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Abstract

Land Surface Temperature (LST) is an extremely important parameter that controls the exchange
of longwave radiation and sensible heat flux between the Earth’s surface and the atmosphere.
Therefore knowledge of LST is essential for a range of issues and themes in Earth sciences
central to hydrology, climatology and global environmental change. In particular, it plays a main
role in estimating hydrological variables, such as evapotranspiration. However, because of the
extreme heterogeneity of most natural land surfaces, LST is a difficult parameter to estimate and
to validate. In this study, two models by Qin et al. and Jiménez-Murioz and Sobrino were applied
and compared for the evaluation of the LST on the Basilicata region (Southern Italy). These
models were proposed in literature as alternatives to the application of the Radiative Transfer
Equation (RTE) in order to overcome some difficulties in obtaining data from radio sounding
and in schematizing mass and energy exchange processes in the atmosphere. Two images from
Landsat-7 ETM+ (9th August, 1999; 14th June, 2002), covering the whole Basilicata region,
were processed to obtain maps of LST. The required meteorological variables, air temperature
and relative humidity, global solar radiation and wind speed, were obtained by interpolating data
from a network of agro-meteorological stations distributed within the region. The variability
of the LSTs retrieved was investigated with respect to different land use types characterized
from the CORINE Land Cover map. Then a comparison was made between the LST retrieved
by the application of the Qin et al. and the Jiménez-Murioz and Sobrino models and the in
situ measurements of surface temperature taken at ALSIA (Agenzia Lucana di Sviluppo e di
Innovazione in Agricoltura) weather stations located in the lonian band of the Basilicata region.
The results show (in agreement with previous works) that the Jiménez-Mufioz and Sobrino model,
in this case, is better able to approximate the measured data than the Qin et al. model, also using
Landsat-7 ETM+ images and in a different context, such as that of the Lucan lonian band.
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1 Introduction

As is well known, Land Surface Temperature (LST)
is one of the key parameters in the physics of land-surface
processes on regional and global scales, combining surface-
atmospheric interactions and the energy fluxes between the
atmosphere and the ground (Wan and Snyder, 1996). LST
is required for a wide variety of scientific studies - from cli-
matology to hydrology to ecology and biogeology (Running

et al., 1994), providing important information about the sur-
face physical properties and climate which plays a key role
in many environmental processes (Dousset and Gourmelon,
2003; Weng et al., 2004; Mallick et al., 2008).

The LST over an entire large area could easily be ac-
quired by using satellite thermal remote sensing technology
(Zhang et al., 2006). However, an accurate estimate of the
LST from IR remote sensing data requires knowledge of
many influencing parameters, because it is controlled by the

{m] _ 2012 Author(s). This work is licensed under a Creative Commons License.



V. A. Copertino et al.: Comparison of algorithms to retrieve LST from LANDSAT-7 ETM+ IR data in the Basilicata lonian band

atmospheric state and surface emissivity. Given the great im-
portance in modeling and applying the LST, despite the dif-
ficulties in taking into account all the influential parameters,
several models have been developed in literature, character-
ized by a different set of applications, that combine thermal
satellite and field data to obtain an accurate estimation of this
variable.

As far as the Landsat TM and ETM+ are concerned,
three different single-channel methods have been proposed
to retrieve the LST from their thermal bands (Sobrino et al.,
2004). These three methods are: (i) Radiative Transfer Equa-
tion, (ii) the Qin et al. (2001) mono-window algorithm, and
(iii) the Jiménez-Muiioz and Sobrino (2003) single-channel
algorithm. The first method requires accurate knowledge of
atmospheric parameters, such as transmissivity and atmo-
spheric upwelling and downwelling radiances, which is not
always possible. In particular, in situ atmospheric profiles
from radiosondes launched simultaneously with the satellite
passes are needed and this is a big constraint on using it
(Zhang et al., 2006). The second and third methods, usu-
ally used when ground truth data are not available, represent
two alternatives to the Radiative Transfer Equation for the
LST retrieving, in order to simplify the atmospheric correc-
tion processes.

Numerous factors need to be quantified in order to as-
sess the accuracy of the LST retrieval from satellite ther-
mal data, including sensor radiometric calibrations (Wuke-
lic et al., 1989), atmospheric correction (Cooper and Asrar,
1989), surface emissivity correction (Norman et al., 1990),
and characterization of spatial variability in land cover.

In particular, surface temperature measurements are
strongly affected by atmospheric effects, particularly by wa-
ter vapor absorption, therefore a correction method is abso-
lutely necessary. Moreover, the LST estimation by means of
passive thermal remote sensing depends on accurate emissiv-
ity specification (Becker and Li, 1990). Land Surface Emis-
sivity (LSE) measurement by remote sensing has the disad-
vantage that the temperature and emissivity cannot be calcu-
lated simultaneously because the number of unknown vari-
ables is always higher than the number of measurements. To
overcome this, qualitative approximations have to be made,
for example assuming a constant value of the emissivity for
all bands or introducing a hypothesis such as relating emis-
sivity to some vegetation variables. For example, the Vegeta-
tion Cover Method (VCM) developed by Valor and Caselles
(1996) is based on the relationship between emissivity in the
thermal infrared and the Normalized Difference Vegetation
Index (NDVI).

In the past, the impossibility of applying a split-window
equation and the difficulty of having temporarily coincident
radio soundings meant that Landsat data was not often used
to obtain the surface temperature. However, recently, the use
of these data for the LST retrieval has increased due to the
development of models based on the only thermal channel
(TM6) of Landsat sensors, such as the mono-window algo-
rithm of Qin et al. (2001) and the single-channel algorithm
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of Jiménez-Munoz and Sobrino (2003). In this study, these
two models were applied to Landsat-7 ETM+ images, cor-
responding to 9th August, 1999 and 14th June, 2002, and
covering the whole Basilicata region, to evaluate the LST at
a regional scale. The main objectives of this study were: (i)
to assess the performance of the two models and to compare
them to each other, checking them in a different geographi-
cal and climatologic area from those for which they were ini-
tially developed and applied; (ii) to improve the reliability of
some models, such as the evapotranspiration retrieval ones,
that involve the LST as one of the main parameters; (iii) to
have an LST modeling of more immediate application com-
pared to the RTE, depending on the available images, so as to
overcome the difficulties in obtaining data from radiosound-
ing and in approximating the schematization of the energy
exchange processes in the atmosphere; (iv) to link and com-
pare information deriving from satellite and field data.

The emissivity estimation was made using an NDVI
method, while the variability with different land uses of the
LST retrieved was compared to the surface temperature mea-
surements from the meteorological stations located in the
Ionian band of the Basilicata region, referring to CORINE
Land Cover map (APAT, 2005).

2 Models for Land Surface Temperature retrieval

In this Section, two models for LST retrieval from re-
mote sensing are described: (i) the Qin et al. mono-window
algorithm 2001 and (ii) the Jiménez-Mufioz and Sobrino
single-channel algorithm 2003.

2.1 The Qin et al. mono-window algorithm 2001

Qin et al. (2001) developed a mono-window algorithm
to obtain the LST from the TM6 thermal band of the The-
matic Mapper sensor on board the Landsat-5 satellite. This
algorithm was expressed as follows:

as
Ts,=—(1-Cs—D
s ( 6 6) +
b D
+i [(1 - CG - DG) + CG + DG] Tsensor - 76Ta (1)
CG Cﬁ

where T is the land surface temperature in K; Tsep50r 1S the
at-sensor brightness temperature in K computed from Land-
sat TM band 6; ag = -67.355351, bg = 0.458606; Cg = £7¢;
D¢ = (1-1¢)[1+(1-)76], where € is the land surface emis-
sivity and 7¢ the total atmospheric transmittance; 7y, is the
effective mean atmospheric temperature in K given for mid-
latitude (Zhang et al., 2006) by:

T, = 16.0110 + 0.926217, 2)

T, being the near surface air temperature. 7,, € and 7¢
are the three parameters needed to convert the brightness
temperature to LST.
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The model proposed by Qin et al. (2001) also es-
timates the atmospheric transmittance from atmospheric

water vapor content, w, for the range 0.4-1.6 g cm™2:

7 = 0.974290 — 0.08007w(highT,) 3)

7 =0.982007 — 0.09611w(lowTy,) “)

where the relation between the water vapor content and the
atmospheric transmittance is considered under two near sur-
face atmospheric temperatures: low profile, defined as 18°C
(Equation 3), and high profile, defined as 35°C (Equation 4).

2.2 The Jiménez-Munoz and Sobrino single-channel
algorithm 2003

Jiménez-Mufioz and Sobrino (2003) developed a gener-
alized single-channel method to retrieve LST from only one
thermal channel, where LST is given by the following equa-
tion:

TS =7 [E_l (leLsensor + 1/}2) + wS] + § (5)
with:
-1
CZLsensor A4 1
=N 72 7Lsensor A 6
! { Tzensor |:cl * ( )
0= _’yLsensor + Tsensor (7)

where T is the land surface temperature in K; Lgsensor
is the at-sensor radiance in W m~=2 sr—! pm™!
is the at-sensor brightness temperature in K, A is the ef-
fective wavelength in ym (11.457 pm for the TM6 band),
c1 = 1.19104-108 W um~2 sr=! and ¢y = 14387.7 um K.
The atmospheric functions 1, ¥9 and 13 can be obtained
as functions of the total atmospheric water vapor content
(w) according to the following equations particularized for
TM/ETM+ data in band 6 (Sobrino et al., 2004):

’ Tsensor

1 = 0.14714w? — 0.15583w + 1.1234 ®)
¥y = —1.1836w? — 0.37607w — 0.52894 )
3 = —0.04554w? 4 1.8719w — 0.39071 (10

3 Land surface emissivity estimation using the
NDVI method

The retrieval of LST from satellite data requires the cor-
rection of the effects introduced by the atmosphere, mainly
the absorption and emission of atmospheric water vapor and
the surface emissivity, which can be significantly lower than
unity and varies spatially with surface cover and type (Coll
et al., 2005). Land Surface Emissivity (LSE) is required for
applying both the above described methods for estimating
the LST from Landsat images. The single thermal channel
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(TM6) of the Landsat satellites makes it impossible to ap-
ply methods that are well known and accepted by the scien-
tific community working in the thermal infrared, such as TES
(Temperature and Emissivity Separation) algorithm (Gille-
spie et al., 1998).

An alternative, operative, easy to apply procedure is to
obtain the LSE image from the NDVI (Normalized Differ-
ence Vegetation Index). Among the different approaches
available in literature (Sobrino and Raissouni, 2000; Valor
and Caselles, 1996; Van de Griend and Owe, 1993) in this
study the NDVI Thresholds Method-NDVIT#M yas used.

This method was originally developed and applied to
AVHRR data over a study area located in Morocco by
Sobrino and Raissouni (2000). The application of the
NDVITHM to TM data acquired over the Requena-Utiel
site (Valencia, Spain) was analyzed in Sobrino et al. (2004),
while the application to TM data acquired over the Barrax
area was analyzed in Sobrino et al. (2008).

The NDVITH#M method obtains the emissivity values
from the NDVI considering different cases (Sobrino et al.,
2004):

e NDVI < 0.2

In this case, the pixels are considered as bare soil and
the emissivity is obtained from reflectivity values in the red
region.

e NDVI > 0.5

Pixels with NDVI values higher than 0.5 are considered
to be fully vegetated, and then a constant value for the emis-
sivity is assumed, typically of 0.99.

e 0.2 <NDVILO0.5

In this case, the pixels are composed by a mixture of
bare soil and vegetation, and the emissivity is calculated ac-
cording to the following equation:

e=¢e,P,+es(1—P,)+de (11

where €, and ¢, are vegetation and soil emissivity respec-
tively, P, is the vegetation proportion obtained according to
Carlson and Ripley (1997):

NDVI— NDVI., 1°

U I NDVIyae — NDVipm

where NDV 1,4, =0.5and NDV [,,;,, =0.2.

In the present study, values of NDVI,,, and
NDVI,,;, were calculated for each image in place of these
standard values.

The term de in the Equation 11 includes the effect of the
geometrical distribution of the natural surfaces and also the
internal reflections. For plain surfaces this term is negligible,
but for heterogeneous and rough surfaces, such as forests, it
can reach a value of 2% (Sobrino, 1989). A good approxi-
mation for this term can be obtained from the equation:

de = (1 —&,)(1 — P,)Fe, (13)

12)
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Figure 1. Study area: Basilicata Ionian band (Southern Italy).

where F'is a shape factor (Sobrino et al., 1990) whose mean
value, assuming different geometrical distributions, is 0.55.

Taking into account Equations 7 and 9, the LSE can be
obtained as:

e=mP,+n (14)
where:
m=c, —es — (1 —g5)Fe, (15)

n=cs+ (1 —e5)Fe, (16)

In order to apply this methodology, values of soil and
vegetation emissivity are needed. For this purpose, a typi-
cal emissivity value of 0.99 for full vegetation was chosen.
Choosing a typical value for the soil is more difficult due to
the higher variability in the soils emissivity values in com-
parison to vegetation. A possible solution is to use the mean
values for the soils emissivity included in the ASTER spec-
tral library (http://asterweb.jpl.nasa.gov) and filtered accord-
ing to band TMG6 filter function. In this way, considering
a total of 49 soils spectra, a mean value of 0.973 (with a
standard deviation of 0.004) was obtained. Using these data
(TM6 soil and vegetation emissivity of 0.97 and 0.99, respec-
tively), the final expression for the LSE is given by (Sobrino
et al., 2004):

erme = 0.004P, + 0.986 a7

4 NDVI calculation

The NDVI data required for retrieving the LSE can be
provided by TM3 and TM4 bands, in the red and near in-
frared respectively, by applying the following equation:

TM4-TM3
NDVI = —————— 1
v TM4+TM3 (18)
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Basilicata region

In this work, an atmospheric correction method based
on image data was applied for TM3 and TM4 bands.

4.1 Atmospheric correction based on image data

This method was developed by Chavez (1996), and its
main advantage is that the data needed to perform the atmo-
spheric correction can be obtained from the image itself. The
at-surface reflectivity is calculated using the following equa-
tion:

7 (Lsat — L) d?

19
E,cos6.T, (9

Psup =

where L, is the at-sensor radiance, 7, is the atmospheric
transmittance between the sun and the surface, 6, is the
zenithal solar angle, F, is the spectral solar irradiance at the
top of the atmosphere, d is the Earth-Sun distance, and L,
is the radiance resulting from the interaction of electromag-
netic radiance with the atmospheric components (molecules
and aerosols) that can be obtained by:

L, = Liin — L1y (20)

where L,,;, is the radiance corresponding to a digital count
value for which the sum of all the pixels with digital counts
lower or equal to this value is equal to 0.01% of all the pixels
in the considered image. The term Lqq; is given by:

0.01cos0,T,E,

2 21

Ly =

with values for 7', of 0.85 and 0.91 for TM3 and TM4 bands,
respectively (Chavez, 1996).
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5 Study area

In this study, the Ionian band of the Basilicata region
(Figure 1), which is a typical Mediterranean area, was cho-
sen as the study area due to both the social-economic and
touristic importance that it has for the Basilicata region, as
well as for the availability of useful data for the application
of climatic and hydrological models.

In particular, field meteorological data are provided by
ALSIA (Agenzia Lucana di Sviluppo e di Innovazione in
Agricoltura) stations.

ALSIA stations are equipped with instruments for con-
tinuous and automatic measurements of meteorological pa-
rameters. The service, activated in 1996, operates a network
of 38 agro-meteorological stations distributed throughout the
region, surveying the following parameters:

air temperature (°C)

soil temperature (°C)

relative humidity (%)

precipitation (mm)

wind speed (km h~!) and direction
global solar radiation (M J m~2)
leaf wetness (min)

The service is organized on two levels:

e Level I. Activities related to the maintenance of the sta-
tion network.

o Level II. Activities related to the quality control of data
and their reconstruction, the editing of the weekly agro-
meteorological bulletin, regional and climatologic anal-
ysis and studies.

The only real plain in the region stretches along the
coastal plain on the Ionian Sea. The short coastline (~15 km)
along the Tyrrhenian Sea is high and rocky, while the ap-
proximately 35 km of shore, on the Ionian coast, from
Metaponto to Nova Siri, are characterized by predominantly
sandy beaches, where 5 of the main Basilicata rivers flow
to the sea: Bradano, Basento, Cavone, Agri and Sinni, rep-
resenting the primary drainage network of the Basilicata re-
gion. The cultivated areas of the Metaponto plain, which
extends behind the coastal band, rich in historical and natu-
ral resources, bordering the Ionian Sea to the South-East and
behind a declining hill, represent a real treasure for the re-
gional agriculture whose production of fruit and vegetables
is exported to all over the Europe.

The Ionian band is characterized by a warm temper-
ate Mediterranean climate. The average annual temperature
varies from 14.5°C to 16.9°C, while the monthly average
temperature is colder, varying between 6°C and 9.9°C. Rain-
fall is very irregular but, overall, not scarce; generally it in-
creases proceeding from South to North and from East to
West, where the high massifs exert a more notable wind cap-
ture action.

Tethys 2012, 9, 25-34

Figure 2. Map of Land Surface Temperature from the application
of the Qin et al. (2001) algorithm to 9th August, 1999 Landsat-7
ETM+ image.

Figure 3. Map of Land Surface Temperature from the application
of the Qin et al. (2001) algorithm to 14th June, 2002 Landsat-7
ETM+ image.
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Figure 4. Map of Land Surface Temperature from the application
of the Jiménez-Muiioz and Sobrino (2003) algorithm to 9th August,
1999 Landsat-7 ETM+ image.

6 Application of mono-window and single-
channel models to the Basilicata region

The generalized single channel algorithm, originally de-
veloped and particularized to the Thermal-Infrared (TIR)
channel (band 6) located on the Landsat-5 Thematic Map-
per (TM) sensor, was subsequently updated and extended
to the TIR channel of the TM sensor onboard the Landsat-
4 platform and the Enhanced TM plus sensor onboard the
Landsat-7 platform by Jiménez-Muiioz et al. (2009). The
air temperature was also added to the algorithm in Cristébal
et al. (2009). Also, the Qin et al. (2001) algorithm was orig-
inally developed for the Landsat-5 TM and then applied to
Landsat-7 ETM+ by other authors (Jiménez-Mufioz and So-
brino, 2003; Zhang et al., 2006; Zhang et al., 2007; Sun et al.,
2010; etc.).

In the present study, both the Qin et al. (2001) and the
Jiménez-Mufioz and Sobrino (2003) algorithms were applied
to the Basilicata region and compared to each other. For
this purpose, two satellite images coming from the Enhanced
Thematic Mapper Plus (ETM+) on board the Landsat-7, cor-
responding to 9th August, 1999 and 14th June, 2002, were
processed. The Ionian area of the region was extrapolated
from the two satellite images of the Basilicata (Figure 1).

The land surface emissivity required for the implemen-
tation of the two LST retrieval models was estimated by an
NDVI method, based on the visible and near infrared bands,
TM3 and TM4, as described in Section 3. In order to apply
Equation 12 and calculate the vegetation cover, P,, needed
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Figure 5. Map of Land Surface Temperature from the application
of the Jiménez-Mufioz and Sobrino (2003) algorithm to 14th June,
2002 Landsat-7 ETM+ image.

Figure 6. Location of the meteorological ALSIA stations in the
Ionian band of the Basilicata region (Southern Italy).

in Equation 17 for the emissivity estimation, N DV I,,,;,, and
NDVI,,q:, corresponding to bare soil and full vegetation
respectively, were determined from the total NDVI map.

The atmospheric correction of TM3, TM4 and TM6
bands was made usint the Chavez (1996) method, based on
image data, by implementing Equations 15, 16 and 17.

The image processing was automated through the devel-
opment of the two algorithms in Matlab environment.
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Corine Land Cover Map

Figure 7. CORINE Land Cover 2000.

6.1 The Qin et al. (2001) mono-window algorithm

The Qin et al. mono-window algorithm 2001 was ap-
plied to the Landsat-7 images of 9th August, 1999 and 14th
June, 2002.

The C.U.T. time (Coordinated Universal Time) of the
Landsat-7 passage is 9:30, corresponding to 11:30 Local
Time. It is the same for both images, while sun elevations
are different: 45.2° for the 1999 image and 25.74° for the
2002 one.

The input parameters for the Matlab program imple-
mentation were: TM3, TM4 and TM6 bands maps; charac-
teristics of the bands; atmospheric parameters, such as wa-
ter vapor content, air temperature measurements from AL-
SIA stations; a series of parameters including d, NDV I,,,;,,
NDV ez, 0, Lp.

The atmospheric water vapor content, w, required by
the Equations 6a - 6¢, was calculated by applying the empiri-
cal method of the Leckner equation presented in Igbal (1983)
which is expressed as:

0.493¢,. P,
w=——"

T, (22)

where ¢, is the relative humidity in fraction; 7}, is the near
surface air temperature in K and P; is the partial pressure of
water vapor given as:

P, = exp (26.23 - 5;16> (23)

o
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Then the land surface temperature maps were obtained
by applying the Equations 1, 2, 3a and 3b.

The Matlab code subsequently ran the following calcu-
lations:

e NDVI

e vegetation cover, P,; emissivity, €; brightness tempera-
ture, Tsensor

e mean atmospheric temperature, T,,; Cg and Dg

o Land Surface Temperature, T’

Land Surface Temperature maps coming from the appli-
cation of the Qin et al. (2001) algorithm to 9th August, 1999
and 14th June, 2002 Landsat-7 ETM+ images are shown in
Figure 2 and Figure 3 respectively.

6.2 The Jiménez-Munoz and Sobrino (2003) single-
channel algorithm

A code similar to the previously described one was de-
veloped for applying the Jiménez-Mufioz and Sobrino (2003)
single-channel algorithm. It ran the following calculations in
succession:

e NDVI

vegetation cover, P, ; emissivity, €; brightness tempera-
ture, Tsensor

¢ and y; atmospheric functions, 1, Y9, 3

Land Surface Temperature, 7’
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Table 1. Comparison of results for Landsat-7, 9th August, 1999 image.

Land cover/use TSJEJ o TSOT'EQ oo Tso"é’A oA Ay Ag
2.1 Arable land 27.69 2.4 25.31 2.32 26.75 0.67 094 144
2.2 Permanent crops 26.28  2.38 23.94 2.34 26.53 0.88 025 2359
2:4 Heterogeneous 2645 246 2410 218 2634 076 011 2.24
agricultural areas
3.2 Scrub and/or
herbaceous vegetation ~ 27.28  2.62 24.92 2.61 26.62  0.59 -0.66 1.70
associations
3.3 Openspaces with ), 509 2460 486 2651 0.63 053 1.82
little or no vegetation
AN, -0.40 196
o 047 046
RMSD 058 2.00
Table 2. Comparison of results for Landsat-7, 14th June, 2002 image.
Land cover/use TSO%A] o TSOWEQ oQ TSO"gA oA A;  Ag
2.1 Arable land 23.19 2.25 21.73 2.02 23.69 0.81 0.50 1.96
2.2 Permanent crops 22.31 1.56 2091 1.42 23.57 0.83 1.26  2.66
2.4 Heterogeneous 2262 189 2120 171 2359 073 097 2.39
agricultural areas
3.2 Scrub and/or
herbaceous vegetation 22.74 1.54 21.33 1.40 23.43 0.53 0.69 2.10
associations
3.3 Openspaces with ), ha 598 9991 535 2338 038 110 247
little or no vegetation
Ay, 0.90 2.32
o 0.31 0.28
RMSD 094 233

The Land Surface Temperature maps corresponding to
the two processed satellite images are shown in Figure 4 and
Figure 5 respectively.

7 Comparison of LST results with the field mea-
sured surface temperature

A comparison was made between the results obtained
by the application of the two previously described algorithms
and the surface temperature measured in situ at the 11 mete-
orological ALSIA stations located in the Ionian band of the
Basilicata region (Figure 6).

The agro-meteorological ALSIA stations are equipped
with instruments for automatic, continuous measuring of dif-
ferent meteorological parameters, such as air temperature,
air relative humidity, global solar radiation, soil temperature,
wind speed and direction, precipitation and leaf wetness.

In particular, air temperature is measured with PT100
thermo-resistances with a precision of £0.1°C, while soil
temperature is measured with a Campbell Scientific Model
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107 Temperature Probe, in the range from -35°C to +50°C
and with an accuracy of +0.4°C.

The comparison was made for different land uses, refer-
ring to the CORINE Land Cover map (Figure 7).

The values provided by the 11 ALSIA weather stations
were interpolated on the entire Basilicata Ionian band, in or-
der to make a comparison with the estimated LST maps. Of
the different interpolation methods, the best performance was
obtained by the Inverse Distance Weighting (IDW).

Table 1 and Table 2 show the comparison between the
LST estimated by the application of the two Qin et al. (2001)
and Jiménez-Muiioz and Sobrino (2003) algorithms and AL-
SIA field measurements of surface temperature, for each pro-
cessed Landsat image and for different land uses.

Each table contains the mean value of LST for each
land use or land cover, corresponding to the Jiménez-Mufioz
& Sobrino algorithm (7T's,,-J), the Qin et al. algorithm
(T'sy,-Q), and ALSTA measurements (1's,, _A), with the rel-
ative standard deviations (¢ 7, 0, 0 4). The last two columns
of each table contain the differences between estimated and
measured values both for the Jiménez-Muifioz & Sobrino al-
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gorithm (A ) as well as the Qin et al. algorithm (Agp). To-
tal mean difference, A,,,, standard deviation, o, and RMSD
(Root Mean Square Deviation) are finally reported.

Note that due to the IDW interpolation of ground mea-
surements, mean and standard deviation were not calculated
just on a few values (5 classes, 11 stations), but on areal val-
ues, i.e. on the infinite points falling within the areas corre-
sponding to the 5 classes of land use in the tables.

The results show that both methods lend themselves
well to estimating LST, but the Jiménez-Muiioz and Sobrino
(2003) model, in this case, provides values closer to the field
measured data. In fact, for the 1999 Landsat-7 image, the
LST evaluated by applying the Jiménez-Mufioz and Sobrino
(2003) algorithm provides a mean difference from the field
data, A,,, of -0.40 (better than the +1.96 obtained from Qin
et al.), with a standard deviation o = 0.47 (0.46 obtained
from Qin et al.) and an RM S D = 0.58 (lower than the 2.00
obtained from Qin et al.). For the 2002 Landsat-7 image
A, = +0.90 (+2.32 from Qin et al.), o = 0.31 (0.28 from
Qinetal.) and RMSD =0.94 (2.33 from Qin et al.).

These results coincide with the results presented by
other authors (Sobrino et al., 2004), even if obtained in a
different contest (Ionian band of the Basilicata region).

Furthermore, it should be noted that the LST is es-
timated by the Jiménez-Mufioz and Sobrino (2003) algo-
rithm with an error lower than the generally accepted level
of £1.5°C with respect to field measurements. Therefore, it
can be concluded that the LST distribution obtained is very
close to the in situ measurements.

However, it should be considered that this is only a first
application to the study area. In fact, in absence of ground ra-
diometric measurements of land surface temperature, ALSIA
station soil temperature measurements, 7, were compared
to the results obtained by applying the two algorithms. This
is a strong approximation, but the aim of the work was not
a numeric comparison, rather a comparative test of the two
models, applying them in a context different from that for
which they were designed, pending the radiometric measure-
ment campaign planned for a near future, in the study area,
in order to be able to further validate the results obtained.

8 Conclusions

Land Surface Temperature, controlled by the atmo-
spheric state and surface emissivity, is an important factor
controlling most of the physical, chemical, and biological
processes of the Earth (Becker and Li, 1990). In spite of the
great importance in modeling and applying LST, confusions
exist in both the use of the term and its determination with
satellite thermal data.

Landsat TM/ETM+ sensors have only one thermal in-
frared band (10.44 - 12.42 mm), which makes the use of gen-
eral split-window correction algorithm impossible, but the
high spatial resolutions (120 m for TM and 60 m for ETM+)
are much attractive in the local and regional thermal infrared
study (Yang and Wang, 2002).
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Several approaches have been developed for the re-
trieval of LST from TIR data in the last 20 years. All
these techniques need to be validated with ground measure-
ments, what is rarely done because of the difficulty of making
ground measurements of LST comparable with satellite data
(Coll et al., 2005).

In this study, two single-channel algorithms, based on
Landsat IR thermal data, were applied to the Ionian band of
the Basilicata region (South Italy) in order to retrieve LST
from known LSE values obtained using the NDVI method.
One of them, developed by Qin et al. (2001), uses the atmo-
spheric water vapor content and the near-surface air tempera-
ture for retrieving the LST, whereas the other one, developed
by Jiménez-Muioz and Sobrino (2003), only uses the atmo-
spheric water vapor content.

The test of these two algorithms was carried out from
two Landsat-7 ETM+ images acquired on 09th August, 1999
and 14th June, 2002.

The main objective of the study was to obtain reason-
able accuracy in the determination of LST from ETM+ ther-
mal data using the available in situ and remote sensing pa-
rameters, when the Radiative Transfer Equation is not appli-
cable due to the lack of radiosoundings.

A comparison was also made between the estimation of
LST by applying the two algorithms and the surface temper-
ature measurements collected at the meteorological ALSIA
stations located in the study area.

The analysis carried out showed that both the models
are able to represent the LST with a certain reliability, even
though the Jiménez-Mufioz & Sobrino algorithm seems to
provide, in this case, a better estimate of LST from Landsat-7
ETM+ and to be more suitable to represent the in situ mea-
sured data.

A radiometric measurement campaign, planned for the
near future in the study area, will validate the results obtained
more accurately.
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