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Land Surface Temperature Retrieval Based on Landsat ETM+/TM--

Taking Xi’an City as an Example
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Abstract: The development of remote sensing technology and geographic information systems provides a new research
tool for people to quickly access urban heat environmental information and analysis the evolution of space. Combined
with urban development planning data related information of Xi'an, then the LST of Xi'an urban area was successfully re-
trieved by the mono-window algorithm based on 2002 ETM + and 2010 TM images. The results indicated that there was a
weak heat island effect in most districts of Xi'an, only a small portion of the region where there was a strong heat island
effect. In 2002, the temperature between suburbs district and urban district in Xi'an was about 24°C-30°C, the same as
2010. But in 2010, the area of heat island effect was much smaller than 2002. Finally, the correlation between NDVI and
LST was also analyzed, and results concluded that the LST retrieved from the ETM+/TM data had a strong negative cor-
relation with NDVI. Therefore, increasing vegetation area in urban can help alleviate the heat island effect.
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1. INTRODUCTION

Nowadays, urban heat island effect (UHI) is one of the
most important urban ecological problems. The road made of
asphalt and cement has a greater power at conducting and
storing thermal energy than grass and soil because of their
compact and homogenous structure. Along with the rapid
urbanization, there are many crowed building group that
makes the urban feels hotter. The reduction of evaporation
makes the urban store more heat, so it radiates to the sur-
rounding and the atmosphere that causing the temperature of
urban is generally higher than suburban at the same time.
High temperatures urban is surrounded by low temperature
suburban. What mentioned above is the formation of the
urban heat island effect (UHI) [1]. Development of satellite
remote sensing technology and geographic information sys-
tems provides a new research tool for quick access to
environmental information and spatial urban heat evolution
analysis. Landsat ETM+ and TM data was used this paper to
calculate LST of Xi’an and hope to play a role in living envi-
ronment planning and urban planning.

2. STUDY AREA AND DATA SOURCE

Xi'an is located in the Guanzhong Basin which is in the
central of Weihe Valley. The average elevation of Xi'an is
445 meters. The Loess Plateau and Weihe Valley are to the
west of Xi'an and Qinling Mountain is to the south of it.
Xi'an is characterized by the warm temperate of semi-humid
continental monsoon climate, so it has four distinctive sea-
sons. In 2013, Xi'an minimum temperature was -12°C and
the maximum temperature was 39°C. It covers an area of
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10.11 thousands square kilometers with a population of 8.55
million. As Xi'an region is an important city of international
tourism, research LST at a regional scale based on remote
sensing techniques has a positive significance for the urban
planning and the development of tourism.

In this study, Landsat-7 ETM+ data provided by USGS
were acquired at 03:08 on 3 June, 2002, with a track number
of 127/36. Landsat-5 TM data provided by USGS were ac-
quired at 03:10 on 4 August, 2010. Landsat-7 ETM+ has a
total of 8 bands, 30 m spatial resolution, of which the sixth
band (thermal infrared) resolution is 60 m, the eighth band
resolution of 15 m. Landsat-5 TM has a total of 7 bands,
spatial resolution of 30 m, of which the sixth band (thermal
infrared) resolution is 120m.

3. LST RETRIEVAL METHOD BASED ON QIN'S
MONO-WINDOW ALGORITHM

The mono-window algorithm [2] was provided by Qin
Zhihao according to the transfer equation of the land surface
thermal radiation using Landsat Landsat data. There was
three unknown parameters in the formula of the algorithm.
They were respectively Ta, t, €. Ta was the average atmos-
pheric temperature, T was the atmospheric transmittance and
€ was ground emissivity. Formulas of Qin's mono-window
algorithm can be expressed as Eq.1

T=[a*(1-C-D)+(b*(1-C-D)+C+D)*T-D*T,]/C (1)

where Ty was LST, T¢ was the pixel brightness temperature
of TM6 and L,y was the corresponding intensity of thermal
radiation, a=-67.355351, b=0.458606, C and D was the in-
termediate variable. C and D can be simplified as Eq. 2 and
Eq.3

C=t*¢ ©)
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D=(1-t)*(1+7%(1-6)) (3)

3.1. Approximation of Ta

Ta can be calculated according to the following formula
[31:

In the middle latitude area, the average value of Ta in
summer (45°N, July) can be calculated by Eq. 4

T.=16.0110+0.92621*T, 4)

In the winter of middle latitude, the average value of Ta
can be calculated by Eq. 5

T,=19.2704+0.91118*T, (%)

The average atmospheric temperature Ta can be derived
through check out the annual mean temperature of the day
that Landsat data was be obtained. t can be supplied from
Atmospheric Correction Parameter Calculator which offered
by the official website of NASA, as long as input the Land-
sat data acquisition time and the center longitude and lati-
tude, the estimated value of t can be obtained. It can be also
estimated according to different atmospheric water vapor
content in different temperature conditions.

3.2. Estimation of the Ground Emissivity

In Qin's mono-window algorithm [4], the modified NDVI
threshold method was used to calculate the value of €. the
land surface was divided into three kinds of cover types.
They were: water body, town (road, industrial and mining
district, city and rural residential area), natural surface (in-
cluding bare land, grassland and arable land). NDVI was the
best indicator of vegetation growth status and vegetation
coverage.

NDVI=(DNyz-DNg)/( DNyp+DNg) (6)

Vegetation cover P, refers to the percentage of vertical
projection area of the ground of vegetation (including leaves,
stems, branches) in total statistical area (Gitelson et al.,
2002).

P,=[(NDVI-NDVIL,)/(NDVL,-NDVIL)] (7)

In Eq.7, NDVI, =0.7, NDVI; =0.5. NDVI, was NDVI
value of pure vegetation area or agricultural land, and NDVI;
was bare soil or little vegetation covering area. When
NDVI>0.7, pixel can be regarded as full vegetation cover, P,
should be 1. If Pixel was considered to be of mixed pixels
consisting of bare soil and vegetation, such as the town pixel,
then NDVI, and NDVI; were assigned between 0.7 and 0.05.
Therefore, When NDVI<0.05, it can be regarded as bare soil,
P, should be 0. Water body pixel of ground emissivity value
can directly take 0.995 according to experience.

Vegetation (Esurface) and towns (€puitg-up) ground emissivity
can be calculated according to the following Eq. 8 and Eq. 9.

Equrtace = 0.9625 + 0.0614P, - 0.0461P,’ (8)
Ebuildup= 0.9589 + 0.086P, - 0.0671P,° )

3.3. Calculation for T

T was the pixel brightness temperature of TM6, referred
to the black-body temperature that black-body radiated the
same energy equal with observation objects.
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T6:K2/ In (1+K1/L(}\)) (10)

L(A):Lmin(K)+ (Lmax(K) 'Lmin(K)) an/Qmax (1 1)

Qun referred to the Digital Number (DN) values recorded
by the sensor. Liingy. Lmax(). Qmax can be found in the header
file of remote sensing image. The formula can be written as
Eq.12

Ly=1.238+0.05515686Qy, (12)

For Landsat-5 TM K;=607.76 W-m™sr'-um”' K, =
1260.56K

For Landsat-7 ETM+ K1=666.09W~m'2~sr'1urn'1 K, =
1282.71K

One point should be mentioned that Landsat-7 ETM pro-
vided two mode of thermal infrared data :6H and 6L. So in
the calculation of L, the value of corresponding Lyinp) and
Liaxoy need to check out before calculation. 6H channel’s
available temperature was range of 240 ~ 320K. 6L chan-
nel’s available temperature was range of 130 ~ 350K. The
6H channel was more suitable for the inversion of LST under
the normal condition and the inversion accuracy was higher
than that of 6L channel [5].

4. RESULTS AND DISCUSSION

Figs. (1) and (2) were LST of Xi'an by using Qin's mono
window algorithm in August 2002 and August 2010. It can
be see from the pictures that temperature of urban was higher
than suburb. In both of two figures most area of Xi'an in
24°C-27°C.

4.1. Analysis of the Intensity Distribution of Heat Island

Zhang Yong [6] presented a new index to describe the
thermal field variation of a certain point:

HI(T):(T'TMEAN)/TMEAN (13)

In the Eq.13, HI referred to urban thermal field variance
index, T was LST of somewhere in Xi’an, Tygan Was aver-
age LST of study area. According to the thermal field vari-
ance index and the actual situation, the value of HI can be
divided into 4 types with different color in the Figs. (3) and
.

(1) The value of blue area HI (T) was negative, indicating
no heat island effect

(2) The value of yellow area HI (T) was in 0-0.1, indicat-
ing weak heat island effect

(3) The value of magenta HI (T) was in 0.1-0.2, indicat-
ing heat island effect

(4) The value of red HI (T) was beyond 0.2, indicating
strong island effect

Comparing with 2010, in 2002, it can be found that the
area of no heat island effect in 2002 and 2010 were both ap-
peared on the agricultural land in the suburbs, but area in
2002 was larger than in 2010, then, heat island effect was
more serious in 2002 than 2010. In 2010 most area in Xi’an
was in weak heat island effect, a small area in heat island
effect. The area in strong heat island effect were Xi'an Rail-
way Station, Sanfuwan Passenger station and other crowed
places.
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Fig. (1). LST of Xi’an in 2002.
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Fig. (2). LST of Xi’an in 2010.
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Fig. (3). Distribution of heat island in 2002.
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Fig. (4). Distribution of heat island in 2010.

4.2. Analysis of NDVI and LST

In order to analyze the relationship between the NDVI
and LST, Scatter plots and linear fitting were done between
LST values of 250 random ground pixels (except water
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pixel) and the corresponding NDVT value. Statistical analysis
showed (Fig. 5) that the correlation coefficient between
NDVI index and land surface temperature LST reached -
0.502, R2=O.252, which meant that there was significant
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Fig. (6). NDVI of Xi’an in 2002.

negative correlation between land surface temperature and
vegetation index.

From the following Figs. (6) and (7), it can be seen that
outside of city center area, the NDVI index was significantly
higher than the city center area, and from the above data, it
can also be learned that the LST of the city center area was
higher than suburb. In 2002, the area within the second ring
of Xi'an City, NDVI value was in the range of 0-0.2. In
2010, the area within the by-pass highway of Xi'an, NDVI
value was in the range of 0.2-0.4, indicated that the Xi'an
urban green space system in 2010 was better than in 2002.
But water body exceptions, the NDVI value of the water and
temperature values were relatively low. Now the Xi'an city
green rate was 31.89%, green coverage rate was 40.33%, the
per capita green area was 7.8 m’. According to statistics,
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Xi'an had 6 nature reserves, 7 types of wetlands, the total
area was about 23577.8 hectares. The park in Xi’an had
reached a total number of 54, built-up area of about 2625
hectares. The protection forest in the second south ring and
second north ring had been built. Green space effect of Quyji-
ang New District, Gaoxin District, and Economic-
Technological Development Area were obvious and green
status level was higher than other districts [7]. To ease the
urban heat island effect, green space area and water area
shall be increased or improve the green vegetation coverage.

4.3. Analysis of Xi’an Urban Planning

Land types of Xi'an were divided into 4 types: construc-
tion land, agricultural land, water, bare land and unused land
by supervised classification method. The following Figs. (8)
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Fig. (7). NDVI of Xi’an in 2010.
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Fig. (8). Distribution of land use type in 2002.

and (9) were corresponding to distribution of land use type in accounted for 22.82% of the total area of Xi'an, but in 2010,
2002 and 2010. The red area was the construction land, the it accounted for 52.57% of the total area, agricultural land
green area was agricultural land, the yellow area was the decreased from 40.92% in 2002 to 35.05% in 2010, the bare
bare land and unused land, the blue area was water. Accord- land and unused land, water area were also reduced from
ing to the statistical data in ENVY, construction land in 2002 34.80% to 11.45%, 1.46% to 0.93%. Comparison of the
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Fig. (9). Distribution of land use type in 2010.

2010 and 2002 figure on LST of Xi'an, we can see that, the
construction land in general was in area of weak heat island
effect or heat island effect, but most of agricultural land was
in the area of without heat island effect.

5. STRATEGY FOR IMPROVEMENT
5.1. Increasing the City Green Space and Water Area

In large energy consumption place, such as Heping in-
dustrial park and Xidian Group had a significant effect on
reducing local environmental temperature through the intro-
duction of water or increase the green space area. Planting
green plants may provide more advantages than water, be-
cause plants may not be influenced by topography, have high
economic benefit, can purify the air, also have a great role in
reducing the urban noise. Planting on the roofs of tall build-
ings can not only reduce the absorption of heat energy, but
also beautify the city. For some materials of the heavy endo-
thermic wall decoration may consider the possibility of
change into other cooling and energy-saving materials. In-
crease the construction of downwind street pattern to drive
air circulation to reduce the local temperature. The strongest
cooling effect in the common city layout was wedge-shaped,
which not only has good connectivity but also can achieve
the “corridor effect” of landscape ecological [8].

5.2. Reducing Artificial Heat Emission from the Clean
Production

Asphalt and cement road has a greater power at conduct-
ing and storing thermal energy than grass and soil because of
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their compact that is one of the reason why temperature in
urban is higher than suburb. So using some strong perme-
ability materials in ground pavement can reduce the absorp-
tion of solar radiation and reduce the heat storage. Advocat-
ing people to travel by public transport or other low-carbon
way. and Xi'an subway construction makes the traffic condi-
tions even worse, so advocate low-carbon way can relieve
traffic congestion situation.

6. CONCLUSION

(1) Range of influence by heat island effect in year 2010
was bigger than in year 2002, but the heat island intensity
level was weaker than in year 2002. The main reason was
that in year 2002 the construction of Xi'an city urban green
space system had not been perfect. In 2010, most values of
NDVI were in the range of 0.2-0.4, but in 2002, most values
of NDVI were in the range of 0-0.2. It has been proved that
there was a negative correlation between NDVI and LST, so
the strength grade of Xi'an urban heat island effect in 2010
was weak than in 2002.

(2) In the place of urban villages, industrial zone of high
energy consumption, population density of the train station,
passenger stations, where it is easy to form the heat island
effect.

(3) City green space system and water has obvious effect
to reduce heat island effect [9].

However, due to the absence of measured data of land
surface temperature of Xi'an, the experimental results still
need further verification.
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