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Freclictability of two moisture sources in the Narnib Desert

It.l). I'ictruszka und M.K. Secly

l)cscrr Lcological Rcsearch Unit, 1,.O. Uox 1592, 5$.akopmuncl, 9()00, Nanlibia.

We use aulocorrclation anohse.t to exafiine the lenporal
predi.tlbiliLl of two Dlobture sources in the Nanib Desert,
fog-woter pre.ipitotion and rain.fall. AIthough [ongitudinat
grudients in the prcdictqbility oJ both sources were op
parenl,.fog wcrs more prediclable Ihan rainfdll. Recau\e of
the greatct ptedictabilit.y anrl ktu,er u'uriubilitt of fot: vdter
pre(ipilotion, it ts 4 nore reliable rnoisrurc 

'ource. 
Thi.,

rna.y hate been a najor factor in lhe ev)lutian o.f the
unusual biata of thb desert.

Ons pos outokortelasiean(tlises toe on die t),d
voorspelhaarheid ran l\'e( \'oghron e in die Nal tih-
wocstl , nuuntlik die pretipitcint! \e \atcr uil Dtistighcid
.n die reen|dl. toe ondersoek. llo(,t\'e! duot kfuarltl.y,klik
lengtegrudiente ity die toorspt'lhaarhcirl tan ulhei hrctnne
was, vd\ nli.ttigheid t,oortpelbdar us reatial. Iunj\.e dit:
bctet Ioorspelb(tatheid en kleincr terurtrlerlikhol \an dtc
presipitcring ran tnistigheid\rog. t.s dit ' belroul)aordet
vogbron. Dit ketn'n belany kc./aktar lt.t tlit evolusie t,un
die voe.tlyn se onge*one biotQ gewes het.

Comparcd 1o oth0r lerrcslrial habilals, dcscrls present orqanisms
with harsh and unpredictable conditionr. MoistLrre is often
acknowledged as the'master limiling factor' to biora jnhabili tl
arid rcgions owing to its comparative scarciry. n yct, the tim
ing and reliability of moisture availabilit! arc al least as inpor
tanl lo descrt organisms as the rcslrictjon of absolule quentitics
of watcr. \\'hen \!alcr occurs prcdictabll in lirrlc, as Ihfotrrlt
prcdiclable rainfall eve'nts, nalLrral sclcclion llrv rcsult in son)c
degrec ol pcriodic environmcntrl rracking bt organisnts. 1'ltis is
parlicLriarlv likel), \lhcrc thc pradicrubiljtv oJ nroisllfc i1rIrrt\ is
grcat relalive lo llcncratioI] lcngth, '' tlrercb! lrntcliorating err

vironmcnlal conditions. Thc prrcision ol \uch tracking, ho$t're'r,
may dccline rapidly as this predicrabilil! decrca\cs, rcsLrlting in
an increased inrportance ol plasricity in the responscr of organi\rits
(= opportunisrn ";, a pattern oltcn observccl among descrl
inhabitants l

Dc.pitc tlrc tentno ;rll1 and .p,tia.lt r.t) \\'t,I t.,..Illrr t.tinlc\
that charactcrizc dcscrts,n dcgrees of unacnaintv in moislLrrc in-
puts can bc discerDed !vithin clescrl syslcnts.'r In an aLrtocorrcla,
tion anllysis ol prccipilation cvcnts in N()rth Anlr'ririrn (lc\crls.
Piankar lound considerahlc variation in {hc cjegrcc oJ'
slochaslicil,v in rainfall among the Creal Ilasin, Sonoran, lnd
Mojave descrts. Inlcrcslingly, thc lcasl prcdrclable rainlall rcgimc
(Creal Basin) in lhal analysis also c\hibilcd lhc lowest Iong tcrnr
annual variability in prccipltation, \rhilc thc rcvcrse r!as Ir ue of
lhe most predictable rainlall patlern (N1oja\e).

In contrasl to No.th Amcrican descrts. thc Namib l)c\erl is

considerably more arid, averaging only abour l0 l0oto ol lltc
annual rainlall seen in rhe North n merican s\'1tern. N{orcovcr,
in the ccntral Namib water f.om two sources, rain and iog-$alcr
precipitatiol, is cxtensively utiljzed by the deseri Iip1n, ] r" 

5ng-
gesting that onc or bolh ol thcse ntoislure sourccs ntav be prcdic,
table cnough to bc ttacked. Our purpose here is to c\arni e thc
patlerns of rainfall and fog-watcr prccrlitation along a

longitudinal graclient in thc ccnlral Nitntib ill(j in doing so to guin

so c insieht into Ihc degrcc ol prediclrbilil\ o{-lhrsc \ourrc\ (il
||atCr.

Methods and mrterials
I)ala on rainlall and fog watcr precipilation $ere eathcrcd lrc l

lhrce localions within theccnlral Namib(l-ig. l). Al this latiluclc
log extends appro\imatel) 100 krn inlancl. fog uarcr. prccipir;r
tion is not nrcasured at Walvis Bal, and onlv rart-ll occlrs u,
far inland as (;nnab.: fhus. the thrca siles e\eminL'rj \\cra all
rrcll rvithin thc lbg bell, c\cluding its \\c-rlcrnntosl ilnd.ritc-rn
mosl plr1s. liog-walcr prr'cipilalion dilta $crc takcn lror I lin
caslcr r,l a/.,t' anrl ljonr nrorc rcccnl rccor(l\. Ihcsc Lllrtlr iirr,:
rrhtainicl lront alltogritl)hi. lrin gairgrs Jitled \\ith c\li (lriciil r\ it(
rncsh sr:reens. fhc record lcnelhs of rnonthl! lbe-\r'alcr Irrccifrilil
liou li)r lhe thrc'e silcs were as ltrllo\\si Roothank. l9l .ronth!i
S$ilnbank. I56 ntonlhs; (lolrahrb, 216 mo Ihr \\'hcrr ll(rnilil\
totel vllucs *ere rnissing lrolr thc rccord, ntrtn ntoIthl\ \xlue.
wcrc substilulcd li)r lrsc in sUb\cqllcnl cilruliilion\. Ijor JlooiheIk
rl lotal ol ll such csti )alcs wcre nraclc. \rhil. I2 \\err'm;rd. fol
S$artLrank and l9 li)r (jobabc'b. l no clrsc \\i15 tll.: (olul los
\\'ulcr lbr l8i\rr nlontll e\tinLtled tnotc thitn llrrcc lirric\ riIriIg
lhe cIltirc rccord.

Thc three siles lronl whicll rainiilll dula \\erc obtat cd \err
di\tribuled alnrost cquidistanr ircioss the clcscrt (I ig l). Itairl
la11 data for \\'alvis Ba! (456 monlh rccord) \cf!- oLrrl1inc(l Ironr
the long term rccords of lhc Weathcr llLlrcuLr, l)cDafl tclil ol
Tran5l]ort. DIta lor (lob:tbcb (252 nonth rcaord) itnd (ll ab
( I 30-rrorrlh r ccord) wct c r.!o.dcd or autLrgr rr;,ltie rlrrr:cr NI irr
irrg nronlhlv tolals li)r (l()[r|t)ci] (19) \!crc lukcI ll()rt \\ill1)rJ
lJurcau rcc(rr(ls li)r thal lorllilv. \lissing rirlrrc. ti)r (;rlliih (l:)
\\" (\|r. t\iil.|r, II.,rr .,1... r \! t',r,.,1 ..r.. I.l
lll Zchrit l)irr. J5 knl lo lh. \()llllr

To invcstlgale thc lrradtctabilil!'(in lrrr ccologieul rilther lhirn
. r'lrrrr:r'rlui'i.,rl !! ljt,,1 rl.c\c s., rrr..i.rur, .,, t.... . ,i., I

rclalions lvcrc calcLrlatcd lrom tlre rno lhl! total\ of tbg \\rl.r
and rainfrll liom clch ol th. recording sircs. t-ag Ic.io(l( (ron
\tunr lirrlc inlcrvals bct\rccn sarnple poir){s) o1 {) 16 t or)ihs \\cr.
u\rd in lhc anai\'\cs, all()N ing the crlaLllaliLrn o l uulocor rclrrr ior s

lor a scrics ol irrcrclrsilrglr ntorc di\til|t poiutr in Iintc. l.or caelr
aulocorrrlulion series, 1.96 sicnta hoLrrrcls rrLr't clrLrrllrtcrl ir'
1.9(fl l hJ , $hcrr r rcpre\cnls tllc nUnlbar trl rII,,rItIIs irr tII,
sar:rple ancl , i\ thc lag pcrrod.:' Ihcrc bouf(ls:tlloN.l ,li\tur(
liolt lo bc madc l)tl\\ccrr a rcal litleserrcrln(i il\cclLrcl.cot r;l'l
dom t'r,enlr. Thus, ilan orii:inal time serics rcrc rcill\ i seqUancc
ol Lrncorrelalcd ranrlo r \uflirblc\. Ihan Lrfll\ xbolrl j1)i ol thc
c\tillrntcd aulocorrclaliolls NoLrld bc crIcded I(i la]l o t\idc tht
1.96 slgrna boLrnds (i.e. Ihr pr()bithiiit\ ol dilletcnrc lrorrr rrrl
clom. /'],. - .05). '

Results and discussion
Irr thcccnlral Nantih. rain occLls rtitinll in lhc lornr ol corl

vaclive sumnlcr stOrmst' and clecrerscs tor\'lrrls lJtc eolt\1. I llc\
tirc rainlall,r_ therelorr, occlrr,i nrlinlr ncar tl). cas(crn c(jgc (Jl

lhe de\srl, $hercas lo8 uatcr prccil)ilalrLrn rs rrrrrrc ebrrndanr tn
Ihc u crt.: r'

'\tircctivc lirg oligirriltc\ o\cr tl)r llerrgrrclrr ( rrn...rr rrl,l Lr'lii
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n( rr zero indicale independence of any twc .\-values and lhus
also indicale unpredictabiiity. AInong the three recording stations,
Itoolbank (Fig..1./) c\hibited thc most predictable pafiern, with
an a nual cycle of negative and positive correlalions at six-month
inrcrvals that conlinued to show similar afiplitude and periodicity
lhroughout lhe maximum larg period. Thus, if a certain amount
ol lbg-\\ater precipitation occurs in a given month, it is probable
rhar o sirriiar amolrnt rvill nol be available 6 rnonlhs hence bu!
rvill agrin be prcscnt in l2 months. Over thc marimum lag period
nlore than 55r,0 of .utoco.rclations lic outside the 1.96 sigma
bounds and it is unlikely thar the patlern reflects a randonr series

ol e\ents (probabilit, of difference from random, Pr >.50).
The great prcdiclabiliry of fog-water at Rooiba k p.obably results

lron the proriimit! of this silc to thc coast.
Farther inland, at Sworlbank, the mean annual amount of log

water precipitalion is more than lwice that at Rooibank, yet the
prcdictability of recciving it is not as greal (Fig. 4D), although
il is still u likely to bc a rcllection ol a random scrics (l), >.20).
As \\ i1h Rooibank, positi!e correlalion follows roughl! a

I2 nronth pcriodicity, al{hough at this rilc rhis partcrn disappears
whcn the lag pcriod is incrcised 1o J6 nronlhs. The localion of
this sile, I I knl farther inland and 2,10 m higher than Rooibank,
most likelr'. rcsults in its bcing subjected Icss to the rnaritime
clim:rlc and inlluenccd morc b. continental climatic clemenls,
te. tir. :il i Ic\, f-cdi\lrhle " rcp'lnc

lr! I Srrc\jJr rhccc,rr.al Nanrib ll!\cri Jiorn which log walcr
tarrl,irirrr.,r .rcoj(1\ (,Ai ilrd rrinliill rccord\ (a) wcrc u\ed.

rrarcr up*tlling along {he coast,t" and lhe nunrber of fog-da\'s
. rt. r'r', r'.I rlrr'.,,1,.r r, e r, R,,oil'ank r. lhe mdin ro,

lrlr)1. ho\c\cr, doclops ar 21n clcvation ol 100 (r00 m'r: at

tl. br\c ()l thc invcr\io lalcr.t resulting in grearcr fog \lalcr
lre.rpitrrtiLrn irtlan,-l(c.u. irl S\\'lrlbillrl). Iiurlhcr ir)larrd. Coblbcb
lr(\ \\;lhir llrc Kuirch rircr villlcy urrd docs nol rcceive irs rllucll
1r\!r \\llrr il\ d() r)1llcr silcs localcd 1l)c sanrc distancc IroDr lltc
i(iil\i l)Lrl irl lrirhcr clcraliorrs.:

\1can monlhly 1()8 \ralcr totals 1l:ig. 2) sho\! that lbg nlay
rJcrLrf dulrng rny nronth oi thc veir:rnd that the amount ol
IrcirIilation lri.rrn lirg nray- bc relativcly high at sonl. locations.
lnrlL-clion ol minimlrnr ancl maximum annual tolals for thc thrca
.il.s ovcr thr'perlod\ ol rccord (llooibank.,19 I58 mm; S$an-
trrnk, tS :ll mnrl (lobahcb, E -.lE nrrn) i0dicates lhat lhc
,r' r' . I r' i' .r'r r.ri.rcl fiorrr lug-rr.r'<r IrcJifil:rtion \dr'e
!jnl\ b\ r llaror ol approrinrlfely.l to 6 al lhe three sites.

In contra\(, rainlall is \crr_ Iimited at all rccording sitcs

I t " 1,. . r rr',. ,rt hc \' ll iJ 1r \1,rrcd(\ . llrr '.r !-..1ll)rifli!l rrirJall lolals o\cr the fcri()d ol rccord (Wal\is ll.r),
() l0 ]llln; t;,)birbcl), ,l lf7 rnr]r; (hnab, 9 17,1 nrm) sho*s

'r.r-r. t\''t ll,t' l.r I' ol tr'.,\lltf( r l\L .

It .'t'r '.r'.iIl.| .(\\,l!r:(.I ltl-t " -!\J (rf c(rfir., .rrr.,r.

iriirliilrlur, rrilrl oacrrr iilirll prcdirl:lhl\ iirrolrgh lirnc- Alrlocor'
rrlirl (rr itlriri\\i\ ol lhesc ![rla (l:ig. .1) conlirm\ Ll]al lhis ls lhc
-x\.. \urororrr:lalions are positile lhcn a precipitation valuc,
r, ispositirclvcorrclated\rith v at an earlier tjme ( = lag). Valucs

I \1 \t I S N

\1,,r l|\

l'ig. l. \'lcan rnr)nthlr rainlrll lolirls 1o. W:rl! js Ilr\ (r',),
cobabcb (a) .rnd (;anab (o).

1L

:

!.. !1'. /
'r'i/

Avcragc annual fog-rrater prccipitation ilt Cobabeb ls con
sidcrably less than al eilher of lhe \ires nearer the coasl. 

-fhc

prcdiclabilit,v ol log at Ihis locarion (Fig ,ltJ, ho\ever. is qullc
siInilar to that al Slvartbank and is disrinctly cliflcrent lrorr riritt
erpccted lor a random serics (f,j >.25). Ar with S!\a bank thr
probabilitl ol log \\'arcr precipiraiion ir generally positire at lag.
of I I moDths and I I lJ rronlhs. Ljnlike Rooibank, rreilhcr
oi rlrc "r, iIl. )J . r.. (\hirrrc.l .,n! . :ung r(!.rrr\( J I(,('.r-
relaltio s, sugge\ting lhat al thcse \ites rhcre is seldorrr a prcdic'
t.rr lrJ,.r':r.c irr tl,.rrr.'rrr.t I:!'rrt.r f ..rl ir.,l ,i

\\'hc c\lrrrincd in lhr' \ellrc \\ u\ , ho\ cr cr, rlrin lu ll \ a,, rr rLrc h

lcss IrLrliet.rlrlc. jrl llrrcl\1, (;:Irirl] c\lrilrLrrd llr.(lriIr\l rn,1 rrli]\l
relUiur |rtl1.rrr (l|' 5(/) I lrc'c lllc \Lr\llir.\l l)()\ilr!r i)J(\1 ilrbrlrr\
$ir\ llrljfrl irl ir! I I Il{rfilr\ lL! rrrril ;rt'rrrtr irl ll .l(' Jrrorllr'
lr|f rrtlr .,rrr:tr r,rt lL,rr'r |)o,rtire i{iLo\'() L.l.tli(rIs ill lr) \ r,!

ll lr rr(,flil.,Lr ,l r.lfr()rrlr\ ()\rllrll. Llrflritllrrrr{rl |rr. trLrrl

titlrL\ illlirrrl r(r lllll r\;)aalril l!r: ril (l,r']l\arr\(/', r l())
,t rrj )',luri. .itrfllr: to tllirt li)l|rid lor (lrc \,)rth '\r]rrririrn \1,)
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Fig- 4. Aulocorrelation of nronrhly iog-!vatcr prccipitrtion li)r
(a) Rooibank, (b) S$arlb.rnk, and (c) Cot)lheb. Lag pcr()ds lrc
from 0 to 36 monlhs. L96 sigma bounds arc indiratcd a\ brotcn
Iines. Sce lcxl for inlcrpretalion,

jave Deseri. The pattern seen at Canab reflects rafher clearly
the summer rains that typily the eastern part of lhe Nanlib.

To the wcsl, Cobabeb exhibits a patlern ol auiocorrelario s

similar to rhal seen at Canab (Pr >.i6), although i! is clearl)
less regular (Fig. 5b). On an annual basis, precipiltrion ilr
Gobabcb is actually rather unp.c(lictable lor lags grcarcr than
lwo months- Ai many of the ntajot rainfall events in lhe central
Namib may be experienced by both sircs,:'rhe similarity in thcir
patterns ol predictability at long lag Feriods (e.9. 23 26 months)
may be derivcd from more regional cvents.

Autocorrelation of monthly rainfall totals at Wah is Bay yielded
il pattern substantially less predictable than for either of the two
inland sites (Fig. 5c). Indeed, the onl] similariry bcr*ecn the
coastal and inland locations was the posirive peak at 24 monlhs
lag, strengthening the interpretalion that Nidespread regional
evcnts may be involved in these autocorrelations. Ovcrall. the
pattern seen for this location was not distinguishable from that
expected by a series of random events (Pd <.03).

The above analyses illustrate two separate gradients in thc
predictability of precipitation occurring in lhe cenlrirl Nirmib. A

Lr! lturnrh\)

I'i8. (. ALrtocorrclatio|l oi IrorrlrLv rlillirll ir)r (I) (,irlrirh. (l,r
(iob.rl)cb, aIrd (c) \\'irl!ls Ilir\ Iiu rrcrio(i\ rre lrolli 1r r() l6
monlhs. 1.96 siqnra boLrrttls itrc in(jicrlrd r\ l.rol,:r) llnr\

ralhcr nlarkcd decline in the predictabilitl'ol rrinlllll is rpFarcrrr
froln cast to wesl. This is collsisiL'nl \rith lhc aon\ra{i\c ojj,rrI
ol rainlall jr llre Nanrib, $hich is gcnerallv nrevtnlcd lo\ lr d (|.
coest by a lliyer o' cold surlilcc air.r' l\lorcoc\cl, ir srrggcrt' tlr.rr

rilinlali may nol be\ullicicr)Ll] prcclictal;icorcr nlo\l ot tlr('rrri
lral Namib lo b(j trncked on a fclati\al\' \horl lernl hil\i. (i.f
$ithirr a vcar), rllhorrh lliickiIlg b) sorrrc ()r!.ilrri\nr\ !o!l!l 'ri
{)ccur at lo cer Iag pc.iods. Irog-watcr prccipitatiol]. orr lllc olhcr
hand, lbllows a gradicnt ol dccreasing predictxbilitv lronr tou\lii
areas inland. This -qradjc l is ot ar stccf, as thal li)r rilinlull il rl

appears lo dcpcnd. more on lilclors lhal dc(crnrirrc rh. inLl rl

pcnclralion oi li){ rathcr lllalrl the dcgrcc ol c\Jro\rrrr (Jl :t 'rrr
lo the log banl.

When lhe two watcr sources are cornparcd ()\ rrall, frcdidtillrrlr
ty of fog-watcr prccipitation is greater than lhiil 1r'(rnr rilll)lltli
i\lorcover, in con{rasl to Pianka'sr lin(li g\ li)r lxiirllll rIt Noflil
Anrerican deserls, lhe morc prcdictatLllc lirg rcgirrrc llso rltorr'
Iower a nual variabilily (cocflicicnts oI \urjlrr{)rr l(,r lL)r

Ilooib.lnk, 290/0 ; S\ iirlbiirlk, 29qt: (;obal)cb. .16'l ; cocl l . r..f r,
ol'\arillion for rili!r (irrirh. l0:('/0; (;()brb.b, ll.l0r: \\.r $

1s(r rrtrnrli.: l()6() l.r! r

.\r,i ! fr..rr \6 .i r,

lJ6 DorirlL\ lL/l{) 198:
Annurl trr!.trr l9,l nr nl l:: ririfr li\: l\)nl l')rl

.1rlr!xl frr,rn lr rir r

216 rrlL,nr:ri L166 lr8l
,^nn!aL ,r rrn: l: dr

1i6 n0dtlr\r l9rL l9_s
\t urL i.rr: l: .i r
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iJir\, 106q0)- Thc eo1Tlparatively grcaler degrec oi prcdicrability
nnd les\er de!rcc ol rariabili{y ol fo{, c'\,c at sites lo\lard thc
inllnd linlil ol pcnctration, resulrs in -rrcater reliability o, lbg
:r\ it \oLlrce ol nloi\lllr.

.A nLrrrrbcr ()l pliitrt\ and tni [lls oi thc Nrnlib txkc ild!at](ll8a
LjJ llf\ \()nrc\\llut U LI Iitl soLll!( ()1 rn()rslLtrc, al lca\l us r \rLir-

IlrnrcIlrllr] \\itter soLlrcc. l hc dunc succuleDt frli//?/lrdri,
ItLrtnttnsis, lirr crarrrplc. irb\orb riloi\{ tc lhrough tts lrcrJlrl
prrrlr," rrlrcreas tlre pcrt'rniill q'lrss 5 /q)r.//arr) Vr.! .r.1 ltu ltt olo ytro..
(luca\ iln c\tcnsi\'c ncl\\()rl ol rool\ ltnnrcdirtcl\ l)cl]!llh
lllr'\ilod \Irl!lcc ro trill li)g-v,iltcr. " A !erictv ol te chrio id
''|i \ :r .t ,,ll,(t .ll\(-,('.r,rrL., .rr, l1c,t:l.t.. ,.rlll
li(1irIlrd 1() irulc ll\e ol log. I,rrticllllu ll- ljtriIil]il nn){)nr tl)esc
ir(lrllalro \ ilrc lhe lirg hasking bchaviorrr t)l O t luL,ri,
t,.t-tt t k,1t. , t,l tIl. llLI|!n (,\n.trrt!'ti f lr,]t.t,.t,,. L,l
I t,li!t)(lt()^t \pcaics lhrough \\hich ll)e\c bectlci trap krg ''
I hLrs, llthough a siuglc occur rcncc ol lir.: \\'atcr prccil)ilalion tav
irnrount to lar Ics\ nroislUrc being availablc {-or an ()rrani! t lharl
s 'rl.l t, ror r.r . .r cl,,LrJhr,;, . ir i, 1'ro6,,61, 

il,. rc.,.rrri.i.
t\ ol lirll \\'alcr precipitation thal has contributcd to the e\,olu
tion ol rhe unusual iriota ol thc Namib De,scrt., .',

\\'c thirnk thc-lr!n\vaal \luscutna d lhc Rescarch Critnis Di\i
\iL' ol lhe (lSIR Ibr lhc continuc'd linencial sirppor.l rhar allorr
!d rhL'sc long-ter 1 dala scls lo be coilcctcd. and Ihc pcr\onnL,l
ol th!- Dilcal{)latc ol Naturc Consetvation at Cobabeb. \\ho
asrislcci *irh dara acquisitiol]. Th!- Wealhcr IlLrreau. \!irr(lhoek,
f ro! i(lc(l dltrr li)r walvi\ Ita!. Wc illso lha k C.S. C.rarrlitrd,
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