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Abstract
In a fast growing region of Middle East and with rapid depletion of fossil groundwater, possibilities for dew utilization as a
limited renewable water resource play an important role in the water management of the United Arab Emirates. Despite projected
changes in air temperature and rainfall, geographical and topographical features of the UAE show some potential for dew
harvesting, mostly at the altitudes higher than 1000 m and some isolated oasis areas. With the help of geographical information
system (GIS), remote sensing, and numerical and theoretical methods, approximate volumes of dew were estimated.
Meteorological data was inputted together with theoretical and numerical calculations into grids by using pixelization processes.
Methods such as zonal statistics, kriging, semi-kriging, and interpolation were implemented through GIS software. Another
method used in this research is supervised classification and normalized difference vegetation index (NDVI) which is being
determined by means of software IDRISI terra set. After finishing all the proposed methods applied in this research, four belts of
potential dew use were presented. The Arabian Desert in the territory of the United Arab Emirates has no potential for dew
utilization. The zone close to the oases has very low possibility of dew use. The hilly-mountainous area between 500 and 800
m.a.s.l. has medium possibility for dew use. There is a high possibility for dew use on mountain Al Hajar, occupying the area
higher than 800 m; 1.3% of the whole country’s territory has excellent potential for dew use. In this part of the country,
theoretically, it is possible to use dew for farming and partial watering. Experimental study together with GIS, remote sensing,
and numerical analysis may extend knowledge about dew properties. Although this research includes theoretical calculations of
dew utilization and has some limitations, it still presents a new insight into climate cycles in this part of the Arabian Peninsula and
a way to understand them better.
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Introduction

Water scarcity associated with depletion and ecological
degradation of global freshwater resources leads to intensive
consideration of increase in utilization of nonconventional
sustainable resources such as dew. Tomaszkiewicz et al.
(2015) point out that dew utilization is of great importance
when dealing with this kind of environmental problems.
Respective authors state that this kind of meteorological phe-
nomenon is frequently overlooked as a viable water resource
and that during the last 20 years it has experienced an increase
when it comes to modern dew harvesting. Nilsson (1996),
Muselli et al. (2002), Beysens et al. (2003), and Beysens
(2018) discuss that relatively small, non-negligible dew yields
may have important impact during dry periods in arid and
semiarid regions. According to Ahmed et al. (2017) and
Nazzal et al. (2019), sustainable management of water re-
sources is an important issue to address in arid countries such
as the United Arab Emirates (UAE). Numerous factors that
encompass limited rainfall, high evaporation, and lack of sur-
face water have high impact on surface and groundwater re-
sources. Also, rapid urbanization and intensive human activi-
ties additionally affect availability of water resources in the
UAE (Nazzal et al. 2019). Therefore, as pointed out by
Chowdhury et al. (2016), the management of water resources
under the natural stresses of very low rainfall, high evapora-
tion rate, and limited nonrenewable groundwater is a great
challenge in this part of the world. Wehbe et al. (2017) strong-
ly point out that the lack of renewable water resources in arid
regions of the UAE requires precise monitoring of the sporad-
ic rainfall events, but results of this study suggest that estima-
tion of dew potential can be useful and challenging in terms of
identification and utilization of alternative water resources
with significant variability over space and time. According
to the U.S. Energy Information Administration (EIA) report
from 2017, climate change and fossil fuel resource depletion
have driven the UAE to reconsider and restructure its energy
plan up to 2050 and to look for more sustainable energy re-
sources. Two key factors for building an environmentally sus-
tainable surrounding in the country encompass climate change
and water scarcity (throughout water footprint) issues. This is
why the UAE government has recognized that renewable en-
ergy should play a more prominent role in the future (Lim
et al. 2018), and that dew potential estimation and utilization
can find their place when dealing with water scarcity in arid
environments.

There are numerous difficulties in estimating and analyzing
dew potential. Three hypothetical regions were identified as
distortion of dew properties. These problems include, among
other, various pressures in the system dew point pressure-
capillarity condensation (Yang and Richter 2020). Another
problem in estimation of dew volume is in the heat transfer
performance. Radiant cooling panels with the average area of

0.16 m2 included in this research showed solid results of dew
accumulations. Condensation of moisture on the radiant
cooling panels was noted to increase the heat transfer quantity,
but there is still a question on which panel, surface, and ma-
terial should be used for better utilization of dew. Different
materials may be very successful in dew volume collecting,
for example, gypsum (Yin et al. 2013). In recent times, ad-
vanced mathematical methods are employed in order to find
better solutions for dew exploitation. Neural networks and
optimization algorithms are being used to improve the preci-
sion of the analysis of dew characteristics. The efficiencies of
the proposed hybrid networks were authenticated against stan-
dard tuned by a Levenberg–Marquardt back-propagation al-
gorithm, extreme learning machine, and support vector ma-
chine models in the analysis of dew properties. This research
showed high possibility for dew use in arid and semiarid cli-
mate zones (Naganna et al. 2019; Shiri et al. 2014). Excluding
estimation of dew potential use, it is very important to find
daily dew points curve. Ten machine learningmodels together
with optimized algorithms were used to find daily dew point
values. Another method used in this research was Kernel-
based nonlinear extension of Arps decline model. Results
showed that all models exhibited a poor accuracy with Tmean
if this parameter is the only inputted one, but a combination
with minimum three parameters (Tmax, Tmin, and Pa) showed
significant accuracy. For the dew point estimation (Tmax, Tmin,
RHmax, RHmin, and Pa), a model with certain advantages, but
disadvantages as well, is being used, if the following param-
eters are taken (Tmax, Tmin, Tmin, and RHmin). All results
showed that based extreme machine learning model gave the
best results (Dong et al. 2020). Dew having penetrated into
soil presents the soil moisture. The atmospheric water vapor
hardly influenced the soil water at 30-cm depth and the deeper
soil layer. Stable isotope profiles δD-δ18O of the soil water
showed that the dew condensed from atmospheric is common-
ly up to 20 cm of the soil layer. That shows the possibility of
dew utilization in low layer of soil (Zhu and Jiang 2016).
Different use of artificial neural network models may be gen-
eralized in better approach to the possibility for dew
utilization.

The climatic data encompassed 8 years of daily records of
air temperature, sunshine hours, wind speed, saturation vapor
pressure, relative humidity, and in the end, dew point temper-
ature from three weather stations. Daegu, Pohang, and Ulsan
in South Korea were used in the study. The study showed
successful potential for estimating dew point, using Tmean
and RH. In Iran arid regions, dew volume was estimated by
means of three types of algorithms. They are gene expression
programming (GEP), multivariate adaptive regression splines
(MARS), and support vector machine (SVM). These methods
are compared with nine meteorological stations, three of them
belonging to the arid region. The estimated input (measure-
ment data) and output (theoretical data) showed similarity of
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about 90% in calculation of dew volume (Fathollahzadeh
Attar et al. 2018). Climate changes had strong influence on
potable water in all regions. In one study, trends of the annual
and seasonal relative humidity and dew point temperature
time series have been investigated for 15 stations all over
Bangladesh during 1961–2010. The percentage of stations
showing a significant trend is moderate in the case of relative
humidity but is a lot higher in the dew point temperature series
at the 95 % confidence limit. On average, relative humidity is
increasing by 0.53, 0.86, and 1.18 % per decade, especially in
the western part of the country (Mortuza et al. 2014). Dew
point temperature is very precise condition of atmospheric
moisture. In one research in Northern Great Plains, four dif-
ferent regression-based approaches were adopted and applied
to all sites. All calculations in this research showed index of
dew points between 0 and 1. Root mean square error varied
between 3.23, 2.55, and 0.97, respectively. Themean absolute
error in this research varied between 2.6, 2.0, and 0.98. Even if
these errors were concluded, this method would be quite use-
ful in estimating dew point (Hubbard et al. 2003).

According to Jung et al. (2011), the region of Middle East
is already experiencing high water stress, with projections that
suggest that this condition will progress in the future due to
climate change. The reports of the IPCC also suggest that the
region is expected to get warmer across all seasons by the
middle of the twenty-first century (Chowdhury et al. 2016).
In the work of Elhakeem et al. (2015), an increase of annual
mean maximum temperature in the range between 2.79 and
3.8°C was predicted to occur by 2080 in the UAE. Respective
authors also identify possible decrease of annual precipitation
in the range between 16.8 and 37%. In addition, numerous
studies indicated that the annual rainfall has significantly de-
creased since 1998 (e.g., Murad 2010; Ouarda et al. 2014;
Sherif et al. 2014; Mahmoud et al. 2019). Increased air tem-
peratures along with high possibility of rainfall decrease will
affect the existing water resources problems. In the last few
decades, Arabian Peninsula, especially the UAE, is under in-
tensive research on defining water budget and future sustain-
able measures of water utilization. Large cities such as
Abu Dhabi (the capital) and Dubai are heavily affected by
dry periods over decades. The water resources in the whole
territory of UAE are in the phase of constant monitoring and
observations. Understanding precipitation variability over arid
and semiarid regions may give better insight into the occur-
rence of flash floods, drought, etc. and qualitative measures
for their mitigation (Wehbe et al. 2017). Therefore, the UAE
government is striving to find alternative water resources.
Dew harvesting can be one of the solutions but with certain
obstacles regarding its harvesting. The first one refers to the
identification of areas in the country with certain dew volume
potential for the utilization in the agricultural sector.

Another problem is associated with the separation of water
from the harvested dew (Maestre-Valero et al. 2011;

Valjarević et al. 2020), and pointed out that dew is one of
the atmospheric moisture phenomena that are not easily ob-
served in respect of its agricultural influence.

Sharan et al. (2011) stated that the largest dew collectors
were established in India in the semiarid area, and that they
gave good results regarding the dew harvesting. The dew wa-
ter accumulated during 192 days was 12.6 mm with a maxi-
mum of 0.556 mm/night.

The purpose of the newmethod presented in this paper is to
provide the first theoretical estimation of dew potential in the
UAE, as well as its detailed geospatial analysis for agriculture
purposes due to Arabian Peninsula water scarcity problems
and negative future climate projections regarding the climate
change impact on arid environments.

Materials and methods

The study area of this research is 83,600 km2, but the area of
collected data covers 90,000 km2. The topography of the in-
vestigated area is relatively flat in the coastal and western parts
of the country. Only the northeast part of the country reaches
the altitude >1,800 m on Al Hajar Mountain. This mountain
belt may potentially be used for dew utilization. During the
winter period, according to subtropical climate properties, it is
possible to expect lapse rate or change of temperature by
0.65°C with the altitude increase by 100 m. Climate variables
used in this study were obtained from the Climate Data
website for the period 1980–2010. The meteorological data
include average daily temperature, relative humidity, and
cloud cover throughout the year (https://en.climate-data.org/;
Climate-data.org 2020; Jun et al. 2014; Abrams 2000; Gas
and Kusky 2006; Onderka and Pekárová 2008). The
presented study covers the entire territory of the United Arab
Emirates (UAE), located in the southeastern part of the
Arabian Peninsula (Fig. 1). This country is bordering Saudi
Arabia in the south, Oman in the east, and Persian Gulf in the
north. The border with Saudi Arabia is 530 km, with Oman
450 km and with Qatar 19 km long. The country lies between
51°30 E–56°24 E and 22°39N–26°04 N (Mahmoud et al.
2019). The Arabian Peninsula, including the UAE, has dry
and arid climate (Hunting 1979; Mahmoud et al. 2019).
Generally, there are two distinct orographic regions in the
territory of UAE: an eastern mountain region with a sub-
montane zone of outwash plains, and a western desert region
comprising a coastal belt, inland desert, and scrub (Satchell
1978). Hence, high mountains in the east cover 5% of the
territory, while lower plains cover 95% of the UAE territory.
This mountain system isolates the Gulf of Oman to the east
from the rest of the country Baghdady and Abu-Zeid (2002).
More detailed division of the landscape features is provided
by Abdelfattah (2013), where the author states that the land-
scape of the UAE ranges from small areas of level coastal
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plains and sabkha to an undulating desert sand plain, wide
areas of linear and transverse dunes, wide alluvial plain, and
mountainous region along the Hajar Mountains, which reach
the height of 3,017 m at Jebel Akhdar in the state of Oman. In
the northeast region and its western parts, linear dunes rise up
to 100 m above the surrounding terrain and they are overlap-
ping with small deflation plain areas. As discussed by
Komuscu (2017), the territory of the UAE is situated in a zone
which is semipermanently affected by subtropical high-
pressure cells. The atmospheric circulations provide mostly
dominant stable and dry weather conditions throughout the
year. Semipermanent troughs of low pressure over the area
of the Arabian Gulf and land-sea distribution are other impor-
tant factors which control the climatic conditions of the coun-
try. The UAE is affected by land-sea breeze circulation from
western and eastern sides. Also, the Oman Mountains in the
east (Fig. 1) have an influence on the abovementioned local
wind patterns. The dominant climate of the UAE is tropical
and subtropical with warm hot summers and warm winters.
The climate of the country is classified as desert climate and
characterized by very low precipitation amounts, annual mean
temperature >18°C, and high values of potential evapotrans-
piration. All these features correspond with the BWh climate
within the Köppen climate classification system. Winter sea-
son lasts from November till the month of March, and repre-
sents a period when air temperatures (on rare occasion) drop
below 6°C, while the summer season (from April till

September) is very dry, with air temperatures reaching ap-
proximately 48°C in coastal areas of the country, accompa-
nied with very high humidity levels (up to 90%). The southern
desert regions of the UAE record air temperature values that
can rise up to 50°C. Annual mean monthly temperatures in the
country vary between 19 (January) and 36°C (August)
(Komuscu 2017). Barbulescu and Nazzal (2020) pointed out
that the hottest months in the UAE are July and August, with
average maximum air temperatures above 50°C in the area of
coastal planes and this temperature affects the mainland of the
country. In the mountainous area, temperatures are consider-
ably lower, as a result of the lapse rate. According to the
respective authors, the average minimum temperatures are
between 10 and 14°C, in the months of January and
February. Humidity is not equally dispersed around the coun-
try. It is higher near coastal areas, where average minimum
andmaximum humidity ranges between 20.7 and 97% respec-
tively (Climatological Data 2017).

As pointed out by Barbulescu and Nazzal (2020), the av-
erage annual rainfall varies from less than 120 mm in the
coastal area of the country and up to 350 mm in mountainous
areas. According to Mahmoud et al. (2019), rainy season gen-
erally occurs from the month of November and ends in April.
The coastal region can experience short and intensive rainfalls
during the summer months, which can induce flash floods in
ordinarily dry beds. Also, this feature is observed for the
mountainous regions Jabal Hafit, Jabal Malaqet and Jabal

Fig. 1 Geographical position of the United Arab Emirates with elevation belts
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Mundassah as well, and these regions can be considered main
belts for dew harvesting in the UAE. The western part of the
country is mostly comprised of dunes and merges into the
Empty Quarter of Saudi Arabia (Fig. 1). The land cover is
relatively uniform, being predominantly comprised and clas-
sified as bare land in the western and northwest parts of the
country, and urbanized areas in the northern parts of the
Persian Gulf. The most populated urban areas are in Dubai
and Abu Dhabi (Fig. 1; Fig. 3)

Two types of satellite data and one astronomical and meteo-
rological database were used in this research. The first digital
elevation model (DEM) was downloaded from the free database
Earthdata in 10 m of resolution. Normal difference vegetation
index (NDVI) data were used from Landsat 8 satellite Mission
and satellite recordings belonging to 8 OLI/TIRS C1 Level 1.
DEM was used to estimate slopes and potential shaded places.
NDVIwas used to show the dispersion and quality of vegetation.
The final data for the sun ecliptic through the year were calcu-
lated by means of open-source software Stellarium 0.20.1. The
border of the UAE in vector format was inputted in the software
IDRISI TerrSet 2020. To eliminate cloudiness effects on the
recording, we used filtering algorithms. These data have less than
10% of haze and cloudiness effects, and they were filtered.
Normal differences vegetation index was established in the
IDIRISI TerrSet to show average vegetation properties.

The set of 46 satellite filtered recordings showed average
state of land surface of the UAE (Wang 1990; Keuchel et al.
2003; Zhong and Zhang 2012; Atkinson 2004). Remote sens-
ing with GIS techniques is a very powerful tool for quantify-
ing and describing environmental data of a geospace
(Valjarević et al. 2018a; Wan 2015; Young et al. 2013; Liu
2021; Milanović et al. 2017). NDVI data when downloaded
from the Landsat 8 satellite are used for future precise remote
sensing observation. The supervised classification is used to
divide all types of vegetation and other types of land. The
complete palette of classification is water, forest in common,
grass, shrub, urban, and barren (desert) (Ichii et al. 2002;
Melgani et al. 2000; Boegh et al. 1999). The satellite recording
is obtained from channels of the visible and infrared part of
spectrum (near, medium, and infrared) with a 30 m of resolu-
tion. The images were processed in color composite: 4-3-2 (4-
nearinfrared channel, 3-red channel, 2-green channel) and 5-
3-4 (5-mid-infrared channel, 3-red channel, 4-near-infrared
channel). The purpose of the classification of images was to
sort the approach or categorization of all image pixels into
classes or themes. After this, downloaded data were imported
into the GIS software for advanced analysis (Chaplin and
Brabyn 2013). Different plants have a different reflectance
ratio (Milanović et al. 2019; Valjarević et al. 2018b). The
satellite recordings varied between 0.7 and 1.15 μm. From
all satellite recordings, we eliminated haze and cloudiness
effects, thus minimizing the average error of satellite
recordings.

Classification can be done by means of two basic types of
classifications: supervised and NDVI. Following classes were
isolated in the process of the classification: populated, water,
surface mines, forest, low vegetation, industry, and transport.
The supervised pixel classification is very slow process but
the results are with errors of 2%. After finishing remote sens-
ing analysis of NDVI, supervised pixel classification was
employed to estimate the percentage of vegetation and other
land types, which could be useful for potential dew collecting.
Upon performed NDVI analysis, red palms and low
Mediterranean forests whose coefficients vary between 0.66
and 1.0 of NDVI index are considered health vegetation (Jia
et al. 2011; Lu et al. 2003). This raster was digitized so we
could derive the areas in square kilometer and percent of veg-
etation in the UAE. This classification is useful to analyze
more than 100 classes and subclasses. The indexes of all clas-
ses in remote sensing varied between −1 and 0, in dependence
on bend channel. The grid cells of vegetation were added
together with grid cells of relative humidity and temperature
in the QGIS open-source software QGIS 3.10.8. Using
IDRISI terra set software, we analyzed NDVI data. To deter-
mine average humidity of land surface, we used thermal mi-
crowave filters in the same software (Valdes et al. 2006; Hain
et al. 2012). After that, with the method of pixel analysis, the
data were estimated on resolution of 1 km2. In that way, it is
possible to find month by month grid cells with dew potential
using ideal conditions, connected with average humidity and
temperatures (Valjarević et al. 2018b; Protić et al. 2012; Blake
et al. 2007).

Theoretical estimation of dew utilization used in this re-
search has the following parameters (Fig. 2). The first one is
average temperature through the year, the second is average
humidity through year, the third is the sun’s position through
the year, and the fourth is the slope of the terrain. In software
QGIS and SAGA, four kinds of data are used and analyzed
with the help of semi-kriging, kriging, interpolation, and zonal

Fig. 2 Flowchart of potential dew distribution and utilization
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statistics. In the following process, using two main methods,
pixelization, and land cover analysis, it was possible to deter-
mine how many liters may be derived from potential dew
utilization (Jacobs and Nieveen 1995; Valjarević et al.
2020). The procedures such as GIS and remote sensing anal-
ysis and numerical and theoretical calculations gave maps,
grid cells, belts, and final potential distribution of areas in
the UAE for dew utilization (Fig. 2; Fig. 8).

The final results were obtained by calculations of different
pixels: pixels with the potential volume of dew and pixel
without the potential volume of dew. The grid of all pixels
has a resolution of 1 km2.

Theoretical background of dew utilization and some
limitations

For determination of dew yield, it was necessary to solve a
thermal equilibrium equation between sensitive and latent heat
fluxes (Eq. 1):

dTc
dt

Mcc þMCwð Þ ¼ Ri þ Rhe þ Rcond ð1Þ

Tc represents the surface temperature of dew collector, M
and m in kilogram represent the masses of dew collectors and
condensate, respectively, cc and Cw(J × kg‐1 ×K‐1) represent
the specific heats of dew collectors, and t(s) is the time.
Ri(W) represents the cooling energy and it must be less than
100Wm‐2, Rhe(W) is the heat exchange with ambient air, and
Rcond is the energy gain due to the latent heat of condensation
per unit of mass Lc(J × kg‐1). The condensation and heat ex-
change can be expressed as:

Rcond ¼ Lc
dm
dt

ð2Þ

Rhe ¼ aSc Ta‐Tcð Þ ð3Þ
where a(W ×K‐1 ×m‐1) represents the coefficient of convec-
tive heat transfer, Ta(K) represents the temperature of the am-
bient air, and Sc(m

2) represents the surface. The parameter a is
correlated with the thickness of the thermal boundary layer
and depends on the air speed V(m × s‐1), usually higher than
that of natural convection (≈ 0.6 m/s, according to Beysens
et al. 2005). According to Pedro and Gillepsie (1982), the
laminar flow regime is expressed as:

a ¼ kf

ffiffiffiffi
V
L

r
ð4Þ

The factor f W � k‐1 � m‐2 � s
1
2

� �
is empirical and varied.

The equation representing the condensed mass is described by
the rate of condensation.

dm
dt

¼ wSc pa Tað Þ‐psat Tcð Þð Þ→if→possitive
0→if→negative

� �
ð5Þ

where psat(Tc) × (pa) represents the saturation water vapor
pressure at dew collectors temperature Tc(K) and
pa(Ta) × (Pa) is the water pressure in the humid air above the
dew collectors. According to Pedro and Gillepsie (1982), this
is approximately:

w ¼ 0:65a= p0cað Þ ð6Þ
where p0 represents the atmospheric pressure and ca = (1.01 ×
103J × kg‐1 × k‐1) is the specific heat of the air.

According to experimental measurement of these equations
(Pedro and Gillepsie,1982; Nikolayev et al. 1996; Beysens
2016; Museli et al. 2002; Muselli et al. 2009; Beysens et al.
2005; Lekouch et al. 2012) Ta ‐ Td rarely exceeds. Finally, Eq.
(3) after all calculations is:

Rhe ¼ aSc Ta‐Tdð Þ ð7Þ

Generalized average monthly temperatures and relative hu-
midity were used, as shown in the following formulas:

Tdp ¼ Ta‐
100‐RH

5
ð8Þ

where Tdp represents temperature of dew point, Ta is the av-
erage air temperature, and RH is the relative humidity
expressed in %.

RH≈100‐5 T ‐Tdp
� � ð9Þ

The average daily temperature, relative humidity, and over-
cast were used for deriving the final formula which was, later
on, used for grid and geographic information system calcula-
tions. Tdp and RH relate directly as large RH (>50%) will
produce small T–Tdp (Lawrence 2005).

There are many theoretical calculations which show how it
is possible to estimate dew volume on regional and global
scale in very similar way. With the help of data from the
European Centre for medium-range weather forecasts–reanal-
ysis, the estimation of dew volume was calculated on the
territory of Iran (Atashi et al. 2019). The global potential for
collecting usable water from dew on an artificial collector
sheet was investigated by utilizing 34 years of meteorological
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reanalysis data on global scale. The main formulas for calcu-
lations of dew are (9-12):

Lwi ¼ dmw

dt
¼ Prad þ Pconv þ Plat ð10Þ

where Lwi is the latent heat of fusion. According to the Eq.
(10), the following formula can be written:

dm
dt

¼ max 0; Sck psat Tdð Þ‐pc Tcð Þð Þð Þ ð11Þ

m is mi or mw depending on whether Tc ≺ 0∘C or not;
psat(Td) is the saturation pressure at the dew point temperature,
pc(Tc) is the vapor pressure; k is a semi-empirical mass transfer
coefficient (Pedro and Gillepsie 1982).

k ¼ 0:656h
Cap

ð12Þ

p is the atmospheric pressure and Ca is the specific heat of
air. Irreversible condensation shows there is no evaporation or
sublimation during daytime even when Tc > Ta.

The final formula used in this research is:

u ¼
log 2

Z0

� �
1n (Vuollekoski et al. 2015)

Results and discussion

The results of remote sensing analysis, especially of vegeta-
tion cover, are equivalent to dew occurrence in the territory.
Territory with vegetation covers 1.13%, wasteland (desert)
88.62%, excavation 0.10%, building area 2.70%, water

0.23%, and unknown (transition area) 6.91%. Forests together
with orchards (oasis) cover 1.07% (see Table 1). In this area, it
is possible to find dew occurrence throughout the year.
Transition areas are areas between desert and oasis. In some
regions with the help of artificial aquifer, the new oasis was
established, thus creating some possibilities for dew
collections.

The northeast parts of the territory in the UAE have a better
belt for potential dew use. Excluding this part, the central
region with oasis also has some possibilities. Very low possi-
bilities, according to supervised pixel classification, are situ-
ated in south and southeast regions. Northeast, coastal regions,
and partly east regions of the country are densely populated.
The coastal northeast region presents mostly urbanized areas.
According to satellite detection, the south parts of country
near Saudi Arabian border have some aquafers with surface
water. The grass and meadows cover small territory, concen-
trated in central and northeast parts of the country (Fig. 3).

When we finished remote sensing analysis of the UAE, we
got indexes for 100% of the territory of the UAE in which we
may expect dew occurrences. This territory is in the northwest
part of the country. Some parts of this territory partly bordered
the territory of Oman near Mountain Jebel al Harim (2087 m).
The other points of interest with partial vegetation are settle-
ments Ras Al Khaimah, Ajman, Umm Al Quwain, area sur-
rounding the city of Dubai, Al Aweer, Habsab, Al Fahlain,
Dibba Al Fujairah, Dibba Al Hisn, Abu Dhabi, etc. Excluding
these settlements, there are aquifers (oases), such as Al Qudra
Lakes, and very large aquifer 14 km away to the west from the
settlement Kizad. NDVI indexes showed a good state of veg-
etation in these areas (Fig. 3; Table 1).

The total sum of the UAE territory with vegetation higher
than 0.6 is 0.1 % or 83.6 km2. The territory of watering veg-
etation is 56 km2. The average vegetation index of the UAE in
this period was 0.6, which showed dominant areas of sand.
The area comprising the complete vegetation covers 0.29% or
242.4 km2. Within this territory, there is a transition vegeta-
tion, namely oases. The average NDVI index of vegetation
showed results very similar to supervised classification. This
index varied on the coast between 0.44 and 0.65 and on the
mountain near Oman to 0.74 and in the middle latitudes of
desert 0.56. It indicates that red palms (Rhynchophorus
ferrugineus) and shrubs vegetation are predominant in the
coastlines. In the central part of the country, there is a very
large concentration of date palms (Phoenix dactylifera). The
decoding of NDVI index showed that predominant plants in
mountain areas are Boerhavia elegans; Ochradenus aucheri
and Helianthemum lippii;Moringa peregrina; and Euphorbia
larica and Cenchrus ciliaris (Keblawy et al. 2016: Gallacher
and Hill 2006). The areas higher than 1000m on the mountain
Jebel al Harim with slope of 20° and vegetation belt 80 cm
high have high possibility for dew utilization. The sum of this

Table 1 Supervised classification, pixel

United Arab Emirates land use

Land use km2 %

1. Wasteland 74083 88.62

2. Forest 283.84 0.03

3. Grass 35.161 0.04

4. Meadow 18.217 0.02

5. Orchard 868.42 1.04

6. Excavation 84.807 0.10

7. Building area 2258 2.70

8. Water 195.99 0.23

9. Unknown 5773 6.91

10. Total 83600 km2 100
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applicable area is 305.2 km2 or 0.36% of the territory. In this
territory, there is 98% of vegetation cover.

The areas with high NDVI index are concentrated in the
northeast part of the country, north coastal zone, and very low
in central as well as in western parts (Fig. 4; Table 2).

IDRISI terra set and Quantum Geographical Information
System (QGIS 3.16.4) were used in order to estimate the main
points of potential dew occurrence in the UAE. QGIS open-
source software is used to estimate the position and potential
dew volume after remote sensing analysis. As mentioned be-
fore, interpolation and zonal statistics were used for better
calculations of dew. Together with the potential of dew, the
analysis of relief was performed. The mountainous area of the
United Arab Emirates has the maximum possibility for dew
collecting. The analysis of temporary drainage network over
the territory of the United Arab Emirates has the area of
674,341 km. The 98% of non-perennial, intermittent, and fluc-
tuating streams flow toward the eastern part of the country and
the Gulf of Oman. .

The first screening of the landscape indicated some poten-
tial for temperature inversions. The slope has the highest
values to the southwest and west side of the geographical
azimuth. The area of contour lines > 800 m.a.s.l. covers 9.6
km2. The total area of contour lines > 800 m.a.s.l., on the
mountains which belong to the United Arab Emirates, encom-
passes 174.179 km2. The study indicates that only in the
mountain belts, there is some possibility for dew utilization
and harvesting during the winter season (the main wind may
blow saturated air from the sea). The topography of the

Fig. 3 Supervised satellite classification of the UAE, according to satellite data from 01.01.2020 to 01.01.2021

Table 2 NDVI classification of land cover with all dominating classes
in the UAE

United Arab Emirates land use

Land use km2 %

1. Wasteland 74083 88.62

2. Forest 283.84 0.03

3. Grass 35.161 0.04

4. Meadow 18.217 0.02

5. Orchard 868.42 1.04

6. Excavation 84.807 0.10

7. Building area 2258 2.70

8. Water 195.99 0.23

9. Unknown 5773 6.91

10. Total 83600 km2 100
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highest mountain in the United Arab Emirates includes very
high slopes. After digital calculation of the horizontal profile,
the path between the coastlines in the direction of the Arabian
Gulf is 9.15 km. The lowest point on this profile is the eleva-
tion of 98 m.a.s.l., and the highest is the elevation of 1,286
m.a.s.l., where vertical differences are 1193.5 m. The average
slope is 7.43°. These characteristics were estimated using GIS
methods and remote sensing methods. Only the mountainous
area of Al Hajar, near the border with Oman, has a slope
higher than 5.0°.

The estimation of hill shades presents one of the most im-
portant characteristics for potential dew utilization. In the

United Arab Emirates, the sunny days are distributed almost
during the entire year. With included sun ecliptic throughout
the year and relief properties, hill shade values were obtained.
The areas with a high level of solar radiation and with the
constant sun through the year have no chance for dew occur-
rences (Fig. 5).

The average value of solar constant per year is 1,367W/m2,
but it slightly varies and depends on geographical latitude
(e.g., Despotovic et al. 2015). The solar radiation can be cal-
culated for each Julian year using the following equations
(14,15):

Ioyear ¼ 1367� 1þ 0:034cos βð Þ þ 0:001sin βð Þ þ 0:0007cos 2βð Þ þ 0:0001sin 2βð Þ þ 0:0001sin 2βð Þ W
m2

	 

ð14Þ

β ¼ 2πn
365

radian½ � ð15Þ

The intensity of radiation can be calculated using the equa-
tion of Beer-Bouguer law (Eq. 16):

Ioyear ¼ I0 � P
1

cos zð Þ ð16Þ

Fig. 4 NDVI index in the territory of the UAE
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where Ioyear is the radiation intensity per year on the surface
in W/m2. I0 is the solar constant in W/m2, P is the total trans-
parency coefficient (-), and Z is the zenith angle.

The following equation presents the calculation of the year
average daily extraterrestrial solar radiation on a horizontal
surface (Eq. 17):

H0 ¼ 365I0
π

1þ 0:034cos� 360Nd

365

� �	 


� cosφ� cosδ � sinωss þ 2πωss

360
sinφ� sinδ

� �
ð17Þ

where I0 is the solar constant (1,367 W/m2), φ is the lati-
tude of the site, Nd is the day of the year starting from January
1st, and δ and ωss are the monthly mean daily solar declina-
tion and sunrise hour angle given for the calculation (Cooper
1969) (see Eq. 18):

δ ¼ 23:45sin 360
284þ Nd

365

� �
ð18Þ

The insolation and position of shades were calculated using
digital elevation model (DEM) of 10m of resolution. The time
zone used in this research has the value of GMT+4. The dif-
ference between daylight saving mode was estimated using
free and open software for astronomical calculations
Stellarium 0.20.1.

Calculations were performed for Julian 2020 year which
has 365.25 days. The position of the sun was used for the

central point of the United Arab Emirates. These geographical
coordinates are 24° 28′ 00″N and 54° 22′ 00″ E. In the central
and southeast parts of the country, the dew potential is very
low or does not exist. Proposed trajectories of the sun through-
out the year are calculated for the whole territory of the United
Arab Emirates. Point with coordinates 25° 30′ and 56° 12′was
used, and their circle displayed sun paths throughout the year,
with special view of the summer and winter solstice (Fig. 5).
This calculation can help in better understanding of the posi-
tion of sunny and shady sides of the mountains. The areas with
highest number of sunny days throughout the year are not
suitable for installation of dew collectors (Takenaka et al.
2003) (Fig. 6).

GIS and remote sensing analysis showed high potential for
dew utilization only in the mountainous region near Oman
border and on the south and east slopes. The first belt has
higher possibilities for dew utilization than the second one,
because it has 70%more areas with total shades and 30%with
semi-shades. After detailed remote sensing, GIS, and numer-
ical analysis, the areas with potential dew volume were theo-
retically calculated.

The first peak of dew potential is located 750 m from the
city of Wadi Shaam and it has 790 m of elevation. The poten-
tial areas for dew utilization are classified as medium. Only
0.4% or 1,820 m2 would be suitable for dew utilization. This
volume of dew is closely connected with some hill shade
properties of the mountain and circulation of wet air masses
from the Arabian Gulf. On the Yabal Yibir mountain, at 1,527
m in winter and partly in autumn season, 2.6% of identified
areas would be suitable for dew utilization. This mountain has

Fig. 5 Hill shade per year in the
United Arab Emirates
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good dew harvesting potential on the southeast slopes and
northern slopes. The third area suitable for dew utilization is
located on Yabal Yair border mountain with Oman. On the
northern slopes, there are 1.3% of the terrains suitable for dew
utilization. The total areas identified for dew utilization reach
3.94%.

In the area near Wadi Shaam, there is <10 mm a year per
m2 or 18,200 L. In the mountainous area of the Yabal Yair, the
potential dew volume per year is 25 mm per m2. This result
implies that the total amount of freshwater is approximately
392,000 L. In the area of the mountain Yabal Yibir, the dew
volume per year is 20mm per m2. This observation shows that
almost 192,000 L may be derived from dew utilization. The
total amount of water that could be derived and used from dew
reaches 602,200 L a year. This belt stretches along the
Arabian Desert with only several exceptions of dispersed oa-
ses which have possibility to generate freshwater from dew.
This is possible only in autumn and winter seasons and in the
periods of meteorological anomalies. Since this belt of very
low possibility for dew utilization presents larger part of the
territory of the United Arab Emirates, the total capacity of
fresh water production is projected to 56,000 L.

As pointed out byYilmaz and Shabib (2019), consideration
of significant effects of climate change on many economic
sectors is vital for defining qualitative adaptation strategies
for water resources management. Elhakeem et al. (2015) point
out that groundwater supplies of the UAE represent almost
51%, and are mostly used for the irrigation of crops and for-
estry. Desalinated water supplies occupy about 40% of the
total water resources, and are used mainly for potable use
(approximately 90%). The remaining 9% are products of treat-
ed wastewater that are used in urban environments. Since

surface runoff represents 15% and recharge composes 10%
of the hydrologic cycle, it is obvious that 75% is lost for
evaporation. In a fast growing region of Middle East and with
rapidly depleting fossil groundwater, possibilities for dew uti-
lization as a limited renewable water resource (Takenaka et al.
2003) play an important role in the water management of the
UAE. The first identified belt is the area with no possibility for
dew utilization (covering 36.04%) and is situated between the
Arabian Desert and hilly-mountainous area. The second one is
characterized by medium possibility for dew utilization and
covers the area of 2.66%, while the third has high possibility
for dew utilization and encompasses the area of 1.3% (NE
mountainous area). The fourth and the largest belt in the
Arabian Desert covers the area of 60.0%, and this belt has a
very small possibility for dew utilization. The total amount of
water that could be derived and used from the assessed dew
potential reaches 658,200 L per year in total. Although this
type of water resource is not large, it is significant for utiliza-
tion in agricultural and other economic sectors in arid envi-
ronments of the UAE (Fig. 7A and B)

Conclusion

The arid Arabian Peninsula has few natural attributes that
affect human settlements. Two key factors for building an
environmentally sustainable surrounding in the country en-
compass climate change and water scarcity issues. The neces-
sity for qualitative water resources management is of utmost
priority to the UAE government. This is why the UAE gov-
ernment has recognized that renewable energy should play a
more prominent role in the future, and that dew potential

Fig. 6 A December solstice over
mountain Jabal Yair; B June
solstice over mountain Jabal Yair.
This mountain presents the most
significant landscape feature for
possible dew utilization
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estimation and utilization can find their place when dealing
with water scarcity in arid and hyper-arid environments. The
presented paper gives insight into a new approach for potential
dew use estimation. Regardless this research was theoretical,

it presents new insight of potential dew utilization. This rela-
tively theoretical method, with the help of satellite detection,
GIS, and numerical analysis, can give satisfying results, and it
represents one of the economic approaches from the

Fig. 7 A Dew dispersion map of the United Arab Emirates; B potential dew capacity in liters in the United Arab Emirates
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perspective of water management. The areas with a high level
of solar radiation and with the constant sun through the year
have no chance for dew occurrences (Fig. 5).

The investigated territory of the UAE from the standpoint
of dew potential is divided into four independent parts (dew
belts). The first belt is the area with no possibility for dew
utilization (covering 36.04%) and is situated between the
Arabian Desert and hilly-mountainous area. The second one
is characterized by medium possibility for dew utilization and
covers the area of 2.66%, while the third one has high possi-
bility for dew utilization and encompasses the area of 1.3%.
The fourth and the largest belt in the Arabian Desert covers the
area of 60.0%, and it has a very small possibility for dew
utilization. Due to the pronounced climate change and urban-
ization impacts, the obtained grid in this study could be very
useful in future calculations and estimations for potential of
dew utilization and dew harvesting which can be used in ag-
ricultural sector. The findings of this preliminary research
suggest that dew potential can be used as an alternative water
source in some arid, semiarid, and mountainous areas of the
UAE. Future investigations should be oriented toward the
experimental methods for dew harvesting and possible install-
ment of dew collectors in the theoretically identified dew belts
in this study. Adaptation to climate change impacts, including
reforms of existing short- and long-term policies, is of great
importance when considering the implementation of sustain-
able and comprehensive water management policy. The grid
obtained in this study could be very useful in future calcula-
tions and estimations for the potential of dew utilization and
dew harvesting which can be used in agricultural sector. One
of the imperatives for mankind lies in preparedness to find the
most suitable way for better use of alternative water sources
such as dew, especially in semiarid and arid areas such as the
UAE. In the UAE, the volume of this water will be very small
but it may be used like additional water for plants, particularly
in mountain areas.
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