Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2018-94 Hydrology and
Manuscript under review for journal Hydrol. Earth Syst. Sci. Earth System

Discussion started: 5 April 2018

Sciences

(© Author(s) 2018. CC BY 4.0 License.

5

balance and irrigation management—One-of-the-reladmacteristies-of-this-property-is-that-seil-maistis-highly-variab

15

20

25

Discussions

The value of satellite remote sensing soil moisture data and the
DISPATCH algorithm in irrigation fields

Mireia Fontanét?>® Daniel Fernandez-Garéi& Francesc Ferrér

! abFerrer, Cervera, 25200, Spain

’Department of Civil and Environmental Engineeribgiversitat Politécnica de Catalunya (UPC), Barnald08034, Spain
3Associated Unit: Hydrogeology Group (UPC-CSIC)

Correspondence to: Mireia Fontanet (mireia@lab-ferrer.com)

Abm@oil moisture measurements are needed in a langber of applications such as climate clange, wlager water

e. Deciding how to measoilemoisture before
undertaking any type of study is therefore an intgoarissue that needs to be addressed correctlyatimys, different kinds
@ethodologies exist for measuring soil moii@fte Sensing, soil moisture sensors or graviengteasurements.
work is focused on how to measure soil irrigation scheduling, where soil moisturesers are the main
methodology for monitoring soil moisture. One &f disadvantages, however, is that soil moisture@smeasure a small
volume of soil, and do not take into account thisteag variability in the field. In contrast, ReneoSensing techniques are
able to estimate soil moisture with a low spatiesalution, and thus it is not possible to applyséhestimations to
agricultural applicatio order to solve thislglem, different kinds of algorithms have beenaleped for downscaling
these estimations from low to high resolution. THEPATCH algorithm downscales soil moisture estiora from 40 km
to 1 km resolution using SMOS satellite soil maistuNDVI and LST from MODIS sensor estimations.this work,
DISPATCH estimations are compared with soil moistsensors and gravimetric measurements to validat®ISPATCH
algorithm in two different hydrologic scenarios;@hen wet conditions are maintained around the ainfaII events,
and 2) when-itis local irrigatit maintaingtweconditions. Results show that the DISPATC is sensitive
when soil moisture is homogemmzed during generaifali events, but not when local irrigation gertesaoccasional
heterogeneity. In order to explain these diffefeghaviours, we-have examined the spatial varigtsliales of NDVI and
LST data, which are the variables involved in tlogvdscaling process provided by the MODIS sensama variograms
show that the spatial scales associated with th¥INihd LST properties are too large to represeatuariations of the
@age water content at the site; and this coald lbeason for why the DISPATCH algorithm is unatioledetect soil
ture increments caused by local irrigation.
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1 Introduction@

Soil moisture measurements taken over differentialpand temporal scales are increasingly requined wide range of

environmental applications, which include crop gifdrecasting (Holzman et al., 2014), irrigatioanpiing (Vellidis et al.,

2016), early warnings for floods and draughts (Kloei and Rientje@m) and weather forecastintio(Det al., 2016).
@his is mostly due to the fact that soil moistuntrols the water and energy exchange between keiyoemental

compartments (atmosphere and earth) and hydrolquiceesses, such as precipitation, evaporatidiftration, and run-off

(Ochsner, 2013; Robock et al., 2000).

e are several applications in which soil me&stmeasurements have been shown to provide reléwtmtmation

(Robock et al{i2000). For example, in environmeafplications, r

@0 (stress occurring in natural and human systems Kratal., 2000) or for quantifying nitrate leachiagd drainage quality

(Clothier and Green, 1994)-

erty
ure. H@Ne highligat soil moisture measurements from@oot Zaalels/ important

information for field irrigation scheduling, deteiming to a great extent the intensity and frequeoiciyrigation needed for

plant growth as a function of water availabilityldBquist et al., 2006; Jones, 2004; Campbel@Z)

15 @’moisture is highly variable in both space &ntk, mainly as a result of the spatial variabilityseilezoperties (Hawley,
1983), topography (Burt and Butcher, 1985), lanesug-u, 1994) and vegetation (Le Roux m%‘s a result, soil
moisture data exhibit a strong scale effect thatsubstantially affect the reliability of prediati® depending on the method
of measurement. For this reason, it is importantriderstand how to measure soil moisture foratiag scheduling in a
commercial field site.

@Nowadays, available techniques for measuring amesing soil moisture can provide data on a smallasge scale.
Gravimetric measurements (Gardner, 1986) estinwtemmisture by the difference between the nataral the dry weight
of a given soil sample. They are used as a triveevaf soil moisture for sensor calibration (Stand Paltineanu, 2002) or
soil moisture validation studies (Bosch et al., 20Cosh et al., 2006). The main disadvantage of ithethod is that these
measurements are time-consuming; users have o the field to collect soil samples and place theitihe oven for a long

25 (time. Soil moisture sensors such as Time DomairteReimetry sensors (Clarke Topp and Reynolds, 19@8aap et al.,
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2003; Topp et al., 1980) or capacitance sensorgdBm et al., 2007; Dean et al., 1987) are capablaeasuring solil
moisture continuously using a data logger, themgbling the final user to save time. Soil moistseasors are especially
useful for studying processes on a small scalesbffer from the fact that field data is typicallgarce and provides an

incomplete picture of a large area (Western etl898).-Nevertheless-the-use-of-seil-meoistureasrs-a-commen-practice

@ote Sensing , can estimate soil moisture deege areas
(Jackson et al., 1996). In this case, soil moisesgmations refer to the Near Surface Soil Mo&st(NSSM), which
represents the first 5 cm of the top soil profile.recent years, Remote Sensing techniques hawve ibgaroved and

10 diversified their estimation, making them an ingtirg tool for monitoring NSSM and other variablesch as the
Normalized Difference Vegetation Index (NDVI) anarid Surface Temperature (LST). Different satellgist that are
capable of estimating NSSM, one of which is the SMSoil Moisture and Ocean Salinity) satellite lelued in November
2009 (Kerr et al., 2001). It has global coveragd anrevisit period of 3 days at the equator, giving soil moisture
estimation@ending overpass at 6:00 am anemidisg overpass at 6:00 pm local solar t@Th@SM;atellite is a

15 passive 2D interferometer operating at L band @H%) (Kerr et al., 2010). The spatial resolutiongas from 35 to 55 km,
depending on the incident angle. Its goal is tdere¢ NSSM with a target accuracy of a 0.0%mi (Kerr et al., 2012)-—Fhe
SMOS NSSM have been validated on a regular basig ghe beginning of its mission (Bitar et al., 20Delwart et al.,
2008) and it is considered suitable for hydro-ctienapplications (Lievens et al., 2015; Wanderd.eQﬁl@

@The relatively large variability of soil moistureompared to the low resolution SMOS NSSM data hisdee direct

20 application of this method to irrigation schedulikipw

reasons, in the last few years different algoritimage been developed to downscale Remote Sensingasture data to

tens-or hundreds of meters.
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Chauhan et al., (2003) developed a Polynomiah{ittmethod which estimates soil moisture at 25 ksoltgion. This
method links soil moisture data with surface terapee, vegetation index and albedo. It does notiiregin situ
measurements but cannot be used under cloud c@veoaglitions. The change in the detection methpdrted by Narayan
et al. (2006) downscales soil moisture at 100 roluti®n. This is an optimal resolution for agriautl applications, but the
5 method is highly dependent on the accuracy ohipaii data. The same problem is attributed to theelee algorithm for
the SMAP (Soil Moisture Active Passive) satellii2aé and Mohanty, 2006), which downscales soil r@t 9 km
resolution. These algorithms have to be validatethguiin situ measurements. For this purpose, mettess use soil
moisture sensors installed at the top soil profite, the first 5 cm of soil (Albergel et al., 201Cosh et al., 2004; Jackson et
al., 2010), while others use gravimetric soil maist measurements (Merlin et al., 2012) or the caoatiwn of both
10 methodologies (Robock et al., 2000).
The DISPATCH method (DISaggagregation based oniPdlyAnd THeorical Change) (Merlin et al., 2012; ke et al.,
2008) is another algori@hat downscales SMOS M Sfata from 40 km (low resolution) to 1 km resoduti (high
resolution). This algorithm uses Terra and Aqualit data to estimate NDVI and LST twice a dayngsthe MODIS
@(Moderate Resolution Imaging Spectroradiometerseenrhese estimations have 1 Km resolution andoeaconducted if
15 (there is no cloud coverage. This downscaling pgesvides the final user with the possibility sfimating NSSM using
Remote Sensing techniques at high resolution. TB®BTCH algorithm has been validated (Malbéteaal.e2015; Merlin
et al., 2012; Molero et al., 2016) in fairly largad homogeneo@eas without irrigation, but matoimplex settings with
changing hydrologic systems such as those repragemtocal irrigation fie
In this work, we evaluate the value of Remote Sensh agricultural irrigation scheduling by compayiin situ soil
20 moisture data obtained from gravimetric and soilistuve sensors, with soil moisture data determibgddownscaling

Remote Sensing information with the DISPATCH algn@

1.1 Study Area
The study area is located in the village of Forad@d015 lat, 41.866-gt), in the Segarra — Gag®y(8G) system (Lleida,
Catalonia). The SG system is an important hydraariigect currently being carried out in the prowraf Lleida, Catalonia,

25 which involves converting most of the current dand fields into irrigated fields. Its constructi@mables 1,000 new

4
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hectares with a long agricultural tradition to tiggated in much of the dry land. To achieve this,85 km-long channel was
constructed to supply water for irrigation. At prag approximately 16,000 irrigators are poteni@heficiaries of these
installations. However, most farmers have yet wtaih this irrigation system, which means that 8@ systems are still
regarded as dry land.

5 @Urgell area is located in the west of the S&tesp. This area-has totally different soil moistooaditions, especia
during the summer season when the majority of dielce currently irrigated. This gives rise to tweacly distinguish
wet and dry soil moisture conditio@igure 1 shadhese areas using aerial photography.

Figure 2 shows the Foradada field, which repres@tha of a commercial field irrigated by a sol&t sprinkle irrigation

system distributed with 18 different irrigation sms. The soil texture is 65.6% Clay, 17.6% Sild &6.8 Sand. Every year
10 @diﬁerent crops are grown, the first one durthg winter and spring seasons, when wet conditemesmaintained by

precipitation, and the second during the summeraarttdmn seasons, when wet conditions are maintdipédigation.—Fhe

em. Consequently, field has soil moisture

conditions similar to those in the surrounding ade&ng the winter and spring season, but completéferent conditions

during the summer and @‘m seasons. This n@lﬂn unique for assessing Remote Sensing istmdi isolated field.

15 2Materialsand Methods
2.1 1n situ Soil M oisture M easurements
A total of 9intensive and strategic field campaigns were coredliin the study area during 2016: DOY42, DOY85,
DOY102, DOY187, DOY194, DOY200, DOY215, DOY221 abdY224. During each field campaign, disturbed soil
samples were collected at the top soil profile @bdepth) for measuring gravimetric soil moistooatent. A total of 101
20 measurement points, depicted in Fig. 3., were ddf@round the field. They are divided into twdetiént kinds of points:
1) Cross section points; 75 points defined to regmethe spatial variability of soil moisture irffdient cross sections. In
these cross sections, points are separated by&)d 85 m; 2) Support points; 26 points complenrgiormation measured

from cross sections, thereby adding and suppomifogmation about field spatial variability.
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Each soil sample is analyzed using the gravimetrethod for measuring gravimetric soil moisture eott which is
transformed to volumetric soil moisture contentngsbulk density measurements (Letelier, 1982). 8uilsture is also
measured using capacitive EC-5 sensors (METER Giuliman, WA, USA), previously calibrated in thabbratory (Star
and Paltineanu, 2002). As Figure 3 shows, a tdtal @ontrol points are installed across one ofttiree gravimetric cross
5 sections. Each control point represents a diffeirgigiation sector of the field. Soil moisture sersare installed at 5 cm
depth, taking into account the explore volume ekthsensors. Their resolution is +0.03-emi°. They are connected to an

EM50G dataloggers (METER Group, Pullman, WA, USHgttregister soil moisture every 5 minutes.

2.@0te Sensing Soil M oisture M easur ements

The-main-objective-of-the DISPATCH algorithm isdownscale NSSM data obtained from SMOS at 40 kwlugen to 1
10 km resolution; the downscaling technique decouptilsevaporation from 0-5 cm soil layer and theetagjon transpiration

from the root zone layer by separating MODIS swefemperature into soil (LST data) and vegetatmmmonents (NDVI

data), as in the Soil Evaporative Efficiency (SEE).

The estimation of SEE is assumed to be approximamhstant during the day, given clear sky condgiol his MODIS-

derived SEE is further considered as a proxy ferM$SM variability within the SMOS pixel. A downsicg relationship

15 and the SEE model provide the link between NSSMSiBH. The downscaling relationship is given by @J.

26
Our = Osmos + ( 35";?) (SEEpg — SEEsmos), (1)

wherefg,os is the SMOS soil moistur§EE,, the MODIS-derived SEE at a 1 km resolutiSAEs,s is an average within
the SMOS pixel at a 40 km resolution, é;’ggség"?"the soil moisture partial derivative with respextthe SEE evaluated at
SMOS scale. The formula for estimating this padiadivative is given by Eq. (2) (Merlin et al., Z)1

20 SEE = gi )

P
whered represents the soil moisture in the 0 — 5 cmlagiér andd, the empirical parameter depending on soil progerti
and atmospheric conditions.
In this work, the DISPATCH algorithm has been exedwduring period DOY36 and DOY298 to estimate NS&M. km

resolution-at-the-top-seil-profile in the Foradéiedd.
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DISPATCH provides a daily NSSM pixel map, definiagrid, where the SG system and the Urgell areagatuded. Soil
moisture estimations from the Foradada pixel haaenbextracted. In this pixel, 51.5% of the totaaacorresponds to the
irrigated area (the Foradada @nother field)thademaining pixel corresponds to dry lands (Fégd). In this part we

assume that DISPATCH estimations are influenceddth these conditions;—and-for-this-reasen-BISPAT&HmMations

5 representboth-conditions.

3 Results

One of the main ad\@es of the experiment preddrere is that-Remete-Sensing-sei-meisture idataaluated in two

different hydrologic scenarios during the same y&d#

»

d#efem—ﬁe#d—zen*jwe comparisons of these hwdrologic regimes allow us to evaluate the effeictocal sprinkler

irrigation.

15 Figures 5 compares gravimetric and soil moisturessse measurements with the DISPATCH soil moistuata ébbtained

g under wet conditions withotgatior. The green region in-the—figure—displalys taily minimum
and maximum values of soil moisture data obtain@&t sensors. Error bars in the gravimetric measeremrepresent the
standard deviation produced by the average ofhall heasurements. However, the error bars in theP STEH data

@ correspond to the standard deviation of the algoriestimates arising from two daily SMOS estimagjomith four MODIS

20 data (two at 6:00am and two more at 6:00 - t gravimetric and sensor measureryaits similar

results;-thus indicating that this type of datadsurate and performs consist well. The sailstare data estimated by

the DISPATCH algorithm seems to consistently unstéreate the true v@ However—iti it t the

ATCH data seem to be sensitive and follow #iefall pa@. Figure 5 also shows the same a&ia the previous

figure, but usin@tive data. It verifies petfgchat DISPATCH estimation 5, and for this
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reason the DISPATCH algorithm is capable of detectielative soil moisture increments produced byegal rainfall
events.

Figure 6-again compares gravimetric and sensomsaigture measurements with DISPATCH soil moisesgémations, but
in this case the comparison is made during thepernjod when the Foradada field is irrigated andemnget conditions,

5 while most of the region is under dry conditio

he DISPATCH data are esHignt@ sensitive to
irrigation even though they respond properly toragic small rainfall events. Furthermore, the ie&asoil moisture values
in Fig—6, do not show significant patterns—Fhasen though th@patch algorithm seems to respwogerly to
significant rainfall events, with some bias durlmath the summer and the winter time, irrigationragiag on a small scale
remains undetected. The DISPATCH data disregaridgmiion and merely indicates the dry conditionstxg in the area.

10 We conclude that the DISPATCH estimation providgsesentative estimates of the soil moisture cmditexisting in the

Foradada region at a resolution lower than expe@

4 Discussio@

@is section, we seek to answer the importamstion of why the DISPATCH soil moisture estimatioobtained by

downscaling satellite information from 40 km to inkof resolution are not sensitive to irrigation. eTBDISPATCH
15 resolution of @ is similar to the characterigt@ale of the Foradada irrigation fi@te arerdifiore a better performance

was expected. To provide insight into this problem,have examined the spatial variability scalethefdifferent variables

involved in the downscaling process, i.e., the N@2¥itl the LST properties provided by the MODIS ditgehnd-used-by

E. In random field theord @eostatistics, the spatial variability and theénestion of the scale

®l

20 Egq. (3) (Journel and Huijbregts, 1978).

of variability is mainly characterized by the caearce function or by its equivalent, the semivaréwg, which is defined by

y(h) =3 E{([Z(x + h) — Z(0)]?}, (3)
whereZ (x) is the random variable at theposition, andz{-} is the expectation operater—Essentially, the gandgram is a
function that measures the variability between aif variables separated by a distahceVery often, the correlation

between two variables separated by a certain distatisappears whejk| becomes too large. At this instapiGh)
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@pproaches a constant value. The distance beyoith yfh) can be considered to be a constant value is kramvthe

5

10

range, which represents the transition of the béeito the state of negligible correlation. Thig tange can ultimately be
regarded as the size of independent objects. Simeespatial resolution of an image can be regamedhe size of
independent bodies (Atkinson and Curran, 1997; Wooki and Strahler, 1987), the range of variabilitgn image relates

directly to its resolution.

@NDVI and LST semivariograms were respectivesiyineated from the MOD13A2 and MOD11A1 product dathich

om). Wecsedl a
representative-age of April, June and August. Apdl image represents a general rainfall eventhim region, the June

, and finally the Augustimage represeriten the crop is well

iaggaand fitted

theoretical models, which have the following Eg.#4d Eq. (5)

Yisr(h) = c1; Sph (‘ll_}llll) + ¢ [1 — cos (% n')], @ 4)
Ynovi(h) = c2; Exp (%) + ¢ Exp (al—i) + c23 [1 — cos (‘%L 71)], (5)

wherec;; are constant coefficients that represent the itanton of the different standard semivariogram elsdandz;; are

15 @':orresponding ranges of the different strustuii@bles 1 and 2 present the semivariogram paeasnatiopted in the

model. The analysis shows a nested structure wigositive linear combination between isotropic ietery standard
semivariogram models (spherical and exponentialatsofbr the LST and NDVI, respectively) and theeheffect model.

Hole effect structures—mest-often indicate a forhperiodicity (Pyrcz and Deutsch, 2003). In ouse&athis periodicity

@reﬂects the presence of different areas with sjpesiatering and crop growth characteristics. Thesterent areas are the

20 Urgell area, which is based on irrigation, anddtteer is the SG area which is not and thus it isendtifficult for the crop to

grow.

il, the

semivariogram of NDVI displays more variability atebs spatial continuity, thereby reflecting th&etences in growth

rate and crop type existing on the regiona end the wet season with rainfall events. On theephand, the spatial

25 variability of LST is more significant in Augustmportantly, results show that the scale of varighdssociated with the

9
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MODIS characteristics during the dry season, wheardrolled amount of water by irrigation is applieanges between 35
and 36 kms for the NDVI and between 22 and 32 konstie LST. These spatial scales of variability ane order of
magnitude larger than the MODIS resolution/of 1 Kmerder-to-complement-this, we have also deteethihe spatial scale

of variability of the average water contéhtassociated with the Foradada field site, whichefgresented by the Eq. (6)
5 0,=-[, 0(xdx, (6)

where A is the support area afi) is the point water cont soil moisture. If the spiagcale of an image is much larger than

the spatial scale &, the image will be unable to represent the flubtwes ofd,. The semivariogram of a local average

stochastic process can be estimated by using #wrythof regionalized variables, represented by &9.(Journel and

Huijbregts, 1978), which determines that the regzéa semivariogram is the average of the pointiganogram,

10 Vayn, = gog Sy Jay ¥ = Y)ddxdly, (7)
where A is the support area afi¢i) is the point water cont soil moisture. If the spiatcale of an image is much larger than
the spatial scale df,, the image will be unable to represent the flubtwmes of6,. The semivariogram of a local average
stochastic process can be estimated by using #athof regionalized variables (Journel and Huijtse 1978), which

determines that the regularized semivariogramdsatrerage of the point semivariogram by Eq. (8)

h
15 ye(h) = c Exp (%), ®)
The spatial scale of variability éf(x) given by the range varies between 35 and 52 mstButing Eq. (8) into Eq. (7), we
obtain that the regularized semivariogramdpfollows an exponential model with a range thaiesbetween 200 and 500

m. -Onre-may-thus-see-that the characteristic sdalg meeded to represent the soil moisture fluctuationthe Foradada

yMODWBe therefore

20 conclude that the studied MODIS images cannot ssprtieand distinguish the variability &f in the Foradada field site,
which might be the reason why the DISPATCH alganitfaits;to describe the fluctuations in water coiteaused by
irrigation. This is only noted during irrigationgbause the corresponding spatial scale is givethéysize of the given

irrigation field. On the other hand, the typicahtpl scale of rainfall events is much larger thfais size, and therefore one

10
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may see that the DISPATCH algorithm is capablerotiging a better representation of these flucaratiduring the wet
season.
t-sum, results indicate that caution should bel peien using datasets of soil moisture derived feaellite information
and the DISPATCH downscaling algorithm. The misrhdietween the spatial scales of NDVI and LST witBIMS can be
5 determinant in some irrigated areas depending ersthle of observation. In this work, we found titse discrepancies
will be more pronounced in areas smaller than apprately 10 kms (about 1/3 of the range of LST)isTdeems to indicate
that irrigation scheduling based on satellite infation can be appropriate in other regions of tleldvwith extensive
irrigation surface coverage (e.g., Punjab basimjs Tan improve the efficiency of irrigation withitle efforts. Yet, the
ultimate performance will depend very much on théfarmity of the irrigation method, which is oftediverse and

10 substantially varies in space and time.

5,CConclus on@

We analyze the value of the-Remete-Sensing-infaemgdDISPATCH algorithm) for predicting soil moistuvariations in a

relatively small irrigation field site with a chataristic size of 20 Ha. The DISPATCH algorithm ééon the NDVI and

LST data obtained from the MODIS satellite is useddownscaling the SMOS-irfermation-and-transfargathe-SMOS
15 seil-meisture-estimations from a resolution 0@@ 1 km. These estimates are then compared watirgetric and soil

moisture sensors measures taken on a small sugxEdetover the field site.

The results show that the downscaled soil moisastémations are capable of predicting the variation soil moisture

caused by rainfall events, but fail to predict #h@®il moisture estimates affected by irrigatioraddcal scale—Fe-previde

atthe-site. This effect is not so significant dgrirainfall events, because the typical spatialesofrainfall events is much

larger than the characteristic size of the irrigdteld site.
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5 heterogeneity leading to the failure of the soilisture prediction method.
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Figure 1: The SG system, outlined in orange, in which dry land is observed, and the Urgell system, outlined in blue, in which most
of theareaisirrigated. The Foradada field islocated to the north of the SG system, and the city of Lleida to the west of the Urgell

system.
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Figure 2: The Foradada field, outlined in blue.
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Figure 3: A) Gravimetric measurement points, arranged with cross section points in green and support points in yellow. B)
Control points, where EC-5 sensorswere installed for measuring soil moisture content every 5 minutes.
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Figure 4: The DISPATCH grid representing the Foradada field, outlined in dark blue; irrigated fields, in light blue; and dry land
inlight red.
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Figure 5: Wet period representing rainfall events, marked in blue; gravimetric measurements, in red; daily maximum and
minimum soil moisture sensors measur ements, in green, and DISPATCH soil moisture estimations, in yellow: absolute values in

the upper part and relatives valuesthe lower part.
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Figure 6: Dry period representing local irrigation, marked in orange; sporadic rainfalls, in blue; gravimetric measurements, in
red; daily maximum and minimum soil moisture sensors measurements, in green, and DISPATCH soil moisture estimations, in
yellow: absolute valuesin the upper part, and relative valuesin the lower part.
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Figure 7: LST and NDVI semivariograms showing 3 representative daysin April, in blue; June, in green and August, in red.
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Figure 8. Semivariograms of gravimetric measures from two representative days in July, shown in blue and green, and one day

in August, inred.
Tables
LST
Variogram Hole effect
Month Model Sill (c14) Range (ai1) Sill (c12) Range (a;,)
April Spheric 8.4 46000 - -
June Spheric 7.5 22000 1.5 25000
August  Spheric 14 32000 2 29000

5 Table 1. Fitting parameters of each LST semivadogr

NDVI

Variogram Hole effect
Month ~ Model Sill (cy1) Range (a,) Sill (c,,) Range (a,) Sill (cy3) Range (a,3)
April Exponential 0.013 8000 0.02 55000 - -
June Exponential 0.013 35000 - - 0.22 28000
August  Exponential 0.015 36000 - - 0.21 28000

Table2. Fitting parameters of each NDVI semivarogr
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Gravimetric measurements

Variogram
Month Model Sill (c) Range (a)
Sth July Exponential 0.031 52
12th July Exponential 0.016 42
11th August Exponential 0.025 35

Table 3. Fitting parameters of each Gravimetric sueaments semivariogram.
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