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Abstract: Agricultural production in the Atacama Desert is restricted by extreme aridity and poor
soil quality. Between 18◦ S and 30◦ S, low stratocumulus clouds regularly cover the southeastern
Pacific Ocean reaching the Coastal Cordillera. Thus, marine fog is constantly present in the coastal
areas of the desert. Fog can be harvested using fog collectors. However, limited information is
available with regards to the variability of fog presence throughout the year and along the coast of
the desert. Combining fog water harvest with hydroponic production under greenhouse facilities
presents an alternative for sustainable and local fresh food production. In this article, we analyze
the potential of fog water collection in two sites (Alto Patache and Falda Verde) distant by about
1000 km within the Atacama Desert. Additionally, in both locations, the environmental conditions
within greenhouse structures, the potential energy requirement for environmental conditioning
(including the energy production from photovoltaic panels) and the water requirements of vegetable
crops under greenhouse conditions were modeled. The annual average of fog water collection
registered was 2.9 and 3.3 L per day per m2 in Alto Patache and Falda Verde, respectively. During
the most demanding season for crop evapotranspiration, 2.13 m2 of fog collectors can supply the
water required for 1 m2 of greenhouse crops. The energy required for water and air pumps in the
hydroponic systems can be supplied with photovoltaic systems including eight PV modules and a
battery storage capacity of 9.4 kWh. In conclusion, the present study sheds light on the possibilities
of massive water collection from fog to be used in local and sustainable food production in the
Atacama Desert.

Keywords: fog collectors; desert agriculture; soilless production

1. Introduction

The Atacama Desert is located in northern Chile, between 18◦ S and 30◦ S. It is
known as one of the most arid territories on the planet, ranging from hyper- to semi-arid
environments [1]. Mean annual precipitation is as low as 0.8 mm in locations such as
Iquique (~20◦ S) or 31 mm in Caldera (~27◦ S) [2]. As a result, water resources are limited
and difficult to access due to the extreme aridity [3]. As a matter of urgency, a severe
reduction in water availability is expected soon according to climate change projections,
wherein a dramatic decrease in the amount of rainfall in the Cordillera will lead to a
reduction in groundwater table recharge [4]. Water scarcity in the area is exacerbated by
an increasing demand on available resources due to the economic growth associated with
metallic and non-metallic mining and the consequent population increase [4]. It is expected
that in the following 15 years, water demand for the mining industry will increase by
80%, 100% for other industries, and 14% for human consumption and sanitation [5]. It
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is very likely that the increase in demand will be met through seawater desalination and
groundwater extraction, both representing significant economic and environmental costs
that will divert the water supply away from essential industries such as agriculture [6]. As
a result, it is necessary to find alternative water sources.

In the Atacama Desert lives 7% of the total population of Chile [7] and, at the same
time, only 2% of the national agricultural gross production is obtained from this area [8].
Thus, the region relies upon importation from central Chile or neighboring countries for the
supply of fresh vegetables and fruits. A similar situation is found in other Latin American
countries, which are net exporters of agricultural products like soy, maize, or wheat but
lack a reliable production of fresh food for local consumption [9]. Therefore, achieving the
Sustainable Development Goals (SDG) defined by the United Nations—especially Goal #2
“Zero Hunger”—is challenging for the communities located in the Atacama Desert and
along the south coast of the Pacific Ocean. Active scientific research is being conducted
in countries like Chile, Peru, Colombia, and Mexico with regards to SDG #2. A common
conclusion in a large portion of the studies is that water sources and water quality present
as primary challenges that need to be addressed to achieve zero hunger [10].

The coastal areas of the Atacama Desert present optimal climatic conditions for veg-
etable crop production year-round, with mild air temperatures and high solar radiation.
However, as noted above, water available for irrigation is extremely scarce. Additionally,
open field cultivation is limited by soil characteristics, mainly high salinity [11]. A common
practice to cope with saline soils is salt leaching, which requires further water resources.
Rough estimations of water needs for crop production are between 100–400 L m−2 season−1

to achieve reasonably good yields [12,13]. To this end, an extra volume of 20–50% needs to
be added for salt leaching, which would push agricultural water consumption to values
above 15 million m3 per year in Peru, or above 20,000 million m3 per year in Chile [14].

1.1. Fog as a Water Resource

Along the shores of Latin America facing the Pacific Ocean, extensive low stratocu-
mulus clouds are regularly present, formed by the interaction of warm air masses and the
cold sea surface. In the coast of northern Chile, the low stratocumulus clouds reach the
Coastal Cordillera, producing a highly dynamic advective marine fog [15]. The advective
fog is a cloud formed by small water droplets (between 1 and 40 µm in diameter) which
remain suspended in the air, moving horizontally with the wind. There are locations where
fog is frequently present, allowing the local vegetation to collect large amounts of water,
acting as an essential source of moisture and water to ecosystems with high biodiversity
and endemism [16,17]. In fact, there is a significant extension of territory along the northern
coast of Chile where the regular presence of fog presents itself as a potential alternative
water source [18–20]. This water can be collected using large fog collectors (LFCs), devices
like a highway billboard but covered with a mesh that allows the wind to go through and
with this, trapping water droplets (Figure 1) [21].

The LFC technology mimics the local vegetation in capturing condensation as water
from the windblown fog. It consists of a rigid frame that typically holds a 35% shade
raschel mesh or similar. This form of water collection does not heavily impact the natural
balance of the region and does not destabilize the local environment since the collection
efficiency of LFCs is low [22]. Fog collectors are already in use worldwide, with examples in
more than 40 countries globally [23]. The annual average water collection varies depending
on several factors, including the location and altitude where the fog collectors are placed
and the materials used in their construction [24]. Values reported in the literature range
from 1 to 50 L per m2 of collector per day [24], while in the Atacama Desert, average daily
values are between 0.9 and 8.2 L m−2 (Table 1). However, seasonal variability in water
yield is expected due to changes in the sea surface temperatures and the displacement of
the southeast Pacific anticyclone with its consequent shifts in air subsidence [25].
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Figure 1. Large fog collector installed at the Atacama UC Experimental Station, Alto Patache, coastal
Atacama Desert.

Table 1. Daily average water collection from fog in various locations across the Atacama Desert.

Location Water Yield
(L m−2 d−1) Location Reference

Cerro Guatalaya (Alto Hospicio) 0.9 20◦12′S/70◦00′ W; 1050 m.a.s.l. [20]
Alto Patache (Iquique) 7.0 20◦49′ S/70◦09′ W; 850 m.a.s.l. [20]
Morro Moreno (Antofagasta) 8.2 23◦51′ S/70◦26′ W; 1150 m.a.s.l. [26]
La Chimba (Antofagasta) 0.16–0.37 23◦32′ S/70◦21′ W; 690 m.a.s.l. [27]
Paposo (Taltal) 3.3 24◦59′ S/70◦26′ W; 750 m.a.s.l. [26]
Falda Verde (Chañaral) 1.4 26◦17′ S/70◦36′ W; 600 m.a.s.l. [26]
El Tofo (La Serena) 2.9 29◦27′ S/71◦18′ W; 760 m.a.s.l. [26]

1.2. Greenhouse Soilless Cultivation as a Low-Water Demanding Alternative

Greenhouses are stable structures used for protected cultivation, providing the ad-
vantage of reduced water consumption in arid environments, in comparison to open field
cultivation [28]. Inside greenhouses, crops are commonly established in soilless systems,
which further reduces water needs. For example, water requirements in lettuce crops is
reduced from 40 L per plant in open field cultivation to only 2 L in hydroponic cultivation
systems, considering a plant density of 25 plants m−2 [29]. These considerable water
savings are explained by a smaller root volume and a larger plant density than in open
field crops.

One of the disadvantages of hydroponic systems is the higher consumption of energy
than open field crops, because of the continuous use of water/air pumps. However, the
Atacama Desert presents the world’s largest potential for electricity production using
photovoltaic panels [30]. Therefore, the production of soilless crops under greenhouse
structures in the Atacama Desert would not require access to power grids.

The purpose of the present article is to evaluate the feasibility of horticultural produc-
tion in the Atacama Desert based on greenhouse cultivation and fog water collection. The
major objectives of the study include: (1) the analysis of seasonal variability of fog water col-
lection in two locations in the Atacama Desert; (2) modeling the environmental parameters
inside greenhouse structures; (3) estimating the energy demand for environmental condi-
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tions, along with energy production from photovoltaic panels; and (4) estimating the water
requirement of a model hydroponic crop (lettuce) inside greenhouses for both locations.

2. Materials and Methods
2.1. Site of Study

The study was conducted at two locations in northern Chile: Alto Patache (20◦49′ S/70◦09′ W)
and Falda Verde (26◦17′ S/70◦37′ W) (Figure 2). Alto Patache is a fog oasis located approxi-
mately 4 km from the coastline, on the coastal cliff, with an average altitude of 780 m.a.s.l.
It is located in a mountain range with a NW to SE disposition, which exposes it to prevail-
ing winds from the S and SW. Falda Verde is located approximately 700 km to the south
of Alto Patache, in a similar position but at a lower altitude (600 m.a.s.l.). The distance
from the coast is approximately 2 km and it is oriented perpendicularly to the prevailing
S–SW winds.
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Figure 2. (A) Study site locations in the coastal Atacama Desert indicated with red dots (standard fog
collector). Blue dots indicate the closest urban areas to the study sites. Standard fog collectors along
with weather stations in Alto Patache (B) and Falda Verde (C).

2.2. Potential for Fog Water Collection

The amount of water collected was determined for each location following the method-
ology proposed by Schemenauer and Cereceda [31]. For this, a standard fog collector (SFC)
(Figure 2B,C), consisting of a 1 × 1 m double 35% shade raschel mesh was used. The
collector was installed two meters above the ground and positioned perpendicularly to
the prevailing wind direction, with a 90◦ angle of inclination in relation to the ground.
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The SFCs collected the water droplets condensed in the air, channeling collected water to
a recording and storage system consisting of a rain gauge and a drum coupled to a data
logger. The SFCs quantified the amount of collected water, and the data are presented as
daily yield in L per m2 of mesh per day in both study locations. The data series available
for Alto Patache runs from December 2017 to the present. In Falda Verde, the data used has
been collected since October 2021 to the present but in a different location, identified as Las
Lomitas (Figure 2).

2.3. Simulation of Environmental Parameters under Greenhouse Conditions

In both locations, the environmental conditions under greenhouse structures were
modeled based on computer simulations run to estimate the number of hours throughout
the year in which crops will be exposed to optimal conditions. For this, an air temperature
between 10 and 28 ◦C was considered as adequate. First, a database with information on
incident solar radiation, air temperature and air relative humidity was downloaded from
Meteonorm 8.0 for both locations. This information was used to simulate the environmental
conditions within greenhouses considering no air renewals (greenhouse completely closed).
Then, the energy requirement for ventilation was estimated, considering four levels of air
exchange between the inside and the outside of the greenhouse (greenhouse with open
vents): 10, 20, 40, and 60 air renewals per hour. An air renewal is considered a complete
replacement of the air volume inside the greenhouse with outside air. The simulations were
carried out using the calculation engine Energy Plus 8.9.0 loaded in the software Design
Builder. All calculations were performed for a plastic greenhouse covering 100 m2 of soil
surface. The total volume of the greenhouse used for the calculations was 250 m3. The
covering material used for the simulations is a single-layer low-density polyethylene with
a thickness of 0.2 mm.

2.4. Greenhouse Electricity Supply

Greenhouse cultivation requires water pumps for moving water from the collectors
into storage tanks and air pumps for aeration of the nutrient solution supplied to the crops.
Based on our previous experience, a hydroponic crop established in a 100 m2 greenhouse
requires five 65 W air pumps running continuously 24 h a day and at least one 0.5 HP water
pump with 400 W of power providing irrigation pulses of 2 min at 30 min intervals.

Considering the amount of solar radiation available in the Atacama Desert [30], a
computational simulation was run to find the dimensions of a photovoltaic (PV) system
capable of providing the greenhouse energy demand. The simulation was run using the
dynamic simulation software Openmodelica [32], integrating within the model a PV field,
inverter, battery storage, control, and greenhouse demand (Figure 3).

Using typical meteorological datasets available in SolCast [33], the amount of solar
radiation on the surface of the PV modules was calculated on an hourly basis, following
the methodology proposed by Duffie et al. [34]. Next, the PV system was modeled utilizing
the methodology proposed by Castillejo-Cuberos [35], providing the maximum AC power
output of each inverter and the charge state of the battery system. The implemented logic
control scheme corresponds to a continuous demand-following power controller, which
allows the estimation of the charge/discharge power in the battery bank and the power
delivered by the control system to the greenhouse.
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Figure 3. The system-level approach used in the computational simulations. First, solar radiation
intensity data were collected from available databases, and then the size of the photovoltaic (PV) field
was determined based on the energy requirement from the greenhouse equipment. The system is
complemented with batteries for energy storage during the day and supply during the night and also
an inverter system to supply energy as alternate current (AC).

2.5. Crop Water Requirements

Based on the environmental simulations, the water demand for a lettuce crop was
determined using the simplified Penman–Monteith equation proposed by Baille et al. [36]
as follows:

T = [a(1 − exp(−α·LAI)) G + (b·LAI·VPD)] λ−1

where T is the amount of water transpired by the crop (kg m−2 s−1); α is the leaf angle
distribution (0.64 [37]); LAI corresponds to the leaf area index (m2 m−2; 19.6 [38]); G is the
incident solar radiation (W m−2); VPD is the air vapor pressure deficit (kPa); λ is the water
vaporization latent heat (2260 KJ kg−1); and a and b are model parameters. Solar radiation
transmitted into the greenhouse was determined as 85% of the incident solar radiation,
based on our previous experience. The equation was solved using the highest values for a
and b proposed by Baille et al. [36], namely 0.67 and 0.0037, respectively. Crop density was
established at 25 plants m−2.

3. Results
3.1. Water Collection

Water collection in Alto Patache ranges from 0.41± 0.24 to 6.18± 1.96 L m−2 d−1 during
February and July, respectively (Figure 4a), with an annual average value of 2.94± 1.16 L m−2 d−1.
The lowest water collection value in Falda Verde was 1.27± 0.09 L m−2 d−1 in February and
the highest value was found in November, at 7.42± 0.79 L m−2 d−1 (Figure 4b). The annual
average for Falda Verde was 3.29 ± 0.73 L m−2 d−1.
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(b) for each month of the year.

3.2. Environmental Parameters under Greenhouse Structure

Both locations present a mild climate throughout the year, with air temperatures rang-
ing from 10.3 to 21.9 ◦C in Alto Patache and 12.4 to 23.2 ◦C in Falda Verde. Similarly, the
range of air relative humidity is slightly higher in Falda Verde, ranging from 59.9 to 87.4%,
than in Alto Patache (51.1 to 82.9%). Incident solar radiation shows a trend similar to that
of the air temperature, with the highest values available between October and March for
both locations. Under these conditions, the air temperature within the greenhouse would
always be above 10 ◦C in both locations. Therefore, no heating requirements exist for
crops. On the other hand, in 36.8% of the hours during the year, the air temperature would
exceed 28 ◦C, reaching values over 40 ◦C in both locations if the greenhouse remains
closed (Figure 5).
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Considering a totally closed greenhouse, an energy supply of 3600 kWh is required
for mechanical ventilation in Alto Patache during December and January, while almost
3400 kWh is required in Falda Verde during January (Figure 6). In both locations, the
simulations indicate that with 41 air renewals per hour, no energy will be required for
active ventilation (Figure 6).
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3.3. Photovoltaic System

Total energy demand for the greenhouse was estimated at 9.4 kWh. Therefore, the
storage capacity in the batteries needs to supply a similar amount of energy throughout
the year. For both locations studied, this energy requirement can be supplied by a PV
system composed of eight modules (total of 12.72 m2) and one inverter. This number of
modules provides 2160 W (DC) and the inverter supplies 1821 W (AC) to the batteries.
The simulated system can cover 100% of the energy requirement in Alto Patache for 69%
of the hours during the year, and, in Falda Verde, 63% of the hours are covered (Figure 7).
To fully cover 100% of the demand every day of the year, the PV system capacity must be
doubled to 5400 W (DC) along with an extended storage capacity in the batteries to cover
18.8 kWh.
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3.4. Crop Evapotranspiration

In Alto Patache, daily evapotranspiration in a lettuce crop varies between 0.149 L m−2 d−1

in June and 0.874 L m−2 d−1 in December (Figure 8). A slightly lower water requirement
was found in Falda Verde than in Alto Patache, with a minimum of 0.124 L m−2 d−1 in
August and maximum evapotranspiration rate of 0.755 L m−2 d−1 in December (Figure 8).
In both locations, the highest crop evapotranspiration demand takes place between October
and March.
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4. Discussion
4.1. Water Supply and Water Demand

Differences in water collection yield exist between both locations, with a steadier
behavior throughout the year in Falda Verde than in Alto Patache. Falda Verde is located
at a latitude regularly under the influence of the Southeast Pacific anticyclone, along with
lower sea temperatures than in Alto Patache. Both conditions lead to a strong thermal
inversion layer favoring the formation of fog [25]. On the other hand, Alto Patache has
a period in which extremely low or null presence of fog occurs due to the southbound
migration of the anticyclone. These conditions lead to the reduction of air subsidence,
which, along with higher sea surface temperatures, produces a weak and high-altitude
thermal inversion layer [25]. This condition forces a high interaction between the marine
boundary layer and the dry air layer immediately above, inhibiting the formation of the
cloud. Other differences between both fog collection locations include the distance to the
coastline, where Alto Patache is approximately 4 km inland while Falda Verde is only 2 km,
and the altitude, since Alto Patache is at 780 m.a.s.l. but Falda Verde is at 600 m.a.s.l. Both
sites are located in mountain ranges with a NW to SE disposition exposed to prevailing
winds from the S and SW.

The potential for effective water collection is significant, considering that the lowest
yield in our results was 0.41 L per m2 of mesh per day in Alto Patache during February
(Figure 4). Total water collection increases linearly with the extension of the fog collector.
For example, the highest water requirement for evapotranspiration in Alto Patache is
0.874 L per m2 of ground per day. Therefore, to satisfy the demand during summer season,
a collector surface of 2.13 m2 is required per m2 of ground covered with crops inside the
greenhouse (213 m2 for a 100 m2 greenhouse, which equals approximately seven LFC).
Considering that the highest water collection yield is available during winter and the
highest water demand for evapotranspiration occurs in summer, it is possible to couple
water collection with storage strategies to reduce the surface of fog collectors to be installed.
Additionally, the materials used in the construction of LFCs only capture around 20% of the
fog passing through [22]. It has been reported that this efficiency can increase by up to 300%
by incorporating multiple length scales and hydrophobic materials in the mesh area [39].
By implementing these changes in materials and strategy, it is possible to obtain higher
yields in water collection in the Atacama Desert than those reported in the present article.

An analysis conducted in California that studied the feasibility of supplying fresh
water to large urban areas with fog collectors indicated that the amount of water was
insufficient [40]. Similarly, irrigation of crops established in open fields demands a large,
consistent water supply [41]. By comparison, irrigating greenhouse crops using water
sourced from fog collectors proves to be much more viable due to the significantly reduced
water requirements. This reduction in water requirements is explained by the small root
volume and the modification in the environmental parameters (solar radiation, wind speed),
in comparison to open field crops [29].

Fog is an underexploited water resource, available throughout the Pacific coast and not
limited to the Atacama Desert area. Reports of fog collection exist for countries like Peru,
Ecuador, and Guatemala in South America; Spain (Canary Islands) and Croatia in Europe;
Namibia, Morocco, and South Africa in Africa; and Jordan, Yemen, Oman, and Saudi
Arabia in Asia. Our results are in the range of those reported for the previously-mentioned
countries [19,24], positioning fog as a global water resource that needs further attention.

4.2. Greenhouse Environmental Conditioning and Energy Demand

The air temperature within the greenhouses can easily exceed 28 ◦C due to the inci-
dent solar radiation. However, since the locations evaluated are coastal, the outside air
temperature is favorable year-round, which implies that natural ventilation is enough to
maintain adequate conditions for crop growth. Our calculations indicate that 41 air changes
per hour are enough for maintaining the air temperature below 28 ◦C, in agreement with
the recommendations by the American School of Agricultural Engineers, who suggest an
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air change rate between 40 and 60 changes per hour [42]. The advantages of air changes in
greenhouse environments not only relate to temperature maintenance but also in helping
to keep air humidity low, avoiding fungal diseases in the leaves, and limiting ambient
CO2 depletion, which is consumed by the crops. Other equipment commonly found in
greenhouses for environmental conditioning includes heating and cooling systems (HVAC)
or supplemental lighting. As shown in Section 3.2, no heating requirements exist in either
location, since the outside air temperature is always above 10 ◦C, making the environment
comfortable for the majority of vegetable crops [43].

Artificial lighting has been shown to increase crop productivity in greenhouses due to
the extension of the photoperiod, i.e., the number of daylight hours that allow plants to
perform photosynthesis. Artificial lighting is also recommended for those crops established
in high latitudes, where the intensity of solar radiation is low [44]. However, this is not
the case for the area studied, as the intensity of solar radiation is among the highest in
the world [30]. The lamps used for artificial (also known as supplemental) lighting are
expensive, and thus they are most commonly found in large greenhouse facilities, which
justify the cost. From the standpoint of food security in Latin America, which is not limited
to the Atacama Desert, the priority overall is to increase local access to fresh and healthy
food. Following this, ongoing investments in equipment for achieving high yields can
be considered [9].

In the present article, we propose a low-cost greenhouse for vegetable production. A
light wooden structure covered with plastic films (polyethylene in our analysis) provides
an adequate greenhouse suitable for crop production in the coastal areas of the Atacama
Desert. The structure also helps in reducing pest incidence on the crops, limiting the use of
expensive pesticides. Within the greenhouse, vegetable crops can be established directly
on the soil, or they can be grown using hydroponic (soilless) techniques. Soil salinity in
the Atacama Desert is frequently high, with electrical conductivity values easily exceeding
10 dS m−1 [11]. Vegetable crops are considered to be sensitive to soil salinity, implying
that they thrive well in soils with electrical conductivity values below 4 dS m−1 [45]. To
cope with high soil salinity, soil amendments that include washing out the salts from the
soil profile are commonly used [46]. However, this practice is not feasible in areas with
low water availability like the Atacama Desert. Therefore, hydroponic systems are a more
favorable alternative to direct soil cultivation. In the present article, we propose the use of
deep flow systems, consisting of a 20 cm deep pool that holds a nutrient solution. Floating
on top of the nutrient solution, plants are placed using materials like polystyrene [47]. The
advantage of this type of hydroponic system is that it minimizes energy requirements,
since the nutrient solution only needs continuous aeration, which is easily achieved with
low-consumption air pumps. Other hydroponic systems, like the nutrient film technique
(NFT) or aeroponic systems, present a higher energy demand than the floating system,
since they rely on water pumps for continuous 24 h water pumping in a recirculating
system [47], which implies a larger energy consumption than air pumps.

For our greenhouse and hydroponic system, energy requirements are fully met during
the summer and spring seasons. However, in autumn and winter, the load in the batteries
reduces because of a decrease in the number of hours with direct sun during the day.
Since energy is required for water and air pumps activation, this energy demand must be
adjusted for autumn and winter. Water pumps replace water as the crop consumes it for
evapotranspiration, while air pumps inject air (oxygen) into the nutrient solution to sustain
root respiration. Both processes, namely crop evapotranspiration and root respiration,
depend upon the environmental temperature and solar radiation, which also decreases in
winter in comparison to summer. Notably, the natural formation of the mountain ranges
found in the coastal areas of the Atacama Desert allows for the collection and storage of
water at the top of the hills. In turn, placing the greenhouses at a lower altitude than the
storage tanks will enable gravity-fed water movement, eliminating the need for water
pumps. Therefore, there is no need to increase the PV field size or the battery capacity since
crop evapotranspiration is expected to decrease by up to 75% in winter in comparison to
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summer [48], while hourly root respiration is reduced by 5 to 10% for every 1◦ C reduction
in air temperature [49].

5. Conclusions

The coastal areas in the Atacama Desert offer all of the required resources for sustain-
able crop production under greenhouse structures: water, energy, and excellent weather
conditions during the whole year. Water is available in large quantities from fog, with the
lowest values during the summer season and the highest during winter. Given the variance
in water quantities collected between seasons, it is necessary to conduct further research to
develop more efficient fog collection technologies and to design water storage strategies
to ensure ample supply throughout the year. Environmental conditioning of greenhouses
makes it possible to maximize yields thanks to the availability of solar energy that can
be used for electricity generation based on photovoltaic systems. Combining greenhouse
vegetable cultivation with hydroponic (soilless) techniques offers a highly viable alternative
for securing a fresh food supply to the population in the area of study.

Further research is required to understand the yield potential for different horticultural
crops and how they adapt to greenhouse conditions along the Atacama Desert.
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