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FOG WATER TO OUENCH A DESERT'S THIBST

Br) Robert S. S( HFN1FN.'{rJER*

The provision of adequate supplies of fresh water for human consumption and
agricultural use is one of thc major problems facing the world loda-v. lf undcrground
aquilers can bc tapped through a syslen] of wells, this is probably the least expensive
sourcc; if sufficienl scasonal rainfall occurs to justify building dams or cisterns for
storage purposes. then this may be a desi.ablc approach. Bu1 in some parts ofthe u,orld
there is neither potablc groundwaler nor enough rainfail to justify storage mcchanisms.
The norlhern Pacillc coast of Chilc isjust such a region: annual rainfall varies from
approximately 70 mm at La Screna (30'S) to I mm al Arica (19'S). with thc
Alacama Deserl, perhaps thc dricst place on Ear1h, lying in between. Areas such as this

:irc innovalive solutions to watcr supply problems.

Even in desertic regions with low humiditl,, a trcmcndous amount of waler
virpour passes overhead each day. but it is not possible 10 convclt il into liquid water
without enormous expenditure of energy and money. Areas with cloud cover arc
anothcr matter. Clouds are composcd of small licluid droplcts; if the clouds are deep
enough and if certain other conditions arc mct. cloud seeding may induce
precipitation. But evcn if successful. such a project incurs the dual drawbacks of high
cosl and the need to prole that additional water was aclually produccd by sccding thc
clouds. An altcrnative tcchnique to capturc cloud droplels direclly shows promise of
p.o\ iding large quantilies of walcr at relalively Io$, cost.

I;og-\t qler .t(posi I idl
11 has been known for a very long time that shrubs and other lypes of vegetation

intcrcept fog droplets and deposit the water on the ground through a proccss knol,n as
'log-drip'. Kcrfoot (1968) has summarizcd somc early observations of fog-waler
productivily. More rccently, Schcmenauer (1986) looked at measured rates of
fog-watcr dcposition. Low-clevalion surfacc-gcncratcd fogs usually have low
liquid-water content (Lu'C) and thus rclatively low deposilion ra1es. A1 highcr altitudcs,

* Cloud Phlsics Research Division. Atmospheric Environmeni Senice. Canada

241



clouds nro\ e ovcr the tcrrain producing fbgs. Thcsc high-lcvel lbgs hal'c a grealer l-\\'c'

and. sincc the \linds are usuall! stronger than al lo$er lcvels. deposition of watcr is

much grealci. The actual amollnt of log-diip clcpends uporl the t-vpc duralion and L\\1'

ofthc 1og and on the \egclalion covclaDd rvind speed. lrl areas wilh no signilicant
plecipitaiion. fog-drip rates of onc to len ccntinlelrcs per monlh carl h'\'c a narkcd
impact oD thc ccos)stemlfbl instancc. the coastal dcscrt of Namibia erhlbits nlanl

c\amples of plants lhat rcl) lor \\'alcr on tbgs nror ing inlancl from the Ailanlic Occan

Thc question oi uherhcr iogs can bc uscd as a managcd $ater suppl) neecls to be

addresscd. and a projccl to in\csligate thc lcasibilit) and cost ofusing lbgs on a largc

scalc lbr this pulpose 1s cur-rcnll) undcr *a1- in (ihile

Vics soulh o\cr E1 Iolb ridgc
* ilh !lralocunrulu\ a i!ing

71i, r . I \ \.i,,//rr,,,'r

'fhc ( urttottt ltuct Pntjt'Lt

ln tlre norlh of('hilc. nlounlains risc rapidll lionr the sca AI{iludes of 1000 m or

morc are comrnonll ibund \\irhin li\e 1() ten kilonlclrcs ol'thc coasl -l'hese coaslal

mouniains art' high enough 1o inlcrccpl llle straloclrmulus lalcrs 1ha1 Ibrm ovet thc

Pacihc Occan and movc inlancl. itncl thc rcsulling highJcrcl log is called th''
(Lttttanthtuq. Schcmenaucr .1 41. ( 1988) discuss in delail tllc melcorological conditions

lcading to the forlnation ofthe camanchaca as \r'cll as carlicr sludics on rts polential in

$a1er ;rodLLction. I he main silc ol thc l'roject is al 780 m on a ridgc called EI Tolo'

situaled a1 29'16'5. 71" Li'W. Small r allcl s separatc thc ridgc from highe't mountaius tu

the norlh and south-

Thc Calnanchaca Pro.lcct has bccn dcsign!'d to slud) thc metcorological'

lopographical ancl microphlsical condilions associalcd \\ith the lormalion and

p.esinci ol thc camanchaca. A massivc arra) of mesh atrapattidlas or lbg $'atcl'

collectors has also been construcled. and the cost ol producing walcr b) this tcchniclue

will bc determined. Previous projccls in the arca \\'cre ralher small and of short

dtLralion. not permilting cosls 1o be assesscd.

Thc major sourcc of l'unds lbr thc Canlanchaca Project is the lnlcrnalional
Dc\.clopmen{ Rcseatch Ccnlre in Oltawa ((lanada). Additional rescarch support in

t"rnN of ,toff and intiastructulc conles fiom lhe Gcophlsics Dcpattmcnt of thc

Univcrsitl of Chilc. the Geographl Depannenl of the Pontihcal Calholic tlniversit)
of Chile and the Canadian Almosphcric Environnlenl Serlice Constrrrction work a1

El To1'o is superviscd b) thc Nalional Foreslty Corporation of Chile s Rcgion IV
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Iniliai l'unding is lbr thc period .A.pril 1987 to March 1989. and b) the mid-poin1
of that period lwo meleolological stations had been se1 up to ptovidc .l uuntirluous
|ccord of conditions on thc mountain. In addilion. iift) fbg-\\'a1cr colleclors. each
.18 rnl in area. *erc in placc on El loib and their olrlplrl of \\'atcr conductcd through
pipcs to flor\ meters. { 1*o-u'eek inlcnsir,c obscnation period took placc in
No\embel 1987 \\'hcn an inslrumcnlcd nircralt. a Lloat. radiosondcs and nicroph)sics
probcs *erc usccl 1o studl the lo!\'cr alnrosphcr-e. sea-sur1'ace ten]pcralurcs and
plopenrc's o1 1hc camanchaca- A sccond such obsening pcriod is planned for
Norcnrbcr 1988. b1 *hich linrc conslruclion till havc stirltcd ola pipeline to lead thc
\\a1cr si\ kilomclr-cs do\\n 1o thc \illagc ol'Chungungo on thc coas1.

\ I ', ll Iog-$:11.r collcclor
.I l.'r., . l r. r.r.' .rr'l

\r.o.ru l .r 'r'r r'r'. 'r\ l' &.\'-

,; i, "-'''.''#T
I ltL, li)t- r ttLy d)l[&1a]\

Thr'log-\\aler-collL-clo[ consisls ()1-a clouble layer ol'ny1on mcsh lbut melres high

b\ lwrl\c nrelrcs lon!1. slrppoft.-d bv cables s1r-ung bc1\\'ccn lrvo posts of eucallplus
\\ood. Thc mcsh is incrpcnsivt'and nladc in Chile: lhe toven llbrc is llal and aboul
one millimctrc uidc. fhc snall fbg droplels itnpacl on thc nrcsh and llccuInulalc 10

lblnr drops thal run do\\n lhr ncsh inlo a lrough. Nlodilicalions ar-e currentll bcing
lnadc lo 1hc dcsign in ordcr to cnsurc thal all lhe \\a1er coll.ctcd flots into the trougll
and Lrllinratcl) through thc flo* lnclcr into a rcscrvoir. 'lhe flo\\ ntelsr measurcs

colllir'luousl) the llo\\ of $a1cr and lhe measurenlenlS arc slorcd as hvc-mlnLlle
a|cragcs on thc sarnc dalla-logger lllal rccords lhc ntclcorological dala.

Schcmcnaucr and .loc (198E) havc cxanrinccl thc collcclion e1l'rciency ol thc
lbg-\\aler collcclors. wilh a Nind spccd of 6.5 lns I a1 the ccnlrc of thc colleclor.
69 pcr ccnt oi lhc lotal lbg L\\( \\as remored b} thc cloubic lalcr of nresh. but in lhc
droplct si,,c rangc 9 ll Fm (the modc ot lhc l-\\( tlist|ibution). this proportion rosc to
ljl per cent- The'se'collection cllicicncics arc sullicic'ntll lrigh to suggcst that a search
lbr olhca mor-c clhcicnl nlcsh(-s is proLrabl) urlneccssar). Ho\\ievcr. the colleclion
cllicicncl as a lirnclion ol $ind spcr-d and position on lhc scr-een rvill bc cxarnined
rnorc thoroughl) du|ing thc sccond intcnsive held erpcrimcrt.

Ritlc r,l tolrBrulh.r at)l t (t()tulo!.\'

Ihc relielin thc \icinil! of lhe sitc at El Tolo is lcq irlegular"fhc \\ind spccd

and 1hc prol'rlc of uincl spccd abovc ground raq considerabll olcl the lerrain. -fhe
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upwind slope of the ridge generall! has Jbg on it. whereas rhc downwind slopc is oltcn
clear since the fog evaporates in the subsiding air- But thc silualion is complicaled irv
the 1'act that the cloud la-\cr is conlincd below a strong lrade-uind invcrsion that is
nearll ahva,vs presenl. The top of the cloud la)-er can vary from around 500 m ltl
1000 m. \{ith 800-900 m bcing thc most common level. It is thcrclorc inrportlnt to
slud) how the fog-water colleclion rale varies o\'er the tcrrain a1 a parlicular sile in
diffcrcnt mctcorological rcgimes.

An over!iew ol'the earl) nrclcorological m!'asuremcnts al the site \\as gi\cn rn

Schcnrcnaucr.1 a1. (1988). *hilst Fucnzalicla ct.r/. (1988) revicu mcasurcmenls madc
durirg the No\ember 1987 tleld experinlenl. The wind rcgime is dominatcd b) lhc
sca br-cczc (rvcstcrll) cluring thc da)ti!nc and thc Iand brcczc (castcrl)) at night.
Afternoon winds are strorg. rcaching pcak !alucs of6-10 ms . whcrcas thc nocturnal
land brcczc is usuall-v lcss than 2 n.ts I. N{aximum waler collection periods rvere iound
to be in lale morning and again jn late aflernoon/earl1 evening: thc ralc ofcollcclion is

strongl,v influenced b) the height of the lrade wind inversion. and this is controlled tl\
s)noplic- and mcsoscalc wcathcr lialurcs. ll is onl) when thc basc oflh( inrcrsion is
abor.e the sitc thal log can reach the colleclors.

The role of topograph-v in thc dcposition of fog rvaler is studied b-r means of
arrays of small collectors (50 cmr) deplo),ed o\er the lerrain (Schcnrcnaucl cl
aL (1987)). Schcmcnaucr and C'ercceda (1988) and Clcrcccda rt a1. (l98tl)looked at thc
relalire rales of collectiorl for l0 small collcclors at allitudcs of bct$ccn 700 m and
1000 m during the November l9lJ7 field experiment.-Ihc! lbund rhal collection ratcs
varicd lrom 0.3 to 4.7 lm ld l. t\it]'r a mcan of l-7 lm ldr. Highcst collection rales
uere lound to be on saddles at 700 m. ibllowed b1. El Totb ridgc a1 800 m. C ollcction
rales were low to lhe east oflhe ridge and a1 the highcst elcvalions (l(100 m). At a

conslanl height of 800 m. thc collcclion ratc could var) b) a lactor ol threc depending
upon thc oricntation of the slopc. This indicatcs clc'arl1 lhal thele musl be a

sitc-spccilic invcstigalion in ordcr 1o locatc thc log-\&ater collcclols in the optimum
positions.

w ater pt(iduction and rosts

The mean daily flow rate lrom the prolot!pe,18-ml fbg-water colleclor on El Tolo
during thc 1.1 da1's of thc 1987 hcld cxpcrimcnt u,as 237 litrcs pcr da1. Thc
accompan-ving diagram shows thc individual daill r,alues. fionr rvhich it uill bc sccn
that almost all lhc watcr was protluccd during l\&o three da)'peiiocls- The avcr-agc ralc
of produclion ovcr thc wholc l,l-dal'pcriod uould thcreforc bc about 5 lm ld l.

On that basis. 50 fog-ua1er collectors uould Iicld 12000 litrcs pcr da1. or'
.1180 cubic nrclres per annuln (a full -vcar's ftcasurements should be arailable al the
cnd of No\,cmbcr 1988 to chcck thal cstinlalc). Thc popularion of C hungungo is 450.
so thal the above assumplions would allorv each person approxinalell 27 lilres ol
waler pei da-v. That is about eight limes the amount ol'wa1cr thal thc \illagcrs
currcntl,v purchasc liom a mobilc watcr lankcr.

The cosl of the waler produced in the Clamanchaca Projecl will also depend upon
some othcr assumptions. Let us assumc thal the lbg-\\'a1er collectors \\'ill have 10 be

rcplaccd alicr fivc lcars and thc pipclinc alicr tcn )ears: then the cosl of rater
delivered to a rcscrvoir on El Tolo ridge would be appro\imatcl-\ $LlS I pcr
cubic metre. and $US 2 per cubic mctrc delivcred 10 the villagc sir kilonrelres auay.
The cosl would be somewhal lower if the materials lasl longer. or if more log-lvalcr
collectors \r'ere added to the system since the same pipeline could carry morc \\'ater. 4.1

present. the villagers are paying $US 2 per cubic nlelre lor poor qualil-v' waler collected
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tiom a smali ri\er about 60 km awa-v. but the real cosl is around $US 8 since delivcl-1 is

subsidizcd b! the municipalily. For the sake of comparison, according to a recent

ncu,spaper report. States on thc western shores of the Persian Gulf are considering

piping ircsh waler flom 1wo Turkish rivers at an estimated cost of $US li per

cubic mctre. watcr usage in the Gull region is curtentl-"- aboul 380 litres per person per

da-v. mosl being for agricuhural purposes Al the oppositc end of the price scalc is

To|onro (Canada)uhere *ater is obtaincd fiom Lakc Ontario at a cost of$tJS 0 '17 per

cubic nretre.

Dail! llo$ ratc\ llilrcs pcr da]) lio one
,18 ml li)g{elcr .ollector durrng lhc
intensir c obsL'r\ atron pcr iod in
Novcmber l9lil

,"" t.,

i * tt';11

r .- tl:"lil
)1.,.

_lrfl
"i , i )t.;,

lf thc' linal cost of camanchaca walcr delivered to Chungungo is $US 2 per

cubic melre. il \\ill b(- \cD rcasonabl] priccd lor the rcgion. It will also he a clcaner-

rnore plentiful and mort'rcliablc sotlrcc than al prcscnl. Initial analysis ofthc qualitl
of thc water does not suggest thcrc will be any problcm in nleeting drinking walcr

standards. Ho\rc!cr. r1 musl tle cnlphasizcd thal this does nol mean that watcr can be

produced and dclir err'd at such prices cvcrywherc that fogs occur. The fina1 cost would

clcpcnd upon the icqucnc] and Iwa of thc tog. the cost of matcrials and labour.

accessibilit-r. distancc to be prpcd and so fonh. Each poterlial sitc or cluster ofsjtes
il'rust be carcfiLll\ eramincd bcfore an-v major opcrational programnle can bcgin.

The C'amanchaca Project uses high-technolog-Y instrumentation and scientifically
qualified pcoplc lbr eraluaring the potenlial ofa ficld site. \&'i1h the goal ofleaving a

low-tcchnolog\ \\ at.r-prod uclion s)slem in place- The fog-water collectors, the

pipeline and prcssure-rclief slalions on thc mounlain $ill need virtuall-\ no

mainlcnance un[-ss rcpairs are nccded duc 1() vandalism. The s]stcm can be opcraled

and mainlain.d b) r illagers wilh ljttle or no lbrmal education. Should it provc

neccssaD 1o cht'nucalll treal thc water in a rcservoir or to rebuild fog-waler collectors

after frrc'or l.n )ears. then some training ma-v bc required for those \&ho do that

Fog \\ater nccd nol bc restricled lor usc as a drinking water suppl! and for
\\ ateIing gardcns. cooking and sanilar-v purposes. {)nc of the most direcl applications is

ior thc aflbreslation of thc hills. In man-v serni-arid lands certain species of tree will
gro* rl proridcci sith a nlininlum of moisturc. and thc-v u'ill then sTehiliTe dunes-

p.". 
"nt "r,i,s,,rn. 

pro\ idc l'ruil lo cal and shade lbr livcstock. and so lbr1h El Tofo is an

cxcellcnl cxamplc of \\hat can be done. N-owhcre on thc surrounding mountains do

trccs gro\! naturalll. but aboul 50 !ears ago the mincrs decidcd the-v needed some lor
shadc and planled somc eucallptus seedlings. usiltg \lalcr from thc mine 10 irrigate

rhcnr. When thc lrccs had grown 10 a heighl of aboul 1wo metrcs their lcaves startcd

collecting water droplers from the camanchaca. these coalcsced into larger drops and
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l'ell 10 the ground which was moistened sumcicntl) to continue to nourish the lrees
wilhoul artiflcial irrigation. Thc cucal,vplus are now ten mclres lall and the small forest
is rege!1era1iig ilsell'- This process is bcing duplicaled in lhe Camanchaca Projecl
whrch is producing u'atcr lbr thrcc hcclares ol tree sccdlings on El -lofo. Thus thc
polcnli.ll cxists even with small log-waler collcctors to rnarkcdly improve the
produclrYit) of desertic terrain.

ln arcas with few convcntional sources ofwater. highJerel fogs ma! providc a1

lcast a panial solulion. Low-level fogs. generated over thc land or sea. ma) also be a
uset'ul source. dcpending upon thcir f'r'cqucnc,v and L.\\,a. The western coasts ()1'

contincnts sccm 1o be regions where conditions of arid lands. ibg. rclicl and lack of
other water supplics arc mosl oltcn lbund: nonhern ('hilc. soulhern Peru or parls of
Mexico are good cxamplcs (Caiifornia has lhe aridit-v. the lbg and a suilable terrain.
but it has access to other sources of watcr). Namibia and Angola. as $ell ls somc
islands off thc \.\,cst coast of Atiica. mighl be suilablc rcgions to itpply thc techniques
dcsc|ibctl above. I1 should be possible for the intcrnalional conrmunitl to sLrppon wcll
documenled proposals for rcscarch and opciational ptogrammes. With thc g|ouing
conccrn about the scarcil) of lresh water supplies. cvcry potertial source needs 1o be
explored.

. lc k na\! I L,d g.D t ctl I s

The Camanchaca Proiecl is:r co-opc.ali\c cllorl and the rcsuh ofthc $ork otn1an) pcoplc.

\4ajor scicnlific conlribulions hrvc bccr made b) Protcssor Humhc.lo Fucnrillrda and thc s1all

end studcnls ol-the f)eparlmenl of Geologl and (leophlsics ofthlr []nr\crsi1! ot Chile. and b)
Professor Prlar (lercceda and thc stalland sludcnts ollhc Ins1i1u1c ofGcograph) otlhc Ponlifical
Celholic tlni\.crsi1) of Chile. Mr Guido Soto rnd 5lall of lhe Rtgion lV Oflicc (r1 lhe Chilean
Nalional Foreslr! ('or-poration hare direcled thc cnginccring ilnd lcchnical aspetl! of the
fog-saler collcclor arra!s. ThL' Inlcrnational De|elopmcnt Rescrrch (lcnlrc in Olla$a has

pro\idcd mosl of thc lunds for thc Proiec!. and thc ellbrls of Dr Danilo Anton and
I\,lr Robcrl Ro$e ollhe Centre are greallt appreciated- lhcskill and dcdlcalion ofthe lechnrc.ll
naff of the Almospheric En\ iron cnl Scrr icc of En\'iroDment ('!nada. cspcciall)
l\,lohammed wase). Slcvc tsacic and Richard Poclsch. conlflbulcd signilicanll-'_ to thc succcss of
thc Projccl.
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