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Abstract

This chapter aimed to demonstrate the potential of monitoring water and vegetation 
parameters by combining weather and satellite measurements in mixed agroecosystems 
in the semiarid region of the northern Minas Gerais state, Southeast Brazil. Soil moisture 
indicesȱandȱwaterȱproductivityȱcomponentsȱwereȱquanti򟿿edȱwithȱLandsatȱ8ȱimagesȱunderȱ
diěerentȱhydrologicalȱconditionsȱalongȱtheȱyearȱ2015.ȱTheȱsurfaceȱresistanceȱtoȱtheȱwaterȱ
Ěuxesȱ (rs)ȱperformedȱbeĴerȱ thanȱtheȱratioȱofȱactualȱtoȱ theȱreferenceȱevapotranspirationȱ
(ETr) to detect soil moisture conditions. The mean pixel values for actual evapotranspira-
tionȱ(ET),ȱbiomassȱproductionȱ(BIO),ȱandȱwaterȱproductivityȱbasedȱonȱevapotranspirationȱ
(WP),ȱforȱirrigatedȱcropsȱ(IC),ȱrangedȱrespectivelyȱfromȱ2.5ȱ±ȱ1.3ȱtoȱ4.1ȱ±ȱ1.6ȱmmȱd−1;ȱ78ȱ±ȱ62ȱ
toȱ132ȱ±ȱ64ȱkgȱha−1 d−1;ȱandȱfromȱ2.2ȱ±ȱ0.8ȱtoȱ3.3ȱ±ȱ0.9ȱkgȱm−3. The corresponding ranges 
forȱnaturalȱvegetationȱ(NV)ȱwereȱ0.1ȱ±ȱ0.2ȱtoȱ1.9ȱ±ȱ1.3ȱmmȱd−1;ȱ1ȱ±ȱ1ȱtoȱ44ȱ±ȱ42ȱkgȱha−1 d−1, 
andȱ0.6ȱ±ȱ0.3ȱtoȱ1.8ȱ±ȱ0.8ȱkgȱm−3. The incremental values, resulting from the replacement 
ofȱnaturalȱspeciesȱbyȱagriculturalȱcrops,ȱwereȱrespectivelyȱ2.7ȱmmȱd−1ȱandȱ83ȱkgȱhaȱd−1. 
However, this replacement increased water productivity based on evapotranspiration 
(WP)ȱbyȱ264%ȱduringȱtheȱstudiedȱyear,ȱwhatȱshouldȱbeȱconsideredȱinȱlandȱuseȱandȱclimateȱ
change studies in the Brazilian semiarid region.
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1. Introduction

InȱtheȱsemiaridȱregionȱofȱtheȱnorthernȱMinasȱGeraisȱstate,ȱSoutheastȱBrazil,ȱtheȱavailabilityȱofȱ
water resources for irrigation is responsible for the rural economy growth. The main commercial 
crops are fruits and sugar cane; however, one of the main consequences of this development is 
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that other water users are competing with those from the agricultural sectors. The Jaíba irriga-
tionȱschemeȱhasȱaȱtotalȱareaȱofȱ107,600ȱha,ȱbeingȱ65,800ȱhaȱirrigable,ȱinvolvingȱJaíbaȱandȱMatiasȱ
Cardosoȱcounties.ȱTheȱGorotubaȱirrigationȱschemeȱhasȱaȱtotalȱareaȱofȱ11,280ȱha,ȱfromȱwhichȱ4886ȱ
areȱirrigable,ȱinvolvingȱtheȱcountiesȱofȱJanaúba,ȱNovaȱPorteirinha,ȱandȱRiachoȱdosȱMachadosȱ[1].

TheȱirrigationȱschemesȱmakeȱtheȱnorthȱofȱMinasȱanȱimportantȱagriculturalȱgrowingȱregion,ȱ
becauseȱofȱtheȱrapidȱdevelopmentȱofȱtheȱirrigationȱtechnologies.ȱUnderȱtheȱactualȱclimateȱandȱ
land-use change scenarios in the Brazilian semiarid region, the use of remote sensing from 
satellites, for quantifying the large-scale soil moisture and water productivity components in 
mixedȱagroecosystems,ȱisȱstronglyȱrelevant.ȱTheseȱknowledgesȱprovideȱvaluableȱinformationȱ
for the water resource conservation practices without lowering the agricultural production. 
To meet this goal, there is the need for large scale quantifying both actual evapotranspiration 
(ET)ȱandȱbiomassȱproductionȱ(BIO).

Actualȱevapotranspirationȱ(ET)ȱisȱcriticallyȱimportantȱbecauseȱofȱitsȱrelationȱwithȱyieldȱinȱallȱ
agroecosystems.ȱOnȱtheȱoneȱhand,ȱitȱisȱtheȱmainȱwaterȱuseȱforȱagriculture.ȱOnȱtheȱotherȱhand,ȱ
increase in evapotranspiration rates results in less water availability for ecological and human 
usesȱinȱhydrologicalȱbasins.ȱTheȱdiĜcultiesȱofȱacquiringȱlarge-scaleȱwaterȱĚuxesȱthroughoutȱ
򟿿eldȱmeasurementsȱ inȱ semiaridȱenvironmentsȱhighlightedȱ theȱuseȱofȱ remoteȱ sensingȱ fromȱ
satellites,ȱtogetherȱwithȱagrometeorologicalȱstationsȱ[2, 3].

TheȱSimpleȱAlgorithmȱforȱEvapotranspirationȱRetrievingȱ(SAFER)ȱmodel,ȱforȱenergyȱradia-
tion and energy balance accounting, was developed and validated in the Brazilian semiarid 
regionȱthroughȱsimultaneousȱLandsatȱandȱ򟿿eldȱmeasurements,ȱinvolvingȱstrongȱcontrastingȱ
hydrologicalȱconditionsȱandȱagroecosystemȱtypesȱduringȱseveralȱyearsȱ[4, 5].

Remoteȱsensingȱfromȱsatellitesȱisȱalsoȱanȱeěectiveȱtoolȱforȱlarge-scaleȱbiomassȱproductionȱesti-
mations.ȱTheȱradiationȱuseȱeĜciencyȱ(RUE)ȱmodelȱproposedȱbyȱMonteithȱ[6] has acceptable 
accuracy for this purpose, providing spatial and temporal information of vegetation locations 
andȱplantȱstatusȱ[7].

Aȱthirdȱmodel,ȱtheȱSurfaceȱResistanceȱAlgorithmȱ(SUREAL),ȱwasȱelaboratedȱtoȱcalculateȱtheȱ
surfaceȱresistanceȱtoȱwaterȱĚuxesȱ(rs),ȱaȱsoilȱmoistureȱindex,ȱwithȱ򟿿eldȱandȱLandsatȱdataȱ[4, 5], 
forȱclassifyingȱmixedȱagroecosystemsȱintoȱirrigatedȱcropsȱ(IC)ȱandȱnaturalȱvegetationȱ(NV)ȱ[8].

All the referred models are applied together with a net of agrometeorological stations in this chap-
ter to retrieve large-scale water and vegetation indices, highlighting the combination of remote 
sensing algorithms as suitable tools for using together with weather data. The study aimed to 
apply these tools for subsidizing large-scale water productivity assessments in irrigated crops 
and natural vegetation under the semiarid conditions of Minas Gerais state, Southeast Brazil.

2. Materials and methods

2.1. Study area and data set

Figure 1 shows the location of the study area with the county divisions and the agrometeoro-
logical stations used in the semiarid region of the north of Minas Gerais state, Southeast Brazil.
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Theȱ agrometeorologicalȱ stationsȱ areȱ Mocambinhoȱ (MC),ȱ Matiasȱ Cardosoȱ (MC),ȱ Gameleirasȱ
(GA),ȱJaíbaȱ(JB),ȱVarzelândiaȱ(VZ),ȱVerdelândiaȱ(VD),ȱPaiȱPedroȱ(PP),ȱNovaȱPorteirinhaȱ(NP),ȱSãoȱ
JoãoȱdaȱPonteȱ(SJP),ȱRiachoȱdosȱMachadoȱ(RM),ȱBelaȱVistaȱ(BV),ȱandȱCapitãoȱEneasȱ(CE).

The predominant vegetation cover in the semiarid region of the northern Minas Gerais state, 
SoutheastȱBrazil,ȱisȱclassi񯿿edȱasȱ“Cerrado,”ȱ“Caatinga,”ȱandȱtransitionsȱ[9], and the main hydro-
logicalȱbasinsȱareȱSãoȱFranciscoȱandȱJequitinhonhaȱ[10].

AccordingȱtoȱLumbrerasȱetȱal.ȱ[11],ȱlong-termȱrainfallȱisȱbelowȱ900ȱmmȱyr.−1, concentrated in the 
񯿿rstȱandȱtheȱlastȱ3ȱmonthsȱofȱtheȱyear.ȱThermalȱconditionsȱareȱcharacterizedȱbyȱhighȱairȱtempera-
tureȱ(Ta),ȱwithȱaveragesȱofȱ24°Cȱandȱmaximumsȱbetweenȱ31ȱandȱ32°C,ȱoccurringȱfromȱSeptemberȱ
toȱOctober,ȱwhenȱtheȱsunȱisȱaroundȱtheȱzenithȱpositionȱinȱtheȱregion.ȱTheȱcoldestȱperiodȱisȱfromȱ
JuneȱtoȱJuly,ȱsolsticeȱperiodȱinȱtheȱSouthernȱhemisphere,ȱwhenȱtheȱminimumsȱareȱfromȱ14ȱtoȱ17°C.

2.2. Large-scale soil moisture and water productivity modeling

TheȱLandsatȱ8ȱimagesȱinvolvedȱtheȱorbitȱ218ȱandȱtheȱpointsȱ70ȱandȱ71,ȱwhichȱmosaicsȱcoveredȱ
diěerentȱhydrologicalȱconditionsȱalongȱ theȱyearȱ2015,ȱrepresentedȱbyȱ theȱDaysȱofȱ theȱYearȱ
(DOY)ȱ019ȱ(Januaryȱ19),ȱ163ȱ(Juneȱ12),ȱ259ȱ(Septemberȱ16)ȱandȱ307ȱ(Novemberȱ03).ȱFigure 2 
shows the steps for modeling the soil moisture indices and water productivity components 
throughoutȱtheȱSimpleȱAlgorithmȱforȱEvapotranspirationȱRetrievingȱ(SAFER),ȱRadiationȱUseȱ
EĜciencyȱ(RUE),ȱandȱSurfaceȱResistanceȱAlgorithmȱ(SUREAL)ȱmodels.

According to Figure 2,ȱfromȱtheȱDigitalȱNumbersȱ(DN),ȱtheȱspectralȱradiancesȱforȱeachȱbandȱ
(Lband) are calculated:

   L  band  ȷ=ȷaDN + bȱȱ (1)

whereȱaȱandȱbȱareȱregressionȱcoeĜcientsȱgivenȱinȱtheȱmetadataȱ񯿿leȱ[12].

Figure 1.ȱLocationȱofȱtheȱstudyȱareaȱandȱagrometeorologicalȱstationsȱinsideȱtheȱcountiesȱunderȱtheȱsemiaridȱconditionsȱ
of the north of Minas Gerais state, Southeast Brazil.
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Theȱalbedoȱatȱtheȱtopȱofȱtheȱatmosphereȱforȱeachȱbandȱ(αtband) of the satellite sensor was cal-
culated as:

  αȹ t  band  ȷ=ȷ  
 L  band  ȹπ d   2 

 Rt  band  ȹcosϕ  ȱȱ (2)

whereȱLbandȱisȱinȱWȱm−2 sr−1 μm−1,ȱdȱisȱtheȱrelativeȱearth-sunȱdistance,ȱRtband is the mean solar 
irradianceȱatȱtheȱtopȱofȱtheȱatmosphereȱforȱeachȱbandȱ(Wȱm−2 μm−1), and  ϕ  is the solar zenith 
angleȱ[3].

FollowingȱTeixeiraȱetȱal.ȱ[3],ȱtheȱbroadbandȱalbedoȱatȱtheȱtopȱofȱtheȱatmosphereȱ(αt)ȱwasȱcal-
culatedȱasȱtheȱtotalȱsumȱofȱtheȱdi𿿿erentȱnarrow-bandȱαtband values according to the weights 
forȱeachȱbandȱ(wb).

  훼tȷ=ȷ∑Ⱥ w  band  ȹα t  band  ȱȱ (3)

where the wband values were computed as the ratio of the amount of the incoming shortwave radi-
ation from the sun at the top of the atmosphere in a particular band and the sum for all the bands.

Theȱspectralȱradiancesȱfromȱtheȱthermalȱbandsȱ10ȱ(L10)ȱandȱ11ȱ(L11) were used to calculate the 
radiometricȱtemperaturesȱ(Tband)ȱapplyingȱtheȱPlank’sȱlaw:

   T  band  ȷ=ȷ  
 K  2  

ln   
 K  1  

 L  band   + 1   
  ,ȱȱ (4)

Figure 2. Flow chart for modeling soil moisture indices and water productivity components throughout application 
ofȱ theȱ Simpleȱ Algorithmȱ forȱ Evapotranspirationȱ Retrievingȱ (SAFER),ȱ Radiationȱ Useȱ EĜciencyȱ (RUE),ȱ andȱ Surfaceȱ
ResistanceȱAlgorithmȱ(SUREAL)ȱmodelsȱtoȱLandsatȱ8ȱimagesȱtogetherȱwithȱagrometeorologicalȱdata.
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where K1ȱ(774.89ȱandȱ480.89)ȱandȱK2ȱ(1321.08ȱandȱ1201.14)ȱtheȱconversionȱcoeĜcientsȱforȱtheȱ
bandsȱ10ȱandȱ11,ȱrespectively.

The average Tband value from the two bands was considered as the brightness temperature 
(Tbright);ȱhowever,ȱconditionalȱfunctionsȱwereȱusedȱwhenȱoneȱofȱtheȱbandsȱ10ȱorȱ11ȱpresentedȱ
pixelȱvalueȱproblemsȱtoȱretrieveȱonlyȱoneȱbandȱPlank’sȱresultȱforȱTbright.

BothȱαtȱandȱTbrightȱwereȱcorrectedȱatmosphericallyȱforȱacquiringȱtheȱalbedoȱ(α0) and temperature 
(T0) surface instantaneous values, by regression equations determined from previous simul-
taneousȱLandsatȱandȱ򟿿eldȱmeasurements.ȱOtherȱregressionsȱbetweenȱtheȱinstantaneousȱandȱ
dailyȱvaluesȱwereȱalsoȱappliedȱtoȱupscaleȱtheȱsatelliteȱoverpassȱtoȱtheȱ24-hȱα0 and T0ȱvaluesȱ[3].

TheȱNormalizedȱDiěerenceȱVegetationȱIndexȱ(NDVI)ȱisȱaȱmeasureȱofȱtheȱvegetationȱamountȱatȱ
the surface:

  NDVIȷ=ȷ  
α t   nir     − α t   red    
α t   nir     + α t   red    

  ȱȱ (5)

whereȱαtnirȱ andȱαtred represent the albedo at the top of the atmosphere over the ranges of 
wavelengthsȱinȱtheȱnearȱinfraredȱ(subscriptȱnir)ȱandȱredȱ(subscriptȱred) regions of the solar 
spectrum,ȱwhichȱforȱLandsatȱ8ȱsatelliteȱareȱtheȱbandsȱ5ȱandȱ4,ȱrespectively.

Theȱsatelliteȱoverpassȱ(subscriptȱsat)ȱvaluesȱforȱtheȱratioȱofȱactualȱevapotranspirationȱ(ET)ȱtoȱ
theȱreferenceȱevapotranspirationȱ(ET0)ȱwereȱmodeledȱasȱ[5]:

    (  ET___
 ET  0  

  )   
sat

  ȷ=ȷexp [ a  sf   +  b  sf     
 T  0  _______

 α  0  ȹNDVI   ] ȱȱ (6)

where asf and bsfȱareȱregressionȱcoeĜcientsȱofȱ1.8ȱandȱ−0.008,ȱforȱtheȱBrazilianȱsemiaridȱconditions.

Eq.ȱ6ȱdoesȱnotȱworkȱforȱwaterȱbodiesȱ(i.e.,ȱNDVIȱ<0).ȱInȱtheseȱsituations,ȱtheȱconceptȱofȱequilib-
riumȱevapotranspirationȱ(ETeq)ȱisȱincorporatedȱintoȱtheȱSimpleȱAlgorithmȱforȱEvapotranspirationȱ
Retrievingȱ(SAFER)ȱalgorithmȱ[13],ȱapplyingȱconditionalȱfunctionsȱtoȱnegativeȱNDVIȱvalues.ȱ
Then,ȱtheȱlarge-scaleȱactualȱevapotranspirationȱ(ET)ȱvaluesȱareȱobtainedȱas:

  ETȷ=ȷ  (  ET___
 ET  0  

  )   
sat

  ȹ ET  0  ȹor 0.035   
s  R  n   − G  _______

s + γ   ȱȱ (7)

whereȱsȱisȱtheȱinclinationȱofȱtheȱcurveȱrelatingȱtheȱsaturationȱvaporȱpressureȱ(es) and the air tem-
peratureȱ(Ta),ȱRnȱisȱtheȱnetȱradiation,ȱGȱisȱtheȱgroundȱheatȱĚux,ȱandȱγȱisȱtheȱpsychrometricȱconstant.

Netȱradiationȱ(Rn)ȱcanȱbeȱdescribedȱthroughȱtheȱ24-hȱvaluesȱofȱnetȱshortwaveȱradiation,ȱwithȱ
aȱcorrectionȱtermȱforȱnetȱlongwaveȱradiationȱ[4]:

   R  n  ȷ=ȷ 1 −  α  0    R  G   −  a  L  τȱȱ (8)

where aLȱisȱtheȱregressionȱcoeĜcientȱofȱtheȱrelationshipȱbetweenȱnetȱlongȱwaveȱradiationȱandȱ
atmosphericȱtransmissivityȱ(τ)ȱonȱaȱdailyȱscale.
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Forȱgroundȱheatȱ񯿿uxȱ(G),ȱtheȱequationȱderivedȱbyȱTeixeiraȱ[5] was used:

    G __
 R  n  

  ȷ=ȷ a  G  ȹexp  b  G   α  0   ȱȱ (9)

where aG and bGȱ(3.98;ȱ−25.47)ȱareȱtheȱregressionȱcoeĜcients.

Aȱsoilȱmoistureȱindexȱ(ETr)ȱisȱconsideredȱbyȱrecalculatingȱtheȱratioȱofȱtheȱactualȱ(ET)ȱtoȱrefer-
enceȱ(ET0) evapotranspiration on a daily scale:

   ET  r  ȷ=ȷ  ET___
 ET  0  

  ȱȱ (10)

Forȱ biomassȱ productionȱ (BIO)ȱ calculations,ȱ theȱ radiationȱ useȱ eĜciencyȱ (RUE)ȱmodelȱwasȱ
used,ȱintroducingȱtheȱsoilȱmoistureȱeěectsȱthroughȱtheȱdailyȱratioȱofȱactualȱtoȱreferenceȱevapo-
transpirationȱ(ETr):

  BIOȷ=ȷ ε  max  ȹ ET  r  ȹ PAR  abs  ȹ0.864ȱȱ (11)

whereȱεmaxȱisȱtheȱmaximumȱradiationȱeĜciencyȱuse,ȱPARabs is the absorbed photosynthetically 
activeȱradiation,ȱandȱ0.864ȱisȱaȱunitȱconversionȱfactor.

Theȱabsorbedȱphotosyntheticallyȱactiveȱradiationȱ(PARabs) was estimated as function of the 
NormalizedȱDiěerenceȱVegetationȱIndexȱ(NDVI)ȱandȱtheȱincidentȱphotosyntheticallyȱactiveȱ
radiationȱ(PARinc),ȱwhichȱinȱturnȱisȱconsideredȱaȱfractionȱofȱtheȱglobalȱsolarȱradiationȱ(RG):

   PAR  abs  ȷ=ȷ  a  fr  ȹNDVI +  b  fr    PAR  inc  ȱȱ (12)

whereȱtheȱcoeĜcientsȱafr and bfrȱwereȱconsideredȱ1.257ȱandȱ−0.161ȱ[14].

Asȱanotherȱindex,ȱtheȱsurfaceȱresistanceȱtoȱtheȱwaterȱ񯿿uxesȱ(rs) was used to picture the soil 
moistureȱconditions,ȱbutȱalsoȱforȱclassifyingȱtheȱvegetation,ȱintoȱirrigatedȱcropsȱ(IC)ȱandȱnatu-
ralȱvegetationȱ(NV),ȱthroughoutȱtheȱsurfaceȱresistanceȱalgorithmȱ(SUREAL)ȱmodelȱ[5]:

   r  s  ȷ=ȷexp  a  r   (  
 T  0   __  α  0    )  1 − NDVI   +  b  r   ȱȱ (13)

where ar and brȱareȱtheȱregressionȱcoeĜcientsȱofȱ0.04ȱandȱ2.72ȱforȱtheȱBrazilianȱsemiaridȱconditions.

3. Results and discussion

3.1. Large-scale weather conditions

Figure 3ȱpresentsȱtheȱtendenciesȱofȱtheȱfortnightȱmeanȱpixelȱvaluesȱforȱprecipitationȱ(P)ȱandȱ
referenceȱ evapotranspirationȱ (ET0) resulted from the weather interpolation process in the 
study area, including the periods before, during, and after the satellite image acquisitions. 
Weatherȱconditionsȱduringȱtheseȱperiodsȱwillȱaěectȱtheȱimageȱprocessȱresults.
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Because of the semiarid characteristics of the study region and the proximity of the equator, 
precipitationȱ(P)ȱwasȱmuchȱmoreȱvariableȱthanȱreferenceȱevapotranspirationȱ(ET0).ȱRainfallȱ
concentrationsȱwereȱatȱ theȱstartȱandȱatȱ theȱendȱofȱtheȱyears,ȱ inȱagreementȱwithȱLumbrerasȱ
etȱal.ȱ[11].ȱTheȱdriestȱperiod,ȱwithȱprecipitationȱ(P)ȱfortnightȱvaluesȱbelowȱ5ȱmm,ȱwasȱfromȱ
DayȱofȱtheȱYearȱ(DOY)ȱ160ȱtoȱ289ȱinȱ2015,ȱlowerȱthanȱ10%ȱofȱtheȱreferenceȱevapotranspirationȱ
(ET0). However, one can see other natural water scarcity events, one at the start of January 
andȱfromȱDayȱofȱtheȱYearȱ(DOY)ȱ064ȱtoȱ097,ȱevenȱinsideȱtheȱnormalȱrainyȱseasonȱconditionsȱ
of the region.

Regardingȱ theȱ referenceȱ evapotranspirationȱ (ET0) values, the largest atmospheric demands 
wereȱatȱtheȱendȱofȱ2015,ȱwhenȱtheȱfortnightȱvaluesȱwereȱhigherȱthanȱ80ȱmm.ȱUnderȱtheseȱsitu-
ations,ȱtheȱsunȱwasȱaroundȱitsȱzenithȱpositionȱwithȱtheȱskyȱpresentingȱlowȱcloudȱcover.ȱUnderȱ
theȱconditionsȱofȱhighȱbothȱprecipitationȱ(P)ȱandȱreferenceȱevapotranspirationȱ(ET0), during the 
startȱandȱatȱtheȱendȱofȱyear,ȱallȱagroecosystems,ȱirrigatedȱcropsȱ(IC)ȱandȱnaturalȱvegetationȱ(NV)ȱ
wereȱinȱfavorȱforȱlargeȱactualȱevapotranspirationȱ(ET)ȱandȱbiomassȱproductionȱ(BIO)ȱrates.

3.2. Large-scale soil moisture indices

Figure 4ȱshowsȱtheȱspatialȱdistributionȱforȱtheȱactualȱtoȱreferenceȱevapotranspirationȱratioȱ(ETr) 
andȱitsȱdailyȱaverageȱvalues,ȱinvolvingȱdi�erentȱhydrologicalȱconditionsȱandȱagroecosystemsȱ
alongȱtheȱyearȱ2015,ȱinȱtheȱsemiaridȱregionȱofȱtheȱnorthȱofȱMinasȱGeraisȱstate,ȱSoutheastȱBrazil.

Figure 3.ȱClimaticȱwaterȱbalanceȱcomponentsȱinȱtheȱsemiaridȱregionȱofȱtheȱnorthernȱMinasȱGeraisȱstate,ȱinvolvingȱtheȱ
fortnightȱperiodsȱfromȱ2014ȱ toȱ2015,ȱbefore,ȱduring,ȱandȱafterȱ theȱ imageȱacquisitions:ȱprecipitationȱ(P)ȱandȱreferenceȱ
evapotranspirationȱ(ET0).
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Theȱ spatialȱ andȱ temporalȱ variations,ȱ theȱ actualȱ (ET)ȱ toȱ referenceȱ evapotranspirationȱ (ET0) 
ratioȱ(ETr),ȱalongȱtheȱyearȱ2015ȱareȱevident,ȱcon񯿿rmingȱtheȱsensibilityȱofȱtheȱSimpleȱAlgorithmȱ
forȱEvapotranspirationȱRetrievingȱ(SAFER)ȱmodelȱtoȱpictureȱtheȱsoilȱmoistureȱinvolvingȱdif-
ferent hydrological conditions and agroecosystems. The spatial variations of this ratio are 
muchȱstronglyȱnoticedȱwhenȱcomparingȱtheȱimagesȱrepresentativeȱofȱtheȱrainyȱperiodȱ(DOYȱ
027,ȱJanuaryȱ29)ȱwhenȱsomeȱwellȱirrigatedȱareasȱpresentedȱvaluesȱaboveȱ1.00,ȱagainstȱthatȱforȱ
theȱdriestȱoneȱofȱDOYȱ307ȱ(Novemberȱ03),ȱwhenȱsomeȱpixelsȱreachȱtoȱ0.00ȱvaluesȱinȱnaturalȱ
speciesȱ (Figures 3 and 4).ȱ Theȱhighestȱ valuesȱ forȱ Jaíba,ȱNovaȱPorteirinha,ȱ andȱRiachoȱdosȱ
Machadosȱcountiesȱduringȱtheȱclimaticallyȱdriestȱperiodsȱ(Figures 1 and 4)ȱmayȱbeȱaĴributedȱ
to largest concentrations of irrigated areas.

Figure 4.ȱSpatialȱ distributionȱ ofȱ theȱ dailyȱ valuesȱ forȱ theȱ ratioȱ ofȱ actualȱ evapotranspirationȱ –ȱ ETȱ toȱ theȱ referenceȱ
evapotranspirationȱ–ȱET0ȱ(ETr),ȱinvolvingȱdiěerentȱhydrologicalȱconditionsȱandȱagroecosystemsȱalongȱtheȱyearȱ2015,ȱinȱtheȱ
northȱofȱMinasȱGeraisȱstate,ȱSoutheastȱBrazil.ȱDOYȱisȱtheȱDayȱofȱtheȱYear,ȱandȱtheȱoverȱbarsȱmeanȱaveragesȱshowedȱtogetherȱ
withȱtheȱstandardȱdeviationȱ(SD).

Arid Environments and Sustainability100



Inȱwell-irrigatedȱcrops,ȱtheȱactualȱtoȱreferenceȱevapotranspirationȱratioȱ(ETr) values, called in 
thisȱcaseȱtheȱcropȱcoeĜcientȱ(Kc), may be used for estimating the water requirements at dif-
ferentȱspatialȱscalesȱ[15].ȱOnȱtheȱotherȱhand,ȱinȱnaturalȱvegetation,ȱthisȱratioȱcharacterizesȱtheȱ
degreeȱofȱtheȱwaterȱstressȱinȱtheȱplantȱrootȱzonesȱ[16].

InȱaȱtemperateȱdesertȱsteppeȱofȱtheȱInnerȱMongolia,ȱChina, the seasonal actual to reference 
evapotranspirationȱratioȱ(ETr)ȱrangedȱfromȱmeanȱdailyȱvaluesȱofȱ0.16ȱtoȱmaximumȱofȱ0.75ȱ[17], 
similarȱtoȱseveralȱsituationsȱofȱtheȱcurrentȱstudy.ȱHowever,ȱLuȱetȱal.ȱ[16],ȱinȱtheȱsameȱChineseȱ
region,ȱfoundȱthisȱratioȱhigherȱthanȱ1.00ȱ forȱsixȱdiěerentȱecosystems,ȱwhileȱ itȱwasȱinsideȱaȱ
rangeȱfromȱ0.47ȱtoȱ0.92ȱinȱaȱnon-irrigatedȱpastureȱsiteȱinȱFlorida,ȱUSAȱ[18].

Theȱmostȱimportantȱvariablesȱforȱtheȱactualȱtoȱreferenceȱevapotranspirationȱratioȱ(ETr) varia-
tionsȱinȱaȱreedȱmarshȱinȱtheȱNortheastȱChinaȱwereȱaĴributedȱtoȱairȱtemperature,ȱairȱhumidity,ȱ
andȱtheȱavailableȱenergyȱ [19].ȱ InȱtheȱBrazilianȱsemiaridȱconditions,ȱpreviousȱrainyȱseasonsȱ
wereȱtheȱmostȱsigni󟿿cantȱreasonȱforȱtheȱhighestȱvaluesȱofȱthisȱratio,ȱincreasing the soil mois-
ture in the subsequent periods. However, the values of this soil moisture index in natural 
ecosystems also depend on the stomatal regulation and plant adaptation to water scarcity 
conditionsȱ[20].

Inȱthisȱchapter,ȱtheȱsurfaceȱresistanceȱtoȱtheȱwaterȱĚuxesȱ(rs) is considered for both, being a candi-
date to picture the soil moisture conditions and to classify the agroecosystems into irrigated crops 
(IC)ȱandȱnaturalȱvegetationȱ(NV).ȱAsȱlowerȱareȱitsȱvalues,ȱhigherȱisȱtheȱrootȱzoneȱmoistureȱ[3].

Figure 5ȱshowsȱtheȱspatialȱdistributionȱforȱtheȱsurfaceȱresistanceȱtoȱwaterȱĚuxesȱ(rs) and its 
averageȱdailyȱvalues,ȱinvolvingȱdiěerentȱhydrologicalȱconditionsȱandȱagroecosystemsȱalongȱ
theȱyearȱ2015,ȱinȱsemiaridȱregionȱofȱtheȱnorthȱofȱMinasȱGeraisȱstate,ȱSoutheastȱBrazil.

TheȱspatialȱandȱtemporalȱvariationsȱofȱtheȱsurfaceȱresistanceȱtoȱwaterȱĚuxesȱ(rs) are also clear 
alongȱtheȱyearȱ2015,ȱcon󟿿rmingȱtheȱsensibilityȱofȱtheȱSurfaceȱResistanceȱAlgorithmȱ(SUREAL)ȱ
modelȱ forȱ detectingȱ diěerencesȱ inȱ soilȱmoistureȱ conditionsȱ amongȱ agroecosystemsȱ underȱ
semiaridȱconditions.ȱAsȱinȱtheȱcaseȱofȱtheȱactualȱtoȱreferenceȱevapotranspirationȱratioȱ(ETr), 
theȱspatialȱsoilȱmoistureȱdiěerencesȱareȱalsoȱstronglyȱnoticedȱcomparingȱtheȱrepresentativeȱ
imagesȱforȱtheȱrainyȱperiodȱ(DOYȱ019–Januaryȱ19)ȱagainstȱthatȱforȱtheȱdriestȱconditionsȱ(DOYȱ
307–Novemberȱ03).ȱHowever,ȱitȱisȱclearȱthatȱtheȱsurfaceȱresistanceȱtoȱwaterȱĚuxesȱ(rs) detects 
theȱ soilȱmoistureȱdiěerencesȱ strongerȱ thanȱ theȱactualȱ toȱ referenceȱevapotranspirationȱratioȱ
(ETr)ȱwhenȱanalyzingȱtheȱimagesȱofȱDOYȱ259ȱ(Septemberȱ19)ȱandȱ307ȱ(Novemberȱ03)ȱfromȱ
Figures 4 and 5.

Then,ȱtheȱsurfaceȱresistanceȱtoȱwaterȱĚuxesȱ(rs)ȱimageȱduringȱtheȱdriestȱconditionsȱofȱDOYȱ259ȱ
wasȱtakenȱforȱtheȱvegetationȱclassi󟿿cation.ȱInȱthisȱimage,ȱpixelȱvaluesȱbelowȱ800ȱsȱm−1 and the 
NormalizedȱDiěerenceȱVegetationȱIndexȱ(NDVI)ȱaboveȱorȱequalȱtoȱ0.30ȱwereȱconsideredȱirri-
gatedȱcropsȱ(IC),ȱwhileȱthoseȱwithȱvaluesȱbetweenȱ1000ȱandȱ10,000ȱsȱm−1ȱandȱtheȱNormalizedȱ
DiěerenceȱVegetationȱIndexȱ(NDVI)ȱbelowȱ0.30ȱwereȱconsideredȱnaturalȱvegetationȱ(NV).ȱTheȱ
highȱendȱofȱthisȱlastȱrangeȱwasȱincludedȱtoȱ󟿿lterȱrocksȱandȱbuildingsȱ[3]. The lowest values of 
theȱsurfaceȱresistanceȱtoȱwaterȱĚuxesȱ(rs) in vegetation indicate good soil moisture conditions, 
while the highest ones are related to water stress in all agroecosystems.
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3.3. Large-scale water productivity parameters

Figure 6 shows the spatial distribution and the average daily values for actual evapotranspira-
tionȱ(ET)ȱandȱbiomassȱproductionȱ(BIO)ȱforȱirrigatedȱcropsȱ(IC)ȱandȱnaturalȱvegetationsȱ(NV),ȱ
underȱdiěerentȱhydrologicalȱconditionsȱalongȱtheȱyearȱ2015,ȱinȱtheȱnorthȱofȱMinasȱGeraisȱstate,ȱ
Southeast Brazil.

Theȱspatialȱandȱtemporalȱvariationsȱforȱactualȱevapotranspirationȱ(ET)ȱ(Figure 6a) and biomass 
productionȱ(BIO)ȱ(Figure 6b)ȱareȱbothȱstrong.ȱThisȱisȱnoticedȱmainlyȱwhenȱcomparingȱtheȱweĴestȱ
conditionsȱ(representedȱbyȱtheȱimageȱofȱDOYȱ019—Januaryȱ19)ȱwithȱtheȱdriestȱonesȱ(representedȱ
byȱtheȱimageȱofȱDOYȱ259—Septemberȱ16),ȱwhereȱtheȱpixelsȱwithȱtheȱhighȱvaluesȱrepresentȱirri-
gatedȱcropsȱ(IC).ȱTheȱlargestȱratesȱforȱbothȱwaterȱproductivityȱparametersȱoccurredȱduringȱtheȱ

Figure 5.ȱSpatialȱdistributionȱforȱtheȱsurfaceȱresistanceȱtoȱwaterȱ񯿿uxesȱ(rs),ȱunderȱdiěerentȱhydrologicalȱconditionsȱandȱ
agroecosystemsȱalongȱtheȱyearȱ2015,ȱinȱtheȱnorthȱofȱMinasȱGeraisȱstate,ȱSoutheastȱBrazil.ȱDOYȱisȱtheȱDayȱofȱtheȱYear,ȱandȱ
theȱoverȱbarsȱmeansȱaveragesȱshowedȱtogetherȱwithȱstandardȱdeviationȱ(SD).
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rainyȱperiod,ȱwhenȱtheȱaccumulatedȱprecipitationȱ(P)ȱfavoredȱtheȱnaturalȱspecies,ȱwhileȱbesidesȱ
theȱrainfallȱwaterȱsupply,ȱirrigatedȱcropsȱwereȱbene𿿿cedȱwithȱsupplementaryȱirrigation.

Theȱlowestȱactualȱevapotranspirationȱ(ET)ȱandȱstandardȱdeviationȱ(SD)ȱvaluesȱforȱirrigatedȱcropsȱ
(IC)ȱwereȱsoonȱafterȱtheȱrainyȱperiod,ȱconditionsȱrepresentedȱbyȱtheȱimageȱofȱDOYȱ163ȱ(Juneȱ12).ȱ
Forȱbiomassȱproductionȱ(BIO),ȱtheyȱwereȱduringȱtheȱclimaticallyȱdriestȱconditions,ȱrepresentedȱ
byȱtheȱimageȱofȱDOYȱ259ȱ(Septemberȱ16),ȱhoweverȱwithȱtheȱlowestȱspatialȱvariationsȱinȱNovemberȱ
(DOYȱ307).ȱConsideringȱtheȱnaturalȱvegetationȱecosystemȱ(NV),ȱtheȱhighestȱbothȱactualȱevapo-
transpirationȱ(ET)ȱandȱbiomassȱproductionȱ(BIO)ȱvaluesȱoccurredȱduringȱtheȱrainyȱperiod,ȱrepre-
sentedȱbyȱtheȱimageȱofȱDOYȱ019ȱ(Januaryȱ19),ȱwhileȱtheȱlowestȱonesȱwereȱduringȱtheȱclimaticallyȱ
driestȱperiodȱ(DOYȱ259,ȱSeptemberȱ16),ȱbecauseȱofȱtheȱlowȱsoilȱmoistureȱconditionsȱpromotingȱ
shortȱvegetativeȱdevelopmentȱofȱnaturalȱspecies.ȱUnderȱtheseȱlastȱconditions,ȱtheȱnativeȱplantsȱ
are in dormancy stage, closing stomata what limit both transpiration and photosynthesis, and in 
general, crops are regularly daily irrigated, increasing the water productivity parameters.

Theȱaverageȱpixelȱvaluesȱforȱactualȱevapotranspirationȱ(ET)ȱandȱbiomassȱproductionȱ(BIO),ȱ
inȱirrigatedȱcropsȱ(IC),ȱrangedȱrespectivelyȱfromȱ2.5ȱ±ȱ1.3ȱtoȱ4.1ȱ±ȱ1.6ȱmmȱd−1ȱandȱfromȱ78ȱ±ȱ62ȱ
toȱ132ȱ±ȱ64ȱkgȱha−1 d−1.ȱTheȱcorrespondingȱrangesȱforȱnaturalȱvegetationȱ(NV)ȱwereȱ0.1ȱ±ȱ0.2ȱ
toȱ1.9ȱ±ȱ1.3ȱmmȱd−1ȱandȱdeȱ1ȱ±ȱ1ȱtoȱ44ȱ±ȱ42ȱkgȱha−1 d−1.ȱLeivasȱetȱal.ȱ [2] reported maximum 
actualȱevapotranspirationȱ(ET)ȱvaluesȱofȱ3.5ȱ±ȱ1.0ȱmmȱd−1ȱ inȱ theȱJaíbaȱirrigationȱscheme.ȱInȱ
theȱPetrolina/Juazeiroȱagriculturalȱgrowingȱregion,ȱunderȱtheȱsemiaridȱconditionsȱofȱtheȱSãoȱ

Figure 6.ȱSpatialȱ distributionȱ andȱ theȱ dailyȱ averageȱ valuesȱ forȱ theȱ waterȱ productivityȱ parameters,ȱ underȱ diěerentȱ
hydrologicalȱ conditionsȱ alongȱ theȱ yearȱ 2015,ȱ inȱ theȱ northȱ ofȱ Minasȱ Geraisȱ state,ȱ Southeastȱ Brazil.ȱ (a)ȱ Actualȱ
evapotranspirationȱ(ET)ȱandȱ(b)ȱbiomassȱproductionȱ(BIO).ȱDOYȱisȱtheȱDayȱofȱtheȱYearȱandȱtheȱoverȱbarsȱmeansȱaveragesȱ
forȱirrigatedȱcropsȱ(IC)ȱandȱnaturalȱvegetationȱ(NV)ȱshowedȱtogetherȱwithȱstandardȱdeviationsȱ(SD).
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Franciscoȱriverȱbasin,ȱTeixeiraȱetȱal.ȱ[7]ȱfoundȱmaximumȱvaluesȱofȱbiomassȱproductionȱ(BIO)ȱ
ofȱ100ȱandȱ46ȱkgȱha−1 d−1ȱinȱirrigatedȱcropsȱ(IC)ȱandȱnaturalȱvegetationȱ(NV)ȱagroecosystems,ȱ
respectively.ȱTheseȱdi𿿿erences,ȱregardingȱtheȱresultsȱinȱthisȱchapter,ȱmayȱbeȱrelated,ȱinȱpart,ȱtoȱ
theȱlowerȱspatialȱresolutionȱofȱtheȱMODISȱimagesȱusedȱinȱtheȱpreviousȱstudies,ȱinȱcomparisonȱ
withȱthatȱforȱtheȱLandsatȱ8ȱinȱtheȱcurrentȱresearch.

Whileȱalongȱ theȱyear,ȱ theȱvaluesȱ forȱactualȱevapotranspirationȱ (ET)ȱandȱbiomassȱproductionȱ
(BIO)ȱwereȱprogressivelyȱdeclining,ȱreachingȱcloseȱtoȱzeroȱinȱNovemberȱ(DOYȱ307)ȱinȱtheȱnatu-
ralȱvegetationȱ(NV)ȱecosystem,ȱinȱirrigatedȱcropsȱ(IC),ȱtheyȱwereȱalwaysȱaboveȱ2.5ȱmmȱd−1 and 
78ȱkgȱhaȱd−1,ȱrespectively.ȱInȱanȱannualȱscale,ȱtheȱincrementalȱratesȱresultingȱfromȱtheȱreplace-
mentȱofȱnaturalȱspeciesȱbyȱirrigatedȱcropsȱwereȱ2.7ȱmmȱd−1ȱandȱ83ȱkgȱhaȱd−1.

Theȱlargestȱbothȱactualȱevapotranspirationȱ(ET)ȱandȱbiomassȱproductionȱ(BIO)ȱwereȱforȱtheȱ
JaíbaȱandȱMatiasȱCardosoȱcountiesȱ(Figures 1 and 6), because of the irrigation water availabil-
ityȱinȱtheȱJaíbaȱirrigationȱscheme,ȱfromȱtheȱSãoȱFranciscoȱriver.ȱHighlightsȱinȱtheȱregionȱareȱ
alsoȱforȱNovaȱPorteirinhaȱandȱJanaúbaȱcounties,ȱinsideȱtheȱGorotubaȱirrigationȱscheme,ȱbutȱinȱ
thisȱlastȱcase,ȱtheȱdamȱBicoȱdaȱPedraȱisȱtheȱwaterȱsource.ȱTheseȱirrigationȱschemesȱconcentrateȱ
mainlyȱirrigatedȱfruitȱcopsȱandȱsugarȱcane.ȱTheȱRiachoȱdosȱMachadosȱcountyȱalsoȱpresentsȱ
someȱareasȱwithȱhighȱactualȱevapotranspirationȱ(ET)ȱandȱbiomassȱproductionȱ (BIO),ȱbeingȱ
theseȱlargeȱvaluesȱprobablyȱrelatedȱtoȱcaĴleȱandȱfamilyȱfarms,ȱwithȱtheȱmainȱwaterȱsourcesȱ
fromȱtheȱVacariaȱRiverȱandȱtheȱSamambaiaȱStream.

Figure 7 shows the spatial distribution and the average daily values for the water productiv-
ityȱbasedȱonȱevapotranspirationȱ (WP)ȱforȱ irrigatedȱcropsȱ(IC)ȱandȱnaturalȱvegetationȱ (NV),ȱ
underȱdi𿿿erentȱhydrologicalȱconditionsȱalongȱtheȱyearȱ2015,ȱinȱtheȱnorthȱofȱMinasȱGeraisȱstate,ȱ
Southeast Brazil.

Inȱtheȱcaseȱofȱtheȱwaterȱproductivityȱbasedȱonȱevapotranspirationȱ(WP),ȱconsideredȱasȱtheȱratioȱ
ofȱbiomassȱproductionȱ(BIO)ȱtoȱactualȱevapotranspirationȱ(ET),ȱtheȱlargestȱvaluesȱandȱspatialȱ
variationsȱforȱirrigatedȱcropsȱ(IC)ȱwereȱinȱJuneȱ(representativeȱimageȱofȱDOYȱ163),ȱperiodȱofȱ
optimumȱcropȱroot-zoneȱmoistureȱconditions,ȱhappeningȱsoonȱafterȱtheȱrainyȱperiod.ȱOnȱtheȱ
otherȱhand,ȱinsideȱtheȱrainyȱperiodȱ(conditionsȱrepresentedȱbyȱtheȱimageȱofȱDOYȱ019),ȱhap-
penedȱtheȱhighestȱvaluesȱforȱtheȱnaturalȱvegetationȱ(NV)ȱecosystem.ȱTheȱlargeȱspatialȱvariationsȱ
indicatedȱdi𿿿erentȱsoilȱmoistureȱandȱvegetationȱconditionsȱinȱnaturalȱspeciesȱandȱheterogene-
ity on crop stages in irrigated crops. More uniformity on the values of water productivity based 
onȱevapotranspirationȱ(WP)ȱwasȱforȱtheȱnaturalȱvegetationȱ(NV)ȱecosystem,ȱevidencedȱbyȱtheȱ
lowerȱstandardȱdeviationsȱwhenȱcomparedȱtoȱtheȱirrigatedȱcropsȱ(IC)ȱagroecosystem.

Theȱseasonalȱvaluesȱofȱtheȱwaterȱproductivityȱbasedȱonȱevapotranspirationȱ(WP)ȱforȱtheȱirri-
gatedȱcropsȱ(IC)ȱagroecosystemȱrangedȱfromȱ2.2ȱ±ȱ0.8ȱtoȱ3.3ȱ±ȱ0.9ȱkgȱm−3. The corresponding 
rangeȱforȱtheȱnaturalȱvegetationȱ(NV)ȱecosystemȱwasȱfromȱ0.6ȱ±ȱ0.3ȱtoȱ1.8ȱ±ȱ0.8ȱkgȱm−3. These 
valuesȱwhenȱmultipliedȱbyȱtheȱharvestȱindexȱ(HI)ȱgiveȱtheȱcropȱwaterȱproductivityȱ(CWP).ȱ
Reportedȱ harvestȱ indexȱ (HI)ȱ valuesȱwereȱ aroundȱ 0.60ȱ andȱ 0.80ȱ forȱ vineyardsȱ andȱmangoȱ
orchardȱunderȱtheȱsemiaridȱconditionsȱofȱNortheastȱBrazil,ȱretrievingȱcropȱwaterȱproductivityȱ
(CWP)ȱvaluesȱofȱ2.8ȱandȱ3.4ȱkgȱm−3ȱ[21]. The maximum values for water productivity based on 
evapotranspirationȱ(WP)ȱinȱtheȱcurrentȱstudyȱwhenȱmultipliedȱbyȱtheseȱharvestȱindexesȱ(HI)ȱ
are lower, being the probable reason the water allocation restriction for irrigation schemes 
duringȱtheȱdroughtȱeventsȱinȱtheȱyearȱ2015.
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4. Conclusions

TheȱcoupledȱuseȱofȱLandsatȱ8ȱimagesȱandȱaȱnetȱofȱagrometeorologicalȱstationsȱallowedȱtheȱlarge-
scaleȱquanti񯿿cationȱofȱtheȱwaterȱproductivityȱparameters,ȱunderȱdiěerentȱhydrologicalȱcondi-
tionsȱandȱagroecosystemsȱduringȱtheȱyearȱ2015ȱinȱtheȱnorthȱofȱMinasȱGeraisȱstate,ȱSoutheastȱ
Brazil.ȱTheȱanalysesȱmayȱsubsidizeȱaȱbeĴerȱunderstandingȱofȱtheȱsoilȱmoisture,ȱactualȱevapo-
transpirationȱ (ET)ȱ andȱ biomassȱ productionȱ (BIO)ȱ dynamics,ȱ importantȱwaterȱ policyȱ issuesȱ
under the actual climate and land-use change conditions in the Brazilian semiarid region.

Vegetatedȱsurfacesȱwereȱclassi񯿿edȱintoȱirrigatedȱcropsȱ(IC)ȱandȱnaturalȱvegetationȱ(NV),ȱhigh-
lightingȱtheȱrainyȱperiodȱasȱtheȱoneȱwithȱtheȱhighestȱactualȱevapotranspirationȱ(ET)ȱandȱbiomassȱ
productionȱ(BIO)ȱratesȱforȱbothȱirrigatedȱcropsȱ(IC)ȱandȱnaturalȱvegetationȱ(NV)ȱagroecosystems.ȱ

Figure 7.ȱSpatialȱdistributionȱofȱtheȱdailyȱvaluesȱforȱtheȱwaterȱproductivityȱbasedȱonȱevapotranspirationȱ(WP),ȱunderȱ
diěerentȱhydrologicalȱconditionsȱalongȱtheȱyearȱ2015,ȱinȱtheȱnorthȱofȱMinasȱGeraisȱstate,ȱSoutheastȱBrazil.ȱDOYȱisȱtheȱ
DayȱofȱtheȱYearȱandȱtheȱoverȱbarsȱmeansȱaveragesȱinȱirrigatedȱcropsȱ(IC)ȱandȱnaturalȱvegetationȱ(NV)ȱagroecosystems,ȱ
showedȱtogetherȱwithȱtheȱstandardȱdeviationȱ(SD).
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However,ȱtheȱlargestȱwaterȱproductivityȱbasedȱonȱevapotranspirationȱ(WP)ȱvalues,ȱconsideredȱ
asȱtheȱratioȱofȱbiomassȱproductionȱ(BIO)ȱtoȱactualȱevapotranspirationȱ(ET),ȱwasȱduringȱtheȱrainyȱ
period for the natural species, while for the irrigated crops they were soon after this period.

The remote sensing model algorithms applied here demonstrated enough accuracy to be 
implemented in rational water resource policies in the Brazilian semiarid region experiencing 
climate and land use changes, once having available spatially distributed agrometeorological 
data. From the sensibility of the models to detect soil moisture conditions, the results revealed 
con񯿿denceȱforȱlaterȱapplicationsȱofȱmonitoringȱwaterȱandȱvegetationȱindices,ȱquantifyingȱtheȱ
eěectsȱofȱwaterȱscarcityȱalongȱtheȱyears.
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