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Abstract

of i nonhern Chile was underaken o deten
cosstal and infand Incations of the Tarapacd Region. i
geq, conditions exist G the formaton of radiation fo
phic for was observed at a fow cos
s water coblected by two stondard fog mgl etors %‘ﬁ { Pfor 3 i showed an ave
flax “day T onthe constand 11 tm " éav T intand H km imm the coastline. Un
onty a few days i H) months was water coflected ab the nfand site of Pampa del Tamasregal. GOES
satefite iy te the pattern of forouy :
sathine, the enfrance of for by cormridor
oy indand. The resubis
wtbon wlong the cosstal mountain range and for the recognaion of pc:n_em;a% sites for the
', : iwh can be used as 3 watey source in the Alscama Desert. The
results also provide vital information fnr dse i the presgrvation of the unique scosystems of the mest
arid desert of the ‘dmrid
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1. Introduction

Fog has been widely studied in Chile, especis
conswmption (Schemenauer and Cereceda, 1994 Cereceda and Schemenaver. 199%), AL
present, teve are at least seven sites with operational or scientific projects in the counry,

as g owater resource for human

Science and technology are impormant in these types of research. The understanding of
cloud physics and chemistey as well as the behaviour of fop are crucial as is the
technelogy o use fog water as a managed water resource

I the coastal ares of the Atacama Desert, there are four types of ecosvstems ( fog
pasisi with a predominance of caotd, shrub formution, Bromeficcens and ansus planis.
These formations are the result of fog and the occasional rains that occur mainly
during the Bf Nifie phenomenor. Probably, cacti are relic plamis of past wenier pertods
and sustain themselves due 1o fog. o a similar situation are the shrub formations that
Hve off the combination of win and fog Tho Bromellaceas, called hore “tilandsias™
five almost only on fog. The annual plants survive principally on rain, Uinderstending
fog and rain is vital for the comprehension of these frapile ecosysioms  whose

protection ix important for the preservation of the biodiversity of this and environ-
wient.

In the last 4 years, @ geographical study has been done in the Tarapacd Region in
navthernr Chile, i the Atacama, the “most ami desert of the workd™ [ Weischet, 19745 One
focus of the investigation carried out has been the understanding of the factors thist
determine the origin and behaviour of fog. Radiation fog v infand ocations and advective
and orographic fmz along the cousts have their causes baged on the planetary atmospheric
cuvuiznon and ihe ookl geographical features.

Presently, 'her-" i a0 group of scientists studying the geophysics of the southeastern
I-’”ia_uh. stratus decks and their interactions with weather systerns through the program
T2 the VAMOS East Pacific Investfgation of Chmate. In this m;& ', the regoenal and
iocai seates of the smatocumulus cloud and fog are examived and the planstary

seale 13

only discussed in so far as it relates to the origin of the alr mass that are involved g the

formation of fog on the contineni,

2. The study area and methodalogy

The study area is located in the First Region of Tarapach {Fig, D) froms Junin fo dhe Loa
River (197407 S-21 "30 S-707 10 W-H9740" W ik fength of the coastiine is upprox-
imately 200 km and the widih toward the intetior is an average of 50 km. The total area is
about 10008 km”, From west to vast, the relse% 15 formed by a nurrow coastal plaim
{average 3 k) a oliff of 400 1000 m2 & mountain range, Cordiliera de fa Costa, with
peaks of 1500--2000 m (width of 5070 kmy and a tectonic basin of an average widih of
VO dom called Pampa del Tamarggal. The stedy ares reaches the predmont of the
Cordiliors de los Andes (Osses of al., 1998a)

The work presented here was done during the yoars 19972001, Initinlly, cartographic
and GIS analyvses were undertaken 1o find th
would be favourable for the formation of fog. €

s }”z.iuﬁi‘\ wherz the wpoegraphical feaures
rsaes et all (19980 has reported that eritical
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i b The study area

aspects such a8 mountain ranges, terrain althiude, ransverse vatleys, coastline shape and
distanve o the coast are important,

Twe standard oz colleciors (SFCY (Schemenaver and Cereceda, 1984h) were
installed at the coastal loeation of Alto Patiche (20749 5 70709 WR30 1) and i
Station: Tillandsias (200 127 8; 767 W.10s0 ) focated in Cerre Guatalava 12 km from zin
coast. The SFC colleets fog droplets and allows the flux of fog water over the ferrain o
be measured. The data were collected on a weekly basis from July 1997 until March
2001, Pur{}nfn’e- kilometres inkand, i P ampa dei Tamarcgal, in Fsacion Agricola
Universidad Arture Pragt (207200 $: 59793 W 30 my, an SFC was installed in May
1999 and data were collecied mi:i March 2000 Since in a light fog it is difficult to
colleat water in an SFC, daily observations on the presence or absence of fog were
recorded. Surveys in four fleld campaigns of 13 days were done during the winter of
1997, the sumumer and winter of 199% and in the sumier of 1999, ar different sites, with
standard og collectors and with manual instruments 1o measure *ezrpc*uzun. humidity
andd wind parameters at different hours of the day and night. To recognise the pruuua
of moa’mhu fog, a study of vegetation in the fog oases was done usme* the literature
and field surveys.
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110N ) began to understand the relationship hetween the ceosystems
and fog. GOES and NOAA cxtellite fmages are being used, The spatial and temporal
clonds will be analvsed using GOES images, and NOAA
images, with g beter spatial resolution, will he used for the study of the influence of rebiet
on the penetiation of fog into the continent. La this paper. dhe emphasis 18 o0 U thearetical
discussion of fog behaviour, as well ax the data ace
examples of the GOES mages e given @ iustrate the phenomenon.

in 2081, apr
{hile (Fonde

hehaviour of the stratocumulus
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wired i field experiments, H0mne

3. Resutts and discussion
31 Srearoctunuius cloud

s qorthern Chile is formed hundreds of kilomewes

The tvpical stratocumuins cloud of
heastern Pacific Quean. [t is
areq, and the Chilean coastal fog. !

Nevertheless,

reguent to find in the selentific
oeally

from the coast in the soul
Hierature that the Peruvian fog in the “Lomas

are due to the eftect of the colil Humboldt Current.

called “eamanchaca”,
the satelfite images show a difieren
CIOES sateflite images done during t
cesnits show a large mass of stra seumuh clonds that was alway
Fuanples of this phenomenon abe given in fig 2, showing high and fow magnifications of
the low cloud a8 4 COMPAct miass,

The South Pacific Anticyclone produces & STONE subsidence that gendrates a thenal
yversion faver atong the coast, defined by Dspajo {2001} af Cerro Moreno as being
berween 483 and 1343 m. This mvarsion dogs o

¢ reality. Effectively, in the initial examination of the
b months of May, June, July and August 208 the

s present dunng

he period.

g

]

s not permit tHhe evolution of the typleal
gropical clouds of these siitudes, allowing only the formation of stratus and stratocumuli
On the porthern and central Chifean coast, the Humboldt Cumrent itepsifizs the prestie
fog at tha shove-mentioned aliitudes (Welsehet, 1974 Schemenauer <t ak,
ent in the study arce. are probably

frequent advective fogs in

of advective
9%y, The associated cold water upwetlings, frequ
partly responsible for the orographic clowds and the maore

sertain arcas of the coast, &5 will be seen below.

3.2, Adveetive fhg

imates aver the Pacific Ovean expards toward the coniinent
and s intercepted by the mountain ranges of the Chilean coast. forming persisient
HF berween atiitudes of 400 and 1100 m In
oud has been measured heing
1907, 190%), Prasenily, the dan

The massive cloud that ong

sdvection fog, It teaches the coastal ¢
coscarch done in Pert and Chile, the thicknoss of this ¢l
around 3040 and 400 m {Lapeio, 2001 Cereceda ef al.,
catlected 1 3 months (June - Septembers of 2001, with six SFCs fotaed in g vertical ine.
from 350 to %50 m, shows that i this winter pariod, fog in Alto Bainche has been more
frequent at hugner alfides, indicating that e cloud base in the area was aroung 730 m.
The herizontal fog finx vares with altitude. From August to December of 1997, SFCs
were installed on the ¢l of Alto Pasache at 750 and 830 m. The lower SEC had a vield of
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P70 m day T In
est porential site for fog wiker

i, Porty (17757178 W)L 430 km Eé‘t)ﬁ; { atache, the
cotion was also found at 850 m (Osses et gl 1998b), L pejo (20017 has tound in Cerro
Muoreno, sasta the best collection of fog water at 11 5() 18

Advective fog enters the Pamps and intermontane basins through saddles and corndors
or paths formed between the high mountains 0f the Cordilera de la Costa. lr persist unhl

£

she beat of the land evaporales the fog droplets. Fog water collection s uch higher on the
coast than inland. The distance that fop can penetrate depends o the characterstics of the
ammesphere: femperature, humidity and wind speed.

The fog flux data of Alie Patache and Tillandsies i Cerro Guals
coast. the average from July 1997 to December 2000 was 8.3 S S dey T while in the
interioy, it was only LEim "7 day " ' Both Incations have the smne vearly and seasonsd

variations and respond 1o FI Nifio and La Nifta phenomens m g sinifar way. The Ef Nipo
of 1997 - 199% had the highest water collection (17 Em “Tday 'y in Abo Patache In this
same location, the average of vears 19982000 was 7.4 Tm " dav ™ " (Fig. 3a and by

ava show that on the

(a) Foy Water Collection Alto Patache {by Fog Water Collection Titlandsias
Monthiy average 1997-2000 Monthly average 1997.2000

wider ool

Fig. 3 Qi Fog water collection at Al Patache. (b ¥ sen in sandsias, Cervo Cuatalays.
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I the Pampa del Tamaruga! (45 knt frony the coasth, from May 1999 o March 2000, on
enly 10 davs between June and August {og was observed, On oty four of thens wore
witer collected in the SFC.

Iris well established that in all focations, winter and spring are the most produstive for
fog water collection and from Tuly umil Septernber, fog water collection rates are the

highest. Summer and sutumn include the months with the fowest yields. bringing down the
yearly average.

With respeet o the armospheric paroreters that control the shift of jog along the
Cordiliera de Ia Costa soward Pampa del Tamarugal, in the fow days where fog water was
collecred nland, the following patler was seen. During the field campaian of August 4 -
21998, i Ao Pamache and in Salar de Llamara in e southern part of Pampa def
Tamarugal, 30 observations every 4 b of the day and night were done on fve CofsgTULive
duvs when fog was present,

The SFC of Alto Patache on the const collected 21 | in 16 vegistration pericds and 1.5
Fof water was collected in nine events in Liamara. Fog was recorded indand d furing the
nights and in the mornings at 0200, 0600 and PO o the coast, it was mmore eratic,
but still predominant in the same hours. In six of the nine events ohserved i Llamara,
fog was present on the ¢oast i the st 4oh pmnd There was almost g permanent calm
inkand and the Hght gusts were from 210° ta 2407 (S5W-5WY on the coast. wind was
"'al from the south and with higher speeds, the masimum speed measured was S
nos f}dhn" the entire period, to nvpnmiurc.x i the Pampa oscillated from 2 1o 27

during fog events, it was between 2 and 12 ° ~indand and between % and 16 YO o
CORSE

i el

These data may indicate that either top was present all the way from the coast to the
Pampz and connected by the corridor. or that the fog di i;a.tcci and the humid air mass
that arrived at the Pampa condensed and formed the fo oy as & result of the nocturnal winier
vold, The other possibility is that the humidity of ihc dilﬂ()‘sﬂhdlk over the Pampa is
derived from evaporution during the day from the salt flacs present in tie ares, which have
abundant underground water. The low tfemperatures and the cahing or light winds are
typical of redistion fog

During these field campaigns. only two heavy fog events were surveyed along the
corridors and in the Pampa. Probably the best w ay o monitor these fags 5 with remote
sensing. Examples of the prefiminary study are given below (Fi ig. 43,

in the above four cases, the images 5hm %u, penstiation inland of the manne
stratocunulug clond. Where the relief inter reepts this low cloud, fog i formed. In Fig.
#A and B. the cloud covers the coastal plain, the <liff and the Cordiliera de la Costa,
reachmg the Pampa del Tanurugal, memw anly the highest mountsing J sar In Fig, 4C
and D, the dissipation process is seen beginning in t'u mountain range x&% ile the siratus
over the Pampa remains for a longer time. If the wtmnmmmkh cioud 15 jow czwugifz 03]
generate 109, 115 necessary to determine if the presence of it is due to radiation PrOvEsses
of ifitis onty a remainder of the advection fog. 1 may be that the cooler surface of the aren
reinforces the conditions for fog formslion, s¢ a combined process detesmines the
permanence of this situation in the Pampa. I deciding on whick parameters can be wsed

o define this phenomenan, the analysis shoald center on the origin of the water vapour
that farms the madimion fog.
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Fig. 4. GOES mages fog penetrasion (i whitz) in the Tarapavs Region,
33 Cwngraphic fog

Muany days during the ﬁi:%d work, for was observed on the cosstal ¢hif on certain
sumruits, while the rest of the area was clear and sunny. The sites were stated by tocsl
cesicdents as being typically mven‘:d by clouds, This suggesis the presence of oro-
praphic fog, which is influenced by factors such as upweliings i the sea, isolated
mountains, altifude, form of the relief and the shape of the constiine, According to 2
gurvey of fog oases done by Mudor et al. (206015 there are soven vagel tated areas in the
zone, On ihig occasion, they weore uimt*imi and studied from the geographieal point of
VIEW.
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In general, all of the fog ouses are localed near the same coastal features, they are
focated on headiands and have wide bays on their sowthern edge. The
alttudes near 800 muas ] and bave a mountain that s owtstanding to the south, which has
a suntmit from 943 to 1592 muasd These higher mountaing are the obstacles that oblige
the incoming air mass 0 ascend and coel by expansion, condense the water vapour and
form the fog, Also, they divert the air mass indand due 1o the predominant winds from the
south and the southwest {Table 1)

In Fig. 3. the GOES images show two cases, one where the cloud is formead only in the
above-mentioned areas (no stratocumulus cloud in the nearby sea), and in the other case, i
may be the Frst manifestation of the advective process on the coastal rauge as shown by
sthe mass of sloud near the coast,

Researchers on fog on the U8 West Coast distinguigh between West Coast fog and the
frequent sea fogs saving that the st one is unigue and the major factors are the great
strength of the tow inversion and the presence of cool upwelled water along the coast. He
refers also to air. waler and topographic conditions.

i 4

1=
PaciflciOcean
Pauiﬁci Qeean

Chipana

Fig. 5. GOES image: orographic clouds {in while) slong the coust.




Suring episodes of advective fog, the nflugnce of the crographic component results i
a higher fog fluy in the alr mass and more potential for waier collection.

4. Conclusions

fr1 this project i the Arscama Desert of Chile, ar least two types of fog were abserved it
a very nmow area, no more than 30 km wide. Advective fog results fom clouds generated
over the ocean far from the continent, which are iﬁ'-"%‘?i[?i'!ﬁt?{i by the wind 0 the coast
Drepending on the relief, the advective fog can enter the contment through vornidors in the
coastal mountain range of the area. Orographic fog ts formed in ity on the first windward
stope facing the sea. [tis local and related to high mountams or special forms of the relief
and coastline. A third type, radiation fog, has been noted in the discussion since @il the
ors for its fonation are present in the Pampa del Tamarugal
The flux of fog water over the terrain is very dependent on the proximity to the coast,

The 3 1
R31m ~day onthe coastand LI Lm T day ! 12 km infand.

The ares of imterest for fog investigations in northern Chile s vast, of the order of
100,000 km®. The studies presented here show that the fluxes of fog water over the
curface can be measured: however, the messurements are severely Hmited both in time
sence of fop and low

T vears of measurements with stmd'}m fog collectors showed s average fux of

aned spatial seules. Conversely, sateliite studies can look at the pr
cioud over large spatinl scales and for long peneds of ume. The 'i'}m; s cannot bhe
measured from satelilie data but areas with the probable presence of fog can be identified
from GOES tmages and other properties such as visibility and fog h\,}uzci waler content
may be possibie 1o determine (Beadix, 2001) A wue understanding of the fog
phenomencn requires the application of the best of both lechnotogies as has been initiated

i this study,
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