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With 5 Figures and 2 Tables

The spatial and temporal fog collection variability and the potential use of fog as an alternative
source of water supply were evaluated in southern Colombia by means of fog collection
experiments. Twelve Standard Fog Collectors (SFC) wereinstalled inamountai nouszone, based
on topographic and fog formation conditions. Different shade coefficients were evaluated,
rangingfrom 1,680t0 1,850 ma.s.|. Resultsindicateahigh potential for theuse of fogto meet water
requirements in rural areas. Data collection and analyses covered both dry and rainy seasons.
Annual average collection ratesamounted to 4.2 | per m?per day for precipitation +fog, and 3.3 |
per m2per day for fog only. The most important month for collection was Junewith 5.3 per m?2
per day for precipitation + fog, and 5.0 | per m?per day for fog only in dry days.

1. Introduction

Regional hydrological droughts occur naturally
in some mountainous zones of the Colombian
Andean watersheds. These events have nega-
tive consequencesin terms of water availability
inrural areas, both for human consumption and
for agricultural purposes (Molina 2007). Such
associated water scarcity in several regions of
the Andean mountain range of Colombiais ag-
gravated by an advancing deforestation of the

native highland forests, product of the expansion
of the commercia agricultural frontier (GWP
2000), and of the growth of illicit cultivations
which are managed by drug trafficking cartels.
According to the United Nations, continuous
coca and poppy farming in Colombia has had a
detrimental effect on the environment, leading to
an annual average loss in recent years of more
than 200,000 hectares of native forest (Calvani
2007). In addition to these factorsthat potential-
ly worsen the water availability in theregion, the
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L ocationof thestudy zone: near themunicipality of Roldanillo, intheAndean mountai nsof southern Colombia
Lage des Unter suchungsgebiets: nahe der Stadt Roldanillo in den Anden im stidlichen Kolumbien

Fig.1

use of surface water sources is sometimes re-
stricted by chemical pollution of springs and
mountainous streams caused by the uncon-
trolled and inappropriate use of agrochemicals
in agriculture (Molina and Escobar 2005).

Scarcity of surface water sources in mountain-
ous zones could be managed partially by means
of water from fog collection (Schemenauer and
Cereceda 1994a). Water harvesting from fog
could also be considered for arid and semiarid
rural zones, not only in scenarios concerning
water supply, but also as an option to get water
of good physical quality or in instances where
water treatment from surface sourcesis not fea-
sible. However, basic chlorination treatment of
water collected from fog should be considered for
human consumption based on local and regional
environmenta policies. To date, the potential use

of fog water asan aternative for water supply has
not been evaluated in Colombia. The main objec-
tive of thiswork is to study the spatial and tem-
poral fog-water collection variability in amoun-
tainous zone of Colombia. This paper presents
analyses and results of a successful experiment
with fog-water collectionin the Andean mountain
range of southern Colombia, wherethe collection
material consisted of polypropylene meshessimi-
lar to those used in other experimentswith Stand-
ard Fog Collectors (SFC) (Schemenauer and
Cereceda 1994b; Cereceda et al. 1997). Other
projects have been implemented in countrieslike
South Africa, Namibia, Mexico, Nepal, Ecuador,
Peru and Chile (Cereceda et a. 2000). Animpor-
tant reason for supporting and promoting the
implementation of thisappropriate technology is
the need to look for alternative water sourcesin
rural areas of southern Colombia.
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2. The Study Region

The study areaislocated in arural zone of the
Andean Mountain Range of southern Colom-
bia, near the municipality of Roldanillo, 200 km
north of Cali (Fig. 1). It covers an area of ap-
proximately 500 ha. The altitude of the study
region varies between 1,550t0 1,850 mas.l., and
its topography is highly variable. The climate
inthisregion issemiarid with an average total
rainfal of approximately 600 mm/year. The more
significant rainy period occurs during the
months of April and May. The period January
through March is the driest of the year with
monthly rainfall averages below 40 mm; June-
July isalso characterised by low rainfall values
with monthly averages below 47 mm. The annu-
al average pan evaporation rateis approximate-
ly 5.1 mm/day and the annual average tempera-
ture is 21°C. The data source for this climatic
description is provided in section 3.

Agriculture and stockbreeding are the main
activities in the region. Although pasture for
cattle breeding is predominant, some crops
such asbeans and avariety of sugar cane called
panelera are grown on farms. Meat and milk
production are affected by surface water vari-
ability and low water availability, especially
during the dry periods of January-March and
June-July. For this reason, farmers are forced
to keep water in small artificial reservoirs dur-
ing therainy periods like November-December
and April-May, for use in the dry months char-
acterised by low rainfall. Irrigation activitiesare
not carried out within the study zone. Water for
human consumption is transported through
plastic pipes from distant locations and it is
obtained from surface sources with high con-
tamination levels, including a high sediment
concentration. Direct and subjective observa-
tions in the field suggest that the deficient
quality of the water is the primary cause of
gastrointestinal diseases, especially among the
younger population under 5 years.

3. Materialsand M ethods

Climatic information mentioned in section 2 was
provided by Corporacién AuténomaRegional del
Valledd CaucaCVC, agovernmental agency and
one of the environmental authorities in South-
ern Colombia (H.F. Aristizabal, CVC, personal
communication 2005). For the study region de-
scribed in section 2, twelve collectors were built
from polypropylene mesh with avertical collec-
tion surface of 1.0 m2. The specificationsand di-
mensions suggested by Schemenauer and
Cereceda (1994b) were considered for the design
of the SFCs, with some modifications (Molina
and Escobar 2005): In order to take advantage
of theavailahility of local material and to reduce
fixed costs, bamboo posts, 4.2 mlong, were used
to support the collector frame, which stood 2.0 m
above the ground. The base of each post was
inserted into the ground to a depth of 1.0 m
without concrete foundation.

Eight collectors used polypropylene mesh with
a shade coefficient of 35 % and the other 4 col-
lectors had a shade coefficient of 50 %. The mesh
was placed on the SFC frame in adouble layer,
following the recommendations by Schemenauer
and Cereceda (1994b). Both types of mesh were
obtained at Santiago de Chile. Such mesh is
manufactured by Marienberg S.A. (address:
Exposicion 202, Santiago de Chile). Themeshis
woven in atriangular pattern and, according to
the manufacturer, it is UV-protected and has a
lifespan of about ten years.

Meshes with two shade coefficients, 35 % and
50 %, were tested to compare water collection
yields from fog and to approximate which shade
coefficient had the best efficiency under study
conditions. However, it should be noted that
severa studies have recommended the use of the
35 % shade coefficient. The doublelayer of mesh
with the 35 % shade coefficient covers approxi-
mately 60 % of the surface area of the collector
(Schemenauer and Cereceda 1994b). Thisleaves
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about 40 % of the area open for the wind to pass
through. The choice of the type of mesh with
regard to the collection efficiency of thefog drop-
let sizes and wind speeds of interest, is a com-
promise between having a fibre of awidth that
will cover alarge enough percentage of the sur-
face areato generate sufficient water for measure-
ment purposes (Schemenauer and Joe 1989) on
the one hand, and not barring the fogwater away
from the mesh. If too high a percentage of the
surface areais covered by the mesh, the collector
beginsto act asasolid wall and the wind-carried
fog droplets will pass around the collector.

On the ground of Los Arenales, a farm situated
12 kmto the West of the municipality of Roldanil-
lo, four locations were selected to carry out the
experiment. At these locations with the local
namesof LaMontafiuela, El Eucalipto, Las Torres
and El Trillo, six siteswere chosento develop fog
collection measurements, and one pair of collec-
torsper sitewasinstalled. Each pair of SFCshad
the same shade-coefficient mesh. The two SFCs

were set up at a90° angle between them because
no historical information on winds was available
for the zoneto determine the best orientation of the
collectors. Field measurements of wind werenot re-
corded during the study period dueto financial re-
strictions. The availahility of historical records of
wind (wind speed and itstemporal variation, pre-
vailing wind direction etc.) helpsto determine not
only adequate installation sites for fog collectors,
but also their optimal orientationin experimental and
operational projects (Schemenauer and Cereceda,
19%4c). According to Schemenauer and Joe (1989),
themost likely meteorol ogical variabletoinfluence
collection efficiency is the wind speed. In this
study, however, qualitative observations in the
fieldin thetwo months previousto theinstallation
stage of the SFCsindicated that prevailing winds
blew from south to north. For all six sites, one of
the collectorsin each pair of SFCsper sitewasori-
ented perpendicular to the north-south direction.
The SFCisaflat surfaceinstalled perpendicular to
the prevailing wind direction during fog events
(Schemenauer and Cereceda 1994b). The reason

Tab. 1 Standard Fog Collectors: geographical information, layout and type of mesh
Nebelwassersammler: geographische Angaben sowie Anordnung und Netztyp

Location Site | Collector | Mesh AR N W
(m a.s.l.)
1
I 50 % 1784 4°27°16.2” 76° 11° 44,6
La 2
Montafuela 3
1I p 35% 1794 4°27°16.2” 76° 11’ 42,0
) 5
El Eucalipto 111 P 35% 1817 4°27°33.2” 76°11°9,9”
7
v . 50 %
Las Torres 5 1838 4° 27’ 44.3” 76° 10° 48,3
A% 35%
10
El Trillo VI 1; 35% 1715 4° 27’ 55.6” 76°10° 38,1’
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for thisisthat the collection rate of water from
fog per unit areais expected to be highest when
the collecting surfaceis perpendicular to the pre-
vailing wind direction; otherwise, its efficiency
will decrease. For further discussion on the col-
lection efficiency of fog collectorsusing polypro-
pylene meshes, readers are referred to Scheme-
nauer and Joe (1989). The other collector set up
at a 90° angle is useful for future analysis and
comparisons of collection yields at the site. Ta-
ble 1 presents data on the collector distribution
and geographical information about the loca-
tions. Data on geographical cooordinates and
adtitude were obtained by means of aGPS device.
Sites| and |1 were 20 m apart, and sites1V and V
had a distance of 15 m between them.

Four rain gaugeswere also installed in the study
region, one for every location. Field measure-
mentswere initiated on 1 November 2003, with

daily dataregistration of fog collection and pre-
cipitation between 3 and 5 p.m. Although tem-
perature and humidity were also measured on a
daily basis, this paper only presents data and
analysesrelated to fog-water and rainwater col-
lection during the period November 2003 —
February 2005. Further analysesinvestigated the
monthly spatial variation of fog-water collection
at an altitude above 1,600 m a.s.l. Thus, contours
were generated by interpolating point values
onto the grid nodes. The nodes corresponded
to the locations where SFCswereinstalled and
the point values corresponded to the monthly
fog collection yields. Isolines of fog-water col-
lection rateswere estimated using Kriging asthe
interpolation method, by means of the 3D-Field
software. The package and manuals of this soft-
ware can be downloaded free from the internet
(3DField Project 2007: http://field.hypermart.
net/index.htm). Those SFCs with the highest
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Fig.2 Average distribution of monthly rainfall at the locations La Montafiuela, El Eucalipto and Las
Torres, 2003-2005. The whiskers depict the range of monthly rainfall at the 3 sites.
Durchschnittliche Verteilung der monatlichen Niederschlage an den Stationen La Montafiuela,
El Eucalipto und Las Torres 2003-2005. Die vertikalen Striche geben die Schwankungsbreite der

3 Stationen an.



132

José M. Molina and Concepcién M. Escobar

DIE ERDE

collection yields at each site were selected for
the spatial analysis.

4, Results

In the following we present an analysis of both
spatial and temporal variability of rainfall and
fog-water collection, together with general in-
sights and recommendations concerning the
implementation of afuture operational fog col-
lection project in the study area.

4.1 Analysis of rainfall

Significant differences of rainfall were not
observed when comparing La Montafiuela, El
Eucalipto and Las Torres, although La Mon-
tafiuela presented a slight tendency to higher
rainfall values. El Trillo wasthe exception, with

the lowest reported rainfall for the studied
months, resulting in the driest study location
and the lowest reported fog collection rates.
Figure 2 illustrates the average distribution of
the monthly precipitation at the first three lo-
cations. It can be observed that the driest sea-
son occurred during the months of February
and March, with precipitation val ues of 8 and
6 mm/month respectively.

In terms of the frequency of dayswith rainfall
within each month, February, March and June
were the driest months, with an average of
13 % of rainy days. April and May showed the
same frequency (14 rainy days), but April had
ahigher amount of rainfall than May (Fig. 2).
Therest of the months had an average of 28 %
of rainy days. Since no long-term records of
precipitation were available, we can only qual-
itatively state that interannual variability of
rainfall frequency and amountsis high.

Tab. 2 Average fog + rainwater collection rates of the SFCs (Nov 2003 — Feb 2005), sorted by yield
Durchschnittlich gesammelte Nebel - und Regenmengen der SFCs(Nov 2003 —Feb 2005), sortiert nach

dem Gesamtertrag
SFC Monthly mean (I/m?) Daily mean (I/m?)
over 485 days over 485 days
10 124.5 4.15
9 97.8 3.26
7 90.3 3.01
1 83.4 2.78
8 70.2 2.34
2 58.5 1.95
3 51.6 1.72
6 25.5 0.85
4 24.6 0.82
5 17.7 0.59
12 6.3 0.21
11 5.7 0.19
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4.2. Variation of fog and
rainwater collection

With respect to the average of fog- and rainwater
collection at each location during the period of
observations, the Las Torres collectors presented
the highest yields. Thiscan be partially explained
by the fact that this location has the highest dti-
tude, as will be discussed later. Based on visua
observations on the field (no measurements are
available), thehighwind speed at Las Torresisalso
afactor that improvesfogwater collection efficien-
¢y (Schemenauer and Joe 1989). ThelocationsLa
Montafiuela, El Eucalipto and El Trillo follow in
order of importance with regard towater yield from
fog. Averagefog + rainwater collectionyield val-
uesaregivenin Table 2 starting with the site that
registered the highest values. These results show
that the three highest collection rates correspond
tocollectors10, 9and 7, which wered installed at
Las Torres. SFC 10 always had the highest rates,
both intermsof fog + rainwater collectionand ‘fog

only’ collection. SFC 1 at La Montafiuela also
showed agood yield, with 2.8 |/m?/day.

Figure 3 presents data of SFC 10, considering
that it was the most efficient collector of this
study, in particular the temporal variation in
fog + rainwater collection (dayswith or without
rainfall) and ‘fog only’ collection (days without
rainfall). The best fog + rainfall collectionyield
occurred in June and September, with an aver-
ageof 5.3and 5.2 1/m?/day, respectively. Thiswas
mostly due to the contribution of fog. Similar
analyseswere also conducted for the other SFCs,
where June and September also presented the
best fog + rainfall collectionyields.

The month of June deserves special attention as
it presented the most favourable conditions for
fog collection and possibly also for fog forma-
tion. Despite being one of the driest monthsin
terms of rainfall depth (Fig. 2) and frequency of
rainy days, Juneisthe wettest month in terms of

B Fog + pp OFog

Nov Dec Jan Feb Mar

Apr

May Jun Jul Aug Sep Oct

Fig.3 Monthly variationinfog + rainfal collection (dayswith or without rainfall) and ‘fog only’ collection (days
withoutrainfal) at SFC10 / Unterschiedebei denmonatlich gesammelten Mengenan Nebel - und Regenwasser
(an Tagen mit oder ohne Regen) bzw. nur Nebelwasser (Nebeltage ohne Regen) am Nebelsammler 10
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water harvested from fog, with the highest
monthly average fog yield on dry days. When
the most efficient collector of thisstudy (SFC 10)
is considered, the collection rate of water from
fog only for the month of June was 5.0 I/m?day
(Fig. 3). Comparing thislast value with the men-
tioned collection rate of 5.3 1/m?day on dayswith
rainfall + fog, it can be inferred that the differ-
ence of 0.3 I/m?day correspondsto the average
collection ratein June dueto therainfall/drizzle
caught by the collector mentioned. Bearing in
mind that there are 30 daysin June, the rainwa-
ter collection in the SFC 10 amountsto 9.0 I/m?.
Rainfall depth can be also expressed in units of
volume per unit area (e.g., 1.0 mm = 1.0 I/m?).
Therefore, measurementsfrom fog collectorsand

rain gauges can be related; the average rainwa-
ter collectionrate of 9.01/m? for the SFC10in June
isequivalent to 9.0 mm. Thisvalue of water col-
lection from rain isin some sense consistent with
the 11.2 mm of rainfall recorded for thismonth at
the rain gauge at Las Torres. For this specific
case, it can be said, as an approximation, that the
SFC 10 caught 80 % of the monthly rainfall/driz-
Zle recorded in the gauge station. The analyses
and discussions of related additional results, as
well asthefactorsinvolved intherainfall collect-
ing process by standard fog collectors (rain
droplet diameter, wind direction and speed, an-
gleof fall of dropsetc.), are beyond the scope of
this study. What we can state qualitatively, and
based on the study conditions, is that the test-
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Fig.4 Averagespatia variability of fogcollectionfortheinvestigationareaat FincaArenales, Roldanillo, February
2004 and February 2005 / Durchschnittlicher&umlicheVariabilitat der gesammelten Nebel wasser mengen
im Untersuchungsgebiet Finca Arenales, Roldanillo, Februar 2004 und Februar 2005
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ed fog collector can be also an effective device
to collect rainwater in dry months like June. In
our understanding, thereislittle researchin the
effectiveness of vertical mesh-constructed col-
lectorsto harvest rainfall (e.g., Schemenauer and
Cereceda 1994c). Thisissue should beinvesti-
gated further in the future.

Figure 4 shows the spatial variation of fog col-
lection in February, the driest month of the study
period in terms of water collected fromfog. Fig-
ures4 and 5 also depict the contour linesrelated
to the topographic characteristics of the study
area. It can be observed that the highest average
collection rate occurs at Las Torres, with values
between 1.0 and 2.0 |/m?/day. Table 1 showsthat

this location has the highest atitude. Fog varia-
bility for June, the most productive month of fog
for the period studied, isshownin Figure 5, with
the highest average collection rate also at Las
Torres, with values above 5.0 I/m?/day. Sincethe
fog formation process in the study zone, and in
general in the Colombian Andean Mountain
Range, is mostly orographic, the highest altitude
at Las Torres plays a very important role in ob-
taining the highest fog-collection yields. Because
air masslifting reduces atmospheric pressure and
temperature, the air becomes more saturated; and
asthe adiabatic cooling increases, more conden-
sationis produced (Dingman 2002). At thispoint,
the wind effect (direction and speed) isalso very
important in harvesting the clouds. Wind speed
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Fig.5 Spatial variability of fog collectionfor theinvestigation areaat FincaArenal es, Roldanillo, June 2004
Raumliche Variabilitat der gesammelten Nebelwassermengen im Unter suchungsgebiet Finca Are-

nales, Roldanillo, Juni 2004
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becomes stronger at higher elevationsthan at low-
er ones due to the negative gradient of pressure
produced by an air mass lifting. As wind speed
increases towards Las Torres, the quantity of
water collected from fog increasesaswell. Onthe
other hand, wind direction is very important for
fog harvesting. It is expected that the collection
efficiency of water from fog is highest when the
collecting surface is perpendicular to the wind
direction. As mentioned in section 3, prevailing
winds at Las Torres are from south to north —a
situation that explains partially the spatial varia-
tion of fog collection shownin Figure 5. Here, a
positive gradient of fog collection is observed
towards Las Torres in the month of June, both
from the south to the north and from the east to
the west. Thus, installing meshes parallel to the
southeast direction is another recommended ori-
entation of collectors if Juneis the target season
for harvesting fog. Thesefindings alow appropri-
ate decision-making for planning and implementa-
tion of afuture operational fog collection project.

A fina analysis performed on the two types of
mesh with different shade-coefficientsdid not lead
to conclusive results. At the La Montafiuela lo-
cation, the 50 % shade coefficient mesh was the
most efficient intermsof collecting water fromfog.
However, at Las Torres, the 35 % shade coeffi-
cient mesh showed the best performance.

5. Discussion

The favourable collection rates observed in this
experiment are consi stent with results from other
countriesin the Andean region, where datafrom
SFC tests have been analysed for similar time
scales, i.e., collection data recording on a daily
basisand for periods greater than or equal to one
year. Schemenauer and Cereceda (1994a) report-
ed average collection rates of 3.01/m?/day in Chile,
9.01/m?/day in Peru, and 12.01/m?/day in Ecuador.
Such yields partially supported the decision-
making and design processes in the implementa-

tion of successful operational projects. Recent re-
sultsof fog collection projectsin some of theseand
other Latin American countries are also reported
inVillegaset a. (2007) and Carter et a. (2007).

Similar experiments have been carried out —and
someare still in operation—in Portugal (Prada et
al. 2007), the United States (Fernandez and Ruiz
2007), Croatia (Mileta 2007) and Morocco (Mar-
zol and Sanchez 2008). Experimental systems, not
necessarily using SFCs for assessing fog collec-
tion, have aso been installed in other countries
like South Africa, the Dominican Republic, Spain,
Cape Verde and Colombia. In the latter country
for exampl e, automatic fog gauges have beenin-
stalled recently as part of the study of inputs by
fog to the paramo systems (Tobon et al. 2008)

In a hypothetical scenario for afog operational
project to supply water to people in the study
zone, based on an average monthly collection
rate of 4.01/m?day at Las Torreslocation, with
20 operational collectors of 50 m? each and in-
stalled in theridgeline and parallel to the south-
east direction, there would be a total estimated
water yield of 4.0 m¥day. If we consider a per
capitawater consumption (domestic) in the study
zone of 50 I/person/day (Chapagain and Hoek-
stra 2004; Tehelen 2006; Kakade et al. ), taking
into account the use of storage for water regula-
tion and the discard of water lossesin the distri-
bution system, a community of approximately
80 people could be supplied with water.

6. Conclusions

Theresults of afog collection experiment in the
Andes mountain range of southern Colombiato
date are very encouraging and suggest that the
implementation of this technology on a large
scaleispossible. Locationslike Las Torres and
La Montafiuela showed the highest fog-water
collection rates, and they should be considered
as potential sitesto install operational fog col-
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lectors. Las Torres deserves special consider-
ation because in summer, it isthe location with
the highest fog-water collection yields. June
presented the most favourable conditions for
fog collection. Conclusive results about which
mesh isthe most efficient, the 35 % or the 50 %
shade coefficient mesh, were not obtained.
However, it isrecommended for fog collection
experiments with SFCsto use the standard 35 %
shade coefficient polypropylene mesh, set up
inadoublelayer, to enable direct comparisons
to be made between sitesin local regions, and
between locations around the world. Finally, it
was observed that the tested fog collectors can
be also effective devices to collect rainwater,
mainly in dry seasons. However, thereislittle
research in this area, and more investigation
should be donein future experiments, in order
to propose modifications to the SFC that in-
creaseits efficiency in collecting rainwater.
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Summary: Fog Collection Variabilityinthe Andean
Mountain Range of Southern Colombia

Hydrological droughts occur naturally in some
regions of the Colombian Andean watersheds and
the associated water scarcity is aggravated by an
advancing deforestation of the native highland fo-
rests. These events have negative consequencesin
terms of water supply to rural areas, for both
human consumption and agricultural purposes.
Low water availability inarid/semiarid regionsand
water scarcity in surface sources in mountainous
zones could be managed partially by means of
water fromfog collection. Thisstudy evaluatesthe
spatial and temporal fog collection variability and
analyses the potential use of fog as an alternative
source of water supply in an Andean rural region
of southern Colombia. The study region has a
semiarid climateand themain activitiesinthiszone
are agriculture and stockbreeding. Water supply
for both human consumption and meat and milk
production are highly affected by low water avai-
lability, especially during the dry periods of Janu-
ary-March and June-July. Fog collection experi-
mentswere carried out, and datacollection covered
both dry and rainy seasons in the period 2003-
2005, with daily dataregistration of fog collection
and precipitation. Twelve Standard Fog Collectors
(SFC), built from polypropylene mesh with a
vertical collection surface of 1.0 m?, wereinstalled
in a mountainous zone with an area of approxima-
tely 500 ha, rangingfrom 1,680t0 1,850 ma.s.|. The
installation sitesof the SFCswere sel ected based on
topographic and fog formation conditions, and Chi-
|ean meshes with two shade coefficients, 35 % and
50 %, weretested. In order to assess the spatial fog
variability, isolines of fog-water collection rates
were estimated using Kriging as the interpolation
method. Our resultsindicate ahigh potential for the
use of fog to meet domestic water requirements in
rural areas. Also, the observed collectionyieldsare
consistent with experimental results of fog harves-
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ting from other countries in the Andean region.
Annual average collection rates amounted to 4.2 |
per m2 per day for precipitation + fog, and 3.3 | per
m? per day for fog only. The most important month
for collectionwas Junewith 5.3 1 per m? per day for
rainfall +fog, and 5.0 per m? per day for fog only
indry days. Finally, it was observed that the tested
fog collectorscan also beeffectivedevicesto collect
rainwater, mainly in dry seasons.

Zusammenfassung: Variabilitat der Nebelwasser-
sammlunginden stidlichen kol umbianischen Anden

I'n einigen Einzugsberei chenin denkolumbianischen
Andentretenregelmafig hydrologischeDirren auf.
Diedamit verbundene Wasserknappheit wird durch
einefortschreitende Abholzung der einheimischen
Gebirgswalder verscharft. Diese Ereignisse haben
negative Folgenfir dieWasserversorgunginlandli-
chen Gebieten, sowohl hinsichtlich desWasserver-
brauchs der Bevoélkerung als auch hinsichtlich der
Nutzung fur landwirtschaftliche Zwecke. Die ge-
ringe Verflgbarkeit von Wasser in ariden bzw.
semiariden Gebieten und dieKnappheit an Oberfl &
chenwasser in Gebirgsregionen konnte teilweise
durch Wassergewinnung aus Nebel ausgeglichen
werden. Dievorliegende Studieuntersucht dierdum-
licheund zeitliche Variabilité von Nebel sammlern
und analysiert diemdglicheV erwendung von Nebel
alseiner alternativen Wasserquellein einer landli-
chen Andenregion im Siiden Kolumbiens. Das Un-
tersuchungsgebiet weist ein semiarides Klimaauf.
Diewichtigstenwirtschaftlichen Nutzungenindie-
sem Gebiet sind Ackerbau und Viehzucht. Die
Wasserknappheit stellt Probleme fur den mensch-
lichen Bedarf sowie auch fir die Produktion von
Fleisch und Milch dar, vor allem wahrend der Tro-
ckenperioden von Januar bisMé&rz und von Juni bis
Juli. Fur die Untersuchung wurden Nebelsammel-
Experimente durchgefiihrt. Die Datengewinnung
umfasstetagliche Aufnahmenvon Nebel - und Regen-
daten, sowohl in der Trocken- als auch in der
Regenzeit, im Zeitraum 2003-2005. Zwdlf ,, Stan-
dard-Nebelsammler” (SFCs) mitjeweilseinem 1 m?
grofen Netz aus Polypropylen wurden in einem
ungeféhr 500 ha grof3en Bereich des Gebirges, in
einer Hohenlage zwischen 1680 und 1850 m ti. NN,

aufgestellt. Die Standorte der Nebel sammler wurden
auf der Grundlage der Topographie und der Nebel-
bildungsbedingungen ausgewahlt. Es wurden zwei
verschiedene Typen chilenischer Sammel netze mit
Bedeckungskoeffizientenvon 35 % bzw. 50 % getes-
tet. Zur Bestimmung der réumlichen Variabilitét des
Nebelswurden I solinien der erhobenen Wassersam-
melmengen gezeichnet, unter VVerwendung von Kri-
ging asinterpolationsverfahren. Unsere Ergebnisse
zeigen ein hohes Potenzial der Nutzung des Nebels
fur dieWasserversorgung der Haushalteinden land-
lichen Gebieten. Die beobachteten Sammelertrage
stehen dabei auchim Einklang mit den experimentel-
|en Ergebnissen hinsichtlich der Nebel ernte aus an-
deren Landern der Anden-Region. Im Jahresdurch-
schnitt beliefen sich die Sammelmengen auf 4,2 |
pro m? und Tag (Niederschlage + Nebel) und 3,3 |
pro m? und Tag (ausschlieflich Nebel). Der wich-
tigste Monat fur die Wassergewinnung war der Juni
mit 5,31 prom?und Tag (Niederschlage+ Nebel) und
5,01 pro m? und Tag (ausschliellich Nebel, an
trockenen Tagen). AuRerdemwurdefestgestellt, dass
die getesteten Nebel sammler durchausauch als Ge-
réte zum Auffangen von Regenwasser geeignet sind,
vor allem in der Trockenzeit.

Résumé: La variabilité dela collection de brouillard
danslaCordilléredesAndesen Colombieméridionale

Des sécheresses hydrol ogiques se produisent natu-
rellement danscertainesrégionsdesbassinsversants
des Andes colombiennes, et le manque d’eau y est
aggravé par la progression de la déforestation des
foréts naturelles de la haute montagne. Ces événe-
ments ont des conséquences négatives en termes
d’ approvisionnement en eau des zones rural es, tant
pour laconsommation humainequ”adesfinsagrico-
les. Lafaible disponibilité de I’ eau dans les zones
arideset semi-arideset larareté del’ eau des sources
de surface dans les zones montagneuses pourraient
étre compensées en partie par |’ usage de I’ eau pro-
venant de la collection de brouillard. Cette étude
évalue la variabilité spatiale et temporelle de la
collecte de brouillard et analyse les possibilités
d’ utilisationdu brouillard comme sourcealternative
d’ approvisionnement en eau dans une région rurale
andinedu sud delaColombie. Leterrainderecherche
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présente un climat semi-aride, et les principales
activités dans cette zone sont I’ agriculture et I éle-
vage. L’approvisionnement en eau tant pour la
consommation humaine que pour la production de
lait et deviande est fortement affecté par unefaible
disponibilité de I'eau, en particulier pendant les
périodes seches allant dejanvier amarset dejuin a
juillet. Desexpériencesdecollectedebrouillard ont
étéréalisées, lacollectededonnéescouvrant alafois
dessaisonsseéches et humidesau coursdelapériode
de 2003 & 2005, avec un enregistrement quotidien
des données de collecte de brouillard et de précipi-
tations. Douze collecteurs de brouillard standard
(SFC) enfilet de propyléned unesurfacedecollec-
tionverticalede 1,0 m? chacun ont étéinstallésdans
une zone montagneuse d une superficie d’ environ
500 hectares sur une altitude allant de 1680 & 1850
m. Lessitesd’ installation des SFC ont été choisisen
fonction de la topographie et des conditions de
formation de brouillard, et deux maillages « chi-
liens» présentant des coefficients d’ ombrage de
35% et de 50% ont été testés. Afin d'évaluer la
variabilité spatiale du brouillard, des isolignes de
taux decollected’ eau debrouillard ont été estimées
al’aide de laméthode d’ interpolation du krigeage.
Nosrésultatsindiquent le potentiel élevédel’ utili-
sation du brouillard pour la couverture des besoins
domestiquesen eaudansleszonesrurales. Aussi, les
rendements de collecte observés sont compatibles

avec lesrésultats expérimentaux issusdelacollecte
debrouillard dansd’ autres paysdelarégion andine.
L es moyennes annuelles des taux de collecte s éle-
vaient respectivement a 4,2 | par m? et jour (préci-
pitation+ brouillard) et a3,3 par m?etjour (brouillard
seulement). Juin s'est avéré le mois de collecte
prépondérant avec respectivement 5,3 | par m? et
jour (précipitation+ brouillard) et 5,01 par m?et jour
(brouillard seulement pendant |esjournées séches).
Enfin, onaobservé quelescollecteursdebrouillard
testés pouvaient aussi servir comme appareils effi-
caces pour recueillir I’ eau de pluie, principal ement
pendant les saisons seches.

José M. Molina, Department of Civil and Environ-
mental Engineering, Colorado State University,
Campus Delivery 1372, Fort Collins, CO, 80523-
1372, USA, jmmolina@engr.col ostate.edu

Concepcion M. Escobar, Area de Recursos Hidri-
cos, Corporacién AutonomaRegional del Valledel
Cauca, Cali, Colombia, c.marcela@cvc.org

Manuskripteingang: 03.12.2007
Annahme zum Druck: 15.04.2008



