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ABSTRACT:

The main purpose was to perform a dynamic analysis in the fields of soil heat flux, albedo and surface temperature, with a 10-year
interval, for the region of Ilha Solteira. The data used were obtained through multispectral images from TM Landsat 5’s sensor,
corresponding to orbit 222, point 74, for May 13, 2000 and April 10, 2011. Using the results obtained, the surface albedo was
estimated with minimum values of 3.7% and a maximum of 53.2% for May 13, 2000 and minimum values of 2.0 and a maximum
0f'58.4% for April 10 2011, showing an increase in the surface reflexivity of the study area. With the increase of the surface albedo,
the mean surface temperature rose from 24.5°C, in 2000, to 25.2°C, in 2011, a rise of 0.7°C. For soil heat flux, the variations were
of 62.9 W.m-2 in May 13, 2000, to 58.0 W.m-2 in April 10, 2011, revealing a greater heat retention in the soil.

KEYWORDS: Remote Sensing, Vegetation, Surface Temperature.

REsumo:

TEMPERATURA DA SUPERFICIE E ALBEDO NA REGIAO DE ILHA SOLTEIRA, SAO PAULO O principal objetivo
foi realizar anélise dinAmica nos campos de fluxo de calor no solo, albedo ¢ temperatura da superficie com intervalo de 10 anos,
para a regido de Ilha Solteira. Os dados utilizados foram obtidas através de imagens multiespectrais do sensor TM Landsat 5
correspondentes a érbita 222, ponto 74, para 13/05/2000 ¢ 10/04/2011. Mediante os resultados obtidos, o albedo da superficie
foi estimado com valores minimos de 3,7% ¢ maximos de 53,2% para o dia 13/05/2000 ¢ valores minimos de 2,0% ¢ 58,4% para o
dia 10/04/2011 constatando um aumento na refletividade da superficie da drea de estudo. Com o aumento do albedo da superficie,
o valor médio da temperatura da superficie passou de 24,5°C, em 2000, para 25,2°C, em 2011, o que nos mostra uma clevagio
de 0,7°C. Para o fluxo de calor no solo, as variagdes foram de 62,9 W.m-2 em 13/05/2000 para 58,0 W.m-2 em 10/04/2011
evidenciando uma maior retencio de calor no solo.

PALAVRAS-CHAVE: Sensoriamento Remoto, Vegetacio, Temperatura da Superficie.
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RESUMEN:

TEMPERATURA DE LA SUPERFICIE Y ALBEDO EN LA REGION DE ISLA SOLTERA, SAO PAULO

El principal objetivo fue realizar andlisis dindmico en los campos de flujo de calor en el suelo, albedo y temperatura de la superficie
con intervalo de 10 afios, para la region de Ilha Solteira. Los datos utilizados fueron obtenidos a través de im4genes multiespectrales
del sensor TM Landsat 5 correspondientes a la 6rbita 222, punto 74, para 13/05/2000y 10/04/2011. En los resultados obtenidos,
el albedo de la superficie fue estimado con valores minimos y méximos de 3,7% y 53,2% para el dfa 13/05/2000, y valores minimos
y méximos de 2,0% y 58,4% para el dia 10/04/2011, constatando un aumento en la reflectancia de la superficie en el drea de estudio.
Con el aumento del albedo de la superficie, el valor medio para la temperatura de la superficie pasé de 24,5°C, en 2000, a 25,2°C,
en 2011, lo que nos muestra una elevacién de 0,7°C. Para el flujo de calor en el suclo, las variaciones fueron de 62,9 W.m -2 en
13/05/2000 2 58,0 W.m -2 para el dia 10/04/2011, evidenciando una mayor retencién de calor en el suclo.

PALABRAS CLAVE: Teledeteccidn, Vegetacion, Temperatura de la superficie.

INTRODUCTION

The use of Orbital Remote Sensing is considered a breakthrough in the study of urban environments and
ecosystems due to its ability to work on regional scales, at alow economic cost, and its functionality and speed
in data collection. In addition, when compared with traditional methods, it is capable of making a permanent
registration of the area or object of study with a high degree of accuracy (FERREIRA et al., 2001).

Itisknown that the growth of urban areas and agricultural land use modifies the characteristics of the local
climate, altering the patterns and the magnitude of the interaction between solar radiation and the soil and,
consequently, the energy exchange processes in the soil-plant-atmosphere system (GARTLAND, 2008).

In this context, the modifications caused by the installation of the Ilha Solteira Hydroelectric Power Plant
in 1978 caused profound changes in the region of the homonymous municipality, both in its geography
and in the way of life of its inhabitants and, principally, in its environmental composition. In the case of
the latter, the remaining native vegetation was, for the most part, devastated during the occupation of the
area, being replaced by anthropic fields and pastures (SILVA, 1991 and FREITAS-LIMA et. al., 1997). As
the suppression of vegetation favors the incidence of solar rays on the surface and raises the temperature
(CASTRO et. al,, 2013), it is important to study the behavior of the temperature at the site and apply this
information to improve agricultural productivity, as well as the urban planning of the locality (COELHO,
2004).

In this regard, the present work aims to estimate the albedo, the earth’s surface temperature and the soil
heat flux on two days, over a period of 11 years, for the region of Ilha Solteira/SP. To this end, data from
images of Thematic Mapper’s sensor aboard the satellite Landsat 5 were used in conjunction with a number
of variables collected in the field and using the SEBAL algorithm (Surface Energy Balance Algorithm for
Land), proposed by Bastiaanssen (1995).

MATERIALS AND METHODS
Area of study

The study area covers the city of Ilha Solteira/SP (20°25’58”S; 51°20°33”W; 335m), and is part of the
Mesoregion of Aragatuba, in the administrative region of Andradina. In the state of Sao Paulo, it has
geographical boundaries with the municipalities of Itapura, Pereira Barreto, Suzanépolis, Rubinénia and
Andradina. In the state of Mato Grosso do Sul it borders the municipalities of Trés Lagoas and Selviria. It
has an area of 659.4 Km?* and is bathed by the Parana River (West), and the Tieté (South) and Sio José dos
Dourados (Center) Rivers (IBGE, 2008).
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CLIMATE AND VEGETATION

The climate of the municipality is classified as tropical rainforest, characterized by summer rains and drought
in winter. The annual mean temperature is 28°C, with the mean annual maximum reaching 31°C, and a
pluviometric index of 1.300mm per year (PMIS, 2014).

Formations of tropical broadleaf forest, humid forest, broadleaf forest, and cerrado compose the remaining
natural vegetation. Most of this original cover was devastated during the occupation of the land and currently
anthropic fields and pastures represent the main soil cover (SILVA, 1991).

Radiometric data

The components of the energy fluxes used to determine the spectral-temporal dynamic of the fields of soil
heat fluxes, albedo and surface temperature were created from images generated by Thematic Mapper - TM,
aboard the satellite Landsat 5, and a few additional surface data. The Landsat 5 — TM images used in the study
were obtained from the DGI (Division of Images Generation) of the INPE (National Institute for Space
Research), and consist of orbit 222 and point 074, obtained at approximately 12:57:50 and 13:11:53, on 13
May 2000 and 10 April 2011, respectively. These days were selected due to the absence of cloud coverage
over the study area during the passage of Landsat 5 over it, as well as the images being collected in the same
season (autumn) and at an interval superior to 10 years. They are composed of 07 spectral bands, whose main
characteristics are described in Table 01. The cutouts of the days selected for the study are represented in
images of RGB composition for bands 4, 3, 2 of the TM sensor (figures 1a and 1b).
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Air temperature data were collected from UNESP’s station of in Ilha Solteira (20°25'24,4”S;
51°21°13,1”W; 337m), and registered 23.9°C for 13 May 2000, and 24.8°C for 10 April 2011.

{20°25'5

20°25'S 120°25'S

Projeclo: UTM
Datur WGS 84 D10 e

Figure 1
Cutout of the study area in RGB composition with bands 4, 3 and 2 for (a) 13/May/2000 and (b) 10/April/2011.

Image processing

The processing of the satellite images was performed with the ERDAS Imagine 2014 and QGIS 2.14 software,
and the mathematical operations for the intra and inter spectral bands with the Model Maker tool. The TM
— Landsat 5 measures the spectral radiance of each pixel in seven different spectral bands, and stores them
in digital form; their intensity varies from 0 to 255 (8 bits). The images of the TM sensor have a spatial
resolution of 30m x 30m in bands 1,2, 3,4, 5 and 7, and of 120m x 120m in band 6, which must be resampled
in the pre-processing in order to have the same spatial resolution of the other bands so that they will fit during
the staking process. The TM sensor measures the spectral radiance of the targets and stores them in the form
of gray levels or digital numbers, whose values vary from 0 to 255 (8 bits). The SEBAL algorithm was used
for the processing and development of the images (Figure 2).

—
=) =)=
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Figure 2
Diagram of the SEBAL algorithm steps used in the study.
Adapted from Gomes et. al. (2009)
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Radiometric Calibration — Step 1

This consists of the calculation of the spectral radiation in each band (LAi), in which the digital number of
each pixel of the image is converted into monochrome spectral radiance. This radiance represents the solar
energy reflected by each pixel, per area unit, time, solid angle and wavelength, measured at Landsat satellite
level for bands 1, 2, 3,4, 5,7 and, for band 6, the calibration is carried out according to Markham and Baker
(1987).

B s o

2 -1 —|
Where: a and b are the minimum and maximum spectral radiances (Vm ST MM Taple 1);
ND is the intensity of the pixel (digital number — whole number from 0 to 255); and i corresponds
to the bands (1, 2 ... and 7) of the Landsat 5 — TM satellite.

Monochromatic Reflectance — Step 2

This was defined as being the ratio between the reflected radiation flux and the incident radiation flux,
obtained according to the equation (ALLEN et. al., 2002):

b, —a
L, =a,+—ND

2 -1 —|
Where: a and b are the minimum and maximum spectral radiances (Vm ST MM Taple 1);
ND is the intensity of the pixel (digital number — whole number from 0 to 255); and i corresponds
to the bands (1, 2 ... and 7) of the Landsat 5 — TM satellite.

Where “LAi” is the spectral radiance of each band, ki is the spectral solar irradiance of each band at the
top of the atmosphere , Table 1), Z is the solar zenith angle (in degrees, with Z = 90 — E, and E = clevation
angle) and dr is the square of the ratio between the average distance Earth—Sun (ro) and the distance Earth-
Sun (r) on a given day of the year (DSA) which, according to Igbal (1983), is given by:

(i) =1,000110+0.034221cosI'+ 0,001280senI"+ 0,000719cos 2T+ 0,000077sen 2T
P
3)

Where: I'=360(DJ-1)/365) (o) and DJ is the Julian day. On 24 September 2000 we had
DJ =267, dr=0.9935 and Z= 31.5719 and, for 06 October 2010 we obtained DJ = 279, dr =
1.005 and Z = 26.9799.

Planetary Albedo — Step 3

O albedo planetario, também conhecido como albedo nao corrigido, ¢ obtido através da combinagio linear
das reflectAncias monocromdticas, qual seja:

oy, =0,293p,+0,274p,+0,233p,+0,157p,+0,033p,+0,01 1p, “

Where P12P2:P3:P4>Ps ¢ P7 416 the monochromatic reflectances of bands 1,2,3,4,5and 7.
onde sdo as reflectancias monocromaticas das bandas 1,2, 3,4,5¢ 7.
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Atmosp/oerz’c Transmissivity — Step 4

Under clear sky conditions, it can be obtained as in Allen et. al. (2002):

1, =0,75+2.10" z )

Where: z is the altitude of each pixel, in meters, for the study area the result was a value of Tsw =
0.75858; considering the area’s average altitude of 419 meters (IBGE). For the purpose of this study, the

average altitude was considered for the entirety of the study terrain, thus obtaining a constant atmospheric
transmissivity for the whole area.

Surface Albedo — Step 5

The surface albedo is the albedo corrected of atmospheric effects:

o (6)

Where ap is the solar radiation reflected by the atmosphere, varying between 0.025 and 0.04. Bastiaanssen
(2000) sustains that the most suitable value for SEBAL is 0.03. tsw is the atmospheric transmissivity,
obtained for clear sky conditions in relation to the altitude of each pixel, in an equation proposed by Allen
et.al. (2002).

NDVI, SAVI and LAI - Step 6

The Normalized Difference of Vegetation Index, NDVI, is an important element for the study of climatic
changes, using vegetation as the calculation index, attributing a determined value to the study area that will
depend on the current state of the vegetation (LOPES and VALERIANO, 2010).

The Normalized Difference of Vegetation Index is obtained from the ratio between the difference of the
near-infrared reflectivity (IV p ) and the red ( V p ), and their sum:

NDVI — p[\r'i p\-’
PivtPy (7N

Where P1v ¢ Py correspond, respectively, to bands 4 and 3 of Landsat 5 — TM.

The NDVT acts as a sensitive indicator of the amount and condition of green vegetation. Its values vary
from -1 to +1. For surfaces with some vegetation, the NDVI varies from 0 and 1; for water and clouds the
NDVTI is generally lower than zero.

The SAVI (Soil-adjusted Vegetation Index) is an index that seeks to mitigate the “background” effects of
the soil. It is calculated using the following equation (HUETE, 1988):

savi = LHDCw=py)
B ®)
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The LAIL Leaf Area Index is defined by the ratio between the leaf areas of all the vegetation per unit of area
occupied by this vegetation. This index is a good indicator of the biomass of each image pixel, being calculated
by the empirical equation proposed by Allen et. al. (2002):

O,69—SAVI)

h’[ 0,59
IAF=-—~ =2/
0.91 ©)

Emissivity — Step 7

The inverted Planck equation is used to obtain the surface temperature, valid for a blackbody. As each pixel
does not emanate electromagnetic radiation as a blackbody, it is necessary to introduce each pixel’s emissivity
into the spectral domain of the thermal band , namely: 10.4 — 12.5 um. In turn, when calculating the long
wave radiation emitted by each pixel, the emissivity in the broadband domain (5 — 100 pm) is considered.
According to Allen et. al. (2002), the emissivity (3.9) and €0 (3.10) can be obtained, for NDVI > 0 and IAF
< 3, by:

Para a obteng¢ao da temperatura da superficie ¢ utilizada a equacao de Planck invertida, valida para um
corpo negro. Como cada pixel nao emite radiagéo eletromagnética COmMO um corpo negro, é necessario
introduzir a emissividade de cada pixel no dominio espectral da banda termal , qual seja: 10,4 — 12,5 pm.
Por sua vez, quando do cdmputo da radiacio de onda longa emitida por cada pixel, deve ser considerada a
emissividade no dominio da banda larga (5 — 100 pm). Segundo Allen et al. (2002), as emissividades (3.9) e
€0 (3.10) podem ser obtidas, para NDVI > 0 e IAF < 3, segundo:

£xp =0,97+0,0033 1IAF (10)

&, =0,95+0,01TAF ()

For pixels with . For bodies of water (NDVI<0), in the case of Sobradinho Lake and the Sio Francisco
Riverbed, Silva & Candido (2004) used values of , according to Allen et. al. (2002).

Surface Temperature — Step 8

The spectral radiance of the thermal band and the emissivity obtained in the previous step were used to obtain
the surface temperature (Ts). Thus, the surface temperature (K) (3.11) is obtained through the following
expression:

(12)

_ 2ol o1 _

Where K, =607,76Wm™sr um" ¢ K, =1260,56K are calibration constants of the thermal
band of Landsat 5 — TM (ALLEN et. al., 2002). In May 13, 2000, the result obtained was Ta 297.05
K, and for April 10, 2011 it was 297.95 K.
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Outgoing Longwave Radiation - Step 9

The outgoing longwave radiation emitted from the surface is obtained through the Stefan-Boltzmann
equation:

4
R, ; =¢g,.0.7|

Incident shortwave radiation — Step 10

The incident shortwave radiation is the flux of direct and diffuse solar radiation that hits the Earth’s surface,
which, for clear sky conditions is given by the following expression (ALLEN et. al., 2002):

R, =S.cosZ.d, .1,

Where S is the solar constant «w , Z is the solar zenith angle, dr is the inverse of the square of the relative
Earth-Sun distance, and tsw is the atmospheric transmissivity.
*. can be considered constant throughout the study area, when the area is small in size.

Incident shortwave radiation — Step 11

The incident shortwave radiation emitted by the atmosphere towards the surface can be calculated by the
Stefan-Boltzmann equation:

4
R, =¢,.0.T,

Where - represents the atmospheric emissivity obtained
by: «-oscm (ALLEN et. al., 2002), is the Stefan-Boltzmann constant, and is the air temperature (K).

Radiation balance — Step 12

The radiation balance for surface is calculated using the following equation of surface radiation balance:
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Rn=R,—aR +R, —R,—(1-¢)R,, (16)

Where R, is the incident shortwave radiation, & s the corrected albedo of each pixel, R,
is the longwave radiation emitted by the atmosphere in the direction of each pixel, is the longwave

radiation emitted by each pixel, and %o is the emissivity of each pixel.

Soil heat flux (G) - STEP 13

The soil heat flux, G, (Wm-2) can be obtained according to the empirical equation developed by Bastiaanssen
(2000), which represents values close to mid-day:

G= F (0,00380+0.007402)( 1—0,98NDV14)} Rn
a

Where Tsis the surface temperature (°C), « is the surface albedo, and ND VI is the Normalized Difference
of Vegetation Index, all computed pixel by pixel. For the purpose of correction of the heat flux values for
bodies of water (NDVI<0), the following expression can be utilized G = 0.3Rn, used by Silva & Cindido
(2004) and G = 0.5Rn, according to Allen et. al., (2002) for deep lakes.

RESULTS AND DISCUSSION

Surface Albedo

Table 1 shows the Instantaneous Surface Albedo values of the region for the days under study. For May 13,
2000, the values found presented a mean of 15.1%, a minimum of 3.7%, a maximum of 53.2% and a standard
deviation of + 3.8. April 10, 2011, presented mean values of 14.0%, a maximum of 58.4%, a minimum of
2.0% and a standard deviation of + 3.2.
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High albedo values can identify surfaces that are smooth, dry and light colored, and lower values are
associated with surfaces that are rough, humid and dark colored (LOPES et. al.,, 2007). In turn, Querino et.
al,, (2006) found mean annual albedo values of 13% for regions of forests, and of 18% for pastures. Authors
such as Sellers (1969) and Arya (1998) found albedos for orchards varying between 15% and 20%, and wheat
and rice of 10% to 25%. The albedo of water varies from 3% to 10% for a small zenith angle and 10% to 50%
for alarge zenith angle; the values for exposed dry soil were 20% to 35% and exposed humid soil 10% to 20%.

In figure 3(a) and table 2, for May 13, 2000, it was observed that the most common albedo values ranged
between 15.0% and 18.0%, shown in the medium blue color, which represented 43.29% of the image pixels.
The second largest type of occurrence was the interval represented by the light blue color, between 18.0 and
21.0%, and with 20.67% of the occurrences. The values referring to bodies of water had indexes between
3.0% and 12.0%, representing 25.57% of the data obtained.

For figure 3(b) and table 2, referring to April 10, 2011, it was observed that the highest value remained
the interval between 15.0% and 18.0%, the medium blue color, with 43.98% of the pixels. The second most
frequent occurrence was the interval between 12.0% and 15.0%, with 24.02% of the data. Bodies of water
moved from the interval between 6.0% and 9.0%, light pink color, to the interval between 9.0% and 12.0%,
dark pink color, representing 26.45% of the total.

51°15W
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Figure 3
Images classified of the Surface Albedo (in %), (a) for 13/May/2000 and (b) for 10/April/2011
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For the analysis of the two days studied, the Surface Albedo registered a variation of 9.7% in maximum
values, -7.2% in the mean, and 46% in the minimum. The increase of the maximum values may have been
caused by growth in urbanization or by the replacement of native forest areas by pastures or agricultural crops.
In turn, the decrease of the mean may have been caused by the occurrence of rainfall in the days prior to the
passage of the satellite. Below, Graph 1 shows the comparative histogram of the surface albedo frequencies
for the two images used.

B 2000 m2011
50

40

30

.|

<3  03--06. 06--09. 09--12. 12- 15 15--18 18-21 21-24 24-27 >27
Classes

Percentage

Figure 4

Comparative histogram of Surface Albedo frequencies for the two images used

a) Surface Temperature

For May 13, 2000, the surface temperature values found presented a mean of 24.5°C, with a minimum of
18.0°C, a maximum of 34.5°C and a standard deviation of + 2.2. In turn, April 10, 2011, presented mean
values of 25.2°C, a maximum of 40.5°C, a minimum of 21.1°C and a standard deviation in + 2.1. Table 3
shows the estimated values for surface temperature..
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For locations with water, while studying the Botucatu/SP region Mashiki (2012) found mean
temperatures of 20.9°C, whilst Bias et. al. (2003) found values between 17°C and 18°C. Gomes et. al. (2009),
for the region of Santa Rita do Passa Quatro/SP found values between 20.0°C and 24.1°C for flooded
plantation areas and between 26.9°C and 25.0°C for locations with sugarcane plantations. Lima (2008), near
Campo Grande/MS, found temperatures for pasture areas from 19°C to 29°C, for temporary crops from
19°C t0 29°C, for forest areas from 13°C to 17°C and for silviculture between 14°C and 17°C. According to
Godoyet.al. (2009), locations of exposed soil ranged from 25°C to 48°C. The differences between forest areas
outside the urban perimeter and those located in central regions were of up to 20°C (COSTA et. al., 2009).

Figure 5(a) and table 4 show the values found for surface temperature on May 13, 2000. The greatest
occurrence was for values lower than 22°C, the dark blue color, answering for 24.1% of the image pixels
and corresponding, largely, to regions with water. The second largest interval was the one with values that
ranged between 24°C and 25°C, answering for 13.9%, the light green color. In turn, the smallest index was
for temperatures higher than 33°C, in dark red.

Figure 5(b) and table 4 represent the behavior of surface temperature for April 10, 2011, in which the
greatest frequency was the index between 25°C and 26°C, in medium green, answering for 21.0%. The second
largest interval found ranged between 22°C and 23°C, in light green, answering for 19.0% of the data. The
smallest index was for temperatures between 32°C and 33°C, in light red, with 0.3% of the pixels.

51015W 51°15W

20°25'S [20°25'5 20°25'S [20°26's

cjegdo: UTM 024 8 110 .

P 024 8 12 16 . 23
Datum WGS 84 - — — KT

Projecdo: UTM
Datu WGS 84
51°15W 51°15W

Figure 5
Classified image of the estimated Surface Temperature for (a) 13/May/2000 and (b) 10/April/2011
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The difference between the mean temperatures was 0.7°C (increase of 2.8%), the minimum rose 3.2°C
(18%) and the maximum 6.1°C (17.7%), in other words, for both days analyzed there was an increase in
temperature values. On both dates, sites with water presented the lowest temperature value among the classes.
This occurs, most likely, due to its high specific heat (1cal/g’C), which requires a large amount of energy
to change its temperature. In turn, the increase in the mean temperature values is noteworthy, which rose
from 22°C to 22°C-23°C. This may be due either to natural causes or by the silting of riverbeds, which
would diminish the water line and hinder heat dissipation. Observing the images, the lowest temperature
values occurred in areas that presented denser vegetation cover and, in contrast, locations with exposed soil
and anthropized areas presented the highest temperature values. Below, Graph 2 shows the comparative
histogram of Surface Temperature frequencies for the days under study.
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Figure 6

Comparative histogram of surface temperature frequencies for both images used
b) Soil heat flux
For May 13,2000, the values found for soil heat flux had a mean 0f 48.4 W.m-2, a minimum of 0.9 W.m-2,
amaximum of 62.9 W.m-2 and a standard deviation of + 4.3. In turn, April 10,2011, presented mean values

if 58.0°C, a maximum of 89.3 W.m-2, a minimum of 1.2 W. m-2, 88.1 W.m-2, and a standard deviation of
6.1 W.m-2. Table 5 shows the values collected for the days under study.
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For the region of Conquista/MG, Andrade (2008) obtained mean values for soil heat flux of 81.91 W/ m?,
aminimum of45.66 W/m?, and a maximum of 269.47 W/m?>. For exposed soil, the same author found values
between 50 W/m? and 100 W/m?, for sugarcane of 50 W/ m” to 250 W/m? and, for water, values ranging
between 150 W/m? and 300 W/m”. Silva and Bezerra (2005), while studying the region of Petrolina/PE and
Juazeiro/BA found values for water surface areas from 211.80 W/m” to 214.50 W/m? and, for soil heat flux,
between 94.50 W/m? and 112.30 W/m”. Mendonga (2007), studying the northern part of Rio de Janeiro,
obtained mean values of soil heat flux from 31.90 W/m” to 96.51 W/m” for the months of fall/winter and for
spring/summer from 72.93 W/ m” to 43.69 W/m?>. According to this author, lower values appear in wetter
areas and higher values appear in urban areas and in those devoid of vegetation.

Figure 7(a) and table 6 show the values found for soil heat flux on May 13, 2000. The interval of greater
occurrence was the one that ranged between 45 W/ m? and 50 W/m?, with 36.7% of the occurrences. The
second most frequent interval was the light green colored, with flux from 50 W/ m?to 5S W/m?. The areas
with water were classified in grey and had values under 45 W/ m?, answering for 24.8% of the occurrences.
There were no values greater than 65 W/ m?”. The zone between the values 60 W/m? and 65 W/m?, the light
red color, only had 0.5% of occurrences.

Figure 7(b) and table 6 show the behavior presented by soil heat flux for April 10,2011. In this image, it can
be seen that the interval with the highest value was from 55 W/ m> to 60 W/m?, which answered for 41.2%
of the occurrences and is represented by the color orange. The second largest occurrence was colored red,
from 60 W/m?to 65 W/m?, answering for 20.6% of the data. Areas with water were classified in orange with
values between 50.0 W/m? and 55.0 W/m?, answering for 19.4% of the occurrences. The smallest interval
found was for values between 85 W/m? and 90 W/m?, answering for 0.1% of the occurrences
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Figure 7
Classified image of soil heat flux estimated for (a) 13/May/2000 and (b) 10/April/2011
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The values for soil heat flux were a minimum of 3.5%, a mean of 29.5% and a maximum of 21.5%.
Observing the spatialization of the soil heat flux, it is possible to perceive lower values in wetter areas (hydric
bodies or vegetation with water retention) and higher ones in urban areas and in areas devoid of vegetation.
In the cutout, the increase in soil heat flux, abrupt in some regions, indicates the occurrence of heat islands.
This occurs because without vegetation cover the exposed soil has a high thermal amplitude, rapidly heating
up during the day and increasing heat irradiation and the temperature in its surroundings. This warming can
be easily seen in the images because of the time at which they were collected, 12:57:50 for 13/May/2000
and 13:11:53 for 10/April/2011, with a strong solar incidence over the surface. Below, Figure 8 shows the
comparative histogram of soil heat flux frequencies for both images used..
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Figure 8

Comparative histogram of soil heat flux frequencies for both images used

FINAL CONSIDERATIONS

The use of remote sensing allowed the identification of differences in spatial and temporal patterns in
response to soil use and occupation, and natural phenomena in regions close to rivers and their areas of
influence.

In this study, the analysis of a small area proved to be advantageous, because it allowed the monitoring
and comparison of changes in soil heat flux, surface temperature and albedo in the region of Ilha Solteira/
SP, by means of estimates made from images collected by TM - Landsat 5, for two days, with an interval of
10 years between captures.

There was an increase in surface temperature, albedo and soil heat flux for the region of Ilha Solteira/SP.
In the case of soil heat flux, this increase entails the emergence of heat islands, a phenomenon connected
to the urbanization of the environment. In turn, the increase of the albedo and of surface temperature is
indicative of modifications in the region’s vegetation cover, whether due to the suppression of native forests
or the substitution of previously used agricultural crops.

The generated maps (surface temperature, soil heat flux and albedo) offer data with potential use by the
general public and public authorities. They can also be used by NGOs that deal with urban planning and the
formulation of public policies on infrastructure and environmental health, aiming to provide quality of life
to thelocal population as well as assist in the planning of agro-pastoral activities for the region of Ilha Solteira.
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