. (2004) found that the accu-
racy of MODIS LST products is within 1 K. The
MODIS LST products in Shihezi are shown in Fig. 6b.
Comparing Figs. 6a and b, we can see that spatial dis-
tribution is overall consistent between MODIS LST
products and the retrieved LST based on Landsat-8
TIRS data. The high temperature regions are located
in the south of the Tianshan Mountains area, the
mountain piedmont hilly area and urban area.
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Fig. 4 Fitting relationship between atmospheric transmittance and water vapor content. (a) Water vapor content of 0.4—1.6 g/cmz; (b)

water vapor content of 1.6-3.0 g/cm®.
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Fig. 6 Retrieved LST based on Landsat-8 TIRS data (a) and MODIS LST products (b) for the study area

The spatial resolution of MODIS LST products is
1 km, while the resolution of retrieved LST in this
study is 30 m, thus this two images do not match
completely. Therefore, the nearest neighbor interpola-
tion method was used to resample the spatial resolu-

®

0 2500 5000 m
[

=}

=z

I 40
> 5°C

tion of retrieved LST based on Landsat-8 TIRS to 1
km at first, then 100 conjugate points between the two
images were randomly selected for regression analysis
(Fig. 7a). Since MODIS LST products do not include
water body, a certain number of conjugate points in
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both natural surface and urban area were selected for
regression analysis, and their scatter diagrams were
drawn respectively (Figs. 7b and c).
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Fig. 7 Correlation analyses of retrieved LST from Landsat-8
TIRS data and MODIS LST products on entirety surface (a),
natural surface (b) and urban surface (c)

Basing on the relevant analysis for the conjugate
points (Fig. 7; Table 2), we found the correlation co-
efficients of retrieved LST from Landsat-8 TIRS and
MODIS LST products on entirety surface, natural
surface and urban surface were 0.8422, 0.8661 and

0.7345, respectively. Moreover, the sample points
selected in the above two types both had passed T test
using a significance level of 0.05, indicating that there
is a strong correlation between the two variables.

Table 2 Correlation coefficients of retrieved LST from Landsat-8
TIRS and MODIS LST products on different land cover types

Land cover type Correlation coefficient

Entirety surface 0.8422
Natural surface 0.8661
Urban surface 0.7345

Given that the retrieved LST is mixed with many
non-urban pixels in the process of resampling the spa-
tial resolution from 30 m to 1 km, the relative strong
correlation coefficient shows that the retrieved result
has certain reliability. In addition, we conducted a
comparison of the sample points selected in the two
images to calculate the mean and standard deviations
of LST values for different land cover types (Fig. 8).

As can be seen from Fig. 8a, the value of retrieved
LST from Landsat-8 is higher than that of MODIS
LST products. There is a difference of 1.79°C be-
tween the entirety surface means while 1.98°C be-
tween the natural surface means. The closer standard
deviations reflected that the two results are consistent
in LST changes (Fig. 8b). There is a difference of ap-
proximately 4.63°C for the mean values of urban sur-
face temperature (Fig. 8a), and the standard deviation
difference is significant (Fig. 8b), indicating there are
large changes in the retrieved LST value of TIRS. The
experimental results may be due to the following rea-
sons: (1) Intervals of 30 minutes existed between the
two sensors as well as rapid changes in LST of imper-
vious surfaces caused by high reflectivity such as
town. (2) The water vapor content parameter required
for producing MODIS LST products was retrieved
from water vapor absorption property difference be-
tween different channels, which has some variance in
the water vapor content data obtained by interpolation
of surface vapor pressure based on observed values of
the weather stations in this study and empirical corre-
lation. (3) When determining the ground emissivity,
this study reassigned specific emissivity values after
classification without taking into account of emissivity
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Fig. 8 Comparison of the LST between Landsat-8 TIRS and MODIS on different land cover types

difference in different channels. (4) In order to make a
comparative analysis of the retrieved LST and
MODIS LST products, we resampled the spatial reso-
lution of retrieved LST from 30 m to 1 km, thus the
spatial resolution difference resulted in a scale effect
to some extent.

In summary, possible sources of errors have been
identified and discussed. Nevertheless, under the
specified constraints, retrieved LST conforms to the
law of changes in natural LST, and a series of statisti-
cal indicators show that the results have a high reli-
ability and accuracy.
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3.2 Characteristics of LST

The land cover types in the study area include water
body, town, bare land, grassland and arable land. Figure
9 shows the histogram distribution of LST in this area.
During the acquisition of satellite imagery, LSTs were
30°C—40°C, and there were relative fewer areas with
LST of higher than 40°C particularly in bare land.

LST was influenced by the combination of human
activities and natural processes. In order to reveal the
diversities of LST in different types of land cover, we
analyzed the temperature characteristics of the three
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Fig. 9 Histogram distribution of LST in the study area
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land cover types, including natural surface (com-
posed of bare land, grassland and arable land), town
(consist of road, industrial and mining district, city
and rural residential area) and water body. The
minimum, maximum and mean temperatures of the
above three land cover patterns were derived by av-
eraging all corresponding pixel values (Table 3). Ta-
ble 3 showed that the average temperature of water
body is the lowest one with the value of 29.42°C,
while the average temperature of town is the highest,
reaching 35.32°C.

Table 3 Difference of LST of different land cover types

LST
Land cover type Minimum Maximum Mean
(°0)
Natural surface 24.58 46.12 33.03
Town 23.03 48.45 3532
Water body 23.17 35.76 29.42

The preceding results reflect that the spatial vari-
ability of LST is basically consistent with the land
cover types of the area. The hot spots clustered in
high-density residential areas and heavy industrial
districts, while the cold spots were mainly associated
with lands adjacent to rivers, parks and farmlands. The
main land cover type in the Tianshan mountainous
area and the low-relief terrains in the mountain pied-
mont hilly area is sparse grassland with bush, and the
low vegetation cover and high bareness lead to the
high surface temperature. The Jiahezi Reservoir, lo-
cated in the northeast corner of the area, is an evident
low temperature region, because the reservoir water
boasts so high thermal conductivity that it hardly ag-
gregates heat. On the other hand, water may take away
lots of heat through natural evaporation. Shihezi oasis
is an arid agricultural irrigation area and the surface
temperature of arable land covered by agricultural
crop is relatively low. The agricultural crop may stop
the rising of LST to prevent direct sunlight. Further-
more, lots of heat may be taken away by the agricul-
tural crop through transpiration.

It should be worth noting that the areas with rela-
tively high temperatures are centered in the northern
urban area, where many industrial fields and residen-
tial areas with higher bareness degrees are distributed.

Concrete buildings and surfaces could rapidly absorb
solar radiation (Hall et al., 2012), resulting in ex-
tremely high temperatures. However, due to the in-
crease in greening area, the LST in the central urban
area is relatively low. Trees and vegetation brought
lower surface and air temperatures by providing shade
and through evapotranspiration, thus making affore-
station a simple and effective way to reduce urban
heat island effect.

4 Conclusions

Landsat-8 TIRS is one of the most accurate thermal
infrared sensors with relatively high spatial resolu-
tions at present. It has the capability to acquire infor-
mation in two thermal infrared spectral bands of 10.90
and 12.0 pm. It may provide a better measurement of
LST on the basis of split-window method. In this
study, we put forward a modified algorithm for LST
retrieval by using Landsat-8 TIRS data and meteoro-
logical observation. Firstly, we used the observed data
of surface vapor pressure from AWS to estimate the
parameters of atmospheric water vapor content, which
were required for the calculation of atmospheric
transmittance. Secondly, a classification map with
high spatial resolution was used as a supplement to
estimate ground emissivity. Finally, Qin’s algorithm
with improved higher precision in the split-window
method was adopted for retrieving LST quantitatively
from Landsat-8 TIRS data.

In addition, the MODIS LST products (MODI11A1)
were used for validation and analysis of the retrieved
LST. Analysis of correlation coefficients of retrieved
LST from Landsat-8 TIRS data and MODIS LST
products showed that the two kinds of LST have high
consistency though the algorithms and data are dif-
ferent. The retrieved LST based on Landsat-8 TIRS
data is in line with the law of changes in natural LST
and is able to clearly reflect the spatial distribution of
surface temperature in Shihezi. So the retrieved LST
has a certain accuracy and reliability, and the modified
algorithm used in this study is practical.

However, due to the lack of synchronous ground
measured LST data during the satellite transit time,
absolute accuracy assessment cannot be made on the
retrieved LST. This study only made a preliminary
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study from the perspective of quantitative application
of Landsat-8 TIRS data. Further study and discussion
is needed to achieve better application of Landsat-8
TIRS data into the fields, such as monitoring urban
heat island and agricultural production.
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