
;try causes in the net radiations and energy budget.
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eans oi comnimng remote ana neta onservauons ' '

it parameters, measurements of net radiation are achieved
Ilion from semiarid of Brazil whereas Di Peace et al. 13 have
In. In this sense, Gomes et al. 14 evaluated alterations that

onsidering spectral bands that are suitable for albedo and
be also recorded in order to compute surface temperature.
in contradiction has low temporal resolution when compared
to obtain attributes from Earth surface, various investigators
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replacement of natural vegetation by crops and fore!
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aimed to compute net radiation (and its input variai ies) Dy m

For studies related to the retrieving of energy budget inpi
frequently 9, 10, 11, 12 Hence, Silva et al. 7 computed net radio
analyzed the bias of topography in calculating net radiatic

sensors record solar radiation reflected by Earth surface c
vegetation indices retrieving. Thermal information should
Many of these recorded data has high spatial resolution, but
with field observations 2. Due to spatial feature and facility

tosynthesis and soil and air heating processes 2. Continuous
e, were initially done as from 1978 by Nimbus satellite and
and Earth's Radiant Energy System - CERES using multiple
surface characteristics like: land use and land cover, surface

DUCTION

¡ard fluxes of both short and longwave radiation that interact

classes of LULC; however, there is a need to compare the

(LULC), agrometeorology, sinusoidal model, MODIS.

coconut and papaya presented Rn of 658.1, 647A and 617.9
LDAve) it was found that dense caatinga had a mean value of
79.9 W m-2. For the irrigated crops of banana, coconut and
W I11-2, respectively. Sinusoidal model can be applied to

ies of the estimated parameters for différent land cover types
s mean values of soil heat flux (Go) of 124.9 Wm-2 while
value of 132.6 Wm-2. For irrigated plots cultivated with

3.8, 98.6 and 113.9 Wm 2, respectively. With regard to the
mean value of F7F 1 Wm -2 while cnarce raatinaa a mean

with Earth surface '. Rn is responsible for evaporation, pho
records of net radiation of Earth, in regional and global seal
nowadays by Earth Radiation Budget Experiment - ERBE a
satellite data 3. The spatial variation of Rn depends on land

4

1. INTRO:

Net Radiation (Rn) is related to radiative downward and upv

determine the maximum and RnDAve considering the diverse
results with field data for validation of this model.

Key words: biophysical parameters, land use and land cover

value of 575.2 Wm-2. Irrigated areas cultivated with banana,
W mZ, respectively. Applying daily mean net radiation (Rr
417.1 W m2 while sparse caatinga had a mean value of 3
papaya the RnDAve values were 430.9, 43L3 and 411.6

crops. 1he results showed that there are variations in the vah
and mainly in caatinga cover. The dense caatinga present
sparse caatinga with incidence of erosion, present average
banana, coconut and papaya the mean Go values were 10_
inctantanennc net rarliatinn (Rnl rlence raatinaa nrecenterl
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could be determined; b) reflectances of bands from 1 to 7
albedo; c) surface temperature and emissivities of bands 31

v1/1 from zuua ine ivivvra prouucis were ivivvu uí ,
?F- sinusoidal projection and then reprojected to WGS84
e shape of the study area and then imported to SPRING 51
L language. The layers imported into SPRING were: a)
,o that Normalized Difference Vegetation Index -NDVL Soil

A) image in gray scale for the study area.

f/11lTC, f__ __ "l/1/AO 'PL _ L .T/1TTC, __.__ ]__ _, _ ____.__ l dllTln A

Adjusted Vegetation Index -SAVI and Leaf Area Index -LAI
with 46131 meters resolution in order to spatialize surface

W e use various lane ulna prouucls avanaole lrom 1 erra -1V1
MOD09GQ e MOD07A1. Data were converted into TD
geographical coordinates. Hereafter the image was cut in th,
software, in which each equation was written in LEGA
reflectance of bands 1 an 2 with 231.36 meters resolution. s

Figure 1. False color combination RGB -321 of MODIS (MOD09G.

2.2 Processing of orbital data
R1 1 1 1A 1 i '1 11 f__.__ T____ AA

Sampling Points

False Color Combination
RGB -321

MO DI S -09

Date: 06/01/2008

Image of the Study

Area

;radian -39 the sampling pomts observed m the held to
DDIS image.

580000 610000 NI

iparica reservoir, covering parts of the states of Pernambuco
1, 2 and 3 of MODIS is seen in Figure 1, which outlines the

Pernambuco and Bahia. Geographically the area is inserted
;00 meters of longitude E and 9048500 and 8968500 meters

fR.*r

of latitude N, pertammg to the 24S zone with central me
characterize land use and land cover are superimposed on MI

490000 520000 550000

The study area comprises both right and left banks of the It
(left bank) and Bahia (right bank). The combination of bands
quadrant featuring the geographic location in the states of 1
between the UTM /SAD -69 coordinates of 479500 and 6132

aux I nereny, mis stuay aims spauanzmg instantaneous ana
Df land use and land cover by MODIS imagery and SEBAL

AND METHODS

is performed and do not represent the surface heterogeneity
by pixel in regional or global scale for various applications

bservation represents a small part of the study area. Thus, it
overcome spatial problems commonly seen in conventional

111JJ1Vlly A.11U UVw11wG11111g Nunn 1.wQVC luuluuull 11ccu UZllly

position of certain parameters 15

in be spatialized by applying interpolation techniques. Islam
eteorological stations proceeding inverse distance weighted

ter that drives evapotranspiration. To estimate Rn, surface
data. In the actual algorithms, input parameters to determine

estimates of maximum ana aauy net raaiation ana sou neat
daily average net radiation, and heat flux in different types I

algorithm, along with a sinusoidal model.

2. MATERIAL E

interpolation. The problem of this method is that a gradient
15 Thus, remote sensing provides variable information pixel
on environmental monitoring; taking advantages that field o
becomes important to explore remote sensing data in order tc

1\11 Nucu uiiacc aiucuc, cllllNNlviiy, au icuiYciaiuic, all ci
radiative transfer models, field observations or empirical sup

Using agrometeorological station data, various parameters c.
et al. 16 generated Rn map by means of interpolation of mi

Net radiation together with soil heat flux is a key parame
temperature is commonly retrieved by using remote sensed 1
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3ULTS

Ire 2. There were values of Go for sparse vegetation and
se Caatinga, mean value of Go was 124.9 Wm 2, while for
nec of 191 R e 9R f Wm -2 recnectively Fnr water hndiec the

max 2I NR

7LSi71 x I
fOVerpass-trisel l

r___ r /

(4)

sec -"rise

ite overpass hour, tC1Se and tset is the local time at which Rn

on 4 f 151 as:

Lion 3 as shown by Bisht et al. [15].

Rn
rpass-trisel irl (3)

3. RE!

Soil heat flux throughout the study area is shown in Figi
degraded soil of 126.6 e 132.6 Wm-2, respectively. For den
irriaaterd ernnc ac enen nit and banana Gn nrecentc mean val

Jtrise Rn(t)dt 2Rn
DANR = tsetftft dt Tc

where Rn is instantaneous net radiation, toveipass is the satell
value becomes positive and negative, respectively.

Daily average of net radiation was estimated applying ecmati,

The maximum net radiation was determinated by using equal

Rn_max = [R ovesin xI

rature was useu to compute soll neat iux -Uo as snown In

2 )(1 - 0,98NDVI4 )1x Rn (2)

E 6T4
0 0

] - ---_"--`- ---1 1 ---` n_-- ry- -- -1

(1)

[17] various parameters were determined as emissivity (c0),

tee temperature (To) and albedo (ro).

h angle data with the same last resolution. These resolutions

INC!. raulauon as well as iVllvr, sUrlaee aloeuo anü tempe]
equation 2.

Go = kx Q0038ro + 0,0074r

R = - 7 " ) 1 1 7 ` -L- -

2.3 Instantaneous net radiation modeling

Before proceeding the net radiation calculation (Equation 1)
downward longwave (L1) and shortwave radiation (K1), surfs

and 32 with resolution of 926.63 meters, and also solar zenit
were resampled to 250, 500 and 1000 meters.
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t corresponding to highest values. Areas in the Figure 4 with
;nse caatinga whose mean values were 626.1 e 728.0 W I11-2,

., V.....u... J., .. ..... i ..1.1.11.. ....S.u....... u....u.o f,.w....w.. .....

iation in the study area. It is noticed that areas with bare and
s on the map, while areas correponding to water bodies such

have low difference in the Go values as shown in Figure 3.
n (mean = OR 1 \ATm -21 xx,hila rlarrrarlprl arpac nrpcpntprl the

as Itaparica reservoir, are represented with shades whiter tha
intermediate shades of gray correspond to high dense and de
respectively.

highest values of Go (mean = 132.6 Wm-2).

Figure 4 shows the spatial variation of instantaneous net rad:
degraded soil present low Rn, that correspond to darker area

Figure 3. Graphic of descriptive statistics of Go.

Areas with sparse caatinga that present different soil classes
UT, ran err that rnrnnnt arrac have thr lnnxwct valxir of G

-

- -X-

Banana Crop

Coconut Crop

Papaya Crop

-D- Sparse Caatinga (red soil)
--0 - Sparse Caatinga (yellow soil)

--0 Dense Caatinga

- - - - - - Degraded Area

oir.

and land cover regarded to soil heat flux.

10

10[1

v11J

110 J{'

E

130

171

Figure 2. Soil heat flux throughout the study area at Itaparica resery

Figure 3 shows descriptive statistics of each kind of land use

135

áoM.w 20,47

Date: 06/01/2008

Soil Heat
Flux (Wm 2)

- 276,80o00

580000 610000
0
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and from LULC layer set the values of each class related to
s for each class need to be known, considering that thermal
1g to determine both trise and tset hours looking upon each

;al Time (hrs)

)nsidering each LULC pixel. After 15

position of pixel for each land use and land cover. To apply

I I

I I

3 I I

I

'4i
12 16

tset(x'Y)

20 24

this procedure, it is necessary to generate the map of LULC,
trise and tset, which to compute this task the tr,se and tset value
behavior of each class is variable. Research is needed aimii

Loc

Figure 5. Sinusoidal model with MODIS overpass and trueand tset e(

The values represented by x and y denote the geographical j

tñse(X,Yf overpas

4 8

S Overpass

..1113 VI' V111 13 F1 VilV3,.. {All ...yl.- l,. `pos ....neg ...4.1111ll, ..V,l/......
[se and land cover has tpns (x, y) e tneg(x, y). Consequently these
ht et al. 15, wherein the bold continuous curve represents the

is variation in net radiation which may indicate that the time
rary with the type of land use and land cover, mainly in
this \xrnrlr is nrnnncrrl an innnt of t r t taire intn art-mint

O

R
-C1 n average

C11

R
n max

E R
n rat

MODI

land use and land cover types. Thereby each pixel of land u
variables are shown in Figure 5 which was proprosed by Bis
net radiation for a stated land use and land cover.

Figure 4. Map of instantaneous net radiation

According to what is seen in figure 4, it is noticed that there
these variables become positive (ttos) and negative (tneg)
xxrntrrchrrl xxwhirh hoc a high cnrfarr hrtrrnarnritxr Thnc in

493,88

Date: 06/01/2008
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Ve calculated from the sinusoidal model proposed by Bisht et
TAL language.

7 111111

vegetation in which soil class was considered, it could be
soils present higher descriptive statistical values of Rn as

èrence may be caused by both NDVI and albedo which may
eflectance curve is related to its color 19, and therefore, to

irrigated field and degraded areas and sparse caatinga as to
e caatinga, degraded areas and irrigated field (coconut) were
Zn have been found to irrigated field (banana) with values of
4 Wm -2_ and to degraded areas with instantaneous Rn_... of

1

organic and inorganic constituents

Figura 7 shows the map of daily average net radiation RnDA,
al. 15. RnDAve was spatialized in SPRING software using LEC

111111 111115.

545.8 Wm-2 and Rn , of 5521 Wm-2. As regards sparse
verified that there is a slight difference in that areas with re
compared to areas with yellow soils. One reason for this Jiff
vary as function of soil color since the shape of spectral r

In Figure 6 is observed that dense caatinga is fitted between
instantaneous net radiation values. Mean Rn values for dens,
626.1, 549.7 e 647A Wm-2, respectively. Extreme values of 1
instantaneous Rn_._ eaual to 648.6 Wm-2 and Rn__.. de 681.

Min1ì/1i[1 Max
Descriptive Statistics

Figure 6. Graphic of instantaneous Rn regarding LULC.
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instantaneous net radiation as for LULC.

-0- Sparse CBatmga (fed soil) I

different thermal conductivity, specific heat and density in
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I
1
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I 1
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-

Figure 6 depicts the graphic of descriptive statistic regard to

700

LULC, taking also into account soil classes since they have
space and time 18.

Proc. of SPIE Vol. 8531  85311I-6

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 07/13/2016 Terms of Use: http://spiedigitallibrary.org/ss/TermsOfUse.aspx



and use and land cover classes.

L11 LULC classes. In studies conducted by Bisht et al. 15 the
he model tends to super estimate the values.

Figure 8. Descriptive statistic for daily average net radiation as for I

The behavior of RnDAve is similar to the maximum Rn for a
RnDAve ranged from 205 to 450 Wm-2, and was verified that t

3454
Min Max

Descriptive Statistics

V 17 ^
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- -x_ Papaya Crop

JF.rQiSC l,ddüllYJd Llw xru)
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sidering land use and land cover classes (Figure 8).

I e-, r--'-- - r...a _..:n

3iation map for the study area.

1[111-2 and 601.6 Wm-2, respectively. The high value is due to
ion to observed values as seen in Bisht et al. 15, may causing

r ,plv fnr inctantanpnnc Rn anti daily avvraap Rn
-
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Daily average net radiation is depicted in graphical form con
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Figure 7. Daily average net ra(
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