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ABSTRACT

The Meditenanean Basin combines importanl problems in water resources due to its charactedstic

climatology. Urban development, irrigated-land expansion and aquifer stless are some activities among

others that constrain water availability. Recently, the Mete orology-climatoloSy work group of the CEAM

has been working in the analysis of fog formation factors and fog dymmics in Eastem spain and also in the

quantification of fog deposition and the |neasurement of olher atmospheric variables at several mountain

locations by means ofpassive fog collectors and meteorological instrumentation. This pioneer project in the

westem Mediterran€an Basin is aimed to quantify and relate fog water collection to the meteorological and

geographic conditions in order to evaluato this kind of resource. First results show that fog deposition may

be comparable to precipitation amounts for a one-year period depending on location and exposure. During

the summer period, when diumal temperatures are high and rainfall amounts are small, fog collection can

be as much as 100 l/Dt2. The summer amount of collected fog water depends on the location of the

experimental Site, however it iS above the Summer precipitation amount in most of the cases. As a first

application of the study, we have revised the possibility of using fog water for the restoration of areas that

have been affected by forest fires in Eastem Spain.
to the coast, no more than 10 km away from tbe

coastline. Orientation of these mountain ranges

is approximately perpendicular to the direction
of the maritime east winds which bring clouds
and moisture air to form coastal and advected
fog. Two objectives have been proposed in this

study. First, collected fog water must be

quantified at several selected sites throughout
different annual seasons with the aim of finding
the most appropriate periods for collection and

the final storage needs in a practical use. Second,

a potential fog water use in the restoration of
forest areas affected by wildland fires must be

evaluated in the same selected sites in order to
determine a number of veg€tation units that may

be restorcd.

2, IIIETHODOLOGY

Three pilot sites were selected: Mount Bartolo,
the nofihemmost sit€, Mount Mondirver and

Mount Montg6, placed to the south of the regio.
under study. These three sites represent different
cliDatic areas and coastal wind exposures (see

Figure i).

I. INTRODUCTION

Due to its climate characteristics, the

Mediteranean Basin is a region with important
problems in water resources. Water supply is
being strained all over the Eastem Spain because

of the anth.opic pressure, the expansion of
irrigated land and the aquifer ov€r-exploitation.
Within this context, the Meteorology and

Climatology work group has been determining
the key factors for fog formation over coastal

areas and also has been quantifying collected fog
water as an input in the hydrological system

(Mill6n et al., 1998). Some authors (Marzol,

2001; Marzol and Valladares, 1996) have also

worked in oth€r regions of Spain, not in the

lberian Peninsula but in Canary Islands, to
evaluate the use of collected fogwater in rural
areas for crop inigation or population supply.

Coastal regions of Eastern Spain meet most of
the geographical considerations for fog
formation and potential collection as exposed by
Schemenauer and Cereceda (1994). This region

fgahlres some mountain ranges that rise to

altitudes higher than 500 m and are close enough
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Figure 1. Selccted sites in Eastem Spajn

lnstnlmcntalion for fog collcction measurements

at each site is made up by a number of ditTerent

sensors. The fog colleclor itself is handmadc,

bcing bascd on thc ASRC (Ahlospheric Science

Rcsearch Center, State Univcrsity of New York)
string collcctor (Falconer and Falconer, 1930). It
consjsts ol a cylindrical polyamide frame to
rvhich 1000 vertically oriented and closely

spaced (1.8') nylon strings (0.8 mm in diametcr)
have bcen mounted in five concentric circlcs
This sensor acts as a passive continuous

fogwatcr collector sincc it lacks from mobile
parls or other mcchanical dcvices. The collector
is 46 cm high and 26 cln in diameter so it I

erhibir. a cros'-section crposure area ol46x2o ,'
(ln2 lo lhe actual wind dircction. Water drainlgc I

is made by means of several holes on the base

lramc and silicone tubing that leads into an

enclosure containing a tipping bucket raingagc
(see Figure 2). A polypropylene cylindrical tray

was attachcd to the top ol the string colleclor to
prcvent contanination by rainlbll as far as .

posiblc. lhe colleclecl log wetcr volumc pcr i
tunil arca r1621 comcs irom dividing thc 

I

collc(led \ol..lne b) lhe cro.s-section arcJ 
I

Tne sLring collector is scl on top ol a galranizcrl

steel pole of 3-m height. Other meteorological
instrLlmcnts are also appcnded to the pole at

differcnt heights (Figure 2). From top to bottom,
thesc sensors are: an integrated vane-

anemometer, a tipping bucket raingage, four
parallel-connectcd wetless sensing flat grids and

a temperature and relative humidity probc.

Finally, a Campbell CR5l0 data logger and a
GMS comnunications modent are allocated into

a watertight enclosure. Scnsor sampling is made

at 6-second intervals in the case of the lvind
sensor and lipping buckcts, and l-minute
intervals for the other instruments. Data is

recorded as lo-minute averages of the sampling
mcasurements, and these are daily transnlittcd

via GMS communications to the CEAM central

station. A 12 V battery and a l0 W solar panel

porver the rvhole instrLlmentation so the system

can."vork unattended.

Figure 2. Integrated systcln for fog water
collection and meteorological measurements

Thesc added sensors to the string fog collector
have allorved to achieved quality measurements

of several meteorological parameters that

appropriately complctc fog water volumc data.

The above integratcd system for fog water

collection has beeD set up for last year (2003) at

the three selected sites. Data collected during
pcriods when wind velocity was greater than 10

m/s rvcrc discarded. This practice was useful to

remove strong gales or stonns that are not the

actual interest of the study and also produce data

of dilficult interpretation. Data recorded for
pcriods of wetness sensing grid response nol

closc to one were also rejecled because it rvas

considered they could not represent wet
conditions that prove eithcr rainlall or fog

eplsodes. Rainlall was then conplrted from the

reduccd data set at 10-minute inter-vals, and daily

and seasonal tolal values wcre calculafed. From

this reduced data set, a fog collection lo-minLrte

sampie rvas also discarded ifprecipitation greater

than 0.5 mm occurred in the previous one hour

period. This practice tried to prevent fog
mcasurements from contan]ination due to rainlall
in conrbination with wind episodes. Finally, fog

collection volumes rverc con'tputed, and daily
and seasonal total values r.vere also calculated.
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Although the study has a clear pu.posc towards

the dcsign of a method for obtaining and storing
iog water to be used in the restoration of
dcgraded forest arcas, we only present first
results ofthe experimental part wiih regard to the
quantification and fteqrtcncy of fog colleclion.

3. RESULTS

l 1 Coilected water volumes

Table I shows the total seasonal values of
rainfall and collected fog water that were

mcasured aft€r the application of the

methodology that has been exposed above.

Table 1. Total seasonal values for collected
rainfall and fog water.

Mount Bartolo presented a total annual
prccipildrion ol 574 nlln cnd a lotal annttal log
\ ater collection ol 30q I nr'. Fog collection is

not cqually distributed along the sh.rdy year.

Auhrmn and beginning of winter are the periods

whe. greater volumes of fog water can be

registered. It can be observed how fog collected
volumes are similar in value to precipitation
voluncs during the length of a season, except lbr
spring. Having in mind that surnmer is a quite

dry and hot season, collecting fog watcr during
this period for irrigation of degraded forcst areas

may be an important practigg for the restoration

of such areas. The predominant wind direction
for the development of fog is south-southeast
with lnean wind velocities under 15 km'4r.

Mount Monduver presented the highest total

annual precipitation of the three sites with a
volume of 1065 mm, rvhile the associated total

annual fog water collection was around 515 l/m?.

Maximum values took place in wintel and

spring, and the low values in autum were due to
a technical problem. During spring, the seasonal

collected fog water volumc is of the same order

as the precipitation volume. Winds during fog
episodes are predominantly from the East and

Southeast directions with speeds below l5 kmft,
reaching values around 25 kl/h for some

intervals during winter.

Mount Montg6 shows the most intercsting
results of the three selected sites. The annual fog
water collection (1070 n.un) is almost twice the
annual precipitation volumc (693 l/m2). The

highest fog collection rates take place mainly in

autumn and winter alike the hvo other sites. In
this part of Spain characterized by hot and dry
sunmers, it stands out how the collected volume
for fog water is more than twice the voluluc of
precipitation dudng this seasonal period. Wit'tds
ar€ predominantly frorn East and Southeast
directions with mean specds around 15 km/h,
reaching occasionally values around 25 km./h.

l
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Figure 3. Seasonal percentage ofdays with only
fog, fog and rainfall, and only rainfall collection.

Figure 3 shows the number of days in pcrcentage

for which fog only, rain only or both were

collected. It is clear that when only one elemcnl
is collected, there is not contamination from the

other. For days with both min and fog collection,
contamination is also minimal after data

reduction as explained in Scction 2. As stated

there, fog data were considered valid if the
previous 1-hotu rainfall was less than a threshold

of 0.5 nlm. Therefore, days with both rain and

fog collection contain episodes of these trvo

lt4

7l

515 691



elenents at least one hour apaft. For these days it
was verified that reducing the threshold to zcro,

obtained volurncs lor fog water were similar or a

bit smaller; \vhile setting tiris threshold to a

greater lirrit, fog water voluntes were almost
twice the earliest values.
The figurcs that appear on the bars of Figure 3

represent the seasonal fog water volunes
collected for days with presence of fog alone and

days with presence ofboth rain and fog. The sun't

of each pail of figures equals seasonal values of
fog water that appear in Table L As seen, fog
episodes alone bring less water volumes than

episodes accompanied by rainfall, even though

the percentage of days with presence of fog only
is bigger.

1.2 Geographic variability

The three sclected sites show different annual

collected fog water volumes even though they
share geographic conditions as altitude and
proximity to the coastline. The least volumes

were registered at the northernmost site (M.
Bartolo). This finding may be explained because

ofthe orientation of the mountain ranges. ln the

case of the northemmost site, wird directions for
the developmcnt of fog episodes must be South

and Southeast which in fact do not correspond to

prevailing winds in this area of the

Mediterranean. However, the other two sites are

perfectly cxposed to the east winds, which are

more common in Eastem Spain. With regard to
$ ind rpeed. collection of fog water is maximum
when values are around 15 km4r. There have

been no fog episodes when wind speed has

reached values above 28 km/h. The differences

in water collection of the three sites cannot be

due to the small differences in altitude nor to

differences in fog thickness which are

unreasonable.
Having in mind that some technical problems

occurred at M. Mondirver that could deplete the

measured volumes, there seems to exist a North
to South gradient of collected fog water. Fog

episodes are more frequent at M. Montg6 rather

than at M. Bartolo.

4, CONCLUSIONS

- During summer, fog water collection
uolum-es can be as high as 100 l/m2. This
value may be considered an important water
input for areas with hot and dry summers

since it may even €xceed the precipitation
amount for those periods.

- This preliminary study has shown very
promising results in Eastern Spain in order
to obtain a new water resorLrc€ as an input
for the restoration of the degradcd
vegetation canopy after a forest fire. The
fogwater collected volumes meet the

irrigation-rcquired quantities of i0 to 20

litres pcr pine plant for a standard forest
plantation of 800 to 1000 trees. The small
trees nccd only one or two waterings in their
first year after planting (Pen'iiin and Navarro,
1993).

- Forest rgstoration is critical during summer
because of the lack of available water. An
impofiant water contribution for this period
could be obtained from fog water collection
as dernonstrated in the study.

5. ACKNOWLEDGENTENTS

This research was suppo ed by the Ministerio de

Ciencia y Tecnologia, contmct number

REN200l-1086/HID. Technical support was
providcd by S. Daza. The CEAM is supported by
the Generalitat Valenciana and BANCAIXA.

6, REFERENCES

Falconer, R.E. and Falconcr, P.D. (1980)

Determination of cloud water acidity at a

mountain observatory in thc Adirondack
Mountains of New York State. J. Geophys.

Res.,85,7465-'/470.
Marzol, M.V. (2001) Fog: drinking water for

rural zones. Second Internalional Conference
on Fog and Fog Collection,24T-250.

Marzol, M.V. and Valladares, P. (1996)

Evaluation of fog water collection in Anaga
(Tenerife, Canary Islands). First
lntemational Conference on Fog and Fog
Collection,449-452.

Milldn, M., Estrela, M. and Vallejo, R. (1998)

Evaluation of the hydrological inputs in the

Mediterranean basin. Fiirl International
Conference on Fog and Fog Collection,281-
284.

Pemdn, J. and Navano R. (1998) Repoblaciones
forestales. Edicions de ld Un ersilat de

Lleida,400 pp.
Schemcnauer, R.S. and Cereceda, P. (1994) Fog

collection's role in water planning for
developing countries. 1y'alrral Resowces

F onun, 18(2) , 91-100 .


