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Introduction  
Fog collection, unlike weather modification, is a proven technology for the supply of substantial amounts of potable water in certain 
arid regions. The quantity of water produced depends on the number of fog collectors installed and the collection rate at the site. 
The longest running site (Cereceda et al., 1992; Cereceda et al. 1997), in the coastal desert of Chile, has supplied a village with 
clean water for eight years. The fog collector array at this site produces an average of 15,000 L of clean water each day of the year 
and has for more than eight years in an arid region with an annual precipitation of only 60 rom. In order to have a successful 
project, a social need for water must be present, the correct meteorological conditions must exist, and the topography on several 
scales must be suitable (Schemenauer and Cereceda, 1994a). The most productive conditions are found on mountains where the 
wind moves clouds over the surface of the ground. In contrast, radiation fogs in valleys, or sea fogs on the coast, are less 
productive. This is because of the lower wind speeds and lower fog liquid water contents normally encountered in these situations.  
 
There are two major applications for fog water collection in arid regions:  
i) fog collectors can provide water meeting World Health Organization drinking water  
standards to rural communities and groups of homes; this water is inexpensive to produce and can be delivered to the homes by 
gravity flow;  
 
ii) fog collectors can provide water for reforestation of ridge lines and the upper parts of mountains where it is impractical to import 
water from conventional sources; the fog water can be delivered to drip irrigation systems by gravity flow; the resulting forests, if 
properly situated, can become self-sustaining by directly collecting fog water.  
 
Applications in Israel  
Application of fog collection in Israel depends on selecting a suitable site or sites. There is little direct guidance available from 
previous evaluations in the region. Work in the Sultanate of Oman near Salalah (Schemenauer and Cereceda, 1992a; Stanley-
Price et al., 1988) has shown that excellent conditions exist for fog collection projects. The same is likely true in Yemen and 
possibly the Red Sea coast of Saudi Arabia. A brief evaluation near Sweileh City in Jordan has also shown promise (AI-Jayyousi 
and Mohsen, 1999). AI-Jayyousi and Mohsen identify a number of locations in Jordan where they feel fog collection may be able to 
augment rural water supplies. Anecdotal evidence suggests that suitable fog conditions may exist in the mountains between Beirut 
and Damascus as well as north of Damascus near An Nabk. There have not been any fog collection projects in Israel. There have, 
however, been numerous studies of dew, which have mentioned the presence of fog, and at least one publication 30 years ago on 
the occurrence of fog in Israel. On the western end of the Mediterranean Sea, experiments were conducted with large fog collectors 
(e.g. Hurst, 1959) and found to be able to able to produce more water than comparably sized rain collectors. Equally as import, 
more than half of the annual amount of water was produced in the dry part of the year (May to September).  
 
Small fog collectors are used to measure the fog fluxes over hills or mountains. These I m x I m Standard Fog Collectors (SFCs) 
were designed to be inexpensive and easily deployed (Schemenauer and Cereceda, 1994b). The SFCs provide a measure of the 
flux of fog between two and three meters above the terrain. This is a measure of what large fog collectors (Figure I) made of the 
same material will collect and is also an indicator of what trees will collect (Schemenauer and Cereceda, 1994a). SFCs have been 
used in at least 20 countries. A photo of an SFC is presented in the companion paper Schemenauer and Cereceda (2000).  
 
A glance at a map of Israel shows a high irregular plateau east of the coastal plain. The mountains run from the northern border to 
the Gulf of Aqaba in the south. It is in this hill district that one would initiate a search for suitable sites, remembering that it is not 
necessary to have fog each day or in all seasons. For example, a site with fog present for part of30% of the days over a six-month 
period could be very productive. The amount of rainfall is not relevant. Frequent fog can be present in locations with negligible 
rainfall. Though Israel experiences summer northeast winds, southwest to west winds and winds associated with low-pressure 
areas, it is also essential to realize the importance of the sea breezes associated with the large bodies of water. In general, the hill 
districts see west to northwest winds and so one would look for sites with a westerly (upwind) exposure.  
 
Studies on Fog in Israel  
A number of authors (e.g. Levi, 1967; Kidron, 1999) have observed that fog frequencies increase with altitude in Israel. Levi 
documented fog frequencies in valleys and discussed the fog that covers "the hill-tops of the Galilee, the Judaen and Samarian 
hills" but little observational data were available. He writes, "The diurnal land breeze - sea breeze circulation, together with the 
presence of subsidence and radiational ground inversions playa decisive role in fog formations in most regions of the country ."  In 
some cases fog forms when stratus below a subsidence inversion is mixed to ground level by turbulence. On a few occasions 
during the year advection fog appears along the sea shore. He discusses the relative frequency and location of these and other 
types of fog. For example, at Be'er Sheva in the Negev the maximum fog frequency was in the summer and in the Hula Valley it 
occurs in the winter. One site Levi does note when talking about "hill fog" is Har Kenaan, which had an average of 44 nights per 
year with fog in the period 1951 to 1960. In the same period, Jerusalem averaged 26 nights per year with fog reported.  
 
Kidron (1999) worked at Nizzana (245 m), Sede Boqer (525 m) and Har Harif(990 m) in the Negev. All of these sites receive 90-100 
mm of precipitation annually. Kidron measured an increase in dew and fog amount with elevation, even with a greater distance from 
the sea, and an increase in the percent of days with heavy dew or fog with altitude. Mornings with visibility < 1000 m lasting for one-
half hour or more were classified as foggy.  
 
 



From these studies, there is, therefore, reason to believe that upland sites may exist with sufficient fog to serve as a water supply 
for rural areas or agriculture. It is also important to remember that data from conventional meteorological stations will normally have 
much lower fog frequencies than isolated mountain sites, simply because most observing stations are at low elevation locations 
and often at airports, which are sited in places with good visibility. Ashbel (1949) mentioned a number of locations with frequent fog, 
such as Menara and Kefar Etsyon. Other high elevation locations that might be considered (Simon Berkowicz, private 
communication) in future studies include the Golan Heights (1000 to 2200 m), Mount Meron in northern Galilee (1200 m), and 
Mitzpeh Ramon (900 m) in the Negev.  
 
Studies on Dew in Israel  
Fog is composed of liquid droplets in the air. Dew is the liquid film of water formed on the surface of an object resulting from the 
condensation of water vapor present in the air. Terms such as "dew precipitation" have a long history of usage (e.g. Kidron et al., 
2000) but are incorrect. Dew cannot precipitate since it does not exist in the air. Nor does dew "condense" as is often stated. Water 
vapor condenses. "Dewfall" is another term that creates an inaccurate impression since dew cannot fall. One should speak of dew 
formation and of measurements of the amount of dew.  
 
Studies on dew in Israel are numerous and have been summarized elsewhere, e.g. Jacobs et al. (1999), Kidron (1999). Most of the 
field measurements of the amounts of dew have been made with plates, covered with various materials, placed on the surface of 
the ground. By virtue of the plate being exposed to the air, it can have fog droplets deposited onto it as well as dew forming on it. 
Without an independent measurement of whether fog is or is not present, it is not possible to know whether the water on the plate is 
the result of fog deposition or dew formation. Indeed, Kidron (1998) in a discussion of one such instrument, specifically refers to it 
as a plate to measure dew and fog.  
 
The difficulty in separating out fog from dew measurements in Israel and/or Palestine has been recognized for a long time. Ashbel 
(1936) notes that "...in summer nights, in which clouds float across the mountain zone...a great deal of dew forms on the ground." 
Duvdevani (1947) devised an optical method of measuring water deposits on plates to record the occurrence of dew. He notes, 
however, that the single dew gauge gives no clue as to the differentiation between the presence of dew and fog. Ashbel (1949) 
states "dew and fog should be carefully differentiated in meteorological observations, particularly where fogs play an important role 
in the formation of atmospheric water." Broza (1979), in a study south of the city of Arad, states, "From the point of view of this 
study, foggy nights played approximately the same role as dew-nights. Indeed, they are recorded in our dew gauge as dew-nights." 
Zangvil and Druian (1980), for a study south of Beer Sheva, state this same situation in a different way, "Another form of dew is that 
resulting from the interception of fog droplets by the receiving surface of the dew gauge. There is no method of distinguishing this 
type of dew deposit from the pure type of condensation due to radiational cooling." Kidron et al. (2000) working at Sede Boker 
state, "Since fog precipitation will usually occur concurrently with dew precipitation, it was not always possible to distinguish 
between them. Consequently, both dew and fog precipitation will be regarded in this paper as dewfall." The purpose of this 
discussion is not to diminish the contribution dew makes to the water budget in Israel but to point out two things. First, despite the 
large number of papers on dew in Israel and the small number on fog, fog occurs in many locations in Israel. Second, unless the 
field measurements include a specific measurement of the presence or absence of fog, or the sensor excludes fog droplets, the 
amounts of "dew" reported must be considered amounts of dew and fog.  
 
Fog Water Quality  
Some examples of measurements of the quality of fog water exist from arid regions. In looking at these data it needs to be clear 
that there are two different samples that can be obtained. The first gives the chemistry of the fog in the air and the other the 
chemistry of the water produced by the large fog collectors. The chemistry of the fog droplets can be measured using several types 
of specialized collectors. The passive AES/ ASRC collector used in the studies discussed below is described in Schemenauer et al. 
(1995). Schemenauer and Cereceda (1992b) reported on the quality of both the fog water and the water from the fog collectors at 
the EI Tofo site in Chile. They found that both sources of water met the WHO drinking water standards for ions and for 23 heavy 
metals. The water did have lower pH values than the range specified by WHO (6.0 to 8.5) but this does not present a problem for 
human consumption nor for the plastic pipes used for the transmission and distribution of the water. The lower pH values were felt 
to be due to natural emissions of sulfur from the cold waters of the Humboldt Current. Schemenauer and Cereceda (1992a) 
measured the concentrations of ions and 23 heavy metals in fog water at Ashinhaib in the Dhofar Mountains in the Sultanate of 
Oman. At this site on the coast of the Arabian Sea, all concentrations of ions and heavy metals fell within the WHO limits, as did the 
pH values. Eckardt and Schemenauer (1998) found that ion concentrations measured in fog water collected in the Namib Desert 
near Gobabeb, Namibia were well within the WHO limits and in fact were even lower than previously reported values for Chile and 
the Sultanate of Oman. These three examples from the Chilean Coastal Desert, the Arabian Desert and the Namib Desert, illustrate 
that fog water is a very suitable water supply for human consumption and thus for other uses as well.  
 
Quantity of Fog Water  
The amount of fog water collected depends on the fog liquid water content, the fog droplet sizes, the wind speed, the efficiency of 
the mesh used in the fog collectors, and the area of mesh installed at the site. The microphysical properties of the high elevation 
fog at EI Tofo, Chile were discussed in detail by Schemenauer and Joe (1989). They also reported on measurements of the 
collection efficiency of the large fog collectors at this site, which is at an elevation of 800 m in the Chilean Coastal desert. The 
double layer of plastic mesh used in the large fog collectors collects about 50 % of the water in the fog droplet flux passing through 
it. This has resulted in a long term average production of3 L m-2 day-1 from the fog collectors at the site (Cereceda et al. 1997). 
The 100 collectors presently installed have an area of about 50 m-2 each for a total collection surface of 5000 m2. This yields an 
average of 15,000 L of water per day. On days when no fog occurs there is no collection. On days with a substantial fog event, the 
yield from the collectors exceeds 100,000 L. This natural variability in production is site dependant and influences the storage 
capacity that must be built into the water supply system. Measurements at the Cerro Orara site in the Coastal Desert of Peru 
reported by Cereceda et al. (1993) gave an average fog water collection rate of 9 L m-2 day-1 for a period of four and one-half 
months. This rate would probably apply to the full seven month fog season. The remainder of the year has sporadic fog events. The 
nearby city of Lima has a climatological average of 6 mm of precipitation a year indicating the extreme aridity of the coastline. 
Cereceda and Schemenauer (1998) summarized fog water collection rates at six sites in three countries. The highest value  
was in the Sultanate of Oman at 30 L m-2 day-1 but this site had the shortest fog season at two and one-half months. The highest 
monthly average was also for a site in the Sultanate of Oman at 70 L m-2 day-1 but, for example, the Mejia site in Peru averaged 



48 L m-2 day-1 during its best month of collection. The length of the fog season at a site is often possible to estimate in advance 
from published or anecdotal evidence but the fog flux, i.e. the average collection rate, cannot be predicted. It must be measured. 
From experience, it appears that fog water collection rates of 2 L m-2 day-1 and higher, for periods of at least several months 
during the year, can sustain a viable fog collection project. Annual averages at some sites have exceeded 10 L m-2 day-1 and an 
annual average fog water collection rate of 5 L m-2 day-1 is a very productive value.  
 
Conclusions  
Evanari et al. (1961, 1971) discuss ancient runoff agriculture in the Negev Desert. They argue that rainfall amounts were much the 
same in 1000 B.C. as today and that the ancient cities of the region supported themselves by efficient management of the runoff 
from the 100 mm or so annual rainfall. If there was more vegetation on the hills 3000 years ago, as there likely was prior to 9000 
B.C., then there may have been another possible contribution to the water availability in the Negev, namely the collection of fog by 
the vegetation on the mountains. If an estimate could be made of the amount and type of vegetation, then this contribution could be 
crudely estimated using present day fog flux measurements. Inexpensive evaluations can be carried out with small Standard Fog 
Collectors (SFCs) and it is suggested that a project be undertaken to identify both the potential regional importance of fog in places 
such as the Negev Desert and also the locations with the best potential for operational fog collection projects. Until these 
evaluations are made, the importance of this water resource in Israel will remain a tantalizing possibility.  
 
If evaluations with SFCs determine that there are high elevation locations with sufficient fog frequencies and fog fluxes to justify the 
construction of large fog collectors, then the projects can be scaled to the need. Assuming that the locations chosen are relatively 
remote and not serviced by the national water carrier, then projects of between 50 and 200 collectors (2500 to 10,000 m2 of mesh) 
would be suitable. Based on the experience at a range of sites in South America, these collectors could produce an average of 
from 7500 to 100,000 liters of potable water per day during the fog season. The water could be used for reforestation, agriculture or 
domestic use. Larger projects could be undertaken if the initial capitalization of the project was increased, since neither the fog nor 
the terrain would be the limiting factor. The generation of new forests in regions with frequent fog is particularly appealing because 
once the trees reach a height (1 to 2 m) to be self-sustaining, they can collect enough fog water to contribute water to underground 
aquifers.  
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