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ABSTRACT 

 

During the last decades, irrigation systems for pastures have 

been presented as a potential tool for paddock management, 

although evapotranspiration retrievals are still an asset and 

for preventing drought events. Thus, ET is a key parameter 

for determine water consumption of crops. In this work, we 

presented an evaluation of satellite-based models of pastures 

in the south of Chile. Datasets were setted up using remote 

sensing, automatic weather station and land surface cover 

maps. Four Surface Energy Balance (SEB) methods was 

calibrated: SEBS, SEBAL, METRIC and SSEBop for Actual 

Evapotranspiration (ETa) estimates. The SSEBop and SEBS 

show the best results such as RMSE equal to 0.74 and 1.1 mm 

day-1 respectively. This work contributes to complement the 

information of the prairies water footprint and irrigation 

scheduling using ETa satellite-based models for pastoral 

systems of Chile. 

Key words — Evapotranspiration, Remote Sensing, 

Pastures, Chile, Landsat. 

 

1. INTRODUCTION 

 

The Evapotranspiration (ET) is a key parameter for estimate 

the water consumption of grazing grasslands to determinate 

the amount of irrigation and water footprint of pastoral 

systems [1,2]. The relevance of calculate the water 

consumption lies to adapt the water management of grassland 

on the phenological state and avoid climatic variation 

associated to the precipitation amount. 

 

Remote sensing is an economic and efficient technique for 

spatially contiguous and frequent information of actual 

evapotranspiration (ETa) retrievals, based on surface energy 

balance models (SEB). These models can be categorized as 

single layer, two-layer, two-patch, dual-source, multi-patch 

and multi-layer models [3]. Single layers models have been 

widely used to estimate ETa at regional scale, such as 

SEBAL, METRIC, SEBS and SSEBop [4,5,6,7]. 

 

In Chile, the largest grazed grassland is in southern zone (-

39°, -43.5°) where feeds 1.66 million heads of cattle [8]. The 

ET of this surface depends mainly on rainfall precipitation, 

especially during spring and summer [9]. In this context, the 

pastoral systems of south of Chile could be in vulnerability, 

due to the decrease in precipitation amount during the last 

decade, generating severe events of meteorological droughts 

[10,11]. 

 

Mixed evaluation of remote sensing models led determinate 

which model is adequate to estimate evapotranspiration over 

study area [12,13,14]. 

These models have not been applied in pastures in the 

southern zone of Chile and quantify the real needs of 

irrigation in pastoral systems. Therefore, the aim of this work 

is evaluating the ETa performance using four SEB models 

(SEBS, SEBAL, METRIC and SSEBop) generated from 

remote sensing. 

 

2. MATERIAL AND METHODS 

 

2.1. Study Area and dataset 

 

The study area is the temperate grasslands southern of Chile 

located between Los Ríos and Los Lagos Region (Figure 1). 

This area covers 1.32 million hectares of grasslands, where 

the average temperature is 10°C with an annual rainfall of 

2100 mm [15]. The dataset used was Landsat 7 and 8 images 

for the period 2014-2017. Also, auxiliary data was used such 

as the Land Cover of Chile [16], SRTM Digital elevation 

model, the ASTER GED [17], atmospheric input for Land 

Surface Temperature calibration derived from Barsi 

Calculator [18] and agrometeorological stations for 

meteorological estimations. The Oromo Calibration Site 

(OCS) was used for validating the ET data [19]. 

 

2.2. Methods 

 

Satellite based evapotranspiration models was based on 

surface energy balance equation: 

𝑅𝑁 = 𝐻 + 𝜆𝐸 + 𝐺0 

Where RN is net radiation, H the sensible heat flux, λE the 

latent heat flux and G0 the soil heat flux. RN was calibrated 

based on the surface radiation balance equation at the satellite 

overpass:  

 𝑅𝑁 = (1 − 𝛼) 𝑅𝑠𝑤𝑑 + 𝜀𝜆𝑅𝑙𝑤𝑑 − 𝜀𝜆𝜎𝑇𝑠
4  

Where α is surface albedo estimated from Liang [20], Rswd is 

the descending shortwave radiation estimated based on 

Bristow-Campbell method [21], ελ is the surface emissivity 

derived from ASTER GED dataset, Rlwd is the long-wave 

descending radiation, σ is the Boltzmann constant and Ts 

correspond to the surface temperature estimated with single-

channel method, were the parameters are detailed in [22,23]: 
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 𝑇𝑠 = 𝛾[
1

𝜀𝜆
(𝜓1 𝐿𝑠𝑒𝑛 + 𝜓2) + 𝜓3 ] + 𝛿 

Where Lsen is the radiance in the thermal spectrum. ψ1, ψ2 

and ψ3 are atmospherics functions derived from the 

atmospheric radiance and transmissivity. γ and δ are 

parameters which depends on Lsen and the brightness 

temperature of sensor (Tb). 

 

The sensible heat flux and latent heat flux was estimated 

based on SEBS, SEBAL, METRIC and SSEBop models. The 

soil heat flux was considered negligible for daily estimations 

[24].  

SEBS model uses meteorological data and information from 

remote sensing based on the heat fluxes estimation under 

extreme condition using the Monin-Obukhov Similiarity  

𝛬𝑟 = 1 −
𝐻 − 𝐻𝑤𝑒𝑡

𝐻𝑑𝑟𝑦 − 𝐻𝑤𝑒𝑡
  

Where Λr is the relative evaporative fraction, Hwet and Hdry are 

the sensible heat flux under wet and dry conditions 

respectively.  

 

SEBAL and METRIC are physical models which estimates 

H by the parametrization of the vertical difference between 

aerodynamic temperature and air temperature close to the 

surface (dT) assuming the existence of a linear relationship 

between Ts and dT 

𝐻 = 𝜌𝐶𝑝

𝑑𝑇

𝑟𝑎ℎ
 

This calibration uses the selection of anchor pixels for each 

image under exteme conditions (dry and wet) and the 

estimation of aerodynamic resistance (rah). For SEBAL, the 

cold pixel was Hcold=0 for water bodies or irrigated fields, and 

METRIC the selection of the cold pixel was based on 

irrigated alfalfa field (ETr=1.05ET0). For scaling 

instantaneous λE to daily ETa values was used the method 

proposed by Sobrino, 2007 to scale the instantaneous RN to 

daily RN values [25]. 

 

The SSEBop model estimates ETa from ET0, the evaporative 

fraction (Λ) based on Ts, and a coefficient k that scales the 

grass reference experienced into maximum ET by an 

aerodynamically rougher crop. 

𝐸𝑇𝑎 = Λ𝑘𝐸𝑇0 

 

The ETa models estimated using Landsat imagery was 

compared with Adjusted crop evapotranspiration (ETc adj) 

[26] measured at OCS through different statistical indicators. 

These statisical indicators used was the coefficient of 

determination (R2), root mean square error (RMSE), relative 

root mean square error (RRMSE), the standard deviation of 

the residual values (σ) and the mean absolute error (MAE). 

3. RESULTS 

 

ETa models derived from remotely-sensed data are shown at 

Figure 2 for summer days in the study area, where there is 

spatial variability according to the SEB model. SEBS and 

SSEBop model shows similar spatial patterns of 

evapotranspiration over the images. In February 13, 2015 at 

the center of image, east of Oromo the ETa reaches values 

near to 0. During the summer of 2016, the water consumption 

increases and the whole grasslands presents homogeneous 

distribution (standard deviation: 0.86 mm day-1 SSEBop, 0.87 

SEBS mm day-1) of ETa, with an average value of 5.59 mm 

day-1 for SSEBop and 5.79 mm day-1 for SEBS. During 

March 6, 2017 a lower evapotranspiration, principally at the 

southern area, due to the low Rn values. SEBAL depends on 

the selection of hot and cold pixels for ETa computation, and 

the spatial patterns are similar for 15 Feb 2015 and 6 Mar 

2017 in comparison with SEBS and SSEBop, SEBAL 

understimates low values of evapotranspiration and 

overestimate for higher variability with a standard deviation 

of 2.27 mm day-1. METRIC shows a spatial variability due to 

the selection of anchor pixels over all imagery of Figure 3, 

such the image of 13 February,2017 METRIC estimated a 

very heterogeneous value (standard deviation: 2.49 mm day-

1) of ETa for the whole area, where it coincides with the 

warmest Ts pixels and lowest RN values.  

 

This behavior shows over the remote sensing-based ETa with 

a seasonal variability (Figure 3). SEBS shows a well 

performance with R2 of 0.74, RMSE 1.1 mm day-1, RRMSE of 

45.17% and MAE of 0.92 mm day-1 (Figure 4) however, tends 

to overestimate the ETa where the water consumption 

increases, especially for summer days during the 

meteorological drought years (2015-2016) for the southern 

grasslands [11,12], reaching an mean evaporative fraction of 

0.78 for the summer period. The ETa values estimated by the 

SSEBop model have a similar behavior to Oromo data, with 

R2: 0.76, RMSE: 0.75 mm day-1, MAE: 0.6 mm day-1 and 

RRMSE: 28.02%, so SSEBop presents a good fit. SEBAL, on 

the other hand, present a poor adjustment (R2: 0.53) because 

it presents a high dispersion data, overestimating and 

underestimating extreme values during spring and summer 

(σ: 1.6 mm day-1), RMSE: 1.8 mm day-1, MAE: 1.6 mm day-

1 and RRMSE: 62.89%. It is possible that dispersion of ETa 

values is related to the selection of hot and cold pixels, with 

a high contrast of landscape conditions and presence of 

clouds. For example, the image of December 3, 2014, 22 and 

30 November 2016 the cloud cover reaches up to 70%, so 

SEBAL overestimate the ETa to the limitations of the model. 

METRIC does not present a correlation with the measured 

data of our station with R2= 0.05, so the values estimated by 

METRIC do not represent the ETa of the study area, the cause 

of the calibration of this model is possibly due to the same 

limitation presented by SEBAL. 

 

4. DISCUSSION 

The SSEBop (R2: 0.75, RMSE: 0.75 mm day-1) and SEBS (R2: 

0.74, RMSE: 1.1 mm day-1) model were consistent with data 

estimated in Oromo. This adjustment is because SSEBop and 

SEBS does not solve the dT under the manual selection of 

anchors pixels. The models SEBAL (R2: 0.53, RMSE: 1.8 mm 
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day-1) and METRIC (R2:0.05, RMSE: 2 mm day-1) require the 

selection of extreme condition to estimate H and λE 

manually, where does not had a good performance over 

temperate grasslands of Chile. Thus, there is a limitation in 

SEBAL and METRIC model because requires clear sky 

images, a condition that does not happen frequently over 

study area, condition which could affect the parametrization 

of H. The results of SEBS validation presents a linear 

adjustment with 74% and RMSE of 1.1 mm day-1, being a 

good model for ETa estimation, however the higher ET values 

shows an overestimation in comparison with OCS. 

 

5. CONCLUSIONS 

 

In the present study, four SEB models was evaluated for ETa 

estimation in grassland over Los Rios and Los Lagos regions 

using remote sensing and meteorological data. This was done 

through the processing satellite and meteorological database 

over the study area, information needed as input to modeling 

actual evapotranspiration of the different SEB models, which 

were validated with in-situ data. SSEBop turned out to be the 

model with best linear fit and lowest error compared with in-

situ data (R2: 0.75, RMSE: 0.75 mm day-1) and SEBS the 

second model with acceptable performance (R2: 0.74, RMSE: 

1.1 mm day-1), so these algorithms can be applied to estimate 

ETa over grassland of pastoral systems of southern Chile. 

Finally, this work contributes to an estimate of actual water 

footprint of pastoral systems, a tool that contributes to the 

generation of land management plans that allow a sustainable 

and efficient use of water for drought monitoring. 
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7. ILLUSTRATIONS, GRAPHS AND PHOTOGRAPHS 

 

 
 
Figure 1. Study Area. 

 
Figure 2. ETa maps for grassland cover for the spring-summer 

period of the study area, maps present zones without 

information over grassland cover due to the presence of clouds. 

 

Figure 3. ET Time Series over Oromo Calibration Site. 

The blue line represents ETc adj estimated in Oromo, and 

points ETa estimated by SEB models. 

 

 

Figure 1. Evaluation of SEB models on Oromo. The 

dashed line represents the identity function and the 

continuous line shows the linear regression of each model. 
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