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Ihe Collection of Fog DriP

JrNonL Goolnaew

Department of Meteorology, San Jose State Uniuersity, California

Fog and low stratus clouds are the dominant climatic feature along the central California coastline

durin"g the summer months. This moisture source is not only a critical feature in the local hydrologic,

cycle,iut may prove to be a valuable source for augmenting the water s-uPplies. During the summer of

lgS2 an experiment was conducted to examine the relative elficiency of two man-made fog collection

systems, the harp and cylinder. The systems were designed to maximize the collection of water droplets

on vertically strung wiies. The systems collected a rain gauge equivalent of between 25.2 and 80.4

cm/unit veriical area as compared to the mean annual rainfall of 60 cm'

INrnopucttoN

The subtropical portions of the west coasts of the world's
continents are dominated by the position and eflects of semi- .

permanent summertime high-pressure systems. Coupled with
the upwelling of cold ocean currents, the moist maritime air is

condensed and concentrated under a "capping" inversion. In
regions such as central California the coastal mountains block
the inland dispersion of this moisture, resulting in an intense

and persistent layer of coastal fog and low stratus. Within this
"foggy belt," the phenomenon of water dripping from the foli-
age is often observed. Variations in the amount of fog drip are

not only due to the type and size of foliage but also due to the

actual location and density of the foliage. It is apparent that
needle-type trees (Pine, Redwood, and Fir) are by far the best

collectors. Whereas large "leaflike" structures promote the

flow of moisture around the surface, "needlelike" structures

with diameters on the order of magnitude of the water drop-
lets result in impaction and collection.

The fog water deposition is an important ecological factor.
A number of researchers loberlander, 1956; Twomey, 1957f

have shown that fog, in addition to reducing evapotranspira-
tion losses from soil and vegetation, may contribute significant
quantities of water into the hydrological cycle lAzueilo anil

Morgan, 1974; Went, 19551. Coastal areas which are often

enveloped in fog typically develop dense and unique veg-

etation such as the redwood forests along the northern coast

of California and tropical forest in Veracruz and Hawaii.
Numerous research projects have been conducted to cap-

ture fog droplets using man-made collectors. In most cases the

fog droplets were collected through impaction on wire mesh

or on screens of wire lNagel, 1956,1962; Ekern, 1964; Vogel-

man et al., 19681. Fewer experiments have been conducted

using louver-type designs lJuuik and Ekern, 19781. Results

indicate an increase of up to 60% in collected water compared
to control rain gauges depbnding on actual elevation of the

station. Although the louvered aluminum screen appears to be

the most effrcient collector, it is relatively expensive and less

durable than mesh or harp designs.

This paper reports the results of a similar project under-

taken in the summer of 1982 in the San Francisco Bay Area.

The objective of the study was to evaluate the effrciency of two

man-made collectors, the harp and cylinder.
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ExprntltgNral OBSERvATIoN

The experimental site was an open, shrub-covered mountain
ridge (Montara Mountain) 550 m (1800 feet) high and 11 km
(17 miles) south of San Francisco, California. Two different
fog collector designs were used employing 0.8 mm diameter
monofilament nylon as the impaction mechanism. The first

design (Figure 1) consisted of two flat harps, each I m square

and mounted 1 m above ground level. The harp was fixed with
an orientation facing normal to the prevailing northwest wind

direction. Each harp consisted of 500 vertically strung wires at

1.2 mm intervals. The second design (Figure 2) consisted of
three concentric cyclinders, I m tall and mounted I m above
ground level. The outer cylinder had a diameter of 63.6 cm

with 1000 wires, the middle cylinder had a diameter of 53.8 cm

with 844 wires, and the inner cylinder had a diametet ol 44'L

cm with 694 wires. The selection of optimal wire diameter was
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Fig. 1. Wire harp collector



Fig. 2.

Gcnou,lN : TrcHNrclL Nors 393

based upon the computations of collection efficiencies for pre-

vailing wind speeds 5 to 7 m s-1 and typical fog drop size

distributions lGoodman, 1977, 19821. It is important to note

that larger droplets even in very small concentrations are the

major contributer to liquid water content. To record con-

current meteorological data the site was equipped with an

anemometer and hygrothermograph. The experiment was con-

ducted from May 28 to September 8, 1982. Climatologically,
these months are void of measurable rainfall; therefore no rain
gauge instrumentation was necessary. The data for each in-
strument and the computed collection rates are presented in
Table 1.

DrscussloN eNo Cot{clusroNs

The windward harp and cylindrical collectors averaged a

. rain gauge equivalent of between 25'2 and 80'4 cm/unit verti-
, cal area, respectively. This compares to the mean annual rain-

fall of 60 cm and clearly demonstrates the importance of this

summertime moisture source to the local environment. During
this summer dry season only trace amounts of rainfall are

recebed and therefore "fog drip" is the sustaining moisture

source for several months at a time.
The leeward harp collected on the average 49oh of the

amount collected by the windward harp implying a 5lok re-

duction in the collectable water. The collection rate of the

cylinder was nearly ll3 greater than that of the dual harp. If
the actual number of wires per instrument is taken into con-

sideration, then the collection rate of the single harp is the

highest. The cylinder (2538 wires) had an average collection
rate of 1.6 x 10-a L h-l/wire and windwar{ harp (500 wires)

TABLE 1. Collected Fog Water and Collection Rate at Montara Mountain, Summer 1982

Cylinder collector.

Collected Amount, L Collection Rate, L h-t

Date,
1992

Time of Fog*
Occurrence,

hours Cylinder
Windward

Harp
Leeward

Harp Cylinder
Windward

Harp
Leeward

Harp

May 28-31
May 31 June 3

June 3-6
June 6 10

June 10-14
June 14-17
June 17-20
June 2C_22
June 22-25
June 25-27
June 2l-July 2

July 2 6

July 6-15
July 15-22
July 22 28
July 28 Aug. 7

Alug.7-14
Aug.14 22
Aug.22-27
Aug. 27-Sept. 8

Total
Mean

60
41

34
hygrothermograph

malfunction
/)
9

72
52

71
44

108
40
20
60

104
127

146
100
80
10

t253

0.26
0.04
0.05

hygrothermograph
malfunction

0.34
0.07
0.66
0.58
0.78
o.26
0.52
0.38
0.69
0.46
0.48
0.30
o.29
0.10
0.52
0.09

0.36
0.23

0.11
0.02
0.03

hygrothermograph
malfunction

0.17
0.03
0.40
0.39
Mt
0.2r 0.11
0.25 0.12
o.2t 0.10
0.34 0.12
0.2't 0.13
0.34 0.21
0.15 0.06
0.15 0.07
0.05 0.03
0.26 0.14
0.08 0.04

15.78
1.63

1.72
26.90

25.35
0.65

47.7 5

30.02
55.40
1r.20
56.00
15.00
13.7 5

27.65
50.35
37.50
42.50

9.65
41.80
0.90

5 1 1.50

6;72
0.75
0.94

12.80

12.35
0.29

28.45
20.00
Ml
9.00

26.50
8.50
6.85

t6.25
35.80
18.50
22.15
4.80

20.75
0.75

252.t5

4.75
13.00
4.00
2.30
7.80

22.25
7.90

10.25
2.s5

10.80
0.40

86.00

0.10
0.79 x 10-a

0.19 0.10
0.13 0.05Standard deviation

Average rate. L m-2 h-l
Average rate, L h-r/wire

0.65 0.19
1.6 x 10-a 3.99 x 10-a

*Estimated using hygrothermograph and visual observations,

tHarp removed for installation of second panel.
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3.99 x l0-a L h-l/wire, respectively. There were periods
when the dual harp collected water at a higher rate than the
cylinder (July 22-28 and August 27-September 8). It is as-

sumed that this variation in elliciency is either due to an opti-
mal wind direction for the harp (northwesterly) or changes in
the cylinder collection elliciency caused by wind speed vari-
ations and induced flows around the cylinder. Note that the
cylinder presents a near solid surface at its edges tangent to
the ffow.

The total amount of water collected over the 3-month
period (June, July, and August) was 252.15 L for the windward
harp and 511.5 L for the cylinder. The months of July and
August are statistically tbe foggiest months along tbe central
California coastline with some coastal locations averaging
greater than a 50% frequency fPatton, 1956: Sirwn, 1976f. A
direct comparison of collected amounts of water with other
researchers is not a straightforward task duc to variable and
insullicient information on the number of fog hours and

amount of rain precipitation. If we consider the variability in
collection rate (average 0.19 L h-r and standard dcviation
0.13 L h-r), then on tbe average one can expect to collcct
between 2 and 4 Llntght per I m2 vertical area. This compares
well with the 3 L/night recorded by Pcrsons [960] in Berke-
ley for a l-m2 screen. There is typically a large daily variation
in the collection rate that is a function of fog liquid water
content which varies with time and clevation fGoodrnan,
t9771.

This experiment validates the hypothesis that sigrrificant
amounts of water can be collected in areas of high advection
fog frcquency. From Table I it is evident that a single harp
has the highest collection rate p€r wire. In areas with persist-
ent wind direction a single or dual harp would appear to be

most eflicient. In locations which exhibit wide variationi.in
wind direction; however, the single layer cylinder may be pre-

ferred.
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