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Abstract 40 

This study aims to compare the remote sensing (RS) approach and an agro-hydrological model to estimate 41 

evapotranspiration (ET) and irrigation water requirement (IWR) in semi-arid region, and the effect of vineyards 42 

management and their ages on these parameters. In the study region, after vineyards were classified into three 43 

main scenarios based on three vineyards ages (12-15, 15-18 and 18-21 years) and two management approaches 44 

(proper and improper management), ET and IWR were determined in each scenario using the Soil-Water-45 

Atmosphere–Plant (SWAP) Model and Surface Energy Balance Algorithm for Land (SEBAL) for  the year of 46 

2019-2020 with Landsat8 images. While the accumulated ET calculated with SEBAL was compared with a field 47 

water balance, the results showed that without calibration or parameter optimization, the accumulated ET 48 

estimated with SEBAL exceeded that computed with SWAP. According to the findings, the most and least 49 

RMSE was related to August (1.32) and June (1.26). Analyses of scenarios showed that at the first stage of 50 

phonology (bud-break to bloom), the  S3 scenario has the most IWR for each pixel (900 m2) by 2.7 m3, and at 51 

the  second stage (bloom to ripening) and the third stage (ripening), the S1 scenario by 229.5 m3 and 78 m3 has 52 

the highest IWR, respectively.  53 

Keywords: IWR, ET, Phonology, SWAP, SEBAL, Landsat8 54 

1. Introduction  55 

Since water resources are a limiting factor, water use efficiency (WUE) and irrigation water requirement (IWR) 56 

will be a crucial factor (Johansson, 2005). By increasing the population in the west of Iran, it is widely expected 57 

that agriculture consumption will witness more competition for water resources in many regions than before 58 

(Singh et al., 2016). Grapes are cultivated in about 11 thousand hectares of Malayer county where annually 230-59 

240 thousand tons in grapes are harvested from Malayer’s vineyards, which is about 60 percent of total grape 60 

gardens of Hamadan province(Lotfaliyan et al., 2014). Thus, it is probably critical to improving WUE in 61 

mountainous vineyards of Malayer, in Zagros Mount, under climate changes and global warming effects. Pereira 62 

et al. (2002) reported that WUE  improvement is essential in arid and semiarid regions, where water is a scarce 63 

commodity. Painter and Carren(1978) emphasized the importance of reducing water losses below the root zone, 64 



improving yield and crop quality, conserving the resource base, and lowering the risk of salinization of 65 

groundwater to enhancing sustainability(Mirzavand et al., 2020). ET is a  main member of water balance in arid 66 

and semi-arid areas, so it is substantial for optimum water resources(Moussa et al., 2007; Bastiaanssen, 2000). 67 

According to the statistics, 90% of rainfalls turn back to the atmosphere through ET in arid regions 68 

(Hasheminia, 1999). Water resource scarcity is the main restriction towards agriculture developments and food 69 

stuffs in Iran (Akbari, 2005). ET estimated by different methods and climate data would be suitable for the local 70 

areas and not for big watersheds because its dynamic nature and regional climate changes are different(Li and 71 

Lyons, 2002). International Commission on irrigation and drainage (ICID) and food and agriculture organization 72 

suggested FAO Penman-Monteith for ET estimation(Allen et al., 1998a). Remote sensing provides the 73 

possibility of actual ET estimation, and its possible amount in an extensive land use; moreover, this gives a 74 

distribution of spatiotemporal ET in area(Teixeira et al., 2007). Energy balance methods are divided into one-75 

source and two-source methods that  among them the surface energy balance algorithm for land (SEBAL) is one 76 

of a known one-source algorithms for ET estimation. Actual ET of vineyards is up to a density of vegetation 77 

canopy and a fraction of potential ET in normal condition(Riou et al., 1989) . Evaluations and assessments of 78 

ET in vineyards may lead to optimum management of the irrigation plans. If 80% of vineyards' ET is provided 79 

for irrigation, grapes size at this moment will reach their highest growth(Williams, 2001); however, over-80 

irrigation  might increase stress in vineyards(Williams et al., 2010). Vitis vinifera is one of the essential orchard 81 

products in Iran(BaniHashemi and Parvin , 1995), and vineyards included 315000 (ha) with 2710000 (ton/ha) 82 

products from 2019 to 2020.  Raisin product, in Iran, is  annually 40 thousand tons, and Malayer county is the 83 

second biggest raisin producer with 102 tons for per hectare. 84 

SEBAL algorithm has estimated ET with high accuracy in different regions of the world using different satellite 85 

images. In this regard, SEBAL and METRIC algorithms were compared, and their results showed high accuracy 86 

of algorithms in comparison with lysimeter data(Tasumi et al., 2005) , in the northeast of Brazil. They declared 87 

the high accuracy of algorithms for water use and water management in dry and semi-dry areas. Mutiga et 88 

al.(2010) estimated ET using SEBAL and water balance algorithm. They compared the algorithms' results and 89 

found that there is a 70% correlation between them. Zhongping et al. (2011) used Landsat (ETM+) images and 90 

SEBAL algorithm to compute actual ET; hence, they emphasized SEBAL efficiency for ET estimation. Colaizzi 91 

et al.(2011) estimated surface temperature, net radiation, soil heat flux, and hourly estimation using 16 Landsat 92 

(TM) images and SEBAL algorithm in Texas plain; then  they compared their results with measured data of four 93 

lysimeters belong to cotton in irrigated and water scarcity stress conditions; as a result, they confirmed the high 94 



accuracy of estimation. Raghuveer et al. (2011) computed ET using remote sensing data and different methods, 95 

and their findings showed that remote sensing methods had medium efficiency for ET estimation. Yuting et al. 96 

(2012) used MODIS and SEBAL algorithm to estimate annual modification of ET in agricultural lands, water 97 

bodies, forests, and grasslands. The results indicated the accuracy of the two algorithms for ET estimation.  Paul 98 

et al. (2014) compared the ET results of SEBAL algorithm with four lysimeter data in irrigated and dry farming, 99 

so the results showed SEBAL's accuracy. Dasturani et al. (2012) used 12 MODIS images and SEBAL algorithm 100 

for estimating actual ET of pistachio orchard in Ardakan city, Yazd province. Their findings showed that the 101 

mean actual ET of the subject area during a perfect growth period was 1123 mm,  and comparing of used water 102 

with assessed value clarified that used water was lesser than the assessed value. Simaie et al. (2013) compared 103 

MODIS and Landsat 7 for estimating ET using the SEBAL algorithm. Their results showed that the Landsat 7 104 

was twice MODIS images' accuracy. Although many researches were done using different models and 105 

algorithms like SEBAL and satellite images for,  estimating ET has still been sensed due to various climates and 106 

weathers in the world. In this research, for the first time, IWR of vineyards were estimated in different 107 

phonology stages of grape in a semi-arid climate of Iran. The interesting point is that ET was computed in 108 

homogenous agricultural lands in other studies, but this research was conducted in heterogeneous land uses to 109 

estimate IWR; in addition, actual evapotranspiration estimated by using the SEBAL model would  be compared 110 

to the output of the SWAP model in Malayer vineyards over the Zagros Mount.  111 

2. Material and methods 112 

Malayer County is located in a semi-arid climate of Zagros Mount, and  its area and altitude is 3208 km2 and 113 

2481 m, respectively (Fig. 1). Mean annual rainfall from 1995 to 2020 (25 years) is between 250 and 327 mm. 114 

The study area mostly receives precipitation in winter; a consequently, viticulture is not feasible without 115 

irrigation. A soil study is carried out to determine the main soil hydraulic parameters used for evaluating in the 116 

SWAP model, and the observed measurements during the irrigation season were applied to validate SWAP 117 

model in the field. SWAP models require a set of land surface and canopy parameters that were retrieved using 118 

spectral reflectance values (VIS/NIR bands); besides, surface albedo was computed as the weighted average 119 

over VIS and NIR reflectance bands (Liang et al., 2004), and the LAI spatial distribution was detected using a 120 

semi-empirical relationship (Clevers, 1989). The study area is dominated by vineyards, although on time 121 

irrigation would increase the crop yield and decrease the environmental problems, but improper irrigation and 122 

traditional method can lead to yield reduction and ET and WUE increase (Wright, 2002); thus, proper and 123 

improper irrigation would be determined in the study area. The present research would evaluate a relationship 124 



between surface temperature and remotely sensed vegetation indices, WUE, evapotranspiration, and the 125 

accuracy of remote sensing to estimating irrigation water requirement for phonology stages of VitisVinifera 126 

with respect to SEBAL algorithm.  127 

Actual evapotranspiration values obtained from the SWAP model was considered as the reference to be used for 128 

remote sensing models accuracy assessment. Daily climate data (incoming short-wave solar radiation, air-129 

temperature, humidity, wind speed, and rainfall) were obtained from Malayer synoptic station.  130 

 Field water capacity was determined in situ with a tensiometer, and the water content determined in the 131 

laboratory was taken as permanent wilting point and the available soil water viz, then the quantity of water 132 

remained in the soil between field capacity and permanent wilting point was computed. 133 

 134 

Fig1. Location of study area and synoptic station in Hamedan province, Iran 135 

2.1 Selection, Preparation, and data processing of images   136 

In spite of substantial numbers of sensors for selecting proper images to estimate ET, spatiotemporal resolution 137 

of satellite images and access to them are important factors for ET estimation(Omidvar, 2011). Landsat8 images 138 

were used in different parts of the world, but these images and some of algorithms like SEBAL have not 139 

completely calibrated in Iran's condition(Bagheri Harooni et al., 2012). In the current research, (Landsat8  ( OLI 140 

images were applied because of their temporal condition, high quality, lack of cloud cover, and easy access. The 141 

selected images were level 2, which did not need geometric correction; in addition, they were checked by 142 



controller point (GPS) in the field, and atmospheric correction was done using FLAASH model. Table 1 shows 143 

the images details. 144 

 145 

Table 1. Characteristics of satellite images used in this study 146 

Satelite Sensor Image date Spatial resolotion Band number 

LANDSAT 8 OLI, TIRS 2013/14/05 30 11 

LANDSAT 8 OLI, TIRS 2013/10/06 30 11 

LANDSAT 8 OLI, TIRS 2013/12/07 30 11 

LANDSAT 8 OLI, TIRS 2013/26/07 30 11 

LANDSAT 8 OLI, TIRS 2013/29/08 30 11 

 147 

2.2 Surface energy balance algorithm for land (SEBAL) 148 

Estimation of actual ET was done using satellite images based on the SEBAL algorithm. The satellite images 149 

can provide information at the time of satellite passes, and the latent heat flux can be estimated at that time 150 

(Allen et al., 2002); therefore, this feature for each pixel of the image is calculated as the remnant of surface 151 

energy balance algorithm by equation (1). 152 

)1( 𝜆𝐸𝑇 = 𝑅𝑛 −𝐻 − 𝐺 

Where λET is the latent heat flux (W / m2), Rn is the net radiation flux in the surface (W / m2), G is the soil heat 153 

flux (W / m2), and H is the sensible heat flux (W / m2). In this research, spatial distribution of ET was assessed 154 

by SEBAL method, which is suitable for mountainous regions. The accuracy of SEBAL method depends on the 155 

precise calculation of the net radiation flux, the sensible heat flux, and the latent heat flux (Allen et al., 2002). 156 

The amount of net radiation flux is calculated using the input and output radiation waves according to equation 157 

2 (Allen et al., 2002). 158 

(2) 𝑅𝑛 = (1 − 𝛼)𝑅𝑆↓ + 𝑅𝐿↓ − 𝑅𝐿↑ − (1 − 𝜀0)𝑅𝐿↓ 
Where RS ↓ is the short-wave input radiation (W / m2), RL ↓ is the long-wave incoming radiation (W / m2), RL ↑ is 159 

the outgoing long wave (W / m2), α surface albumin, and ε0 surface radiation strength of bands 10 and 11 of 160 

Landsat8. 161 

2.2.1 Net radiation (Rn): 162 

The amount of net radiation flux is calculated using the input and output radiation waves according to equation 163 

3(Allen et al., 2002). 164 



)3( 𝑅𝑛 = (1 − 𝛼)𝑅𝑆↓ + 𝑅𝐿↓ − 𝑅𝐿↑ − (1 − 𝜀0)𝑅𝐿↓ 
Where RS ↓ is the short-wave input radiation (W / m2), RL ↓ is the long-wave incoming radiation (W / m2), RL ↑ is 165 

the outgoing long wave (W / m2), α surface albumin, and ε0 surface radiation strength of bands 10 and 11 of 166 

Landsat8. 167 

2.2.2 Soil heat flux (G) 168 

Direct calculation of soil heat flux by using satellite images is difficult because the amount of soil and 169 

vegetation heat transformation is influenced by molecular conduction. In SEBAL algorithm, the ratio of G/Rn in 170 

the middle of the day was calculated using the equation 4 (Allen et al., 2002).  171 

)4( 
𝐺𝑅𝑛 = 𝑇𝑠𝛼 (0.0038𝛼 + 0.0074𝛼2)(1 − 0.98𝑁𝐷𝑉𝐼4) 

Where Ts is the surface temperature (˚C), and α is surface albumin. G value is obtained by multiplying the λET 172 

in Rn. Normalized Difference Vegetation Index (NDVI) value less than zero is supposed to be water, and the G / 173 

Rn ratio is 0.5. Ts less than 4 ˚C and α greater than 0.45, is supposed to be snowy areas, and G / Rn is 0.5. 174 

2.2.3 Sensible heat flux (H)  175 

Sensible heat flux is amount of heat wastes through molecular conduction and convection, which is due to 176 

temperature difference (eq.5) (Allen et al., 2002). 177 

)5( 𝐻 = 𝜌. 𝐶𝑃. 𝑑𝑇𝑟𝑎ℎ  

Where ρ is the air density (kg / m3), Cp special air temperature (1004 J / Kg / K), dT temperature difference (T1-178 

T2) between the two altitudes (Z1-Z2) in Kelvin degrees (K) and rah is aerodynamic resistance against heat 179 

transfer (s / m). Sensible heat flux depends on temperature gradient, surface roughness, and wind speed. Rah is a 180 

function of the sensible heat flux, which is calculated by cyclic method. In order to apply atmosphere 181 

corrections, Monin-Obukhov length was used (Allen et al., 2002). The cold pixel was selected from a full cover 182 

and irrigated vegetation area, which the surface temperature was assumed to be equal to the near-surface air 183 

temperature. The hot pixel was also selected from a non-vegetation and arid land, which ET was assumed to be 184 

zero. Factors such as surface temperature, albedo, and vegetation indices were used to select these pixels (Allen 185 

et al., 2002), and the cold and hot pixels were carefully selected to avoid choosing very low or very high 186 

temperatures. After correction of sensible heat flux based on atmospheric conditions, the instantaneous value of 187 

the evaporation heat flux was calculated according to equation 1 for each pixel. 188 

2.2.4 The latent heat flux and instantaneous ET 189 



The latent heat flux is the heat loss from the surface due to the ET process (1). Values of net radiation flux (Rn), 190 

latent heat flux (λET), sensible heat flux (H), and soil heat flux (G) are obtained at the time of satellite passes. 191 

The numerical value of λ must be calculated through dividing the related number by per pixel to obtain the ET 192 

value. By using instantaneous latent heat flux, the instantaneous ET value is obtained as follows (eq.6) (Allen et 193 

al., 2002). 194 

)6( 𝐸𝑇𝑖𝑛𝑠𝑡 = 3600 𝜆𝐸𝑇𝜆  

ETinst is the instantaneous ET (mm / hr) and λ is the latent heat ET (J / Kg), the value of λ is estimated by 195 

equation 7(Allen et al., 2002). 196 

)7( 𝜆 = [2.501 − 0.00236(𝑇𝑆 − 273.15)] × 106 

 197 

2.2.5 Reference ET fraction (ETrF) 198 

The reference ET fraction as the ratio of the instantaneous ET (ETinst) is calculated for each pixel (mm/hr) to the 199 

reference ET (ETr), which is estimated from the meteorological data for the image time (mm / hr) (eq.8) 200 

)8( 𝐸𝑇𝑟𝐹 = 𝐸𝑇𝑖𝑛𝑠𝑡𝐸𝑇𝑟  

The ETrF is similar to the vegetation factor (Kc) and is used for ET extrapolation from the image time for next 201 

24 hours or longer. The ETrF value generally varies between 0 and 1, hereby in a completely dry pixel, the value 202 

of ET and ETrF is zero. If the cold pixel locates in the alfalfa or corn field, ET will be more than ET r so ETrF> 1 203 

(possibly 1/1). Negative values of ETrF occur because of systematic errors imposed by various theories in 204 

SEBAL(Allen et al., 2002). 205 

While Several relationships were proposed to calculate ETr, Penman-Monteith by FAO was proposed for the 206 

most countries with arid and semi-arid climate, so the FAO-Penman-Monteith method as one of the most 207 

reliable methods for reference ET estimation was applied in the current research(Allen et al., 2002). 208 

2.2.6 24-h ET 209 

The values of ET24 are more used than instantaneous values. The SEBAL calculates the ET24 by considering not 210 

only the instantaneous ETrF but also  the average of ETrF24. The value of ET24 (mm /day) is calculated as 211 

follows(Allen et al., 2002). 212 

(9) 𝐸𝑇24 = 𝐸𝑇𝑟𝐹 × 𝐸𝑇𝑟_24 



Where ETr_24  is the total ETr within 24 hours and  is obtained by collecting ETr values on the day of the satellite 213 

pass. 214 

2.2.7 Seasonal ET (ET seasonal) 215 

Seasonal ET covers an entire growing season, and this can be estimated from the 24-h ET information by ET24 216 

extrapolation relativity for the reference ET (ETr). It is expected that the ET for the whole area changes in extent 217 

to the adjustment in the ETr,  and this  is estimated for a particular area, which does not represent to the actual 218 

condition in every pixel. Since ETr is used as an index of the relative change in weather, and ET for the image 219 

area, it is assumed that the ETrF processed for the time of the image is consistent with whole time frame 220 

represented by the image (eq. 10) 221 

ETperiod = ETrFperiod * ∑ ETr − 24n1                                                                                                     (10) 222 

2.3 Soil-Water-Atmosphere-Plant (SWAP) Model 223 

SWAP  is a one-dimensional physically based model for water, heat, and solute transport in variably saturated 224 

soil, and it includes modules to simulate irrigation and crop growth (Kroes et al., 2000); moreover, SWAP 225 

simulates the vertical soil water flow and solute transport in close interaction with crop growth. Richards’ 226 

equation(Richards, 1931), which includes root water extraction, is applied to compute transient soil water flow. 227 

The potential evapotranspiration rate ETp (mmd−1) that is obtained by the product of the crop coefficient (Kc) 228 

and the Penman Monteith reference evapotranspiration rate, ET0 (Allen et al., 1998b). To compute daily ET0 229 

values, weather data of solar radiation, vapor pressure, wind speed and air temperature are required while the 230 

crop-specific Kc coefficient can be obtained from the literature (Allen et al., 1998b). In a field condition, where 231 

vineyards crop partly cover the soil, the ETp is partitioned into the potential soil evaporation Ep (mmd−1) and 232 

the potential crop transpiration Tp (mmd−1) using the Leaf Area Index (LAI) as a function of vineyards crop 233 

development stage in Eq (11) and (12)( Belmans, 1983):  234 

Ep = ETpexp(−KgrLAI)                                                                                                                              (11)  235 

Tp = ETp−Ep                                                                                                                                              (12) 236 

Where kgr is the extinction coefficient for global solar radiation (Campbell and Norman, 1998). Under wet soil 237 

conditions, the actual soil evaporation E is governed by the atmospheric demands and equals Ep. Under dry soil 238 

conditions, E is governed by the maximum soil water flux Emax in the top soils, and it can be quantified by 239 

Darcy’s equation. Canopy parameters such as LAI, albedo (α), and crop height (hc) were determined by using 240 

remote sensing data to infer the spatial distribution of the crop coefficient Kc using the analytical approach 241 



proposed by D’Urso (2001 ) , and  this approach consists of a direct application of the Kc theoretical expression 242 

(Eq.13): 243 

Kc =ETp/ ET0                                                                                                                                                 (13) 244 

where ET0 and ETp are computed by Penman-Monteith equation(Allen et al., 1998b) for grass reference (ET0) 245 

and for the specific crop (Vitis Vinifera) (ETp), assuming the minimum value (non-stressed) for the canopy 246 

resistance rc (sm−1). Kc is related to the variability of grape parameters (α, rc, LAI, hc) used for ETp 247 

calculation, and  it can be explained by Rs (incoming solar radiation), Ta (air temperature), RH (air relative 248 

humidity), and uz (wind velocity). SWAP model requires soil hydraulic parameters map, which can be done by 249 

point measurements of θ(h) and K(h) in the field (D’Urso, 2001 ). 250 

 251 

2.4 Accuracy assessment 252 

SEBAL validation was done using hourly and ETr_24 data of Malayer meteorological station, and they were 253 

estimated by FAO-Penman-Montieth technique in SWAP model. Evaluation of model prediction accuracy was 254 

done by Root Means Square Error (RMSE),(eq. 14). 255 

(14) RMSE = √1𝑛∑(𝑌𝑒𝑠𝑡, 𝑖 − 𝑌𝑜𝑏𝑠, 𝑖)2𝑛
𝑖=1  

Where Yest is the predicted amount, Yobs is the measured amount, and n is the number of data (Simaie et al., 256 

2013).  257 

2.5 Effective rainfall estimation 258 

Agriculture specialists considered a part of total rainfall used for plant irrigation and surface runoff used for 259 

yield production as effective rainfall (EF)(Dastane, 1978). In this study among different methods for estimating 260 

EF, percentage method was used (eq. 15). 261 

Effective rainfall = 0.8 * Total rainfall                                                                                                             (15) 262 

2.6 Irrigation water requirement (IWR) 263 

Water requirement is amount of water that is required for agriculture crops at the growth period, and it should be 264 

supplied by irrigation. This  amount is calculated by equation (16), which the total ET are subtracted from 265 

effective rainfall(ER) and change in soil moisture(GWC) 266 



IWR = ETC - ER - GWC                                                                                                                              (16)                                     267 

2.7 Vegetation indices 268 

Over 50 vegetation indices were developed, and they have been used in various remote sensing applications like 269 

detection of land cover changes in different environments. Several studies used various vegetation indices, and 270 

they identified desirable and sensitive indices accuracy for vegetation mapping in different environments 271 

(Fensholt et al., 2009). Vegetation indices are mathematical indices that are based on the relationship between 272 

different spectral bands; besides, they are more susceptible to the spectral response of vegetation than single 273 

bands (Asrar et al., 1984). Most of the red and infrared bands are used in the ratios of these indices, and a 274 

combination of red and near infrared spectral bands allows the image interpreter identifies the plant from soil 275 

areas and determines the state, density. and other characteristics of vegetation biomass (Bannari et al., 1995) 276 

2.7.1 Scenarios of study 277 

In the current study, vineyards were classified based on their lifetime and management. While lifetime of 278 

vineyards were determined based on NDVI, older vineyards privilege of denser canopy (Parviainen et al., 2010), 279 

so three classes were defined based on their life time including 18-21(Scenario A), 15-18(Scenario B), and 15-280 

18 (Scenario C) years; moreover, these classes obtained from ETM+ were compared with field study. 281 

Vineyards; likewise, were categorized based on management, by this it means that two management groups 282 

including suitable (Scenario D) and unsuitable (Scenario F) management were defined (Table 2). Canopy 283 

management is an important agronomic technique being widely used in viticulture to regulate the 284 

microenvironment around the clusters, fruit sanitary conditions, yield, and quality (Intrigliolo and Lakso, 2011) , 285 

and the effect of plant architecture on canopy radiation distribution and plant production was emphasized 286 

(Prieto, 2011)   287 

Suitable management in Malayer's vineyards include suitable irrigation strategy and canopy management. In 288 

general, there are five scenarios in this study, but findings of irrigation scheduling regimes and timing, yield and 289 

use of water resources, and canopy managements indicate that Malayer's vineyards can be studied under three 290 

possible scenarios including  Scenario1(S1; SA-SD and SB-SD), Scenario 2 (S2; SA-SF, SB-SF, and SC-SF), 291 

and Scenario 3 (S3; SC-SD). 292 

 293 



Table 2. Vineyards classification based on their managements(Nejatian, 2016) 294 

Suitable management (proper irrigation strategy and canopy 

management) 

Unsuitable management (Traditional methods) 

Suitable Irrigation based on physiological and agronomic parameters 

such as deficit irrigation drought stress 

unsuitable irrigation 

Canopy management Canopy mismanagement 

pruning branches at the right time unsuitable pruning branches and pruning 

branches at the wrong time 

fertilizing at the right time Ineffective fertilization 

Plowing by shovel at the right time Inattention to plow 

combat against blight and plant disease Inattention to blight and plant disease 

 295 

3. Results  296 

3.1 Daily, monthly and periodic ET 297 

In the present research, water requirement of vineyards in three growth periods  including bud-break, bloom, 298 

and ripening was estimated in Malayer county, so some of vinyards in the vicinity of synoptic station of Malayer 299 

county were selected and calculated. Besides, parts of the vineyards are selected based on the age by using the 300 

field studies, and water requirement of them were calculated in three growth periods. To calculate the amount of 301 

ET, Landsat 8 images are used that have three basic conditions (good spatial resolution, proper temporal 302 

resolution, and availability). In this research, Landsat 8 images with pixel of 30x30m and temporal resolution of 303 

16-day were used. Because of determine the amount of ET of 9-month grape in vineyards of Malayer, 5 images 304 

of Landsat 8 were selected from the date 2020 in stages of bud-break, bloom, and ripening; then ET was 305 

calculated by using meteorological data and SEBAL algorithm. 306 

For each month, an image was selected; besides, incoming net radiation flux and soil heat flux was estimated 307 

using images of optical range and NDVI vegetation index, respectively. Then the full sensible heat cycle was 308 

estimated using auxiliary data and remote sensing data, and the solvency equations in this cycle determine the 309 

amount of sensible heat and the amount of instantaneous ET for each image in different months; moreover, to 310 

estimate the amount of 24-hour ET, which is more used in comparison with instantaneous ET, auxiliary data 311 

were used. According to equation (8), by using fraction parameter of ETrF ET for a certain period and with the 312 

accumulation of monthly ET amounts so the periodic ET for three periods was estimated. 313 



Due to the fact that surface cover has a great influence on the amount of ET in the surface of the region, and 314 

SEBAL algorithm has a specific sensitivity to this parameter; therefore, the relationship between vegetation, 315 

which is used to represent this component of the normalized differential vegetation index, and monthly ET was 316 

evaluted. In this way, 500 random points were selected on the surface of two monthly ET maps, and vegetation 317 

index on the day of satellite pass over the area and related correlations were calculated (Fig. 2). For each month, 318 

the relationship between surface cover and the amount of ET was calculated to provide visibile results. 319 

 320 
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Fig 2. Relationship between ET and NDVI index 321 

In Fig. 2, the correlation between the two parameters of the NDVI and the amount of monthly ET was 322 

investigated, and the maximum correlation was seen in May. The results showed that other months and places 323 

with better vegetation would have more ET rather than area with lesser vegetation. 324 

3.2 Evaluatin the accuracy of estimated ET by using auxilary data 325 

Due to the lack of lysimeter data, the auxilary data of ET were used to evaluate the accuracy of estimated ET 326 

values over the region. In this study, according to Allen (2002) to calculate the amount of ET for alfalfa, and the 327 

results of Mobasheri et al. (2005) to choose cold pixel, which is newly irrigated, for alfalfa, the estimated ET 328 

was compared with SWAP model (Fig. 3). According to the Fig. 2, in all months, the RMSE of August was seen 329 

greater than other. Due to meteorological error and error of SEBAL algorithm in mountainous regions, RMSE 330 

of other months are acceptable. The main sources of error in this research are including the spatial resolution 331 

incometence error of the thermal and reflectance bands, the error associated with the calibration of the SEBAL 332 

parameters, the uncertainty of the meteorological data accuracy, the error of image time, and the length of 333 

shadows. 334 
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 335 

Fig 3. ET evaluation by SEBAL (in Alfalfa pixels), SWAP method, and RMSE values 336 

According to SEBAL analyses, the most and least RMSE was related to August (1.32) and July (0.4), 337 

respectively. The field study showed that, in these months vines encounter with tension from a phenology stage 338 

(bud-break to bloom) to another (bloom to ripening) so evapotranspiration would decrease. Table 3 indicates 339 

that IWR is provided through EF from bud-break to bloom and bloom to ripening stage; however, for ripening 340 

stage all water requirement must be prepared by irrigation. 341 

 342 

Table 3. Amount of rainfall and effective rainfall by using precentage method (80 % of total rainfall) 343 

 344 

 345 

 346 

 347 

3.3 Lifetime map of vineyards 348 

In this study, in order to determine the lifetime of the vineyards, the correct and error of several methods are 349 

used such as object base, neural network, support vector machine, and vegetation index method, and the lifetime 350 

of vineyards are classified based on amount of the canopy and the spectral reflection in the near-infrared bands. 351 

According to field studies conducted in the area, the lifetime of the vineyards is determined in three groups (S1, 352 

Effective rainfall  Total rainfall stage 

70.25 87.82 Bud-break to bloom 

59.05 73.82 Bloom to ripening 

0 0 Ripening 



S2, and S3), non cover, and garden. The outputs of each classification methods mentioned above show that 353 

vegetation index method is the best and accurate method by kappa of 0.89, and the results of them are shown in 354 

Fig 4. 355 

3.4 Vineyards management 356 

Vineyards management is an important factor for vineyard classification. Field study shows that suitable 357 

management deponds on irrigation requirement, dry pruning, fertilization, and plowing, so impoverished 358 

vineyards will be seen if these actions are not done, and mismanagement will lead to older vineyards classified 359 

in younger vineyards class(Nejatian, 2016).  360 

 361 

Fig 4. Lifetime of vineyards using satellite images 362 

In the LULC map of Malayer county,  non cover and arable crop, vineyards (S1, S2, and S3), and the areas 363 

covered by the specified orchards are cleared. According to the specific field studies, it has become clear that 364 

the vineyard management strongly affects the type of vineyard, orchards, and the classification of the effective 365 

factors. In this way, the legend of lifetime can be seen in Table 4. According to field study and Landsat images, 366 

types of vineyards' management (in vineyards with the same age) have sensible differences in tone, texture, and 367 

reflections from OLI sensor, so remote sensing techniques can be used to provide management map of 368 

vineyards.   369 



Table 4. Characteristics of LULC map 370 

Age type number of pixel Area(ha) 

Non cover and arable crops  1958 176.22 

Vineyard(S1) 2994 269.46 

Vineyard(S2) 1986 178.74 

Vineyard(S3) 739 66.51 

Garden 643 57.87 

Sum 8320 748.8 

 371 

3.5 Estimation of actual water requirement 372 

Actual water requirement is the amount of water that crops need during the period of their growth and must be 373 

supplied through irrigation. Due to the low level of groundwater of Malayer county,  it was ignored during 374 

actual water requirement estimation. Fig.5 and Table 5 shows the water requirement for three stages of grape 375 

growth and its characteristics, respectively. 376 

Table 5. Date of grape growth in bud-break to bloom, bloom to ripening and ripening stage 377 

 378 

3.5.1 Bud-break to bloom of vineyards 379 

Fig 5 shows the amount of IWR from bud-break to bloom stage of vineyards. According this estimation, seven 380 

classes were categorized between 0 and 150 mm, and it has become clear that majority number of vineyards did 381 

not need irrigation from 30th of April to 10th of June because rainfall in this period was 87/82 mm; however, in 382 

some pixels, which is related to vineyards and orchard gardens, the need for irrigation was sensible, these fields 383 

did not need irigation in this period. Besides, because of heterogenous land uses, vineyards and orchard gardens, 384 

a high amount of water reqirement can  be seen in the Fig 5. 385 

Stages Date 

Bud-break to bloom 30th of April to 10th of June 

Bloom to ripening 11th of June to 11th of September 

Ripening 12th of September to 28th of September 



 386 

Fig 5. IWR from bud-break to bloom stage of vineyards 387 

To analyze the amount of IWR from bud-break to bloom stage in this area, where includes vineyards and 388 

orchard gardens, IWR map andLULC lifetime map were used (Table 6). Effective rainfall of Non cover and 389 

arable crops, vineyards (S1, S2, and S3) were 70.25 mm, and IWR of them were estimated less than 20 mm for 390 

each class. However, the most IWR was observed by more than140 mm for the orchard gardens.  391 

Table 6. IWR from bud-break to bloom stage of vineyards 392 

 Non cover 

and arable 

crops 

Vineyard 

(S1) 

Vineyard (S2) Vineyard (S3) Garden 

< 20 mm 1958 2994 1986 739 213 

< 40 mm 0 0 0 0 172 

< 60 mm 0 0 0 0 101 

< 80 mm 0 0 0 0 91 

< 100 mm 0 0 0 0 45 

< 120 mm 0 0 0 0 17 

< 140 mm 0 0 0 0 4 

Sum 1958 2994 1986 739 643 

Mean weight of 

IWR (mm) 

10 10 10 10 39.11 

 393 



According to Table 7, statistical characteristics were estimated regarding IWR in GIS using IWR map and 394 

LULC lifetime map from bud-break to bloom stage of vineyards. 395 

Table 7. Statistical characteristics of IWR from bud-break to bloom stage of vineyards 396 

 397 

As shown in Table 7, IWR of Non cover and arable crops, vineyards (S1and S2) were zero; in fact, all their 398 

IWR for growth were achieved through effective rainfall in 2020. Nevertheless, IWR of S3 was not provided 399 

through effective rainfall (bud-break to bloom), and an average of irrigation water requirement is 2.83 mm, 400 

meaning that IWR for per pixels of S3, was 2091.37 mm.  401 

3.5.2  Bloom to ripening of vineyards 402 

IWR of vineyards from bloom to ripening stage (from 11th of June to 11th of September) was shown in Fig 6. 403 

According to this map, IWR was estimated between 0 and 500 mm by considering maximum temperature, ET, 404 

and rainfall changes; moreover, the largest  and smallest area of the map (Fig. 6) is related to 300-400 and 400-405 

500 mm, respectively. 406 

 pixel Area(m2) Min Max Mean( STD Total IWR of per 

pixel(m3) 

Non cover and arable 1958 1762200 0 0 0 0 0 0.00 

vineyard(S1) 2994 2694600 0 0 0 0 0 0.00 

vineyard( S2) 1986 1787400 0 0 0 0 0 0.00 

vineyard( S3) 739 665100 0 11.12 0.003 6.50 1995.3 2.7 

Garden 643 578700 0 131.0 0.04 28.9 23148 36 



 407 

Fig 6. IWR from bloom to ripening stage of vineyards 408 

According to the analyses, it has become clear that more variation and dispersion of IWR of vineyards were 409 

formed from bloom to ripening stage in comparison with bud-break to bloom stage. In this manner, pixels of 410 

non cover and arable crops are as required higher IWR, which is related to seasonal crops based on field study, 411 

than previous stage. As shown in Table 8, land uses are classified in five groups including non cover and arable 412 

crops, vineyard (S1), vineyard (S2), vineyard (S3), and garden, and  the highest mean weight IWR were related 413 

to S1, S2, garden, S3, and  non cover and arable crops areas, respectively. 414 

Table 8. Different classes of IWR from bloom to ripening stage of vineyards 415 

Pixel Non cover and arable 

crops 

Vineyard (S1) Vineyard(S2) Vineyard 

(S3) 

Garden 

< 100 mm 870 440 276 128 101 

< 200 mm 273 479 394 206 165 

< 300 mm 339 705 493 202 200 

< 400 mm 392 1169 687 184 156 

< 500 mm 84 201 136 19 21 

sum pixel 1958 2994 1986 739 643 

Mean weight of 

IWR(mm) 

175.79 257.08 250.65 217.52 223.72 

 416 



Table 9 shows maximum, minimum, and standard deviation(STD) of IWR, total IWR, and IWR of per pixel for 417 

different land uses from bloom to ripening stage. According this the biggest areas are belonged to S1, S2, non 418 

cover and arable crops, S3, and garden, respectively, and non cover and crops and vineyard (S1) showed the 419 

biggest and smallest STD by 0.158 and 0.12, individually. Besides, the highest and least total  IWR were seen in 420 

vineyard (S1) and garden, respectively, and the most IWR for per pixel were observed in vineyard (S1), 421 

vineyard (S2), garden, vineyard (S3), and non cover and arable crops, respectively,  and the maximum IWR was 422 

founded in garden by 489.04 mm. 423 

Table 9. Statistical characteristics of IWR from bloom to ripening stage of vineyards 424 

 425 

3.5.3 Ripening of vineyards 426 

IWR of vineyards in ripening stage from 11th september to  27th september of 2020 can be seen in Fig7. The 427 

least and most IWR were 0 and 200 mm, respectively; moreover, the higher IWR was seen in ripening stage 428 

based on its period (17 days) rather than bud-break to bloom (40 days) and bloom to ripening (90 days). 429 

Value  

(Age and 

land use type) 

Number 

of pixel 

Total Area 

(m2) 

Min 

(mm) 

Max 

(mm) 

Mean(

m) 

STD Total 

IWR 

(m3) 

IWR 

of per 

pixel 

(m3) 

Non cover and arable 

crops 

1,958 1,762,200 0.00 447.54 0.15 0.158 264330 135 

 Vineyard(S1) 2,994 2,694,600 0.00 456.24 0.255 0.12 687123 229.5 

Vineyard(S2) 1,986 1,787,400 0.00 470.39 0.249 0.118 445062 224.09 

Vineyard(S3) 739 665,100 0.00 442.20 0.217 0.11 144326 195.29 

Garden 643 578,700 0.00 489.04 0.224 0.106 129628 201.59 



 430 

Fig 7. IWR in ripening stage of vineyards 431 

According to Table 10, the most and least mean weight of IWR were founded in vineyard(S1) and non cover 432 

and arable crops, individually, and non cover and arable crop, vineyard (S1), vinyeard (S2), vineyard(S3), and 433 

garden showed the highest frequency of pixel in lower than 20 mm, 100-120 mm, 100-120 mm, 60-80 mm, and 434 

80-100 mm, respectively. 435 

Table 10. Different classes of IWR in ripening stage of vineyards 436 

IWR Non cover and 

arable crops 

Vineyard 

(S1) 

Vineyard 

(S2) 

Vineyard 

(S3) 

Garden 

< 20 mm 613 151 80 43 42 

< 40 mm 210 257 203 97 62 

< 60 mm 186 328 267 135 83 

< 80 mm 193 381 294 143 99 

< 100 mm 240 517 341 131 140 

< 120 mm 294 751 438 112 111 

< 140 mm 180 551 327 75 64 

< 160 mm 42 56 36 3 27 

< 190 mm 0 2 0 0 15 

Sum pixel 1958 2994 1986 739 643 

Mean weight of IWR (mm) 60.71 87.44 84.39 73.62 82.68 

 437 



Table 11 illustrates maximum, minimum, (STD) of IWR , total IWR, and IWR of per pixel for different land 438 

uses in ripening stage. The biggest and smallest STD of IWR were founded in non cover and crops and vineyard 439 

(S3) by 0.046 and 0.034, individually. The most IWR of per pixel were seen in vineyard (S1), vineyard (S2), 440 

garden, vineyard(S3), and non cover and crops, by 78.3, 75.6, 73.8, 65.65, and 54 m3, respectively, and the 441 

maximum and minimum IWR were observed in garden and non cover and crops by 188.08 and 0.01 mm , 442 

individually.  443 

Table 11. Statistical characteristics of IWRin ripening stage of vineyards 444 

 Number of pixel Area 

(m2) 

Min 

(mm) 

Max 

(mm) 

Mean 

(m) 

STD Total 

IWR(m3) 

IWR of per 

pixel(m3) 

Non cover and arable crops 1958 1762200 0.01 153.2 0.06 0.046 105732 54 

Vineyard 

(S1) 

2994 2694600 2.46 161.7 0.087 0.0356 234430.2 78.3 

Vineyard 

(S2) 

1986 1787400 7.09 152.4 0.084 0.0352 150141.6 75.6 

Vineyard 

(S3) 

739 665100 6.42 147.8 0.073 0.034 48522.3 65.65 

Garden 643 578700 5.14 188.1 0.082 0.038 47453.4 73.8 

 445 

4. Discussion 446 

The climatology of mountainous regions of Zagros is typically characterized by cold or cool winter seasons, 447 

limited precipitation, and hot and dry summers, which has been under climate change effects during recent 448 

years. The aim of this study is to estimate the ET and IWR in three stages including bud-break, bloom, and 449 

ripening of vineyards using Landsat8 images in Malayer vineyards. For this purpose, the energy balance 450 

algorithm for land (SEBAL) was used, and Percentage method was used to calculate effective rainfall during the 451 

period; moreover, accuracy estimation of ET values was done using SWAP model, which is an agro hydrology 452 

model that apply FAO- Penman-Monteith method accompanied to field data. Once the FAO- Penman-Monteith 453 

method is suggested by International Commission of Irrigation and Drainage and FAO, this was proposed as a 454 

standard method for calculating ET by climate data(Allen et al., 1998a). The results of this study show that 455 

SEBAL algorithm can properly estimate the parameters such as surface albedo, surface temperature, and 456 

vegetation index; then these parameters  were used to estimate the hourly and daily actual ET in the study area. 457 

Therefore, the results of SEBAL algorithm and the observed method (SWAP method) were compared, and no 458 

significant difference was seen. According to statistical and spatial analyzes of IWR, land use map, and lifetime 459 



of vineyards, canopies of older vineyards were higher than the younger one; however, the amount of IWR in 460 

younger vineyards were more than older one; moreover, according to the ratio of Mean changes and STD of 461 

vineyards with different ages, the maximum IWR is belonged to the younger vineyards because of the higher 462 

sensitivity of the surface temperature of the vineyards. In fact, younger vineyards show higher environmental 463 

temperature and albedo, which decrease net radiation flux, so younger vineyards would require higher IWR.  464 

The high IWR was related to  the low canopy of younger vineyards and the vegetation factor over adjusting with 465 

the surround area; in fact, IWR of younger vineyards are more than older vineyards because of extended bare 466 

lands and low vegetation cover density, which increase temperature and evapotranspiration, in their pixels; 467 

furthermore, this shortage of canopy in young vineyards directly impacts on solar radiation and causes higher 468 

ET. For instance, estimation of ET in vineyards of California using Landsat8, multiple sensors, and combined 469 

methods was done, and the results showed that ET of young vineyards were overestimated because of rows of 470 

other crops in these vineyards, or cumulative ET values are consistent with field measurements(Semmens et al., 471 

2015). Furthermore, mass and surface energy balance methods for monitoring water stress in vineyards were 472 

used, and the results showed that water balance dynamics and energy balance methods are appropriate to 473 

identify water stress in canopy - root combination system(Palladino et al., 2013) 474 

5. Conclusions 475 

The total water consumption of vineyards, in a semi-arid and arid climate, is generally higher than the annual 476 

precipitation, and it would induce a risk for viticulture sustainability, so, determining the water requirements is 477 

crucial for vineyards in Iran. Irrigated grape crops are typically grown in semi-arid regions in western Iran, 478 

which have inadequate precipitation and limited water resources to manage the vineyards. The results show that 479 

IWR varies from zero to 150, zero to 500, and zero to 200 mm for the stage of bud-break to bloom, bloom to 480 

ripening, and ripening, respectively. Besides, the lifetime of vineyards were determined using vegetation indices 481 

that provided maps with acceptable accuracy. According to the evaluation of land uses, it has become clear that 482 

management level determination of vineyards plays important role in their types and their reflections from 483 

satellite images; moreover, field study showed that unsuitable management causes older vineyards classified 484 

among younger class. The results indicate that Landsat8 is well able to estimate IWR, especially for large area; 485 

in fact, in coparsion of SEBAL (in Alfalfa pixels) and SWAP model for ET estimation, the most and least 486 

RMSE was related to August (1.32) and July (0.4), respectively; thus, ET was estimated with acceptable 487 

accuracy, and it was applied for IWR estimation. Besides, the findings showed that younger vineyards require 488 



higher IWR rather than older vineyards because the younger vineyards have higher environmental temperature 489 

and albedo, which decrease net radiation flux and lead to more ET and IWR. Field studies indicated that vines 490 

encounter with tension, which declines evapotranspiration, from a phonology stage (bud-break to bloom) to 491 

another (bloom to ripening). Moreover, findings show that types of vineyards management (in vineyards with 492 

the same age) have sensible differences in tone, texture, and reflections of OLI sensor; therefore, remote sensing 493 

would probably be able to provide management maps of vineyards based on the mentioned differences.  494 
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