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ABSTRACT   

An operational use of the actual evapotranspiration estimates requires the integration from instantaneous to daily values. 

This can commonly be achieved under the hypothesis of daytime self-preservation of the evaporative fraction. In this 

study, it has been evaluated the effect of this assumption on the assessment of daily evapotranspiration from proximity 

sensing images acquired at hourly intervals over a homogeneous olive groove. Results have been validated by 

comparison with observations made by a micrometeorological (EC-flux tower) and an eco-physiological (sap flux) 

sensor. SEBAL model has been applied to thermal and multispectral images acquired during a clear day on August 2009 

trough a FLIR A320G thermal camera and a Tetracam MCA II multispectral camera, installed on a tethered helium 

balloon. Thermal and multispectral images were characterized by very high spatial resolution. 

This experiment aims to analyze two effects: 1) the consistency of the self-preservation hypothesis for daily estimates of 

the actual evapotranspiration from hourly assessments at different times of the day; 2) the effects of the spatial resolution 

on the performances of the energy balance model.  

To evaluate the effects of the spatial resolution, semi-hourly observations made by a flux tower and sap-flow measures 

were compared to the evapotranspiration estimates performed using downscaled images at resolutions close to canopy 

sizes (2, 5 and 10 m). 

Results show that the best estimates are obtained with a spatial resolution comparable to the average size of the canopy 

with images taken approximately at 10 UTC.  
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1. INTRODUCTION 

In areas where agricultural water supply represents an important percentage of the total water requirement, approaches 

based on remote sensing (RS) allow estimating the spatial distribution of actual latent heat flux, !ET (W m
-2

), at the time 

of the remote platform overpass. 

Numerous agro-hydrological applications (e.g., 
[1,2,3,4]

) mainly focus on the validation of the models outputs through 

simultaneous hydrological and micro-meteorological measurements. 

The application of SEBAL (Surface Energy Balance Algorithm for Land) model
[5]

 to agricultural areas is widespread, 

since it only requires RS data and few common meteorological data. It provides direct estimation of the main energy 

fluxes at the instant of the platform overpass; therefore, a reliable method is required to up-scale the instantaneous fluxes 

to the more useful daily values (ET24). 

Several methods have been proposed in literature to compute ET24 (mm) values
[6]

 from instantaneous !ET. A 

straightforward approach uses the evaporative fraction, !, where the reference variable is the available energy (Rn ! G0), 

like an integration variable. It requires two main hypotheses: i) the daily soil heat flux, G0 (W m
-2

), is much smaller than 

the daily net radiation, Rn (W m
-2

); ii) the instantaneous value of ! (-) is supposed to be equal to the average daytime 

value !d (-) (no-cloudiness during the whole day). Both the hypotheses behave as source of uncertainties for ET24 

estimation, thus limiting the applicability of this time-scaling approach in some meteorological conditions. The effects of 

these hypotheses on daily fluxes estimation were verified by Cammalleri et al.
[7]

.  

Another approach uses the solar radiation as integration factor, where the reference variable is the incoming shortwave 

radiation at the land-surface, Rs (W m
-2

). This second approach is based on the hypothesis of proportionality between 

hourly evapotranspiration and incoming solar radiation. It can be used also during partially cloudy days, when an 

irregular behavior of the evaporative fraction occurs.  

This research aims to quantify the relative error, " (-), when computing the daily evapotranspiration from instantaneous 

estimates at different times of the day under the self-preservation hypothesis. Two instantaneous to daily integration 

methods have been chosen for comparison and both methods have been tested at different input spatial resolution, 

comparable to the typical crown size. 

 

2. METHODS 

Actual evapotranspiration either assessed by means of micro-meteorological measurements or remote sensing-based 

modeling, is based on the surface energy balance equation applied to the soil-plant-atmosphere system: 

HGRET
n

!!=
0

" ,           (1) 

where H (W m
-2

) is the sensible heat flux. 

2.1  The surface energy balance model 

This paragraph synthetizes a surface energy balance model, specifically the SEBAL model, detailing the hypotheses 

dealing with the integration from instantaneous to daily fluxes. We had chosen to apply SEBAL model since it is widely 

used to characterize the spatial distribution of actual evapotranspiration through remote sensing images. 

In SEBAL, Rn is based on the balance between down- and up-welling short- and long-wave radiations; G0 is estimated as 

a percentage of Rn, using a semi-empirical relationship
[5]

; H is estimated adopting a single-source schematization
[8]

 as a 

function of the aerodynamic temperature difference, "T (K). In SEBAL, "T is linearly scaled with surface radiometric 

temperature
[5]

. This linear relationship is calibrated once established two boundary conditions representing a dry non-

evaporating bare soil and a well watered fully vegetated surface. Finally, the instantaneous surface energy balance at the 

time of acquisition is solved for #ET by applying a residual approach. 

Operational uses require daily-integrated values of #ET. In the original SEBAL formulation, the integration of 

evapotranspiration from instantaneous to 24-h values is performed using the evaporative fraction, !, as an integration 
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parameter (self-preservation hypothesis). It represents the fraction of available energy used for the evapotranspiration 

process: 

0
GR

ET

n
!

="
#

.           (2) 

A number of studies (e.g., 
[9]

) demonstrated that ! has small daytime variation, especially during cloud-free days, when 

it usually exhibits a slightly concave-up shape characterized by a minimum around the solar noon (with low standard 

deviation) and two maxima near sunrise and sunset (with high standard deviation). The daytime behavior of !
 
depends 

on environmental factors including soil water content and leaf area index (LAI, m
2
m

-2
), exhibiting a sharper rise for 

increasing values of LAI and water availability
[10]

. Due to these factors, the inherent concave-up shape in ! causes the 

midday instantaneous evaporative fraction underestimating ET24.  

Needs to be highlighted that #ET is supposed to be negligible during nighttime. Moreover, the estimation of daily 

available energy in SEBAL assumes the negligibility of daily ground heat flux, G0,24 (MJ m
-2

 d
-1

) compared to daily 

amount of net radiation, Rn,24 (MJ m
-2

 d
-1

); assumption that is almost verified for densely vegetated surfaces. 

 

Daily evapotranspiration retrieval 

Under the hypotheses: i) ! self-preservation during daytime (! " !D), ii) negligible contribute of soil heat flux on 24-h 

available energy (G0,24 " 0), the ET24 spatial distribution based on the ! approach, ET24,!, or the Rs approach,  ET24,Rs, 

can be derived in SEBAL as follow: 

ET
24,!

" !
R
n ,24

!"
W

,          (3) 

within this first approach, !D is computed using SEBAL-derived fluxes, ! is latent heat of vaporization (MJ m
-3

) and "w 

is the water density (kg m
-3

).  

In equation (3) the input resulting from the energy balance at the acquisition time is !, whereas, in the second approach 

(4) the input resulting from the energy balance at the acquisition time is ET i. 

ET
24,Rs

! ET
i

R
s,24

R
s,i

.          (4) 

The daily net radiation is estimated using 24-h integrated meteorological variables as suggested by the FAO irrigation 

and drainage paper n. 56
 [11]

. 

2.2  Flux tower energy fluxes measurement 

Micro-meteorological measurements give an independent assessment of the energy balance components here modeled 

also through a remote sensing-based approach. In particular, the flux tower installed within the experimental farm has 

been provided with all the instruments useful to measure the main energy balance terms (Eq. 1), thus allowing to analyze 

the self-preservation hypothesis commonly used, within the energy balance models, to scale the instantaneous latent heat 

flux to daily evapotranspiration. 

Rn is obtained by balancing short-wave radiation measured via a pyranometer and long-wave radiation measured via a 

pyrgeometer. The flux plate sensor measures G0 accounting for the actual soil thermal conductivity by means of a 

Huckseflux self-calibrating heat flux sensor
 [12]

. H and !ET are measured through the eddy covariance (EC) technique by 

evaluating the covariance between the vertical velocity fluctuation of horizontal wind vs. air temperature and water 

vapor concentrations respectively
 [13]

. In particular, H is adjusted by applying linear de-trending
 [14]

, coordinate rotation
 

[15]
 and spectral loss correction

 [16, 17]
. !ET is adjusted by applying the same corrections used for H and moreover, by 

adding the W ebb, Penmann and Leuning corrections
 [18]

. 
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A systematic failure in the energy balance closure occurs due to several factors including the selection of averaging and 

coordinate rotation periods, difference in fluxes source areas, influences on the low frequency part of the turbulence 

spectra caused by the morphology of the measurement site
 [19]

. The closure is evaluated by rationing available energy (Rn- 

# G0) and turbulent components (H + #ET) (e.g., 
[20]

). To compare remotely sensed modeled and measured fluxes, the 

energy closure was forced, targeting to preserve the Bowen ratio, ETH ! [21]
. Allen et al.

 [22]
 assumed that measures 

having an error ±15% could be accepted. In this research, energy balance estimates were compared to micro-

meteorological measures. Results were considered satisfactory when falling within the same range of variability. 

2.3  Sap flow measurement 

The heat dissipation technique, HDT
 [23]

 allows to obtain the sap velocity by measuring difference of temperature 

between a heated and an unheated needle inserted radially into the sapwood. Therefore, the probe measures the heat 

dissipation in the sapwood, increasing with the sap flow (SF). When the sap velocity is minimal, the temperature 

difference, #T (K), between the two sensors is maximal, #Tmax (K); for practical purposes, #Tmax is assumed to 

correspond to the zero flow condition. This approach allows the estimation of sap velocity, v (cm min
!1

), by using the 

empirical relationships proposed by Granier
 [23]

: 
1.231

max
0.714

T T
v

T

! "!# $
= % &!' (

.         (5) 

Sap fluxes, q (cm
3
 min

!1
), can be evaluated multiplying the sap flow velocity for the cross-sectional area of conducting 

sapwood, S (cm
2
): 

q vS= .           (6) 

In order to evaluate a representative value of the stand transpiration (the flux referred to unit of field) was necessary to 

up-scale the value of q trough a proximal variable. In Cammalleri et al.
 [24]

, this proximal variables is given by the ratio 

between the average Leaf Area Index, LAI (m
2
 m

!2
), measured in field, and the corresponding value obtained on the 

single plant, LAIp (m
2 
m
!2

), in which sap fluxes were monitored. 

 

2.4  Relative error assessing 

The relative error of the remote sensing estimates, if compared to the flux tower measurements, can be quantified by 

means of the relationships:  

!
i
=
"ET

i,RS

"ET
i

!1 ;          (7) 

!! =
ET

24,!

ET
24

"1 ;          (8) 

!
Rs
=
ET

24,Rs

ET
24

!1 ,          (9) 

where, $i  (7) indicate the #ETi relative error (-) compared to the value measured by the flux tower; $! and $Rs  indicate 

the relative errors (-) associated to instant to daily scaling factors by adopting the self-preservation hypotheses (8) or the 

solar radiation approach (9), respectively. Errors assume negative values when #ETi or ET24 are underestimated. 

The validation dataset includes: i) micro-meteorological measurements of latent heat flux to compare the results at plot 

scale (size of the footprint of the turbulent components); and ii) sapflow measurements to compare the results at plant 

scale under the hypothesis of null or negligible soil evaporation. 
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3. MATERIALS 

3.1  Test site 

The A. Consiglio experimental farm is located in south-western cost of Sicily (Italy), few kilometers south-east of 

Castelvetrano (at 37
°
 38$ 35$$ lat, 12

°
 50$ 50$$ long). The area is characterized by a typical Mediterranean climate with 

moderate rainfall during autumn and winter and high air temperature during the summer season. It generally results in a 

high evaporative demand during the summer season, due to the absence of rainfall during spring season. The olive 

orchard extends about 2 ha within a wider area encompassing ~160 ha where table and oil olives (Nocellara del Belice) 

are the predominant crop. The olive trees have been planted on regular grid of about 8 % 5 m (resulting density is "250 

trees/ha). The average olive canopy height is about 3.3 m with a mean fractional cover of "0.35. The soil was classi&ed 

as silty clay loam according to the USDA classi&cation, with average content of clay, silt and sand of 24%, 16% and 

60% respectively. The study area is irrigated by a drip irrigation system, with four emitters per plant.  

 

Figure 1. False color composition (R:774, G:680, B:550 nm) of the experimental farm (blue line) with over-imposed its 

position in Sicily (average coordinates 309996 E 4168323 N, UTM WGS 84). Yellow dot and triangle indicate the relative 

position of flux tower and sap flow station respectively. 

3.2  Instruments and data 

Proximity sensing platform - Images were acquired through a balloon platform; this acquisition system encompassed 

a MCA-II multispectral camera (TETRACAM, Inc.) and an A320G thermal camera (FLIR system, Inc.). The 

multispectral (MS) camera is an 8 bit 6 bands CCD sensor with customer optical filters set up at 450, 650, 720, and 800 

nm; two optics having parallaxes of 105 mm were set up at 550 nm for stereoscopy purposes. The field of view (FOV) is 

43° % 35°. The A320G microbolometric thermal camera acquired thermal infrared (TIR) images in the spectral range 

7.5-13 µm with a 45° % 34° FOV. More details on both digital cameras can be found in Maltese et al.
 [25]

 and Minacapilli 

et al.
[26]

. A remote laptop connected to an onboard PC controlled both cameras. The acquisition instruments were 

installed on a 8 m
3
 helium balloon (Fig. 2) flying at 120 m above ground level (a.g.l.). The balloon was let out slowly, 

then it was secured to the ground trough three Kevlar® ropes. An ASD Field Spec HandHeld spectroradiometer 

(Analytical Spectral Device, Inc., Boulder, CO) allowed acquiring ground reflectance spectra between 325 and 1075 nm 

that were used for in-reflectance calibration at ground level.  
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Figure 2. Tethered helium balloon during the August 2009 acquisition. In the spot, details of the proximity sensing platform 

including a MCA-II multispectral camera (Multiple Camera Array), an A320G thermal camera, a laptop and a wireless Wi-

Fi omnidirectional antenna are shown 

Images were acquired on the 1
st
 of August 2009 (DOY 213) at a spatial resolution of 0.12 m (MS) and 0.50 m (TIR). 

Reflectances were resampled at 2, 5 and 10 m to provide likely “suitable” spatial resolutions for evapotranspiration 

retrievals at scales comparable to the average canopy size of the olive trees. Radiant exitance emitted by the soil-

vegetation system (assumed as a grey body) and recorded by the thermal sensor was resampled at lower spatial 

resolutions by estimating the soil-vegetation emissivity from NDVI (Normalized Difference Vegetation Index). Radiant 

exitance was then converted in radiative temperature by applying the Stefan–Boltzmann law. 

Flux tower – The micrometeorological station monitors the soil-vegetation-atmosphere continuum using several 

sensors including: a sonic anemometer 3D - CSAT3 and an InfraRed Gas Analyzer – IRGA LI7500 both installed at  

5.60 m a.g.l; a net radiometer CNR1 Kipp and Zonen installed at 5.90 a.g.l.; two ground heat flux plates HFP01 installed 

at -0.10 m below ground level (b.g.l.); two pyranometers IR IRTS-P Apogee measuring both soil and vegetation 

radiometric temperature installed a 4.80 m a.g.l.; a reflectometer CS616 measuring the volumetric soil water content 

installed at -0.25 m b.g.l. 

Sap flow - Hourly measurements of sap velocity were acquired on three olive trees by using, for each of them, two 

standard thermal dissipation probes (SFS2 TypM-M; UP GmbH) installed into the trunk, at a height of about 0.4 m from 

the ground level. According to the footprint analysis, the position of the trees was chosen inside the area where the 

“relative normalized contribution” to flux was estimated near to the maximum. Moreover, the three plants were selected 

according to their trunk diameter, so that they can be considered representative of entire experimental plot
 [1]

. In all the 

trees, both the sap flow probes were installed on the north side of the trunk and then insulated, to avoid the direct sun 

exposure. At the end of the experiments, the sapwood area was determined by a colorimetric method, on a total of six 

wood carrots extracted with a Pressler gimlet on the same three trees, in between each couple of the sap flow needles. 

The conductive section was identified by adding methyl-orange to the carrot, in order to enhance the difference between 

the sapwood and the heartwood. Each image of colored wood carrot was then analyzed with software Image-Pro Plus 6.0 

to recognize the sapwood depth. Sap fluxes, q (cm
3
 min

!1
), computed by Eq. (6), allowed to determine the daily volume 

of water consumed by a single plant assuming negligible, at the daily time interval, the effect of the tree capacitance
 [27]

. 

The daily stand transpiration of a plant, Tplant (mm), can thus be evaluated dividing this water volume for the plant 

pertinence area, equal to 40 m
2
. In order to evaluate a representative value of the stand transpiration referred to the entire 
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field, T (mm), it was necessary to up-scale Tplant, by considering, as a proximal variable, the ratio between the average 

LAI measured in field (e.g., 
[26]

), and the corresponding value obtained on the single plant, LAIp (m
2 

m
!2

), in which sap 

fluxes were monitored
 [22]

: 

plant

p

LAI
T T

LAI
= .          (10) 

The values of LAI and LAIp were estimated from in situ observations, collected with a Licor LAI- 2000 plant canopy 

analyzer even if it has been recently demonstrated that, in the absence of direct measurements, high-resolution remote 

sensing images can be used
 [29]

. For the examined conditions LAI resulted about to 0.89, whereas LAIp was about 1.27. 

 

c)

a)

   

Figure 3. Eddy Covariance tower (left panel) and Sap flux sensors (right panel) for actual evapotranspiration and transpiration 

monitoring. 

 

4. RESULTS 

4.1  Fluxes hourly behavior 

Diurnal change of SF transpiration hourly values showed a general circadian pattern, characterized by a saturation-type 

response. The dynamic of hourly values (Fig. 4, left panel) shows a good degree of linearity during the morning and a 

lack during the afternoon. At noon SF fluxes were almost steady while EC ones followed the daily trend of atmospheric 

evapotranspiration demand, affecting the sensible heat term of the balance. The noise observed for the EC values 

localized at noon, hides the lack of relationship between EC and SF for midday values, a phenomenon recently observed 

and described
 [27]

.  

Differences between SF and EC in the afternoon denote a depletion of plant water content due to the unbalance between 

tree crown water loss by transpiration, as estimated by EC, and water transport from the belowground part of the tree as 

estimated by SF. This unbalance is recovered during the night and, as mentioned in the literature
 [27]

, is probably due to a 

higher tree capacitance. Large part of the differences in water use dynamics observed in this study could be interpreted 

by tree capacitance. The unbalance between canopy transpiration and tree water uptake observed is revealed by the large 

hysteresis occurred, with higher afternoon SF values (Fig. 4, right panel). 
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Figure 4. Left panel shows the diurnal changes of upscaled transpiration SF (empty dots) and evapotranspiration measured by EC 

tower (continuous line). Right panel shows the average diurnal hysteresis loops between upscaled SF transpiration and EC 

evapotranspiration. In both panels each data-point represents the average transpiration of three trees. 

Figure 5 (left panel) shows the hourly behavior of Rn, H, #ET and G0, once forcing the energy closure according to the 

Bowen ratio method. Rn and G0 exhibit a regular behavior with the former showing the daily maximum (624 Wm
-2

) at 

12:00 UTC and the latter at 14:30 UTC (55.4 Wm
-2

) with a phase difference of 2:30 hours. This phase difference is 

directly related to the soil water content
 [30, 31, 32]

. Soil water content available within the root zone, then, influences the 

actual evapotranspiration. Turbulent fluxes, H and #ET, show an irregular behavior approximately at 10:00-11:00 UTC 

affecting the hourly behavior of ! (right panel). ! exhibits the typical concave up shape with two peaks at sunrise and 

sunset. The average daily value between 5:00 and 17:00 UTC included is 0.58, excluding these two peaks the average 

value decreases to 0.50. At 11:00 UTC, ! has a minimum (0.15 factors including: excessive solar radiation, deviation 

from the optimal air temperature and/or very low soil water content. We evaluated the stoma closure according to 

Cammalleri et al.
 [33]

 and compared their hourly behavior with those of similar days that do not exhibit a ! irregular 

behavior. This latter analysis does not suggest any stoma closure.  

 

Figure 5. Hourly behavior of the main energy balance components after forcing energy closure preserving the Bowen ratio 

(left panel) and diurnal ! behavior during DOY 213 (right panel). 
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Thus the minimum could be due to environmental factors like the relative humidity that in this hour showed a high 

variability or speed and direction of the wind. The latter actually shows a sudden variability (Figure 6). Wind speed and 

direction (Figure 6, left and right panels respectively) changed abruptly approximately at 9:30 UTC, with the former 

increasing from 1.0 ms
-1

 to 3.7 ms
-1

 at 11:30 UTC. A direct consequence of the wind change is a variation in the 

footprint where turbulent fluxes originate. 

 

Figure 6. Behavior of horizontal wind speed (left panel) and direction (right panel) between sunrise and midday. 

The average footprint determining 70% of the fluxes was 36 m between approximately sunrise and 9:30, whereas it 

increased to 76 m between 9:30 and midday (Table 1). Moreover the average direction changed from south-west (240° 

Clockwise (CW) from North) to west (280° CW). 

Table 1. Footprint determining 70% of the turbulent fluxes; wind direction (°CW from North) during a first part (06:00 – 

09:30) and a second part (09:30-12:00) of the morning. 

!"#$%"&'$()*+%

!"#$%&' 

!""#$%&'#!%,-./0%%

!('%

1"($2'"3&%%%%%%%

!)*+,*-%#(*.'%

/01//*2*/314/ 40 56/ 

/314/*2751// 80 59/ 

 

4.2  Diachronic and spatial resolution analysis 

To quantify the effects of the input spatial resolution on #ETi and ET24 retrievals, original multispectral and thermal 

images were downscaled from the acquisition resolutions 0.12 and 0.50 m (MS and TIR respectively) at resolutions 

comparable to canopy sizes (2, 5 and 10 m). #ETi were compared to the values measured by the flux tower and 

interpolated at the RS acquisition time (193 Wm
-2

 at 8:23; 193 Wm
-2

 at 9:14; 116 Wm
-2

 at 10:00, 116 Wm
-2

 at 10:18; 60 

Wm
-2

 at 10:55). Good agreements at 2 m spatial resolution were found at 10:00, 10:18 and 10:55 (135, 129 and 78 Wm
-

2
), at 5 m was found at 10:00 (110 Wm

-2
), at 10 m was found at 10:00 and 10:55 (86 and 121 Wm

-2
). Summarizing, 10 

UTC is the only time showing a good agreement at the chosen resolutions. 

ET24 was evaluated through two different approaches: a straightforward approach based on instantaneous ! and a second 

approach based on RS as integration factor. Results show (Figure 7) that the second approach generally gives better 

results since it can be applied also when evaporative fraction does not exhibit a regular behavior, whereas the former can 

be applied only when clear sky conditions occur during the whole day, that is not only during the RS acquisition. The 

first approach generally overestimates the retrievals of the second approach (38% at 2 m spatial resolution, 32% at 5 m 

and 44% at 10 m). Satisfying agreements of ET24 with flux tower measurements (2.69 mm, energy balance closure) were 

found at times:  

• 10:18 at 2 m (3.19 mm, Rs approach);  

• 10:00 at 5m (2.83 mm, Rs approach) and 9:14 (3.07 mm % approach);  

• 10:00 at 10m (3.04 mm % approach) and 10:55 (2.95 mm, Rs approach).  
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Best daily estimate was based on Rs approach at 10:00 UTC at 5m spatial resolution according to instantaneous 

estimates. 

 

Figure 7. Spatially averaged ET24 on the footprint area, calculated using the integration factors based on ! (black bars) 

and Rs (white bars), for different input spatial resolutions: 2 m (top left panel), 5 m (top right panel); 10 m (lower left 

panel). Over-imposed the ET24 measured by the flux tower (" 2.7 mm). 

4.3  Relative error analysis 

The relative errors on #ETi and ET24 assessments were quantified by comparison to the flux tower measurements once 

applied the energy balance closure. These relative errors were considered satisfying when falling within the range ± 0.15 

(Figure 8 grey band). Results show the best values for intermediate acquisition times (9:14, 10:00 and 10:18 UTC); on 

the contrary the first and last acquisitions (8:23 and 10:55) show the worst ones. 

 "ETi (figure 8 top panel) show satisfying results at 10:00 UTC, at least for the 2 and 5 m spatial resolutions; "ETi almost 

always assume negative values, thus, measured #ETi are underestimated. Moreover "ETi decreases from 2 m to 5 m, to 10 

m; this behavior occurs for "% and "Rs as well, thus often underestimation (<0) changes into overestimation (>0) 

depending on spatial resolution.  

The relative error on ET24 based on the first approach (figure 8 central panel) was accurately estimated at 9:14 and 10:00 

UTC (10m, "! = 0.03 and 0.12 respectively), and at 10:18 UTC (5m, "! = -0.07); using the second approach (figure 8 

lower panel) ET24 was accurately estimated at 9:14 and 10:00 UTC (5m, "Rs = -0.12 and 0.05 respectively). 
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Figure 8. Relative error, ", on the estimation of ETi (top panel), ET24 based on ! scaling factor (central panel) and based on 

Rs scaling factor (lower panel). Over-imposed a grey box indicating an acceptable range of variability ±15%. 

 

5. CONCLUSIONS 

Diachronic and spatial resolution analyses show that a limited number of combinations between spatial resolution and 

acquisition time allow obtaining instant and/or daily actual evapotranspiration characterized by satisfying relative error if 

compared to the flux tower measurements. These combinations have been summarized for #ETi assessments and ET24 

based on 'd and RS scaling factors. 

Instantaneous evapotranspiration is characterized by an adequate relative error (here assumed falling within a range of ± 

0.15) when images are acquired at 09:50 - 10:05 UTC at 5 m spatial resolution or at 09:30 - 10:30 UTC at 2 m spatial 

resolution. 

Daily evapotranspiration has been assessed based on two different approaches: the first is a straightforward approach 

using !d as scaling factor and can be applied only when clear sky conditions occur during the whole day; the second 

approach requires additional hourly measures of RS, however it can be used also during partially cloudy days, when the 

evaporative fraction exhibits an irregular behavior. The approach based on !d scaling factor suggests that images should 

be acquired between 09:05 and 10:05 UTC at 10 m spatial resolution or 10:05 - 10:25 UTC at 5 m spatial resolution; 

whereas the approach based on RS scaling factor suggests that images should be acquired between 08:50 and 10:10 UTC 

at 5 m spatial resolution or 08:30 - 09:10 UTC at 10 m spatial resolution. Summarizing, in our opinion, an acquisition 

carried out at "10:00 UTC at "5 m spatial resolution best characterizes the actual evapotranspiration of an olive groove 

as retrieved by the adopted surface energy balance model.  
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