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a b s t r a c t

Evapotranspiration (LE) is an important factor for monitoring crops, water requirements, and water con-
sumption at local and regional scale. In this paper, we applied the semi-empirical model to estimate the
daily latent heat flux (LEd = Rnd + A � B(Ts � Ta)). LEd has been estimated using satellite images (Thematic
Mapper sensor) and a local dataset (incoming and outgoing short- and long-wave radiation) measured
during three years. We first estimated the daily net Radiation (Rnd) from a linear equation derived from
the instantaneous net Radiation (Rnd = CRni + D). Subsequently, coefficients A and B have been estimated
for two different cover vegetations (pasture and soybean). For each vegetation cover, an error analysis
combining Rnd, A, B, and surface and air temperatures has been calculated. Results showed that Rnd

had good performance (nonbias and low RMSE). LEd errors for pasture and soybean were ±28 W m�2

and ±40 W m�2 respectively.
� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Evapotranspiration (ET) is a primary process driving energy and
water exchange among the hydrosphere, the atmosphere, and the
biosphere (Priestley and Taylor, 1972; Brutsaert, 1984). ET is an
important factor for monitoring water requirements of crops and
water consumption at local and regional scale. Different methods
have been proposed for measuring ET on various spatial scales
from individual plants (i.e. porometer, sap-flow, lysimeter), fields
(i.e. field water balance, Bowen ratio, scintillometer, eddy correla-
tion) or landscape scales (i.e. energy balance, catchment water bal-
ance) (Soegaard and Boegh, 1995; Wang et al., 2006). Satellite
Remote Sensing (RS) is a promising tool which has been used to
provide reasonable estimates of the actual ET (also denoted as
LE) at regional scales. Most LE estimations from RS can be calcu-
lated as a residual term of the available surface energy (Rn), the
sensible heat flux (H), and the ground heat flux (G):

Rn ¼ LEþ Gþ H ð1Þ

Rn and H are calculated by a set of variables, some of which can be
instantaneously estimated by RS (albedo, emissivity, and radiomet-
ric surface temperature). For most RS-based energy balance studies,
it is assumed that Rn and G are known or they might be easily com-
puted. The two remaining terms, H and LE, whose estimations are

very difficult, are turbulent flux quantities. These terms are usually
modeled using one-dimensional flux-gradient expressions based on
a convection analogue to Ohm’s law:

H ¼ qCp

ra
ðT0 � TaÞ ð2Þ

LE ¼ qCp

c
ðe0 � eaÞ
ðrv þ raÞ

ð3Þ

where q is the air density, Cp is the specific heat of the air, T0 and e0

are, respectively, the aerodynamic temperature and the vapor pres-
sure of the surface at the effective level of heat and moisture ex-
change, Ta and ea are the temperature and the vapor pressure of
the overlying atmosphere, ra and rv are, respectively, the aerody-
namic and physiological resistances to heat and moisture transport
at the surface, and c is the psychrometric constant.

Eqs. (1) and (2) form the basis of the alleged one-layer (OL) en-
ergy balance models. There is no distinction made in those models
among vegetation canopy energy balance, temperature and vapor
pressure regimes, and soil surface. To overcome the problem re-
lated to the lack of information on the surface resistance, LE (Eq.
(3)) is estimated as the residual term (Eq. (1)). RS has been widely
used with this type of framework to estimate the turbulent flux
component of the surface energy balance. To do this, radiometric
surface temperature (Ts) obtained from RS is used as a substitute
for T0 in Eq. (2) (Jackson et al., 1977; Seguin and Itier, 1983; Inoue
and Moran, 1997; Sanchez et al., 2008a,b). The ra is usually esti-
mated using meteorological local data on wind speed, stability
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conditions, and roughness length, even though the average area of
roughness lengths is highly nonlinear.

Over the last years, several regional experiments have tested OL
models in detail and have provided significant progress (Gourturbe
et al., 1997; Kustas and Norman, 1999). At the same time, results
from these experiments have allowed to find feebleness in OL mod-
els and have pointed keys for future research. In fact, two alterna-
tive models including representations of different temperature
and energy balance regimes for the vegetation canopy and the soil
surface have been developed (Choudhury and Monteith, 1988; Kus-
tas, 1990; Zhao-Liang et al., 2009). These models are considerably
more complex, although recent investigations have shown them
to be successful in overcoming some of the limitations of OL models.
These models require in situ measurements (net Radiation, air tem-
perature, air relative humidity, wind speed, crop height and leaf
area index, canopy and soil temperatures, height and architecture
of the plants, among others) and this information is not available
in many situations. However, in many standard meteorological sta-
tions, there is not instrumentation to measure all these variables re-
quired by the models. The lack of specific instrumentation
considerably limits the use of sophisticated models and operational
applications. Moreover, these models are often limited due to the
inherent complexity of those procedures. In most cases, however,
regional values are estimated by semi-empirical models using as in-
put local flux data measurement and RS. (Zhao-Liang et al., 2009;
Reginato et al., 1985; Caselles and Delegido, 1987; Vidal and Perrier,
1989; Kustas et al., 1994). Jackson et al. (1977) were the first to
demonstrate from field experiment that LE rates directly correlate
with the temperature difference between canopy surface (Ts) and
air (Ta). Seguin and Itier (1983) modified this method with the
following semi-empirical model to calculate daily LE from:

LEd � Rnd ¼ A� BðTs� TaÞ ð4Þ

where Rnd is daily net Radiation, A is a simple partition into
unstable case (Ts � Ta > 0 ? A – 0) and the advective case (Ts �
Ta < 0 ? A = 0), and slope B is defined as a mean exchange coeffi-
cient which is weighted by the ratio between Rnd and instantaneous
net Radiation (Rni). B is indeed related to the instantaneous sensible
heat flux (Eq. (2)) and can be defined as B ffi RndRn�1

i qCpr�1
a , where

ra depends on wind velocity and a roughness parameter (Seguin and
Itier, 1983).

In Eq. (4), daily G is considered equal to zero (Jackson et al.,
1977; Seguin and Itier, 1983), and A and B coefficients are consid-
ered to be constants at regional level for practical use (Seguin and
Itier, 1983; Vidal and Perrier, 1989).

Semi-empirical models in flat areas are good tools for LE estima-
tion (Brasa et al., 1998; Seguin et al., 1982) and good alternatives
for regions with a lack of specific instrumentation. These models
are also applicable in regions such as the Pampean Region of South
America, where there can be seen homogeneous extended covers
of soybean, maize, wheat, barley, oat, alfalfa, and others.

The objectives of this study are: (1) to obtain, from radiation
measurement at local scale for the Pampean Region of Argentina,
a relationship between daily net Radiation (Rnd) and instantaneous
net Radiation (Rni), (2) to validate the relationship Rnd–Rni, (3) to
estimate A and B coefficients (Eq. (4)) for soybean (Glycine max
(L.) Merrill) and pasture (Dactylis glomerata, Festuca arundinacea
and Lolium multiflorum), and (4) to apply the semi-empirical model
with Landsat Thematic Mapper (TM) data.

2. Materials and methods

2.1. Experimental site and used datasets

The experiment was carried out in Argentina at a flat subhumid
site (average slope of less than 1%) in the Salado River basin

(37�50 S, 59�70 W, elevation 130 m) on 121 clear days between
2006 and 2009 in two plots of an homogeneous pasture and soy-
bean stands with a full canopy cover (Fig. 1a). The average annual
rainfall is about 950 mm (Tandil Station of the Argentinean Na-
tional Meteorological Network, 37�140 S and 59�150 W, elevation
175 m), where the maximum monthly value is in March and the
minimum is in August. Average values for annual temperature,
wind speed, relative air humidity, and solar radiation are 14.2 �C,
2.6 m s�1, 83% and 186 W m�2, respectively. The average annual
evapotranspiration is 1015 mm.

An energy balance station was located within a plot area of 5 ha
of pasture and a 16 ha one of soybean. Short-wave (up and down)
and long-wave radiation (up and down) were measured with a net
radiometer (CNR1 Kipp & Zonnen through short-wave CM3 and
long-wave CG3 radiation sensors). Air temperature/relative
humidity and wind speed/direction were also measured (CS215-
L16 Temperature and RH Probe Campbell Scientific, Met One
034B Windset Campbell Scientific). All data were obtained at 2 m
high and recorded at 15 min intervals in a data logger (CR10X
Campbell Scientific) (Fig. 1b).

Two TM images from the same area were acquired during the
period of highest development of soybean and medium develop-
ment of pasture. These had a 30 m resolution (band 6 is resampled
to 30 m), seven band, 20 km � 20 km subsets of TM scenes ac-
quired by the Landsat 5 satellite on March 3 and 19, 2007
(Fig. 1c). The full scene location reference was path 225 and row
86 on the Landsat World-wide Reference System. The images have
been rectified by a reference image after atmospheric correction.

2.2. Estimation of the actual daily evapotranspiration

The actual daily evapotranspiration (LEd) was calculated from
the model proposed by Seguin and Itier (1983):

LEd ¼ Rnd þ A� BðTsi � TaiÞ ð5Þ

where Rnd (W m�2) is daily net Radiation, A (W m�2) and B
(W m�2 �C�1) are empirical coefficients obtained for the study area,
and Tsi and Tai are, respectively, the instantaneous surface and the
air temperature (�C).

The Rnd can be obtained from the instantaneous net Radiation
(Rni) estimated using satellite data. To obtain this information, it
is necessary to know the relationship between the instantaneous
and daily value of Rn. To estimate Rnd, we assume that:

Rnd ¼ Rn10—11C þ D ð6Þ

where Rn10–11 is the average Rn registered between 10:00 am and
11:00 am, and C (dimensionless) and D (W m�2) are coefficients ob-
tained from a linear regression between the local measures regis-
tered of Rnd and Rn10–11 through a CNR1 sensor in the pasture
and soybean plots.

Rnd and Rn10–11 have been determined according to the follow-
ing expression through CM3 and CG3 sensors:

Rn ¼ Rs# � Rs" þ Rl# � Rl" ð7Þ

where Rs; is the incoming short-wave radiation (W m�2), Rs" is the
outgoing short-wave radiation (W m�2), Rl; is the incoming long-
wave radiation (W m�2), and Rl" is the outgoing long-wave radia-
tion (W m�2).

A and B were statistically determined from a linear regression of
LEd–Rnd values versus the corresponding Tsi–Tai measurements at a
local scale assuming homogeneous surface (Wassenaar et al.,
2002). LEd has been calculated from the Penman Monteith (PM)
equation (Allen et al., 1998) using meteorological data recorded
by an energy balance station.
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2.3. Estimation of the net instantaneous radiation

The solar instantaneous Radiation (Rsi) was assumed constant
for the study area (Lagouarde and Brunet, 1993; Caselles et al.,
1998). For every pixel, the Rni has been calculated by satellite data
(TM sensor) from:

Rni ¼ Rsið1� aÞ þ esearT4
a � esrT4

s ð8Þ

where a is the albedo of the surface (dimensionaless), ea is the emis-
sivity of the atmosphere (dimensional), es is the emissivity of the
surface (dimensionless), r is the Stephan–Boltzmann’s constant
(W m�2 K�4), Ta (K) is the air temperature measured at 2 m at the
moment of the overpass satellite, and Ts (K) is the surface
temperature.

Rsi was obtained as the average Rs; registered between
10:00 am and 11:00 am by the CM3 up sensor.

a was determined from the surface reflectance of the bands 1–5
and 7 (qkS, being k band number), in agreement with the method of
Starks et al. (1991):

a ¼ pð0:111q1S þ 0:119q2S þ 0:078q3S þ 0:124q4S

þ 0:041q5S þ 0:019q7SÞ ð9Þ

Eq. (10) was used to obtain the surface reflectance of bands 5
and 7, and Eq. (11) to estimate the surface reflectance of bands
1–4 (assuming a uniform Lambertian surface under cloudless con-
ditions) (Schroeder et al., 2007).

qkAS ¼
pLksensor

Ek0d�2 cos hz

ð10Þ

qkS ¼
pðLksensor � LkpÞ

TkvðEk0d�2 cos hzTkz þ EkdownÞ
ð11Þ

where qkAS is the at-satellite reflectance (considered equal to qkS for
the bands 5 and 7), Lksensor is the at-satellite radiance
(W m�2 sr�1 lm�1), d is the Earth–Sun distance in astronomical
units (au), Ek0 is the exoatmospheric solar irradiance (W m�2 lm�1),

hz is the zenithal solar angle, Lkp is the path radiance
(W m�2 sr�1 lm�1), Tv is the atmospheric transmittance from the
target toward the sensor, Tz is the atmospheric transmittance in
the direction of illumination and Ekdown is the downwelling diffuse
irradiance (W m�2 lm�1).

To derive values of the atmospheric correction coefficients Tkz,
Tkv, Ekdown, and Lkp in Eq. (11), we used the Dark Object Subtraction
(DOS) method (Schroeder et al., 2007; Song et al., 2001).

The ea has been calculated from Ta (Brutsaert, 1984):

ea ¼
0:92
105 T2

a ð12Þ

Surface emissivity has been determined from satellite images
using the Fractional Vegetation Cover (Fr) for every pixel as input
information. The equation for vegetable covers of extensive crops
(wheat, barley, alfalfa, soybean and pasture, among others) is (Va-
lor and Caselles, 1996; Rivas and Caselles, 2004):

es ¼ evFr þ esoð1� FrÞ ð13Þ

where ev is the emissivity of the vegetation and eso is the soil
emissivity.

The Fr has been obtained from the equation of Carlson and Rip-
ley (1997):

Fr ¼ NDVI � NDVImin

NDVImax � NDVImin

� �2

ð14Þ

where NDVImin and NDVImax correspond to the values of NDVI for
bare soil (NDVI ? minimum) and a surface with a Fr of 100%
(NDVI ? maximum).

2.4. Estimation of the surface temperature

The Ts (corrected of the atmospheric effects) has been calculated
from the temperature of the satellite (Tsensor), applying the single-
channel method proposed by Jiménez-Muñoz and Sobrino (2003):

Ts ¼ c½e�1ðw1Lsensor þ w2Þ þ w3� þ d ð15Þ

Fig. 1. General location map (a), meteorological station at the soybean plot (b), and composite subset false color image (TM sensor) showing study area (c).

R.E. Rivas, F. Carmona / Physics and Chemistry of the Earth 55-57 (2013) 27–34 29
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with

c ¼ c2Lsensor

T2
sensor

k4
ef

c1
Lsensor þ k�1

ef

" #( )�1

ð16aÞ

d ¼ �cLsensor þ Tsensor ð16bÞ

where Lsensor (W m�2 sr�1 lm�1) is the at-sensor radiance, Tsensor (K)
is the at-sensor brightness temperature, kef is the effective wave-
length (11.457 lm for band 6, TM sensor), c1 = 1.19104
� 108 W lm4 m�2 sr�1, and c2 = 14387.7 lm K. The atmospheric
functions w1, w2 and w3 have been obtained as a function of the to-
tal atmospheric water vapor content (w) (Jiménez-Muñoz and Sob-
rino, 2003). The w values were considered as the average
measurements in the surroundings of the stations of Ezeiza
(34�490 S, 58�320 W, elevation 20 m) and Santa Rosa (36�340 S,
64�160 W, elevation 191 m), Argentina, at 12:00 pm for the consid-
ered dates (University of Wyoming, Department of Atmospheric
Science, http://weather.uwyo.edu/upperair/sounding.html).

3. Results and discussion

3.1. Experimental determination of the coefficients C and D

From the CNR1 sensor, radiation of 121 clear days has been ob-
tained in the period 2006–2009. Fig. 2 shows the annual evolution
of Rnd (cross symbol) and Rn10–11 (triangle symbol) for pasture and
soybean. Fig. 3 indicates that the ratio Rnd/Rni is not constant
throughout the year. Therefore, it is necessary to find a function
that relates the daily and instantaneous Rn along the year. Table
1 provides a summary for the statistics illustrated in Figs. 2 and 3.

Fig. 4 shows Rnd as a function of Rn10–11 for 80 clear days of the
dataset. Rnd and Rn10–11 are linearly related (r2 = 0.971) for the
80 day period already discussed.

Then, the result of the model proposed (Eq. (6)) for the dataset
showed in the Fig. 4 is:

Rnd ¼ Rn10—110:43� 54 ð17Þ

where C = 0.43 ± 0.01 (dimensionless) and D = 54 ± 3 (W m�2).
From Eq. (6), a sensitivity analysis of the model was carried out.

Subsequently, the error in Rnd was determined from this equation
by applying the error theory as:

dRnd ¼ ½ðdRn10—11CÞ2 þ ðRn10—11maxdCÞ2 þ ðdDÞ2�1=2 ð18Þ

where dRnd is the error of Rn, Rn10–11max is the maximum value of
Rn registered between 10:00 and 11:00 am, and dC and dD are
the errors in C and D, respectively. If we consider that

Rn10–11max = 589 W m�2, dRn10–11max = 59 W m�2, dC = 0.01 and
dD = 3 W m�2, we obtained dRnd = 26 W m�2 as the error of the
model.

In order to validate the linear Rnd equation, a comparison was
made between Rnd measured by the CNR1 and Rnd estimated from
our proposed model (Eq. (6)) for a set of 41 data. Fig. 5 evidences
the comparative results of the 41 values measured and calculated.
Taking into account the 41 datasets, it may be noticed that the pro-
posed model presents a rather low bias (2 W m�2) and RMSE
of ± 12 W m�2.

3.2. Estimation of the coefficients A and B for vegetation covers of
pasture and soybean

The semi-empirical coefficients A and B were found using values
of LEd from PM, daily values of Rn, and measurement of Tsi � Tai

(measures at midday) for every clear day, from 36 data for pasture
and 11 data for soybean plots. Figs. 6 and 7 show the results of
daily LE� Rn as a function of canopy � air temperature difference.Fig. 2. Rnd ( ) and Rn10–11 ( ) as a function of Julian days.

Fig. 3. Relationship Rnd/Rn10–11 as a function of Julian days.

Table 1
Descriptive statistics of Rnd, Rn10–11 and Rnd/Rn10–11 considering clear days only.

Variable Average Standard deviation Minimum Maximum

Rnd (W m�2) 98 61 �11 201
Rn10–11 (W m�2) 356 142 121 589
Rnd/Rn10–11 0.24 0.10 �0.08 0.36

Fig. 4. Rnd as function of Rn10–11 and linear regression.
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For the pasture plots dataset (Fig. 6), the A, B, and determination
coefficient (r2) obtained are: A = �17 ± 3 (W m�2), B = 4.5 ± 0.4
(W m�2 �C�1) and r2 = 0.75.

For the soybean plots dataset (Fig. 7), the A, B, and determina-
tion coefficient (r2) obtained are: A = �16.5 ± 3.8 (W m�2),
B = 14.6 ± 3.9 (W m�2 �C�1) and r2 of 0.61.

A values obtained in the settings reported no stability condi-
tions (Ts � Ta > 0) for the two plots in question, while B exchange
coefficient is higher in soybean (14.6 W m�2 �C�1) and lower in
pasture (4.5 W m�2 �C�1). These results indicate, for the two cases,

typical values of A and B corresponding to unstable conditions
(pasture and soybean non-irrigated).

From Eq. (5), a sensitivity analysis of the model was conducted.
The error in LEd pasture and soybean was obtained as:

dLEd ¼ ½ðdRndÞ2þðdAÞ2þððTsi�TaiÞmaxdBÞ2þBðdTsiÞ2þBðdTaiÞ2�1=2

ð19Þ

where dA, dB, dTsi, and dTai are, respectively, the errors in A, B, Ts
(single-channel method, TM sensor), and Ta (CS215-L16 Tempera-
ture and RH Probe Campbell Scientific). (Tsi � Tai)max is the biggest
difference between temperatures of surface and air in every cover.
If we assumed the values reported in Table 2, the errors of the LEd

model using satellite data are ±28 W m�2 and ±40 W m�2 for pas-
ture and soybean respectively. If we assumed Rnd equals
200 W m�2 and the LEd error is the previously indicated, then LEd

estimated map errors are 14% (soybean) and 20% (pasture).

3.2.1. LEd maps from Landsat TM
In the experimental area, we used a crop map obtained combin-

ing the bands qk3, qk4, qk5 and qk7. For the classification, we used
the image of March 19, to which a mask of cities and small water
bodies had previously been applied (using ground truth from an
agricultural region of 150 km by 100 km). To the image stemming
from this procedure, a supervised classification was applied using

Fig. 5. Calculated Rnd versus Measured Rnd. The 1:1 line is also shown.

Fig. 6. Relationship between (LEd � Rnd) versus (Tsi � Tai) for plots under pasture.

Fig. 7. Relationship between (LEd � Rnd) versus (Tsi � Tai) for the plots under
soybean.

Table 2
Values used in the Eq. (19).

Surface A ± dA
(W m�2)

B ± dB
(W m�2 �C�1)

(Tsi � Tai)max

(�C)
dTsi

(�C)
dTai

(�C)

Pasture �17.5 ± 3.3 4.5 ± 0.5 14.4 2 0.2
Soybean �16.5 ± 3.8 14.6 ± 3.9 2.1 2 0.2

Table 3
Accuracy of each class using a Maximum Likelihood classification.

Class Accuracy
(%)

Pixel number

Soybean Pasture
I

Pasture
II

Corn Bare
soil

Soybean 90 87 0 0 0 0
Pasture I 100 0 184 0 0 0
Pasture

II
77 0 0 59 0 18

Corn 100 0 0 0 162 0
Bare soil 100 0 0 0 0 77
Overall accuracy: 95%; kappa coefficient: 0.94

R.E. Rivas, F. Carmona / Physics and Chemistry of the Earth 55-57 (2013) 27–34 31
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the Maximum Likelihood method, using 5 classes. The defined
ground truth classes were: soybean, bare soil, corn, pasture I (pas-
ture in lowlands) and pasture II (pasture in highlands). The overall
accuracy of the expert classification was 95% and the individual
class accuracy ranged from 77% to 100% for each class (Table 3).
Fig. 8 shows the classified image after removing boundary effects
using a medium filter (3 � 3).

LEd maps have been obtained by means of applying Eq. (5),
using Rnd and Ts estimated from TM sensor data (Eqs. (6), (8),
and (15)), semi-empirical coefficients (A and B) for pasture and
soybean, and local data (Rsi and Ta) (Table 4).

Figs. 9 and 10 show LEd spatial variability of pasture and soy-
bean across the tested area during days March 3 and 19, 2007. In
Fig. 9, the results of applying a mask to Fig. 8 are shown. In this
Figure, LEd is displayed throughout pastures during these two days.
In Fig. 10, the mask has been applied in order to display, in this
case, LEd soybean results for the above mentioned days.

LEd values along the pasture showed a minimum of 89 W m�2, a
maximum of 149 W m�2 and a average of 113 ± 13 W m�2 on 03
March (Fig. 9a) and a minimum of 83 W m�2, a maximum of
137 W m�2 and a average of 106 ± 11 W m�2 on 19 March (Fig. 9b).

For soybean the results showed a minimum of 65 W m�2, a
maximum of 170 W m�2 and a average of 133 ± 24 W m�2 on 03
March (Fig. 10a) and a minimum of 52 W m�2, a maximum of
131 W m�2 and a average of 102 ± 16 W m�2 on 19 March
(Fig. 10b).

Finally, we compared LEd measured at the local plots (applying
LEd–PM with meteorological data and soil moisture) (Soybean andFig. 8. Results of classifications by means of applying the Maximum Likelihood

method on March 19, 2007.

Table 4
Data used to obtain LEd maps.

Date Surface Rsi (W m�2) Ta (�C) ev eso ea NDVImin NDVImax W (g cm�2)

03 March 2007 Pasture 757 22.0 0.975 0.960 0.801 0.212 0.908 1.576
Soybean 757 22.0 0.985 0.960 0.801 0.212 0.908 1.576

19 March 2007 Pasture 688 23.6 0.975 0.960 0.810 0.075 0.870 1.913
Soybean 688 23.6 0.985 0.960 0.810 0.075 0.870 1.913

Fig. 9. LEd pasture: (a) March 03 and (b) March 19, 2007. Values in W m�2.
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Pasture) with what was obtained by means of the Eq. (5) (Table 5)
from the images. Despite the limited number of data for ground
validation, these four data show some interesting features. For
example, the latent heat flux is different in the pasture and Soy-
bean at local scale when applying the model but the LEd values
are not different enough to obtain conclusions. It is interesting to
point out that the model proposed by Seguin and Itier (1983) has
captured the LEd variation. These results are further improved by
conducting more measures through the LEd Soybean and Pasture
in local plots.

4. Conclusions

In this work, the semi-empirical model of Seguin and Itier
(1983) has been applied using a linear function (Rnd = Rn10–

11C + D) to estimate the Rnd from the Rni obtained by means of sa-
tellite. The Rnd validation with information measured in pasture
and soybean in the Pampean Region of Argentina does not exhibit
a significant deviation and the RMSE is ±12 W m�2. In addition, the
function is valid for low and high values of Rn.

With the measured data in a CNR1 sensor, the coefficients of LEd

model for the analyzed covers have been estimated, giving values
of A and B of �17.5 ± 3.3 W m�2 and 4.5 ± 0.4 W m�2 �C�1 for the
pasture and �16.5 ± 3.8 W m�2 and 14.6 ± 3.9 W m�2 �C�1 for the
soybean, respectively. As the availability of meteorological stations
is very dense (taking into account the stations of the National Agri-
cultural Technology Institute, Argentinean National Meteorological
Network and universities, among others) the applicability of the
model in the region is ensured.

LEd maps obtained for two different summer dates of 2007,
applying TM sensor images, presented errors of 14% for pasture
and of 20% for soybean.

The equation developed to estimate Rnd is valid to be applied in
the Pampean Region by means of data acquired from other sensors
(e.g. AVHRR and MODIS), which must allow obtaining surface tem-
perature (captured between 10:00 and 11:00 am) and albedo.
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