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ABSTRACT

In this study, an empirical method proposed by Caselles et al. (1992a) is utilized to determine the
potential evapotranspiration (ETP) on a regional scale. This method uses the global solar radiation
data retrieved by the global radiation model GL1.0, which in turn utilizes data from the visible channel
of the GOES-8 satellite. This method is applied to the northeast region of Brazil, using daily and
monthly climatological data as the ground truth information to estimate the ETP and the estimated
daily ETP data for September, 1997. The methodology involved three steps: 1) to perform a spatial
regionalization of the ETP using the method of Ward, which is available in the Statistical Package for
the Social Sciences (SPSS); 2) to obtain the correlation between the ETP as estimated by the methods
of Jensen & Haise (1963) - MJH, Caselles (1992a) - MCA, and the Penman’s combined method (1948)
- MCP; 3) to test the sensibility of the empirical formulations proposed and to assess the estimates
using the satellite—based global solar radiation provided by the GL1.0 model. The spatial regionalization
shows two distinct regions in the Northeastern Brazil. The MCA yielded better results than the MJH.
The ETP estimates using satellite data were satisfactory, showing a maximum error of 20% when
compared with the ground truth data.
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ESTIMATIVA DE EVAPOTRANSPIRACAO POTENCIAL PARA O NORDESTE
DO BRASIL UTILIZANDO DADOS DO GOES-8

RESUMO

Neste trabalho foi utilizado o0 método empirico proposto por Caselles et al. (1992a) para determinar
a evapotranspiracéo potencial (ETP) em escala regional. O método utiliza dados de radiacéo solar
global obtidos a partir de um modelo de estimativa da radiagdo solar global (GL 1.0), que utiliza
imagens do canal visivel do satélite GOES-8. O método € aplicado no Nordeste do Brasil, utilizando
como verdade terrestre dados climatolégicos diarios e mensais para estimar ETP e dados diarios
estimados de ETP para setembro de 1997. A metodologia contempla trés etapas: 1) regionalizacdo
espacial da ETP obtida pelo método de WARD, disponivel no software SPSS (Statistical Package for
the Social Sciences); 2) correlagdo entre os valores de ETP estimados pelo método de Jensen & Haise
(1963) MJH, Caselles et al. (1992a) MCA e pelo método combinado de Penman (1948) MCP,
respectivamente; e, 3) teste de sensibilidade das formula¢cées empiricas utilizadas e validagdo dos
resultados. A regionalizacéo espacial mostrou duas regides distintas no Nordeste do Brasil. O MCA
apresentou melhores resultados do que o MJH e a ETP estimada, usando dados de satélite, apresentou
um erro maximo de 20%, quando comparada com a verdade terrestre.
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INTRODUCTION the relation established by Doorenbos & Kassam (1979). Using
the same relation, they found a correlation coefficient between
The latent heat of evaporation appears in the energy budfit@ measured ETP and the ETP as estimated by using satellite
equation and it is a key parameter in microclimatologic4lata, of the order of 0.84.
and agrometeorological studies. In addition, the potential Along the same line, Caselles et al. (1992a) utilized the
evapotranspiration (ETP) is of great use in agronomy becausethodology of Caselles & Delegido (1987) and modified the
it makes possible to predict harvests with maximum saving ofodel to permit the use of AVHRR/NOAA images and checked
water. Different approaches have been used in determiniitg validity range for the region of La Mancha, Spain, an area
the ETP with meteorological data (Thornthwaite, 1948yith different regional characteristics for which the model was
Thornthwaite & Mather, 1957; Brutsaert, 1982; Jensen etiginally designed. They concluded that the model was
al.,1990; Burman & Pochop, 1994). Although the accuracy eticcessfully modified to accept AVHRR/NOAA data. The
these methods is good (1 mm of water per day), they are mawmarelation between the values of the ETP, estimated from the
suitable for local applications (10 - 10@)niThe high cost of satellite data and the actually measured data was 0.90 with a
field experiments and the difficulties in measuring the surfaggtandard error of 1.2 mmtdThe surface ETP was estimated
fluxes in inaccessible regions resulted in the utilization dfom the Penman equation and compared with that obtained
alternative techniques in order to complement the availalfiem satellite data and concluded that a 10% variation in the air
meteorological data. temperature and in the surface solar radiation implies a less
In this regard, the remote sensing techniques have began 10% variation in the ETP. This method has been used for
intensively used to obtain estimates of the surface apther regions with the same characteristics of the plot for which
atmospheric parameters, although constrained by the time ang model was first developed. The results are quite satisfactory
space resolutions of the multi-spectral sensors used. AmaRBen the RH is between 40 and 80% and the winds are moderate
these techniques, it is important to mention those which allqwthe range of 200 km'd
large area measurements with sensors aboard environmentajy, g different context, Moran et al. (1996) suggested the use
satellites. The ETP is one of the surface fluxes that is possiglethe Penman equation for computing evaporation rates from
to estimate from satellite imagery and the numerous works RBmogenous surfaces, such as densely vegetated or bare soil
its estlmat!on with onboarq satellite sensors are all JUSt'f'engions. The proposed approach was an attempt to use remotely
due to the importance of this parameter in agriculture, weathgl,sed measurements of the surface reflectance and temperature
modification, etc. _ in order to allow the application of the Penman-Monteith theory
In general, two classes of methods (both using satellifg o ially vegetated fields without a prior knowledge of the

data) have been proposed.. .1) the semi empirical and S‘.tatiSt- Scent vegetation coverage and the canopy resistance. The
methods that relates ETP with surface temperature (Vidal ults showed good agreement with those of in situ surface

Perrier, 1989); and 2) the analytical or numerical methods base poration rate measurements. Later on, the approach was

on the solution of the inverse problem for b_oth heat a_md MaSS. 4 with a set of four Landsat Thematic Mapper (TM) images
transfers ( Taconet et al., 1986). Important field experimentsn . :
o .7 for the Southeast Arizona, USA, during 1992. Maps of surface
the last decade were conducted aiming to combine in sifu . ; .
. - alr temperature and wind speed were combined with those of

measurements with remotely sensed data, within the framewor

of the International Satellite Land-Surface Climatological Projegf”face temperature and spectral vegetation index to produce

(Becker et al., 1988). In addition, there are many studies on {ﬁglOl’]BJ estimates of evaporation rates for grassland areas.

estimation of the ETP for agricultural regions, using :satellit-tléhe Penman-Monteith equation becomes more questionable

data, such as Taconet et al., (1986); Caselles & Delegido (1949; €stimating evaporation rates at regional scales, where the

Becker & Li (1990); Rosena & Fiselier (1990): Caselles et ajurface is not completely covered by vegetation.

(1992a,b). There are relatively few stud_les on the use of rgmotely
Taconet et al.(1986) developed a methodology that usénsed data measured by orbital sensors, for agricultural

the infrared surface temperature, estimated by using the gapplications in Brazil. In this context, the present study aims at

obtained from the channels 4 and 5 of NOAA-7 satellite, 8¢ estimation of the ETP using an empirical formulation and

input data to one unidimensional model of boundary layer ovéirface global solar radiation data inferred from the visible

vegetated soil surfaces. The model includes a parametrizatfdlannel of the meteorological satellite GOES-8.

of the heat transfer between the vegetation and the overlying

atmosphere using a small number of mesoscale parameters MATERIAL AND METHODS

typical of the vegetation. The model is used to predict the

surface fluxes over a dense vegetation and the crop resistafg#face and satellite data

and to check its results against experimental measurements. IlMonthly and daily climatological air temperature and solar

this study three images of a flat region with one type of cropdiation data, air temperature, relative humidity, wind speed

under clear sky conditions were used. and direction, evaporation and sunshine duration for September
Caselles & Delegido (1987) adjusted the radiation mod&B97 used in this study were provided by the Laboratory for

proposed by FAO in order to estimate the regional ETProcessing Meteorological Information (LAPIM), Department

employing air temperature and albedo data, obtained framhAtmospheric Sciences, Universidade Federal da Paraiba and

NOAA-9 images. The model was then tested for the region thfe daily data for the month of September were obtained from

Valencia, Spain. They found new values for the coefficients the INMET (Instituto Nacional de Meteorologia).
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The monthly climatological air temperature data cover th@astos et al., 1996). The preliminary version was implemented
period of 1912 through 1980, while the solar radiation data coverCPTEC/INPE with some modifications and it provides daily,
only 1968 through 1978. Regarding the daily climatological dateieekly and monthly distributions of global solar radiation.
air temperatures refer to the 1961-1979 period and the solar The model estimates the solar radiation by splitting the flux
radiation, collected by the solarimetric network of the Northeastto two parts referring to the visible (0.4 - ui) and to the
Brazil, for the 1970-1978 period only. infra-red (0.7 - 4.Qum) bands. The radiative budget equation for

The GOES-8 visible channel images for the month of 199the earth-atmosphere system is:
utilized in this study, were provided by the CPTEC (Centro de
Previséo de Tempo e Estudos Climéaticos do Instituto Nacional  Eo (vis) = ER (vis) + EA (vis) + (1-Rs) * GL (vis) (2)
de Pesquisas Espaciais). The 434 x 525 pixel images cover the
Northeast Brazil, between 1°S - 18°S and 31°W - 47°W. where Eo is the solar irradiance impinging on the top of the

atmosphere; ER is the reflected irradiance back into the space;
Methods EA is the absorbed irradiance by the atmosphere; Rs is the

The ETP was estimated using the daily climatological datarface reflectance and GL is the global irradiance reaching the
of air temperature and the empirical formulae of Thornthwaisurface.

(1948). These estimates were used to determine the spatialThe solar infrared irradiance may be estimated by the
regionalization for the entire Northeast Brazil. The groupinfpllowing equation:
was obtained through the hierarchical classification method of

Ward, using the Euclidean distance as the similarity measure

(Ward, 1963). GL (ir) =

Using the daily climatological data available for September
1997, the ETP was calculated by employing the Penman’s
Combined Method (Penman, 1948) - MCP, the method proposellere Tg is the transmittance associated with gases; C is the
by Caselles et al. (1992b) — MCA and the method of Jenserciudiness; Rs (ir) is the soil infra-red reflectance and Rn (ir) is
Haise (1963) — MJH. The correlation was performed to assehe infra-red reflectance from the cloud bases. The denominator
the MJH and MCA, taking the ground truth estimates mad# Eq. (3) contains a correction factor due to multiple reflections
with the standard MCP. A sensitivity analysis of the equatioh&tween the surface and the cloud bases.
of Jensen & Haise (1963) and Caselles et al. (1992b) in terms of The cloudiness is estimated with the aid of:
global solar radiation and the air temperature was carried out.
This analysis determined how much the ETP depends on the
global solar radiation and the air temperature.

The surface global solar radiation was obtained with the
radiation model GL1.0, using the VIS channel data from the
meteorological satellite GOES-8. where R is the observed reflectance at one target (visible

The method of Caselles et al (1992b) is described beloghannel) and, Rmax and Rmin are the observed extreme values,
together with considerations on the method used to obtain tx&timated from a series of images taken around the day
regionalization and the method to estimate the global solewnsidered in the study.
radiation (radiation model GL1.0). The surface irradiance is estimated by summing GL(vis) +

According Caselles et al. (1992b), the ETP is calculated b1 (ir) = GL. The model uses 3 x 3 pixel averages over the targets.

This is done to ensure coherence between the size of the target
ETP=(ATa+B)Rg+C (1) (satellite) and the interval used in the time average (station).

1-C)*Tg* Eo(ir)

. . ©)
[1-Rs(ir)* C* Rn(ir)]

(R-Rmin)
- (Rmax- Rmin)

@)

where A, B and C are empirical constants determined for each RESULTS AND DISCUSSION
region since they depend on the altitude, relative humidity

and wind speed; Ta is the air temperature and Rg is the globalThe Ward's method was applied to the ETP matrix for the
solar radiation, the last two parameters being calculated fro@rtheast Brazil (NEB). The ETP was estimated from the method
satellite images. The numerical values of the constants &feThornthwaite (1948), which uses only the air temperature.
A=5.99x10,B=5.06x10and C=0.37. The final result obtained with the Ward’s method is given under
The estimation of solar radiation with satellite techniques dendrogram, which shows the subdivisions of the groups
is achieved by means of a physical model which establishggh the same characteristics, thus forming one single group.
the relation between the observed fluxes at the top of thenumber of groups were chosen by analyzing the dendrogram
atmosphere and at the ground surface through the radiatigrdefine the sub-regions in the Northeast Brazil, as shown in
transfer equation (Gautier et al., 1980; Stuhlmann et al., 19%Ggure 1.
Whitlock et al., 1995; Ceballos & Moura, 1997). The GL1.0isa The shaded area designated as sub-region 1 of Figure 2
physical model developed at the Universidade Federal ghows the regionalization of the ETP for the interior and the
Paraiba (UFPB) for the VIS channel images of the Meteosahdrthern coastal region of the NEB and the sub-region 2 shows
satellite (Ceballos & Moura, 1997), and later adapted to tliee regionalization of the ETP for the eastern coastline of the
VIS channel of the GOES by researchers from the DepartméNEB. These two homogenous regions were obtained by
of Meteorological Sciences of the INPE and the UFPRBnalyzing the dendrogram shown in Figure 1.
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Figure 2. Regionalization of the ETP for the Northeast-Brazil
region

from the southern part of the country, while the atmospheric
circulation over the hinterlands is driven primarily by orographic
effects.

Some regionalization studies were made for this region using
m other variables such as the surface global radiation (Souza &
Ceballos, 1996) and the precipitation (Lopes et al., 1996), among
others. In general, the results are in agreement with the
regionalization given in Figure 2, although it must be said that
this regionalization is limited due to the method of estimating
the ETP. This suggests that other variables, including those
referring to the soil and vegetation, are necessary to obtain a
— better regionalization.

The method of estimating the ETP as a function of the
surface solar radiation and the air temperature is of great
importance. For this purpose, the MCA and MJH equations
were obtained by using the air temperature and the surface
global radiation. It was observed that a variation of 18 ¥¥m
the global solar radiation implied a change of about 9% in the
ETP estimate, and a variation of 2 °C in the air temperature
produced a change of 6% in the ETP estimate obtained from
the MCA method.

Figure 1. Rescaled distance cluster combine of ETP Figures 3A and B show the changes in the ETP estimates
regionalization using the method of Ward as a function of global solar radiation and the air temperature.
For higher values of the global solar radiation, the ETP changes

The number of stations for each group, after th@ore rapidly as a function of temperature than in the case of
regionalization, was of 33 for the eastern coast and 40 for tthe lower values of solar radiation. This was observed for both
northern coast and the interior of NEB, totaling 73 station8/CA and MJH estimates. The estimates of the ETP using the
The northern coastal area and the hinterlands have higherM§¢A method were found to be larger, of the order of 1 mm,
temperature than the eastern coast, thus the evapotranspirdtian those obtained with the MJH method.
rate is distinct for these regions, according to the regionalization. An estimate of the daily ETP for September, 1997 was
The eastern coastal area is more affected by various weatbletained by using the MCP, the MCA and the MJH methods.
systems such as the sea breeze, eastern waves, cold frohesMCP method was one of the earliest methods to consider

R. Bras. Eng. Agric. Ambiental, Campina Grande, v.4, n.3, p.348-354, 2000
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Figure 3. Variation of the ETP (mn)dwith global solar radiation 0 2 4 ETp JHG 8 10
for different air temperature®g) using the (A) MCA and (B) C. Stations in the interior of NEB
MJH method 10
= 0,8849 x
energy supply and turbulent transport. Among the radiation 81 RZ = 0,8535
methods, the MJH is one that includes not only the solar § 61
radiation but also the air temperature, and whose original [ 4|
formulation was based on the data collected over the arid regions 2]
of the western part of the USA.
The main objective of a regression equation is to provide 0 * * * *
means to estimate one variable, given the value of another, and 0 2 4 ETP 6 8 10
to validate methods. From this viewpoint, the correlation 10 c
coefficient measures the extent of association between the y = 0,7474 x
; ; ; - 81 Rz =0,8031
variables, or in the case of this study, the association among ' §
various methods of estimating the ETP. One way to represent g 6
the relation among them is to establish a linear regression 04 2
equation and use it to validate the particular method employed. ’ ] ¢
The correlation analysis were conducted on: 1) all the
0 ‘ ‘ ; ;

stations; 2) all the stations along the coastal areas and 3) all the
stations in the interior of NEB. The estimates of ETP using the 0 2 4 ET 6 8 10
MJH and MCA methods were compared with that of the MCPBigyre 4. Correlation between ETP for all stations (A), stations
method. The MCA method showed a good correlation with the gjong the costal areas (B) and stations in the interior of
MCP method, hence justifying its use in estimating ETP in the Northeast Brazil (NEB) (C) estimated by using the method of
region, besides being more realistic than the MJH method. Penmam (ETPP) and by methods of Caselles et al. (ETPC)
However, the MCA and MJH methods both overestimated the and Jensen & Haise (MJH)
ETP, when compared with the MCP estimate.

Figures 4A, 4B and 4C show the correlations and the lineasrrelation coefficients for the stations along the coastal area
equations obtained for all the correlations executed. Tlage about the same for the cases MCA x MCP and MJH x MCP,

R. Bras. Eng. Agric. Ambiental, Campina Grande, v.4, n.3, p.348-354, 2000
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