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This paper serves as an introductory paper to the special issue on fog research. First, a
general introduction to the climatic element of fog is given, followed by an overview of
current fog research as presented at the 4" International Conference on Fog, Fog Collection
and Dew in La Serena, Chile in summer 2007. A selection of papers that cover geographical
aspects of fog research or provide an insight into fog collection are included in this special

issue of DIE ERDE (volume 139, issue 1-2).

1. Introduction

Fog is not a consistent and continuous climatic
phenomenon (Wanner and Kunz 1983) and thus
research interests related to fog are often closely
linked with geographical placeswherefog occurs
frequently and thusis considered arelevant com-
ponent of the respective climate. For example, San
Francisco (USA) is considered “fog city” (Gil-
liam 1962), aresult of the proximity of thecity to
the cold Pecific Ocean and the west wind drift that
advects dense fog banks from the sea onshore.

Another locality wherefog seemsto beintimate-
ly linked with the city’s name is London. Blake
(1871) names it the “genuine London fog”, but

basically describesthe special phenomenon that
is nowadays generally termed “smog”, the com-
bination of acidic smokeand densefog which was
“soirritating to the eyes, that although there was
nothing in the opera to move one, the audience
seemed to be perpetually in tears” (Blake
1871: 76). Even morethan one hundred years|at-
er, the chemistry of fog is one of the most active
fields of scientific research onfog (e.g. Collett et
al. 2002, Fuzz et al. 2008, Collett et al. 2008).

1.1 Definition of fog

Depending on disciplinesawealth of termsfor fog
have evolved, but no consistent use of theseterms
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can befound, not even within agiven discipline.
Meteorologists for example most commonly use
the definition that fog occursif the horizontal vis-
ibility islessthan 1000 m (Glickman 2000). Since
visibility can also be well below 1000 m during
heavy precipitation and other specific phenom-
ena, Glickman (2000) extended the commonly
used meteorological definition with the require-
ment that fog consists of cloud droplets in the
air that reduce the visibility and are less than
200 uminsize. Thus, in principle, fogisacloud
that touches the ground surface and envelops
the observer. Knowing this resolves many in-
consistenciesin terminology that relate to com-
mon use of language. For example, in German a
forest strongly influenced by frequent and per-
sistent fog istermed “ Nebelwald” (fog forest),
whereas the correct English terminology is
“cloud forest”, even when this cloud touches
the ground surface and is thus termed a“fog”.

The effect of liquid cloud droplets on visibili-
ty isso strong that one easily forgets that even
in avery dense fog the lion’ s share of atmos-
pheric water is still in gaseous form, and not
inliquid phase (Fig. 1).

1.2 Types of fog

An attempt to group available terminology and
thus provide a set of terms that are used rather
frequently and in amore or less consistent man-
ner (Fig. 2) was made by this author in the En-
cyclopediaof Hydrological Sciences (Bruijnzeel
et al. 2005, Anderson 2005). Apart fromicefog
and urban fog, which are only used in very lo-
calized contexts, there are seven types of fog that
can be distinguished. Four of them are named ac-
cording to where the fog was formed and the
process that formed the fog (radiation fog, sea
fog, steam fog, advection fog), and three types
are rather geographical terms of where fog oc-
curs, irrespective of where and how it wasformed
(coastal fog, valley fog, mountain fog).

Radiation fog isthe type of fog that isvery com-
mon in areaswhere cold air can accumulate dur-
ing the night, or for longer periodsin winter. Es-
pecially in remote sensing studies using satellite
images (e.g. Bendix 2002, Cermak and Bendix
2008) it is this type of fog which is usually ob-
served. Since satellite images only show the top
of thefog banksit isgenerally not possibleto de-
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Fig.2 Typesof fogaccordingto Bruijnzeel et al. (2005). Termsin upright font are process-based types,
thoseinitalics are geographic types. Additionally, theterms “ice fog” and “urban fog” are used
for very local types of fogs. Reprinted from Bruijnzeel et al. (2005) in Anderson (2005): 562;
reproduced with kind permission of John Wiley & SonsLtd. / Nebeltypen nach Bruijnzeel et al.
(2005). Begriffe in Normalschrift bezeichnen Nebeltypen, die nach deren Entstehungsprozess
benannt sind, solchein Kursivschrift hingegen Typen, die nach deren geographischem Vorkom-
men bezeichnet werden. Zusatzlich existieren die Begriffe“ Eisnebel” und“ Stadtnebel” fur sehr
|okale Nebeltypen. Quelle: Bruijnzeel et al. (2005) in Anderson (2005): 562; wiederabgedruckt
mit freundlicher Genehmigung von John Wiley & Sons Ltd.

termine with sufficient confidence whether the
cloud touches the ground surface or not. There-
fore, themoregenerally valid term “ stratus cloud”
isused in order not to be too speculative on the
processes that produced the fog. Raised fog
(Hochnebel in German) and surface fog (Boden-
nebel in German) can be included in such away
without beingin conflict with the generally accept-
ed definition of fog according to Glickman (2000).

Sea fog and steam fog are both produced over
the open oceans, but with the distinct differ-
encethat seafog isfog that forms due to cool-
ing of humid air over a cold ocean surface,
whereas steam fog is typically formed when
cold air with low water vapor saturation capac-
ity flows over awarm water surface that evap-
orates water at a higher rate than the cold air
can hold. The excess water vapor condenses
to tiny droplets that form the steam fog.

Advection fog requires a steady wind that
moves a fog layer that has formed upwind of
agiven site. Thus, in contrast to radiation fog
that basically impliesweak wind conditions or
stagnant air masses, the advection fog may

have different properties. Droplet sizestypical-
ly range between 1 and 30 um in advection fogs
but can reach sizes well above 50 um in well-
developed radiation fogs (Bruijnzeel et al. 2005).

Coastal fog istypically an advection fog, as ob-
served in the San Francisco area (Gilliam 1962),
the Atacama coastal desert (e.g. Cereceda et al.
2008, Cereceda et al. 2008), the Namib coastal
desert (e.g. Seely and Hamilton 1976, Lange et
al. 1994), or in polar regions during the summer
when the land surface is warmer than the cold
ocean surface. In such cases, the steady on-
shore winds transport the dense sea fog that
forms offshore over the coast.

Valley fogistypically aradiation fog that forms
inamountain valley, whereas mountain fogisa
cloud (not necessarily a stratus or stratiform
cloud) that moves over the land surface at a cer-
tain height which is known as the lifting con-
densation level in convective clouds and then
touches the ground surface on mountains as
orographical obstacles. Especially tropical mon-
tane cloud forests are thought to be highly in-
fluenced by this variety of fog.
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Fig. 3 Areas with fractions of tropical cloud forests (in red), including tropical montane cloud forests.
Compiled and generalized after Bubb et al. (2004). Base map uses the Robinson projection and
shows the world’s status in 2002 (http://www.globio.info/region/world/world_robinson.png,
12.11.2007). / Gehiete mit Anteilen von tropischen Nebelwaldern (in rot), inklusive tropischer
montaner Nebelwal der. Zusammengestel It und generalisiert nach Bubb et al. (2004). Die Basiskarte
in der Robinson-Projektion zeigt den Zustand der Welt im Jahre 2002 (http://www.globio.info/
region/world/world_robinson.png, 12.11.2007).

1.3 Relevance of fog

Fog research does not belong to the main-
stream research areas, but occasionally enjoys
room in highly ranked scientific journals. An
example is the hypothesis by Pounds et al.
(1999) that areductionin fog frequency in Cen-
tral American mountain ranges might lead to
dramatic increases in adult mortality of high-
land amphibians (tree frogs and toads). Fur-
ther evidence and argumentation was later
presented by Pounds (2001) and Pounds et al.
(2006). Whereas amphibians may just be one
group of indicator species that quickly re-
spond to changes in fog occurrence, cloud
forests are generally found to be hotspots of
biodiversity that require specific conservation
efforts. Therefore, UNEP has established a
Cloud Forest Agenda (Bubb et al. 2004) that
specifically addresses the need for action in
tropical cloud forest habitats (Fig. 3).

Fog water inputs to the ecosystem is consid-
ered arelevant component in the hydrol ogical
budget in Caifornian coastal forests (Byers 1953,
Azevedo and Morgan 1974). The naturally oc-
curring stable isotopes in water were success-
fully used as tracers to confirm that Redwood
trees along the Californian coast can take up fog
water at the leaf level and thus prevent dehy-
dration during the dry season (Ingraham and
Matthews 1990, | ngraham and Matthews 1995,
Dawson 1998, Burgess and Dawson 2004).

In some casesit has even been documented that
fog water deposition is not only relevant for
single plants, but isalso contributing to the hy-
drological budget of an area, and can contrib-
uteto the recharge of the ground water (Ingra-
ham and Matthews 1988, Guswa et al. 2007).

Eugster et a. (2006) on the other hand found that
although the contribution of fog water to the
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hydrological budget of an elfin cloud forest in
Puerto Rico isconsiderable and higher thaninany
other location, it is till not avery large compo-
nent in the budget. Thus, the relevance of fog at
agiven geographic locality may very much de-
pend on the concurrent amounts of precipitation
and the seasonality of the two water sources.
Thereisno doubt that in desert areaswhererain
is absent during many months or perhaps sever-
a years fog must be seriously considered as a
source of water in the hydrological context.

At many other locations, however, the relevance
of fog israther expected to be related to the dis-
solved inorganic and organic compoundsin fog
water that can act as either nutrients (nitrogen,
sulphate, phosphate) or pollutants. Figure 4

illustrates the pathways how these nutrients and
pollutants influence an ecosystem. Many studies
show that concentrations of inorganic compounds
are often much higher in fog than in rain. Thus,
even minor hydrological inputs of fog water can
lead to major inputs of nutrients and pollutants
(e.g. Weathers et a. 1988, Weathers et al. 2000,
Thalmann et a. 2002, Burkard et al. 2003).

2. Special | ssueon Fog Research

Since 1998 fog and dew research scientistsfrom
all parts of the world have met every third year
to exchange newest results and experiences. In
2007 Pilar Cereceda and her crew from the Geo-
graphical Institute of the Pontificia Universidad

(a)

(b)

Fig.4 Schematic showingthesimilaritiesand differencesbetween nutrient and pollutant inputsto ecosystems
by a) rainfall and b) fog deposition / Schema zu Ahnlichkeiten und Unter schieden der Wirkungsweise
von Nahr- und Schadstoffen in Okosystemen durch a) Regeneintrag und b) Nebeleintrag
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Catdlicade Chileat Santiago organized thefourth
International Conference on Fog, Fog Collection
and Dew in La Serena, Chile, from 22 to 27 July
2007. In total, 117 scientists attended the con-
ference and contributed 31 posters and 82 oral
presentations which were presented in short
four-page conference proceedings papers (see
Biggsand Cereceda 2007). The classification of
these presentationsin fields of interest (Tab. 1)
provides agood overview of current topics and
interestsin global fog research.

From the wealth of contributions we selected a
set of contributions for this special issue which
either have a certain geographical focus or pro-
vide an insight into fog collection, an applied
field of fog research that deals with fog as apo-
tential resource of potable water in arid regions.

Thefirst article by Mdller (2008) provides the
first comprehensive review of scientific devel-

opments that helped to advance our under-
standing of the physics and chemistry of atmos-
pheric waters, of which fog and dew are two
important components. Many historical scien-
tific documentsthat Moller includesin hisover-
view areoriginally only availablein German or
French, and thus the article makes a wealth of
puzzling, surprising and sometimes unexpect-
ed insights into fog research available to the
English readers who might otherwise not have
access to such historical documents.

Garcia-Garcia and Zarraluqui (2008) present
the first climatol ogical maps of fog distribution
and fog frequencies of Mexico. Thisarticlealso
highlights the methodical issues related to the
discontinuous phenomenon of fog and provides
an excellent exampl e of the small-scale variabili-
ty of fog, which is typical not only for Mexico
but for most localities on earth where topogra-
phy and radiation fog are strongly interrelated.

Tab. 1 Focusareasof fog research based on the classification used for the Fourth | nternational Conference on
Fog, Fog Collectionand Dew in La Serena(Chile), 22-27 July 2007 / Aktuelle Schwer punktthemenin
der Nebelforschung geméssder Klassifikation, diefir dieFourth Inter national ConferenceonFog, Fog
Collection and Dew in La Serena (Chile), 22.-27. Juli 2007, verwendet wurde

Session Session title Oral presentations
1 Fog climatology and patterns 8
2 Fog monitoring and modeling 13
3 Fog forecasting 8
4 Fog water chemistry 16
5 Dew instrumentation and collection 8
6 Dew and the environment 8
7 Fog interaction with vegetation 8
8 Fog collection projects 5
9 Fog—Human interaction 4

10 Community involvement in fog collection 4
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The Mexico basin example presented by Garcia-
Garciaand Zarraluqui (2008) is symptomatic for
many airportsworldwidethat arelocated in areas
of frequent fog. Flat areas next to historically
grown citiesare often low-lying wetlandsin topo-
graphical basins that have only recently been
claimed for the devel opment of airports, and the
detrimental effects of frequent fog for air traffic
were mostly not included in the site evaluation.

Goncalveset d. (2008) found that fog and drizzle
events in Sdo Paulo, Brazil, have significantly
decreased over the past 70 years. Their multi-
variate statistical analysis shows a close corre-
lation of the decreasing frequencies with in-
creasing South Atlantic sea surface tempera-
tures. Although quite speculativein their inter-
pretation the authors provide an interesting ex-
ample of how urban fog that we generally would
only expect to be afunction of urbanization could
actually aso be influenced by larger-scale cli-
mate changes that affect the frequency of fog
and drizzle in such metropolitan areas.

Whereas in metropolitan areas urban sprawl
transformslarge areas of thelandscape, it isthe
change in agricultural activitiesin rural areas
that influences local climate and thus fog.
Montecinos et al. (2008) present a numerical
modeling example using a restricted area
mesoscale model that allowsto estimate theim-
pact of changesin irrigated agricultural lands
inarid Chileonlocal climatic conditionsand the
formation of valley fog.

Marzol and Sanchez Mégia (2008) and Molina
and Escobar (2008) both investigate the collec-
tion potential for fog water that can be used ei-
ther for irrigation of crops or as potablewater in
dry areas or during the dry season. Many fog
collection projects have been started at several
places in the tropics and subtropics, and initial
scientific investigation of potential localitiesand
their yields is a requirement before large fog
water collection screens can be set up.

Thelast article by Gerold et al. (2008) was not
presented at the conference but fits thematical -
ly into the context of thisspecial issue. It nicely
shows the role of fog in shaping tropical mon-
tane cloud forests, but it also clearly showsthat
thereisnot asharp and crisp boundary between
rain forests and cloud forests, and that even in
tropical montane cloud forests the rain is the
dominant hydrological input.

3. Conclusions

Fog research has many facets of which only a
few can be touched in this special issue. One
of the goals of the triennial Conferences on
Fog, Fog Collection and Dew has always been
to bridge the gap between leading scientists
working in the natural sciences and those
interested in applied work on fog collection,
primarily in developing countries. From the
viewpoint of geography as an integrative sci-
ence which aims at providing the link between
natural and social science it would be strong-
ly desirable to see more scientific work on the
human dimensions and social aspects that re-
late to fog collection projects. During the 2007
conferencein Chile several contributions (see
Biggs and Cereceda 2007) reported on experi-
ences gained in specific projects which show
the potential for more integrative scientific
studies that could extend their view well be-
yond the natural sciences and provide valua-
ble contributions on questions such as: Are
fog collection projects more sustainable than
other development projects that address the
need for potable water at such locations? What
are the essential components of community
involvement that make afog collection project
successful in the long term? Hopefully, some
answers to these and many more open ques-
tionswill be addressed during the next confer-
encein 2010, which will be hosted by the Uni-
versity of M Unster, Germany.
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Summary: Fog Research

Thetriennial Conferenceson Fog, Fog Collection
and Dew provide aplatform for worldwide scien-
tific exchange among fog researchers and those
interested in fog collection. The 2007 conference
was held in La Serena, Chile. A selection of con-
tributions covering geographical aspects of fog
research or providing insight into fog collection
projects has been included in this special issue of
DIE ERDE. Thisintroductory paper providesthe
scientific background of the topic, including the
definition of fog, the types of fog, and the rele-
vance of fog in research, which also provides an
overview over the breadth of contemporary fog
research. Then, thearticlesincludedinthisspecial
issue are briefly introduced and put into context.
In the conclusion the author addresses the poten-
tial for extending research efforts particularly in
fog collection projectsto cover the human dimen-
sions aspects of fog collection.



10 Werner Eugster

DIE ERDE

Zusammenfassung: Nebelforschung

Diealledrei Jahrestattfindenden, Conferenceson
Fog, Fog Collection and Dew*" bieten den welt-
weit tétigen Nebelforschern und den Wissenschaft-
lern, die sich mit dem Sammeln von Nebel wasser
beschéftigen, eine gemeinsame Plattform zum
Austausch ihrer wissenschaftlichen Erkenntnis-
se. Die letzte Konferenz fand 2007 in La Serena
(Chile) statt. Eine Auswahl der Beitréage, die auf
geografische Aspekte der Nebelforschung eingin-
gen oder einen Einblick in die Forschungsarbeiten
im Rahmen von Nebelwassergewinnungsprojekten
bieten, wurde in dieses Sonderheft der ERDE
aufgenommen. Der vorliegende Einflhrungsartikel
befasst sich mit dem wissenschaftlichen Hinter-
grundwissen, das fir das Verstéandnis der Artikel
vorausgesetzt wird. Im Speziellen wird auf die
Definition von Nebel eingegangen, auf diein der
Wissenschaft tblicherweiseverwendeten Begriff-
lichkeiten bei der Bezeichung verschiedener Nebel -
typen, und schlieBlich auf die Bedeutung des
Nebelsin der Forschung. Dieser letzte Abschnitt
zeigt zugleich auch die Breite der aktuellen Nebel -
forschungsarbeiten auf. Anschlie3end werden die
im Sonderheft aufgenommenen Artikel kurz ein-
geflhrt und in den Zusammenhang der Nebel-
forschung gestellt. In den Schlussfolgerungen er-
wahnt der Autor das Potenzial, das in einer zu-
kunftigen Ausweitung der Forschungsarbeiten lie-
gen wirde, wenn bei Nebelwassergewinnungs-
projekten auch die humangeographischen Aspek-
te systematisch untersucht wirden.

Résumé: La recherche sur le brouillard

Lesconférencestriennalessur lebrouillard, lacollec-
tedu brouillard et larosée ( « Conferences on Fog,

Fog Collection and Dew ») fournissent aux cher-
cheurs dans le domaine du brouillard actifsdans le
monde autant qu’ aux scientifiquesintéresséspar la
collection de I’eau de brouillard une plateforme
commune pour |’ échange de leursrésultats scienti-
fiques. Le dernier colloque s’ est tenu en 2007 aLa
Serena au Chili. Une sélection des contributions
portant sur les aspects géographiques de larecher-
che sur le brouillard ou donnant un apercu des
travaux derecherche menésdanslecadredesprojets
decollectedebrouillard est incluse dansce numéro
spécial de DIE ERDE. Cette introduction présente
labase scientifique du sujet, dont laconnai ssance est
une condition préalable a la compréhension des
articles. Enparticulier, ladéfinitiondubrouillard est
traitéeainsi quelesnotionsutiliséespour ladésigna-
tion des divers types de brouillard et, finalement,
I”importance du brouillard danslarecherche. Cette
derniérepartiemontre aussi I’ampleur delarecher-
che contemporaine sur le brouillard. Ensuite, les
articles inclus dans ce numéro spécial sont brieve-
ment présentés et placés dans le contexte de la
recherche sur le brouillard. Dans ses conclusions,
I"auteur évoque le potentiel qui consisterait a éten-
dredemaniéresystématiquelestravaux derecherche
sur lesprojetsdecollectedel’ eau de brouillard ala
dimension delagéographiehumaine.
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