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INTRODUCTION 

No one needs to be reminded that water is essential to life. As we enter a new millennium, the 

availability and usage of this commodity is the focus of increasing attention. Variable or 

decreasing amounts of precipitation, increasing population, and contamination of groundwater all 

put tremendous pressure on governments to find sustainable solutions to water supply issues. The  

problems are clearly most acute in countries with semi-arid or arid regions, limited government 

resources, and rapidly growing populations. These conditions currently exist in many developing 

countries. The options available to these countries are limited. Increases in river flows from 

adjacent countries are rarely possible to negotiate. The pumping of fossil water is an expensive 

short-term solution. Desalination of seawater is expensive and also requires substantial energy to 

both produce the desalinated water and to move it from the plant to the point of use. Weather 

modification has yet to demonstrate that substantial additional precipitation can be produced at 

ground level in a routine, managed fashion. Stories of large mounds of rock being used as places 

for water vapor to condense (dew collectors), in places such as the Crimean region of the 

Ukraine, have recently been discredited (Nikolayev et al., 1996).  Other than water vapor and 

precipitation, there is only one other ground-level source of water from the atmosphere.  It is fog.  



 

Fog is present in many parts of the tropical, temperate and arid regions of the world. As 

well as being present at low elevations as radiation fog, or advection fog off the ocean for 

example, it is even more prevalent on hills and mountains. In these locations, fog is produced by 

both the advection (movement) of clouds over the terrain and by the effects of the topography, 

which forces the air upwards where it can condense to form fog on the hills. 

The objective of a water project for villages in developing countries is to produce 

sufficient water, of a quality that is suitable, to meet the specified needs of the people. The 

source of the water is usually chosen based on availability and cost. In some cases lack of funds 

will limit what water sources might be considered, e.g., building a desalination plant for a small 

community may be prohibitively expensive. In other cases, some sources may not be available, 

e.g., if the ground water is too deep or too salty a well may not be practical. An assessment needs 

to be made in each village to see what water supply system will be cost effective. The amount of 

rainfall will be one of the determining factors in choosing a water source. Almost as important 

will be the distribution of the rainfall throughout the year and the intensity of the rainfall during 

the events. Clearly, rainfall collection will work best if there are frequent, moderate intensity, 

rainfall events in each month of the year. As one moves away from this ideal situation, the need 

for storage reservoirs becomes more necessary. At the extreme, where annual rainfall is 

negligible, rainfall collection is not a viable option for a community. This usually means that 

traditional water sources such as rivers, lakes, wells and springs are also not viable since there is 

no rainfall recharge mechanism in place. 

In the absence of significant rainfall, many regions still have surprising amounts of water 

available from fog and even from dew. Fog collection has been shown to be a viable source of 
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good quality water in many arid parts of the world, e.g. Schemenauer and Cereceda (1994a), 

Cereceda et al. (2000) and Cereceda and Schemenauer (2001). The high elevation fog is 

produced by wind driven clouds moving over hills. The water droplets in these clouds can be 

collected in enormous numbers by appropriate meshes and used to provide water to villages or 

for agriculture. Suitable fog conditions are found in both extremely arid parts of the world and in 

seasonally arid regions. In regions with adequate rainfall during some months, e.g. the Caribbean 

and Central America (Schemenauer et al. 2001), fog collection can provide additional clean 

water during the dry winter months. The two sources of water, rain and fog, can be used in 

tandem. In regions of the world where rainfall is inadequate and where fog collection is not an 

alternative, it is still possible to look to the atmosphere for relief in the form of dew collection. 

The amounts are small but valuable, and efforts are being made to build more efficient dew 

collectors, e.g. Muselli et al. (2001). Both fog collection and dew collection have been discussed 

intensively at the First International Conference on Fog and Fog Collection held in Vancouver, 

Canada, in 1998 and the Second International Conference on Fog and Fog Collection held in St. 

John=s, Canada, in 2001. 

This paper will describe in detail the conditions under which one should consider 

utilizing fog collection systems, either to complement rainfall collection systems or as a stand 

alone water supply. It will also present examples of fog collection applications and it will give 

information on techniques for both the construction and the installation of fog collector arrays. In 

addition, it will describe recent studies of dew as a water supply. 
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WHAT IS FOG? 

Fog is composed of tiny water droplets.  The droplet diameters range from 1 μm to 40 μm. These 

are the same sizes as cloud droplets and, indeed, fog is simply a cloud with its base on the 

ground. Because of their small sizes, fog droplets have very low fall velocities and thus move 

horizontally with the wind (Schemenauer and Cereceda, 1994b). In places where fog is frequent, 

wind blown fog droplets are collected by vegetation in enormous quantities, large drops then 

form on the foliage, and these drops fall to the ground. This natural fog collection process 

sustains forests in the tropics (cloud forests), is an important water input to coastal forests in 

temperate latitudes and is the sole source of water for trees and plants in some desert regions of 

the world. 

BACKGROUND INFORMATION ON FOG COLLECTION 

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, supplied a village 

with clean water for ten years. At its maximum of 100 fog collectors, the fog collector array at 

this site produced an average of 15,000 L of clean water each day of the year, in an arid region, 

with an annual precipitation of only 60 mm. 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. 
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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: 

1) 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; 

2) 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. 

 

The modern era of fog collection research began in 1987. Efficient, low-cost fog 

collectors have now been developed (Cereceda et al., 1992; Schemenauer and Cereceda, 1992) 

and are being used in locations where conventional sources of water are unavailable.  Fog 

collectors are made of an inexpensive, durable plastic mesh (Schemenauer and Joe, 1989). The 

mesh has fibers that efficiently collect the fog droplets and is woven to allow for rapid drainage 

of the collected water. The mesh is erected in vertical panels that are 4 m high by 10 or 12 m 

long. Depending on the location, each panel produces 150 to 750 liters of potable water per day 

during the fog season.  The operational projects to date have used from 10 to 100 fog collectors. 

Projects have shown success in locations with as little as 5 mm per year annual precipitation.  

In the last 15 years, fog collection projects have been implemented in arid regions of 
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Chile, Peru, Ecuador, South Africa, Nepal, Canary Islands (Spain) and Cape Verde. Large fog 

collectors have also been built in the Sultanate of Oman, Namibia, Mexico, and Yemen. 

Successful evaluations using small fog collectors have been undertaken in many countries 

including Haiti, the Dominican Republic, Hawaii (USA) and Jordan. A new evaluation is 

underway in parts of Israel.  Both literature surveys and on-site investigations have shown that 

meteorological and topographic conditions are suitable for fog collection projects in arid regions 

of many developing countries (Schemenauer and Cereceda, 1991; Schemenauer and Cereceda, 

1994a). 

 

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. Schemenauer and Cereceda (1992a) reported on the quality of both the fog 

water and the water from the fog collectors at the El 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 (1992b) measured the 

concentrations of ions and 23 heavy metals in fog water at Ashinhaib in the Dhofar Mountains in 
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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 AVAILABLE 

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 El 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.  

The fog collectors at the El Tofo, Chile, site (Cereceda et al. 1997) have an eight year 

average production of 3 L m-2 day-1. The 100 collectors installed at the project=s peak had an area 

of about 50 m-2 each for a total collection surface of 5000 m2 . This yielded a multi-year 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 exceeded 100,000 L. This natural variability 

in production is site dependant and influences the storage capacity that must be built into the 
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water supply system, in the same way as it must be for a rainwater collection 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 for the fog season 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. Schemenauer et al. (2001) report an average 

production rate for 14 months of 2.5 L m-2 day-1 for a site in the Dominican Republic, with good 

production in the dry winter season. In neighbouring Haiti, Schemenauer et al. (2002) report 

average collection rates of 5.5 L m-2 day-1 for sites during the dry winter period. The highest 

monthly average was for a site in the Sultanate of Oman at 70 L m-2 day-1 but other sites also had 

high monthly values, such as the Mejía site in Peru which 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.  An annual average fog water collection rate of 5 L m-2 day-1 is a very 

productive value.  

 

THE EFFECT OF WIND ON FOG AND RAIN COLLECTION 
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It should be emphasized that wind plays a major role in determining the yield from a fog 

collector. It also strongly influences how much rain can be collected by a rainfall catchment 

system. This has been discussed in detail in Schemenauer and Cereceda (1994b). Fog collectors 

are vertical surfaces that are installed facing the wind. Within limits, higher wind speeds mean 

higher yields of water. In contrast, rainfall collection systems have been built largely as 

horizontal surfaces. Schemenauer and Cereceda show this to be an inefficient arrangement 

except in calm conditions. When there is wind along with the rain, a rainfall catchment system 

needs a vertical component and a proper orientation to achieve the maximum yield. For this 

reason, fog collectors are also excellent rain and drizzle collectors. 

 

THE EVALUATION OF A POTENTIAL FOG COLLECTION SITE 

Need for water: All projects begin with a stated requirement for water by the people in the area. 

It is this basic lack of a human need that limits the health and the development of communities. 

Usually the requests come from villages where conventional sources of water are unavailable 

and they are desperate for a solution. This can often be confirmed by contacting local 

government departments and NGOs working in the area. 

The beginning: The first step is to analyze the preliminary conditions, i.e. the macro scale 

factors, for the presence of fog and establish the type or types of fog that may be found in the 

area.  The use of a map and factors such as the location of the site in the continent (coastal or 

inland), the presence of anticyclones and cold ocean currents, mountains and wind directions, 

may be of great help.  The study of the climate of the area may also give the necessary 

information, especially Köppen´s classification that has for the arid and semiarid regions the 
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types BWn and BSn,  where the An@ means cloudy.  At lower elevations many days will have 

cloud cover but in the mountains the result may be fog. 

The presence of mountains: This is vital, since thick advection and orographic fog (the kinds of 

great interest) are often found at high elevations where they are formed by clouds moving over 

the surface. In the case of orographic fog, the presence of a mountain is an indispensable 

condition for its generation. The amount of water in stratus or stratocumulus clouds varies from 

one place to another.  A satisfactory altitude to work at is two-thirds of the cloud/fog thickness, 

measuring from the base. This portion will normally have the greatest liquid water content. 

The orientation of the mountain system: This should be taken into special account, as when the 

longitudinal axis is perpendicular to the direction of the prevailing winds bringing the cloud, the 

possibilities increase for obtaining good water collection.  Likewise, priorities should be given to 

windward sites, and it should also be remembered that often as cloud decks rise during the day, 

they will pass over the mountain range through the passes and gaps first (saddle points), and later 

over the summits or ridgelines. In arid regions they then often dissipate on the leeward side of the 

ridge. 

Local perception of the presence and duration of fog: Once the geographical analysis has shown 

positive indications, a survey of the local people should be done.  It can be done by means of 

simple conversations with some of the inhabitants or preferably with the help of a detailed 

questionnaire.  

Observations of the vegetation and ecosystems: In arid and semiarid regions, where the 

precipitation is not more than 200 mm, there is a great difference between foggy areas and areas 

with no fog.  Probably in the latter regions, the biomes are savanna, steppe or desert but, in the 
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foggy areas, the vegetation is much denser and there may be a predominance of shrubby vegetation 

or a forest.   

Preliminary field work: The analyses done with cartography, GIS or remote sensing should be 

taken as preliminary work.  All the features defined have to be analyzed in the field.  For example, 

even though maps show easy access, it may be that because of the surface (sandy or rocky areas) 

there is no possible access; therefore, the place may have the best potential but there are no 

possibilities to work in the area.  Furthermore, there are features that cannot be detected by 

cartography when the topography is not shown in enough detail. 

 

THE CONSTRUCTION AND INSTALLATION OF FOG COLLECTORS 

The Standard Fog Collector 

Once the site has been identified as suitable for fog collection, a plan for measuring the fog water 

collection has to be designed.  The best way to do it is with standard 1 m2 fog water collection 

devices known as Standard Fog Collectors (SFC). The construction and use is described in detail 

in Schemenauer and Cereceda (1994c). Photographs of SFCs in use are shown in the Appendix to 

this paper. 

Measurements of fog taken by conventional meteorological stations, which follow WMO 

(World Meteorology Organization) standards, are based on visibility.  Thus, when visibility is less 

than one kilometer, there is said to be fog.  Meteorological records keep track of the number of 

days of fog per month and per year, usually at airports where the elevation is low and the visibility 

is optimum.  This information can be indicative of the presence and the frequency of fog but it in 

no way helps to evaluate its water collection potential.   
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The important things to know are the amount of water that can be extracted, the duration 

of the period during which fog appears, and that the information generated are comparable with 

data compiled in other places. The Standard Fog Collector (SFC ) consists of a structure, or frame, 

with inside dimensions of one meter by one meter, supporting a mesh which intercepts the fog 

droplets.  The frame measures one centimeter in diameter or width and should be made of metal 

so as to retain rigidity.  It can be galvanized , painted or made of aluminum to prevent rust.  This 

panel is supported on a base 2 meters from the ground.  It is important to standardize the height of 

the frame from the ground because the collection of fog varies with height. Immediately below the 

mesh panel a collection trough is installed to collect the fog water.  The trough measures 1.04 m 

in length and may be square, semicircular or triangular in cross section.  

It must be pointed out that, when measuring fog using an SFC, it is vital to distinguish 

whether the collected water comes from fog, rain or drizzle.  This is because for the purposes of 

collecting water from the atmosphere on a large scale, the way of collecting each size of water 

drop varies.  Only in extremely arid regions, such as the north of Chile or coastal Peru, is the 

assumption of a negligible contribution by precipitation valid.  In order to sort out the amount of 

precipitation that the SFC is collecting, rain should be measured with a rain gauge placed with its 

mouth at the ground surface. Wind speed and direction should also be measured. Then, using the 

procedures outlined by Schemenauer and Cereceda (1994b), the partitioning of the water collected 

into fog and rain can be properly done. 

The Large Fog Collector 

A Large Fog Collector (LFC) can have a collecting surface of between 40 and 50 m2. The LFC is 

supported by two posts and the 40 m2 size is stronger and better for use in high winds. Because the 
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LFCs each are 10 m long, and require space for guy wires for the posts, one basic site consideration 

is that there be sufficient land available for the construction of the fog collector array. Two LFCs 

may be supported by three posts but larger groupings are not recommended. For a typical village 

project using 40 LFCs, a section of ridgeline 800 m long would be suitable. The site should not 

have large obstacles to the wind either in front or behind the LFCs and the location should have 

light to moderate winds (2 to 10 m s-1) during the time when fog is present. Examples of LFCs are 

shown in the Appendix. The base of the mesh should be from one to two meters above the ground 

to maximize the exposure to the wind. The mesh is attached to an interior frame of cables to allow 

for easy raising and lowering of the mesh. The posts can be made of wood or metal depending on 

what is the best local option. The posts should be 6.5 m long with a diameter of about 12 cm at the 

top. They should be treated to prevent rotting and have hooks installed to attach the support cables. 

The cables are firmly attached to anchor points in the ground. The wind load on the LFCs is high 

and they must be firmly supported. More details on the construction and installation of LFCs is 

available in a manual from the NGO FogQuest. 

 

STUDIES ON DEW 

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 vapour present in the air. Terms such as Adew 

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 Acondense@ as is often stated. Water 

vapor condenses. ADewfall@ 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. 
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Studies on dew in Israel are numerous and have been summarized elsewhere, e.g. Jacobs 

et al. (1999). The reader is referred to these other sources for a review of dew measurements. 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. It is this same technique, on a much larger scale, 

that is used in systems to collect dew for agricultural use. Muselli et al. (2001) report on a specially 

designed 30 m2 condensing surface exposed for six months in Ajaccio (Corsica, France). On the 

74 days with dew on the collecting surface, the average water yield was 3.6 L, or about 0.1 L per 

square meter of surface per dew day. Averaged over the six-month period, the yield was about 

0.0005 L per square meter per day. This may seem very small compared to the average 3 to 30 L 

per square meter per day that a fog collecting mesh produces but neither the dew collecting surface 

nor the location were necessarily optimum. Also, with large surface areas exposed in good 

locations, the yield may prove valuable when no other alternatives are available.  

 

DISCUSSION 

This paper is a basic introduction to fog collection for those not familiar with the field. It shows 

the need to complement rainfall collection in areas where precipitation is negligible for all or part 

of the year. It has made the case that even if both fog and rain are absent in significant amounts, it 

may be possible to utilize dew collection as a modest water source for people and agriculture. 

Depending on the circumstances, a properly designed community water project may utilize one, 

two or three of these atmospheric water sources based on the social, physical and meteorological 

conditions. There is much that each specialty can learn from the other. For example, the rainfall 

collection group has expertise in building reservoirs and treating water, the fog collection group 
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has expertise in understanding how to utilize topography and wind to maximize collection of fog 

and rain, and the dew group has expertise on the interaction of water with soil surfaces. We 

recommend closer contact between the specialists in these areas and joint projects where 

circumstances warrant.
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APPENDIX 1: PHOTOS 

PHOTO CAPTIONS 

There are four pages of photos showing different components of the fog collection evaluation 

process and the construction techniques used. Details of the images are given below. 

 

First page: Top - Standard Fog Collector (SFC) installed in the mountains in Yemen 

Bottom - the top portion of an SFC; the mesh is 1 m x 1 m; a trough collects the 

water that drips from the mesh; Robinson Crusoe Island, Chile 

Second page: Top - SFCs can be installed facing different directions to assess which wind 

direction results in the best water collection; 

Bottom - much of the work is done by local people including the sewing of the 

mesh onto the frame of the SFC; 

Third page: Top - the SFC is used to choose the best locations for a Large Fog Collector (LFC) 

Bottom Left - different types of posts can be used depending on local conditions; 

the top of the post is 6 m above ground; 

Bottom Right - the mesh is wrapped around and stitched onto support cables; 

Fourth page: Top - one LFC has a surface area of 40 m2; a collecting area of 10 m x 4m has a 

double layer of mesh; 

Bottom Upper Left - most of the work is done before erecting the mesh; 

Bottom Upper Right - pulleys are used to rapidly raise and lower the mesh; 

Bottom Lower Left - the mesh must be securely attached to the cables; 

Bottom Lower Right - the trough hangs from the lower cable and collects fog water 

that drips off the mesh. 
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           Standard Fog Collector (SFC), Maswaar, Yemen 
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            SFC frame detail, Robinson Crusoe Island, Chile 

 
 

                SFCs measuring fog water collection from different wind directions in Yemen 
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    Sewing the mesh of the SFC in Yemen 

 

 
 

      Standard Fog Collector (SFC) and Large Fog Collector (LFC) in Yemen 
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      LFC construction details and sewing of the mesh   
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Lifting and sewing the mesh                                    Top mast and trough details    
 

 
                   

 

  

  


