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Article Info ABSTRACT

Estimation of actual evapotranspiration (ET) in large areas is an important part of
resources management. In recent years, remote sensing has been successfully us
estimation, which is supposed to be more accurate for estimating ET on regidn
agricultural scales. The main aim of this investigation is to evaluate the efficiency ¢
algorithms namelurface Energy Balance Algorithms for Land (SEBAL) and Mapg.
ET at high Resolution with Internalized CalibratidETRIC) algorithms for stimating
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Introduction

Water is often the most limiting factor for agriculture development in arid andaserareas.
Overload use from water and recent droughts has been caused great difficulties in water
resources. Variety and plurality of water resource anibws water uses in different and
various sectors cause present age to be meet water deficit difficattg @nd Shang, 2013

In order to exit from water crisis, water resource management is necessary (Babrian and
Honarbakhsh, 2008)Water resource manament as a necessity solution, need more
acknowledgment and knowing more understanding of complicated collection from interactions
related to water balance componentodiri and Modiri, 2016. Determination of water
balance components is an effective moethin water resource management. Whereas
evapotranspiration (ET) process is one of the important components in hydrological cycle, this
process should be analyzed in various temporal and spatial sshteshémkar and Ahmadi,
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2017. During ET process, weat is lost on the one hand from the soil surface by evaporation
and other hand from the crop by transpiration. Using of satellite data due to the limited number
of climatological stations and costly data collection have some advantages compared with
groundbased observation of ET. In addition, satellite data can be used in regpateaktudies
(Bastiaansseat al, 2009.

Satellite data are applied for deriving ET using energy balance techniques. Surface Energy
Balance Algorithms for Land (SEBALgnd Mapping ET at high Resolution with Internalized
Calibration (METRIC) were presented bRBastiaanssen (1998a,b) aAdlen et al. (2007),
respectively. SEBAL has been applied and validated in different parts of the viad 1993;
Bastiaansseat al, 1998b; Bastiaanssen, 2000; Hafeez and Chemin, 2002; étligiy 2003;
Bastiaansseast al, 2005; Kimuraet al, 2007;Zwart and Bastiaanssen, 2007;dti al, 2008;
Teixeiraet al, 2009; Yanget al, 2012; Tanget al, 2013; Saret al, 2013; Zhowetal., 2014;
Bhattaraiet al, 2017;Wagleet al, 2017; Spiliotopoulogt al, 2017; Filgueirat al, 2019;

Wolff et al, 2022). METRIChas beervalidated by Folhest al. (2009) and Filgueirast al,
(2019) in Brazil, Carmoneet al. (2017) in Argentina Wagle et al. (2017) in USA,
Spiliotopouloset al. 017) in Ireland and Jaafar and Ahmad (2020) in Lebanon.

Several attempts have been made to validate SEBAL and METRIC using Lysimeter data.
Tasumiet al. (2003, 2005) validated SEBAL and METRIC using Lysimeter in two regions of
southern Idaho, USA. The validation results showed that both SEBAL and METRIC can
estimate ET accurately in agricultural land use. Ak¢ral. (2003) compared SEBAL with
Lysimeterdata in USA. The difference between monthly and seasonal ET by SEBAL and
Lysimeter data were 16% and 4.3%, respectively. &aall(2013) applied SEBAL on 10 high
resolution airborne images acquired during Bushland Evapotranspiration and Agricultural
Renote Sensing Experiment 2008 (BEAREXO08) and validated using four large weighing
Lysimeter installed on two irrigated and two dryland fields in Texas, USA. The validation
results showed that instantaneous ET can estimate accurately with mean bias errpa{t1BE
root mean square error (RMSE) of 0.13 and 0.15 mr{28.8 and 28.2%) respectively. So far
SEBAL and METRIC have only been appliadth Landsat 5 (TM) and Landsat 7 (ETM
images and validated using Lysimeter data (Tasimli, 2003, 2005; Allert al., 2003, 2005).

Thus, SEBAL and METRIC have been applied with Landsat 8 OLI/TIRS and validated using
onedrainage Lysimeter installed on irrigated wheat fields during the 2017 growing season in
SabzevaCountyplain, Iran.

Material and methods
Study area

The SabzeviCounty plain with 57 kdi n area is | ocated betweer
| ongi tudes, and 40e02Nj and 40e09N N | atitude
the Iran (Fig. 1). The mean of elevation, temperatures and precipitation are 977m above sea

l evel, 1 8.7ntingr€speativaly. Thebclmate of the study area is arid based on climate
classification system of Domarton (Hoseinalizadehl, 2006).
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Figure 1. Location of the study area in Razavi Khorasan Proviinae,

Landsat images

The SEBAL and METRIC models were implemented on six images of Landsat 8 OLI/TIR
Geological

Level 2 obtained from the

us

Survey (USGS)

(http://earthexplorer.usgs.gowdvering Sabzevatountyplain (Table 1).

Table 1.Landsat 8 OLI/TIRSatelliteimageies used for ET comparison and application

Path/row Date Overpass time (local)
161/35 02/26/2017 10:19:39a.m.
161/35 03/14/2017 10:19:26 a.m.
161/35 03/30/2017 10:19:09a.m.
161/35 04/15/2017 10:19:10a.m.
161/35 05/01/2017 10:19:07 a.m.
161/35 05/17/2017 10:19:06 a.m.

archive
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Landsat8 Level 2 products are surface reflectance products. These products have been
provided in the georeferenced form. Geometric, atmospheric and radiometric corrections have
been carried out on these products.

Measurement ET

A percolation (drainge) Lysimeter (1x1m in area and 1.2 m in depth) was set up in irrigated
wheat fields with 180 ha in area to continuously measure actual ET within three months in the
2017 growing season (Fig. 2) (Howell 2005). To set up Lysimeter in farmland, a holegvas du
greater than the one dimension. It was installed so that all the edge and part of Lysimeter the
same as farmland level. It was filled with 20 cm gravel and sand layer Lysimeter bottom. We
also measured daily soil moisture (TDR, DAIML3) in different depthsvithin three months

ol
- &

Figure 2. The dainage Lysimetefright photo)used in thistudy
SEBAL and METRIC models

A brief overview to SEBAL and METRIC models present as follow, further theoretical details
available inAllen et al.(2007). In these models, actual ET are calculated using satellite images
based on energy balance. Since the satellite image only provides information about the overpass
time, the SEBAL and METRIC models compute instantaneous ET flux in theeitmage
(Folheset al, 2009). The ET flux for each pixel of image is calculated as:
_O0YY O O (1)

where_ ‘0¥ latent heat flux (Wm) which is easily converted to actual ETY is net
radiation (Wm?), H is sensible heat flux (W@ and G is soil heat flux (W).

Net radiation Y is calculated from balance between incoming and outgoing radiation
fluxes as:

Y p | Ys Ys Yu p - Yy (2)

wherg is surface albedo for short wave radiatién;is incoming short wave radiation
(Wm?); R. ;and R are incoming and outgoing long wanagliation (W), respectively; and
- is broadband surface emissivity.

G is computed as a fraction ¥f usingBastiaanssen et al. (2000) in SEBAL model as:



Estimation of actual evapotranspiration using SEBAL and METRIC algoriéhms 263

— —W@IneYmBinXT p TP 0w
o
where’Yi s sur f ace t enipuiNarmalizedDifferenCe)Vegetatidn Index.
G is computed using Tasuif@003) inMETRIC model as:

S 0.05+0.180 052 LAI2 05 (4)
Rn
% ~1.8(T, - 27315)/R +0.084 LAl <05 (5)

where, ! i3 Leaf Area Index.
H is the key part cS5EBAL andMETRIC models which is determined using an interactive
process from an aerodynamic function Alief et al. 2002)
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where } is t hga); Ceintiseispesific beht ofair (1004 JkkG?); dT is
temperature difference (°K) between two Rearface heights (z z); ranis the aerodynamic
resistance (sf); O is wind speed at200m (mMsE s Von Kar man&s isconst a
the roughness length for momentum transferand ¢ are heights above the zeptane
displacement of the vegetation assumed 0.1 and 2 m, respectively; amdiy are stability
corrections for momentum and heat transport, respectively.

Solving the Equation 6 is difficult because of existence of two unknown parameseirsd(r
dT), therefore it is selected two pixels i.e. cold and hot pixels in the study area. The cold pixel
was selected within areas covered with vireijated wheat fieldswhich it is assumed surface
temperature equal to near surface temperature. At cold pixel, all available energy is used for
latent heating in SEBAL model, meanwhile in METRIC model, ET is 5% more than reference
ET for alfalfa (Bhattaragt al, 2017). As tle same way, the hot pixel was selected within areas
without any vegetation which it is assumed ET is 0. In selection of these pixels, some factors
such as surface temperature, albedo and vegetation indices were used. In selection of hot/cold
pixels, it wasconsidered to avoid very low or very high temperature selection.
After determining H and all the other components in energy balance equatamd(B), the
i nstantaneous values of @oET were calcul ated
studyusing Equation 1. The instantaneous value of actual ET is obtained as:

o~ _ 0"y (9)
oY o Q@ ——

whereO"Y is the instantaneous value of actual ET for the image time(®m is the latent

heat of vaporization(J k; ” is air density (kg ni); and 3600 is the time conversion from
seconds to hours. Th&alue is obtained using Equation 10 (Allen et al., 2002):
_ G@mpmdingép ¢ XxPU pmw (10)

In SEBAL model, evaporative fraction (is computed as a ratio of latent heat to available
energy, while in METRIC modéD "Y3s computed as a ratio of instantaneous ET for each pixel
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to the reference ET obtainem meteorological data using FARenmarMontieth version
56:
(11)
Finally, by assuming that and’O "YOare constant for each day, daily actual ET {f£are

computed as:

oY3 %" !, —— (12)
O°Y - %42) OYO O7Y (13)

Daily actual ET depends omRvind velocity and air temperature during the satellite overpass

time. The wind velocity and air temperature during the satellite overpass time are given in Table
2.

Table 2. The values of air temperature and wind velocity in the six days of the studied image

Date 02/26/2017 03/14/2017 03/30/2017 04/15/2017 05/01/2017 05/17/2017
Air temperaturegC) 11 13.1 15.2 16.5 17.2 18
Wind velocityims) 4 6.3 3.4 5.1 7.8 9.3

Models Assessment

Hourly and 24 hours values of actual ET obtained Lysimeter were used to validate SEBAL and
METRIC models. Root Means Square EfRMSE), Mean Bias Error (MBE), Mean Absolute
Error (MAE), NashSutcliff Efficiency (NSE) coefficient and coefficient of determinatior)(R

were used for statistical assessment of the models accuracy.

Results
Energy balance maps

As shown in Fig. 3NDVI varies betweenl and 1 and LAl varies between 0 and 5.7. The
values of NDVI and LAI show crop growth in the studied farmland area. Actually, comparing
the values of NDVI and LAI and their distribution variability in the study area show that where
NDVI is high, LAl is also high. On the other words, NDVI and LAI correspond to each other.
Comparing the NDVI (Fig. 3), surface temperature (Fig. 4) and actual ET (Figs. 9 and 10) maps
indicate that in the areas where NDVI is high and the surface tempeasdte the actual ET

will be more.

The farmland areas with high NDVI and LAI shows relatively low albedo and surface
temperature and relatively high net radiation. The result shows that the greater part of available
energy in these areas are used&0dprocess and decreasing temperature occurs. For example,
NDVI, surface temperature, surface albedo and maps are given in-bigSogparison of Fig.

4 with Figs. 9 and 10 also confirm this matter.

The low value of soil heat flux in the studsea given in Fig. 6 is probably due to wet surface
soil by irrigation or local rainfall. As shown in Figs. 4 and 6, in areas wdmldneat flux is
low, the surface temperature is also low. Accordingly, the higher surface temperature, the
higher soil hetflux and vice versa.

As can be seen from the data in Table 2, wind velocity is the most at 17 May 2017 that it is
reasonable due to season and climate in the study area but air temperature from the first image
(26 February 2017p the sixth imag€l7 May 2017) has increasing trend. It is apparent from
Tables 2 and 4 and Figs. 4, 9 and 10 that the actual ET accords with the air temperature and
surface temperature values.
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