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Ncr¡t¡rl ttctrvolks rulrl ll;tt'tttortic ¡trutltsis llv itcrtlivc tc¡,.r'c.;r;ion irrt: irrr¡rlcltrt:rrtcrl
lìrl tlrc ¡rlctlictitltt ol'tlrc lcrcl ol l'irrtrturn' lì,it'cr'. lltc sclcctctl rtcr¡rtl nelrr,olks
irrcltttle liccrl-lilt'tv¿tt'rl Ncut'¡rl Nr:ttvrlr'ks rr itlr llite k¡rro¡rr¡llrlion lr:irlrrirrt l¿rrr ¡urrl
I inlc I)t:lit1 Nctttitl Ncltrot'li. llsitt¡¡ llrrr I I l5 nt(ìnlllly nr,.'ltt vllllcs. tltc lririlterl
rrclrrrllks¡rlctlict llrclr:vclst'l llrtr llrrcrl nlrrrrtlrsrvitllNolnllrlrzctl l\,lclrrrSr¡rrlrrctl
lrrtot'Nlvl:il; 0,()(r ¡¡rrrl Neuitlivc i\t'ctitgc l.t'p. l.il'clilrootl NA¡.1 t) {). ()rr lltt:
olllcl lllultl. llle tlr.'lcrnrirrirliorr ol'lltc: rtro,,l irrr¡rrrllrrrrl sinc lì¡nc'littns r.:¡rr[rr:tltlctl irr
tlrr: lrnrc:rclics irlllrrvs lo lc:r'rrrr;lluc:l llr(: ntirin 1,.'rrtttlcs of'tlrc vrrrirrtitr¡ls rll tllc livcl
lcvel ;rnrl to ¡llctlict lelr'l\ nìelrt rirluts lìrr tl¡c rìc\[ l\\(ì rlcclttlcs (;tssttntittr-l no
rttrr jtrl clurrrr-,c ol llrc cr\ ir'(ìnrììLrrl). Ilrc lcsults olrtrtincrl sltotr llt¡tl hotlt ntclllotls
riccnl l() llc' cll'icit'nl l(ì lr'(ìr cs\ lrnr,.' se lit's tc'lrrlt:tl lrr ¡lltcrtorrrc¡ur inl-lrrcnt:crl llt
r:ottt¡rlt'\ clrl;rti,.: ¿ulrl !('()l)lr)\icirl l)r'()c('\s('s. ctt:n nol rl,.'lt lrtt¡l rr itll tirttsitl
rr,:lirliottslri¡l; irrvolvctl irr lltc ¡rlrcrttrrìr('nir :;lt¡rl icrl, lhcv nlrv ltc r¡sctl to ¡rrctlir:t
firtt¡tchclurt,iot'ol sttelrplrcttotlcrut. lrtliuìltc\t['¡rctttlirt¡:s¡tccilìcrrllr'ìrìtlìctttclltotl
t¡setl. i¡tlcr'r' ;rl. rize ;ur(l (luir I ilt t¡f tl,rl,r ¡,r,,1 i l;rlrlc

Kc\' rlot'rls: l)rerlictiott: Ncunrl ncltvotll,: I lru ruonic: rulirlr':;r:;; llc¡;rlrvc r'('tit(':,\rorì. l'¡¡r'irrÌr¡¡n,
t ivet. l'lurrrlr¡lrr t ir,ct lcvt'1.

l':s'l'lll)() l,l l,lu,lvlsÃ() l)() r\iVt,lt. l)() l{l() 1,,\t{¡\(;lt,\t (is¿\Nt)() i\N,it,tst.:
llAllNf ()Nl('^ l,: lll,,l)t,ìs Nl.ll jlì¡\ls - lit'tl,',¡ tt('ut'(ti,\ t ttt¡t'tlitc lttu tttt)ttit'tt l)()t't'(,-
il/'(',r,r(rr, i/t't'ttlit'tt fttt'ttrtt u.ttttlttt l)ttt'tt tt l¡t't't'i.ttitt tltt ttit',,'l tlt¡ litu I'trt'rtt,tt,ti. .lt
t'ctl(\ ttt'ttt'ttir ,¡t'ltcit,tttttltt.s ¡,¡¡¡'r¡ t'.ttt' tt'ttltttlltt) ('()ntl)t ((t¡(.1('ttt ,t t',',1,' ut'tu'(tl l"t'r'tl.
fttt'ttttt'rl" t'ttttt lr'i tl( ttltl'(ll(ll:.t1,\(ltt ('(,llt t't'!l'()l)l'()l,ttt.u\(t() t't't'tlt'llt'ltt ttl t'01il tllt'tt
.\() (l\'l(lttlt(t. .l ¡tttt'!it'tlr I l.l.i r,tlot't'.¡ ttlt'tt.\(t¡.\ ttlt'tlitt.r, ¡t t't'tlt'ttt'utttl lrtiilttiltt
¡tt'r'tli: (t tt¡t('l (l(,.\',lrt:r'tttr'.t,'¡ \t',t!u¡ttlt',\ t ('nt (t't'u tttltlio tt()i'ttt(tli:(ttl(t tt() (lu(ttlrtkl()
,\'.ll\'/r' 0.()6 ,' ¡tt'ttlt,rltili,lrrrlr' ltt,qrtt'ilutitLt uti'tlitt ttr',qrrtit'tr ,\t.ll.l U 0. .lltitu
tli.sltt, tt tlt'lt't'tttittttç'r'tt¡ tltt,¡ ttttti.¡ ¡ttll)()t'l(tttt(,\' fttttç'rit',t .\'(u()t(l(t¡.\ t,tttltttlitltt.t tt(t tttt'.\'-
ttt(t,\¿t't( ¡tt't'tttilt'tt t'((t)t!,\'!t'uç'ttt¡ tltt.¡'¡tt'ittt'i¡tttit't'(tt't(t\'ò(,\ tltt ttit','l tltt t'i,¡ ( (t l)l'(-
I'i¡'tìt¡ tlo,'; t'(tl()t'(,\' ttttitlitt.t ttttttrti.\' l,(tt'tt (t,\ (ltttt.\ tli't'tttltt.r r(',1.1//l/r/(',r (,\ltltt¡tttltt u(nlnt-
Dt(t t,ttttliltt\'(t itttlt()t'l(tttlr',ltt tttt'i,, tttttltitttlc). ()¡'t'L'sttlltt,itt,t t'ltlitltt.t ilttt,t'!¡'¡¡¡¡¡,,,,r,
(ttttlt(),\ ,t.¡ ilttiltttltt¡ l)(tt'(('(ttt.tct'c.fit'it'ttlt'.\' l,tlt'tt lrt'(,( ('.\'.\(lt',rril'ii'.r tt'ttt¡tttt'tti,s ittfltt
.'tt(itt(l(t.\'l)()/'/r/'rr('(',\',rrr.\t'litlttiltLt¡.'¡(!:('()li\i((),\t't¡tttl,lc\tt.¡.utt'.\'nt(,,\t'ilt(' ,tt,\¡.1(rut'
tt,s t't'lttç'òcs't'ttlt,\(t¡.\'tttrolritltt.¡ tttt.s fì'ttt)tttt'ntt,t t'.s'!lttltttlt¡,s l'.lc.t l¡tnlcttt.st't'lt\tt,lt,,
It(tt'(t l)t'('t't'l'() ('()llllr()t'lrtllt('ttl(, tlt' !ttt,t ft'll()tltt'tt(),\ t'nt t'.¡< ttltt,¡ (l( t('tttl)() (ltt( (l('lt(tt
(lt'ttt t'.\'l)('t'tftt tttttt'ulr'tl¡t ttti'l,ttl,t u.\(t¡l(), tlt¡ inlt'l'l'ttltt (l( It'lilltt) t'tltt ltuntutlt(t t'(ltl
t I I t( t I t t l( t( I ( t I t t.t, I t t, I t ¡.t t I t.s I tt ¡ t t t t' r' t,s.

l'¡tl¡tvr¡rs-t'lt¡tt r: /'l t'r'i \'rirr, /i. r/t'r tt('ttt'(tt.\
l'ttrrr¡1tr,ri ,\'i tt'lr' ,/,, liitt l'ttt trl,,tt,ri

, l t tti l t.¡r' l tt lt til t )t t t( t l /ir'r,/ ('.\ \'r-r, l t t' t r t l t|t t ; ll t t )

lnslilt¡lo Nrtcioni¡l rlc l't'r;t¡ttir.ir. l s¡rirt:i,tis -lNl'l., ('.1' 5I5.
l.).10¡-()7() Siìo.losi'tlos ('lrrrr¡ros. Sl). llr';rzil. l -lrr,ril: rrt'i ri'rrr,'t.rrr¡rr.lrr

lit t't\l,t llt tt\tlt t tr ,lt | ,t't,li\tt tt L'l t lt.'t, ,t 't'tt'
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'l'ltc l)irt';r¡,,t¡¿¡¡r lìivt'r'(lcrrgth: I5.50 krlr)t.iscs itt tltc Nlitto

(jlrlsso rcg,iorì of'llrirzil. nt J(X) nì lbovc sc¡t lcvcl, ¡ttrrl rtnrs

sorrlllrr,¡rlrl hctrvcrrn lriglrlirntls i¡t llrc rvrlst anrl lltc lllaziliirrr

l)lírtc¿ru iìt tlìc (:irsl. lts [r¡tsi¡t, rvith ¡ut irrclr ol'it¡'r¡rtrtxitttittcll,

50(XXX) krrrr, consists ol'a scrics ol'hugc allttvial ¡rlains

rlllint'tl h¡, n corn¡llcx nclrvolk ol'rivcrs itttcrs¡rcrsctl rvitlt

rrrirrslrcs, irr rr rcgiorr cirllctl l'arttanal. ln tltis lcgion. rììíuì)/

rrlcas srrlf cl iì sut:t:r.:ssion ol'tlrotrghls ¿uttl scvcrc floorls rvith

tlrcir o[rvirlr¡s ccortornic lttrl sociitl consc(lucnccs. I)irnt¡lttitl'

I{rvc¡'lclcls lrc nìlltrcnccrl [l¡, rçuat"t' rlrllcrcrrl lirctors llorrr

nricro to nl¡rclo scirlcs 'l'lrcrcfìrrc. 
¡rrcrlictirr¡¡ lhc lcvcl ol'

tlrc l)irlitguiry l.l,ivct' rvitlr convcnicrrt ir¡rtcccclc¡rcc (irlttl so

cr;l irrr¡litrr.', lllc llcl to bc llo<lrlcrl) i:; ¡r lclcl'¡urt :;cicntilic
qoirl, lrì tltis ¡tl¡let. lrcctl-lìrltvitttl Nr.rt¡titl Nc(s,rlrk, 'l i¡ttc

l)cllv Ncrrr';rl Nct\vork ¿r¡rrl lrrrnronic rrullysis rvitlr itc¡irtivc

leulr:ssirln ltlr: ir¡tlllclttr:rrlctl lìrt tlìt: ttlconslt t¡cliott ¡t¡ttl

¡rrctlictiorr ol'llrc lcvcl ol'llrc l)¡rnr{r¡11, l{ivcl itt l.ittliit io tte¿tt'

('oru¡lbir (Mirto (ilosso tkr Srrl St¿rtc, lltlzil).'l'hc hlrnlrlttic

ittrirlysis rvitll iteli¡livc lc¡_llcssion rv¿rs trsctl to irtveslil.¡rtc

tlrc nrosl irrr¡loltlrrl ¡rcriodiciti*; ol' tltc tinlc srrt irrs tll tllc
Itirrirguin, l(ivrrr lcvcls, 'l'lrc rrcuntl rìct\voIks nìctlìo(l \vls

lì¡¡'tlrcl t¡sctl lo ¡llctlir:t tlre lirtrrrc lrclr¿rviol ttl'thc lcvcls rvhich

\vcrc nrcirsurctl rr¡r to tlrc ¡trescttt tin¡e. Âs slrorvtt itt tlrc
lìlllorv¡rr!. l)alts ()l'tlris rvolk, llrr: ncurirl rrr.rlrvrrlks (ìiuì lrcírt

lrll tlrt: irlvolvcrl lirctols sulult¡urcr)uslr', rvhich rvirs ¡rrr irr-

ct'ttlilc lo il¡l¡rlv lllis r¡t'lh¡<l l¡ t:t'rllllllct littlc sct ics sttcll its

rivc¡ lcvcls. l lrc rlrrill,rli¡ti¡ ol'tlru scrics slr¡tlictl irr tlrs rvork

rvc¡'c collcctctl lì'onr l()(X) to.lrrnc ol'l()()5 Alrotrt Il,l 5

rrronllrly ¡ucirn rlrrtir ¡rrc t¡scrl to tr¡ri¡r tllc rrcrrrirl ¡rt'trvork.

rvlliclr in lctulrì Ëivcs tlrc rrronthl¡ ¡llctlictiorrs. 
'llrc irritiul

rcst¡lls slrorv sr¡cccssfìrl prcrlictions rvitlrin tlrrcc to fìrr¡r
nlontlr st:trlc.

I't,:RI()t)¡Ct't'ttis ANAt,yzt,I) BY t't'tit{A't'tvtì
II Ii(; II.IìSSION ANA I,YSIS

Vit¡ i¡rlions ol'thc lt¡rr;rtrr¡i11, 1¡ u., (ljig, I)clcirrly shorv

it cont¡llcx Irclrirvior rvitlr long ¡rcriorls ol'tlror¡Lr,lrt ;r¡rtl l]ootl.

l)criorlicitics ¡u'c nol cvitlcnl irrrrl it ulso llirv bc scclt lltirl tlrc

llotv tirte is rrol st¿rtiorrirly. ljor'tlrcsc rcirsorrs. thcsc tl¡rlir rvclc

it¡tirlYzctl b¡ srrvclirl ru¿rllrelnirtici¡l lìt0tlt(xls irrclrrtlirrg liorrrit:r

¡ttlitlt'r;is, llc¡ iotltut irrrr/cyclognrnr, tl¡,¡r',"r'. s¡rcclnrl irrrirlysis

ittttl ilcr¡rlivc rc¡ltcssiorr irrrrl ¿r nlcthorlologl,1¡r.'u.¡,rllctl fìrr

llris ¡trtr¡rosr: (Nortlt:lntrnrr. l(X)5 ). llr :;ltilc ol tlrc ¡ ivc¡' lcvcl

l':rr;rllurrr ltir t'r Lt'r cl l'¡t'tlit lio¡rs l,r Nctrr¡¡l Nt:lrr orl',

tltxJ lill I t$ll

(l:i¡1. I ) not bcirrg slntiorrrr'1,, (t)NOS/tlNliS('O-l'}NlIl),
l()7,1i Nolrlcrrr¡nlr. l()()5). iuì iìtk:nìl)t rvas dorrc to sclcct thr:

trtost ittt¡xrt litrrt ¡reliotlieitics ctttbctlrletl in tlrc sigttirl irrttl to

r¡sr,r tlrr:nr in o¡<lcrlo ¡rlerlir:l tlrc ncar firlrrrc ol'thc rivcr lcvcl,
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lìigtrrc I - l'lrc obscrvcrl nrolrthlv ¡rrci¡rrs ol thc lcvcl ol

Itirragrriry llivcr'.

l:iguru I - ltlrltliu.t ntt'tt:¡ttir tlo.t tti't't'i,t tltt llio l'ttt'tt¡t,tttti.

MlÌ'l'llol)s

Irr ortlcr to irnrrlyz.c gco¡llr¡,sicirl tirrrc sclir:r;. it is

¡cc.l¡rì¡nc¡r<lcrl to r¡sc rììctll()(ls rrlriclr l¡'c trrolc atlct¡tirlc to

llrc ¡lruIllerrr i¡rrtl rvlrielr lrc clrr¡sr:rr rvitlrirr ctrnr¡rrrtlrtirrrt¡rl

Iools rrrrrl sofiwiur,: corl¡rirtiblc rvillr irv¡rilirlllc lr¿r¡rlrr,¡rrc ¡rnrl

¡lroc:essittu tirtrc (l)cltirrqct ct itl.. 1995¡. s¡'1,¡'¡¡rl irlgolitlrrrts

rvcre tlcvrrltrpctl lrv tts rvitltitt illtttltt'ntttlit'tt lol Wintlrlrvs

r":nvitotttlcnt (Wolfìit¡rt, l()()l t Nolrlcnriuìn, l()()'l). 
^lllIcÍrtnìcrtts \\'crc l)r()ccsscrl hv ¿r,ìtl6l)X.l l(X) Mllz ¡nlc:lrinc

n'ith l(¡ l\,llì lìAM ilì(l 500 Ml} haltl tlisk.

lrt orrlr,'¡' lo slrrrll, lrcttc¡ lìivcr l'irraguly [lclrrrviol', lhc

rtclitt ivc rcglcssion nlctlrotl rvirs choscrr ¡urìorìg thc rnctlrotls

¡rrcviously r¡scrl iulrl ir¡r¡llictl to tlrc 1900-l()95 lcvcl virluc

se I rcs (Nottlctnlnn. l()9.5 ). Mt¡st ol cli¡ssic¡¡l lr¡rr¡no¡rrc

iul¡rlysis írc l)crfonììcrl tlrr llrc tinlc scrics usrìg rìrctlìo(ls

sttr:lì irs ljot¡ricl trirnstìlnrr. I lcrc. rvc trscd l clil'lcrcnt nrcllrotl

rvl¡icll r;ci¡¡clrcs onc [r1'tl¡lc tlrc,ì-l)ílriuììc(ct si¡rr.: fìrnction';

rvlriclr lìt bcttcr rvitlr rl;rtl b¡'ir nrirrirnt¡nl sr¡rrlrc itclutivc
lcgtr:ssiott llt ( Wol[rr:r'g. | 

()(r7 ), lror ¿r [)ctt(rl irccur'¿rc)/ orì llìc

¡rcriorl virltrcs. llrc ¡ncllrotl ¡rrin,bc ir¡r¡rlrctl tlrrorr¡th llrc srrcc¡r

tlf irllorvctl lrct¡trerrcics or'¡rcrrotls. ltr ot¡r'cirsc l ¡lrelirrrirralv
sclrclt ttsittrt pcriotkrer¡r¡tr rcstricts tllc :ic¡rrcll ottl¡, 11¡ 1¡ta

rìì(rst lììl)oltilllt sirìc lìrnclirlrr crnllctltlctl irr llrc si¡lrrll irs

tlclcctcrl by tlrc rnirxirrrr ol ¡.rcriorlor'.r¡rrrr. l:ollorvirr¡l llris stc¡1,

tltc itct'ittivr: rcqtt:ssion rìr('llì(xl is rr¡l¡rlictl lo llrc tt:girrtts ol'

lit't'tr't,t llt tt,¡tlt'tt tt tlt' ( )1'¡rlittr'rt. I t'l I .l( -t t, I quh
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lhc rrlrxillra. irr tlr.rclclsirrg orclcr ol tlrcir irrrr¡rlitrrrlc. Ihis
itcrltivc tcgrcssiurr rvirs n¡r¡rlicrl lìrr e vt ty sirtc fì¡rrcliolt to

lhc inili¡rl tinrc scrics sttil)l)c(l ol'tlrc lcco¡tstructc(l lì¡¡lctlorr

lìorrr thc ¡lrcviousll, rlctectcrl ¡rcriorlicitics.

R lìs tJ l-'t's t.'tìo M t't'ti R.^'f I vR I{ IÌ(; R |tss toN

'l'lrcsc rlctcrntin¡rtiorrs gitvc cotìv(ltctìcc Iot' irltout 50

sinc li¡nclions rvrtlr anr¡llitrrtlc urcltcrtlrtrrr tlrc c<lrles¡ttlrrtlirrrl

stirntllrrl rlcvi¡rtiorr,'l'irtr. I l)t'csctìts tllc rrrost irrr¡torltrrrt

¡rcriorlicit¡' lì;u atìtcle ts. l ltc rrir jor lurr¡rlilurlcs corlcs¡rorrtl

to l-\'c¡rr' ¡rcriotl (l:¡trlh olbital rcvolutiorr) lìrllorvctl b1, tlrc

lll-¡,ç¡¡t pt:r'iorl ;rrrcl scvcrirl irrrr¡rlilrr<lcs lìrr'¡rcritltls 2 to ,l

)'ciu s ((.)uitsi lli¿rrrrlrrirl ( )scillirtion/l:l Niùo Srlr¡tltcnr
()scil lirl iorr (.)l l( )/l :NS( ) ) rrnrl otllcrs,

'l'l¡blc I - lVlosl inr¡loltirrrt ¡rcliorlicil\/ llitriuìr('lcrs (lt;rrirrÌr¡lrv

fi\/cr'. | 
()(X)- 

| 
()()5 

).

'l'uhtltt I - l'tu'titttttrot tltt.r l¡'t'ir¡Llit'iJttJt'.r ttt(ti,t ¡t,tlr(),,t(ut-

It't (llirt I'rtrrt,qtrtri l()()0 lq().;)

()l'corrrsc, tltc ruost inr¡loltirnt ¡lcriotlicity Itltlttl in

lltc stt¡rlictl trnrc sc¡ ics cottcs¡lorttls to o¡lc vcitr ¡rcriorl,
bctttrl tlrrc lo tlrc or'tlitirl lcvulrrliorr ol'tlrc litrrlll. tltrt it

tììirv [)c sct'lr lllrl tlrc rrrrr¡rliltrrlc rvlricll corrcsporrtls lo I -

I'r'irr ¡lr,:r'iotl tcl)tcsents olrlv ir srrr¿rll llirctiorr ol'tltc totirl
irtrt¡llitrrrlc ol tlre rivc¡'ltci¡rlrt virriirtio¡ts (lr¡rlf'tlifli'rt'rrt.t'
lre trvccn criltcnrc ltcights 1657-(-6 l)li] .ì5() urr) lror.

I lt is t cirsorr, cont l)otìcnl s ol' tlrc lìr I lorv irrr ¡rcriotls ¡llir¡, n

vcry irrr¡rolliutl l)iul, lt rnrry itlso [lt'secrr tlr;rt tltc sunr tll'
tltc nittt'nìít.iot iunl)litutlcs is lrlrout,l00 c¡n, rvlrich rrrc¡uls

llrirt. irr tlle t:¡rsr: rrl'tltis slu(l!, iì[]()ul rrirrc irrrr¡rlitrrtlcs

l'criorl(1'r.) Âlu¡rlilurlc,l s.rl. (r:rrr) ()llscrv¿¡lio¡l

I(XXX)I0(XX)] I ì0,0 I ,5.1 ( )rbilirltcvohrlion
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rrrirl,bc cnor¡tlr to ilccount lìr¡ tlrc rttlscr.vcrl (.xtt.ctìtc

virlucs. With tlrc ntcllì()(l rrscrl, lborrt 50 ¡rcr.iorlicititrs
l)tcsùnl irrr irrtr¡rlittrtle glcirter lll¡ur tlrcir rcs¡tcctivr:
stir¡rrl¡rrrl rlcvi¡rtiorr. l'llis ¡¡rc¡rns thirl bt.sirlcs tlrc f ilst r¡ilrc
¡lt'r'iotlicitics t¡uotetl, othcrs rrriry bc sigrrit'icnnt ¿rntl that
tllc¡'c nr¡rv bc otlrcr lr¡¡tr¡ral c)'clcs rvlticlt rrr;ry irlso
inf'lur.rncc tltc rivcr hcight.

'I'o shon tcrrtlclrcics c¡nbc<ltlctl ill thc tirnc scrics, ¡t

tlt'nlnric sl)cctr¡rl iuìíllvsis rv¡rs llso ¡rcrlìrrnrcrl ls "r:lirssit:¿rl"

rl¡ rrirrnic s¡lcctlal irrrlll,sis rvitlt const¡ull lcrrgtlr sirrrr¡rlcs irrrrl

llso irs "rr'¿rvclct sl1,lc" rlYrrirrrric s¡rcctrirl ¡ur¡rlvsis rvillr

c()rìsliuìt tìulììt)cr ol'pcriorls pcr rì¡uììl)lc (llargc, 1g9.5). ll
sllorvctl clenrly thc cvolrrtiolr ()l'tltc 2 to -5 t,cirrs ¡tcriotlicity
(lrNS()-(.)lì()), stt'orttlcl litt¡rr I90() l¡ I()50 tltittt lìr¡ tllc rcst

ol tlrc sc¡'ics ¡rs rr,cllits ollì(rl lci¡lr¡rcs ol'tllc cvoluliotì ol'tlìc
rive r'trclrlviot. Antonr', tllcsc lL'¡ttrtrcs is thc lriulrcr irnr¡rlitu-

tlc ol thc 2ll..l l,cirl pr:r'itltl vr:rsus tirrrc tlurirrr', thc l¡rsl tlccirrlcs

ol tllc scrics.

lltc .rtì'l ),('iìr' l)cli()(l is rvitlrirr thc 2t1 ".-ì2 \,r itìtcrvill

¡rcrit,tl icitv slrorvn bv K¿r¡rc ñ 'l'cixcir'¡r ( lt)()0) irr irir
(crììl)ct¡rlutcs lìrr' Irotlr ltcrrr is¡tlrcre s, ltr¡l thc t'ctììitining

¡rclirtrlicitics irt 5-(r t,l. l0- I I 1,¡, 1.5 -vr' l0 yr irntl -5-5-ti0 yr

rlclcclctl bt llrrrsr: itutltot's tlo rrot ir¡l¡tciu'or ¡rlll)c¡tr orìlv lrs
rirìrirll sij¡rirls irr thc l9(X) l9q5 l'irr'¿¡rrr¡ry l{ive l scl ics.

As ir ¡rrclirrrirrirry cllìlrt. urrrl irr s¡ritc ol'thc lccor',rrize rl

cvolrrlitln ol tltc sc¡ ics, tlrc rccoust¡'r¡r:lion. lìrl citclt

lntlrologlicirl yciu. \vits ntltlt: irfìcr tlrc rlclcr¡ltinirliorr by

ite tirtivc rerrr'cssiorr irrrirlysis of'tllc sinc lì¡¡tctiolrs crrrbctlrlctl

in tlrc rvlrolc suit:s. l'lrc Icsull\ obt;rirrctl lre ¡rrcscnlctl irr

lri,t. I rvlriclr slrows llrc ¡'ccurrstrtrctitlrr ol' tltc l)irrirttuir1,

l{ivcl lrcight rr sing tlrc ¡rinc tìì(ìst sigtìil'¡ (ìiuìt sitìc
coilìl)oncnts ( l'¿rll. I ). ll rrr¿rv lrt: sr:r:n lllirt. lìrr llris rrr0rlcl.

sorrrc lirrgt' arììl)liturlc lloorls (llclìrrc l9l0) or rlrorrtlrls
(l()(r.l to l()7.1 ) irrc not rlcsclibctl rvitlr I'irlclity, rvhich

corrcs¡r<lttrls lo thcit rlNccl)tionll occut'tctìcc, o¡l¡loscd lo

thc h¡,potlrcsis of'lrcirr¡¡, stnliorrnrl,. 
^tì 

¡rllcnìpt rvas llstr
tttittle ttsittg llrc sltnlc lìtrtctiorts to ¡lrcclict tltc llelrirvior ol'
tlrc ir¡r¡rtrrl rrrc¡rns ol'tlrc l)irrir¡lrriry lìivcr rlr¡rinrÌ lhc ltcxt

.ì() ycalr;, ¡tssutìritìg rrrl irn¡rollirnt clrirrrgrr itt tltc rcuiorritl

irncl ¡ilobirl crrvirorrrncnt lìlr this itrtcrv¡rl, I)l¡rsl ic cllirngc

irr llrc glvironnrcnl sr¡cll its l¡uì(l rrsc in llrc l)nnt¡utitl ¡ltì(l

irtl,iircrrrt lcgiorrs (ìt \\,()rks to irrr¡lrovc thc rrlrvi¡¡l[rilit¡,ol'
lhc l)irlnguiry lì.ivcr slrorrltl ilrvirlitlltc srrcll rnccliu¡ll or l()tìg
tcr'¡rr lirrcctrstirrg lt rrriry bc: scerr tlurl tltis rrrotlcl ¡lrcrlicls ir

ltrrgc lrrr¡llitr¡rlc tlror¡r-',lrt lìrr tlrc ncitr lulurc, ul) to ¡tt)oltl
ycirr l0(X), fìrllorvr.rtl [tv ¿rltcrrrirlc ¡rcriotls ol'rrornlrl lcvcl
itntl nt ilrl l'lootl.

/i¡ t'i.r/¡¿ llrtt.stlt'tt'tt rh' ( ìr'rtlíttt,t. l,tl | ¡¡.1 ¡. ¡ t1t1¡,
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/i, r'rrl,r litttrtlt tttt,l' t;,,,|i't',t | ,l I lt'1 l')')lt

l'lrlrr,u:rt l(nr'r I r'rr'l l'tt rlit lion'l l)\ \( ur:rl Nt lrr,¡tkr

llr.:rl 1!)4rl 1.)rltl lllat| :l{ìtllr .:tl;ÌfJ

l,'ccrl - lil rrr'¿r r'(l ¡r (' u r'¡r I n c I r'( ) rl(
'l ltc tlrosl P()llttlitt ttcl\v()t'k is tlrc lrt:trtl lrolrtllrtl

Nctrvot li rvitlt lllck¡rt ol)iltirl ion lt:itt rt inl', liru ( l(trrrrcllrlt t

el lrl,, l ()S6 ), l or orrt: llirlrlcn lirl'cr, lltc itr¡rttt vrrlttes ol titltc
.icri(':i rl/- l), \'(t ).), .\(/ ,i) iuc rcccrvctl llu'orrglr ,/ itt¡ltrl
rnr¡ts. rvlliclr srnr¡rl1' ¡rirss tltc irr¡ltrt lortt'itttls lo llre lritltlcrt

unrlri r/i, i l.l,...r¡. llirtlr c()ntìecli()tt l)etlì)tlll\ il lillcílr

lnr¡rslìr'rr¡irtiorr tlctcnn inr{l [)\' lltr.' ttrlrrlr't:lit)rì slt ctlgtlt l',/,
.;o lllr lolirl irr|t¡l lìrr cv('r-\' lri(l(lrrì lrlil ur i\ I'/, rr',, r'( l-i)

l.;rulr rrrrit ¡lctlot'trts ir nortl¡tìr:itt ttirllslìlrtltitlitlrt ott ils lottrl

il¡|t¡1. llt otlt¡cirr¡', Iltc ()tlll)llt:
liigrrr.c I - Ye,¡ lr r¡c¡lrs 9l'lltc lcyt,l rll the l,irr'¡11r¡in l(rr,'l

lrt l.irrlrilio | 
(X)0 lo | 

()().1 ((lrrr:li ct¡¡ r'c ) lttttl ¡tt ctltt:ttott lttt:;etl

¡rr () llr¡:.ll irrr¡r¡r.ltrrrl ¡tcr.içtlicitres rr¡l t¡ -l().li (llrilr t.rrrVe)

¡\ r'rttlttrr riolrll ¡11 ltllt\ bt: oh:;r'r'r'ctl lrclrvt:clt olr:,e lvetl itlltl

r'üco¡Ì:;l¡ucle(l vrtlt¡c:.; cxce¡tt itt llttr t¡t'trr ol :ic\'(Ìtitl ¡tct itrtl:t

ol' lltrotl or rlrotr¡lltl irljr'r' l()50, n'lr¡clt clltt;tclct ize tlrcir

cscc¡rlrotrtlliti,. I lris tttotle,l pt'r'tlitts ¡t titlltt:t lott¡l ¡tct'iotl rll

Iorvcl llr;rn rìrciur \/irlttcs lìr'ltt llt,'r;t:tll lo ¡tltottl l(l()5 lrrltl

vin iltlllt' r'lr Iur':; lr irlltt:r' Iltitn tttt'it¡l ir l ter' .l(X15.

Iìit!uru I - ,\li',li,t,s (tttu(t¡\,1r,.: ttitr'i.t,lt,lÌi,t i'(tttn',ttttt, t'tìÌ

Lt,l,'tti,,,,1,'Itllllltt lt)t)./ (ltttt,'t).t,t't,\'\t,) t'¡tr'1'¡¡r,',,,l,tttt'tttLt

tt(t.\ tt()t't' ltt(t¡.\ ¡tttlt!tt litttlt'.\ lt\'t'it\l¡t'i'ltt,l,'.¡ ttli' )l).t.i ¡¡¡,¡t,'

lìttrt) I itilrt t,t 0,it'r'l t't)tt( (tttl(ìttt ¡tt tt ttt¡ltttlit t'ttlt'( (ì,\ \'rtlt)

l,'.r' rl/r.s, l l'rl,/r/.r r' rr,\'/U'('ì'i \'/.r,f. t'\t t'lt) t'tlì ¡ (1.\/r.\ r/r),! ì!i/'/l/.1

ltt,t'i(ùl(,t tlt, lttilntlttt,ttt) r)lr.\'r'{ ¡,t ttlt(i.\ l().\0, t) (f ttt'Ltilttt It't ¡

-tt tt.\'ll(tt'.\'tr'lti1t¡¡,¡fitltttlt'1.,¡1,'ttttttlt'lul,t,'tli. ltttl 1,,'l itnltt

lt,'ttt lott,tlo,l, ttit'r'tt ttttu.\ ltitt\'().\,lt,tlttr',t,l,t tttr'rli,t,,lr,

l)t t'.\t'lllt' lttltlltt',tl¡) ttlr' ttltl't)\'lllÌtttlLtlltt'lll<' (t (lìttì 'lt' .t0l).1, r'

vitltnt't t'(ll ¡t¡\'t'i,\ tllrlittl't'.\ tl,) (lllt'tt ttti'tlttt ttlt,'t.¡ l0().i

,\ tll)t .t( 
"\'t't 

( )N ( )u't'l I l,l N 1,. I I lt,{ l, N 1,,'l'\\/( )ll l(s

l'rr'tlit:tion ol tinlc:.cncs is iut tltilirtrl It'tt'rtl
lrllplit'lrtion ol rrctultl tì('l\\otli:ì, lltet'.' ;ttc il lìtllrll)('l ()l

¡rtt:rltclion ntctlltrtl:; lrvrrillrble lol llris kirrtl ol ¡ttttblt'ttt

1(. irsrlirgli. l()li()). frlt:ttllrl ttt'ttvo¡1.'. \\('t(r lirtttì(l lo hc t¡scltll

rrtrtl eorr¡rctilivc \v¡llì lllc lrc:;t lcccnlirl)l)t o\illlttlioll ltlcllìorl\
(l ir¡rctlt's ñ l:;rrlrcr. i()lJ7: (i¡rll¿rrrt ,t Wlritt. . l()().1 :

(icr':;lrt'nli:lrl .t Wcirlt'ntl, lt)t)'ì Licl ;r1.. lt)t)5rr: l()()ilr). lo

¡rtetlir:t lllc lì¡lrut'lrt'llrvit'r'ol llrc l)llrr¡ttrirv l{ivcl lcvr'l lirllt:

suic:,, llrr'lr:r:rl-lirr rvirrrl Nt:rrrirl Nclrrt)rk (lll'NNlirtrtl linrc

I)clirv Ncrrllrl Nelrvork ( II)NN)rr,clc rrsctl ;rrrtl lrollt ol lltr.'ttr

n't:r'r' ittt¡rlt'rrrt'rtlerl ilt llt(Ì tì('ulrl tì('l\\'()l k\ sirrrt¡llrlor SNNS

(/cll r'l rrl l(){)5) Io irtill\//('llrt'¡rlt'rlittiort r¡tt;rlilr \\'('

rtst'tl it :;ittt¡tlc tnt'lltotl-ittrlu¡rt'nrlt'nl lt't:ltttit¡ut'(( icrslrcnlc'ltl

,t We irr'tl,l, l()() i: Nottlt'ruilnr ñ Li. l()()(r).

'l lrt'rrt:tir'¡rlit'rr ltrtctrorttl' i:, llre:rt¡ttc lìrt lrll ttrìit'i, I lctt:,
tl'i:; ir si¡lrrroitl lì¡rrttio¡t rvitll lilllitillg \itlttr:0 itrl(l I its /¡/

' ) ,-, iilì(l r// r t.',. tt'sPr't lirt'lr.

tl, - rlt IIi ,l
ni,, 11,,.\'(l i)

'l'(rr )
(r t' )

'I lrc lr¡tlrlutt llrvct otrt¡rttts ,// itt(' l)itsse(l ltlolttl ltr llltr
siririlt' orrl¡rrrl unil rvitll connccliott :;ttcrtr',llt [1,. rvltit:lt

¡rcllorrnr; rrn rrlIrr¡e llirrr.;lìrtnritliort ott ¡l', lolltl itt¡trrl. I lrcrr.

llt(' rìr'lrV()t['s ()illl)ltl \i// t:lilr br'tc¡rtt'st'ttlt:tl lts:

v(r) [ì, r
,1,I l lr'.. I r(/ i)I

lirr r/ inIr¡lr íilì(l r/ urìilr, irr llrc lritltlcn lilr,cr

'l'in¡r' l)el:¡r' Nt'r¡ l'¿rl Nt'lrlr¡¡'lt
'l llt"l'urrt'l)clln Nr:ulirl Neltrotk is rt litYr'ttrtl tìcl\v()r k

irr rvlritlr ll¡e or¡lIr¡ls ol ir litYr:r'irtr: llttllclctl b1 :;cvcntl litrtc

lrl':; irrrtl llrt:n li'tl lì¡llv conncclctl lo lltc ttcrl lltvct (Wlribcl

ct rrl., l()li(); \\/rrn. l()(),ì ). 
'l lrtl:rclivrttion ol'iur t¡¡lit is tto¡'ttltllv

r'orillttrtctl ltr' ¡rir'.rin1l llrt' rvt i¡lltlctl st¡ltt tll ils itt¡lttts to ittt

irclivrrlio¡r furretio¡r. usuirll\,ir (lrtcslrttl,l or sigtltt,itl lìrttuliott.

lrrrr"l'l lN N, tll ir; bcll;rvio¡. is nrotli l ictl llrlot¡rll¡ lllr,:

ittl¡otlt¡ctiort ol tlcl;tt's (lcll ct ill.. lt)t)5). Ilirirlirrrl lìr¡ tllis
kirtrl ol ttt'lrvotli t,; ¡rt'tlìrrrlt'rl lrt rt ptrttt'tltttc sirttil¡tt' lrr

b;rckIr'opitr';t(iott. tlr;tl l¡tkts lltr'',¡lcr'iltl çr'ttìitttlit::; ol t ott¡rlctl

lirrl.,r inlo irc(()lrì1. Io crrrhlr.'lltc ttc'ltvotk lo itr'ltievt'llrr'



dusirctl tlclruvior. a sc(lucncc ol'p¿tttcrns hirs to bc ¡rrcscnted
to tlrc input laycr rvith tlrc l'cnturc of intcrcst shilìed within
tlrc ¡rirtlcrrrs.

Tl¡c rcsulls fronr ncr¡rnl nctworks
'l hc sclcctctl prcrl iction lrrcthocls inclt¡dc licc.d-

firrrv¡¡rrl Nctrvork rvitlr lìack¡lropngntion ( tIPNN) and
'l'irnc Dcluy Ncr¡r¿rl Nctrvork ('f DNN), Wc uscd thc

notnlion in¡rut un its: lr icldcn u¡l its: hidclcn un it.s:,., :oulput

units to dcscribc thc slructurc ot'tlrc nctrvork. For UPNN,

thc sclcclcd structurc is l2:4tì:4tl:ll fìrr 'l'l)NN, lhc
sclcctctl stntcturc is .ló;9: I . lll both netrvorks, thc trainirrg
r¿rtc uscd rv¡rs 0,1. liig. -ì shorvs f hc rccon:ilruction (lrorn
0l/t)0 to 0ó/9.5) l¡rrl tlrc ¡rrctlictions (fì'onr 07/95 to 0(r/
t)6) ol'tlre rtronthly lcvcl of'l)nraguay lìivcr. l'he traincd
¡lctrvorks guvc thc ncxl l2 nlorrtlrs prccliction valucs. l;or
thc ¡rcriod 07/t)-5 to l2l9.5, ¡l¡c ¡rrcdictions lronl lrvo
nctrvorks g¿tvc vct)/ sinlilnr rcsulls: filr thc ¡lcxt 6 nronths.

Ihe clit't'clcnccs [rctrvccn ¡rrctlictions wcrc sliglrtly highcr.
'l'ltc conl'idcncc ()nc rrray lrirvc in suclr prccliction is shorvn

rvitlt ¡lredictiorr crror ba¡'s rvhich clraractcrizc thc

¡lrobnbiIity ol hnvitrg Ilrc rcsuIt ol'a litturc nlc¡rsurcntctìl
n,ithilr n givcrr intclval (onc stunrlirrrl rlcviirtiorr) ncar lhc
prctlictcd valuc, l:igs, 4 arrd -5 slrorv thc ¡rrcrliction crror
bars (l'r'orn O(r/t)-5 lo 07 lq6) obtaincd by usirrg l;cccl-

lìrrrvn¡'tl NcrrrirI Nctrvolk rvitlr llnckpropagation ¿rrrd 'l inrc

Delay Ncural Nctw'ork.

Rcc. t Prc. Urlng BPlr,lN ¡nd TDñ¡N

It t ¡ I

\ f
f { I t I v I Jt. t

I U \f ltttfl tr
1900 1901 19e2 1993 190{ t0s6 19eE

tlme
+ Obt.Mtloñ -- Ræ. t Pr.. by SPNN {F Ræ, ¿ Pr. by IDNN

l.'igurc 3 - l{cco¡lstl'uct¡otì (01/90-0ô/9.5) & ¡lrcrliclrorr 107i
95-0(r/95 ) of'thc nlollth ly lcvcl ol' Pnrnguny l{ivcr

l"iguru 3 - Ilcc'ott.ttt'ttç'litt (01/90-0(¡/Q5) a pravisttut 07/95-
0(ti95) ú¡¡; ttit't'i.t tttçtt¡;ttis ù¡ ll,i, l'ttntgtttti.

/lt,r'irlrr llntstlcint rfu (iaolísitrt, l'.t1, l1()), l9rô

1.. \\/cigln¡r & l). .1. ll. Nortlcllrlnlr te9

Prcdlcllon Er¡o¡ Brr¡ Urlng BPNI{

1990 1991 1092 1993 199¿t 1996 1906

tlme
+ Fl@n.kuolron Õ Obr.N.lloñ - -- Pr.dlctlon

l'igurc d - Prcdictiolr crror blrs (06;'95-07/96) usirrg lll,NN.

I;lguru 4 - ßurnu dc crn¡ dus previsõa:; (06/95-07/t)6) uti-

li:undo IIPNN.

Prcdlcllon Error Brn Urlng TDftll{

19SO 1901 1992 1993 1904 1005 100!
time

+ RGon¡trucllon + Ob[Dallon --- P[dlcllon

l.'igurc 5 - I'rcdiction crror b¡rrs (06/95-07/96) using l'l)NN,

l;lguru 5 - lùtrrtr dc t't'H¡ dus ¡rc'r,i,täcs (0ó/t)5-07/9(l) uti-
litttnltt 7'DNN.

'l nb. 2 shorvs ths predictinrr quality ol'lrvo ncrrrnl

trclworks usitìg 1000 nrorrtlrly nrcnn dlta rvitlr 2000 trnining
cyclcs. 'l'hc indcx ar¡r,rrr/ and l¿rl// dcnotc thc c¡uality of'the
rcconslruction ond tlìc inclcx llr,rtr2 itncl null) dcnotc thc

t¡uality ol'tlrc prcdictiorr (Nordcnlirrrrr & l,i, lgtxr), 'l'hs

rcsr¡lts in'l'nb.2 slrow tlrat'l'inlc l)e lay Neural Nctwork gavc

thc lrcst rccorrsln¡clio11, ttmse I .= 0.0305 an,J nu|I I - 8,2?,f8,

¿rnrl l:cerl-fìlrrv¡rrd Nclrvork rvith Iìnck¡rro¡ragitliotì wns

locrttcrl in scco¡rrl, r¡r¡r,rrr/ 0. I I l.l ¡ntl nulll - 9..i1)82, F'or

llrc lì¡tr¡rc ¡rrcdiction,'l'irrrc l)clay Ncr¡rll Nctwork f lso girvc

thc bcst rcsults. l¿¡.sc] l/. l/.58,T ancl null2 -- 8..f3l7 ¿rnd

¡uld lrcccl-lorrvarcl Nctrvork witlr lìack¡lro¡lagation wns

locittcd irr scconrl. lrr.rr,2 0 058.l lutd null2 . .\Jy'9,1.
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Trtrxì[10
llnì6 ro1 ilüll1

quslrty_ Prodrclton ou!
rìmgoz I n

0 0584

o 0588

2 hours

20 nìfl

t4

0 0:r0li

o 508?

tì 22BB

_l(x)

Not nrodol6

llnckprof,uU0tron
(ß!NN)
I rmo [Joloy

Ncrrrirl Nclrvo¡'lis

l'irrrrl le I ¡rrrrccss i rru.

I Jsirrr.l cxllorrcnl lìlnction

t Jsirrg lhc lcirlrrirrg tcclrtrt¡uc
'l'lkirr¡i lorrg tirrrc lor

tt'it irr irrrl rtcrrrll

rrct rvot'lis 1 rlrtv:, ¡

( irlotl l'it t¡l' t'ccortstt'trr:tt'rl

tl¿rtir lo ollscrvctl tlltir
( ioorl Plctlictioll lirt'

slrort lirnrlc

l'rrlrllrr;n ltrrut I ettl l'tctlietrolt" lrr Netrl,tl Nttrtotk:

I 5408

ô531/

l'¡rblc 2 - l)tcrlietiott (lr.r¿ìlit\/ rll'trvtl tlctrr¡tl ttcl\\'()rk ltttttlcls.

'l'tthclu ) - Qttttlirlrttlt'(l('l,rL'\'t,\tto tlt¡,t,1¡¡t.t ttt¡tth'ltt.t tb rt''
(l(.\ nL'rt'tt¡.1.

COtVt t>A RI SON llli'l'wl:lìN N I,lI J ll.^ l,
N tìT'W( ) R t(S A N l) l'l'l,l ll.A'l' ¡ v l,l l{ 11( ; ll l,lss; I ( ) N

l\'l l,l'l'l l( )l)

lror lì¡rtlle l cvirluirli()rì ol'thc ¡rrctliclio¡t rcsttlls, lltc

siililc l)rc(licli()lr lr¿rs bcc¡r tl()¡rc [ry rilcirtrs (}l'tltc itcrirtivc

lcgrcssiutt nrcllì()(l irttrl ltctttitl tìcttvo¡ ks (Nortlt'ttrittttr cl

¡r1,. | 
()().i 

).

( Ìnrr¡lnrison r)l'lh(. nrcll¡(,(ls usc(l
('orul¡rorr l)r¡irtls

N,.:tl|irl NrÌl\votlis llc¡¡rtivc |c¡lrcssiott

llsirrg tlrc nrini¡uizirlirrtr ol lJsing tlrrr lttittinti¿ittiott ul'tllc

tlrc rrrr.tirrr-sr¡rrln: (rus)clr ol irs nì(:ln-s(lu¿uc (nts)ctror its

¡rlcrlicliorr crr'(ìr' cr itcriorr. ¡lrctlir:tiott r'r'r'()r' (:r'il('r ir)n.

Mrrrc rlrrl;r, lrt'ller ¡rrt'rlicliott M()r'c (lirlir. hcltct ¡rtetltcliott

l)il'l'cl'c¡rce s

('onrpirrison ¡rI' thc ¡rrcrl icl ion rcsuIls
Slìortr¡lrlr,.c M¡rlclr,'9.5 A¡lril/t)5 lVlir¡'/t)-s .lttrtc/95

(lVlonlhs)

()trsclvirtiotts(c¡rr) 5,1.ì 65() 6l.l .5tll'l

l'l)NN .l.ló (r()-5 (t,ì7 lli
llclirtivc crnrr ('l ul J.76 .5..1.1 1.5 0.7

lll'NN -111 (r0ó ().1I 567

l(cl¿rtivt:cilot'("¡,) l:,0 6,0 i.() ().ll

Itcnrtivclcglcssiort .ì l0 :ì.ìl .li6 ii I

llclirtivccrlr'('lr\'4)..11 .ltl.lll'l .l-5.()5 .1,1.65

l.ortu llrrttc 1996 -l(X) I l()01 l0l.l
( Yc;rrs )

Ncu itl Nctrvot'ks .ìlì I

Iter'irlive legtcssiott I5l ,2()()

A lt:rl1,sis ol' (:o ru lt¡t r'¡s(trt

l;ront tltr: irtlovc ittttrl¡'sis. tvc tttitl,tl¡'ttrv lltc lrlllorvirrg

t:,Iìr:lttsitltts:

l) lloth nìctlro(ls ;t¡'c sttititblc 11r ¡rtr:tlict tltc lcvt:l ol' lhc

l)irlrrtttlty l{ivct.
2) lrol r,lror'( tirrrc ¡rcriorl. tltc ¡rrcrliclcrl rcst¡lts f io¡rt Ncttlitl

Nctrvolks irle llcttr'r'lllut tlttlst'lì'tlttt ilctitlivt: tt'¡1t'cssiott:

J¡ l ol nrc,lirrrìì r¡uìllc l)u io(1, tllc itct¡ttivc rc!rcssiolt slrorvs
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l)rrLlict()rs eittelìrlly eltt¡serì irrrtl irrve:,tig'.irtirr¡1 tlrctrtctieirl

irsl)(:clri ol' llrc ¡llctlrctlrlli lit¡, ol' srrclr uct'¡rh1'sical urrrl
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( )s rrÍr,ci:; t[r llio l¡ru'itst¡iti siio ittllttctlciittlos ¡tor
tl ivcrso:; lìttrtt t:s tlctl l'isicos cotlì l)l(ì\os (ltle ittlllllll clll
vii¡'ils csc¿rlits.'l ot tìit-sc, l)()rl;ìltlo, [rltstlttttc t clt:t ltlt-
lc, r'los ¡rsl)cclos cierttil'ictts, stlci¡tis c cctl¡ltlttt icos. .l

¡rrcvisiìo tlo nívcl <lo ll,io l)itt'ltgttiti (ttit citlltlc tlc
l,irtl¿irio ) c()nl unlit cclta íttìtccc(lútrt:i¡r (c itssitlt ¡rtttlc-
sc cslirììíll u iirc¡t ¡t scr itlt¡lttlitr.lit), Nt:stc ittti¡1o, r'ctlcs

rrcrrnris c ;uìiilisc lr¡rrrrrtinicit ¡lot tcgtcs:,ilrr i(c¡¡tliv,t
lìlllnr r¡sitrl¿ts l)¡rrir it l)tr:visiltl tlo ¡lívcl tltl llio Itittitgttitt.
As t'ctlcs tìctttílts sclccioltittllts l)illil ('st(Ì trilt)illlì() c()l1l-

¡rrccrrclcttt it tr:tlc ttct¡r¿tl "lrcctl-lìrrrv¿tr'tl" ctlttl lei rlc
l¡rrcrrrliz.itl.cnl cortì t'r)lt()l)to¡tit1¡itçiitl c lctlc tlct¡t itl cotll
attitso (lc lcttll)o. Ârttlt¿rs lilritrn ittt¡rlcll)cttlittlits tto sl-

rrrt¡lltlor tlt' terlcs tlt:t¡trtis SNNS (Zcll ct ¿11., l()()5 ) l)¡tlit
¡rn¡rlisnr rr t¡rrirlitlitrlc tlit ¡lrcvislio lttjs ttsitllìos llllìiì lcc-
ttica sirn¡rlcs itrtlc¡rcrrtlctttt: rlo ttteitodo cttt¡ltegittlo
((ìcrshcrtliltl & ü/cillcrrtl, l()9.ì: Nottlctttir¡trt & l.i,
I 99(r). Â ¡rirrtir rlc I l'15 v¡lot r;s ttlclls¡tis tlli'cltos. it t etlc
rrcttr'¡rl llcinittlit ¡rt'ctliz tl ttivcl tlos tloze tttcscs scgttitt-
lc:i conl cr'¡o nìi'(li() tttlrlll¡tlizittlrt ito t¡ttittlt'lttltl NMSIt
0.(Xi r.: ¡rrollirbiIi,li¡tlc lou;rt ittttit trrctliir rtc¡',irliv¡r NAl.l,
'. t),0. Ntts ('()rììl)¡u ¿lrlro\ os rcsttllittlos ohlitlrts ¡rclos
tlois nrodclos tlr: tctlrrs ltct¡ritil;, tlc itcttrtlo colìl il ltttii-
lisc rlit <¡trirlitl¡ttlc tll ¡rt'cvisito. () rcstrlltttlo prclittrittirt
intlicrt t¡rrc ¿r'l'l)NN ¡rrotlttz.itt it tììclll()l lccollstlt¡çilo c

¡rlcvrsiìo. l)ol ortlrtl littlo, r'ltt'iirçùlcs lìo llivcl tlrl llitr

I'irlngtni brrsc¿ttl¿ts ctlt tlctct'tll itritçtics tliiiri¿rs e tlt

l.irtliilio. rlc.iirrtciro tlc l()0() ittú () l)r(rsctìtc (rttc'drits

rrrc¡rsiris), lìlt'attl csltrtlrttlits ¡titta sc otltct o lrislririctr
tlo t:linr¡r c ir tclaçiìo ctlltt lcltrìttlcttos gcttl'isicos. listns
viu rilçòcs nìostl'illìl tlc ttl¡ttlcillt llcttt clarir. o collll)ol'til-
nìetìlo colnl)lcxo tlos lottgos ¡rcritttltls dc stca c dc

irrurrtlitçt)cs, Âs ¡rcrioclicitlatlcs tltio siitt cvitlctrtcs c

lir¡nbúrrr ¡rotlr: sct obsclv¡ttltl rlttc tt l¿l\il tlc vitziltl ¡tùo Ú

r.:stircirlnirtil. l)or cstits ritzt)cs. cslcs <litdtls lìrlitltt ittta-
l isirtlos ¡lot tlivet sus ¡tri'ttttlos ttt¿¡lettliil ietrs itlclttittdtl
ir lrriiIisc tlc Iiottt'ie r, ¡'rcriotlttgrittttirs/cicltlul'ittlt¡ts, ¿tttii-

lisc cs¡rcctrirl dirtrìttlic¡r c tcgrcssiio itcrirtir'¡t.
Alúrn clisto, ¡r (lclcttììitl¡tç¡lo tl;ts rttitis illìlx)ltÍìlìtcs

lìrrtçr\:s sc¡toitlitis crrlbtrtitlits llíì lìì(rslììil sÚric ¡rcrtrtilc a

rcctrrrstlttçrlrt tlirs ¡rlirrci¡rlis vitriirçtlcs tltl rtívtrl tltl t'io c ¡t

¡ltcvis;io rlos r,;rlot'cs tttútlios itttttitis ¡titrit its tlt¡lts tlcca-
tlirs scIttittles (stt¡tottclo tlcttlìtttlì¿ì ttttltlattça itlt¡rorlitrtlc
rlrl rnt'io rrrrrlrictttc) ( )s rcsttllitrlos olltitlrls lllosll'¿lllì (lt¡t:

iull)()s ()s rnúlorlos l)¡trcccttt se t' clìcictìtcs l)itrit l)roccs-
s¡rr sú¡ ics lcttt¡lot'itis inllttcrtciittlits ¡lor ¡rroccssos t:litttli-
Iicos r: gcolisicos cottt¡llcx()s, tììcstìto scttt crlttsitlutitr its

rclirçircs c¡ttrsrtis ettvrllvitl¡rs ttos lcrtiltttcttos r.:slt¡tl¡tcltls.

lìlcs ¡rorlcttt sct rtsÍìtLls l)itt:t l)rcvct o c()lttlx)lliìlllcrtto tlc
t¡ris f r.'rtôrncrros crr cscitlits tlc lt:rtlPtl t¡ttc tlc¡rctttlettl cs-

¡lrcilìt:lttttcttlc rlo tt¡i'totlo ttsittlo. tltt itltcl vitlo tlt: lcttt¡rtt c

tlo tirnritnlìo tlos tliltltls rlis¡rottílcis.

NO'I'A SOI}II.E ()S AUT'OIIIIS
NOTES AIIOUT TIT E AU'THORS

l,i Weigarrg
. ll. l'cc. 1L'ivil lirrgincerirrg), llc llrri tJnivcrsity, C'hi¡rir,

t 982

. M. Sc. (()¡lt:tution l(csc¡rrclt & [Jrbirrr l)lirrtrlittg). L'lrirl¡r,

Ntrrr.jirr¡l t lnivcr sit1,, I t)tltl

. I). Sc 1( )¡tctittiott l(cst:¡uclt ,t Air 'l rirrts¡lott). lttsl iltrltr
'l'et:no lril'.ico rlc A crottiittt icir, I Ìt ¿tzr I

. l)rolL'ssio¡rirl Activics:

l9l{.1- l9l{7-Ass. l)nrlL'ssor'- Niut.iirtg l:rrgirrt'r'r'ilrg lrrslrltrtc,

Nirniing, ('lrirrrr

lgtttt- l9ll9 - l.cctrrlcr - Ntrrr.iirrg, lin¡¡inccrirtg, lttstittttc.

Nlrnlirrrl. ('lrirrrr

Sirrcc l()(),1 - l{escittr:lt lcllorvol'('Nl'tl (llcct'rtt I)ot¡tot )itt

lNl'lr¡l X'lVl, Sito .lor;ú rlos ('irttr¡los, llrirzil

l)¡rlriel .lc¡¡¡¡ lùlgtr Notrlcttttttt tt

. l:rrgirrtct (l)lr)'sics), Stt¡rct'iot'scllool ol'lrrtlt¡striirl l'ltysics

irrlrl ('lrcrrrislty' - I'Sl)C'1. l'¡tris - lrritttcc, 19.57

. lì. Sc. (Mirllrcnr¡rlic¡rl l)lr1'sics), lt¡uis t Irivcrsity, lrritttcc. l()6'l

. l'll. f). (l'lr1,sics), l'rrris IJrrivcrsily. l;rirttcr:. l()(r(r

. S¡rrrr:rirlizirtion Arcirs, S¡rirer'(ìco¡rlrysie s, (ìeo¡llrlsic¡¡l ¿ttttl

('lirrrirlologienl l)¡rt¡r l'roccssirtg, Ntrclcitr ( ìco¡rltl,sics

. l)rolcssiottirl Âctivics:

I()i7- It)'/0 rrrtl I()7.1- I()7() - l:rr:n(ìlt Atotttit: lìrrt:rgy

( 'on tn t issiott - (ll:Â ut l ,orv l,(';ulirlitct iv itl' { '.'',,.'' - ( 'lill. lrlltttcc

1970- 197,1 - I JNI ,S('( ) l:x¡rcrt - l)¡olcssol' ol' l'ltt'sics ¿t[

llllril lir.:rlctitl t lttivcrsit¡'. IÌ¿rlti¡r - Ilrlz.il
Sinccl()7()-lÌcscru'clrclirtlNl'lr,Silo.losú'tlos('rutt¡ros, lltitz.il.

llciul ol'S¡ritcc tìco¡rlrvsics l)ivisiorl - lXil: (sirrcc l()()())

/i¡'r'/r/¡r llt tt.¡tlt'tt tt rlr' ( it,'fi:tIrt, I rtl I I¡ '), I t,)lh


	doi: 


