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INTRODUCCION

Este artículo entroga una comparación de los
resultados del comportanriento espacial y tempo-
ral de Ia niebla obtenidos en los proyectos "Eva-
luación del uso de a-eua de niebla para la rc-sene-
ración de ecosistemas áridos en los desicrtos de
Perú y Chile", f inanciado por la Unión Europea, .
y "Estudio comparativo sobre la niebla de la Pam-
pa del Tamaru-sal y costa de Iquique: ori-een, di-
námica y aporte a la vegetación", f inanciado por
FONDECYT, Chile. Diversas vafiables deternri-
nan el comportamiento de la niebla cn los dos
casos, y los datos rc-sistrados pernriten comparar
el  potcncial  de colección de a-sua dc niebla ocu-
rr¡da entre ju l io de 1997 y ju l io 1998.

I  f  ns( i tuto dc Ccogrr l iu.  P.  Univc¡sidl¡ r l  Catt i l ic : r  dc Chi lc.
:  Alrnosplrcr ic Errv i l r ¡ r ¡ r tcnl  C¡¡ t : ¡d l r .  Envi tonrnunt C¿rt tdr
j  

Inst i tuto dc Estudios t le t r  C'ul tu¡u l  Tcclrolrrgír  Arrr i i ¡ ¡a.
r  Arcui tccto.  Consrr l tor  cn Invcst isrc ioncs t jc Nicbl l .

Proyeclos U.E. TS3-CT94-0324
y Fondecyt 1971248

Se analiza información del Sector Cuchil las
próximo a Mejía, en Arequipa, y Punta Patache,
cerca de Iquique. Hay algunas diferencias si-enifi-
cativas en cuanto a los factores ,ceográficos que
deternrinan el comportamiento de [a masa nubosa,
y especialmente interesante es el desi-sual com-
portamiento temporal de la captación de a-gua en
ambos sectores.

MATERIALES Y METODOS

En las dos invcstigaciones se hizo una sclec-
ción de árcas dc estud¡o scgún nretodologías uti-
l iz-adas por el equipo en divcrsos proyectos antc-
riol 'cs. Básicanrcnte. consiste en un traba.io car-
to-rrráf ico y dc tcrrcno quc dctennina variahlcs clc
lc l icvc.  corr l ( )  son la prcscncia de nlontañas. al t i -
tud. gcolirrrnas. distancia a la línea dc costa. cs-

l )acio pura atrapanieblas.  ctc.  (Schcnlcnuucr ) /
Ccleccdir. 1994: Cc¡'cceda et ul.. 19961.

La instrunrcntac¡(in usada en las ¿ireas sclec-
ciorrud¿rs consistc básicantentt '  cn colcclot 'cs
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Pcri l  y Chi lc cstr in vcrtcbr i tdos ¡ lor '  la cordi l lc-
¡ 'a andina y sus rc l icvcs son nruy s inr i la lcs.  Los
Andcs. con sus crnpinadas ladcras dc rn¿is c lc

-5.000 rn,  cn csta partc dcl  cont incntc,  intcnsi l ' ican
l l  c i rculación dc los v icn(os provcnicntcs dcl  ¡nar ' .

A¡nbas ár 'cas dc cstudio sc encucntran en un¿l
cr>¡ 'd i l lcra costc[a bicn dcf in ida,  con al t i tudcs su-
¡rcr iorcs a los 1.000 n¡etro-s,  con un ancho var ia-
blc próxirrro a los 30 krn y con val les y qucbradas
intcr io lcs rnuy sinr i la les.  La di fercncia rnayor cstá
dada cn Chi lc por la presencia de dcprcsiones
tcctónicas, ocupadas por salares (Vcr mapas I y 2).

Hacia el  or iente,  ambas áreas de cstudio pre-
scntan extensas pampas inter iorcs que forman
planos incl inados de or iente a ponientc,  conro son
las dc La Joya en Perú y Tamaru-eal en Chile. La
Joya t icne Inayor cxtensión E-W super ior  a los
l-50 krn, y Tamaru-eal es an-sosta, ya que frente a
Patache no supera los 80 km. Desdc este punto
de vista, son superficies de recalentamiento que

-sencran 
vientos térmicos muy potentes y de di-

rccción constante a lo largo del año; estos se dan
especialnrente después de mediodía y hasta el atar-
deccr.

Mejía tiene co¡no accidente principal el valle
del río Tambo, que en su curso medio es estrecho
y encajonado, pero en su curso inferior presenta
una amplia desembocadura que se desarrolla en
una extensa planicie fluviomarina, con al-eunos
aten-azamientos laterales. Patache no presenta nin-

-eún 
ras-eo similar en kilómetros a la distancia, ya

que el río Loa se encuentra a más de 80 km al
sur;  e l  área chi lena está en un cordón cont inuo,
sicndo el único rasgo destacable, desde el punto
de vista del comportamiento de la niebla, la exis-
tencia de un corredor deprimido hacia el norte de
Patache, que se inicia a los 500 m en el mega-
acantilado y se adentra en las serranías hacia
Tamarugal.

De acuerdo a estas consideraciones, ambos lu-
gares estudiados presentan relieves aptos para la
intercepción de la nube estratocúmulo, arrastrada
por los vientos desde el mar hacia el continente,
fenómeno que es intensificado por la presencia
de ambas pampas. Sin embar-eo, el ras-so fluvial
de Tanlbo es muy importante, ya que es la vía
que al tera la dinámica eól ica,  desviando podelo-
sarrcnte las masas de aire hacia c l  inter ior  a t ra-
vés de su val lc;  esto impl ica que los cerros inte-
l iorcs nl¿is elevados ticnen ntayol' presencia de
nicbla que aquel los que se encuentran enfrcntan-
d<l  a l  nrar en la dirccción predominante de los
vientos dcl  sur ' .  Aquí se conjugan clementos
del ' in i tor ios ta lcs conro al tu la de la invcrsión tér ' -
¡n ica v rel ieve de ncnctración.

c) Factores a cscala local

Los rc l icvcs dc tc lccl  ordcn ol ig inados por la
acci<in dcl  rnal  y dc la.s : tguas l luvia.s son intc l 'e -
santcs dcsdc cl  ¡ rurr to c lc v ista dc la topclgraf ' ía
costc|a quc dctcrrnirra los c l 'cctos dc ru- l ¡osidad
quc al tcran la t raycctor i l t  dc los v icntos a t l l icro-
csca¡a.

Las planic ics l i toralcs son muy sinl i larcs a lc¡
lar-co dc las c()stas Pcruanas y chile nas: al-eunas
nluy an-sostas quc no supct 'an c l  k i ló¡netro de an-
cho, y otras más extensas quc alcanzan los l0 k i -
| órnetros ; e n al 

-eu 
n os scctorcs 

-erandes 
acanti lados

caen dircctamentc al mar. Las áreas de localiza-
ción de las cstacioncs de nrcdic ión sbn muy di fc-
rentes: en Mejía cs abierta y extcnsa hacia el sur,
donde sc conlunde con las planic ies f luviales dcl
Tambo, cubr iendo una distancia super ior  a los
8 km; en Chi le cs mu-y angosta,  no supcra los
2 km, dejando la l ínca dé costa muy próxima.

Uno de los aspectos que se han comenzado a
analizar cs una intercsante hipótesis de trabajo y
se refiere a la línea de costa. La nube estra-
tocúmulo se refuerza cn su contenido líquido por
cl electo orográfico que producen las montañas y
también en aquellos lu,earcs donde hay surgencias
de aguas frías; ambos fenómenos logran en defi-
nit iva un mayor enfriamiento de la masa de aire.
Existe relación entre surgencias y forma de la
costa, y las puntas son accidentes gcográficos que
alteran el comportamiento dcl viento en su unión
entre la tierra y el mar, proceso que genera mayor
desi,eualdad y, por lo tanto, más posibil idades de
afloramientos de a-euas profundas. Patache está lo-
calizado inmediatamente sobre un gran punta de
4 km en forma triangular que se adentra en el
ma¡ y Mejía presenta una línea de costa pareja,
con una saliente amplia, redondeada y poco pro-
nunciada, como lo es Punta de Bombón, que de-
fine la desembocadura del Tambo.

La topo,erafía es diFerente aunque ambas áreas
están en una cordil lera costera: en Patache la
f isonomía es más bien de una planic ie en al tura;
en cambio en Mejía los cerros conforman cum-
bres diferenciadas y separadas por profundos
valles que condicionan Ia dirección de los vienl.os
a ese nivel .

LA COTECCION DE AGUA DE NIEBLA

El proyecto de Iquique fue in ic iado en ju l io de
1997 y el  pr imcl  año dc nredic ión se complctó en

jul io de 1998; por esto sólo se puedcn haccr com-
paraciones en cse t iernpo. El  se-eundo senles-
tre de 1997 y pl i rnetos t l leses de l99t i  f 'uc un
per íodo rneteololr i -s ico fucrtcntente inf lucnciado
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t l i lc¡cnci¿rdos, conlo l l  cst¿rciolral ic lad dc ln nrc-
bla.  quc podr ' í l r t  rc l i lc ion¿rrsc corr  c l  dc.s¡ t luza¡nicn-
to dci  Ant ic ic i t in dcl  Pací l ico Surol icntal .  Micn-
tras cn Pcrú hay al rucnos 4 a -5 nrcscs cluc l)r 'c-
scntf ln u¡ l i l  d isrninucir in no(or ia y ahr-u¡r tu dc co-
lcccir in dc agua. cn Chi lc la nicbla sc prcscnt i r
c()nst¿rntc a l r l  lar ' -uo dcl  añ<t,  cor l  n lcscs rnuy al-
tos,  t l l  coruo sc ha constatado ac¡uí  cn Ic¡uiquc y
tanrbién cn El  Tofb,  IV Rcgi<in (Ccrcccda cl  r r l . ,
t997 ).

Los dos aspcctos l l lás dcstacablcs cn cuantcl  a
las di lerencias que se evaluaron en ambos lu-ea-
rcs sc rc lacionan con el  re l ievc.  ya que nr ient las
en Pcrú el ras-vo definitori<l para localiz-ar el lu_gar
de nrejor potencial  dc niebla es c l  val le dcl  r ío
Tanrbo, cn Chile es probable que 

-cuarde 
relación

con la l i r rna dc la l ínca dc costa y los v ientos
marinos predonr inantcs que esculpcn el  ¡n i -
crorrelievc dcl acantilado. En cf'ccto, en Pataclrc,
ubicado a una al t i tud adecuada sobre los 800 m.
el vicnto cs cn[r'entado directamente por un acan-
ti lado dc pcndiente pareja; en Mejía, cl sector
Cuchi l las,  que tanlbién se encuentra a una al t i tud
sirni lar ,  recibc los v ientos canal izados por el  r ío
Tarnbo, los que son desviados cn el angostamiento
del valle producido por una serranía mayor. Es
probable que el río aquí sea definitorio; en cam-
bio que en Patache la punta de Ia línea de costa
sea Ia causante de una surgencia oue refuerza el
proceso de advección.
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Advective, orographic and radiation fog in the
Tarapacá region, Chile

P. Cereceddo'*, P. Osses", H. Larrainb, M. Farías", M. Lagcls"
R. Pi l r to ' .  R.S. Sclrernenauer ' l
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l (cecivcd. l  Octt¡bcr l (Xl l .  rcer ' r r r : r l  rn terrrcr l  l i r ¡ r r  l i  l "chn¡n¡y 20(13::recc¡rrc<l  l9 Anrr l  l r Í ,1

..\ b st racl

A projcct in northcm Chilc s'¡rs t¡ndcnakcrr to ( lctcnlt inc thc origin ¿nd hchuviour of ' l i r¡r  i rr  t l rc
coasti t l  a¡rd inlnnd l<¡cations ol ' t l rc f  i rr l¡raci i  l tcui<ln. In lhc Parnpa dcl Talnarrrgl l .  5( l  krtr l iortr t l rc
sca. c<urdi l iotts c.r ist l i l r  thc l i lnn¡rt io¡r ol ' radi¡rt io¡r l i lg. Advcctivc tbg hasbcun studicd on t lrc ct l ls l
lrrrd orographic fog was obseryctl ut ¡r ll'rr. co¡¡stal sitcs ncar tlounta¡n rangcs u'ith clcv¡rtio¡rs ¿rhrlvc
| (XX) ¡ll. f :(tg ,*,atcr collcctctl by t rvo stlrrtl¿rrrl fir{ c1¡llcc¡1¡¡ri ( S li( I } fi¡r -j I ll yclrs sl¡ou,ctt iul ¿rvct:¡rlc
f l t ¡x r¡ l ' l { . -5 |  rn I  t lay - lor t  thc c¡xrst  ¡ rnt l  l . l  I  r r r  :  day ¡  in land l l  hr¡r  l i t l r r r  thc crrust l i ¡ rc.  ( ) r r
onlv a fcw days in l0 months w¡rs rr '¿¡tcr col lcctcd at thc inl¿rrrt l  si tc ol 'Pirrn¡r ir  t lc l  ' l¿¡rrrarugal. ( ;()ES
satcl l i tc ' i t t tagcs arc shown to i l lustr ir tc t l tc pattcrr ol ' l i rrrr lr t io¡r ol ' thc st¡ '¿¡toct¡rrrLrl i  ck¡r¡cl ovcr t l rc sr:a.
i ts approach tt t  thc coastl inc. t l ¡c c¡t lrat¡cc ol ' lbg hy con' i t l t l rs lhrouglr t l tc coi¡st¿rl  rarruc :¡nd l l tc
Ptcscncc rr l 'ntdial ion lbg inl lnd. ' f 'hc rcsults arc inlnon:tnt l i rr  thc undclstanrl ing ol ' f i rq f irnnitr io¡ l  und
dissipation along the coastal nl<lurrt¡r i¡r  rrrrrc ¡rnt l  l i t r  thc rccognit ion () l 'polcnti i t l  si tcs f irr  t l ¡c
inst l l lat iorrol ' t '<rgwatcrcol lcr : t t l rs.rr l t ic l tcanbcusctJls i rwl tcrsot¡rccinlhcAl i rc¡ l r ¡ i l  f )cscrt .  fhc
rcsults also pnrvit lc vi tal inl irrnr¡rt ion l i ¡r  usc ir t  thc prcscrvation ol ' thc uniquc ccosvstcnrs t l l ' t l lc nrost
arid dcscn of thc world.
t ' ,  2()02 l) t¡bl ished by Elscvicr Scicncc lJ.V

A¡,rrrr¡nlr. ,.t*, t:,,1: 
_.:::rt()cunruhrs. 
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l .  lntroduct ion

Fog has been widcly studied in Chi le,  cspcci  a l ly  as a w¿rtcr  rcsourcc for  hutnan
consurnpt i r . ln (Schcrncnaucr and Ccrcccda, 1994a; f 'crcccd¿r alrc l  Scherncnauer,  l99t l ) .  At
prcscnt,  thcrc arc at  lcast  seven si tes wi th opcrat ional  o l  scicnt i l ic  projects in the country.
Science and technology'are important in thesc typcs of ' rcscarch. The understanding of-
c loud physics and chemistry as wel l  as the beh¿rvkrur ol ' lbg arc cn¡cial ,  as is thc
technology to use fog water as a managed water re-sourcc.

ln thc coastal area of the Atacama Desert, thcrc ¡rc firur types of ccosystems (fbg
oasis) with a predominance of cacti, shrub fonnation, Bn¡ncliuccu.r and annual plants.
These fomrations are the resul( of fog and tlrc 0ccasiotlal rains that occur rnainly
<. lur ing thc El  Niño phenomenon. Probably.  cact i  l r r ' rc l ic  p l l r r ts ol 'past  wctter pcr io( ls
and sustairr  l l tc¡nsclvcs due to fbg.  In a s i rn i l i t r  s i t  uat ion arc t l rc s l l rub lo¡r t tat ions l lur t
l ivc ol l ' t l tc  conrbirrat ion of ' ra i r r  and f t rg.  Thc lJn¡nLl i t t<t ' t t ¡ .  er l lcr l  hcrc " l i l l i r r rdsi : ¡s" .
l ivc alnrost  orr ly <ln f i lg. ' l - l rc annual  p lants sur l i le pr i r rc i ¡ ra l ly  orr  ra i r ¡ .  Unclcrst lnr l i r rg
l i lg and r l i r ¡  is  v i ta l  fbr  thc cornprehcnsiolr  o l ' t l rcsc l i ' r rg, i lc  cc()syslcnls wlrosc
protcct¡()n is i r r tpor lant  lbr  thc prcscrvat ion ol '  t l rc biocl ivcrsi ty ol '  th is ar id cr tv i l t rn-
l i lcnt.

ln t lrc l¿rst 4 ycars, a gcographical study lr¿rs hct'n rkrnc rrr thc l irrir¡rac:i Rcgion irr
l¡orthcr¡r (lhilc, in the Atacarna, the "rnostarid (lcscf ol 't l¡c rvorkl" (Wcisclrct. 1974). ()nc

fbcus t l l ' t l rc invcst igat ion carr ied oul  has bccrr  thc t ¡ r r lcrstant l ing ol ' thc f i tc tors th¿rt
dctenninc the origin and behaviour of fbg. Radi¿tion l irg in inl:rrr<l krclt ions ¡utd advcctivc
and orographic tbg along thc coasts have thcir causcs basccl on thc planctary atltrosphcric
circulation an<J the local geographical fbaturcs.

Presently, therc is a group of scientists studying thc gcophysics ol' thc southc¿rslcnr
Pacific stratus decks and their interactions with rvcrrthcr systcrns through thc progrurn
VEPIC, thc VAMOS East Paci f ic  Invest igat ion ol ' ( ' l  i r r r ¡ r tc.  ln th is papcr.  thc rcgiorral  ar td
local scalcs ol'the stratocu¡nulus cloud and frrg arc cr¡rrnirrccl arrd thc planctary scalc is
only 'd iscusscd i r r  so lar  as i t  rc lates to thc or ig i r r  o l ' Ihc.  n i r  rnuss t l lat  t rc involved i r r  l l rc
lbnnation ol'fog on thc contincnt.

2. Thc study area and methodology

Thc stucly arca is located in the First  Region ol ' lanpacá ( l - ig.  l )  l io¡n. lunín (o thc Loa
I l ivcr  (19"40'S-2 1"30'S-70"10'W-69"40'W).  Thc lcngth ol ' thc coast l i r rc is i t ¡ rprox-
i rnatc ly 2(X) krn and (he width toward the inter ior  is  an avcragc of '50 krn.  Thc total  ¿rrc¿r is
abot¡t 10,000 k¡n2. From west to east, the rclief is fomlccl hy a narrow coastal plain
(averagc -5 krn):  a c l i f - f  o l '400-1000 ¡n:  a rrrountain mngc. ( ' t l rc l i l lcra dc l¿r C'osta.  rv i t l r
pcaks ol '1500-2000 nr (width of '50-70 krn):  arrd a tccton¡c basi¡r  o l 'an ¿r\ /cr l8 lc width of '
100 k¡n c i t l lcd Parnpa dcl  Ta¡narugal .  Thc study l re l  rc;rchcs thc picr t l r t torr t  ( ) l '  t l lc
( 'ordi l lcr¡  de los Andcs (Osscs et  a l . .  l99t la) .

Thc u,ork prcscrt ted here was done dur ins the ycar:s 1997 l (X) l  In i t i¿r l ly ,  cartogrrrplr ic
al ld ( i lS unalyscs werc unde'r lakcr l  to l ' ind thr 'p l r rccs rv l rcrc t l rc top<lgntphical  l i '¿t turr 's
rvou l<i hc l irr 'orrrahlc firr thc forrnation ol' l irq. ( )sscs (t :r l. ( | t)t)Xb ) hls rct)()rtc(l that crit ic¿rl
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Fig. l. The study arca.

aspects such as mountain ranges, terrain alt itude, transverse valleys. coastl inc shapc and
distance to thc coast are important.

Two stanciard fog collcctors (SFC) (Schemenauer and Cereceda, I994b) wcrc
installed at thc coastal locati<ln of Alto Patache (20"49' S: 70'09' W-850 m) lrrd irr
Stat ion Ti l landsias (20'  12'S; 70'W-1050 m) located in Ccrro Guatalaya l2 krn f rorn thc
coast. Thc SFC collects fog droplets and allows the flux of fog watcr ovcr the tenain to
be rncasurcd. Thc data were collected on a weekly basis from July 1997 unti l Marclr
200L Forty-five kilometres inland, in Pampa del Tamarugal, in Estación Agrícola
Univcrsidad Arturo Prat  (20"24 S; 69'43'W-950 m),  an SFC was instal led in May
1999 and data were col lected unt i l  March 2000. Since in a l ight  fog i t  is  d i f f lcul t  to
collect water in an SFC, daily observations on the presence or absence of fog wcrc
recordcd. Surveys in lour f ield cantpaigns of l5 days were done during the wintcr ol '
1997, thc sunrncr and wintcr  of  1998 and in the summer oi  1999. at  d i f fcrcnt  s i tcs.  wi th
standard l i lg col lcctors and with manual instruments to measure temperature,  hunr id i ty
a¡rd wind paralncters at diffcrent lrot¡rs of the day and night. To recognisc thc prcscncc
of orographic l i rg,  a study of-  vegetat ion in the fog oases was dorre using the l i tcr¡r turc
and f ie ld surveys.
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ln 200 1,  a project  funded by thc Nat ional  Comnl issiorr  of 'Scicncc arrd Technology of '
Chi le (Fondccyt # l0 lOt l0 l )beg,an lo undcrstand lhe rc lat ionship bctwccn thc ecosystcms
and fog. GOES and NOAA satcl l i te images are being uscd. Thc spat ia l  and ternporal

behaviour of  the stratocumulus c louds wi l l  be analyscd using COES irnages, and NOAA
images, with a better spatial resolution, wil l be used for the study of thc influence of relief
on the penetration of fog into the continent. In this papcr, thc cnrphasis is on the theoretical
discussion of fog behaviour, as well as the data acquircd in l ' ield experiments. Some
examples of the GOES images are given to i l lustrate the phcnomenon.

3. Results and discussion

3. l. Stratoc'untulus cltrud

The typical  stratocu¡nt¡ lus c loud ol ' r r r l r lhcrn ( ' l r i lc  is  l i r rnrcd l l t rnt l lc t ls  of 'k i l< l ¡nctrcs
froln thc coasl  in thc sout l rcastcnl  l )¿rci f lc  Occan. l t  is  l rct¡rrcnt  t r l  l inr l  i r r  thc scic¡r t i f lc
l i tcraturc that  thc l )c¡ ' t ¡v i l r r  log i r r  thc " l . t rnras" ¡rrc¿r.  ¿rr t l  thc ( . ' l r i lc¡¡¡r  co¿tsf¿¡ l  f i lg,  local ly
cal led "canranchac¿r".  arc duc to t l rc c l l 'cct  <l l ' thc colc l  l l r r rnbokl t  ( 'urrcr t l .  Ncvcr(hclcss.
thc satell i te imagcs slr<lw a dil l 'crcnt rcality. Ell 'cctivcly. in tlrc ir¡it ial cxa¡nination ol'thc
GOES satel l i te imagcs dorrc dur ing thc ¡nonths of 'May.. lurrc, . lu ly an<j  August 200 1,  thc
results show a large ulass of'stratocurnuli clouds th¡t was:rlrvays prcscnl durirrg thc pcriocl.
Examples of this phenorncnon are givcrr in Fig. 2. showirrg high arrcl low nragniñc¡tt ions of'
the low cloud as a cornpact rnass.

The South Paci f ic  Arr t icyclonc prodtrccs a strong suhsi t lcncc t l r i r t  gcncratcs a thcrtnal
inversion layer along thc coast, dcfincd by Espcj<l (2(X) l) ¿rt ( 'cr() Morcno as bcing
between 483 and l -54J nr.  This i ¡ rvcrsion docs n() t  pcnni t  t l lc  cvolut ion ol ' t l tc  typicnl
t ropical  c louds of  thcsc lat i tudcs.  a l lowing only thc fbnrr¡r t iorr  o l 's tnr tus ¿lnd stratocutnul i .
On the northem an<J ccntral Chilcan coast, thc l. lunlboldt ( 'urrc¡rt in(cnsifics tltc prcscttcc
of advective fog at thc above-mcntioncd altitudcs (Wcischct. 1974: Schcnrcnaucr et al.,
l9tl8). The associatccl col(l watcr upwcll ings, l irqucrrt in thc study arc¿t, aro probably
partly responsiblc lbr thc clrographic clouds and lhc rrrrlrc l i-cqucnt atlvcctivc lbgs in

certain arcas of thc coast. as wil l bc sccn bclow.

3.2. Advcc'tive ./it1¡

The massivc cloud that originatcs ovcr thc P¿rcil ic Occarr c.rpands t<lward l ltc contincltt
and is intercepted by the rnourrtain rangcs of- lhc (' lr i lcan coast, fornting pcrsistertt
advect ion fog. t t  reaches the coastal  c l i f [  betwcen al t i tudcs of '400 and l l00 m. In

research done in Peru and Chi le,  thc ' th ickness oi th is c l t lud l r¿rs bccn rr teasured at  bcing

around 300 and 400 nr (Espejo,  200 1:  Ccrecc'da ct  a l . .  1997. l99l i ) .  Prcscnt ly.  thc data

col lected in 3 rnonths (Junc-Scptcrnbcr)  of  200 1.  wi th s i r  Sl : ( ls  locatcd in a vcrt ical  l inc.

from 350 to tt50 rrr. shows tlrat irr this winter period. f 'orr i lr Alto Pat¿¡chc has bccn nlt¡rc

frequent at  h ighcr al t i tudes. indicat ing that the c loud b¿rsc i ¡ l  thc arca wls aroutr t l  750 rrr .

The ht¡r izontal  lbg f lur  var ies u ' i th al t i tude. Frorn Atr t r rst  to Dccc¡r tbcrol '1997, Sl-Cs
wcre instal lecl  on the c l i l l 'o f 'Al to P¿rtaclrc at  750 and f i5 l )  n l  ' [hc lou,cr  Sl jC hld a v ic lc i  of



l ' .  ( t t< '<<'¿!o ct  t t l  /  Almtt . t ¡ tht ' r t t  Rt ' t t t t r th ÓJ ()00))  )61-271

l : i r '  1

| .1.1 s
( ¡ r )  ( iOlLS i rnagc: high l r lagni l lca( ion

24 Mry 2001.

1445 ( ; l \41-.  26 . lunc l (X)1.  (h)  ( ;OlrS i t t r l lge :  l t t rv rnrt l t t t l ic¡ t rot t



266 l '  ( 'L ' t t ' t< ' t lu t t  u l .  ' .4trr t t t : ¡ t l r tut  l l ( \ . ' t ! t .< l t  ó1 l l l ) ( l ) )  )ó l  ) l l

lcss than hal f  of ' thc highcr onc, which rcg¡stcrcd an avcrage of  17.0 |  rn I  c lay ' .  f  , ,
Mc1ia,  Pcrú (17"S-1|-"59'W),410 krn t rorrr  l )arache, the best potcnt ia l  s i te fbr  f t rg warcr
col lcct ion was also lound at  850 m (Osses et  a l  ,  I998b).  Espejo (200 l )has found in Ccrro
Morcno, Antofagasta the best collection of fog water at l l50 m.

Advective fog enters the Pampa and intennontane basins through saddles and corrid<lrs
or paths formed befween the high mountains oithe Cordil lera de la Costa. It persists unti l
the heat of the land evaporates the fog droplets. Fog water collection is much higher on thc
coast than inland. The distance that fog can penetrate depends on the characteristics of the
atmosphere: temperature, humidity and wind speed.

The fog flux data of Alto Patache and Til landsias in Cerro Guatalaya show that on thc
coast, the average from July 1997 to December 2000 was 8.5 l m -' duy- l, while in thc
inter ior ,  i t  was only l . l  t  m - 'd^y -1.  Both locat ions have the same year ly and seasorr¡r l
var iat ions and respond to El  Niño andLa Niña phenomena in a s imi lar  way. The El  Niño
r¡ l '  1997 -  I  998 had the highcst w¿rtc¡ '  cot lcct iorr  (17 |  rn -  2 duy -  

' )  in Al to Patachc. l r r  t l r  is
s i t rnc locat ion,  thc averagc of  yc:rrs 199¡(-2(X)0 was 7.4 I  rn-  2 duy'  '  (Fig.  3a ant l  h) .

(a) Fog Water Collect ion Alto Patache
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In the Pampa del Tamarugal (45 km lionr t lre coast), from May 1999 to March 2000, on
only l0 days between June and August f t lg was observed. On only fotrr  o[  l l )crn were
\r'ater collected in the SFC.

lt is well established that in all locations, winter and spring are the rnosl productivc for
fog water collection and frorn July unti l Scptember, fog water collcction ratcs arc thc
highest. Summer and autumn includc thc months with the lowest yields, bringing down the
yearly average.

With respect to the atmospheric pararncters that control the shift of fog along the
Cordillera de la Costa toward Pampa del Tanrarugal, in the few days where fog water was

collected inland, the following pattem was seen. During the field campaign of August 4-
12, 1998, in Alto Patache and in Salar de Llamara in the southem part of Pampa del
Tamarugal, 30 observations every 4 h of the day and night were done on five consecutive
days when fog was present.

The SFC of Alto Patachc on the coast collected 2l I in l6 registration pcriods ¿rnd l.-5
I  o l 'water was col lected in ninc cvents i ¡ l  l . - lanrara.  Fog was rccordcd i r r lar td dur i r tg thc
nights and i r r  thc ¡nomings at  0200.06(X) lnt l  1000; on the coasl ,  i t  was r t torc crr i t l ic .
but  st i l l  predominant in thc s i ¡ ¡uc l r r ¡urs.  l r r  s ix t ¡ t ' thc nine events obscrvcd in l - lanrara,
fog was present on the coast in tl lc last 4-h ¡rcriod. There was alnrost a pcnnarrcrrt calrrr
inland and the l ight gusts wcrc fio¡n 210" to 240" (SSW-SW): on thc coast, wir¡d w¡s
generally from the south and with highcr spccds, the maximum spccd ntcasurcd was 5.-5
m s-'. During the entire pcriod, tcrnpcraturcs in the Pampa oscil latcd l iom 2 to 27 "C:
during fog events, it was bctwccn 2 and 12 "C inland and between ll and l0 "Cl on thc
coast.

These data may indicatc that either fog was present all the way from the coast to thc
Pampa and connected by thc corridor, or that the fog dissipated and lhc humid air mass
that arrived at the Pampa condensed and for¡ned the fog as a result of thc noctumal winter
cold. The other possibil i ty is that the hunridity of thc atmosphcrc ovcr the Pampa is
derived from evaporation during the day fro¡n the salt flats present in the area, which havc
abundant underground water. The low tenrperatures and the calms or light winds arc
typical of radiation fog.

During these field campaigns, only two heavy fog events were surveyed along thc
corridors and in the Pampa. Probably the bcst way to nronitor thcsc fogs is with rcmotc
sensing. Examples of the prcliminary study arc givcn bclow (Fig. 4).

In the above four cases, the imagcs show thc penetration inland of the rnarinc
stratocumulus cloud. Wherc the relief intcrccpts this low cloud, fog is formcd. In Fig.
4A and B, the cloud covers the coastal plain, the cli lFand the Cordil lera de la Costa,
reaching the Pampa del Tarnarugal, leaving only thc highest mountains clear. ln Fig. 4C
and D, the dissipation process is seen beginning in thc rnountain range while the stratus
over the Pampa remains for a longer time. lf t l te stratocumulus cloud is low enough to
generate fog, it is necessary to determine if thc prcsence of it is due to radiationprocesses
or if i t is only a rema inder of the advection ftrg. I t rnay bc that the cooler surface of the area
reinforces the conditions for fog fomtation, s() a cornbined process detennines thc
perrnanence of this situation in the Parnpa. In deciding on which parameters can be used
to def ine th is phenornenon, the analysis shoukl  ccnter on the or ig in of  the water vapour
that fonns the radiation lbs.
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l ' ig. 4. COES írnages: fog pcnctmrion (in wlrirc) in rhc Tarapac:i llcgion.

3.3. Orographic fog

Many days during the field work, fog was observcd on thc coastal cliff on ccrtain
summits, while the rest of the area was clear and sunny. The sitcs were stated by local
residents as being rypically covered by clouds. This suggests rhe presence ol' oro-
graphic fog, which is influenced by factors such as upwellings in the sea. isolatcd
mountains,  a l t i tude, form of the rel ief  and the shapc of ' the coast l ine.  According to a
survey of fog oases done by Muñoz et al. (200 l), thcrc arc sevcn vcgctated arcas in tlrc
zonc. On this occasion, they were identiñed and studicd l iorn thc geographical point ol '
v icw.
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'fahlc I
Iirg oascs and ass()cratcd gcographical llaturcs
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In general, all of the fog oases are located near the sam€ coastal features, they are
located on headlands and have wide bays on their southern edge. They are located at
al t i tudes ncar f l00 m.a.s. l .  and have a mountain that  is outstanding to thc south.  which has
a sumrr l i t  f ronr 945 to 1592 nr.a.s. l .  These higher mountains are the ol)staclcs th l t  obl i rc
thc irrcorning air lrrass to ¿rsccnd and cool by cxpansion, Condcnsc thc w¿ttcr va¡rour irnrl
f<lrnr the lbg. Als<1, they divert t lre air lnass inland due to the prcdotninant winds tionr thc
south and thc southwest (Tablc l).

In Fig. 5, the COES imagcs shew rwo cases, one where the cloud is fornlctl ()nly in thc
above-lncntioncd areas (no stratocutnulus cloud in the nearby sea), and in thc othcr c¿sc, it
may be the first lnanifestation of the advcctive process on the coastal range as showrr hy
the mass of cloud near the coast.

Rcsearchcrs on fog on the US West Coast distinguish befwecn West Coas( lbg and tlrc
frequent sea fogs saying that thc first one is unique and the major l'actors arc thc grc¿tt
strength of thc low inversion and the presence of cool upwelled water along thc coast. l ' lc
refers also to air. water and topographic conditions.

Fig.  5.  COES inrarc:  orograplr ic c lout ls ( in u,hi tc)  atong rhc coasr.
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During epis()dcs of  advect ive fog,  the in l l r rcncc () f ' rhc or()graphic cornponcnt resul ts in
a higher log f )ux in the air  mass and morc porcnt i¿r l  l i ¡ r  watcr col lect ion.

4.  Conclusions

In this project in the Atacama Desert of Chile, at least rwo types of fog were observed in
a very narow area, no more than 50 km widc. Advective l<lg results from clouds generated
over the ocean far from the continent, which are transpoted by the wind to the coast.
Depcnding on the relie[, the advective fog can cnter thc continent through corridors in thc
coaslal mountain range of the area. Orographic iog is l irrrncd in situ on the first windward
slope facing the sea- lt is local and related to high mourrr¿irrs or spccial forms of the relicl '
a¡ld coastl ine. A third rype, radiation fog, lr ls bccn n<ltccJ in thc discussion since all thc
lhctr¡rs lt¡r its f irrr 'ation are present in tlrc l) 'rrr¡a dcl rirr 'arugal.

Tlrc l lux <ll ' lbg water ovcr the terrain is vcry dcpcn<Jcnt on thc proxirnity to thc coast.
1'hc 3 l/2-ycars t¡l ' tt lcasuÍctltcnts with st¿urrl¡u'rl l irg collcctrlrs slr<¡wcd an avcragc ¡ux <ll '
t l .5 |  r r ¡  tc luy |  .n thc coast and l . l  l r ¡ r  - ' , l r j  I  l l  kr¡r  i . lan<l .

Thc arca of interest for fog investigations in norrhcnr Chilc is vast, of the order <ll '
t00'000 knrl. The studies presented hlrc slrr¡w thar thc fluxcs of fog water over t¡c
surf'acc can bc tneasurcd, however, thc nrcasurcnrcnts arc scvcrely l imited both in tirrrc
and spatial scalcs. Conversely, satell i te strrdics cnn l<lok at thc presence of fog and tow
cloud ovcr largc spatial scales and for long ¡:rio<Js of' t ime. The fluxes cannot bc
tneasured fror¡l satell i te data but areas wi(lr thc probablc prcscncc of fog can be identif ic¿
frorn GOES irnages and other propertics such as visibil iry and fog l iquid water conterrl
may be possiblc ro dererrninc (Ben<Jix.200l) .  A t ruc undeÁtanding of  the fcrg
phenomenon requircs the application of'thc bcst ol 'both rcchrrologies as has been init iatcd
in this study.
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