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Abstract:  
In the Dhofar Mountains of southern Oman there is sufficient fog during the three-month Kharif season for it to be 
captured and utilized as a water supply. The vertical and horizontal components of total precipitation have been 
identified and quantified through research studies carried out by the Ministry of Water Resources. The vertical 
component is measured using standard techniques. The horizontal component is measured by an experimental gauge 
designed to simulate grass-covered conditions in the mountains. Another type of experimental gauge measures the 
drips from moisture captured by trees. The data collected from the experimental gauges yields equations describing 
the relationship between vertical and horizontal rainfall and this enables correction factors to be calculated for each 
standard rainfall gauge. The correction factors can be used to upgrade the rainfall data contained in the Ministry 
database. 
 
1. INTRODUCTION 
Oman, occupying the southeastern sector of the Arabian Peninsula generally experiences a desert climate. Work 
done on the hydrology of the country by earlier workers has revealed that the southern coastal Dhofar area of the 
southern region of Oman is governed by three main weather systems: (i) the Frontal System, occasionally yielding 
moderate rainfall during late December to April, originates from the Mediterranean or Red Sea, (ii) the Tropical 
Cyclones, originating over the Arabian Sea, during May - June and October - November, result in heavy to violent rain 
generally associated with high wind speeds, occurring on the average once every three to five years and (ill) the 
south-west monsoon or Kharif occurring annually between late June and late September. 
The Kharif, which is the most dependent precipitation in southern Dhofar, brings about a continuous fog/drizzle for 
three months, transforming the Jebel Dhofar into a mist- capped green canopy during this period. This wet soggy 
conditions together with green, mist covered mountains of southern Dhofar, perhaps appear to be out of place for a 
desert portion of the entire gulf region. 
In other parts of the world, notably Chile and Peru, where water is scarce but fog/moisture is abundant, investigations 
have been done and methods devised, successfully, to capture the fog, as a source of dependent domestic water 
supply. 
Against this background, under the auspices of the World Meteorological Organization (WMO) and the United Nations 
Development Program (UNDP), researchers in Oman commenced experimental studies in 1989 to study the 
possibilities of harvesting the fog/mist for any possible uses. Results of this study bas demonstrated the possibility of 
collecting significant amounts of water using appropriate collectors. 
The above research program was extended to a comprehensive feasibility study during 1990, to design, fabricate and 
install new large fog collectors, monitor the collection of fog and finally analyze the results. The study was able to 
identify the cost effective most efficient screen material, collector size, variation of collection with altitude and some 
other secondary features. 
Subsequently, the fog collection study was taken over by the Ministry of Water Resources (MWR), and in 1992 the 
ministry initiated the experiment to study in detail the relation between total precipitation and the moisture captured 
and the instrumentation to measure the total precipitation and the moisture component. 
 
2. THE MONSOONAL PROCESS IN SOUTHERN DHOFAR 
The Kharif in Southern Dhofar is the result of interaction of wind circulation over the Indian Ocean and the Arabian 
Sea with the low pressure area which persists in the Nejd, caused by the progressive heat up of the interior of Arabia 
during April to May. The process leads to an excessive stratiform cloud, a persistent moist southwesterly wind and a 
coastal upwelling over Southern Dhofar (Price et al, 1988 ). This causes a cooling of the sea temperature, which in 
turn condenses the warm moist southwesterly winds moving over the coast towards the landmass generating foggy 
humid conditions with frequent light rain (drizzle). As the fog moves inland it is intercepted by the vegetation cover and 
or any other natural/artificial barrier and is captured. The moisture thus captured constitutes a major portion of the total 
precipitation during this period. 
 
3. EXPERIMENTAL STUDIES ON M 0 IS TURE CAPTURE 
3.1 Previous work 



Earliest work on moisture capture was done in 1989, under the auspices of WMO and UNDP and the results were 
very encouraging, demonstrating the strong possibility of collecting significant amounts of water using appropriate 
collectors to capture the fog. 
This led to the continuation of the program extending it to a comprehensive feasibility Study during 1990, on fog water 
collection and its possible uses, COWI consult, [1992]. 
The first priority was the design and fabrication of a collector using the screen material and the technology locally 
available and then test it in the field. Using the most appropriate screen material and the technology locally available, 
collectors of various manageable sizes were fabricated and tested in the field during the Kharif of 1990. Collectors of 
nominal sizes of 4x4m,4x8m and 4x12m were used in the study. 
To get some idea about the variation in collection with height, an experiment with five collectors of one square meter in 
size, mounted with center heights of 1.5m, 3.5m, 5.5m, 1.5m and 9.5m was conducted and the results showed that the 
collection increases significantly with increase in height above the ground level. 
Finally an economic analysis was done to determine the feasibility of utilizing the fog water collection technique for any 
economic use. From this it appears that fog water collection technique is not an economically feasible method to be 
applied in Oman for water supply use. 
After the initial phase of the experimental Studies on moisture capture was concluded, the Ministry of Water 
Resources (MWR) commenced further work on moisture capture studies, in August 1992. This time, emphasis "was 
placed on identifying the fog component” from the total precipitation and designing a simple and reliable measuring 
instrument for fog collection. 
Preliminary work on this aspect, done by MWR [1996J, has indicated that the total precipitation during Kharif in 
Southern Dhofar is well in excess of the precipitation measured using conventional methods. 
 
3.2 Measurement of Monsoon Precipitation 
The monsoon precipitation gauge used in Southern Dhofar is a simple device adapted to natural conditions. It consists 
of a conventional rain collector and a grass holder comprising of two superimposed circular wire screen mounted 
inside the collector. The main features of this modified monsoon precipitation gauge used in Southern Dhofar are 
shown in Figure 1. The mesh is so designed to maintain the grass in a fixed vertical position and also to adjust the 
grass density to match with the daily density of the natural grass in the experimental site. 
Initially the experiment was done at two sites, namely, at Qairoon Hairiti - a hill station, 880 meters a.m.s.l. and Hagum 
- a foothill station, 160 meters a.m.s.l.. Three gauges, a conventional daily rain gauge, a monsoon precipitation gauge 
with natural grass and a monsoon precipitation gauge with artificial pine type grass were installed and the experiment 
conducted in the Kharif season of 1992/93. The conventional daily rain gauge measures rainfall (R) which is the 
vertical component of precipitation. The monsoon gauge with natural grass measures the total precipitation (P) where 
the grass emplaced on the gauge is made the same as the density of the surrounding natural grass in the area and 
the density is adjusted daily. The monsoon gauge with artificial grass measures the apparent total precipitation (pa) 
since the used density of artificial grass is made constant throughout the course of the experiment. The density of 
artificial grass used is equivalent to the average density of natural grass from the start of their growth up to the time of 
their maturity (see Table 1) 
 

 
 
3.3 Current work in Fog Collection 
After MWR concluded the preliminary experimental work on fog collection, work continued in deriving relational 
equations between rainfall and total precipitation for grass-covered and for tree-covered areas for all Kharif months 
using all the available experimental data to date. Extension of the experiment during the 1997 Kharif composed of the 
following: 



(a) Weekly measurement of the weight of grass in five selected stations, already having previous experimental data, to 
determine the grass density per unit area in relation to their growth rate; (b) Daily measurement of the apparent total 
precipitation using monsoon precipitation gauges with artificial grass, having the same artificial grass density as 
before; (c) Daily measurement of the amount of precipitation collected from under-the-tree collectors. 
 
3.4 Precipitation in Grass-covered Areas 
With the start of the Kharif, grass begins to grow and reaches maximum growth at some stage after the middle of the 
Kharif. To know the actual grass density in the experimental station, two simultaneous observations were made, on 
the growing grass, one measuring the length of the leaves and the other, weighing the grass as a function of time. 
Since the leaves multiply as the grass grow, therefore the data obtained by weighing the grass is more appropriate. 
For the month of June, when the grass is still absent, the precipitation in grass covered areas could be assumed to be 
equal to rainfall (R) measured in conventional gauges. Equation (1) yields the curve of the observed data. 
D = 1.2044 * exp(0.063485 * t) (1). 
where D is the grass density in percent and t is the number of day from the start of the month of July. The fixed density 
of artificial grass used in the gauge has equivalent density of natural grass comparable to the average (50% density) 
vegetation cover in the mountain area (MWR DGWRA, July 1996). The total precipitation collected by a monsoon 
gauge with 50% density of natural grass is equivalent to the 100% of apparent precipitation collected by the monsoon 
gauge with artificial grass used and the equivalent equation (2) 
De= 2.32585*exp(0.0626667*t) (2) 
The horizontal component of precipitation H is computed by subtracting rainfall R collected from conventional rain 
gauge from the apparent precipitation Pa collected from monsoon gauge with artificial grass multiplied by the 
equivalent grass density De (in fraction) that is (3). 
H = [De /100][pa - R] (3) 
The ratio Pa/H versus t and Pa versus R for the 4 experimental stations plot to derive relational equations for the 
apparent precipitation Pa for each station. 
The amount of moisture captured rises with altitude, as proven by earlier workers. The obtained apparent precipitation 
Fa equation for Hagum station sited at the foothill at elevation 140 masl is Pa = 1.70*R while Hajeef station located at 
elevation 900 masl has Pa = 8.841 *R. Other weather parameters such as wind speed, relative humidity etc. also have 
a direct influence on the amount of moisture capture. 
The 1995 data set for the 3 stations Hajeef, Tawi Attair and Qairoon Hairitti (all situated at high altitudes) is 
consistently higher than the other years for low R This probably could be attributed to the influence and variability of 
these weather parameters. 
From the plot of Pa/H versus t for Hagum rainfall station (AD995578AF), the obtained 
The vertical and horizontal components of total precipitation have been identified and quantified through research 
studies carried out by the Ministry of Water Resources. The vertical component is measured using standard 
techniques. The horizontal component is measured by an experimental gauge designed to simulate grass-covered 
conditions in the mountains. Another type of experimental gauge measures the drips from moisture captured by trees. 
The data collected from the experimental gauges yields equations describing the relationship between vertical and 
horizontal rainfall and this enables correction factors to be calculated for each standard rainfall gauge. The correction 
factors can be used to upgrade the rainfall data contained in the Ministry database. 
The study has revealed the magnitude of the horizontal component (H) of precipitation, under certain monsoonal 
conditions within the Dhofar mountains. Results to date indicate that this may constitute more than 50% of total 
precipitation. Given that these mountains are the dominant recharge area for groundwater flow to the adjacent, well-
developed Salalah Plain, a review of recharge estimates (traditionally established through evaluation of only the 
vertical component of precipitation) would appear warranted. 
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