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Abstract: Climate data and remote sensing images are used in this study to estimate the
evapotranspiration of urban landscape vegetation. The study was conducted on a historic public park in
Vr8ac (Serbia), which is an important Serbian national heritage site. After comparing recordings from 14
weather stations in the region with recordings from the City Park, the weather station in Vrsac was
chosen. The daily averaged values of climatic data for March, June, July and October of each year
between 1949 and 2016, were used to compute the daily reference evapotranspiration ET, (mm/day),
according to the FAO-56 Penman-Monteith equation. A landscape coefficient was estimated through field
monitoring based on the Water Use Classification of Landscape Species (WUCOLS) principles. Also,
thermal infrared images from Landsat 8 and the Normalized Difference Vegetation Index (NDVI) from
the QuickBird Satellite data are used as the remote sensing inputs to model daily evapotranspiration. This
research explored the relationship between urban vegetation ET, computed by the FAO-56 Penman-
Monteith method with the required meteorological data and by means of the remote sensing. The analysis
revealed the significant correlation between the average daily evapotranspiration estimates from 0.98 to
0.99 by the Nadaraya-Watson kernel regression and the weak Spearman’s Rank correlation (r ranges
from -0.006 to 0.384) leading to the conclusion that the Nadaraya-Watson kernel regression is more
suitable for evaluating urban landscape water requirements.
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1. INTRODUCTION

Due to the increased pressure on water
supplies and concerns over the conservation of green
areas in urban environments, it is important to
estimate the water demands of wvarious plants.
Restoration of the oldest public park in Serbia,
situated in VrSac, started in 2012. In order to
develop a manageable irrigation design solution, the
landscape evapotranspiration had to be estimated.
The main objective of this paper is to quantify urban
landscape evapotranspiration using meteorological
and field survey data and remote sensing images,
more specifically to investigate the statistical
relationship between the Normalized Difference
Vegetation Index (NDVI) and the estimated urban
landscape evapotranspiration for one the biggest
urban parks in Vr8ac. So far this is the first
implementation of remote sensing to estimate
evapotranspiration in urban parks in Serbia.
Evapotranspiration is an important process within

urban green areas, the rates of which are dependent
upon temperature, vapour pressure and wind
velocity. The Penman-Monteith method combined
with Water Use Classifications of Landscape
Species (WUCOLS) is often used to match the water
requirements of plants. A common procedure for its
estimation is the two-step approach: calculation of
the reference evapotranspiration and then
multiplication by the plants coefficients. Reference
evapotranspiration is defined in (Allen et al., 1998)
as "the rate of evapotranspiration from a
hypothetical crop with an assumed crop height (0.12
m) and a fixed canopy resistance (70 s m™) and
albedo (0.23) which would closely resemble
evapotranspiration from the extensive surface of a
green grass cover of uniform height, actively
growing, completely shading the ground and not
short of water".

The WUCOLS approach, confirmed in the
field, is shown to be accurate and efficient in the
evaluation of landscape water requirements
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(Costello & Jones, 2014). The project was initiated
and funded by the Water Use Efficiency Office of
the California Department of Water Resources and
provides evaluations of the irrigation water needs for
over 3,500 taxa (taxonomic plant groups) for 18
reference evapotranspiration zones.
Evapotranspiration can be also indirectly
estimated using remote sensing data by applying
physical models such as the Penman—-Monteith
equation or by analysis of its relationship to
vegetation indices and surface temperature
(Petropoulos et al., 2009). This method has been
selected in this research according the international
standards and methodologies promoted by the Food
and Agriculture Organization of the United Nation-
FAO (Allen et al., 2005; 2006). Numerous
researchers such as (Ortega-Farias et al., 1998;
Todorovi¢, 1999; Hussein, 1999; Ventura et al.,
1999); Beyazgul et al., 2000; Lecina et al., 2003;
Berengena & Gavilan, 2005; Lopez-Urrea et al.,
2006; Gavilan et al., 2007; Trajkovi¢, 2009) indicate
the reliability of the Penman - Monteith method
(Frank, 2016). Except for the meteorological
recordings for the August and October 1999 from
the field and the meteorological stations in Serbia in
the different time periods, the databases
CARPATCLIM  (Lakatos et al., 2013) and
CLIMWAT (Thiemig et al., 2010) were also used.
The thermal Infrared Sensor (TIRS) from Landsat 8
is important for mapping land surface temperature
which is one of the parameters in the
evapotranspiration calculation. Digital terrain is used
to provide the elevation, slope and aspect data to
compute net solar radiation and wind speed maps.
For the generation of solar radiation map by module
r.sun of GRASS GIS software (Neteler & Mitasova,
2004), as input parameters, a single value from
albedo was applied, while Linke turbidity values
were obtained at a monthly scale from the SoDa
Webpage (Stackhouse et al., 2016). In 1922 Linke
proposed coefficients to estimate clear sky radiation
as the product of the optical thickness of water and a
clear and dry atmosphere (Ineichen & Perez, 2002;
(2008). This factor approximates the model of
atmospheric absorption and scattering of the solar
radiation under clear skies (Remund et al., 2003).
The NDVI method is often recommended as a
useful indicator to study ET rates (Johnson & Belitz,
2012; Nouri et al., 2014; Islam, & Islam Mamun,
(2015). Sobrino et al., (2012) list derived land
surface emissivity from a comparison between the
measured values and then estimated with the NDVI
method. A near linear relationship between ET and
NDVI was reported by Rossato et al., (2005). Nouri
et al., (2014) also assessed the correlation between

ground-based ET and remotely sensed ET using
NDVI. The value of the vegetation index is critically
dependent on the form of the data used to calculate it
(Steven et al., 2003). Hence, the QuickBird high
spatial resolution image is also used to extract NDVI
and is compared with observational-based field
estimations of the urban landscape ET.

2. MATERIALS AND METHODS
2.1. Study area

The study area is the City Park in Vrsac, one
of only a few well preserved historical public parks
in Serbia, built in a mixed style (a combination of
French formal and English landscape styles), which
was a characteristic feature of Europe in the 18"
century. It is trapezoid in shape and occupies an area
of 66670 m?, with the central coordinate at 45° 07
08" N, 21° 18’ 44" E. The area is temperate with an
average annual rainfall of 659 mm and with a mean
maximum temperature of 21.6 °C in July and cold
winters with a mean minimum temperature of 0.3 °C
in January (Gburcik, et al., 2004). The City Park is
surrounded by both a wall and wrought iron fence
and with five rustic gates. During the fieldwork, 107
plant species were identified and divided into 4 large
groups: plants in the form of trees, bushes, vines and
herbaceous plants. For the most common trees in the
park, species coefficients are given in accordance
with (WUCOLS) but adjusted to the local climate.

2.2. Meteorological data

Regarding the fact there is no weather station
in the City Park in Vr8ac, necessary for the daily
recordings of the needed parameters to calculate ET,
which could be compared with the results obtained
using remote sensing, after analysing the results
obtained from 14 meteorological stations in the
region, for this study the meteorological stations in
Vr8ac was selected.

To calculate ET, in the City park in Vrac the
measured values of temperature and humidity in
August and October 1999 with digital thermometer
and hygrometer were used, while wind speed was
measured by Lambrecht anemometer set up to a
height of 10 m on a vehicle for public lighting bulb
replacement (Strbac, 2004).

The correlation between daily values obtained
for the aforesaid months in the City Park in VrSac
and those calculated from the meteorological station
in Vr3ac, Banatski Karlovac, Beograd, Timisoara
and Novi Sad, has been examined by Spearman’s
Rank correlation coefficients (McDonald, 2014).
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Distances and azimuths between the City Park and
meteorological stations in Vr8ac, Banatski Karlovac,
Belgrade, Timigoara and Novi Sad are about a 2.6
km and 355 degrees, a 23 km and 250 degrees, an 86
km and 241 degrees, 72 km and 356 degrees and a
120 km and 275 degrees, respectively. The best
correlation between ET, in the City Park and weather
stations in VrSac have been observed.

The mean monthly values obtained at the City
Park in Vr8ac and corresponding values calculated
for Beograd, Novi Sad and Timisoara from the
climatic databases CLIMWAT which used the
Penman Monteith method in the time series from
1961 to 2000 (Contreras et al., 2011), and for
Timisoara, Oravita and Banioc from the
CARPATCLIM database which applied
Thornthwaite's method (Szalai et al., 2013; Antofie,
et al., (2015) for the August and October 1999 were
also compared. Oravita and Banioc are located at a
distance from the City Park in Vrsac of 32 km and
30 km, while the azimuths are about 107 and 250
degrees, respectively.

Based on the average monthly values of
evapotranspiration for the period 1966 to 1995
(Raji¢, 2003) daily mean values were calculated for
the August and October in the following cities in
Serbia: Pali¢, Sombor, Vrbas, Becej, Kikinda,
Zrenjanin and Sremska Mitrovica, whose distances
from the City park are about a 162, 190, 140,
115,105, 80 and 135 km respectively, with azimuths
of a 313, 294, 292, 300, 321, 292 degrees and 264,
respectively.

Table 1. Spearman’s Rank correlation coefficients r
between daily values obtained in the City Park in VrSac,
the meteorological station in VrSac and the cities of
Banatski Karlovac, Beograd, Timisoara and Novi Sad for
the August and October of 1999.

Location Month r

City Park August 1999. 1

in Vrsac October 1999. 1
Meteorological August 1999 0.6193317
station in VrSac | October 1999. 0.8026439
Banatski August 1999 0.4784509
Karlovac October 1999. 0.7376840
Beograd August 1999 0.5351174
October 1999. 0.5546333
Timisoara August 1999 0.3834784
October 1999. 0.7058961
Novi Sad August 1999 0.5121634
October 1999. 0.7989628

The Two-Tailed Test of

Population Mean

with Unknown Variance was applied to compare the
average values of the ET, at those locations

(Crawley, 2013). At a 0.05 significance level, the
critical values were laid between -2.042272 and
2.042272. In addition to weather stations in Vrsac,
Zrenjanin and Banatski Karlovac others show
deviations from the range of the critical values in at
least one of the analysed months. Although the
obtained evapotranspiration for Zrenjanin showed a
better correlation with the City Park, the weather
station in Vrsac was selected because of its
proximity to the City Park and was calculated for a
longer period of time compared to Zrenjanin. The
results are shown in the Tables 1 and 2.

Meteorological data have been recorded over
the last 67 years at a weather station located at 83 m
above sea level, at 45° 08°39" N, 21° 18’ 20" E.,
which is about a 2.6 km distance from the Vrsac
City park. The Input parameters used for the ETo
calculation by EtoCalc software were the monthly
averaged: maximum and minimum air temperature
(°C), dew point temperature (°C), wind speed (m/s)
and actual duration of sunshine in a day (hour/day).
The Penman-Monteith (PM) evapotranspiration
(ET) equation predicts the rate of total evaporation
and transpiration from the earth’s surface using
commonly measured weather data (solar radiation,
air temperature, vapour content, and wind speed
(Allen, et al., 2006). The form of the equation is:

B 0.408:A(Rp_G)+y w2~ Up-(ea—eq)

T, = 1)

o A+y(1+0.34-U3)

where ET, is the reference evapotranspiration [mm
day™], A is the slope of the saturation vapour
pressure function [kPa °C*], R,, is the net radiation
at the crop surface [MJ m? day™], G represents soil
heat flux density [MJ m? day™], T is the mean daily
air temperature at 2 m height [°C], U, is the wind
speed at 2 m height [m s], e, is the saturation
vapour pressure [kPa], e; is the actual vapour
pressure [kPa], (e, — eq) represents the saturation
vapour pressure deficit [kPa] and y is the
psychrometric constant [kPa °C™].

2.3. Field data

The water needs of landscape plantings can be
estimated using the landscape evapotranspiration
formula:

ETl =Kl'ETO (2)

where ETy is the landscape evapotranspiration [mm
day™], K; is the landscape coefficient [dimensionless],
and ET, is the reference evapotranspiration [mm day”
Y. K, is determined by multiplying species, density
and microclimate factors to determine the overall
landscape coefficient (Nouri, et al., 2014).
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Table 2. The results of the Two-Tailed Test of Population Mean calculated for the City Park in Vr8ac and the
meteorological station in Vr3ac, Beograd, Novi Sad, Timisoara, Oravita, Banioc, Pali¢, Sombor, Vrbas, Becej, Kikinda,

Zrenjanin and Sremska Mitrovica

Location Database Month t
(i:r:til/lrjézrck Calculated from field data in 1999. OA;?)E: 8
Meteorological Calculated from station August 0.3093202
station in VrSac 1949-2016. October 1.391941
Banatski Calculated from station August -0.6186405
Karlovac 1973-2016 October 1.391941
CaIcuT;icéggTG'statlon October 1.391941
Beograd CLIMWAT August 0.9279607
1961-2000 October 2.087912
Calculated from station August -2.783882
1966-1995. October -0.6959705
CLIMWAT August 0.3093202
. 1961-2000 October 2.087912
Timisoara
CARPATCLIM August 0.3093202
1999 October 2.783882
Calculated from station October 2 087912
Novi Sad 1949-2016
CLIMWAT August 0.6186405
1961-2000 October 2.783882
Oravita CARPATCLIM August 1.855921
1999 October 4.175823
Banioc CARPATCLIM August 0
1999 October 2.783882
Palic Calculated from station August -2.474562
1966-1995 October 1.391941
Sombor Calculated from station August -1.546601
1966-1995 October 2.087912
Vrbas Calculated from station August -1.546601
1966-1995 October 1.391941
Betej Calculated from station August -2.474562
1966-1995 October 1.391941
Kikinda Calculated from station August 0.3093202
1966-1995 October 0.6959705
Zrenjanin Calculated from station August 0.3093202
1966-1995 October 0
Sremska Calculated from station August -0.6186405
Mitrovica 1966-1995 October 2.783882

Costello & Jones (1994; 2000; 2014) developed the
landscape coefficient calculation as the product of
three adjustment factors:

Ki =Ks K- Kq (3)

where K; is the adjustment factor for a particular
plant species [dimensionless], K,,,. is the adjustment
factor for shade or microclimate [dimensionless]
and K, as the adjustment factor for plant density
[dimensionless]. WUCOLS IV provides evaluations
of the irrigation water needs for over 3,500
taxonomic plant groups used in California

landscapes divided into 6 climate regions. Species
factors range from 0.1 to 0.9 and are divided into
four categories of water demand, namely very low,
low, moderate and high. To account for differences
in microclimate influenced by nearby buildings,
structures and pavements the microclimate factor
was used. This factor varies from 0.5 to 1.4. The
density factor K, is used in the landscape
coefficient formula to account for differences in
vegetation density with values from 0.5 for sparse
plantings to 1.3 for mature or densely planted
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landscapes (Nouri, 2014).

After analysing the water needs of the most
common species in the city park and their ecology,
the coefficient K, is corrected according to local
climatic conditions (Strbac, 2004; Radoglou et al.,
2009; Cubino, et al., 2014; Ravazzi & Caudullo,
2016). Hence a species factor of 0.55 was assigned.
A density factor of 1.3 was selected for the canopy
coverage according to the total number and types of
trees and their age. Considering the minor
influences of the nearby hospital, stadium and
another park with a pedestrian zone, a microclimate
factor of 1 was chosen. The product of these three
coefficients of 0.715 is the landscape
evapotranspiration  coefficient K,  which  was
allocated to the City Park in Vr8ac.

2.4. Satellite data

The QuickBird Standard bundle images were
acquired on 2009-10-01 at 11:19 a.m. and consisted
of one panchromatic image at 0.7-m resolution and
one multispectral image at 2.8-m resolution at nadir.
This commercial imaging satellite acquires 11-bit
data in five spectral bands covering panchromatic
(525-924 nm), blue (447-512 nm), green (499-594
nm), red (620-688 nm), and near-infrared (755-874
nm)  wavelengths.  Applying  pan-sharpening
techniques, a spatial resolution of a panchromatic
image is assigned to multispectral channels
(Johnson, 2014). A digital ortho-photo map and
digital terrain model (DTM) of VrSac were created
during the former aero-photogrammetric campaign
of the location (Geokrulj, 2009) and they have been
used for the ortho-rectification and resampling
satellite images to output a ground sample distance
of 0.6 m for panchromatic and 2.4 for multispectral
channels. Both of the subset scenes were registered
to the 2005 ortho-photo with 25 ground control
points and 10 tie points in a Root Mean Square
(RMS) of 0.32 pixel.

The raw multi-spectral satellite data in the
form of digital numbers (DN) were converted to
Top-of-Atmosphere Reflectance in three steps. First,
conversion of the QuickBird products from
radiometrically corrected image pixel values to
band-integrated radiance is achieved with the
following formula:

LPixel,Band = absCalFactorygng * qpixel,Band (4)

where Lpjyerpana are top-of-atmosphere band-
integrated radiance image pixels [W-m?Z-sr],
absCalFactory,,q 1S the absolute radiometric
calibration factor [W-m?-sr'l-count™] for a given

band and is listed in the .IMD files, and gpixe1 pana

are radiometrically corrected image pixels [counts].
Conversion from band-integrated radiance to

band-averaged spectral radiance is performed using

the following equation (Krause, 2005):

— LPLxel,Band (5)

LlPixel,Band AAgand

where Ly, . peq are top-of-atmosphere band-
averaged spectral radiance image pixels [W-m?-sr-
um™], Lpixerpana are top-of-atmosphere band-
integrated radiance image pixels [W-m?-sr], and
AAggna 1s the effective bandwidth [um] for a given
band.

The Top-of-Atmosphere  Reflectance is
computed according to the equation (Updike, &
Comp, (2010):

cd? o
_ LAPixel,Band dES T

pAPixel Band
: Esunyg, . cos(6s)

(6)

where  pj,. o eog 1S the  top-of-atmosphere

planetary  reflectance for a given band
[dimensionless], L., ., ..q &€ top-of-atmosphere

band-averaged spectral radiance image pixels [W-m’
2.sr'-um™], d is the Earth-Sun distance [AU] for a
given image acquisition, m is the mathematical
constant  approximately equal to 3.14159
[dimensionless], Esuny, . is the band-averaged
solar spectral irradiance [W-m?2-um™] for a given
band, 9 is the solar zenith angle [degrees] for a
given product.

During the vegetation season, six thirty-meter
resolution Landsat 8 products were used to compute
NDVI and to evaluate the evapotranspiration in this
study area. Landsat 8 carries two push-broom
sensors: the Operational Land Imager (OLI) and
Thermal Infrared Sensor (TIRS), both of which
provide an improved signal to noise ratio and 12-bit
radiometric quantization of the data. For producing
a Normalized Difference Vegetation Index (NDVI),
digital numbers of red and near-infrared bands were
converted into reflectance.

pA = Mp “Qcar + Ap (7)

where pA’ is the top-of-atmosphere planetary
spectral reflectance, without correction for solar
angle [dimensionless], M, is the reflectance
multiplicative scaling factor for the band, Q.4 is
the Level 1 pixel value in DN and 4, reflectance
additive scaling factor for the band (Zanter, 2015).

When the scene-centre solar elevation angle
in the metadata was chosen, the conversion to true
TOA reflectance is:
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!

_ _Pa
Pr = sin() (8)

where p; is the top-of-atmosphere planetary spectral
reflectance, with a correction for solar angle
[dimensionless] and 0 is the solar elevation angle.

The Dark Object Subtraction (DOS1) was
applied for the Landsat atmospheric correction
which is incorporated in  Semi-Automatic
Classification Plugin for QGIS (Congedo, 2016),
while the atmospheric correction for the satellite
image of QuickBird have been performed by i.atcorr
of GRASS GIS method that uses the 6S algorithm -
Second Simulation of Satellite Signal in the Solar
Spectrum (Neteler & Mitasova, 2004). The polygons
boundaries of the City Park were isolated by
applying r.mask command and then the resolution of
these images is set up to 0.4 x 0, 4 m (11011 pixels),
with the command r.resample in GRASS GIS.

The Ashtech MobileMapper 100 receiver
with 45 channels and operating system Windows
Mobile 6.5 was used for the positioning of ground
control polygons for digitizing training areas. After
importing the vector map, it was converted into a
raster map by using v.to.rast command to generate a
signature file with module i.gensigset. The land
cover map which has been used for the creation of
the emissivity raster was classified by i.smap
module of GRASS GIS. The computed Kappa
values from produced land cover maps were 0.89 for
the QuickBird (2-4) and 0.70 for Landsat 8
multispectral bands (2-7). The land surface
emissivity map from the masked QuickBird
multispectral images was reclassified according to
the review of the literature of emissivity (Salisbury,
1992; Sobrino et al., 2012; Ahire, (2013) from the
oxidised tin roofs of the buildings in City Park
(0.07), trees (0.99), green grass (0.97) and the
pavements (0.83).

The thermal infrared channels were used as
an alternative way to validate Penman-Monteith
estimates of evapotranspiration. After the digital
numbers for the thermal bands have been converted
to radiance values, the inverse of the Planck
function have been applied to derive an effective at-
sensor brightness temperature (Chander et al.,
2009):

__ K

- K
ln(L—;+1)

where T is the effective at-sensor brightness

temperature [K], K, is the calibration constant 2 [K],

K, is the calibration constant 1 [W/(m? sr pm)] and

L, is the spectral radiance at the sensor's aperture
[W/(m? sr pm)].

T 9)

The brightness temperature raster maps in °K
were obtained from the thermal channels of Landsat
8 products by applying the inverse of the Planck
function.

At-Satellite Brightness Temperature was
converted from the Land Surface Temperature using
the following equation (Weng et al., 2004):

Tp

St= 1+(/1><Tb/p)ln£ (10)

Where A is the wavelength of emitted radiance, p =
h x c/o (1.43810 2 m K), ¢ is a Boltzmann constant
(1.38 x 102 J/K), h is a Planck’s constant (6.62610°
¥ J's), and ¢ = velocity of light (2.998 x108 m/s).

For the T, the brightness temperature raster maps
were used, for the A value from the Landsat Thermal
Band 10 of 10.6 um and for the & emissivity raster.
Finally, Land Surface Temperature maps in °C were
obtained from calculated Land Surface Temperature
maps in K subtracting 273.15.

oto of the City P

|

¥ E
Figure 1. Ortho ph
2005.

Wi,
ark in VrSac from

2.5. Normalized Difference Vegetation
Index (NDVI)

The normalized Difference Vegetation Index
(NDVI) has been used extensively for the remote
estimation of many important vegetation parameters
for agricultural, ecological, and climate models
(Johnson & Belitz, 2012; Johnson, 2014). The
NDVI is the ratio between the maximum absorption
of radiation in the red spectral band versus the
maximum reflection of radiation in the near infrared
spectral band:

NDVI = (PNIR—PRED)
(pNIR+PRED)

(11)
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where py;r is the spectral reflectance measurements
acquired in the near-infrared regions and pggp is the
spectral reflectance measurements acquired in the
visible red regions.

For the QuickBird multispectral imagery, they
are band 3 and band 4, but for Landsat 8, they are
band 4 and band 5. After pre-processing described
in the previous paragraph, NDVIs were calculated
applying r.mapcalc (Shapiro & Westervelt, 1994).
In order to exclude the areas of soil and buildings in
the NVDIs a supervised classification was
performed explained in the previous section. Then
to the areas with no vegetation were assigned the
null value using the logical operator in map algebra.

N

1. October 2009. A

I{l 500 melers

Figure 2. NDVI from the QuickBird image on 1% October
2009.

2.6. Ancillary data

The potential evapotranspiration calculation
with hourly Penman-Monteith was computed by an
i.evapo.pm algorithm implemented in GRASS GIS.
The parameters needed for the calculation by this
module are the elevation raster map, the temperature
raster map in [°C], the relative humidity raster map
[%], the input wind speed raster map [m/s], the net
solar radiation raster map [MJ/m?h] and the crop
height raster map [m].

The digital terrain model of 3 m x 3 m grid
was an input parameter for this algorithm, the crop
height raster map generation and for producing the
wind speed raster map using the WindNinja, a
computer program that computes spatially varying
wind fields (Forthofer, 2007; Forthofer et al., 2014).
The wind speed raster maps produced by WindNinja
software (Wagenbrenner et al., 2016) were
converted from miles per hour at a 10 meter height
to meters per second at a 2 m height. The polygon
which encompassing the boundaries of the City Park
was isolated, then the vectors of wind speed were
rasterised and were set up to the resolution of 0.4 x
0.4 pixels, like other input maps. Raster maps of

slope and aspect, which is applied in the solar
irradiance and irradiation model for the computation
of direct (beam), diffuse and reflected solar
irradiation raster maps, are also generated (Hofierka
& Sari, 2002). The net radiation raster input maps
were produced by adding the three radiation
components outputted by r.sun (beam, diffuse, and
reflected solar irradiation raster maps) multiplied by
the Wh to MJ conversion factor (0.0036). The
temperature raster maps in °C were obtained from
the thermal channels of Landsat 8 products by
applying the procedure interpreted in the previous
section of the paper. The relative humidity raster
maps were computed by r.mapcalc commands
according to the meteorological data recorded on
those days when the six Landsat products were
generated.

The Linke turbidity factor is defined as the
number of clean dry atmospheres necessary to have
the same attenuation of the extra-terrestrial radiation
produced by the real atmosphere (Djelloul &
Abdanour, 2013). In this research, the values of the
Linke turbidity factor were obtained through the
SoDa web service.

2.7. Relationship between NDVIs, ET, from the
meteorological and field data and the remote
sensed ET,,

The arithmetic means, standard deviation,
range and variance for each input raster map of the
particular month were extracted by the command of
GRASS GIS r.univar. After a resampling of the ET,
from the meteorological data from 67 years to
11011 cells of the NDVIs and remote sensed ET,,
the relationship between them was assessed by
Spearman’s  Rank  correlation  coefficients.
Considering a very weak correlation between Ef
adjusted from the meteorological data, the
nonparametric regression by applying Nadaraya-
Watson kernel estimators was also performed
(Demir & Toktamis, 2010). Finally, the same
procedure was implemented to compare the
averaged values of evapotranspiration by months
after a bootstrapping (Fox & Weisberg, 2012) to
402 statistical means of the NDVIs and the ET,s
from Landsat 8 images and an additional 67 from
the calculated meteorological data for the examining
a relation with the NDVI from the QuickBird
satellite. Statistics were performed using R, a free
software environment for statistical computing and
graphics (Kerns, 2011).

Additionally, the level of agreement of
Landsat images from the same months but different
years were assessed by the Fuzzy Numerical (FN)
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index. The FN index is computed as the average of
the numerical similarity between each pair of
corresponding cells values in the two maps
(Avitabile et al., 2011) as follows:
la—b|
s(ab) =1 = D
where s(a,b) is the FN index, a and b are the
corresponding cells in the two maps.

The daily mean values of ET, for June and
August are averaged from the Landsat 8 products
acquired on three different years. Hence, the spatial
similarity of these maps by the Fuzzy Numerical
index is performed. The average values of 0.996 for
June and 0.844 for August indicated a strong
similarity between estimating evapotranspiration.

(12)

3. RESULTS

The most common plants in the City Park in
V/rSac have a habitus of trees out of which some 46
% belong to species with moderate, 12% with low
and 8% with high requirements for water, according
to the determined K,. In order to calculate the
weighted average, the percentage of these species in
total number of trees is considered. A close up of the
estimated landscape evapotranspiration during the
study period is shown in Table 3.

Table 3. Averaged daily ET, and ET, in mm for the
March, June, July August and October from recordings at
Vr8ac meteorological station (1949-2016)

Month | March | June | July | August | October
ET, 292 | 469 | 519 | 3.90 2.30
ET, 2.089 | 3.357 | 3.714 | 2.786 1.643

NDVI was derived from the red and infrared
channels of the six Landsat 8 products and the one
QuickBird image, which were generated on 21"
March 2014, 9" June 2014, 12" June 2015, 8" July
2013, 9" August 2013, 12" August 2014 and 1"
October 2009, respectively.

The digital terrain model (DTM) was created
from the ortho photo of the City Park in VrSac from
2005.

Daily 0.4-m ET, data were created for the City
Park in Vr8ac, Serbia, in GRASS GIS grid format and
World Geodetic System 1984 (WGS84) datum, using
the six Landsat thermal channels converted to land
surface temperature. Because of the exclusion of non-
vegetation areas, the NDVI from QuickBird bundle
images had 1009 cells values less than the other
rasters produced from Landsat 8.

The averaged values over 11011 cell values
of ET,, and NDVI from the Landsat 8 images and

10002 of the QuickBird NDVI are shown in the
Table 4:

Table 4. Averaged daily evapotranspiration and NDVIs
values from the Landsat 8 imagery

Date ETIr NDVI
07-08-2013 3.987 0.720
08-09-2013 4.239 0.682
03-21-2014 2.340 0.542
06-09-2014 4.349 0.740
08-12-2014 3.574 0.687
06-12-2015 4.356 0.757

The association between a remotely sensed
ET,, NDVIs and ET, from climatological data were
evaluated by Spearman’s Rank correlation
coefficients (Mukaka, 2012) and the nonparametric
regression by applying Nadaraya-Watson kernel
estimators (Devroye, 1978; Aljuhani & Al turk,
(2014). The results are presented in Tables 5 and 6.

After bootstrapping of the averaged values of
evapotranspiration by months, the Nadaraya-Watson
kernel regression over 402 training points of the
NDVIs and ETI, from the Landsat 8, over 469 ET,
from climatological data and 67 for the QuickBird
NDVI was performed. Additionally, the relation
between them was examined by the Spearman’s
Rank correlation coefficients. The results for R? and
r are shown in Table 7.

4. CONCLUSIONS

Potential evapotranspiration at the City Park
in Vr3ac, Serbia are estimated by three different
approaches. From local-scale measurements, it was
computed using the Penman—Monteith method by
applying an adjusted landscape coefficient
according to the WUCOLS methodology. The
obtained mean daily ET, varied from 1.643 in
October, 2.786 in August, 2.089 in March, and
3.714 in July to 3.357 in June.

Six scenes of Landsat 8 products were used
for its estimation by the land surface temperature
retrieval from the inverse of the Planck equation-
based method. The remotely sensed averaged ET,
for March, June, August and July are 2.340, 4.352,
3.987 and 4.297, respectively.

The mean values of 7 NDVIs calculated from
those Landsat 8 products and one QuickBird
multispectral image ranges from 0.542 for March to
0.740 for June.

The Nadaraya-Watson kernel regression and
Spearman’s Rank correlation were also applied for
the resampled ET, from climatological data and the
products of the remote sensing.
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Table 5. Spearman’s Rank correlation coefficients r between the daily values obtained of the NDVIs, ET, from the
climatological data and ETI, from the Landsat 8, and the QuickBird NDVI

Month Date r for ET,and ETI, r for ETI, and NDVI r for ET, and NDVI
August 08-09-2013 0.022 -0.372 -0.413
08-12-2014 0.018 -0.455 -0.455
March 03-21-2014 0.014 -0.494 -0.002
June 06-09-2014 0.006 -0.508 0.006
06-12-2015 0.006 -0.568 0.006
July 07-08-2013 0.009 -0.535 -0.535
October 10-02-2009 N/A N/A -0.009

Table 6. The Nadaraya-Watson kernel regression over 11011 training points of the NDVIs, ETI from the climatological
data and ETIr from the Landsat 8, and over 10002 training points from the QuickBird NDVI

Month Date R? for ET, and ETI, R” for ETI, and NDVI R? for ET, and NDVI
August 08-09-2013 0.000 0.926 0.004
08-12-2014 0.000 0.925 0.003
March 03-21-2014 0.000 0.883 0.001
June 06-09-2014 0.000 0.940 0.001
06-12-2015 0.000 0.934 0.001
July 07-08-2013 0.000 0.923 0.000
October 10-02-2009 N/A N/A 0.000
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I A .
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Figure 3. NDVIs of the study area from the Landsat 8 images
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Table 7. R? of Nadaraya-Watson kernel regression of the averaged values of evapotranspiration of the remote sensed
products and the climatological data and Spearman’s Rank correlation coefficients r

R’ for ET, and ETI, R” for ET, and NDVI

r for ET,and ETI, r for ET, and NDVI

0.99 0.98

-0.006 0.384

Finally, the same procedure was performed
over the average  monthly  values of
evapotranspiration after bootstrapping of all needed
data. However, using Spearman's Rank correlation,
one of the results was negligible and the other
moderate. This can be explained because of the
different distribution of input data, the resampled Et,
from the climatological data for the period of 67
years from the one side and the bootstrapped ET,
and the NDVIs 11011 cell values of the remote
sensing from the other side. This study showed the
high positive correlation between ET, and ET, (R*=
0.99) and NDVI and ET, (R?=0.98) by applying the
Nadaraya-Watson kernel regression. The method
guantified here which using remote sensing can
provide reliable potential  evapotranspiration
estimates for the irrigation designs in other urban
landscapes in Serbia.
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