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Thiçthegrgeilarninegthef].r-rvj.aigeornor-phrlloÇ,/o{
the =ourthern Yul:an r^¡ith the intent oÍ deriving å f l.ood
,rrodel u^¡h j. ch cån be ¡-rsed tc. predi ct f l asd= i n -r-hi s

sub-arctic region. Thirt.¡-=i:l waterçhed= t{ere chosen for
investigatian. Initiaiiy, a iarge'¡ãriabie set describing
watershed geofrrúr-pholcgv a.ncj clima'r-e wãs ccmpiled. The

=electian of th*--5€ varl ahl e=' sras ba--ed of-t intr-ti'iion and

their eLtccess in other f lood çtudi'es' In addition '
ileod-{reqLrentry anaL:./-qes of the =trear-ns' historic

=treami 1oi.¡ recor-ds yi *i ded '¡aI utÊs oi thei r rneart annutal
floodsandt.heirtl.to,f,rve,tenandtwent,vyEårflcods.
t¡Jith the ¿id of a =tati=tica1 r¡rlrltipIe regres=ion
techniqere, a =et eI eqLration= i.las derived that related
{lcod discharges fsr di+{erent return periods to the
.¡ari abl es de=iri bi ng ,¡r=,!LersheC cI i mate and geomorphol ogy '
These equatian= arE:
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!'iean É¡nnural. Fi ood
Twent;,, Yea..r Flocd
Ten YEar Fi r:od
Five Yea¡- Flsod
Two leãr Fl oaci
Totai Cha.nnel Length
lTean Annr-tai Freci Pi tati on
l'.lor.nal i = ed Aspect-
fi.¡p=orrretr i c lniegr=1

The above eÇeì.ati onç f c'rrn a si mpl e { I ood rr¡cdel

i,lhi,ch car-r be easii,v applied to urngautgt=d =trea'n'= in sot-tthern
Yu!,:on.

The signi{icåTltre ¡.F the variat'i¡,=' total channel
I engtlr r filean ot-'ttr-'t' "1 F reci pi tati on -- nsi-rnaÌ i lecl a=pect and
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the hyosometri c integral tc the hydrologv of sautthern Yul':cn

are discr-r=sed. The reasone advanced f or the iinpcrr-tance of
the=e var i ab I es to nort-hern h '7droì. og y' åre: teta'1 cha'nnei
iength fneãsLrres watershed =i=e and the '-aprdíty of

=treamf loul re=pcn=.e t¡ water -inputt=; mÊan annuai
precipitation rneasr-tres the anrottnt of wate'r inpr-rt available
i or r-unLì+ i ; norrr,al i r ed aspect rneasllr-es the north-=outh
cr i eniati sn sf å w-a^LershEd ånd i s accolrnti nq f or l acai
drfferÊf-rc.es in precipi',-ation a.nd sncw¡rrelt in ínÊLtr¡i-ainous
-cerr¡.il-,i gind hypsorretric inteqral irrea=Ltres the patentiai
enE]rgyavailabletgaulaterghed.srLtnc+fresponse
pr'fcE5ses.

Theoverallfrarneurori':o{theftoodrnodelis
conceptually acceptable and its sLrctressfull applicatisn ta
a te=t water=hed (DaIe Creep:) augr-rrs well for its
aperatic:nal u=E in the ssuthern Yullon'

ìL'
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I+ re=oLrrce developrnent in Yullon Territory is ts

proceed in concert with optirnL¡rn conservation of the natural

environrne,nt, then the potential irnpact which specific

ventures (e-g- placer rnining), will have on their irnrnediate

=urrsundings rnu=t be studied- I+ not, un{oreseen

conseqLrences of det¡el opment cottl d rescrl t i n ecol egi cai

disasters, which would be rnagnified by the {ragile nature

o{ the nsrthern environn'ent- An integr-=l part of any sutch

irnpact stutdy is the as=essrnent o{ the region'g t+aters in

terrns of both qual it.y and quantity- Where hiqh stream{Iews

are csncerneC, a long history of recorded {lows is the

primary requirernent r-rece==åry to ensutre adequrate protection

of 1i f e and envi ronment - In the trlorth a hi stt:rv of recorded



{ 1or"¡s i s rarel y á'/ai l abl e and, there{ore, c-Ðfne other meang'

o{ evaluating {lood pcltential fnLret be for-rnd- This thesiç

ínve=tigates the fllrvial geomorphology of the southern

yukon wi th the i ntent of deri vi ng a { l ood rnodel whi ch

traFi be =imply, and easily applied to the streams of thiç

sub-arctic region-

The region chosen for study i= the entire drairråge

area of the Yutlon ftiver, upstrearn o{,itg crossing at the

A1a=|.;a - Yr_r[.:on border- Also included are the following

headr.later drainages of the l"lacþ.:en=ie River systern vi=-: Eig

Creel.:, Spencer Creel.; and Freer Creek l+hich are tributaries

of the Rancheria F:iver in southeastern YuÍloni Unnarned Creelr

a tributary of the Feel River in we=t-central Yr-rþ;onã and

Dale Creek a tributary of the Tsichu River in u¡est-central

N-t¡J-T-- A rough de--cription of thi= region is that part trf

yukon Territory lying south of the si>:ty-{i+th parallel'

herein ref ered to as the southern Yuþ:on, and entrËmpa=sing

an area o{ apr-ox i rnatel y 
"Ou ' 

uÕO square ki l orneters

(Fig.1,1) -

In aI 1 , a total of thirty-si>: strearns' with

cetchrnent areaç ranginq in si=e {rom lC} to 25(} square

l.:i l orneters, were i ncl uded i n thi s =tudy. The sel ecti sn ef

the streams' {or the =tudy was, based on two criteria: (1}

that each stream havea rninimum of four years of retrorded

strearn{lowsì and t") topegraphic rnap troverage at the

1:5ö I (J{if-) scal e- The 1 : 5t-r, OU(-r scal e wa5' deerned neces5arv tc

. ¡.1;

a.l i'
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accurately rnea=ure the relevant parafneters describing

watershed rnorPhornetrY -

chapter 2 presents a brie{ review o{ the ¡nethods

used to predict {loods on ungauged strearngr concentrating

on the rnethods predominating in northern hydrologic

inve=tigations- The chc¡ice o{ the morphometric and

clirnatic indice= u=ed to characterize a watershed in this

=tudy, their rnethods of measLrreßent, ånd their relative

irnportance based on other f lood str-rdies, åre described in

chapter i. In Section J-4, a csrrelation analysis is used

to inve=tigate f or redr-tndancy amEnq the rnorphornetric

indices- In Chapter 41 flood {requency analysi= o{ the

=tudy strearn= provide e=tirnate= of their fnean annual f lood

and the largest {loods e>íPected in two, five, ten and

twenty years- In Chapter 5, the significant physiographic

and clirnatic variable= are related to the flosd levels by a

stepwise regression technique in an ef{srt to derive

predictive equations which can be applied to remc:te

strearns-

1-1 e E 5 qE I E I I A N - 
qE 
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Scruthern Yul-:on Territory ha= a diverse

physiography. The Yukon Flateau, a physiographic unit o{

the Cordillera described by Bostocl': (1ç4Brt{ 197Ct) cornpríses

rnost o{ the study areà. This plateau has a varied

topography - general 1y l ess than 1 ,E}t)Ü rneters eI evati on

'aìÉ
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ínterrupted by individual mountaíns, plut= Iarge persistent

valleys.ThernostimpressiveofthesearetheTintinaand

shaþ:waþ: Trenche= which trend northwest f or distances of

over 5OLt kilorneters, and who=e widths range f rern 1 to "5

[,:i i ometers, wi th f l cisr= of Ltni f orrn el ev=ti on - The p] ateau

i=boundedBnthenorthandeagtbytheÚgilvie,l¡Jerneclle

and Selwyn I'loeintain=, and on the =outhwest by the St' Elias

Hountains and the tlluåne and Boundary Range= iFig 1.1)-

Theeffect=ofglaciation,bothcontinentaland

alpine, tran be seen in the physiography and =urficial

geology o{ n¡utch of the --outhern Yutkon' The limits of

glaciation during the Pleistocene år-e shown in Fiqure l-".

There is a definite contrast in surface features and

=ediments betl{een the areas cc¡vered by glacial ice and the

unglaciated area= in the northwest of the study region'

Bostock (I97t, P-?2) succinctly describes both of these

area5:

"Large unglaciated åreas trclver rnost of
northwestern Yuksn and give an indication of the
charactercrftheplateaur;<oftheCgrdillerabe{gre
Fleistocene glaciatisn- There the topography is
sculpturredbythenorrnalProcesse=of=ub_aerial
erosi(]n at northern latÍtudes. The clas=ic ar-ea is that
arournd kil ondi F:: e Ri ver i n Yurllon Pl ateaur u¡here rel i ef i s
?rooü to 3rÚOO feet, and the metarnorphic roEl::s are rnutch

the Eãme äs in the ad-ir:ining glaciated årEås' The
ungl aci ated pl ateau ãr-ea i s cornpo=ed o{ l ong ri dges
spieading frorn a central divide, separated by closeiy
spaced srnalI cree!,:5 that merge into larger =trearns' the
val l eys graduraI I y wi deni ng - The qradi ents are even and
uninterrupted by rapids and lalle=' The valleys are
V-shaped wi th =-i des f 1 ari ng rtpwards and di mi ni shi ng i n
steepness until the broad, rounded ridges o{ the
r_rplands are reached- These nray be brcþ;en in place= by
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tråstle-li1.:e outcrop= on or F¡ear their surnrnits- The
general drainage is dendritic arncrng srnal Ier =trearn=,but a f ew larger strearns are =traight, f allowing soÍne
linear structural feature. Persistent bedrock terraces
along rnany of the larger valley= are rnantle'd by
variable thÍcknesses o{ gravelt sand, and soil, and
f ol 1cfr,,r rnore gentl e gradi ent= than the pre=ent =trearn=-
In places =trearn reversal and capture are apparent-
La[';e= are çer-,eraIly Iactling; a f ew pond= sctrur due ta
i ce pu=hi ng on the val l ey f I ats, to darnrnì. ng of the
r i ver= ty I ava f lor.¡s¡ o>tbow 1al.;es occur al ong the
larger river=-

"GIacisl ice covered the CordiIlera with the
e>lception o{ the ar-ea referred tg abeve and sofne rninor
areas- fn rnany ranges only the highe=t pea[';s projected
abeve the ice, which left its imprint on the topography
as both ers=ionå1 and depositional feature=-
Conspi truous i n the rnoutntai ns ar-e ci rques,, aretes, and
horns, and al ong the val l ey si des i ce-rnargi n channe'l =
have been cut in bedrock, [:lälIìB terraces, and msraines.
On the valley flsors are å host of features rnainly
f orrned of surf i ci al rnateri aI=: pi tted ti I t , outwash
pl ai n= and terraces, drr-tml i n f i el ds, si rnpl e and
cornpound e=[ler=, lake terrace= and all maFiner- of
f luvial-gl acial featltre=.

"Great U-shaped valleys furrow the coutntry, most
irnpressive where f illed with lakes A belt of long
lakes stretches aleng the western cr dry side of the
Interior system {rom Kluane Lake in Yu}<on Territory to
Taseþlo Lal.;es in Britísh Delurnbia. Another zc:r¡e lies on
the eastern sider or the relatively wet western slopes
of the rnountains frorn l,layo Lake in the north to Shuswap
and tlootenay Lal'les in the ssuth- "

The climate of the sourthern Yuþ:on cän be described

as continental sub-arctic, that is, rnarked variability day

to day and year to year both in ternperature and

pretripitation. l¡linter= ar-e Iong and cold, and =,ufnfüers ai-e

=hsrt and cool (Table 1- 1) - Sltrnrner days åre long with

dayliqht periods lasting up te 12 hours and temperatLrr-e5

reaching the rnid twenties. TabIe 1- 1 presents fnear¡ monthly

temperatur-es, and fnean monthly precipitation and snow{aI1

f or l'layo and t¡Jhrteherse-



TabIe 1 - I

Ternperature
Frecipitatien
Snowfal I

Temperature
Freci pi tati on
Snow{al I

Ternperature
Freci pi tati en
Snowfal I

Ternperature
Freci pi tati on
Snsw{a1 I
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1- - {? Êrtj-.j r-1 ,J

15. ? 16.4

AUG SEFT
1Z-5 7-=
=.7 

.9 3(J.3
rJ- €} 4.5
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I'lean monthly temperatures, arnounts of
precipitation and snowfsll and prevaiting
r+ind directions for t"layo and bJhitehorse-

APR MAY
ú- 3 6.7
9.5 7?-g

lú- 5 2-9

OCT NOV
u-6 -A-A

"1- 5 1"- E
16. I "3. B

JUNE
12. ü
3ö -7
ö-9

DEC
-L6- 6

']fr ')

ìl

:

!:



l"layo, about 3{)u þli l orneters north of Whi tehorse '
e>íperiences slightly colder winters and warfner summer5'.

t'layo i s wetter , al though Whi tehclrse recei ves sl i ghtl y fn(]re

snow{alI in the sPring-

Southern Yul':on Terri tory 1i es wi thi n the

discontinuous perrna{ro=t =one (Fig- 1-2) - t'tany {actors,

other than climate, affect the distribution sf perma{ro=t

wi thi n the di sconti nuBlls zBne (e - g - , el evati on , a=pect't

vegetation cover, phy=ical properties of sedirnents, t'+inter

snor^r cEver, =urf ace water and graundwater) - Along the

sourthern border of Yuþ:on Territory perrnafrost consists of

EfnalI is¡3lated patches a f ew meters ts tens o{ rneters

thicl:, but becornes fncrFe widespread and thicþ:er northwards

as flìean annuåI temperature decreases (Brown, 1974; and

Hughe=1 1974). Perennially frozen ground has a variety of

effects on the region'= streams- These include: increa=ing

the props.iiti on of sctrf atre f l ot'¡ to total runof {; retardi ng

banll erosisn in thg spring, a period o{ high strearn{lowsi

and adding to the relative irnportance sf blocl': =lurnping a5

a channel {orrning Fr-Btress.

Treel i ne general I ì/ e>í tend= to 1?{){) rnetres

elevation throughout the region, although this can vary

marþ:edly depending sn local cl in¡ate, steepness of =li:pe=t

aspect, etc.- The vegetation is sirnilar in type to that in

theinterisr of Eritish Colr-trnbia. Sutrnrnari=ing ä stutdy of

the vegetation and soil cGfnFle:les along reaches of the
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Pel l y, Ross, TesI i n , and Li ard Ri'¡erç, Lavkul i ch

(t973rp. 1öEl) reported that:

"Throughout each of the river reaches it tran be
seen that the dorninant vegetation on the unstable
portions of the river consist= mainly of wi11ow, balsarn
popl ar , and whi tesprtlce r whereas rnore stabl e a'Fea'=
contain blacl-; spruce' åsFen, and lodgepole pine- Also
on the more stable =ections o{ the river reach, the
rna jor soi I devel oped i = a Errtni sol or Fod=o1 dependi ng
on type o{ material, whereas crr¡ the unstable sections a
Regosol tend= to be dorninant- "

The {1ow regime of the strearns is characterized by

an annuaf spring ftood induced by =nowmelt, {oIlowed by

progressi vel y dec I i n i ng sLrffirner strearnf 1 ows whi ch are

puncturated by occasional rain-stsrm flsods- Altheugh the

latter floods may be very severe, the spring freshet is

generally the rnajor hydrological event of the year- By Late

aL¡trÌmn strearn{low has declined te a very low level and on

most srnall =trearn= has ceased entirely- Groundwater f lot¡

continLles in fnany locations throughout the t¡inter f orrning

icings where the water surfatre=. Along the streamst in

regions that sustain a deep winter snewpacl:t icings are

ecologically =ignificant. They =urpport the overwintering sf

wildli{e by providing relatively snow+ree csrridors whj'ch

facilit=ite= fclraqing en the ripar-ian vegetation tGiIf and

l-*ershau¿ 1 1-i79,\ - Another aspect of the hydrology o{ these

strearns is the rnar[:ed dir-rrnaI {1r-tctuations in strearnflows

during the spring and early sLlrnmer, due to diurnal

f l uctati ons i n the rate of snor.¡rnel t -

I (-)
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Preparatclry tB this investigation, a brief review

o{ the rnethods of flosd predictitrn is pre=ented- This

review, where possible, will concentrate by way of e>larnples

on those methods u=ed in northern Canada and Alaska" l"lost

flood pr-ediction techniques are controversial =imply

because they atternpt to anticipate nature. This controverEy

i= rnagnif ied when the=e techniqLtes are applied to ren¡nte

regions,, where the adequate ba=e line data needed {or model

verificaticrn -=rre rarely avaitable - Under thi= circutrnstarrtre

it is be=t to apply aII rea=onable rnethods to the problern

crn hand given the economic constraintg ef the sÍtuation-

Although this 'rray not decrease the uncertainty of a

L1



deci=ion,

the range

2l EARLY FLÛÜD FTftMULAE

The {ir=t forinule.e proposed for the prediction o{

{loods were o{ nece==ity both simple and general in nature,

because of a lacir o{ {lood data. The equation, Gl: C An,

is a good example of these early formulae where: G! is {lood

discharge¡ A is drainage basin area; C is a runo{f

coe{ficient; e.nd Fi a constant- The valltes of the con=t.ant=

C, and n, being based on a regional judgernent- This type of

f ormula wai=, easi 1y derived by plotting the rnar:irnltrn f lood='

on reccrrd f c¡r the =trearns o{ a region against their

drainage areas EFi logarithrn paper- A line was then drawn

that averages, or- envelopsr the plotted points, thi= line

having the abeve ger¡eral equation F¿here n is the =lope and

C an i ntercept - However , the e>:act si. gni { i cance of the

flood event predicted rernained in doubt, =ince there was

not a return period or {requency factor a55oEiated with it.

Exarnple5 o+ the above f orrnulae can be f ound in fno=,t highway

and rai I road de=i gn rnanual =.

FHYSICALLY EASED I'IODELS

Sorne of the earl ier ernpirical f orrnulae included

pararneters that rnea=ured precipitation and perhaps the mast

succes=f urI o{ these r.+a= the rati onal f orrnul a:

it

of

would certaj.nly provide a greater insight into

f lood= that rnay be e>rpected-
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krhere, O : {Iosd di=charge.
i = rain+aIl intensity-
A = drainage area.
C = runoff coefficient.

(?- 1)

The rational f orrnula ÞJas based on the premise that i+ a

uniforn rain{ai1 of intensity i feIl on :tFt irnperviot-ts

r.¡aterehed of si u e A t then { l ood di scharge (0) woul d

increa=e until aIl portiBris of the drainage ba=in wef-e

contributing to runoff, whereupon, stream+1ow would become

censtant. A point of r¡c]te here, is the definition fsr the

time of ctntrentration sf a dr-ainage ba=in., 1'e' the time

required for di=charge to become cor¡stantt ot- for runtrf+

{rsm the rnost distant part of the watershed to reach the

outl et -

Actual runoff is f ar fnEre trofnplicated than the

rational {orrnula inditrates" Rain{aI1 intensity is seldorn

the same over an areð E+ apPretriable si=e or for åny

substantial periBd sf tirne during the same storrn. I+ a

uniforrn intensity of rainfall, having e. duration equal to

the tirne of concentration were to sccur on aIl parts o{ the

basin, the rate of rlrnoff would vary in ar¡y cä=e because o{

di++erences in phy=iography, sur{iciaI geology and

antecedent rnoi sturre condi ti en=. These I i mi tati c]ns have

resulted in a consensus of opinion afnong hydrologists that

the rational f orrnula shourld be restricted to u=e on =rnalI

basi ns l es= than Gne 5rqLrare ki l orneter i' n =i =e (DaI ryrnpl e t

1964) -

IJ'



Churrch (Lg7 l), in a study of the strearns along the

rsute of the Hact:enzie Valtey Fipeline, atternpted to

overct:rne this restrictÍon to the use of the rational

forrnula by weighting the coe{{icient Cr according to basin

D : ? (7-4L3 log Ai a? ?\

However, Church cautioned that the procedure overe=tirnated

f loc¡ds f or bagins of rnsderate size and r-tnderestirnated thern.

f or some large basins, but at rnost by a f actt¡r o{ two.

The l¡Iater Re=clutrces Divi=ion, Indian and Northern

Affairs, hlhiteher=e, currently ernploys a cornputer rnodel

based c]n the rational fgrmnla but modified by kinernatic

wå\,e theory. Developed by Eagleson (197u) and applied to

the Yul":en by Howard and Associates (1974), e==entially what

thÍ= {lood rnodel does is derive a =olution for the modi{ied

ratí snal eqltati on:

E-645AAri

where, E = {lsod discharge (cfs- ) -
A = drair¡age ar-ea (=q. mi - ) -
Ar = ratio of runo{{ contributing area to total

dreinage areå-
i = rginfall intensity (in./hr.)-
64= = the conversien factor to cfs- -

An e:<planation o{ the calculus o{ the kinernatic

wève rnodel is given in Appendir: A-

Impticit in the --olution of the kinematic l^¡ave

rnodel are the a=surnption= that: storm durratisn equals ar-

exceeds a basin'--- time of concentration anC that storm
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duration and rainfall inten=ity are independent o{ each

other- Both of these assurnptions are corrtrary to

hydrol ogi c theory and prË.cti 5e. Hany l arge { I o,:d= a're

traused by short high inten--ity rain stoFrn=. Considerinq the

caLr5es o{ precipitation (frontal and non-frontel trYclonic

ccroling, Erographic cEoling, and corìvetrtive' cooling) there

i= definitely a correlation betu¡een rain+å11 inten=ity and

duration- For e>:arnple, Eagle=Bn (197()) states:

"Non{rontal cyclonic Precipitation o+
eiítratropicat origin prsdLrce= rains (or e-r¡crws) of
mcderåte inten=ities but ø{ {airly Iong
dr-rrati0n- - - - - (p- 16tl)

"CyclGnitr ceoling of the frontal var-iety- t¡Jhen
the {rorit is a wår-ffi f rontr - -..the Ii{ting and trEo1ing
o+ the air is grådLtal thurs producing moderåte råin{ai1
rates, o+ten cif quite long duration... - - (p. 16u) -

"I+ the {ront i= a cold front the resulting weather
rnay be turnul tuou-- , wi th short-durati on pel ti ng räi nc-
and high winds tp- 161).

When rnoi st wi nd= bl ot"l upsl oPe: the ai r wi I 1 e:{pand
and cocrl at the lower preslrFe correspsnding to the
highe,r elevations- - - - - - -Ùf partict-tlar interest is what
is known as the 'rair¡ shadow' or de{iciency in rain+åll
which may t:ccLtr on the lee side of the slope bec¡u=e cr{
a removat of rnoet o+ the moisture by high mcruntains
(p- 161) .

"ConvectÍve precipitation is of very short
duration, =eldom rnor-e than I hr, but the intensities
ar-e so high that tctal precÍpitation rnåy arnount te 3 to
4 in."(p- 161)-

êside fron¡ these criticisrns, the l';inernetic !.Jave

model =,till cannot escaFe the limitations o{ the rational

{orinula and therefûre, prediction= frcrn this mtrdel should

be treated u¿ith the utrno=t o{ caution-

15



5IÊTISTTCALLY BASED I-1ÚDELS

Ferhaps the rnost promising rnethods of aseessing

the f l ood potenti al c:n a ren,ote strearn are ths=e utti 1i 
= 

i ng

statistics- Not only doe= =tatistics provide a means cl{

reducing e rrass sf data to a few meaningf r-r1 pararneters, but

it also o{fer= versatility in the approach chosen for

analysis- Eiven an array of f loods, the rnean or serne other

rneasure of central tendency, such as the median oF rnede can

be f ound- The dispersion sf the f loods around the rneanr the

vari ance, can al so be rneasured. Futherrnore, stati sti cs such

as the sþ*ewne=s, l:urtosi s and seri al correl ati on whi ch

describe other a=pect= af the array tran be rneasured - Apart

frorn these individual statistics the di=tribution of the

{loods can be rncrdelled by a den=ity function that de{ines

the relative f requtency o+ Etrcurrence of the individual

{Ioods- This {unction tran be rnodi{ied to a cu¡nulative

distributÍon {unction r.¡hich yie}ds the probability or the

return period fsr a flsod-

The ol dest, and sti I I a r^ri del y preval ent ,

statistical technique i= the inde>l {lt:sd rnethod tnrhich

analy=es the hi=toric f lood record f sr aL l the --tree.m= of a'

hornogenous regi on - Stati Eti caI tests, r.thi ch test f or er¡

e><pected rånçle in f lood ratios (i-e-, the ten year retltrn

period {lood divided by the n'ean annual flcod), are used to

determi ne the hornogenei +-y of a hydrol cgi c regi on - U=ital 1y

1ó



this analysis involves annr-ral n¡a>lirnurrn f lood=- Fc:r each

strearn in a region the annual flood= are ranked in terms o{

rnagnitude, and return periods assigned {rorn one cf the inany

{ormulae which åre available. These data ere then plotted

úr-r gr-ri tabl e graph paFer {t-orn whi ch repre=enteti',,e f 1oc,ds

a,r-e ei:tracted - comn,c'n1y the rrreeri annual f locd., and the

five, ten, tr.renty, fiftyra'nd one hurndred ye¿r return period

{losd=. These reprEsentative {l'oods are then standardi¡ed

by division by å =tandard rneås'trre, either the ba=ir-r's meari

annual flsod cF drainege ar-ee. The regional rnean {or each

=tedardi=ed retrrrn period flcod i= calcr-¡lated, which when

plct-r-ed on logarith¡n paper yields the regional {ltrod

frequency trLrrve. All that is then needed for the

applicatisn o{ the curve ts a rernote watershed is the value

of the standard rneasl¡r-E- This rnethod is =oinewhat rigid in

application, in that it does net al1ow for local variations

which fl¡ay c:trtrLrr because sf di{f erences in climate,

physiegraphy and geoltrgy- Today, =ets o{ regional flood

frequency curves can be found for rnåny regionç of the

worldi e. g. r Berwiclr, Chi lders and ].luentzel ( 1964) ; and

Da.I ryrnpl e ( 196{t} -

A =tati stical regre=sicn analysi= of f ers 3 rnor-e

power{ul approach than the index flocid rnethod, in that

car¡ accsurnt f or l ocal di f +erences i n hydrol ogi c regi rne-

relating a dependent variable to one or rrror-e independent

vari abI es, a reqre--si on anal ysi s er:pl ai ns the vari ati on 1n

it
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the dependent variabte in terrns cf the sther variables and

perrnits predictions of the dependent variable when the

independent variables are known (Benson, L96?a) - Generally'

the,re are twg {orrng of the regression method einployed in

hydrolBgyr the di{ference lying in the choice of the

independent .¿ariables- The, first rnethod utili=es variable=

describing cI imate and gtrearn channel dimensiclrtst t'¡hile the

setrond Ltses clirnate coupled with drair¡age basin

characteristics- Each sf the=e rneth(]ds usually derives -='

ser-ies o{ equations relating specific {lood levels tc the

independent vari ables-

Initiatedbytheearlyworl.;ofLe'apoldandl4=ddg=ll

(1953), a nurnher o{ investigators have prapo=ed =ets trf

regressiorr equations tr: e=ti¡-nate f loods at ungauged

drair¡age basin= {rGß char¡r¡e] geometry fneasLl¡.efnents' Hedrnan

(197(})andFieldsr'197=}u=edfneäsLtr-ement=bagedoFichannel

depositional{eature=guchaglongitudinalandpointbarg-

scott and l"iuncl-;Ier (I97â) and Hedrnan and l'iastner (1977)

used rnea5Lrrernent= at the active channel Ievel , while Ernrnett

(197?&157=)rRiegstt974'tlLowharn(L976)lRiggsand

Harenburq (Lg7?) and Harenburg (19E}0) u=ed ffieasurefnents Ef

channel geornetry at the banþ;f r-r11 stage' In a recent study

ostert:amp and Hedman t lgs") cla=si{ieci Etrearns in the

l"lisseuri River Baçin on the basi= of their channel

=ecjinrents, and related {lood levels {or the streains Ín each

cia=s +-c their active chsnnel r.¡id^rh and =lope in the

:
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{ ol I owi ng þray:

For channel= with
å l ot¡ si lt-cl ay bed

For channels with
sand bed, si 1t banl'':=

For cannels with
=and bed, sand bani;s

Fer channels u¡ith
gravel beds

Fsr channels with
cobble bed

O? = O-¡¡63 ¡¡O-BCI 6-O-69

-¿? = O-56 ¿4O-?5 6-O-34

O? = {J- 13 P¡l-{t? 6-O-4"

E? = 1-9 Wl-15

O? = O- 14 ¡¡1-'39 G-(-)-34

where, 8? : tws yeår {locrd.
bJ = active-channel width.
S = channel gradient.

One rnajor drawback of this rnethod of {Iood

rnodelling is the actruråte field determination of the

strearn{ I ow I evel f rorn wh i ch channel geemetry meas.Lìrefnents

are to be taken. This applies to fneasuremerit= taþ:en at the

active channel level or- the bank{ut I 6r dorninant discharge

stage- For Yur$rcin =treem= it is sften dÍ++icu1t to delimit

precisely bankfull stage a5, it is not at all apparent {rom

banþ: 1ine or vegetation evidence.

Another problern with the channel geoinetry n'ethod

trontrerns the å5=ígnnrent of ä retLtrn perit:d to f leods at the

banttf ul I staqe- Ouesti ons that år-e o{ten as}ied i nc I ude the

f o1 l owi ng: Dú banþlf ul1 =taqe f l oods have a EofftÍnon return

period f or the str-eams within a region? If bantl{ul L f loods

dçr not have a coíni-ntrrr¡ retLlrn period, then what f actors do

contr-ol a stream channel '= hydrauL i c geoinetry? Can these

19



{actors be readily as=es=ed and applied to the measurernent

sf channel geornetry for the =trearns within a region? These

questions rnust be answered i+ the channel ge'ometry rnethod

of flood rnsdel ling ig to be applied.

WolrnanandLeopold(19=7)sugge=tedacornfnon

retutrn period f sr banþ;f r-t1I stage discharges of f rom 1 - ?

year= and this was supparted by Dury (Lg73J I who shswÊd

that f or u.5- rívers banþ:f ulI stage could be equated r'¡ith e

return period o{ 1-5El year-5- similarly, other researcher=

have indicated that ban'r':{uI1 {1ood= tend to a trornrnÐn return

peri. od il"lcGi l chri gt and lrloodye,r , 19óE}i Ni >rcrn ' 1959¡ Ri g9s t

t974i and [doedYer ? 196E}] -

On the ather hand, Hey (L97=) pre=ents data

showing that at upstrearn site= sn the River blye banl":{ull

discharge otrcLll-s fnore frequently than at dswnstreafn sites:

l,ii lpatrick and Barnes (L9¿'4) also nste that variations

EEcL¡r in the f reguency of bantlf utl1 discharge f rorn stream tE

stream and sugge=t that channel =lepe is the cåLlse {ol. this

.yariation- The greeter entr-enchment of steep sleped strea¡ns

a= cornpared with mild =Leped etreafts results in a gr-eater

channel capacity f or -rhe steep s1 oped stresnrs anc +-huts

bantr{ul 1 di=charge- occLrr less {requentl'7. F-ennedv r, 197?>

and hlí11iarn= (L97A) harye algo noted the r''ariation af retutrn

periods for banhfuII discharge.

F1Ver5.

The abo.ye debate i = wel I i 11 1r-rstrate,d b.7 Al berta'=



"The f act that retltrn peri ods f or banþ;{r-rl1 f 1sw i n
Albertan rivers appear to be considerably longer than
in rno=t other rivers f or u¡hich data have be'en reported
is indisputable. " (h.etlerhals and Church I L98Ar P- 1131) -

However, the cart=e of thi= phencrnenon ha= prornpted

congiderabl e debatg between re=-earchers. Smith (L979,

rea=ons thst ice---cour activity dutrÍng =prinq floodinç i=

the cau=e o{ the si,ersized channels, whr Ie l'-ellerhal-s and

Church =ugge=t that relatively recent entrenchrnent of soffte

large Albertan rivers fnay be the tråuse. They al=o note that

ilsed =tage= due to ice jans end crver bc+-torn-fast ice are

i gnored i n f l ood {requency cal cul a-r-i on=, but i { thei.z wer-e

ínc1uded, these high =iage= r,+outld Iou¿er the r-eturn period

sf the bank{uI1 =tage-
For Yr-rkon strearns it r¡¡ould be an

oversimpli{ication to as=,urne a trBns,tant Feturn period for

bankf uI I +lEt^rs- Cengidering the irnportance e{ other

prstresses which affect a strearn channel's hydraulic

geornetry in the North te-q. free=e ltp activity, sncrwrnelt

{leoding and the presence o{ perrna{rost- ) , it i= doubtf utl

u,¡hether the return period assigned to banþ;f ul1 discharge=

in rnsre ternperate region= i= åFplicable here- CertainlY,

the rnean retltrn period f ar bani-:f ,*rI I d j.=charge flri Yttþ:r=n

=trearns rnay äpFro:: i mate trelo years. However , r^rhen aFpl yi nq

the channel geornetry method of f l ood-f r-eqLtencrv e=ti rnati on

to Yukon strearns the range , Êr- var i at i on , o{ ban tlf ul I

returng arolrnC the rnean banl.f rrll retutr-n per=iod murst alsc be

¿t



known. útherwise the unilateral appli

banþ:f ul 1 discharge retutrn period courl

sveresti rnati on , Er underesti rnati on o{

{lood-freqLlerìcy relation=hip- Not only

the diver=e physiographv and climate

i= alsc because of the nr¿ny vari a',-ion=

geornetry which c:ccLtl- along a =trearn-

ü(:) - B5

rahere , Grna = fnea.rr annual f l ood -

ft = draÍnãge area.
g = stream slope-
5t=3=torageindei:-
T = rnean nurnber of degrees
'J - eFr orcgraPhic f actor-

cation o{ a' mean

d result in the

an ungauged strearn'=

i= thi= because c¡f

o{ the region, but it

i n channel hyCrar-tl i c

(?- 11)

â =íinilar, but f1e>:ible nrethcci sf {lood prediction

il=,es waterçhed rnorphologic and cl irnatic characteri=ti'cs,

rnea=utred {rc¡m ba=e fnaps, Ín a reqression analysi=- Etenson

{19å"a) suggested that this method had a great potential

{sr spplication to renrote areas. Since an early =tr-tdy by

Een=on (lçó"b) , nLrrnerELls studies have adopted thi=

technique and the {ollouring i= a brief , but by no rneãffts

cornplete, account of the=e flood studie=- Instead o{

presenting the corrplete eqltation =ets for each =tudy, only

the equations derived for the rnean annual or two year {lood

are =hourn-

Een--r:n (1ç62b) in a =tutdy o{ New England

watersheds derived the {ollowinq equation:

Gn¡a = j.4 rq1- O S(J- f5 S-.-t--l . "B TO' f,5

below Ìe,ro-



i-

i,i

The Naturral Envi ronn¡ental Re=earch Cottnci 1 ( 197=)

i n the rno=,t elíten=i ve f l ood =tudi e= to date r encofnpa=si ng

e,arl i er wcrl.i by CoI e ( 196ó) , t-Iash and Shaø¡ ( 19ó6) r and Rndda

(L967) 1 deri.¡ed the {o1lwing regres,c-ion equations {sr the

Fri ti sh I=1 e=:

Orna = t ^6Eqir- 95 STHFF:E¡(} .27 S1üA5O- i6 SOIL1 - "f,
pgy¡l.O.T (1+LAlr:E¡-O.85 (? 1?l

The constant C depending on the region-

Nsrthern Scotland
^- -1 i -E-ct>L Hlll=[.trc{

Seuth Coagt
Sor-rthwest Engl and
Central Region
Ireiand

and f or the Thanre=, l*ee,

e qurat i on i s:

For:

(J. o 186
C)- r)15f
ti - (L-,'=4

{,- (ìf 15
ar r'l? 1 1

o- o172

and Esse>l ar-ea= the aPProPriate

Elrna = Cr- 3u" AREAtt" 7ü Stmfpg{r' 5" ( I+URBAN) ?'5

(".13)

where, Ema = tnean annual f lood-
AREA : drainåqe are3-
STì'4FRO : =tream frequency-
SiirB5 = slope-
SüIL : a soil inde>l .

F:St"lD: rainfall mÍnuts soil rnoisture
LAt'i.E : percentage area of lalles-
UF:EAN = per-centaqe of ltrben åre==--

The Inland t,Jater= Directorate (I97e')

sortthern Yurl.ton Territory derived the

deficit-

{or the

fo1Lowingrivers cf

equat i on:

üma : o - Zg Ai_r . 8" Er_gy3. 1 .1

¡i¡1¡q¡rO. -!Î SEti'f{-'1 - A7

f.LS -{-} - 18 q6¡Cr . -':5

'=t:lrl--t-l - ir'-i



where n Grna : rnean annual. { l ood -

A = drainage ãrea-
ELEV = elevation o{ the watershed-
ALSW : percentage area crf lal-:es and 5wãmp5-
AGL : percentage area c{ glaciers.
EHN!'J : barrÍer height nc,rthr.¡egt-
SEt{t{ = =hietd ef {ect to the nsrthwest.
SEhJ : =hield efiect to the we=t-

Laml': e (. I579) in a {Iood study a{ AIas}':an =trearn=

sortth of the Yuiron R'rver cierived set= of equatisns f or ti'^¡s

di =ti nct hydrol ogi c regi ilnE-. The equati on {ar Regi on I I i s:

GZ = |L-76 At:)'3{} Pu'5? (T+1)(J'19

(st+1; -U- "ó
('1 J q'i

r.¡here, G?: the flscd with a two yea'r return per-isd-
A - drainags aÌ-ea-
F : rnean annual preci Pi tati on -
T = rnean mininturn Janurary ternperatutre-
St : pecentage area of Ial-;e= and sþrarnps-

Leith (L976) in a study of Fritish Colutrnbia

watersheds deri'¿ed the {ollor.ring equation:

Erna.lA:1ö.4 + {J-3? NFTSI - i)-t}L}17 ELEV - L}.Lli}l3 DSNW

- Cr-C)6 RAFOR + tl¡.91 F:AStdF + O.uuLtO76 SE['J - - (2" 16)

where, üma = mean annlt¿.l { 1scid.
NFOSI = the gri d coordi nete, si rni 1ar to

I ong i turde -

ELEV : elevation-
DSNhI : di=tance to the set' in the northl+e=t'
RAFTR = percentage o{ {orest-
F:ASI¡JF = perceFì+-age sf EþlamF-
SE['J = =hie1d ef f ect tc the ea=t-

Thac'rrur and Li nCei ier (I97a', Tt 1774 ) deri ved tt+s

equations for ¡l¿ç|,'sn:ie River tributary basins- For

watersheds with drainage erea= Less than ten thortsand

sqLrare rni- I e--:



Grna = o-or)O}7 DA +ü-Or'_,ú"ó t'lEE -(J.94 RL +".ú4 .. -. ("-I7j

and for u¡atersheds greater than ten tholra=and sqLtare mile=l

orna = rl-o(rü48 HEE + 7-=7 RL -u.O54 HYI +4-78 (". 18)

where, 0rna = rrean annual f 1sod.
DA = drainåge area-
l'lEE = rneå,Fì eI evat i on -
RL = length ratio-
HYI = hyp=ornetric inteçral-

The abeve investigations and the many nltrre

pr-rblighed sturdieg not inclr-rded here, ernpha=i=e the

potenti al a=cri bed to thi s type o{ rnodel i ng techni que {or

the pr=di ctí sn of f l ood L evel s clr-r urngautged 5tre3ffi5- The

variety of independent variable= used in the regres=ien

rnodelç are also sf note - their choíce be'ing governed bt/

individual intuition and availability o{ soLrrtre materia}-

The =electien o{ the independent variables {or this

inveçtigation is the topic o{ the ne:rt chapter.



AFFEI'ID I X ê

THE t¿-ii!El'1êTIC I¡JAVE I'IODEL

The t¡Jater Resources Di vi =i on , Indi an and Narthern

A{fair=, hlhitehorse, currrently empIo./Ë a csrnputer rnodel

ba=ed or-r the rati únal {srrnul a but rnod j. f i ed bV l':i nenrati c

wave theor;r- Deveir:ped by Eaglesún (7?7o) and applied tc

the Yul,:sn by Hcwar-d à.nd A==cciates 1L974\ 1 e5sential 1y what

thi= flood msdel does is derive a =ollrtisn for the rnedif ied

rational equation:

ü=á45AAri

where, G = {lood discharge (c{=-).
A = drainage ãr-ea (sq- rni - ) -

Ar : ratio ef rune{f cc¡ntributing ar-ea to total
drai nãge ãr-eã-

i = rainfall inten=itY (in-lhr-)'
é43 = the conversion factor ts cfs"

l,^Jhere the rnathen¡atics becsine rigorou= is in the

as=i gnrr'ent c:f a retlrrn peri od tc the campr-rted f 1ci^¡- Thi = i E

achieved by the u=e o{ å probabitity {unctj.on F{G} i.=- the

praduct -of ttrc expcnential di--triburtÍsn= de--crÍbinq =torrn

duratic]n and rai.nfal I intensity- It is a=çurned that

di-tration e.nd inten=itv a're independent e'Yent=-

(É- -i,t



densitY fr-rnctisn for inten=itY

(?-4)

storr-rr i. ntensi tY -

densi LY I unct i c¡n for duration

("- 5)

The probabi I itY

given by:

= ¡s-bi

b = 1./average

The probabilitY

given bv

:1e-It

f (i ) 
' 

Ís

+(i)

where t

{ (t) '' is

+ (t)

e, I - 1./average =tcrin durati on '

The integrai of the prodr-tct of these two f nnction=

the probabilitv c:+ event= s{ duratj'c'n greater than

inten=itY greater than iz

r) = 1 b [- f" =-t" -bi¿t di i"'6]
J., J'

The lower limit= o{ integration indicate the

,on= c:f minimltm dutration and intensity' The condition

ii rnum i ntensi ty i = the peatr { l ood di scharge di vi ded

:ributing ärea- The tírne o{ cencentration (tt+} f er

:ershedisthecondition{orminirnurnstorrnduration'

ruting the'se lor¡:er lir''rit=' inta eqr-ratian ?'7 yield=:

1û c_
t

r)=rbl l=-It-bi¿tdit?'7)'lJe/¿ts a, J r-
Frornt,:rnernaticÞJåvetheory'thetinres{

u¿here

yield= t

t, and j

F iel

condi ti t

{or min:

by contt

the wst

Subst i t

Pio¡
l:
$

$

$

concentratic,n f or the r+ater=hed tw' tran be e;<pre==ed eg the

=urn 
gf the ti'me of concentration fot- the catchrnent tc, and

thetirneo.Fconcgntratit:nforthe=ti-earnt=,the=e+-u¡o

ccrmponents havrnq the f o1 Iot'linq =olutions:



(J. 5 Ü- 33
tw : tc + ts = (a/i) + (b/i')

i= the catchment cse{{icient:

= i(}. 919 l.lc Ar ãc)- / {sc+- 5 Ll- ¡

{"- 8)

where a

a

and b i = -.-he =trearn coef { i cÍ ent:

= i(_r- 1JO F. N=,?1..1 iSE Ar Acl..

r+here, Nc : the l*lanning's n Íc:r the catchrnent-
N= = the I'lanning's n {or the =trearn-
L : the lenqth o{ the stream-
Sc : the =lope of the catchnren't-'
S= : the =lope of the' çtrearn-
and L¡-914 and (i- 13C) ã.r-e conversion f actgr=-

Thu= the double integral reduces to:

yeårs tran be calcr-rlated {rorn:

{ = 1./ iF(G) St Fa Rel'

(i- 5 rl.33
+ {b./i} }.-bi161 ---(-¿-9i

¡'] J ari

(^
F(E) = I b I =t-1 i{a./i)

)o,,,,0,
r"¡hi ch can be sel ved empi r i cal ly.

kinowing the nltrnber of =torrns per year, St., and the

runof{ coe{ficients, Ra and Re, which accsunt fsr

antecedent rnoi=ture conditions and 1c:=ses tc:

evapotran=piration re=pectively, the return period Tr in

a' r)



l¡JA-T- Et:SHED CHARACT-EF=TS-T-IC5

Hany variable,s describing signi{icant elernent= o{

watershed rnorphornetry have been propo=ed in f Iuvial

geomorphologic studies. A variety o{ Furposes, scales and

environrnents of índividual investigatisns have governed the

choice o{ a particular rnorphologic variable set (e-g-

Ben=on, 19ó?bl Carl=tsn, 19é3i I.L{i-D- , LgTBt Lanrblre ' l17e:

Leith, L776i Nash and Shaw' L966; N-E.R.f,", I97=; Rodda'

1969¡ Thonas and Benson , 1?7it; and Tha[':er and Li ndei JÉtr r

L973) - The=e =tudieg have --hc¡wn that clear relation=hips

e::i=t bett¡een r.+atershed rnerphcrnetry and =trearnflow-

However rthe e>:act signi{icance of individual rneasLtr-e=

reinain= in sorne doubt. One rea.soÍ-r f or thi= rner¡- be the

disproportionate e{{ect a, rrrilrpht:r'¡etric .¡ariabLe ha= ltnder



various f l"sw csndition= i.e. a variable n'ay_gxer_qi=-g_aE

i [fl uenEtr_oyer_bi gh_f!ows_but_Do!_over_rnqan_gL_1 ow_f 1 gEs.

Gray (1965) di=tingui=hes fi,ve qeneral {actors

whi ch have been çltccessf r-rl I ;., appl i ed i n stati =ti c¿l

strearnflsw studies: Si=e and Ehape of the drainage baEin:

densÍ ty and di stri br-rti on of the channel netu¡orþ; I gener-=l

Iand slope¡ size, =lope and cenditisn of the strearn

channelsl and r surface storage. These categorieg acted as a

guideline in the selection of the rnorphometric variables

fi:r this stutdy- The choice sf å. vãr-iable u¡a= based both En

theory and Bn its Er-rtrcess aE ê, f losd predì.ctsr in previous

str-tdie=- Another r-ea=Err f or the inclr-rsion o{ a rnorphometric

l,ariable was its ease sf rnea=uren¡ent fron¡ widely available

reference material -

I'IÚRFHOI.tETF:Y

The rnerphornetric data weÍ-e derived frorn 1:50rO{iO

=cale National Topographic System rnapsheets; this scale

being the largest scale available with coverage of the

instrumented drainage basins. The peri,r¡eter sf each basin

r.¡a-- cutl i ned and the l ati tr-rde and l engi tr-rde of the be.si ¡-r

rnouth recsrded- The r.'routh o{ the drainege basin r.ra= de{ined

by the location of the çar-rging =tatisn- The f oI toi^ring i= e

listing o{ the rnorphornetric variables which wer-e selected

fsr analysi=. The de=cription of a.n individr_ral variable

includes: the variable'-- rrarne and abbreviation; the r-init o{

,{ )



ßeasurÈì where it Þras Lt=ed previously; and the rnethod of

rneasurrernent or derivation-

i- ld [¡Jater shed 1 sc at i sn

The l ati tr-rde (LAT) snd l ongi tude (LONGi at the

rnouth of the drainege basin çerve to Iecate the po=ition of

the watershed- Êc:th of these variables were rneasttred ts the

nearest one hundredth o{ e .degree to f acilitate cornputer

,nanipr-rlation- Thaþ;r-rr and Lindeijer (I574, p-355) used

longitude and Iatitude a'=- variable= in ã flaod regression

anal.;sis of l"lacþ:en=ie River tribr-ttarie= and EFr the basis ef

the signi{icance o{ Iengitude in the analysi= cclncluded

that:

" Or-r an equi val ent åreå basi n , the f I ood rnagni tude= of
east side f"lacl:enzie tributaries appear to be lower than
those on the u¡est side, rnaÞ:ing the eastern side of the
Hackenzie a safer route {or pipetines-"

The elevstisn (ELEV in rneters asl- ) at the basin

rnouth serves to locate the vertical pesitisn o{ the

watershed- The elevation at the ba=in rnouth j.s not the only

rnea=ure o{ the vertical locatisn of a drainage basin.

Another vari able u¡hi.ch describes the di stribution cif

drai näge ba=i n a'r-ea around a bas j- n 'E rrrean al ti tude, the

hyp=ornetric coef{icient (described later en in this

chapter), is also included in this study- t¡lhen considered

toqether these tu¡o variables h,ere thought ts adequately

describe the vertical pe=ition o{ a we.tershed.



f,. lb lrJatershed si =e

The area cf the drainage ba=in (AREA in Eq.

tlilorneters) is perhaps the physiographic characteri=tic

rnsst widely applied in flood studie=. A sirnple relation

between eres {Ai and an i nde>t of =treg.rnf 1or^¡ (U) has been

ernployed {or the prediction of di=ch=rge f or a nltrnber of

years- Such relations have usually been expres=ed in the

forrn G = c Ab, urhere c and b, are tror-rstants, the e>:ponent

b being generally in the rançe o{ O.5 to 1-u. The drainage

area Lira= ír¡easutred r-r=ing a polar planimef-er' The

rneåsLrrement= were repeated {our times and the mean

cornputed- Three other r,.¡atershed =urf;ttre area mea=ur-P= Were

also cornputed relative ti: drainage ar-eår area above

treeline, erea of Iaþ;e and swarnF plut= area of glacier.

These variables are de=cribed in section 3- 1d-

The ranl.r (RANþ.I) of the rnain stream at the ba=rn

¡nouth was deterrnined by the Strahler ( 1952) ordering

method- This inethod of numbering strearn =egments proceed=

{rorn the head-rnost tributaries terrned {irst srder strearns.

Twe f irst c'rder strearns combine to form a second order

strearn; tl,¡o second erder streainç cornbine to f orrn a third

order strearn and scl cn- Ranl-: has been lt=ed r^.rith lirnited

sLlccess i n strearn{ l or+ =tudi es but i s i ncl uded here as a

q,-rick measrrre of l+atershed rnagnitr-rde-

The perirneter- (FEF: in i:ilorneters) is the Iength o{



the drainage divide of the watershed rneasured u¡i-th a.n

opiserneter- It i= often di++icult to delimit Fretri=eIyt

especially in Ìtru¡ lying and rnarshy äreas. Also, =ubsur{ace

drainage rne.y not nece=sårily corre=pond with the surf ace

drainage area. Ferirne+*er has a high corr-elation with

Crai naqe ba=i n area =nd , theref ore, i t i s net '-r=ual1y {outnd

as, an individual fneåsLrre in ='trearnflow studies, but it has

been cornbined with areå to ferrn a bagin shape indexr'.å5,

di=cu==ed later.

The rna:<irn'-trn basin length (BAL in l':i lsrneters)

rnea=ured in a =traight line {rorn the ba=in rnouth ts the

f urthe=t point sri the drain;ige divide def ines the rna;<ir¡urn

I ength s{ the ba=i n. It was measured wÍ th a rul er - Ha>: i :r¡urn

basin length ig, anether varíable that is highly c(rrrElated

with basin årea and, there{ore, it is not usually found as

an individual Íneåsltre in strearnflow studie=- It has been,

however , cornb i ned wi th basi n area and rel i ef to f srrn

rneasures o{ basin shape and gradient, re=pectively-

3- 1c hJatersheç[_shape

Ea=-in shape ha-. proved an elit--ive rnerphcrnetric

char-acteri=tic to rnea=ure. Since Harton (193") defined the

ba=in f orn, f actor (ESHl ] , calcurl=ted b'7 dividing basin åreët

by the squäre Gf nraxirnum basin length (BSHI = AREA/

FAL?), there have been íne'n'l atternpts to qr-rantify basin

shape. These have included: a cj.rcule.rity ratio, the



cornparison rrf ba=in area with the area o{ a circle o{ equal

perirneter (l"li11er r 1953) ) ; and an elongation ratior the

cÐfnpar-i=on o{ the diameter s{ a circle r.,¡ith the safne aFea

=ts the basin to the basin'= tength (schumrn 1956). The g,bove

meaEuree are arguably unFealistic because the a\"er-age basin

is pear-shaped rêither than circular end 50 a lernniscate

rati(] häs been proposed by chorl=y, l{alrn and Fogor=elski

(L9=7) - l"lany c¡ther shape ratic]s have also been proposed-

Another rnea=ure o{ ba=in =hape {BSHZ} wa= included because

it sirnply expre5,=eE, the =qurare o{ the perirneter divided by

the ba=in ãr-ea (ESHZ = FER?./ AREA) r a mea=ure of basin

circularity (Hi I Ier 
' 

1953) .

3.1d t¡Jstershed =urf ace-Eover-and-stcrrage

The area above treeline (ATF) is expressed as a

percent of the total bas,in area- The predsrninant vegetation

ccrver below treeline on the watersheds studied is iorest-

"In the Plynlimon catchment cornparison o{ the pea}l
discharges {rorn the severn with tws thirds fore=t cover
are generally lower than those {renr the ü{ye under
mountain grassland. In general, if other watershed
characteristicE ar-e trBnstant the pattern o{ strearnf lort¡
{rorn f ore=ted area= shor-r1d show legs dif f erence between
peatl and Isw flsws than i= the cage for a r¡¡atershed
covered by cther'- f ornrs ol veqetation- " tGreqory and
tJalli-9, 1973' P- "91)

Area above treeline r.¡as also t-tsed succe=sf r-rlly a= a

predictive variable by Thahur and Lindiejer (1973 & L974\

in their flood sturdy of the lfacl.en=ie F:iver tributary

basi n=.

. ì{



The area of laþ:e and rnarsh (ALM) i= e::pres=ed ås a'

percent of the basin area and is considered to be a

non-contributinq area of the water=hed ¿¡e fgr ¡i5 peal: flowg

åre concerned- For thi= t-eascn, the percentage area of lahe

and rnarsh ha= been included in rnany f locd stutdies ae a

nreasLrre of v{atershed stor-a9e r e- g - Ben=on ( 1góTb ) anC

N. E- ft- C- (197=) -

The area o{ glacier and perennial =nowpac}'r (AEL)

ig also e,v,pres=ed as a percent of ba=in erea. The glacier

cover and perennial EneuJpacþ: cover are a continLtELls scrLlrtrE

of runo{{ during the eLlfnmer mtrnths. Thie variable proved tc

be an irnportant predÍctor of fiood flot^¡s for the rivers in

the southern Yulron (I-W.D. ? 197E}) -

The absve three area rneasL¡res were carnputted

relative ts drainage basin area, with the aid o{ a randorn

dot overlay (density ef 4 points per 59. þ:ilsrneter at the

1:Stf rCtOO scale) a{ter a rnethod proposed by Haan and Johnson

( 1966) -

3- 1e Strearn channel networþr

The n¡ain channel Iength (STL in kilcrrneters) is

rneasured with ar¡ opisonreter f ron¡ the rnouth of the basin,

along the =-trearn and f sl towing the reute of hiçhest '¡rder

tributaries to the strearn terininus. Merisawa ( 19éA) t-elated

=tream length (L) ts rnean ånnuåi flot¡ (U) for ?6 water=hed=

1trr =i:: dif{erent physicgraphi= ¿.reà5 t:{ the eastern United



states- she {ound signi{icant reLation=hips for five of the

regÍons having the general f orrn: G : a Lb. The ei:ponent

b Þ.ras in the range 1-5 to 
"-{r

The total channel lenqth (TCHL in l.;i Ion¡eters) i=

the clrrnul ati ve l ength of aI L strean¡s pre=ent i n a basi n ,

i.e. the tetat le,ngth o{ the brue-line networ}': oLrtlined or¡

a 1:5{lr(}ür--t rnap. The, rnorphometric literature advance= three

methods for delimiting total channel length from

topographic rnaps vi=-: the bl.ure-line netr¡rsrþ-¡ contsur

crenul ati on I and rnesh l ength e>ltensi. on _ Fer hydrol egi c

Furpose= Gcrudie (1?E} 1) recornrnenc= the blue rine networþ; te

used {c:r delimiting total channer Le,ngth, r+hile Gregory and

bJa1lÍng (197f,, p-48) state:

"lrJhere the networl.; den=ity is to be used in reratisn to
the csnternpclrary prcrcec-=es operating in the basin, the
blue líne method is rnost appropriate in Eritain, but
el=er+here depends upsn rnap conventiÉn- "

The b I r-re I i ne neturor l,; , al though dependent or¡ rnap

convention, was used as the basis {or delimiting channel

networÞ; in this study. Total channel length hras rneaslrred

trith arì opÍ=orneter. Total channel length is highly

csrrel ated ¡r¡i th ba=i n areä and , i n some tråEes r may repl ace

ar-eã. as the stronge=t rneã,sut-e o{ watershed si=e {Gregory

and tilalling, 197f)-

The drai.ne'ge den--ity (DRD in t,-i lorneters-1) is

defined äE the total ch=.nner lenqth of the drainage net

dr vi. ded b.v ba=i n årEã (DF:D TCHL,/ AREA) . Drai nage den=i ty,



{irst proposed by Horton (193"), has been touted as the

rnost valuable single inde:< in relation to streamflow, in

that it re{Iects Frecipitation intensity modi{ied by local

variation= in rocþ: type, =oi1 type, and land Lrse. Sokolov

{1969rin Gregory and Walling, 1973t p-"7?) argued that:

"Drsirrage den=ity is certain to be the inoçt inrportant
{actor characterr:ing the conditions of flcod flow
f orrnati on f.Jatr-rre i tsel + crea-Les a drai riage netu,¡orl-:
o4 a density necessary f or outf lor^l o{ water e}tcess {rorn
a water=hed surface- "

The strearn {reqlrentry (STF i n I / sq. tlÍ l orneters} i s

the ratie o{ total nurnber of =trearn segrnent= e{ aII orders

present in a ba--Ín to drainage area (STF : total r¡G- of

strearn segrnent=/ AREA) - Introduced bv Horton ( 1ç45) r strearn

f requency is a simple inde:l of netwsr.L: er:tent. Stream

{requency is hiShIy correlated with drainage density andt

because, i t i s a si rnpl er rneãEure to cal cul ate, strearn

f requency is sornetirne= sub=tituted {er drainage density in

strearnf l sw str-rdi es (e- g. N- E. R- C, , L97=l .

The bifurcatien ratis {BIRA) is the ratio o{ the

number o{ {irst order streåm= to the nurnber ef second order

strearns in a basin- Single rneasure= o{ the bifurcation

rati c ar-E recornrnended by Gardiner (t97=) f or =trearn f Iow

=turdie=, as oppo=ed to other rneaeuree such a= the weighted

mEãFr bi f urrcati on rati o prc'pesed by Schumrn ( 195ó) .

Con=idering the snrall =i:e of the drainaçle ba=ins in this

sturdy EiRÊ r+a= adopted ã-- the most representative measLtre

o{ their bif urcati on rati-o.



3- 1+ hlatershe,d ryet i e{ and Strearn-sl oge

Nurnersus investigators have noted the importance

of rel ie{ as a morphornetric r¿ariable in f lclod studies-

"hJith increa=ing relief, steepness o{ hiI1sIopes and
hi gher stream grad j. ents , t i rne o{ concentr at i on of
runo{{ decreases- Thus alI other csndition= being
equal , the greater the rel ief of a ba=in the greater
the rate of hydrograph rise. " {Pattsn and Baker, Lq761
p -942) .

Basin reli.ef (REL in meters) ig, de{ined as the rnar:i,rnutrn

elevation ori the drainage divide rninu= the elevation at the

basin rnsuth (Strahler, 195")- Twe other meã=ures E+ basin

rel i ef wer-e gl so cal cul ated: ( I ) The rel i e{ rati e (RELRA}

def i ned as the ba=i n rel i ef di vi ded by rn;i>í i rnurn basi n 1 ength

(RELRA = REL/ EAL) i and i?) the ruggedne=s number (RUGNO)

defined as the drainage density tírnes the basin relie{

divided by one thousand (RUGNO = DRD + REL/ lÚOU) (Strahler

1?58) - Patton and Eaker (1976) f ound that ruggedness' nutrnber

was, an important rnorphornetric våriable in distinguishing

between regions pr-ot-ie te f la=h f loods and thoge with less

severe strearnf low reqirnes- However, the utility of the

ruggedne=s number i= some,whåt restricted by the fact that a

=ingle vaLue Éan repre=ent å. variety of conditions i-e-

ba--ins with high drairråge den=Íties and lor'l relief can ha'.'e

the 5,åme ruggedne=s valure a= basin= u¡Íth hiqh relief and

1 oul netu¡or [,. densi t i es.

It ha= been lcng recsgrri:ed that the prafile of e

strearn tend= to be ccrncåve upward= ¿'nd i:hi= f act has



resulted in rnany propo=ed rneå--ures f or strearn slope- Two

rneasures of rnaÍn=trearn =lope were used in this study. The

first rnea=ure is main channel slope (SLOFE) defined by

dividing the díf{erence in elevatísn betr,+een the strearn

terrninus and its rnouth, by the length o{ the rnain channel

(Harton I Lg=?J . Thi s measLrFe, ai though a' =i rnpl e and u=ef uI

inde>:, ca,n give the Earne value f sr å variety o{ stream

prefiles-

In order to e>rclude the highe=t and lowe=t

gradi ents, the =ecsnd rnea.=Lrre de{ i nes rnai nstrearn sl epe

between the ten and eighty-f ive percentiles of rnainstrearn

length- Benson (1959) found that these percentiles gave the

best prediction of rnear¡ annual flood- N-E-R-C. (, 1q7=, also

found that these percentiles gave the best rnea=ure but

unliÞ-e Eenson, who def ines rnainstrearn length as that along

the rnain channel betrr¡een the basin msuth and divide,

N-E-R-C. defined rnainstrearn length as the length of the

rnain channel depicted by the blue line network Ërl

topographic rnaps. Eenson's rneasLrre of slope when e>:tended

to the divide clcsely aproximates the meagure proposed by

Horton absve- Therefore, the secsnd rneasurre sf channel

slope (51ü85), used in ',-his =tudy, was de{ined a= the

dif+erentre in elevation betweeen the ten and eighty-five

percentiles of rnain channel lengthr âs depicted by the blue

1i ne netr-lork , dÍ.¡i ded by the rnai n che'nnel l ength between

these two percentiles-

=a



3- 1g bJater=hqd-Ê=geqt

Theaspect(ASP)i=thedirectionofthernain

channel lootting downstream {rsrn the drainagE di'¿ide. The

aspect sf a basin wÊ.5 determined with å protractor, -'*he

anglebeingmea=uredindeqree={romTruel{orth.Aspectha=

rnet u¡ith 1imited c-LrcEes= in {leod =tudieç bnt is inclr-tded

here because o{ the rnar},:ed dif +erences in geornorphology and

clirnate betr.¡een north and =c:urth f acing drain¿rqe bagin=''

,, It ig a corlmori obgervation that srloH orl a =outh_{acing
=1Ëpe nrelt= {aster than eFiot¡j fln a ncrth-f acing =1opet
the reason being that the orientation o{ the slope
a{{ectç the enrcrr-rnt (]f direct bearn =olar radiation the
area. receives-" (lIaIe and Gray' 198 1' p'365)'

In order to accoutnt isr this phenornenon, twc:

trans{ormatign=ofaspectWeÌ-etriedandre=-ultedÍnthe

norrnalized direction variables NASF and CASF?. The variable

NASF is =yrnrnetric about a nsrth-south line and is def ined

as fol lcrws¡

for 1 '. ASFect ': lBu j

and {or 1AÕ '- ASFect '- 359 t

NASF = ASF/ 18tl;

NASF = (36u - ASF)./ 1Aü "

tt¡t:CASP? i= def ined a-- the co=-ine of aspect plus

(CASF" : Cos(ASFi + ?) - Tr"¡o is added to the cosine o{

aspectingrderthatCASF"willlie]'ritherangeofoTtEt=

three otherwi=e, log trang{or¡natisn= woutld be unde{ined {cr

negative ve.ILtec--- Ee=ideg the obviot-ts di {f erence o{ å cosine

{unctisn there i= another fnGre =ubtl-e di+fêlrence be+-r+een

ihe=e two variable-'- r.lÊsF Cce-- not di=tinguish between ea=t

r+ {_}



{acing water=hed= and wegt facing watersheds whereas CASPZ

does-

Ec]th of the normalized direction variables were

then cornbi ne,d wi th rel i e{ rati o and sl ope def i ni ng the

fc]llowing variables GRADA, GF:ADF, GRADE, and GF:ADF, termed

gradient vecters {or thi-- =tudY'

GRADA = I{ASF/ RELRA' GRADE = IIASF/ SLOPE'

GRADE = CASP"./ RELRA ánd GRADF = CASE.?I SLOFE'

since, the sn(]wrnelt f 100d i= the dsrninant ennual event Brt

Yukon strearn=, fneasures o{ a drainege basin'5 or-ientation

ir¡ three dírnen=ions wef-e thought necessaryr because the

arnsunt o{ --o1 ar radiation incident tn a drainage basin

af{ects the timing and rate of snc]wmelt- The gradient

vectors were there{ore derived to express a watershed'ç

aspect and gradient simultaneou=ly'

s. th t¡Jatershed hyPsgqËtfY

Hypsornetry of{ers å trontreptuatIy attractive

alternative for ei:pressing overall relie{ aspects of a

watershed- Hypsemetry i= the basin area-altitude

rel ationship foLrnd by rneasurring the area within =pecified

contour intervals (the 1Ür:) m- Er 5JÜ {t. contour intervale

depending on rnap convention) and sutmrned to give a

cufnulative {requency curve. The area betr¡een the contour

j.nter.yal=, was deternined frorn a randon' dot overlal" (density

o{ f ourr dotç per 5,qLtare tl j. I orneter at å I :5t-l: (-)(-!Ú map çca1e)
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a+ter å method propclsed br7 Haan and Jshnson (19ó6) - Two

measures o+ hyp=ornetr-y are used in this study- The

hypsornetri c i ntegral (HYPI ) i s the area bel ow the {reqLrency

curve e>:pressed in percent. The hypsometric coefficient

{HYFC) is the percent sf e'rea ahsve the rnean altitude o{

the r¡¡atershed (Strahler, L9=2b) -

The hypsornetr i c anal ysi

deve,loped in its rnodern f orrn by

(195?b) applied hypsornetric anal

and suggested that the shape ef

indicated the s'uage o{ geornorphi

The typical =tages of basÍn evol

are illustrated in Fig. 3- 1

s of a drainage basin wa.s

Langbein (1947) - Strahler

y=i= to small watersheds

the hypson¡etric trurve

c development of the basin"

ution accor-ding tc: Strahler

"Froß the =tandpoint of hypsernetric analysi= the
developrnent ef a drainage basin in a nermal f luvial
cycle seerns to consist of two rnajor parts enly" (1) An
inequilibriurn =tage o{ early developrnent, in which
slepe tran=f cirrnations are tal':ing place rapidly as the
drainage system i= expanded and ranri{ied- (") An
equilibriltrn stage in which a stable hypsometric trurve
is developed and rnaintained in a =teady gtate as relief
=lowly dimini=hes. The fnorÌadnotrl"; phase with ahnorrnally
low hypsornetric integral when it does sctrur can be
regarded aE traneitory because rerncr'¿a} of the rnonadnocl:
will re=ult in regtoration o{ the curve to the
e,qutilibrir-rm f orm- - - - -The hyp=ornetric curve of the
equilibriurn =tage i= en expression of the attainrnent of
å steady state in the proce=ses o{ ers=ion and
transportati on u.¡i thi n the { I uvi aI systear and i ts
ctrntribr-rting slape=" (Strahì. er-, 195--'b' P- I 1f,u) .

StrahleÌ-'s cIa=sif ication of hyp=ornetric cLrrves

wi th i ts emphasi -- on f I uvi aI acti vi ty i s regarded by rnany

Çecr.rûrphologi=t= ac- unrealistic. ln Canada drainage ba=in=

hæ.ve r-rndergcne coutntie=s epi=cde= sf f 1r-tvial , qlacie.l e.nd

Ã-_j
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PeriglacialactivÍty.l"lanyoftheba=ingo{thisstudyha'¡e

recently bee,n glaciated, and their overall shape {U-shaped

trroSs-eection) and host o{ sur{ace f eatctres (rnoraines t

e=kers,karneterracegr}..ettles,gutwaghplains)ar-ethe

result sf glacial and periglaciel activity' The valIey

bottom=, for the ms=t part are stilI covered by tilI'

ocrtwe.sh depositç and lacutstrine depo=its' This sutpports the

=uppositionthatrecentfluvialactivityha=donelittlein
the tlay of modifying the overall =hape of these basins a5

expre==edbytheirhyp=ornetriccllrves.Iti=rnorelitlely

then, that a hyp=ornetric trurve ref lects the cornbined

gIacial, periglacial and fluvial history o{ a watershed'

Alsocrfnotearetheinherentgenericcr:nnotations

ofstrahler-.gcIassi{icationgfhyp=ornetrictrL¡rve5i.e.

equilibríur$orrnaturestageefdeveloprnent'inequilibriurn

Ðr youth{u1 stage o{ developrnentt and the rnonadnocl: state

denoting an abnormal phase of drainåge bagin developrnent'

ContrarytoStrahler,=in{erencethatalowintegralbagin

reflected an abnorrnal =tate, the study basins with low

hyp=ometric integral are {airIy typical of srnall' U-shaped

upland valleys which have been recently scoured by alpine

glaci.er-s e.g- Dale Cree[': (Fig' 5'3) ' 
and MuÌe Creelr

(Appendix ? Fiq-14)- For these reason=' 'typical'

hypsornetric curve shapes for this study are denoted by the

terrn= 1ow, rnedi urn and hi gh i ntegral cLtrves '

A broad range o{ hyp=ometric cLtr'/e =hapes ar-e
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attained by the basins of this study (Appendi>: ?, Figs- 1

to 36) - For example, a high integral ELrrve is e>lernplif ied

by Benson Creek, a medium integral cllr-ve by Eacon Creelt,

and å 1o¡¡ integral curve by Enger Creek-

Hvpsornetric analyeis is net one of the rnore

poputlar inve=tigative technique= of hydroloçy although its

u=e has been =uggested where Frecipi.tation, e'¡aporation or-

Enclr-Jtrover vary wíth altitude. In the pa=t ;r rnajor drawbacþ:

o{ a hypsornetric analysi= ha= been its tedious and

time-consurrning nature. However, thi= has now been remedied

by the methods prcpo=ed by Haan and John=on t19ó6) and Fille

and bJilssn (lS7 l) {or rapidly dete,rrnining the hyp=ornetric

integral- The relevance of hyp=ometry ts nsrthern rest:urce

rnanagernent should nst be overlecrked- Besides its apparent

application to hydrology, hypsornetry accurately re{lects

the activity o{ ã strearn within its basin- Its analysis,

therefore, provides a good appraisal of the potential long

terrn ha=ard po=ed by the ergsional activÍty of a strearn-

The role of hyp=ornetry with regard to gtrearnf Low is

eirarnined in the iiqht of this =tudy's findinqs in Chapter

The value--' f sr the inorphornetric variables {sr each

u¡ater=hed are presente'd i. n Appendi >l I -



CLIT,IATE

other flood studies have shown the inrportance of

including indices that degcribe prevailing clirnatic

conditions e- g. I - t¡J- D- ( 197E}) , Lamlle ( 1974) , Nash and shaw

( 1?7ü) , N. E. R' C- (197=) and Thomas and Ben--on (L97?' '

Although an indi'¡idual flood í=- influenced by the rainfall

directly associated with it, the {lood of a given return

period is prabably better related te the preve'iling

precipitation characteri=tics (Bengon, 196?a) - Experience

with other f lc]ed studie= hg= =hswn that fnear¡ annual

rain{aI1 (Nash and Shaw 1 I97O¡ and N.E.R.C- r 1975) and fnean

annual precipitation have had good sutrcess in {lood rnodel=

in area= where snowmelt is prevalent (Larnþ;e I Lg78; I-bl-D- t

1978: and Thornas and Eenssn , Lg7Õ) -

Twovariablegdepictingtheclimatet:{abasin

were selected {(]r thi= str-rdy- They are fneän annutal

precipitation (FRECIF in cms. ) , and åverage sttrrm intensity

(INTENS in Ems,- lday) - The value= sf the v=riable= {or each

basin were tahen frorn l=ohyet fnaps prepared by the Hater

Resources Div-, Indian and f.lorthern Affair=, lrlhitehorset

fÜr the period 1959 to l97J- The.valueg of the clirnatic

variable= for each watershed are als,E preeented in Appendi;:

1-
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CLII,IATIC VARIAELES

Thefollowingaveragestatisticswerecornputtedfc]r

the ba=inç sf this study. The average channel Iength o{ the

first order strearn= ig L.4 l.:ilorneter=, for =ecand order

strearns it is r.4 kilometers, and for thirc order =trearns

it ís 4-1i. l.:ilometers- The aver-age bifurcation ratie betu¡een

{ir=t and second order streams is -1 .9 and between second

and thírd order =trearns i= 4-t-r- Thiç implies that on the

average f or every lrilometer e{ third order =trearn channel

in the çouthern Yuþ;on there ãre ?.1 þ;ilometers of second

c¡rder strearn channel s and 4 -9 þ;i I emeter= o{ { i rst order

strearn channels a5 depicted on 1:5{¡rÛLlc) fnaps (i -e. a 1:?:5

ratio) -

Aperltsalofthepair_t¡i5eEt]rrelatienrnatrixin

Appendix 3 ghow= that high correlatiens e>:ist between

vari abl es that e)íFre55 si rni 1 ar di rnensi en= of a drai nage

basin- variable= related to the çize sf a. v{atershed show

the highest intercorrelations {TabIe 3-1} '

Table 3.1

Correlatisn matri>l

AREA FER STL
1.(JO

BAL TCHL

Basi n
Basi n
Hai n
EÊsi n
Iotal
RANT.I

ÊBEâ
eEEi rneter o-94 1 . O(J

SIream Length Ü- BA O- 87 1' Ct(:)

Length {J-çf, (7-97 {}-91 1'O(-}

õgaÃner Length o. ss t-¡- 84 O- 84 Q- 85 1 ' C)(-ì

of main channel it-7Û iì- 71 Û- 6f a'71 Lt'77
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The variables

wel I correl ated as or¡e

rneasetring basin relief are not a,s

would Euppose {Table 3.2).

Easín RELie{
BELie+ RAtio
EUEqedne=s NO.
Channel QLQEE

T-L1-tdL,rti J-¿

Cc:rrelation Hatri>:

REL F:ELF:A REGNT SLOFE 51i}85 HYFI
1 - t)(:)
{}- 28 1- (Je
(l- 65 ()- 22 1- {}O
cr.37 (), E}9 u-27 1- OO

9l ope, lC} & E}57. Cl- 33 O. BB U.23 o -56 1 . ()U

HYE=ometric Integral $-2(J t)-27 U.1B t..l-44 u-34 1--.Jt}

HYEsometric Coef - t).L7 u-32 Ö,t15 {t-47 O-41 O.9"

Of note are the are the high correlatisns between

the tþco slope ßieasLlrEs and relief ratio, sr-tgge=ting that

only one o{ these variables need tt: be incorperated in a

regre==ion analysis. Also the two rneasutres of ba=in

hypsornetry are posrly correlated t¡ith the other rel ie*

rneasL¡res, which emphasi=es that a special property of

watershed relief is expressed by the hyp=ametric fnea=Llres-

An interesting relationship is provided by the

relation between Etrearn {requency and drainage den=ity.

Althourgh each of the=e indices rne=.c-ures di=tinct aspect= of

a ba=in's =tream netwtrrk (two basins rnay have the =arne

Crainage density br-rt di++erent stream frequencie= or vice

versa), HeIton {19=E) =uggested that the range o{ natural

variation= in a relation ef the tr.¡a r¡as qurite srnalI - A

I east squàres regre==i on anal y=i s deterrni ned the f oI l or'li ng

equtation (Fig- f-"-):

".O 
pp.p1-4ï5TF
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Thi s i mpl i es that as basi n rnorphol ogy become=

increa=ingly {ine-te>ltured in southern Yukon, stream

frequency and drainage density to the power of 1-43

increa=e proportionately, their ratÍs always approaching

the value ?.fJ- In other word=, an increa=e in the total

1=ngth of the drs,ínåge nettrork is dute to a sirnttltanesut=

increase in the length and number of the channels.

Perhap= the most intere=ting correlatisns are

thc:=e between the c1 i mati c and rnorphornetri c vari abI es

(Tabie f .3). lfean annlral precipitaticln =hows a fair

correlation with elevation, implying ê.n orographic effect.

A description sf the orographic effect along the Canol

Road, which is a north trending traverse through the study

ãr-ea, i g gi ven by trlahl ( 19E} 1 ) :

" In thi= ar-ea, the rnountainBuE terrain also cornpl icates
the clirnate pattern- As a generåI staternent,
precipitation increa=e-- with increased elevations' e'nd
ternperatures decrease with increased elevation- In the
winter however, the ternperature pattern reverses with
temperature= çenerally lower in the 'ralley {losr= and
þJarrner- up the mountain slopes- "

Tabl e 3. -1

Correlation Hatri;l

ELEV LAT

Ba=in ELEVation 1-(J(:)

LôIi tude -u - 05 1 . (:lÜ

lEair¡äge Den=it'¡ u- lf, i)- ?6
STrearn Frequency -tL. (-)7 i)- "3Mean AnnuaÌ EEEQIEi tati on t:)- 49 -{}- a)6
Average Storrn LNIENEi tV t:¡. 18 t-¡ - 47

DRD STF FRECIF

'I r-r l-r

i). Bf,
r-r ï-r
I ì 1.¡ |

1-Ou
r-ì T'f J f-lr-ì

r-) ?Q r-r 4,L

5{:)



Average storrn intensity's highe=t correlation 1=

wi th I ati tude, where a decrease i n storrn i nte'nsi ty oEEur='

wi.th increased Iatitude. Thi= phenornerrori i= readily

veri{ied {rorn the n'onthly stsrn¡ inten=ity rneips construtcted

by Verur=chltren and lfeheriul. (1973) " u+hich shoi,+ a decre:.=e

i n stsrrn i nten=i t'y wi th i ncreased di stance f rom the ccean -

Eoth of the cl i rnati c vari ãbl eE ãre very rrleaÞ;ly

correlated with the other rnorphornetric variable= including

drainage density and --tr-eam f requtency- For rnanTv o{ the

u¡srld's climatic region= drainage d-n=ity ha= been =hct^¡n to

be hi ghl y correl at=d r'¿i th ernournt of preci. pi tati on and rai n

inten=ity. The general cBnseneLls oí spiniGn is that

drain;ige densit;r refletrt= precipitation intensity and th¿.t

1ocal variations can be e:<plained by other bssin

c,haråcteristícs sLttrh a= r-Bcl'- type' sÐi1 and land use

(Gregory ånd Nalli*g, tg76l - Heu¡ever, the dorninance o+ the

winter clirnate in the'=tudy region i= responsible for

additional channel {orrning Processes {e-g- {ree¡e-uF:

br-eal'.:-up and =nowmel!-f lcod!ng, and Frtr,cesse= related to

perrna{r-ost such ä5: bloctl =Iun'ping and bsttorn-f ast ice) -

Since the snowmelt {lood i= the dorninant snnuål event trn

Yul.;c¡n stream=, 1t i=, not th¿t =Lrpri=inç that fnean annual

Frecipitation and ã.ver-åge =tsrrn '.ntensitr- are nclt highl y

correL ated wi th drai nage densi ty and --treanr {requency-

J.¡-
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Flood-freqLrentry anal y=í= originated with the

giderationofeconornicsinthede'¡eloprnentofriversand

eir floadplalns- In it= girnple=t {orm' the analys1 =

vol ve=- the cornpi' l ati on sf recorded çtrearr'f l sw =tati =ti -e

and
rsm which the {1ood= of intere=t are extracted' ranl:ed

{ i tted to a f requenc'y di str i buti on (Eenson 
' 

196"a) ' '

A1 though thi s seern= a =traí ght { srele'rd pr-ocedutre ' 
{ l ocd

{requenclr analVçi= =j'nce it= inception in the 193Ü'=t has

beenptaquedbyacgn=iderablearnountofcgntroverËYlwhich

primarily surrounds two i=sues o{ cÉncerrt: (1) The

treatrrrent ss the flood data prior ta anal-v=i=ì and (") the

J::



plotting and {itting of a trLrrve to the flood series-

The qlre=tions com.rronly debated concerning the

prePara ion o{ the {Iood data prior ts analy=i= are:

categ
1 - Shsr-rl d f l oods be separated i nto cau=ati.ye

EEr i-e- snowrnÊlt events vei-su=- rainstorrn events?

? . Shor-ti d records be I engthened b,v correL ati cn
anai y=i = and rni -si ng { l ood= esti rne+-ed?

f," Is the tirne period o{ recorded {lood de,ta
representative of the future period of concern?

4- t¡ihat irnportance =heuld be given to the verv
large floods in a short period c{ record?

Con=istant arrsroJer-s to theçe que=tiorrs ãre

I aclii ng and rnore o{ten than nst the hydrol ogi Et i. s advi =ed

to rr=e his judgenren+- r^.¡hen que=tions of this naturre BEcLtr.

The wide di{ference= sf opinion àrnong hydrologi=t=

concerning the methsdslogy o{ {lcrsd frequency analysis

stems rnainly {rom lack of {lood data- This lack o{ specific

data creates dsr-rbt as te the true statistical nature of e

flood serie=. Controversy centres around the following

questi ons.

1. bihat i= the rno=t sr-ritable rnethed f sr
deterrnininq the plotting positions of the {lcrods in a

=eri es?

?. I= the qraphical fitting sf a trurvE to the
ilosd =erie-- platteC cn e irequenc.v--rnagnitude gr-aph
pre{erabl e io the ciathemati cal f i tti ng sf a f requrency
relaticnship?

f,- I+ a rnathernati ca1 f i tti ng i
whi ch rnathernati cal rnethod sr =tati sti cal
should be applied?

The hydrological literature en

s preferred, then,
distribution

f lood freqerency

J-j



ånalysiE aboLtnds b¡ith argurnents both {or and against the

selection of a particular approach"

Thi= results in di++iculties in hew best ts judge between

the variou= methods. Indeedì

"u¡het uJe mr-t=t f ace Ltp to is the reali=ation that
there are a nurnber sf rnethoCs s{ f itting {lood data
that are '¿irtual 1y En a par: ever-r thocrgh thi= rnay rneê.n
the'/ are equalIy poor.. - -Frorn arnong the=e we rnight as
r.¡ell choo=e one and Lt--e ít äs e. ba=ic rnethod " {Ben5on,
Iq7?, p-29't -

ð,t T'IETHODS TF AI..IALYSIS

The =trearnf Ior.¡ data {or the thirty-six strearns o{

this =tudy were gleaned {rorn the records of the l¡Jater

F:e=eurces Div-, Indian and Northern Af f airs, hlhitehor=e.

The data covered the year= 1975 to Lge"- The subsequent

analysís o{ this data invelved preparation of an annual

series of rna>lirnum floods for each stream, and the fitting

of a frequency di=tribution to the annutal Series- The

following are de{initions sf the hydrological terrns used in

the f I osd-f requentry anal ysi = of Yurþ:on streain=.

ELqqp is any relatively high streamflow in a,veår
a5' rneasured by a galtge or di.scharge quantity- It= fnagnitude
i= rneasured a= the rna:limurn in=tantaneou= di=charge
as=oci ated r+i th the f l cod event -

EEçUEEENÇE-INIEEVÊL is the
time during which a given rnagni.tude
Er- e>:ceeded orice oniy-

EEÊN-Ê[fNUÊL-ELqgP-iqUÊ]- i=
retrurrence intervaL of ".3f, 

yeare.

"-33 
years the hiqhe=t flc:od c:f the

rneari annual f l ood -

aver-åge i nterval c:f
{ l ood wi l1 be equtal led

the flood which hs= ä
ün average clFrce everY
)/eår r-¡i I I e:-: ceed the



IEq-YEÊE-ELqqq_Iq?]-\
equal1ed, or- exceeded Gn aver

s the f l ood whi ch r.¡i I I be
e cnce ever)/ two years-

si mi l arl y, EM_YEÊE_ELAAÐ_I ) , IEN_Y-EÊE ELqA!_lElÒ) snd
IEENIY-YEÊE-ELgqU-leiql- are t
e>:ceeded on average ontre ever
respectívely-

f loods which are equaled or-
{i.ve, ten and twenty years

L'] FREFAF:ATIDt\.I OF ANI'IUAL FLOÛD SERIEs

(àr, annual ser i e= o{ rnak i rnunr f l sod= was prepared

for each of the thirty-sir: strea\=, with each strearn havi ng

a rniniinum sf {our csn=ecutive years c¡f recÉrd. The

historícal perisd= of recc:rded f 1er.¡s f c¡r the gtrearns of

this =tudy are listed in Table 4-I- A five year minirnum

period was the stendard used by the Natr-rral Environrnental

Re=earch Council (1ç7=,\ in their study sf {lood= in the

Eritish Isles- Thalrurr and Lindeijer (197-ï, t t974) u=-ed

f our years of recsrded strearnf lsws aE a rninirnurn criterion

far evaluating the fi{ty and ene hundred yeår floeds for

l"lacl.en=ie River tributaries. Although the study strearns had

a rninirnum sf f orrr year= of recorded strearnf lornrs, it becarne

i rnrnedi atel v apparent that the hi ghe=t annual f I ood l evel s

f or sorne sf the strearn= r,"lere not recorded-There urer-e

apparently two rea=tin= fe-r'- i.his. Either the annual flosd

crccurrred in the early sprinç and the recorder =ite l+a= nc¡t

clperatisnal at thj.s tirne, or the geuqe we.= dest.çr¡ed b'¡ the

f l ood. In many of +rhese ca=e=, a rni ni mLtm f l ood l evel hiãs

estirnated by the water sur-vey creh¡s upon inspection of the

site, and this le.vel r+as utsed aç a si¿ndard f or compåriscn

in later analy=i=.



TAELE 4.1. HISTúRICAL STREAI'I FLOI¡J SUÌ"II{ARY-

N;il-;¡-;t;;;-- --Hi;G;i;;t-;t;earû + l ow record

1 ?7 
= -7 6 t7 7 r_7 B a.Zgr Êl Lrrã 1 :8 ? -

Spencer Creel-:
Freer Creel:
Fartrídge Creek
Log j arn Creel:
Strawberry Creel";
Deadrnan Creek
Juda= Creel-:
trJoI f Creek
Unnarned Creek
Stoney Creelr
["larsha11 Creeþ;
Eear Creel<
Eurwa=h Creel':
Long 's Cree[,:
Dry CreeF;
Enge,r Creel':
Stanl ey Creel--
lful e Creelr
Stoneheuse Creel';
Hurphy Creek
Groundhog creel:
Bacon Creelr
1E}i) Plile Creel':
Twin Creek *1
Ridde1 Creel-:
Bcrulder Creel';
South l"lact"li 1 l an F:i ver +"
Vangorda Creek
Eensen Creeþ-
trlol { Cree},:
Gri==1-v CreeÞ:
Unnamed Cr-eel:
Fig Gold Creel-:
Cl i nton Creel:
Thistle Creelt
BiS Thing üreel'.

( C ) Cre=t qe.Llge =tation-( R ) t¡later level recorder station-

CCCCC
-.

RFRRR
CCCCC

CCCC
CCCCC

CCCC
CCCC
RRCC
CCCC

CCÜCC
CCCCC
RRRRR
F:RRRF:
CCÜCC

RF:RF:
CCCCC
RRRRC
CCCCC
RRR
CCC
CCC
CCCCC
RRRCR
CCCCC
CCCCC
CÜCRR
F:F:F:RR

CC

CR
f- r-

C
l-
f.

R
C
C

ccc
C
C
C
tr

t-

C

C
C

C
a

t-
t-
f-

CCCCC
CCÜCC
CCCCC

RRF:F:
RRF:RR

RRRF:
RRC

C
C
t-

._r cJ



A circurnstance r+hich rnu=t be csnsidered

before-hand, however, is the nature ef the flaod data-

There are tr+o f',,pe= cr{ streamf lclw recording steticrn=

operated by the l.Jater ñeseutre= Di.,'": Indian and tlorthern

Af {aÍrs- The=e, are: ( 1) Staticlns r'¡ith continLlGLl=

u¿ater-lev=l recorder=i and (?) cre=t-gar-ige staticrn=. Üut of

necessity rnost of the statisns a,r-e o{ the latter type. Eech

gtation is visited by Nater Re=ouces Ði'v- Fersonnel every

two crr three r¡eell=- At thi= time the strearn is rnetered and

the l^¡ater level recsrded- At the crest-gaurqe =tatic:n= any

inter.¡ening high l+ater rnar[,. i= aI=c' noted- The type of

str-earn flotr recording =tatÍon is el 50 1i=ted in Table 1-I'

The resulting f lor,+ data {or the strearn= r¡¡ith cre=t-qaugeg

í=, therefore, a series of discontinuouts flclw recerds. This

nature of the rectrrded strearn flor^¡s had a bearing en the

rnethsd trhesen f or est i rnat i ng the rni s=i ng f I ood deta.

AIso relevent ts the subject o{ the recorded

=treamflot¡ data i= the definition of the rating trLtr-ve-

There i= a paucity of infsrrnation on the =imultaneou=

mea=r-rrernent of hiqh strearn {1or':= and their trorre=ponding

irater 1e.,,e]=;, a ccrrfimËn sctrLlrr-encE r+here onl y a f er^t ):ear-g o{

record=d f iot"¡s ere av=i. leble'- A= e re=r-iIt the Ltpper t¿i1 of

the rating cLrr-a,,es {or the str-ean's are not as well de{ined

as their lower reache=. Therefúre, thi= fact =hourld be llept

in n¡ind r,^¡hen conv*r'r-ing to di=ciiarge frorn the ratÍng curve.



Esginton (i974) hss cautíoned that the presence of
bottorn-fast ice can re=ult in overestimation of the breakup

flood, which r-tsrtal1,v is the highest annnal frood e..¡ent

Experienced by the =tudy streams. HoL.¡e.¡er: iny own

ob=er'¡ation= sn Dale creek and 1Bu l"lile cr=ell have =hsr.¡n
that the opposi t= cc,ndi ti on cãn occur. þJhi I e rneteri ng the==

=tream=, a thin veneer of ice wa= noted urhich coated the

gravel-boulder bed during the high frsws of the =prinq
f reshet" This ice f ilm reduce= the bed ro*ghne=s thus

cau=ing incr-ea=ed flow velocities within the stream

channel - Frel i nri nary esti rnates r-t=i ng the f"lanni ng Forrnr-r1a

=uggest a decrea=e in the Planning's 'ri' f or f lows withi.n

channerE e)Íperiencing this csnditicn as high a= ãn srder of

rnagnitude. There,ffrr-e, i{ the stage-di=charge relation=hip

as de{íned for ice-free conditiens is r-r=ed, underestimation

of the breal':up { 1 ood i s aI so possi b I e,-

The =irnple=t rnethed of e=tirnating rni==ing floods

begins with the identi{ication e{ a nearby =trearn o{
girnilar regirne r+ith a hi=tory of recorded f rows that Eovers

the period of rnissing {rcods- correratien of the cernmcr¡

period o{ record provide-- e. reraticn=hip from r.rh:lch the

mi ==i ng { l oods cå.rl be esti mat=d. uçua1 I v thi s rnethod

i nvol ve= the carreL at i sn of the mair i rrrrrn an¡lte'l { I oods -

However, the =hort period o{ record for the =trearn=
of thi= stcrd.,.. dictated tl-re n€=Ed f cr ccrr-e1=tisn of ¿.nother

criterion ¡{ =trea¡rrf lcw ir-¡ -:rder tc d-t*errnine th= mi==ing



frosds. N.E.R.c- t,L97=) employed a coy-relation s{ rnaxirnun¡

rnonthry flows between streairr= in Eritsin ts obtain

e=ti rnates of rni =si ng f r o,sd data- Agai n , the nature s{ the

recsrded f lol.l de.ta {or the =turdir strearns pretrlr_tded sn

analvsi= o{ thi= tyFe- Instead, high flor.¡ serie= csnsiEting

aí the hiçhest feurr or f ive recsrded {lar.+s in a y-_àr-{ hjer-e

constructed {ør the con¡n¡on period of record {or the strearn

t¡ith rnissing data and f or a nearby strearn con=idered to

have a =irni lar streanrf law regir,.re and a geod hi storical f low

recsrd {Eensonrl96"b)- The data pairs hrere then protted rrr

a graph and visual ry in=pected- If å s'crong cerrelation r-ras

apparent a 1ea=+- sqLrar-es regres=ion analy=is ura= ernployed

to de{ine a relation=hip rahich =ould be u=ed to e=timate

the rni ssi ng f I ocd date. The hi gh f 1or^l =eri es, the scatter

diagrarn, the relationship der¡eloped and the estirnated {lood

=tatistics for the af{ected creeks ar-e presented in

Appendix 4-

4-3 rHE_ELqq!_EEEEUENAY_EELÊJfqNSHIE_E8R JHE srREAr,ls

The f l osd-f reqLtency anal lr=i = beqan by arr.-anqi ng

the annual mailimun¡ {1seds {or each =treanr, both recsi-ded

and estirnated, in order- e{ rrråçniturde. The larqe=t f iaod in

å series is as=igned the ranl': of ûne ,the second larg==t

the rank ef turo, etc- - A reclrrrence inteval (T) f or the

individual floods in ä series r..rå= celculated by applyinq

the !¡Jei br-rl 1 f orrnurl a:

E.-l

-r 
-¡



T = {N + I)/ 1"1 (4. 1)

where N, is the nr-rmber of year= of record and [*1 , is the

ranl: of the f lood-

The ranl-:ed {ieod= r¡rere then plotted on

l oqari thn'-prcbabi 1 i ty påper to confsrm wi th pre=ent

D- I-A-N-4., Y- T. prac'cise. A gently curri,ing line was

fitted to the plotted data and extrapolated to the:'O year

return period- It i= dor-rbtfr-tl u¡hether a rnor-e rigorc:u=

graphical treatrnent i= neces5ary in view of the short

peri ods of recorded strearnf 1cr.¡s i nvcl ved i n the =tr-tdy -

The f I ood-{ r-eqLrencv rel at i on=h i pE provi ded

esti rnates o{ the rnean annrta.l { l ood , the turo year i l ood , the

five year {Iood, the ten -veår flooC and the twenty year

f lood f sr each of the studv strearn= tAppendi>r 5) -

ôi-r
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l¡JÊ-f ERSHFC¡ CHARÊC-T-ER I S-l_ I C=

Previ ou= f 1 oed str_rdi es have made lt=e sf mul ti pI e

regre=sion analy=is to develop relationships between

=peci f i c { l ooc l evel= and char-acteri =',-i cs sf physi ography

and clirnate (I-t¡i.D.,1?78, Lair'lle jL+7A, N-E-R-C-rL97=, Thahur

and Li ndei jer , 1 97= , and Thorna= and Elen=on . !97?) ' Th==e

=tudi == hsv= propo=ed ri i-el ati enshi p havr ng the genei-al

Y : 1r-rbir X. b i ;{:b" }.=bf,.

A Iogarithmic transforrn

I i near equati on:

tc. I i

equre.ti en 5. 1 yi el ds theof

bU h? f-+
¿

ô1

bi .:l i+ bf )l¡+. ta 1\



Equation 5-? can be deri.ved by a rnultiple regression

analysis where: Y i= the,dependent'¿ariable - a flosd of a

=peci{ied reÈurÌ-ence intevali X1, X?, XJr.-..- are

the independent ..,4r-iables variables de=cribing

physiography and clin¡atei bt-r i= a,n intercept; end bi, b2,

bf,r.....are the regre=sion coef{icients.

In rnest str-rdies a =et of regression equtation= are

derived {sr floods of =everal recLtrrence i.ntervals- In thie

stutdy regres=ien equatiEne- ar-e cornputed for the mean

annual, two year. {it,e year, t=n year and twenty year

ilood=. Herein lie= the ad.¡antage ef ã regre=sien tyFe

model - A cornpari=on t+ith another f losd predicti.sn rnodel ,

the inde>l fleqd me'thad, will help to clarify what is rneant

by this 1a=t statement-

The index {Iood rnethod is perhap= the rns=t

cornmonly used {lood as=e=srnent technique. Thi= rnethod

apptie= a regisnal {requency cur-ve, i-e- the average =hape

sf alI f requency cur-ves conrputed f or the instrurnented

basins cl+ a 'homogeneeLtE region' to an ungauged basin- Its

positicrn is {i:red on a =rtj.table graph by estirnating th=

si=e sf a particulsr {lood f sr- the urng='utged çtresrr¡ - thi=

usual 1y being the nrean =nnu¡l {1s'=i. Thi= flsod e=tinrate i=

deterrnined fronr ã regisnal r=lation=hiF l+ith Crainãge ã'r-eã.

The underlying riqidit.v cf the inde:r {lood methsd impL ies a'

lrnifsrm dependence betu¡een the fleods o+ c--pecific

r-ÊcLlrrence inter-..,:l= =¡:anninq elL i'¡;-,t=rçi-red= c{ 3 reqiori.

L"]



,, It is probabie that di+{erent factor-- rnay be acting at
the =eparate f lood levels of- that the Sãfne f actors inay
have varying e{fects at di{ferent levels. The rnultiple
correlation rnethod, when cr=ed independently at specific
flood levei= al1or.¡s cornplete flexibitity and does nst
require rne.l-:inç assurmpticn= about the relation between
the f100ds e{ di{{erent recurrer¡tre intervals-" (Ben=ont
p.2u, 1?62a) -

The diver=e physiegraphy anC g=clog;r s{ the

southern YLrl':En Te'rritor;-, coupled t¡ith the variatisns in

I(]cal climate, whích in sofne ca5e5 Ean be quite marþ;ed over

sh'ortdista.nces,re{lectapotential{oravarÍetyofflood

regifnes- A flood predictisn rnodel ba=ed crì a reqressiort

analysis o{{er=- an approach u¡hich i= adaptable to the

potential Iocal variatir:n= in water=hed fsr-rn and Protre=5-

EEqEEggIgE-ÊNÊLYSIE

TheEt"lDstep_wi5er-egl-essignFrBgramwa=u=edfor

the regression analysis {EHD Package, Lg77' ' This Pregrarn

initially con=trurct= a pair-wi5e trorrelation matri>: for-

both independent and dependent variables- The independent

variable with the highe=t corr-elatíon u-¡ith the dependent

variablei==electeda=theinitialentr¿ntinthe

regression- The prcgram ihen add=, cr delete= variabLes =.t

=ub=equentstep=onthebaçi=o{theirFratigstatj-siic.
The Et'lD pacl'rage algs proviCe= f or tran=f or¡rratian o{ inputt

J-!-
tlráLd-

Allthevariable=kJeretrangfcrir'edpricr-to

enal;',si= b;* ta!linq their cÛfrJ$3rl logarithrlig. ê¡-*a abcv,=



treeline, area o{ lake and rnarsh and area (]f glacier o{ten

have values of =ers, therefor-e, fOr these variables the

logarithm o{ one plu= the variable was used. Also, two wa=

added to the cosine sf aspect in srder that the variable

CASF2 would have a range betu¡een one and three {as

ei:pI aj. ned bef ore) -

E -J.L E _E 9U L I 9_ gE _ I H _E- E E E B E g gI AN - Ê N Ê L Y9 E E

The resul t= ef the rnr-tl ti pI e regressi on anal ysi s

f or the mean annual , two year, f ive yeat-, ten year-, and

turenty year fleods are presented in Tables 5- 1 to 5-5- The

derived equatior¡s are:

Gll"lA =

Ë!1O =

E?{l =

-15.8 Ð-67
1O TCHL FRECIF

-1ó.5 C)- åé
lct TCHL PRECIP

-13.9 u-72
lC) TCHL FRECIF

-L -77 r1.84
1O TCHL PRECÏF

-1- 6EI Ö- BA
lu TCHL PRECIF

1.35 0-"5 Ü.€l1 7 -â
NASF HYPI LAT . " (5.3)

1.40 0.25 Ct. a2 7 -7=
NASP HYPI LAT . " T5"4)

L-t7 u-25 L)-7g- å-73
NASP HYPI LAT .. (5.5}

1- ù9 tt- ?5 O- Aj
NASF HYPI

1-ü4 u-25 0-E}3
NASF HYPI

t5- 6)

t5" 7)



TABLE 5.1

I r^rrÐ I tr.r- \/Hr\-
NAI-IE

1 TCHL

F
COEF. RATIO

tj -7= 2j - û6

FTO
REÌ,IOVE R

"?. 
û6 Cl.6f,

RESULTS AF THE REGRESSION ANALYSIS:

I4EAN ANNUAL FLOOD

TCHL O,79
FRECIP T."6

TCHL Ú.72
PF:ECIF 1.51
NASF Õ."ó

TCHL Ô.76
FRECIF 1 - f,E
NASF Ú.?5
HYFI Ö.85

TCHL
FRECIP
NASP
HYFI
LAT

()- 67

ñ?q
rf,. a1
7 -6u

?4- C¡1 35- ü7
16- 14

?tJ-97 32-4u
'71-r 11

f ]ec) - clJ

"tj - 41 42. {rB
ñI BÊ-¿cl - ¡+J

7-66
6-59

19- 63 JJ. JtJ
¿(a- Jct
4.41

E 4?

o -73 {r.59

ú-€]1 i)-66

ri- A5 û-7?

R4 SEE CONST.
-u- 53

O-39 rJ- 31 lu

_¡_a L L¿- UU

ú."6 10

u - "4 1r-l

_'a =L¿¡ Jg

r-)" ã2 iu

{E ñ
-tJ- (f

ü- zcr luff-aa û-77

CTEFF- is the regression coe{{icient. F RATIú is
the F statistic for the regression equation" F TO REI{OVE is
the F statistic of the independent variables entered- R i--
the rnultiple cerrelation cse{{icient. Ri is the
coefficient sf deterrninatien- SEE is the =tandard eFror- of
estirnate- CONST- i= the intercept.

The regre==ion variables are:
TCHL = Total channel length.
FRECIF = I'lean annual precípitation-
NASF = Norrnalized aspect-
HYPI = Hypsornetric integral -
LAT = Latitude-
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COEFF. is the regresgion cse{{icient. F RATIÜ is
the F statistic for the regressisn eqr-tation- F TO REI"IOVE is
the F statistic c:f the independent variables entered- R is
the rnultiple cc=rrelation ct¡e{{icient" R'{' is the
cuef f icient of deterrninatic:n- SEE is the =tandard er-rgr of
estirnate. CCINST- is the intercept.

The regressic:n variables are:
TCHL = Teta1 channel length-
FRECIF = l"lean annual precipitation.
NASF = Normalized a=pect-
HYFI = Hypsornetric integral-
LAT = Latitude.
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CûEFF- is the regression coef{icient" F RATIÚ i=
the F statistic f sr the regressicrn equation- F TO REÌ"lCIVE is
the F statistic o{ the independent variables entered. R is
the multiple correlatit:n coe{ficient. R'r is the
csefficient of deterrninatisn- SEE is the =tandard er-ror of
estirnate. CONST- i= the intercept-

The regressic:n variable= åre:
TCHL = Total channel length-
FRECIF : I'lean annltal precipitation-
NASF : Nsrrnali=ed aspect.
HYFI = Hypsornetric integral-
LAT : Lstitude.
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DOEFF- is the regression csefficient- F RATI0 is
the F statistic for the regressisn equation. F TO REI'IOVE is
the F statistic ef the independent variables entered- R is
the multiple correlation coe{{icient- R¿ is the
coefficient of deterrnination" SEE is the gtandard Error- of
esti rnate- CONST- i s the i ntercept .

The regression r¡ariables are:
TCHL : Total channel length-
PRECIF = l"lean annural precipitatian.
NASF = Norrnsl j. 

= 
ed aspect -

HYFI = Hyp=onretric integral -
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COEFF- is the regre==ic:n coefficient. F RATIO is
the F statistic {sr the regressisn equation- F TO REHOVE is
the F statistic of the independent variahles entered" R is
the rnultiple correlatisn coef{icient. g2 i= the
coe{f icient o{ de,terrnination- SEE is the =tandard error crf
estirnate- CONST- iE the intercept-

The regression variables are:
TCHL = Total channel length.
PRECIF : lf ean annual preci pi tati an -
NASP = Normali=ed aspect-
HYFI = Hypsometric inteeral.
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There åre many si mi l ari ti es between the equati on=-

In al1 ca=es total channel length (TCHL) is the {ir=t

variable entered into the regre=sion eqr-rations, ftrllou¡ed in

order, by ß¡ean annual precipitation (FRECIP) 
' norrnalized

a=pect (t\tASP) and hypsenretric integral (HYFI) - The

corr-elation co{ficient and the standard error o{ estirnate

increa=e and decrea=er respetrtively, at aprexirnately the

s.afne rate in each step of equation derivation. Latitude

enters as the fifth variable in aIl ca=es- However, in

equations 5-6 and 5.7 the F TU ENTER statistic {sr latitude

is less than four and, therefore, is nst entered into these

equati ons -

AI thor-tgh the rnul ti pl e correl atÍ on coef { i ci ents f or

equations 5-3 ttr 5-7 are significant (R = u-E}6 approx.) t

their s,tandard errors of estirnate are Ù.21 Bn average- This

implies that, in absut two thirds of the predictions +rGm

this set of equationsr the actual value will be in the

range of -3Et7. to +62I- The 957. confidence limits for Ët

predi cti on are -å37- t(] +1 6e7-- Conseqlrentl y , predi cti t]ns

frem these equatiGns aÌ-e {airly rough e=tirnate= nf the true

f lood regirne- Houlever, judgement as. to the ef f ectivenes-- o{

the equations depend= on their utili=ation and the

availability of c'ther {lec:d estirnation rnethcrds.



THE FLOOD HODEL

Since latitude was the fifth variable selected by

the =tep-wi=e regression procedure it deserves

congideration in the analy=i=. Latitude: å5 noted earlier,

shnwed a f ai r negati ve correl ati on r.¡i th average storrn

rainf aI I intensity- In addition, increa--ed latitutde results

in decreases sf fneari monthly winter temperatllres as well a=

increase= in permafrost distributien. For these reasong

tatitude should not be sverlooked as ån irnportant variable

in sub=equent f leed investigatien= in the Yuþ;on- It rnäy

even provide a ba=is {or subdivision of the territery into

hydrologic region= in the future, i+ the gtrearn gauging

netp¿orl,; is expanded- In this study latitude proved ts be

the last variable entered surccessfully into the regressic:n

equations- It is interesting to note the sensitivity of

latitude in terms e{ it= exponent relative to the other

variables o{ equations 5.3, 3-4, and 5-5. Indeedr the

slight improvement to the predicticrn= attributed to the

inclusion of latitude does not rnerit this arnsunt of

sensitivity- For this reason latitude r'¡as deleted frorn

further analy=i=- The e>:c1u=ion of Iatitude results in the

{eI lowing set of eqr-tations having only four independent

variables-

{t-76 l.JA Cl."6 Q.E}5
8I'IA = O.OC)44 TCHL FRECIF NASF I-1YFI ... (5.4)
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o-7= L-44
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{r- gC) 1- "öU. Ö 1Ö? TCHL F'REC I P NASF

u- ?6 rr- AÉ
HYFI -. - t5.9)

() - 2= {}. 82
HYFI .. (5.10)

CÌ. 84 1

CllO = ú.ü17tl TCHL PRECIP

r)-sB 1

G?O = O.(J"O9 TCHL PRECIF

- U9 ö- 25 Cr- A3
NASF HYF,I ...T5.ó)

- t_l-1 {}. 
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(}.Elf,
NASP HYFI ... (3"7'

The above Eet of equatic:ns prove ver-y interesting

{rorn the point sf view s{ their exponent= (i.e. regres=ion

csefficient=) - As the flsod 1e'¿el= increa=e, the exponent

{ør ttrtal channel length increases and that c¡{ rnean annual

pretripitatian decreases. I'leanulhi 1e, not une>:pectededly r the

exponents f or norrnali=ed aspect and hypsernetric integral

rernain relatively unchanged- Given the unvarying nature c:f

the two parameters NASP and HYPI, in order to present

si mpl er f orrnul ae and cal cul ati ons, rnethod= sf

{lcrod-ratioing are attempted. For e>larnpIe, the {lood ratio

o{ the twenty year ftood relative te the mean annual {lt:crd

(G¡F,IA) i S:

Cr. gA 1- Cl3 Cl- 
"5 

Cr- 83
= ti. ozÛe_IQHL____EBEçLE____NÊ5E____HYE_I - - (5- 11)

u-76 1. f,A O. ?6 0- A5
Ü. {}TI44 TCHL PRECIF NASF HYPI

Assuming that the differences in NASF and HYFÏ reflected by
theír e>:ponents are suf {iciently srnal I it f ollows that:

ú. 1" -(J. 35
q=9 = 4.73 TCHL FRECIF i
UMA

f:ì?r-r

Ut'lA



ånd Iiltewise it folLows that:

(i. {JE} -o. 29
qlO = 3.El6 TCHL PRECIP
C¡l"lA

(5- 1f,)

u. r-)4 -u- 1A
?.32 TCHL PRECIF . (5- 14)

-Lì - a) 1 tr. i)ó
O.7A TCHL FRECIF (5- 15)

The {lood ratio equations (5- 1" te 5- 15) with

equation 5-B now {orm a simpler flood model- A later

=ectí on of thi s chapter wi I I or-rtI i ne the aPFI i cati c:n crf the

model to a test watershed- Eefsre discu==ing the

significance sf total channel lengthr rnean annual

precipitation, normalized aspect and the hypsornetric

integral to northern hydrology, caution shs¡-tld be advised

when in{erences are made concerning the role sf variables

in regression equraticlns- It is possible that a variable

included in a regr,ession analysis rnay not be related

causally to the dependent variabte, but in=tead, rnay be

as=ociated with a var-iable not even considered in the

anal ysi =-

tlJ

EHÃ

tl.¿.

Ël"lA
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The flc:od ratic equation= imply that there are

csnsiderable differences in the rt:les of the independent

variable= as far as {Iooding is concerneC in the =outhern

Yuhcn. The overal l f lood regirne nf a strearn is a f unction

of the four variables; total channel length (TCHL); rneån

annual preci pitati on {FRECIF) I norrnal i ¡ed aspect (NASF) ;

and the hypsornetric integral {HYFI) - Hc:wever, the

di+{erentre= in severity between flclsds of =pecific
recurrence intervals are attribcrtable to changes in tstal

channel Iength and rneån annual precipitation only- In other

wordg, TCHL and FRECIF expres= the dynarnic nature sf a

watershed, while NASF and HYFI expres= the relative fixed

geornerphologic state of the waterghed.

The re=ponse o{ northern drainage basinE ttr water

inputs rnu=t be understood i+ the significance of the

variables, total channel Iength, rneån annual precipitationt

norrnali=ed aspect and hyp=ornetric Íntegral are to be

a=certained- A brief discussÍon crf the evoluti.t:n of

drainage ba=in respc:nse rnodel= ts preËipitation input= is

presented by Gregory and Walling {L973) and is

recapi tu1 ated i n the f ol I owi ng accoltnt .

Horton (1945) provided an irnportant conceptual

vier.¡ of the drair¡aqe basin [.;nown as the c¡verland f ]ow



rnodel- Two bagíc rnechanisrn-- of water =r-tpply to the strearn

channel network are visuali=ed by this rnodel - Bverland

flow and base fIsw. Rain falling on the drainagE basin

would initially infiltrate the ssil and gradually reach the

the ground water table- Belorr¡ thi=, water i= stored and

released f orming the base f lor¡l cornponent o{ gtrearn {1ew'

The rnaxirnurn råte at which water tran inf iltrate the seil i=

the stril's ,i,nf iltration capacity. If rainfall intensity

e>:ceeded ínfiltrati(rn capacity water would at first be

retained or¡ the =urf ace and would f ilt hollows and srnalI

depressiBns, after which it would begin to {lot¡ overland a5

sheetf tow until it reached the channel networl'; which

provides the =urrface runo{f treflipBnerÌt of stream{1ow-

The overland {low rnodel became the ba=is {or

strearn{low e=tirnatisn techniques such as the ratisnal

{ormulå and unit hydrograph theory' These in turnt

er¡visaged that all of a basin's draiF¡age aFeå would

contribute ts strearn runo{f . Hou¡ever, problerns were

encountered in separating flsod hydrographs into the two

cofnponents o{ base f lsu¡ and o*¡erland {low- Field wor}r

reveals that overland flow is net sften experienced except

in arid and arctic regiorì=. Even fsr arid regiens,' it may

be, typícal but its ternporal frequency is low- Also field

observationg reveal that precipitation intensity seldom

e>.ceeds inf í ltration capacity¡ and water f lot"¡ can nst only

Êccur belor+ the sur{ace, but also above the ground water

73



table. This evidence led to the postulation o{ the

throughflow model - Several type= of throughflow have =ince

been distinguished:

"Sorne aLrthorities have ref erred to throughf lcltl ås
the flow that otrtrurs in the soil horizonsr especially
above relatively irnpernreable layers sctch a-- the
junction oÍ the A and B horizons; and tt¡ inter{Isw as
the lateral f lsw that occLrrs in the aere.tion zsne sbcve
the level of perrnanent saturatien but belor+ the A and E

soi I hc:ri=BFì=- Others (f or exarnple' JarniesoFi and
Arnerrnan I L969) re{erred to quiclt return {low in the
sail layer=, delayed return flow in the aeraticrn zoFte,
and prolonged return flclt¡ frorn the saturation zone.
f'lecessarily, the locatisn and exter¡t of subsurface flot¡
wiIl reflect local condition= and particularly the
Fresence cl+ i rnpedi ng I ayers i n the prof í 1e bel ow the
gurf åtre- In practise a di stinction betr,eeen several
type= i = a conveni ent si rnpl i f i cati on of the cornpl e>l

continLrum u¡hich e>:ist= in real ity- " {Eregory and
Welling, 1973r P."?).

The throughf low rnodel has been recently rnodif ied

by the realizatisn of the dynarnic nature of the drainage

basin and its streafn networl,i. Thus concepts o{ Unit Source

Areas and Partiat and Variable Source Areas have been

proposed. These rnethods recogni=e that the simultaneous

generatisn s{ sur+åtre runoff over an entire drair¡age basin

is irnprobable during mo=t rainfall events. Insteadr they

suggest that surface runof{ is generated from a small

proportion of the total drainage basin år-ea- Recent studies

in ternperate regions have shou+n that a major portion o{

storrn runo{f i= produced by sr-rr{ace {1c:r^¿ and 'retutrn flow'

{upsl ope throughf l or+ ernerç¡i ng at the =urf ace) , f rom qui ckl y

saturated =one= pro)íirnate to stream channels and at the

foot of =Ic'pe= (Ander=on and Eurt, L978; Dunne and Elackt



I97Oi Carsor¡ and sutton, L971;and Hewlett and Hibbert'

1967r. With continlted rainfall the satutrated areå= expand-

Also, depending Bn antecedent =si1 moistLtre condition=, the

ar-ea= that contribute to r'-tnof f rnay vary f rsrn one r¡inf all

event to another. Thu= the partial areas contributing to

slrrf ace rutnsf { are dYnarni c -

snowrnelt is of pararnount irnportance to the runof {

regime o{ northern watersheds- To reiterater the

predorninant annural event in the Yuþ:sn r+atersheds is the

spring =nowmelt f lood- Theref or-e, concept= t'¡hich atternpt to

de=cribe the runo+f regirne, in these drair¡age basíns rnugt

account f or the sneu¡rnelt proceE-s- This involves

sl¡cEe5s+ul1y de=críbing such Frotresses aÉ: the statet

ripening and ablatien of the winter snÉw pacÞ:; the rnowernent

sf rnelt water (and incident rainfall) in and through the

snowpacl,:ì and the effect ef perma{rost and 5eå5c]na1 frost

combined with antecedent soil rnoisture conditic]ns-

The 'ripening' and =ubsequent ablation of a

srrowpacl.i are cornple>: Frocesses and are best described by

cc]nsidering the ssurces o{ energy for the=e Processes- The

terrn ' r i pení ng ' ref er= to the FrocEss wherebl' a snewpac l':

approaches a saturated conditien and a ternperature of

Uoc-. The arnount of energy ab=orbed by a snowpacÞ; depe'nds

on many f acter=, but of prirne tronceri-i are the albedo

(reflectivity crf the snow sur{ace), and the density of the

pack- Since =nownelt i= å thermcdynan¡ic prscess it call be



described by the fsllawing equation:

Qs = Qf- + Ea + Owv * Gs + Glp (5-1ê)

The energy available for snewrnelt Q=, being derived

from: (1) the net all-wa.¡e radiation {Iu>1 , Grì (7}

conducti on and convec-ci.ve tranç{er of sensi bI e heat {ro¡rr

the sverlying air. Oa! (3) conden=ation of water vapeur

{rom the o.¡erlying aÍr, Owv! (4) conductisn f rorn the

underlying soi 1 , Ës! and {5) heat EuppI ied by incident

rainfal I , 0r-

tÂlhi I e eval r-ratí gn of the i ndi vi dual trorîpr:nents of

equation 5-16 can calculate snowrnelt at a pointt the

energy-equation technique is generally far tt:o comple>l ttr

apply ovÊr an entire r,¿atershed (Gray and Haler 1991) - This

is because the effect of variaticlns in elevation, slope'

aspect and vegetation cover En the rnelt {actors (e.9. net

radi ati on f 1u>r , ai r temperattlr-e, t+i nd and humi di ty) t åre

hard ta adequately aeses= EVer the whole basin. However,

other indicators of the energy available for snowrnelt have

been proposed and by {ar the ¡nost succe=sfully applie'd o{

these i= aír ternperaturer there being tu,¡o rnain reasons f or

thi =. Fi rst, ai r ternperature data i g r+i del y avai I abl eì and

second, e=tiinate=- of snsr+melt {rorn air temperatltre indice=

agree well with re=u1tg obtained frorn detailed analysis of

the terrns in the energy equation over aFI entire waterEhed

(U"5. Army Corps of Engineers, 1956).
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"In general, air ternperature is a good index o{ the
energy available f or rnelt in ãreas covered tJ'/ dense
foreãt vegetation- In this situatisn the long-wave
radiation exchange between the vegetation canopy and
the snow, which i= a function of the temperature
diffrence= between the two sutrf aces, ís the insst
important energy flux . ' In contrast,
tenrperatgtre ig not as reliable an inde>l f or ¡3pen ereas
because short-wave radiation, sensible and latent heat
f Iuriles (nsne directly related to tenrperature), cär¡
exhibit wide variatisng depending on weather conditisns
(l"lale and GraY, 19E}1r P- 4L7) -

Usually,theripeningo{thewinterSngy{packisa

relatively rapid Frocess,- In the Ylrl'lon water=heds the s'now

pacl,: general I y attai ns i ts rnax i mu¡n water equi val ent i n

early to rnid Hay, with snowrnelt en=uing in late l"lay and

early June and la=ting {rsrn tu¡o ts four weeks ( D" I-A.N-A.

gnow collrge records, unPutb- ) -

The mevement of Ent:hlrnelt runsff (and incident

rainfall), {rem a snowpack to a stream involves the

csntínuous interaction of fnany different types of flow-

These include: the sloþl dswn¿{ård percelation sf melt water

fror¡i the snow surface to the, ground¡ f low along the ground

sur{ace, either in a 'slush' layer Er in drainage channels;

and f ler¡,¡ threugh the ground (l'lale and Grayr 1981) '

General l y , unti l a snowpack becorne= i sstherrnal at tloc -

ar¡y þrater intrsduced te the pacll will ref ree=e, thereby

accelerating the ripening pr-Bces5- However, when the

ternperature of the pactl does reach Ooc. snowmelt

Eornrnence5 and rnelt u¡ater slowly percolate= dotnrnwards f rorn

the =-nor.¡ sur{ace. sur{ace rnelt water can also f low down



through the pactl in isolated channel= s{ troarse-grained

snow which act a= drains or preferred paths for rneltwatert

although the forrnation of these channels is o{ten

as=ociated l^¡ith rain on snew {Gerdel , 1934i in Male and

Gray, 19El 1) - The presence of reI ati vel y i rnperrneabl e, hi gh

density layer= within the, pacl': also af f ects the downward

movernent aÍ melt water- t¡Jater may accumulate abtrve the=e

layers, forming a =atr-*rated layer within the snowpacl';. I+

the--e layers are =Ioped, lateral {low rnay otrtrur along thern

for =hsrt distance= until a drain ctr percolatisn =Éne i=

reached {GerdeI ! 1948; and Langharn ' L974, .

A 'slush' (satrtrated) zone rnay occlrr at the

=now-ground sur{ace with the accurnulation of suf{icient

rnelt water (CoIbecl': 1974, and 1?7El) ) - CoIbecþ: (1974,

developed the basic theory for flow in this zone and

=uggests that it is relatívely rapid when cornpared to the

downt'¿ard percolatien of v¿ater through the pack- The rate o{

lateral fow in the slush layer depends on the rate of

in{Iow, the perrneability and structure of the snow in the

slush layer, and the qround sttrface slope and rc:ughr¡ess- In

surnrnår-y, a rnelting =ner+paclt can be simPly conceived as

consi=tíng of tr^¡o distinct =onEsì a slush layer at the

snow-ground surface which is fed by an overlyingt

ungaturated rnelting snow cover.

Another factor which in{luences the lateral

mo.¡ernent of rnelt w¡ter Ðn the grournd sttrf ace is the



cofnbinatisn of frozen ground and the rnoi=tutre content of

the soil- During the =nowrnelt period Yullon watersheds' are

invariably underlain by fro=en ground- Whether fro=en

ground is irnpermeable to rnelt water ver-y rnuch depends on

itç strltctutre, ternperature and n¡oi=tr-tre trontent bef sre it

FJaE +r-s=en. A variety o{ ground inf i Ltration conditions

have been nsted in the Iiterature (l"lale and Grayr 19E}1) -

These range f rom the irnperrneable sLrt-'+åtre Fresented by a

well rnoistened frozen =oi1 te the initial, relatively

perrneable condition of a dry f ro=en soil -

As sea=onal fre=t thaws during the =utmmer, a YLtþ:Bn

water=hed= respon=e to precipitation Ean be expected to

gradual 1y approach the dynarnic Fartial and Varying år-ea

rnodel s- However ¡

"the presentre o+ perrnafrost at shallow depth
inhibits the deep in{itration of water, and encGurages
irnmediate runc¡f f ef a high proportion of ínput water
rfnce the acti'¡e layer becorne= bret- " (Church I Lg74
p.11).

The active layer refers tcr the therinally active layer that

blanl..ets perfnånently fro=en ground - the =one of seastrnal

f reeze and thaw acti.yitY- Perrnaf rost, neverthe'1e==, shourld

nst be consi de,red aÉ- i rnpermeabl e te u-¡ater f l ot^¡. t¡¡i 11 i erns

and Van Eggerton (I?73i have propo=ed that permafrost areas

have a Ior+ but finite per-meability whi.ch is confirrned by

the rnany:

"instance= sf developed water surpp1ies, spriñ9sr and
artesi an aqu j. f i er= i n perrna{ro=t ba=i n5- " (Newbury t
7974, P--1").

a1



J - ¡+cÌ Iq]ÊL_qHÊENEL-LENËIH_Í IçHL]-

The i rnportance crf total channel l e,ngth I i es i n the

f act that the rnere e><tensive the channel networl.;, the more

rapid and larger r¡ilI be the basin'= 4lood response te

r.¡-eter i npurt - Recent str-rdi es, i n more ternperate regi ong than

this =tudy, have =hown that a rnajor part o{ stsrm runof{ is

produrced by overland f low and return f low f rorn quickly

=aturated ar-eas bordering the =trearn channels- There{ore,

the amsunt of u¡ater which can rapidly reach the strearn

=hould intrinsically, re{lect the si=e of the channel

networl,:- Other f losd =tudies have shown that watershed

area was the rnsst important independent variable- However,

considering that a large part o{ a watershed's area does

not contribute directly tB surface runs{f, it rnay be that

total channel length is a better rneasure

contributing areas trf a watershed.

t

o the runoff

Gregory and t¡JaIlíng (196El) have shc:wn that, f er

tws srnall watersheds in southeast Devon, strearn discharge

was r-elated to the square of total channel length- Weyrnan

( 197(l) =urrni sed that i + enl y the =urf ace runof { cornponent

of strearnf I sr¡ i s consi dered , then di scharge rnai, be di rectl y

proporti onal to total channel I ength. Thi -- i s an

interestíng conjecture e=pecially when applied ta northern

watersheds underlain by seasonal frost and perma{ro=t- The

presence of {ro=en gror-rnd rna'y ef f ectively restrict the



downrn¿ard movement of r.¡ater through the soi I and prornote

surface {low (pIus return flow in the acti'¿e layer during

the sumrner ) . l"lany researcher= (e- q. A¡r¡bl er {19741 1

ha.¿e reported high rates cf =rtrf ace runctf f f rs¡n both

=nsr-¡n¡elt and rainiall 3n ¿rctic and sub-arctic wa'uershed=--

I+ surf ece rltnof f is the rne-ior mechanisrn of r¡rater suppiy tû

norther:n streams, =trearn discharge sht:uld then be directly

propartional ta total channel length. This as=ertion is

favourably supported by the floed equations (5-El' 5.1?t

5. 13, 5- 14, & 5- 15) dei-ived by the regre=sion analysis- The

e>lponents for total channel length in the equation= are

less than r-tnity, but the overal 1 trend s{ the expc:nent

approaches unity with increased {lst¡d levels thus implying

that ãs sur+ace f low becornes mcrre dsrninant, the rnt:re severe

is the f lgod- 'In terrns of the overall {rarnewor}: s{ the

flc:od equations, the fact that TCHL is the dorninant

variable is encsuraging since a strearn channel netldorli is a

naturral 1y ad justi ng sy=tern u.¡hi ch ref l ects prevai I i ng

clirnatic csnditions rnodified to a certsin e>ltent by

underlying geologic =trutcture.

5- 4b |',IEAN ANNUAL FF:ECIPITATION (FF:ECÏF)

Obviously, the arnount of water available will also

affect the flst:d re=ponse of a strearn and an average

rneasure of this an¡sunt is provided by rnean annual
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Frecipitation. As {Loc¡d levels increase the exponent for

rßean annual preci pi tat i on gradual I y decreåse5 approachi ng

unity for the twenty year flood {equatiens 5-6 to 5-lcl}.

Thi= rnay =uggest that rneãn annual precipitation is ßcrre

closelyrelatedto{lotrdsoftherneanannualrångethanto

larger ones- This may be due to the increasing =ignificance

of other {actors that affect the rnagnitude of the larger

f 100d= sr-rch as the rate of snc]r.¡rnelt and antecedent soil

rnsisture conditisns-

5- 4c NqEfl ÊLÃ Z EA-Ê3EEçT_INÊSEI

EstablishingthesignificanceofnBr-fnalized

aspect is probably best approached frern the =tandpoint s{

how it affects the mean annual flc]od in equation 5-B'

Norrnalized aspect fneasLtres the nErth-=outh orientation o{ a

basin. It dges not ho¡¡¡ever, distinguish between eaËt f acing

and r¡est { aci ng ba=i ns- In addi ti sn , i t shsul d be poi nted

ourt that the value of norrnali=ed aspect cann(]t equal zerE'

There{or-er ã water-Shed's aspect cannot be true northt it

cån, hor¡lever, be very clese - one degree east or u'¡est of

north being the limit. I+ the other independent variables

in equtation 3-E} are, hetd constant and norrnali=ed aspect i=

allowed to vary, then the ef{ect of norrnalized aspect on

the mean annual flsod can be asse=se,d' This is easily

åccclrnpl i shed r+i th the ai d o{ Fi gure 5 ' 1 '
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Exarnination of this diagram illustrates the e{fect that the

variable has sn rnean annual {Iood- The rnÉre southerly a

watershed's aspect, the greater the flood hazard associated

with its strearn-

A possible interpretatic:n for the role s{

nermali¡ed aspect in the' {lood rnodel might lie with the lor¡

ELrn angle experienced in the sub-arctic during the snowrnelt

period, i.e. south facing watersheds receive fßBre hours of

direct sunliqht and pre=ent a greater angle of incidence to

incorning solar radiation than do their shadowed northern

counterparts- Therefore, southern facing basins should

sustain relatively warrner- clirnates and rnore rapid snowrftelt

acti vi ty -

Another plausible explanation for the rcrle o{

norrnalized aspect unfolds when the northwest to southeast

trend o{ the rnor-tntain ranges ef the scruthern Yuþ:en

Territory are considered- The southern slopes of these

ranqes general 1y experience r¡¡etter csnditisns because of

greater orographic precipitation {rsrn incursions of rnois't

Facific air må='s,e=,r ä5 cornpared with the more sheltered

northern {acing slope= and leeward regions o{ the interisr-

The northwestr^¡ard variatisn in the averäge nLtrnber o{ =torrns

per day and the average arnount of precipitation Per storrn

{rorn the Gulf ef Alas}-:a to Norrnan We115 are =hown by

monthly isohyet nràps constructed by Ver-uschuren and

l"leheriuþ; (197f,) - These i=ahyet= closely ci:nf orrn to the

aó



topography of the csast and rnoetntain rãnges. Therefore

these rnaps support this conjecture that norrnalized aspect

reflects an important phenornenon of the hydrology of the

southern Yulton.

5.4d HYFSOI"IETRIC INTEGRAL (HYPI )

The rsle of hypsemetric inteçral ís very sirnilar

to that o{ the variable norrnali=ed aspect in equation 5-El"

Once again, by holding the other independent variables o{

equation 5.€l constant and by varying the, hypssrnetric

integral the ef f ect on rneari annual f lood tran be deterrnined-

The hyp=ornetric integral for a basin can realistically be

assurned to range between Cr. 15 and ú.65. Thusr HYFIO'E}5

will range between {t.ZO and O"7O. The etfect that

hypsornetric integral ha= sn the rnagnitude o{ the mean

annual flood is clear- The larger a basin's hypsometric

integral the greater, Er rnore sever-e, are the f Ioeds. This

is noteu.¡orthy frorn the point of vieu¡ of the erosional

capacity of a stream netwsrk- A ba=in with high hypscrnetric

integral (í - e- a high integral basin) ha= considerabLy rnor-e

wsrl* to do in terms nf ercrsien and tran=portatisn o{

rnateri aI than ã I ow i ntegral basi n. Hou¡ever , thi s di spari ty

is =omeu+hat cornpensated {or by the greater f Iosd potential

that exists on high integral ba=ins as expressed by the

f I ood rnodel .

The impnrtance of hypsornetric integral ss a



hydrol ogi c vari abl e has rernai ned vågLle. f'lacDonaI d and

Lewis 17973r p- 1?) suggest that:

"hypsometry can play an inrportant í-c:IE in deterrnining
the {orrn e{ a rivers hydrograph when gnow'r¡elt is e
ma jc¡r component of total runsf f - A ' rn=trire' basi n carr
be expected to have a {Iatter hydrograph than the
'monadnocþ:'Er- 'yor-tthfutl'types- In the=e 1a=t twt:
type= a. large propor-uion o{ the total area lies u¡ithin
a nårrEw sle'¡s+-i on renge and, a==urni ng nE i nterf er=nce
{rorn sther factsr=, fnaüi¡nurm rates of =nr:wrnelt wil}
octrLlr at the sarne time EVer rntr=t sf the basin- "

Thi = Eafne prerni --e csul d rea=snabl y be appl i e.d " to rai nf al l

activity, change= in =oi1 mantle and vegetation

altitude, their e{fect, however, sn hydrograph

di{ferent, The general tronsenÊ-us af opinian is

hypsornetry ref lects a nunrber of protre=-ees that

al ti tutde (f{cDsnal d and Lewi s, t973) -

Erfver with

=hape may be

IL 
-!LITdL

vary with

Although these are valid cenjectures ccrncerning

the inf luence which hyp=ernetry has en streamf lotr+, they do

nst actrour¡t for the precise nature o{ the relatienship

between the hypsarnetric integral and flsodsr ä5 expre=sed

by the {lood rnodel- hlhy dses a basin with a high

hypsometric integral experience å greåter t]r mof-e severe

f loed regirne than a bagin with a lor+ hyp=ernetric integral?

It is hypothe--i=ed that the hyp=ornetric integral i= a

rneasure o{ the relative potential energy available to a

r¡¡atershed's rr-rnof { re=,pt:nc-e precesses te water irnputt in the

Earne way that strearn sl ope i s a rneasure of the energy

a.¡aílable f or f lct+ r+ithin the stream chennel - In order to

e>:p1ain this hypothe=i= it is nece=sary to distÍnqui=h

3B



phy=ica11y between a drainåge basin u¡ith a high hypsornetric

integral and a basin with a low hypsornetric integral - On a

high integral ba=in the rnajority of the draina'ge ar-ea is

cencentrated in the upper reaches o{ the ba=in, u¡hereas

rno=t o{ the drair¡age area ef a lor.¡ integraì. ba=Ín lie=

wi thi n it= 1or.¡er al ti tude=. Dr-rri nç the, snop¡rnel t peri od ot-r ã

high integral basin a perched or- hanging water table rnay

gradual Iy {erm in the saturated layer o{ the =nor.lpacÞ: orì

the valtey Eide =1EpeE. The lat-ge head available ts flsw in

this slu--h layer rnay then feed and prornote the rapid

e>rpansion of dewn-slope =aturated zones within the snoulpacl:

proxirnate tcl the =trearn channels. Thu= the surf ace f lsw

(and =hallow return {1ow, if the active layer is thawing},

f rorn the=e zenes wot-tld be trernendoltsly enhanced- Thi= same

prernise måy alsû a.pply to the in{requent high intensity

rain storrn event- Ferched satltrated =ones forrning ín the

active layer on the valley eide slope= thus prornoting the

rapid growth of dor.¡nslope satltrated =ones near the stream

channels frorn which surface {1ow is derived. Therefore, a

high integral ba=in wer-iId reali=e a rapid re=ponse te

=nor.¡melt and rain{al1 re=ulting in high flood Ievels.

Alternati'-,e1y r a basi n u¡i th most of i t= drai nage

ã,rea csncentrated in it= lower reaches wsuld have a vastly

dirninished potential head available for the charging o{

saturate,d =ones in the '¡a1 1ev bottom=. Furthet-*morer a lsw

i ntegral basi n he.s a greater po+renti al f or wetl and= than



doe= å high integral basin. The correlation coef{icient

bet r+een hypsonretri c Í ntegrai and åree1 of l aire and rnarsh i =

-().38. Theref ore ? a 1t¡w i ntegra.l ba=i n ha.s a greater storage

capacity and thr-rs a nrutíng effect sn its flood water=- The

above i= a hvpothesi=ed account rt{ why the hypsnrnetric

integrel i= ån impartant hydrologicai variable in the floed

--J-IilruurJr.

The r¡lrrel r- con iectrrrai na.tnt-e of thi. ç di sct-tssi sn

concernins the importance o{ the variables: tc:ta-l channel

le,ngthÍ írreaFr annuial prÊtripitatic'n; norrnalized a=pect; and

h;rpsornetr- i c i ntegr a.I ts nl:rthern hVdrsl og;; mu=t be

=treç=ed. The reeson= elurcidated for theÍr irnportance in

the regres=isn eqr-ration=, although plausible, are stilI

un=lrb=tantiated- The opinic,n= expres=ed are subject to the

neerj f si" f ni-ther research, wi.thout which thi= theori=ing

will re¡rain speciriative- My oh¡n observation= and deduction=

ar-e =uf { i ci entl y encouragi ng {or me to f srrn the { i rrn

opinian that surch additional research i= warranted.

E E !ÊLE-çEEEEi-Ê-IEEI-qf -IUE-tLqqP-[qAEL

ri =ugge=ted procedurre {or- usinq the prapo=ed {latrd

rr:odel i-r e=tirnate flosd di=charçes is affc,rded b,t, its

åFplicatian to Dale Creei:- Since DaIe Creel; u¡a= not

inclurded ín the reqressicn analyses and haç c'ne of the

longe,st recsrds of strean'f Iou¡ (albeit enl;z sii: years), the

re=r-iit= f rom ti-:e regression model cãn be comparec.i to its

9tt



hi etori caI annual rnax i nrurn { l osd= seri es-

Dale Creeþ; is a tributary of the Tsichu Rivert

located in the SeIr.+yn Houtntains at the Yuhon - Northwest

Terri tori es border {Long - 13úE tl)S' r Lat. 63cr 16' ) . The

strearnflciw recsrding station sn DaIe Creell at apr-o):irn'et=Iy

14óL) rn- ssl de,f ine= a r^¡atershed o{ sorne 1f,. 1 =q. knr- with 3

relie,f of 8åt-l m-.The stream flor'¡s to the ea=t through a

broad U-shaped tvalley which opens snto the Hacl'ienzie

Earrens ¡- a high and vast sutb-arctic tundra plate.rur- A

lush alpine rneadsu¡, dctted l'¡ith a feu¡ pond= and r¿etlands

eccupie= the floor and Iower =1epes ef DaIe Valley grading

upwards to high talu= slepes. Thirteen rscll glacier=

ribboning the south-facing valley side wal1 ha'¡e been

identi{ied by Hershaw {197E}).

Fl owi ng betu¡een wel I de{ i ned overhangi ng banl':=,

Dale Creek in its lower EBurEe, e:rhibits typical pool and

riftle development, interspersed by relatively =teeper,

straight reaches of deep and rapid {Iot'¡- The ban}ls of Dale

Creek are sts,ble e.¡en though there i-- a high percentage of

sand and silt in the banþ; rnaterial {Fig- =.2' ) - This

stability i= attríbtrtable to the presence of perrnaf rost

that a{{ords protection aleng the banl'; {ace. The bed

rnaterial ranges in si=e f rorn trEarse sand tc: boulders and is

comprised rnainly of rnudstones, greywackes and {ine grained

{e1sites, the f eI=ite being u¡eathered tc¡ a =tri t';íng or-anqe

sheen- Sorne crumbl'¡ rnarblized Iirnestone breccia is al=o

present in the bed rna.terial.
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A rneteorology =tation, operative =ince L974 lie=

some I þ:m- tcr the east sf Dale Creelt at the Tsichu River

air=trip.Frelirninarye=tirnateçoftheclírnatebykiershaul

and Gill 11979) =how ã' mean January tenrperature of

_lg.4Gc.andameartJunetemperatureo{b.7ac..Arrean

annual precipitation greater than 76 --m' occurs' o{ i+hich

the snow{all i= greater than f,4f, crn"

To recapitulate the preposed f lood rnodel i=-:

0-76 t.SE Ú-?6 Ú-45

El4A = u.{rÚ44 TCHL FFECIF þIASF HYPI " ' (5'B)

CI- 12 -o.35
q=s
E¡}.IA

glq
0HA

= 4.75 TCHL FRECIF

{J- ö8 -O-?9
= 3-8ó TCHL FRECIP

(5.12)

r5- 13)

(5- 14)

(5- 15)

qÞ_
C¡I'IA

o- u4 -u- 14

= ?.3" TCHL PRECIP

-Û-Ö1 Ö-L-)6

Z- = ü-78 TCHL FRECIP
G¡HA

In order ts e'¡aluate the inodel a= it apFlie= ts

DaIe Creek the values o{ the three independent variablest

totalchannellength,norrnalizede.spectandthehyp=ornetric

integralwererneasured{rornthel:5Ú'uÚON'T'5'rnap=heets

(Fig. 5-Sa and b) - These valueg ar-e:

TCHL : lJ.O hrn'

= iêSF) / iet-\
= 7{t / laÜ
- ü-J9

i\JA5F
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HvPI = Õ-?3 I (Fig 5-3)

The vatLre +Br fneðn anrrLråI precipitation t^ras

derived frorn recorded precipitation data at Tgichu F:iver

{rom 1974 La 198"'

FRECIF = -cÕ cm'

The value= fsr total channel length' annual

Fretripation, norrnali=ed aspectr and hyp=ometric integral

trar¡ now be =-utb=tituted into the' equation= of the f lec:d

model and the {lood level= computed-

o -76 1 .34 {}. "6 
i}- 85

(ö- 39) (ct- ?5i
ül"lA = Û- oÕ44 ( 13- ()) (Bü' Ü)

- 3- 13 curnecs'

The {lood ratios Yield:
Õ- 1"

QZÖ./G¡MA = 4'73 t13'Ü)
= 1-39

there{ore' GZt-¡ - 1.39tüì44)
= 4.4Ct curnecs-;

t). og
elO./Gl"lA = 3' 85 ( 13' O)

= 1.=;" (Gl"lA)

theref ore, f,l 1O = 4'? cuinetrs';

r_l- U4 -o- 1E}

(s{r- o)

-o- 35
(aú- Õ)

-'J-79
iBu- O)

2-32 ( 1f,- rJ)

\ - 17 (ef{A}
3.7 curnecs. i and

-i!.Lrl U-Gå

G3./8HA : {-t-78 ( 13- Ü) taÚ' o}
- u- 99 {Gt'lA)

there{or-E: E2 = f,' 1 c'Lrniec=

The conputted discharges are plotted Bn

Iog-probability paper (Fig' 5'4)' Also included are the

recorded annual {1acds'

ü5l0i'lA

therefoFer G5
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At this point it rnust be noted that prior to

proceeding on any discussion of the compari=on between the

ob=erved and the predicted flood discharges there is an

irnportant {actc¡r r+hich rnu=t be censidered. The highe=t {1ow

metered c:n Dale Cree[,: is -3-(l curnecs. whereas the highest

recerded stage equates r+ith a f lcw of 4.ó curnecs,, this

{igure being er:trapolated f rsrn the =tage-discharge cLrr-vE-

Hswever, the gciod de{inition of the =tage-discharge curve

{or f lows less than J-ö curnec--. suggests that the error

involved in the e>rtrapolatisn of flos.ls {rorn the,higher

recorded stage= rnay be srnalI. Def inition of the upper tail

sf the =tage-di=charge relationship is a c'ornrïcrn preblem

e>:perientred in the, use c:f {Iow data frorn recently

e=tablished strearn gauging statisns (this being previously

discussed in Chapter 4, sec-?)-

In FiS- 5-4 the predicted flews clesely conforrn to

the flosd frequency cLrrve deri.¡ed frorn the,historic {lsod

serie=. Hos.¡ever, this trclrnpårison shsuld not be construed aE

the de{initive te=t sf the rnodel - Since the {lood rnodel

does u¡srk in this ingtance, it= åFplication te sther

streams in the =outher-n Yulisn does lt:oir prorni=ing. A= ye+-

it is not po=sible to äpply the rnodel to other stream= with

a Iong history of recc:rded f lor¡= {or ccrri¡parison pl¡rposesr

mainly because there are ncl ethers at this present time,

except f or those çtrearn= u=ed to derive the rnodel .

7õ



Ts test the rnodel on strearns in other part= o{ the country

i s nc:t nece==ari 1y a vaI i d opti on ei ther , becautse thi s l',¡i 11

nst test its e{fectivenes= in the region it Has de=igned te

trBver- Therefcrr-e, tirne and r¡=e will be the urltirne.te jurdge'

of the ef f ecti vene== sf the rnodel .

Ét
J.O CCII{CLUSIÜI.¡

Aflclodrnodel{equatíon=5-Br5'1"r5'13t5'14and

5-15), which tran be easily and quict<ly åptrIied (in the

field i+ need be), has been derived tcr e-tirnate

{lood-{reqLrencie= {or ungauged streaffis in the scjuthern

Yul-:on.

The{logdrncrdeli=crrnposedoffourvariableg.

These are: total channel Iength (TCHL) ì fnean annual

precipitation (FRECIP) I norrnali=ed aspect (NASP); and the

hypsornetric integral THYFI). The suggested rea=c:n=, +BF r"rhy

the=e vsriable= are irnpertant to the hydrology o{ the

southern Yul';on are s,Llfnmer i = 
ed i n the { oI I owi ng staternents'

TCHL fneaeLrres the relative si=e of a watershed and

the quicllness o{ its strearn network= response to snswrnelt

and rainfall activitY-

FRECIF rneasurreg the arnount ef water available f c]r

strearn{ 1ew.

NASF meåsLtres the north-ssuth aspect sf a

watershed. It i= hypothesized that r+atersheds {acing south

exFerience higher {Ioc]d regi¡r¡e= becatt=e= of prevai l ing



weåther patterns and greater snowrnelt rates than ds therr

shadowed northern counterParts'

HYFI rneasures a watershed= area-altitr-tde

distribution' It i= hypothegized that HYPI i= a relative

n¡easLlre ø1 the pi:tential energy available to a uratersheds

runof f re=ponse Prstresses ts =nor¡¡rnelt and t-ain{aII

acti vi tY -

The overal 1 trarneworl': of the f losd rnodel ig

conceptually acceptable' The tws variables TCHL and PRECIF

e;lprere- the dynamic hydrological a=pects o{ a water=hed'

while NASP and HYPI rneågllr-e its relatively stable

geornorphologic state' The surccesfutl application ef the

{loodmgdeltoatestwatershed(DaleCreelt)augur=well

{er it= operatíona1 use in the ssuthern Yuþ:on'

I rlo
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CASE VAE IADLES

No. LABEL 17 DFD ' "iq 
Ëii^ le RELRA 20 sLoPE

1 spENcER o. éìio 'õ. 5zoo o' 542o8-o1 o' 333oE-ol

¡¡



ó: ããõö -ó. ìiàò¿-çr -ö: äqÉös-Þi
ö: ãçõó -o. z'tÞoe-or -q. ?1?qq-ql
ó. ãáõo -o.zq¿oe-ql -o.91ggE-92
ð: ããoö -o. SoçoE-ol -o. 2!?98--0-]
ó: i8õo _o.2o¿c¿e-ol -9. ?z_9qE-9¿
ö: ¿ióö ó. lÞ7oE-ot q qZqqE-gP
o. +åoó o. 1 18o o. el3gE-gl
ó: ¿åoó -o. çozoE-ol -o. þ7qqq-gr
o. ã5oo -o. s4oce-or -g' ?9qgE-qt
o: iioo -o. ¿oeoE-ol -g' ?qqqq-9l
o. i5óõ o. sssoE-ol s.?aqgE-qlo:àióõ -o. s¿eoe-ol -9. ???9E-9.r
ó. ãöoõe-ot ó. iszoe-ot q.éqqqq-qa
ö:7öooË-oi o. SecoE-ot 9.þq999'9?
o: ir5óo- - - o. 66oeE-c.t? g. g9gqE-qz
o: ã¿oo o. zszoE-ot o. ?61qq-qt
o: õ5oo o. szeoE-ot Q.?L79É--91
o: 1Boõ o. z36oE-ol o. l9qqE-ql
o: ,i5óo o. t6toE-dt o. Q6ooE-o2
o. q4oo o. o o. o
ó. z,ioõ -o.zzoçe-ot -o.2þ9.QE-92
ó: Ì¿öó -o. 7i¿oe-ol -o. 347,o-ç-qt
ö: ióõo -o. ezeoe-ot -q. ?qqqE-ql
o. 4ãoo o.4zzoe-ot q.?q?qq-ql
ó: ,iãõo -o. açsoE-ot -9. tQggE-ql
ö: ¿50õ -o. s¿zoe-or -o. lqzgq-qlo:5õoo -o. ã5zoe-or -o. {qlgE-qló'.ááoó -o. aeooE-oz -9' l9gqq-qz
õ: ããoo o. asooE-oz s. !9gqg-qz
ó: 73oõ -o. ¿scoE-ol -o.3é4qq-qló:4ooo o.z47o=-ot q. 1?lqE-ql
o: iloo -o. s¿zoE-ol g. ll9qE-qlõ.4äoõ o..zszo¿-ot s.é9qqE-9?
ó. ¿çoo -0. ãgsoE-ol -o.zo4oE-ot

3AOO
3800
4100
4 roo
3000
4300
46c,0
5too
4500
3200
3400
3700
1800
17c/0
5000
3200
5100
4900
4BOO
4200
3500
3200
3500
4600
4500
4?OO
4300
3AOO
4000
6300
4500
4400
5200
6300

o.'
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.

o.
ô
o.

o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.

05 34 0lo
19. OO 24. OO
7.700 9. óOO
9. OOO 9. óOO
8. 8OL1 12. 50
4. OO0 5.200
28. 50 43. OO
a.400 13. OO
ó. ooo a. loo
.4400 0.5800
4. OOO 5. 600
7.300 9. 400
5. 100 ó.200
12. 50 le. oo
23. 50 2ó. OO
14. oo 22. OO
3. 400 2.700
t5. 70 21. 50

u, ¡ v ï.1 r. 't!'v

o.'71aoe-ot o. eTaoE-ol 4.éqq
õ. 7rÞoE-ot o. 3490E-o1 4.??q
o. z5¿oE-o L d. esooe-ol 2. gqq
o. 50eoË-oi o. ãqzoE-ot 4. sqq
ó. 4ocoÈ-oi o. to4oE-ol {.!?q
o. +esoË-ol o.2tsoË-ol 3.Zqq
õ. rieã- - o. etsoE-ol 1.gqq
õ. ç7sõE-ot o.7aeo:-ot 3. qqg
o. oo¿õe-oi o. 3aloe-ol 3.Qgq
o: ¿ã5og-oi o. ãl7oE-o1 3..?lq
o. eãçõe-ot o.3szoE-ol 3.29q
o. 57ooË-oi o.233oe-ol 4.79o-
o.4soõË-ot o.234oE-o! t.7^99
õ. ¿iooe-oi o. osooE-oz 3.qqq
õ. 75ãoÈ-ot o. 44ooe-o1 1.?9q
o. r7l5- o. B31oe-ol 2. þ7-Q
o. ioeo o. 4tooE-ql Þ.qqq
o. ÀeçoE-ot o.3aloe-ol 3.gqq
o. Ticoe-ot o.3e4oE-ol 4.qqg
õ. aSooÈ-ot o..44óoe-o1 6.9q9
o. e4eoÈ-ot o. saeoE-ol t.?9Q
o. 7a5oË-oi o. sstoE-ot 2'qqg
o. e¿7óe-ot o. s33oE-ol 4.899
o. qÃ¿oe-oi o.231o8-o1 1.9qq
o. qe4óE-or o. 1ó6oE-ol 9.êZq
o. esoóË-oi o. soooe-ot ?.)79
ó. Ã¿ooe-ol o.4o6oE-ol 3.llq
o. ãçãoE-oi o. 20loe-ol 3. {19
o. 425óe-ot o. seooE-ol 4.4?g
o. ¿q¿õe-oi o.37loE-ol L Zqg
o. eç7oE-or o. 44ooE-o1 ó. ?qq
o. ltzà- o. 7t toE-ol 3. Þqq
o. c4ioe-ot o. gtooE-oa 3. ZQq
o. i¿eÀ- o. 1468 2.670

33

,{ ,'/

32 0l1A
13. OO
5. óOO
L OOO
5. 600
e. eoo
15. sO
4. óOO
4. OOO

o. 2900
2.200
5. OOO
3. óOO
7. 500
20. oo
7. ?OO
2.700
9. eoo

29 PRECIP 30 INTENS 3T 02 -¿e. ¿o o. 38OO 1 1. 8q
Àe. ¿o o.39oo 5. 2oo
5e. qc o.39oo 7. 8og
5ã. ro 0.3600 5. loo
ã5. ¿o o.32oo a. soo
ss. ¿o o.3400 13. OO
ãs. qo o.31oo 4. ooo
ã5. qo o.3loo 3, sqg
ã4. to o. 32oo o. 2ágg
ã.q. to o.33oo 1.8oozz so 0.3900 4.500
ãt', so o. 41oo 3. 2oo

".4 
30 0. 4BOO ó. 500

qs'. zo o. 5600 19. 50
50.80 0.5óOO ë. loo
4ã. zo o. s3oo ?.5oo
sã. ¡o o.39oo 8. 8oo

o.470!0
o.450ù
o.1600
o.2100
o. 2500
Ò. ?900
o.1900
o.2700
o. 2500
o. 2500
o. ¿500
o. e300
o. 4900
o. 4000
o. 8900
o. 5400
o. é400
o. 1100
o.1800
o. 2600
o. 3300
o. 4400
o.72QO
o. 8300
o. 4500
o. 3200
o.8roo
o. 5700

L O40
o. 5100
o. 5500
o. 3000
o. 3400
o. 3400

o 7400
O. '34ùC,o. i"oa
o. ósL-ro
o '5700O 7 sLìO
d TQOO
o. éooo
o. seoo
o. óóo0

t. o70
o. é400
o. 8700
o. 5óoo

1. O40
1. 210
l. o70

o. 4500
o.6200
o. 6soo

1. OOO
1. O20
1. 190
1. ó10

o.9¿oo
o. 7700
o. 9eoo
o.4100l. e90

r.200
1. O30

o. 6500
o.8100
o. 7 400

g r li ci:li
3 FAÊTR IDÇ
4 LOGJAII
5 gTRAWEEIì
ó DEADMAI{
7 JUDAS
8 I.JOLF
9 GRAVELWA

10 SroNY
I I I1AÊSHAL
12 BEAR
! 3 BURI.IAgH. 14 LOhlG',S
T5 DRY.
I ö ENGER
17 STAI{LEY
18 I1ULE
l9 STOr'{EH0u
20 I1URPHY
â1 GROUNOHI]
32 BACOr'J
23 180 HILE
?4 TIJIN
25 R I DDEI.L
?6 BOULDER
?7 tlAC ?
28 VA¡JÈORDA
29 BIG GOLD
30 CLINTONI THISTLE

0ENSOhl
JOLF E,El1
GRI¡ZLY

J UNNAIIED
Já BIG THIN

aGE 13 tsl1DP

L¡5T OF PRÉDICiED VALUES, EESIDUALS; AND VARIABLES (CONTINUED)

28 AGL
o.o
o.o
o.o
O. tj
o.o
o.o
o.o
rl al

o.o
o.o'r.t. O
r). o
o. ;:oooE-o t
o.o
o.o
o.o
o.2000E-ol

YUKON ; REGRESSION ANALYSIS

. ^c.tr 
VAR I ADLES '

. [ãseu 26 ArR 2Z 4U!-- -i sÞË¡rcEn o.34oo q.?qqqE-ql
à ËnËÈn- o. Tsoo q.?gqqE-ql
ã eÁñÍn rcc c. ??oc q. ?qqqE-qli r-oc{¡.crr- 

- o. zeoo Q. ?QqQq-qls õÍnÃleen o.6Qooz-ot !r'¡qqQç-q1¿ cÈ¡oitÃll o. 17oo q ?qqqq-ql1 Jvi1,¿ ç. eoooc-ol ? ?qqqq-ql
B úótF- o. óóoo q qgqqq-gl
i CñÀi.rst-'re o. 42oo q ?9qqq-qlÁ cin¡¡V- o. Tooo o.zoooE-ol
i iråãênar- c'.3600 g. qqqqq-gt
å nEÁã - ,1. soooE-ol g lqqgq qo
ã eúawesx o. ssoo Q iqqqq-qlã [óñò;5 o. rzoo q. ?qgqE-ol
i ññ:r- o. 3oooE-o I o. 19oo
Ã ËñcEn ù.4oooe-or q 11qg- -7 ëf¡i.uev e. esço o. ?ooaE-oL

NO

tJo
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0.80?1
o. 67ea

1. 135

91 LLONG 32 LLAT2.115 L.779
?. t76 L.779
2. LLP, L.77e
2. LL9 L.775
2. t?? L.779
2. 124 t. 7At
?. tze L.7et
2. 130 1.7A2
2. 131 L.7A4
2. 134 1.784
2. 138 1.7A4
2. t39 1.7e4
2. t44 1.788
2. t47 1.791
?. t4e 1.7?4
2. t4S 1.794
?.13ó t.77A
2. 135 1.777
2. 135 L.775
2. t24 t.790
2.124 L.7e7
2. t24 1.791
?. 120 1.7A4
2. 1 le 1.797
2. t le L.797
?. tt7 L.79A
¿.173 1. BOO
2. t?5 1.794
2.749 1.80ó
2. 746 1. eO9
2.144 1.800
2.142 r.807
2.141 1.809
2. 747 1. AO9
2.74r 1.413
2. t?e 7.779

23.7e
296. I
12.68

t5. 07
79. 02
11. 04

( CONTINUED )

A 47 LGRADB 48 LORADE 49 LCRADF 50 LRUGN
. l. eó8 1.481 l. ó93 -O. 198óE

-o. 5é35 t. 458 L.692 0. 1699E
t.seo 1. 131 1.5Aó -O.5340E1.452 t. 144 1.457 -0.5744Ê.1.384 1.345 1. 82ó -O.37981.616 r.293 1.616 -O. lO57
r.807 1.570 2. 15? -0.19991.232 t.696 2. O49 0. 12428

-o. ó14ó t.404 1.515 -O. 1ó81
t. o81 t.O4? 1. 1óB -O. t232-
r.423 t.262 1.538 -O. 1075
1.618 t.219 1.6A4 -O. t7l9o.8794 1. 508 1.880 0.3058
1. 620 t.246 L.634 -0.22331.239 t.707 1.9?1 -O.8505Et.162 1. é85 2.658 -O.3879
1. O31 1. 443 L.676 0. 6934Eo.6313 1. 153 1. 468 O. 1230

o. 8?54 1.370 L.790 -O.7747L OO9 1.531 L.7AC -O.2AÊ7t. o47 t.494 L.763 -O. e538
1. O50 1.37? t.652 -O.9018Et.oe7 1.26a L.47t o.7518Et.432 1. 145 L.460 -O. 89e4E
1.067' t.273 1.4A4 0.153ó

o.. 7797 t. 793 2. 700 0. 3933E
,. L.AO l. 3Aó I . A60 0. ¿75?E
1. O95 r.276 1. 512 0. 251 lE
t.379 t. 18? 1.393 -O.1e9¿
1. 4s4 I . ó55 t. 946 -O. I I 1.1
t.?37 1. ó3ó 1.8ó5 0.15471.403 1. 198 1.439 0. 170s0.9705 l. 404 L.774 0. 1 1 490.9263 1.178 t.376 -0.95778
1. 448 t. 8?8 ?.471 -O. LêA3o.56e? t. o43 1. 103 0. 5506E

-o1
-02
-o1
-o1

-o1

B. 439
28. 08
3.709

5. 348
7. 494
3.229

I

-ot
-o1

-o1
-o1
-o1
-o1
-o1
-o1

l. ó91
2. ó95
1. 861

ó1 LREL
3. 066
3. O52
3. O77
3. OlEl
2.904

34 GRIi:L\', 16.40 0.79eoE-o1 0.6000
35 UNilAhED {3. OC o. é'500Ë-0? o. 2596
3ó B I G I r{ I li 4. ÈOO o. 1371 0. 5444

PAGE 15 DMDP YUKDN ; REGREgSION ANALYSIS

LISi CF PF,EDICTED VALUES, RI:SIDUALS, A¡JD 'JARIABLES

-o1
-o1

óO LTCHL
2. to4
1. 610t. 661
1. €169
1. 519

I AELES
5 LCASFz 4ó LGRAD
o. al 53 t. 05ó
o.4765 -O.7969
o. eo73E-o1 1. oó4
o.2åo4E-o3 1. 138
o. ?239 0. 903ó
o. 4307E-O4 1. e93
o. 7767 1. 218
o.3814 0.8785
o.476A -O.72b?o.3052E-O1 0.9553
o. 4493E-O1 t. L47o.2073E-O1 1.153
o.4?64 0. 5074
o. 16478-02 L.232o.3óo3 0.95480.4707 0. 1898
o. 319¿ O.7979o.3a7L O.31éó
o. 4031 0.4747o.3696 0.7516
o.3473 0.7775
o. 3010 0.7696
o. 1e3é o. aa34
o. s309E-o2 7. Lt7
o. 21 10 0. 8559
o. 4ó33 0.4743
o. 79698-A7 7. ?06
o. 21 10 0. 4594
o. 16478-Q? l. rÉ.80.2492 1. tó3o.3122 1. OOA
o. TsraE-oz L. 762o.3s71 0. éó12
o. ??eL o. 77e2
o. 4305 0.8747
o. ?697 0. 5091

59 LBAL
I n--

1. O33
1. 188
1. 161
t. o25

58 LSTL
t.40e
1. 04 I
1. 267
L. 246
1. r46

VAR

-o1
-02

C ASE
I'IO. LABEL 44 LNASP

1 SPEÍ'ICER -o.2ds9
2 FREER - 1. 778
3 PARTR IDG -Q. 45768
{ LOGJAh -O. 4853E
5 9TRAT.JDeR -o. ?778
6 DEADMÁN O, O
7 JUDåS _O. L76L
8 r{oLF -o. 4357
I GRAVÉLIJA - 1. ¿53

10 sTor'¡Y -o. 5662E
I I TIARSHAL -O. 7058E
le BEAR -o. 457óE
13 BURtrAs-H -o. 5740
I 4 LoNç' 'g -O. 1223E
1 5 DRY -o. 3919
1ó ENGER -1. ozs
17 STANLEY -o.3259
18 mULE -o. 4491
19 9TO|'.IEHOU -O.4914
20 HURPHY -O. 4102
31 CROUIJDHO -O.3ée8
2? BACON -0. 3010
23 180 rlILE -o.'1908
?4 TWIN -o.?228E
25 R I DDEL|- -q. ?q6l
26 BOULDER -o.8573
?7 YtAÇ 2 -A.9994E
?8 VÂ|.{GORDA -o. 2có1
29 tsIç rl'lLD -Û. 1e238
30 cLINTON -o.2124
31 THI9TLE -o.315S
3? BENSOT{ -O. ?739e
33 WDLF ûErr -Ct.3e6O
3q GRIiZLY -O.3eiB
35 Ulli']Érl'lEJ -C. 5?25
3ó DIG THIN -Q.?â4O

Ç.,.-e VAR I ADLES
I.J-, LASEL 53 LR^I'¡I/- 54 LSlOBs 55 LELEV 5ó LAREA 57 LPER

1 Sper{cER Ç. 6021 -t.672 ?.93e ?. 19? 1.775
2 FnEER o. 177 1 -1. 4aó 2.954 1. 659 t.462
3 FAÊTRIDG 0.4777 -1.815 ?.94t 1.790 1.62?
4 LOGJAIT G. óLrZI -7.492 2.928 1. 945 1. 631
5 9TÊÉrIJEER C 4771 -1.óO4 ?.864 1.799 1.509

-o1
-o1
-o1
-o1

( CONT INUED )

PAGS 1ó SIIDP YUKON ; REGRESSION ANALYSIS

LigT C' PÃEÛICTED VALUES, EESiDUALS, ANO IJARIABLES

-o1

-o1
-o1

-o1



3. O81
2.974
3.137
2.9A7
3. O99
3.129
3. OO9
3.276
?.968
2.975
2. A64
3. O52
3. O40
2.796
3. O58
2.954
3. OS7
3. O75
?.901
3. O7A
2. 833
3. 04ó
3. 139
2. A20
2.geo
3. O44
3. 09l
3. lo?
3. 091
2.923
3. 186

2. l58
2. Ogc/
2. 115
1. 255
1.344
2. ILL
L.674
2.252
1. 8óO
2. 07?
L.373
1. 894
1.431
1. OéB
1.708
1. éle
L.602
1.906
t.663
1.800
2. t3A
2.244
L. A27
L.6A7
2.224
2.424
2. O24
1.843
1. 334
2.234
L. 423

1.479 1.375
1. 509 l. 367
t.62C 1.452

o.9777 0.913S
1.t46 1. 111
1.455 1.352
1.322 1.207
1. 43ó f.358
t. 407 l. 212
1.114 1.322
1. 149 t. o79
1.255 t. 176

o.7404 0.80é2
o. 8921 0.7634

1. 283 t. ?20
t.130 1. 100
t. 167 t. 167
1. 114 1. 149
t.?25 L O41
t. 176 1. 1 40
1.238 L. 764
1.58O 1.352
t.290 t.204
L O2l ' 1. OOO
t.436 l. 3e6
l. 484 1.367
1.3ó2 L.zAl
1. 1?3 1. 149

o.9542 l. o4t
1. óO2 1.391

o.90a5 0. 9590

66 LSTF ó7 LRELRA ó8 LSLOPE 69 LBIRA 70 LHYEI:o. ãeeo -1.?66 -L.478 o.6730 -o.3a7?
-o. ãoro -o. ieig -t. ?r s o. s31 s -o.27s7
-o'. aàzi :i. i io -1. só5 o. 662e -o. 4?9?
-o. s¿¿e -r. iqs -r. 457 o. 6325 -o.42oz
-o.7çsc -i. izi -t.602 o.3o1o -0.387-?
-o-.¿zza -i:ãi3 -1.ó1ó o.6s32 'o.3q7?
-õ. ¿oai -i. 5ç4 -1. ea3 o.6t4e -o. s22e
-o'.sait -i.ãtq -1.óó8 o.só82 -o.3éé9
-o.1ztz -o.s1zo -1. o3e o. óozt -o.3922
-õ. s¿e6 :i. õtã -1. 137 o. 5441 -0.2ç24
-o'.EozI -i:ãiB -1.4e3 o.s224 -o.34óq
-ó. Àoãi -i: rát -t. 664 o. sl le -o. 4e9q
-ó. laTi -i. oet -1. 4s3 o. s7t7 -o.4þes-
-o. Àces -1.¿4q -1. ó33 o.6767 -o. 4318
-o. ãoçe -1.i47 -t. 631 o.674" -o.7447
-o'.ászi -i. ãts -2. Le7 o.57ea -o.76eb
-o. SootE-or -i. izc -t.3s7 o.62a4 -o. 3qlq
-o'.¿dzo -o.ztíz -1. o8o o.4265 -o.4948
-o. tçce -o.sd¿a -1.3a7 0.77A¿ 'o.z??t
-o. çse¿ -i. iE¿ -1. 41e o.4771 -O.30e8
-0..7442 -t. iqa -r.4t6 o. ë53? -o.3reg

1. 845
1.818
t. e78
t.32?
1. 484
1. 83?
t.623
1.844
t.704
L 863
t. 597
L.602
1.272
L 176
1.724
t. 55ó
t. 562
t. 694
1.585
1. s82
t. 604
l. aóo
1.686
1. 480
t.823
1.820
t.721
t. ó23
L. 477
r.457
t.412

2.344
2.263
2. e38
1.4t2f. 5ó3
?.346
1. 855
2. O52
2. 137
1. A27
t. e76
1.350
1. O37
2. Os3
t. a23l. 749
t. 907
r. 654
t. 724
t. 931
2.263
1. 943
1.694
2.322
2. 318
1.945
L B30t.522
2.346
1.553

?. a37
2. 873
2. 855
2. A¿4
e.855
?. Ba6
2.807
2.9?9
2. e36
3. 836
2. 855
?.939
2.939
- ó7<
2. A99
3. O40
3. 021
2. SO7
3.170
?.93e
2.959
3. O4t
2. 836
?. 855
2. 505
?.541
2.836
a. 939
2.96A
e. 954
2.827

o. óO3l -1. ô93
o.,5Q2r -2. 086
C. 6O?-t -1.772
o.30to -1 034
û.!771 -1.175
o.6Q?L -1.514
o.4777 -1.7BO
o. óo21 -7.42b
o. óoat -1.767
o.6ozt -1.662
O.6O2t -?.167
o. t o?l -1. 44O
o.4771 -1. O8O
o.3c,10 -1.374
o.4771 -7.494
o. 477 I -1. 64ó
o.1771 -1.625
o. 477 1 -1. 245
o.477r -1.398o.60?L -1.465
o. ao21 -1.562o.6027 -e. 102
o. óo21 -1.339
o. óozt -7. 479
o. óo21 -1.777
o- 6990 -1. ó5ó
O. óO21 -7.421
o. 4771 -7. 40e
o.4771 -1. o9a
o.6021 -?. Le7
O.4tzt -o. 8630

BI.IDP YUKON ; REGRESSION ANALYSIS

PREDICTED VALUES, RESIDUALS, AND VARIABLES (CONTINUED'

-ot
-o1
-o1

LBSHz ó5 LDRD
1. 359 -o. 8ó198t. 266 -o. 50ó18
1.4¿8 -o. 13081.317 -o.757?et. ?t7 -o. ee.10
7. 346 -o. 1e71
1. 372 -O. 17391.518 -o.1249
1. 233 -o. 1 549
r. 405 -o. 2218
1. 332 -o. e3ó6
1. 493 -o. 1€o5
1. 4t-6 O. a93BEl. 363 -o. 1938
r. 5e9 -o. 6048E
1. 3óó -O. 2518
t. 3aB o. I 703E
1. 193 0. A279e
1.315 0.2938E
1. 396 -o. 3468
1. 2A9 -Q.2076

DE/rDliAN
JUC.A5
IJOLF
GRAVELI,JA
STON r
IIAF.gHAL
OEAR
DURWAgH
LONG'S
DRY
ÉNGER
STANLEY
IIULE
STONEHOU
MURPI-i\'
GROUNÛHO
BACON
180 11 I LE
TIJIN
R I DDELL
BOULDER
MAC 2
VANGORDA
B Iç COLD
CL I¡¡TON
TH ISTLE
BEN9ON
WOLF DEM
GRIZZLY
UN}IAI.lED
BIG ÍHIN

L

Þ
I

10
11

13
l4
15
1ó
t7
18
t9
20
31
2?
23
2jt
25
26
27
28
a9
30
31

33
34
35
3á

PACE

-01

-o1

-ol-ol-ol

64
VAR IABLEg

62 LASP ó3 LBSH1
2. O45 -o. 4ó85

o.477r -o. 4089
e.zto -o. 5850
2.3óO -o.?76e
?. 400 -o. e51B
2.255 -o. 4089
e.3ao -o.4685
t. e?o -o. é576

o. to?r -o. 4202
2. 19\' -o. 657ê
e. 1e5 -o.346e2.210 -o. 5528
l. ¿.el -Q.4948
2.243 -o.3764
L. E/.3 -o. 508ó
2. 535 -o.3279?.439 -o. 4415
t. Aoó -O.259ót.763 -o. 494e
l. e4S -O.3A72
2. 45a -o.376e

L7

LADEL
SPENCER
FREER
PARTR T DG
LOGJAIl

LIgT OF

C A5E

9TRAIJE ER
DEADITAN
JUDAS
HOLF
GRAVELWA
SÌONY
MAR9HAL
B EAR
BUFI.JA9IT
LONC'9
DRY
ENGEE
STA¡.ILEY
¡TULE
9TOT,¡EHOU
MURPHY
GRC-;I.JÛHO

NO.
I
?
3
4
5
ó
7
IJ
9

to
1t
t2
13
t4

ló
t7
18
19
2Ò
1!



-o. 4559
-o. 4948
-o. 4559
-o.3372
-o. 34óA
-o.376e
-o. 3óó5
-o.4202
-o.3979
-o.2007
-o. 34¿8
-o. 35ó5
-o. 2840
-o.2007

o.6232
o.4472
o. ó839
o. 6ó09
o.733&
o. 501 1

o.4q28
o.536&
o.6454
o. 23AO
o.7s¿4
o.5441
o.5717
o.4265

v. vevv L' vt 
'4ao o. o -ó: ¿Eiq -t. oza -)'?77

3i; ó. ð¿ooe-oz -o. eslq -i. tag -1'lss
4¡o ö:7555E-o1 -0'.14¿7' - -t.oëz -l'q73
àii o: äõ68 -- -ö. eoÞze-or -i. csz -1'936
ãsá -o. r77ãe-or -o. ã4¿c- -- -i.qqq -\.Zeo
ìäË -ó: ii35- -' -õ. ãç4e -i. o¿a -1'?o1
äZZ -o'. Êt?1qe-oz -o'. Çisãe-ot -r. reo -l' 9e1Zä4 -o.ÇiszË-oÏ -ó:¿141- -- -i.+o¿ -\'Þs7
ããi o: i iõ¿- -- o. lzqce-ol -1. 329 -1' qs3"qÇ) o.7çiee-ot -ó'.àc?4- -- -i. tço -l'131
iíL o. i åèõË-oi -õ. ãqie -t ' o47- - !' 9s7àää -o. iã7i- -- 'o'. saZl -o. esoq -l' !48ã¿ã -õ. Çí3ãe-ot -o. 4çÞq 't. q67 1.2'-o4Lá7-t -o: íåó8- -- -õ.'i¿85 -o.zzct -o' 8333

LG2
. o72
7 t60
89.21
707 6
3979
. 114
6021
5441
5850
2553
6532
505 1

a729
.2SO
7853
3?79
9445
3424
ó990
.176
9138
9138
875 I
ó435
. 107
.279
.30 1

505 1

ó335
99 t2
. 352
.415
. 146
aoa2
. 100
tqqa

LG
.o
7l
B9
70
39
.1

79
1

o.
o.
o.
o.

1
o.
o.

-o.
o.
o.
o.
o.

I
o.
o.
o.
o.
o.

t
o.
o.
o.
o.

1

I
I

o.
o.
o.

I

1

1

o.
I

o.

LPRECIP 78 LINTENS
1. e3ó -O.4eO2
t. 836 -o. 4089
t.766 -O. 4089
t.7t7 -O. 4437
t. 551 -O. 4944
1. 551 -O. 4685
1.409 -o.508ó
1. 405 -o.508ó
t. 382 -O. 4948
1.3a2 -o. 4815
1.446 -O.4049t.446 -o.3a72r. 535 -O.318e1.660 -O.2518t.706 -o. 2518
1.635 -0.2737t.727 -O.40891.803 -o.3a7?_l. e3ó -o.376et.672 -O. 4203
t.706 -o. 4202
1.706 -o.4202L 660 -o.3768t. 7 L7 -O. 2757
t. 7 17 -O. ?757
1.747 -O.25tA
t. 794 -O. 1938
1. 551 -O. 494e
1. ó35 -O.3764
L. 706 -O.2076t. 446 -Q. 4437
r. 535 -O. 4ó85
1. ó35 -O.4049
1. ó60 -o.3768
1.609 -o.3148
1. 405 -o. 441 5

77LAGL
o
o
o
o
o
o
o
o
o
o
o
o
8600
o
o
o
e600
49?2
o
o
o
o
o
o
o
o
4321
o.
o

o
o
o

o
o

76
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.

o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.

.( ,.jì

-o2

-02
-o1

600E-

600E-
9?28-

75
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.
o.

ABLES (CONTINUED)

LATR
127 I
2430
89908.
1 106
253 I E.
ó8 I 98.
3743E.
2201
1523 '
2304
1 335
2r 198
I 903
ó419E
I 2e4E
I 703E
2900
2ALO
3010
127 7

19EJ7
2405
e6368
21198
7S7AE
4139E
--aQ
8990E
7 LAAE
2531E
aéooE
2405
¿765
e900
?a78
7 673

v v JÉs
:: !.rvur.

ãã ïso-iìruE ?. Qa4 -9 ?8-7?ãí iúir.. '-- r. ã:¡ -q 191q
ãs r" ròoeuL ? rj'iÞ' -9 l9??ã; 'DoúLõEñ á sas -q ??21
ã; úÃð-ã- ? ?1A -o. 4437
ãå *.iÄircõnoa a 5çã -q 1ÉCl
ãõ È t'C-colo e. zaz -q qq29
ãci õùiruiõñ a. o13 -9. 1!?7ãi iFîsruÊ i. qzd -q.f?q?
ãå ÉËñ5òñ- 2. zza -9 ql?g
ãã wõLË-oer i. e¿ç -q'féP9
ãõ ôñïzz[V z. occ -9 ?f?q
ãË üññÃ¡rËo l. r-o= -q. 1919
ãã õ'iö ïÈi¡t r. ççr -o. 36ó5

-o1
-o1-ot
-o1

ATR
271
430
990
106
531af9

CfrgE VAR I ADLES
No. 

"[ÃeeL 71 LHYPc ta çÇl¡qr 7Q !G,EAqa-- 74''"i EÞËñceR -o. o'iç'a- -Q.qlqqE-oz -9. !1??q-Q? o.
å ËiìËËR- -o. ãå¿Ã Q. 1!19!-ót a.?tþ7E-9\ o-
ã þÄñÌä¡oc -o. ¿iõÉ -Q: qqqqq-o! -q' 11lqq-ql o'
i Lôôi;ìÉr-- -o: 5åtã -Q. qa4f q-ol -o' 1543E-or o'
3 5inÃween -o. qÞqe -9.!qq?E-ot -q. 399?g-q? o-
; õÈÂijÍÃñ 

. 
-o. sfiZ -Q.?Zç1e--o1 -9. 1q61E-q1 o.

i iüôÃË 
- -o'.1-4îi -o. eeó3E-oz -o' 22t54É'-o? o'

s iiótË- -o. sài2 Q.912-qe--oz o'e7þ?E-9? o'
Þ ðñÃivEuwn -o: -õeð q. +e11q-ot q'az?4q-ql o.

ró öiöñV*"" -o'.áói6 -9.1!99q-or -o' 3o4oE-or o'
ii ÉÅñEuau -o. sõåé -g: ?1!lE-ol -o' l26oE-ol o'
iå ijËÄñ - -o: õiB¿ -Þ.?etçq-or -o' eo4oE-92 o'
iã õüäiìaes -o. eããÞ 9.??1ÉE-o1 9. !9198-91 o-
iã üöñô;Ë -o. 5õã¿ -9. ?9jgE-ol -o. loleE-ol o.
iå õñç- - :tlááá 9'2æse--oz o' 2e43E-o2 o"
1ó ENGER -r. i35 g.?1þLq-ü 9.2ê9!E-Q? o.
ii ElerìLEv -o. zåçã 9. ?a578--oz 9. tÞ!7-E--Q? o'
iE nuLE-, -ó.5é5ö q. q14eg-o1 g. lÞ99q-q1 o'
iõ 'sîõñExou -o. áãoe g.zyqq-ot s.?3??E-q? o.
åó úuãijiv-- -ó: ãiõ8 q. tqlcÇ-ot o' sóoeE-oz o'
ãí öñcu¡ip¡o -o. áâÃe o.6e36e-oz Q' 37teE-oz o'
ãå ËAõóñ- - -o. éE¿s q.g.--- o' o o'
ã5 iijõ,-iìrrE -o. ãìeB -q. 1Éq7ç-o1 -g' 4!qeE-qe o'
ãì ir:Í¡r"'-* -õ. ÍÇsç -e ??4þq-ol -9. !931q-q! o.
ãË åiåöEr-l -o.zsés -q. lf19q-o1 -o' a774e-oz o'
ã; öoú10eR -o. såð3 q lz:99-o1 g.q?89q-q? o.
-a Ht.r . -o Á1.7.í -o. l7soE-ol -o. 58158-02 o.
ãÉ r;iiirðno a -ó. É-oáí -9 \27\9-o 1 -o' eleeg-oa o'
ãi È'iC"õcto -o.láli -q ??!!q-ot -0. t7elE-g! o'
ãó õr-i¡¡Íõñ- -o. ¿5ï¿ -q ?qq?q-o? -o 1e5ee-o2 o'
ãí iFisrIE -o. seso g !qqlq-o? o' óso6E-o3 o'
ãå oË¡i5o¡r- -o íé¿i -q.?q1?q-c1 -o. lóroE-or o'
ã5 wñLË-oe,r -o. )1is g l?Ê9F-o1 o' sez3E-g? o'
ãã ônl!:[V -ó.Sóso -q l??lq-ot o' 42þþq-9? o'
ãi úi.¡¡'.r¡r¡ão -o. ái¿e q. lqlzg-ot o.77"78-9? o'
ãÃ õ'ic inrru -o. íelã -o. 1o33É-ol -o. aeslE-oz o.

E-02

f*"1o,'n,,r,,,'t*

-ot
-ol
-o1
-o1

; REGREgSION ANALYSIS

RESIDUALS, AND VAR

-o1
-o1
-o1
-o1
-ol-ol
-o1
-02

PAGE 18 BMDP YUKON

LIST DF PEEDICTED VALUEg'
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PAGE 19 BIIDP YUKON;REGRESSION ANALYSIS

LIST OF PREDICTED VALUES, RESIDUALS, AND VARIABLES (CONTINUED)

83 LO20
t.470
1. 061
1. OO9
t. 217

o. 832s
L. 77A
1. 255
1. OO9

-o. 1308
o.7924
l. o72

o. 8573
1.3e9
L, 447
1.519

o. 591 1I. 447 :.

:o.633s
o. 9345

1.. 544.
l¿:'29O
l:290

" L. O72
o. 9912
l. 389

'. 1. 55ó
..11. óó3't. o29
o. 9395

1, 389
L. 740
1. e26
1. s56
7. 275
1.633

o. é812
PRECED I

CASE VAR IABLES
No. aÃBEL al LGs 82 Lqlo' 1 SPENCER L. 279 1.380

à rnÈÈn o. a8ós o. 9823
5 peninroc o.9542 o.9823q r-oc¡am 0. 9445 t. o97
s SiRAT.JPER o. óo21 o.7LþQ
Ã pEaoxa¡¿ 1.455 1. é33
7 JUDAS' o. 9243 1. I 14
8 WOLF o.77A2 0. 9085
9 CRAVELWA -0.3565 -O. 236ó

10 sToNY o.60?t 0.7482
1 1 FARSHAL o. 8ó33 0.9731
12 BEAñ 0.7076 0.7924
13 BURTJA9H l. o97 1. 255'14 LONO',S 1.371 1.415
15 DRY 1. 14ó L.342
1ó ENGER 0.5315 0. 5682
17 STANLEY .1. 196 1.332
18 Þ1ULE 0.4771 o. 5563
19 STONEHOU O.8195 0. e808
20 HURPT-|Y l. 362 .L. 462
21 GROUNC,HO 1. 1O4 1.204
22 BACON L. to7 1.204
23 180 ¡1ILE 1. OOO 1. O41
24 TTJIN 0.80ó2 0.9031
25 RIDDELL 1.243 1.322
26 BOULDER 1. 41s 1.491
27 tf AC 2 1. 477 l. 574
2S.VANGORDA o.7634 0.9031
29 BIG GOLD O.7es3 0.e692
30 CLINTON f. 161 l.?79
31 THISTLE 1.55ó 1. ó53
32 BENSON 1.613 1.732
33 TJOLF DEH t.371 l.46?
34 GRIZZLY 1.OOO 1.114
35 UNNAñED 1.371 1.512
36 gIG THIN 0.4548 0.5798

PROELEI'INUI1BER OF INTEGER TJORDS OF STORAGE USED IN
CPU TTI{E USED 13. EOE SECONDS

PAGE 20 BIIDP
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PROGRAI4 CONTROL INFORIIATION

¡TO ÍORE CONTROL LANGUAGE.



PAGE l9 BIIDP YUKON ; REGRESSION ANALYSIS

LIST OF PREDICTED VALUES, RESIDUALS, AND VARIABLES (CONTINUED)

N0.
I
2
3
4
5
6
7
I
9

10
11
L2
13'14
15
1ó
l7
18
19
20
-1
¿¿
23
24
25
26
-1
2A
29
30
31
32
JJ
34
35
3ó

CASE
. LABELABEL

SPENCER
FREER
PARTR f DC
LOGJAM
STRAI^JDER
DEADI.íAN
JUDAS
I.JOLF
GRAVELWA
STONY
IlARSHAL
E EAR
BURIJA9H
LONG'S
DRY
ENCER
STANLEY
MULE
STONEHOU
I,IURPHY
GROUNDHO
BACON
180 t1 ILE
Tt.I IN
R I DDELL
BOULDER
ñAC 2
VANGORDA
B IC GOLD
CL INTON
TH ISTLE
BENSON
I.JOLF DEM
CR IZZLY
UNNAIlED
BIG THIN

VAR I ABLESal LGs 82 LC10
L. ?75 1. 380o.8a65 0.9823o.9542 0. 9Ae3

0. 9445 7. O97Q.60?t o.7t601.455 1. é330.9243 1.114o.77A2 0. 9085
-o.35ó5 -O. 23óóo.602t o.74A2

o. 8ó33 0.9731o.7076 0.7924
7. O97 1. 2557.371 1. 415
1. 146 1.342o.5315 0. 5ó82t.196 1.332o.477t O. 55é3o.8195 0. e80a
1. 362 .t. 4621.104 1.204
L. to7 1.204
1. OOO 1. O41o.8062 0.9031
1. ?43 1.322
1. 415 1.4911.477 t.574o.7634 0. 9031

o. 7es3 0. e692
1. 1ó1 1.279
1. 5só 1. 653
1. ó13 7.732t.371 L. 462
1. OOO t. I 141.37t 1. 512

o. 4548 0.579e
',lt '

NUIIBER OF TNTEGER I.JORDS OF STORAGE USED TN PRECEDING
CPU TIñE USED 13. EOE SECO¡{DS

PAGE 20 DIIDP

BIIDP2R - STEPIJISE REGRESS ION

JULY 3, I 984 AT 77: O I : 40
PRGGRAM CONTROL INFORIIATION

¡TO HORE CONTROL LANGUAGE.
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SI{ALLEST LARGEST
STD SCORE STD SCORE

-1. 4525 1.5547
-1.3776 2. O2A4
-e.3359 2.25LO
-2. 4508 3.3799
-L.3769 l. esóO
-1. B?84 1. ó498
-1.5027 2.441?_
-1.7a44 2.1232
-L.2?O9 3. Oó41
-7.A076 3.1041
-1.654A 2. t6A3
-1. 2508 1.7l4e
-1.7666 2.3A37
-t.5s92 2.719?
-1. 59e1 3. OOSA
-1. 4ó65 2.69A0
-1. 3335 3. O3A2
-1.?6a2 3.952r
-?. oeâ4 2.3?L4
-2. 5168 ?.7767
-7.70e4 2.300q
-1. 5ó94 2. 4139
-2.2ç143 3. 2339
-1.2223 1.7620
-o.7160 4. d673
-o.23?O '5. 6642
-1. 4q96 1.796e
-1. 1978 2. 4139
-7.2eO7 2. óeO3
-1. 2e81 2.67ç0
-1. 305ó ?.7"64
-1.2903 2.7470
-7. ?¿17 2. ê957
-1. O83t 3.7405
-1.9215 1.485?
-1. ?507 1. 7 t4g
-1. ó343 2. 0775
-1.3389 3. 0785
-1. Oó90 3,257e

.r :jtt : !.11:t :a ::f t : a a l.:¡ : :::: Í.ar. :a.al!:L::|. :a!:. ?ç1/!!n

LARGEST
VALUE

140. 8000
64. 9500

5. OOOO
14eO. oooo
?22. OOOO
75. 5000
42.6000
2A. 3000

2ó8. OOOO
1890. oooo
343. OOOO

o. 9986
o. 5600

34. 8400
1.6100
1. 0400
o.17t9
o. l4óE
ó. 50co
o. é300
o. 7300
o. t r80
o. 0913
1. OOOO
o.1900
o.1200

ó8.60@
o. 6400

2ó. OOOO
28. 5OOO
4t. oooo
54. OOOO
67. OOOO
o.1371
1. OOOO
2.9946

t9.6464
64. tO?6
79. 0234

gKËI.INESS KURTOSIS
o. looo -1.4433o.4437 -1. Oó24

-o.3970 -O.3246
o. 5óó4 2.9998
o.63óó -1. 0260
o. 1382 -1. 1965
o. 73t r -o.3255o.22A3 -O. 99ó3
o. ?795 0.4174
o. 4903 0.8?17
o.3993 -O.7395
o. ?ooó -1.3090o.33e7 -O. t77¿
o.5883 -0.2733o..79A7 0. 3500
o.79e3 -O. 0470
1.3667 l. 9ó34
1. 8Aóg 4. ó591
o.3027 -O. O82a

-o. ?37e o.6272
o. 3ó45 -O.5377o.5487 -O.4S7t
o. 8355 t.7347
o.3766 -1. 3819
?.5679 ó. 4865
5. oóo8 25. ó125
o. 0977 -1. O4ó5
o. 831 ! -O.4266o.9a7¿ Q. O19l
o.9790 0. 016A
o. 9443 0. O1óO
o. e763 o. 151 r
o.98e4 0. ló38
1.8159 3. ó373

-o. 1349 -1. 0107
o. 200ó -1.3090o.2024 -1. O9A8
t. o37t o. 71gt
t. 3A42 1. 5e40

EFFIC IEÍ..IT
VARIATION
o. o2¿o4e
o. 025932
o. 185400
o. 246350
o. 647733
o.371é45
o. 47906?
o.358139
o. 7059AO
o.23ó163
o. 5922?t
4.29t79t
o.224677
o.222166
o.296??7
o.510440
o.4134e?
o. 662242
o.27ro9e
o.235e21
o.4a3779
6. 39803ó
9. 1 5475e
o. 77Q307
1. OrE590
4.3098ó2
o. 304429
o.277e33
o.757191
o. 7525eO
o.747127
o.749330
o.76575ê
o.755770
o. 505252
o. 3ó565ó
o. booT?o
o.737613
o.56?7?4
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I

co
OF

9TA¡JDARDÎIEAN OEV I AT I ON
35. 3199 3.5?49
61.7043 1. óOO1
3. 5e78 0. 6540

07. 581 1 198. 9479
oo. BoEz 65.296e
4b. eQ27 17.394c
19. ó3éO 9.4069
16. oó94 5. 7551
e4.7?49 59.8141
90. 5535 257.54AA
50. 1óó5 6e.9317
-o. 1570 0.6739
o.3647 c'. oet9

24.2t?6 5.379?
o. es17 0.25a3'
o.4375 0.2233
o. o7&o o. o314
o. 0406 0. 0269
3. 98ae L. 0797
o.4767 0. 0980
o.345ó o.167?

-o. ooÐ2 0. 0523
-o. oo32 ç. o2q2
o. 421 4 0. 3284
o. o3á9 0. 0376
o. oo47 0. 0204

44.3443 13. 4997
o.4194 0.0914
8. 5822 f-. 49e4
9.44P7 7. l11l

13.5719 rA. O5e5
17. 5105 13. 121 I
2t. e'549 16. 743?

o. o35e o. o27 t
o.5713 0.2ee6
1. e43O C). 6739
a.73e,5 5. ?500

19.59e9 14.4564
?7.ê77e 15.57r5

P AGÉ 3 BI1DP

VAR I ABLE
NO. NAIIE

3 LOI'IG
4 LAT
5 RAI{K
6 ELEV
7 AREA
8 PER
9 STL

1O BAL
r 1 TCHL
12 REL
13 ASP
I 4 cAsP
I 5 BSH1
1 ó BSHz
17 DRD
1A STF
I9 RELRA
20 gLOPE
21 EIRA
22 HYPI
23 HYPC
24 GRADl
25 G'RAC,2
26 ATR
¿7 ALll
28 A6L
¿9 PPEç I F
30 INTENS
31 0a
32 GllA
33 05
34 C10
35 C20
3ó 51085
37 i¡ASF
3E CASPE
39 GRADh
4O GRADD
4 1 GRADE

I

I
I

10
I



lI . 6?64
3. ?t7Í
O. b'6Lr6
1. 445ó
1. O501
1. 3403
2.3531
2.9753
2. 3s30
1. 5387
2. OOLì2
1.8231
J ))1q
2. 3939
1.3944
1. 3464
1. 80óó|. 6364
1. 8575
2. ?993
1 . 100ç'
1. 983e
2.27A8
2.36t9
1 . 8912
2.346t
2.3222
1. 8415
1.639C
1.5153
2.3254
3. 1380
1.61t4
3. ?848
5. 647A
1.5001
2. 1551
L. 5A24
1.5ó15
1.5715
1. 5475
r.5657

.i: GnADF :'Cì. cioó.¡ r-)3 5-e34 1. 17Q309 3. ?7?e 11.2914 12.6757 454. 8154 -O. 7c'li
1a nurcrq r_r .¡-]rtÇ ').34 14 O. 3ó9443 O. ?619 1. 01'58 O.4094 ¿. 0223 -1.51)76q¡ LñASF -o. 35â5 0. 4095 -1. 1ó1925 -2. 0936 4.2954 -1.77Ê2 0. o -3. ¡l8t I
4s tceÈpa o. e3s4 o. tþzt o.7oì7o4 -o. !é?{ -t.442a o. oooo o.47ëe -1. 4088
4L r_cnÃl:¡. O. 79EO O. 47 17 O. 591075 - t . 9443 3. 9423 -O. 7969 1. 2933 -3. 3e 13
qi ucn¡t:u 1. ttg8 o.5lzó o.457745 -1. e933 4.1e29 -0.6146 r.8oó9 -3.38?7
ìS Lcn¡óe l. 3EsB o. ?17S o. Ls6e77 o. 4434 -O. 2139 t. 0424 L A97A -t.57A7
4i ÙcaaLì;' t.7077 0. 3!e3 0. rBáeB6 0. 81{l L g40ó t. lo30 ?. ê57a -1. 8?38jo tnucru -o. oé1ó g. 1s62 -2. s345ó5 o. o?os -0.3719 -o.3479 o.3ose -2. oEe3
si ruor'¡c ?. 1312 q. 9¡ 13 O. OO53O4 O. 07þþ -1. 119é 2. tl46 a. r48ó -1.4êA4
sà r_uer t.79o? o. o!12 o. ooó?59 o. 4133 -1. O9s3 1.7743 L.el26 -1.3970
55 tne¡rn o. ss?4 g. 9q7s o. t6?216 -o. eq?g g. ógé1 q. 3o1o o. óe?o -2.7e45
5¡ tsroes -1. 5487 g. 307e -o. t9a79t -o. 129s 'o. ló18 -2. lETl -O. e63O -2. 0733
5s tEuEv ã. eç5q o. 1157 o. o3ee7ó -r. oó17 g.!¡99 z. qqqr 3. 1703 -3.3s64
5¿ UÃnEa 1. 9035 q. 3!76 o. 1é644ó -O. 4444 -O. 2230 t. 0374 2. 3464 -2.7270
51 tÞen 1. ó374 9.L7e7 o. 1O?13r -O. 556e -O. 311q t. 176l t. A77S -2. s815
58 lsrl r. ?44O o. 2133 o. 17146A -O. L7?9 -0.6047 O.74O4 l. 6?94 -2.3612
5e t_ner_ t. t7ê3 g. !é83 o. 143o9s -o.47?7 -o.3803 0.7634 1. 4s1s -2.4s3o
ãO ùicxr- 1.81ó6 o.32sz o. 181239 -o. 2103 -O. 8419 l. 0682 2.42Al -2.273t
¿i uREr_ 3. O¿57 o. 1045 o. o34s44 -O. ?e7_! -o. o9oo ?.7959 3.27¿5 -2. L9A7
b" aÁsp e. 0.180 0. 44?6 0.2t6r29 -a. oó90 4.7859 0. 4771 ?. 5353 -3. 5489
Ã- uesnr -o.44Ee q. oee4 -o. ?21372 -o."?Q? -o. ?64 -o.6s76 -o. zsle -2. Looa
¿¡ [Bsxz t.373e o. oe4s o. o6a776 o. 1ó?3 -0.7394 1. 1e34 1. 5ae3 -1. e1O6
Às Cono -o. oB73 g. le4s -1.4?â31 I o. ¡ÉéB -q.éqlE -o.34ó8 o.2o6a -2. oe35
66 Lsrr -o. 4148 O.22A4 -O. sso4Bs -O. 1861 -O.6397 -O. 958ó O. Ol70 -2. 341 I
61 r_neune -r.1so4 g.!ê4o -o.142sss o. QegÉ -o."?st -1.4672 -0.76ô7 -r.?32o¿e LsLopE -L.4723 0.2752 -O. 146907 -O. 31ó? O.4347 -2. lATt -O. 8333 -2.5975
ãe us ¡ne o. sa37 o. 124s o.?:32o7 -o. s6EB 9.+8?2 g. ?38o o. 812e -2.7776io Lxvpl -o.3e41 0. 1180 -O.2994A2 -1.3s21 2.60C6 -0.7696 -O,2007 -3. 1811
7t LHYPC -O. 5??7 O. ?547 -O. 4A7371 -O. 891 5 O. 4793 -1. 2e18 -O. 1367 -2.744572 LGRADI -o. oo41 0. 0?26 -5. 461S19 0. 453e -O. 6371 -O. O41 1 0. 0484 -1. 6328
73 LGRAD2 -O. OOló O. O12ó -8. 034419 0. 7031 t.4A2t -O. 0304 0. 0379 -2.2A9A74 LATR o.14t7 0. o9E9 0. ó98190 0. 1981 -1.4888 0. 0086 0.3010 -1.345375 LALrl 0. 0155 0. 0151 0. s7?71e 2.47e6 5.9488 O. OO43 0. 0755 -O.74t376 LAGL o.oo20 0.oo84 4.257e74 5.O21t 25.2479 0.O O.0492 -0.234977 LPRECIP t.6257 ri. 1404 0. 08á345 -O.3325 -1. rl4U 1.3820 1.83á3 -t.73637A LiNTEN9 -O.39¿6 0. OA95 -O. 23138? .O. s4eó -O.8185 -O. 504ó -O. t93e -1.364279 LCa 0.7933 0.3979 0. 50151ó -O.97ëe 7.8¿A9 -O. 5A50 t. 4150 -3.4b43ao LGHA o.8366 0. 3959 0.473241 -O. 9450 t.4979 -O.3376 t. 4548 -3.470931 Lcs Q.eea? 0.3??3 0.393718 -O. e7+1 1.7e85 -O.3565 l. éreB -3.4488ez LOIO 1. to41 0.3958 0.35e4s1 -O.931ó 1.5517 -0.2366 7.7324 -3.3e7583 LC20 t. r94L ç.4036 0. 33eOOó -O. 8535 l. lóó9 -O. 130e t.826t -3.2Ê25

REL
t211

TCHL
to

BAL
I

STLPER

NÐTE - KURTOSI9 VALUEg çREATER THAN ZERO INDICATE A
DISTRIBUTION t^IITH HEA\/IEft TAiLS THAN NORI1AL
O ISTÊ I DUT I ON.
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ELEV AREA
6

1. OOOO

LAT RANK45

l. oooo
o. 30st 1. ùooo

-o. o4e1 -o. ?674

CORRELATION MATRIX

LONG
3

3 l. oooo
4 0.4045s o.23356 -o.5255

LONG
LAT
RANK
ELEV
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ĥ

^ I

I

c
F
f
ó

Lbq

îr
-lt,

-.*t'g ?r!L:5-

w.l
9rl
btl
oL.L

*z
1.1"¿

V+
ilf

r-rt
uL'b

ot

b

I
à
1
t
,
t
'1.

I

)J'sôJ i*.¡O-Etg "q 
vr\ô c"cnJ B*'o'* q¡ 'r'\^^tt!53

Er'o
ît.e
Lg.o

s1'Ò
þÈo

9to
tr'l
8t,l
9E'r

'tz'L

otsn þtlÓ

>r9?2 i

h'lLËgl

"Lt*'ttql



#F't'=f\¡D A i{

FI_{f ÜD-FFE{f LJE[\lCY
clJR\.,¡E=



t- ) vv
t
t

".*6ryT__
I
i

f-.-- -*---õ'bl -_-
I

f--- -* o-ç1'-'

e.bL
¡v>[r OL

I
(

?'\

3^5

9't

fvvr'l I

itt ú

7'

E

'Stto''\

'oo,¡ä (\>ñIå¿

I

'o3-Ivv'¡tJl9

t'?

o.oì

b'ot

)1

991

Blu

î .b\

'5'\'¡ '?
'r.z;.0 'rt"J':cvlJ

08 tt
z8 b\

9

Itsb \

þ

bLbr

€,

-r,

' :rrn¡\

I

')^"v)



Ì.

to 8o 50 40 :rÙ ?o

lr llt

Re a*t Ra,".C tr¡l€ß'r,^L lN i ¿'\tJ

S¡e *.e* Ce.€<

9o



'9'v¡'> ¡9¡v*zçtG

z.l

9.r

o'¿

o'€

'5¡to:'\

'oo,¡)\ c!>nl¡x
\- (-

o,?

'a3-Ivì.¡rtsj

, o"Ð ì?"ðl : vrvfl -ab>vH:sr(r sholNvlcrþIçf-¿T \¡rìlÞrxvll

i€

8.Ë

t.g

l8 bI

o.?

5'\¡'?
'hrçr13 'rçô,T'rcþLJ

z8 b\

E.B

bt bl

5

I tb¡

v

08 bl

e

7r

'¡v?Å

I

.,)."%



ov

>)]!l )]JÞ-{ J
ç¡v?h fil 'ìYnla¡Fl à"NJì!¡)3à

oJ. o¡ ifl{ ß

(^
t\
t)
Þ

caF.\

'tÉ

't

I
ì.

I
t:

iç'ol

I

i

I

I
I

I
I
¡

I

i
I

I

i
I

i

I

I



Zro t

g.b

o-b

o.B

'>'\¡r'> ' l9avtt,stg

8-L

DVtt\ o¿

-uvrn el

>v3^ q

I

z-l

ç.1

J

t^'

o.l

@-t

's¡o:'\
'oo,àä N).r.Iå¿

)¡)Ð oÇrqrUrbþ : vtvG

o-9

'o3-l!v¿rj.9

z-È-

.t.,L

L-b

)r

a8 bl

ù-8

'5'l¡'?

'h-\J 'ttnJ]'xvÞ

t8 bì

o.b

Brbr

5

bL bl

v

z8 b[

C

a

'¡v?A

\

.)^%



ì

I

iiilì:::l
t::lr;::l

'iilîril:i:li:::l
-tr.- 

+.'¡1....1
::il':il
.::l:::l
il:!i
;;:il
' l-:--i¿P
,,i

::i:-t
:::!:: I

:::l:: l...t...t
:.:l::::lrlli:::l
::il:.:.1
i+:lì+. I.-:-ril;:::l
..-a--.- I

:;:l::::l
:ì:-:-:-.1
::ll:::;1
l::i::lilti'l¡.r':¡illl.:

jilmil

ülllirii
llllli¡ri
iil iil iil

.8 99--r':1
::l'l-i'l

; ::lL--¡ii;l
r''. ¡ Il::.i:l
i:ir-il
t:: 'I

:': .'l

:-: -: '

;. i

ò ss.a'ïT-
.+.-
.':+-

:l--:-
.t

RJ:***.::. ,ur"*,^. ^1,. .J¿A?.'

PAertr¡$í Cea't<



' j'V.') .l9A,ot rS,ql

7'l

9'l
a,l

. 
's>'o¡Ä

'ot,¡ë_ cr>nì:ì)

o.t

r'n
>"'5l)) I rr'V\ b -/

'O3IV\^¡tr.sJ

o.-9

t.E

o-þ

b.Þ

)1

Bt

lg,bl

"l 
, "t C=5Jv*rs'6 

sYìalc.vr.c{þrçc'¿T vrn}^rrxvli

'5'\'t'f

'h:sr1a 'rscrT';ÑlJ

?8b\

?b

egbt

t

la bt

b

bb bt

E

7.

'¡vrÅ

t

')n%



f
t

o-7
o/

Í
'/1

r)\--)

r':i:;i:þl:i:'i'j

i ; i,iiiii,lii,iij,,,i I
I,-,l. 

----T:-T-îiI--ï r:l
¡.:..: l : ¡i: : l: I I

1..:.'; ..t: ¡ l:;:: t.:..:-'.¡ ::-|f i :': ::::il:'::t i ::r :------.--.-tl:l.r:' i,"' li:,,I : ;.'l :- |

Rec*r.q (*r.c lrirar.uAa 
to

L"31+,", Ce.t<
rrl Y 

¿Ar-J

5o tô



'9'v¿'> l9avt ts.6

'Qocrl3

ooall

a-1

s-Ì

o-z

o-î

'52tV:Á

'oo,ìð_ (.¡r.Iåð

>5rìr)

o-2

, t.l

'oarvurtsj

^

a{-

t¿

,1

, 5.î

'B t, bl

't'ì'l '?

'n-\l- 'tt"J'xvÞ

"g 
b\

t"Y

08 bt

I

:blvH:sr6 SholNVlc.þlçf-{T vJl'u'ñvl.rl

tSbl

Þ

tr.bt

r
L

>v?Ä

I

.)^^%



.+

.:
| .-:i .

l::t: :l
,,.t.,..

rr-i- - ' l'
lr:l'.ri

lrrl.'.'
..it...,

lilli;,,
r:r l. ¡ : i

iiiliiii

i,i'

liii
lri
1l:¡

1T
l;¡i
lir:
lir!
lllt

to5o
R;:**".::. trlreRuAL,ñ ìrAr3
!{ an,.¡tcee.1 C.c(<

eJ

I
3
L

b¡-{J
4
L
]J

!

L-



o'o j
OEþ

g-,li L

9'51

.9.v¡.> . ¡9¿rytrzc,C

. eocr-\j avltr g¿

O -EI

l-l\d11

, z-l

dv3¡\ q

U¡

9'l

J ovz

" yr"

o.¿

o-ç

'5¡to''\

'oot¡ä C\>.ì-.f3¿

>AÐ çr\r^o\ßQ : vlvQ

4.,

'oarvurt9j

1-E

r-8

?'u

x

z8bì

7'Ll,

.r.\,J.,

'ht}s\J 'r5ôrT 'XvÞ

BL bI

1'87

a8 b!

9

lSbt

v

àvH?ç¡(T sYrorNvlc|Þrçf\.T v¡-trtzvh

br bl

t
z

bv?Å

I

.)*%



t

\:-

øt2
ôr(
L

9

't-/

lr Þlt 10

Rec*ßq<.r.c lrJÍ€.Rrr^L
tt^ -\JÉ,4Þù44'o \ RLf <

r\t T€,ÂrJ

5o to to



'e'y', ' ¡sðvH"er0

ùr't

rs.l

9.1

o-¿

+j.r
o.Þ

9-l

'52tO:'\

'oor¡ä n 
"--r3ð

+"u

8

'O3¡!\.¡lJt3

>"*) SVq1g : vl.vQ -rbavH:sr(T shar$¡v-lc.vrçr"¡T \¡JhÞr7vll

9'r,

z8 bl

O. ¡Y q¿u

8t. bì

8,e

,1

. S.L

oSbt

t-

'5'\'J '?
'h-\]_ 'rtô,T 'xvF

.. g-b

bt bt

?

l8 ttt

I

etbr

þ

trbl

E

z

':rtl[

I

')"vb



:t Ëirlæl::l:-1.::l::: l. i. 1...i.-.i :" :'"'!'::-:-..! 
I

l l::.1 ...i . i. i .. l ,._ ': --:-:-- l eñffi 1-

I
I

lo
t---'r''--"'-'-' i"f --i--:-"r-ì--"-i ---': -'--t--; ' -_-1 t I

, ;r[-ir-l- I.n-] r.ji,ì'- T-: i- - 1 i ì l- f-T i ; -'--'--'''*) "

' =i,i,,'i.,,i,i,,.,i,,i'.,'i i,'1,,,.i,, l;. I i I i l'i .i i,.,,,i,,,, '1,,,'i.i-i i
'-i-'l-:r-'r "i'-"i--': r-,:"i"'t. ,1,,, ' ',:ri r.l,_l-¡ i...=i='.:.] i.¡ "i.jjj=J',,,T. i',;- -:. '-þ-: -.: -. --:.,-:-..--:-.- i ......, :.:-i- ,--¡-ì i:¡: ::l ..i,,,!,,,,i,1:lir=''',¡1, , , i , i , -'. ,:1. ,,,:,':-..i---.j i

1 *L-.i..-i,,',1--tf-,,|''.',,,,¡,,'ii::if::':-'- i': I i ; i i , ; . l' ."i'l l¡:r-; I"["i 
I i'.[,',ï ii.l',,iii,,i ,,,i, i iii , i i ¡ ;,,i,¡,, .i. ¡ifr l.

1...

1...-l:..-l-, ," l "::"''
r. 1..,: [.,i.'=l,.=li:i:

llroon,rttq

3

o-
J

3VrI, t,
,t¿

'¿
uIoL2

4 v'rirÁ
a'&. t4

(trt*')

,1



Y'1n.,n1. * I*t-o.r^..,*o.^, D,r.*n"qe Dn.o : L]o[f Cgor<

(q"(. !øoe. f1*. úrt. D..'{.
C. r-i" s.

REr**.o Q<,oo.

Y6Ar(s.

i

\111 -1'o 8.o

7 iq?6 5Ì 4.a

3 \111 4.o 767

I \I80 3-g t
2.a

5 t1 8t 2.9 r
1.6

6 t1ìB 2-6 133

+ l1 8z l-l t. t4

ì1

6s<r¡tA,reÞ.

DrscÞlla${ <.r^.ç.

.l:
ìi

t.L

rs



'r 
ltJ to 5o

R€.*".(..rr.ç \NreRúAL tN Y€Ats

Ü.rç Ce.e <

':_:_t--. : :.1. 1:¡

i. +ri_.-'
t.t
l-.---. ,---.-
lt
l:.:l:
l:.;;i:

I i.:: :-i I -l::i:l';''t:T:--::-î= T
l: ; I l-l .:
l''.. i 1.,

l .r-: : ;: l -i':.
| | ¡':ts].:l -i:



'>'v¡'> l9lvttrstg

z'r

s.t

f\rvrhl

o't

o.t

's¡v¡¡\
'oo'¡ë_ ,"""r3ð

)rr:t¿) Hs\.,,lnlnôv¿l

o.9

'oa.lvu¡rtsj

þ t.'o

-L¿ .O

9l'o

zSul

'?q'o

. -? þ.o

'5'ì'¡'?

'ht;\l- 'tt..J':rvlJ

trb\

: vrv(l -lblvH:stq' ç\-!alNv-!crvrçr'.T v,"Lrrì(vf,J

sttt

-t't,,9

08 bt

v

rEtl

t
7r

'"orÅ

I

.)"%



)

I
I
)

{

.--'--l
t::: : rl:.-ll

l:: 'l.;: : t
I ::: I

l:;¡:l
l.:.r:..:..1t...¡
l;'i;l
t 1-.-- -llr;jiIl;:t:l
tilti t

liiiil
l!.irll

l,i:t::l
i;1tr;:ll1I't:lrii,l

l.lii¡rl
l¡ii:[::;;l
l'Ë:i::::l

tiiiiii;til

[lffiiil
2o

ï¿Àrs

rt
b/
f

,\',

d'?
é(]
v
L

/\

rt tli lo
Re a*qq q.r.e trJïÉ.RuAL rN

$couøl.o^.\ C cu= <



'5'V¡'> ..9l ot rS,g

.eoo-\j

z'l

9.r

7

'S¡o''\
'oo,xë_ n t^''.r3ð

ç

I
yî1?,ì /rXo1ç : vJ-vc :5avx:st6 sharNv-).crvJ.çn¡T t"jYlwt;(vll

'q3.lvr'¡rts3

b.@

?

ì'l
b-t

,l

?sb\

o-5

'5'\'¿'f

'rl:sr13 'rçoJT'xïiJ

08 bì

7'v

SLtt

-ç

btLI

+?

t8 bl

ç

7

'bv2Å

I

')^%



't

tl

5)

t
U

d1
cl
c

I
l-'

¡'¡ Þ15 lo So
Re c*qq ¿.ree t¡trÉ.ßr.r4L rÀr ï cAt.s

5t-o^:1 C"ou<

10



I'lt
Þ.b

î.-L

o.9

fr
'>'\'¡'> l9avtt'stg

. Ooo-\j ¡v¡lr Ot,

! -lvYrNNU fvv, 
[.J

'coøìJ ¿v3^ 7-

'rr vl

¡/t q

z.l

9't

z

'5¡,Orr\

'oo'xä ..."'-r3ð

î

)ttÐ llþhs"¿v!{ : vrv(i )

'oa.lvu¡rl9

L'Z

?

b'€

2.V

Z8 b\

L'?

'5'\r'?
,Ì.:sr.3 'rs¡.T 'xvlJ

E.t.

8t bl

ì8H

5

cBt\

v

àv H2ç¡(r çYìolNv IßvJ.çc'.T rrr-t^,rxvl.rl

rtbl

î

z

':ot¡\

I

')^%



>]r¡J
' no¡ h ñr 'ìvôrarlt

05. o¡

lÌ/þsrvw
Þ"c.7ìbx)3Ð

'I{lt

a-l ,:,/
't^

ç) -o
t5ßr

ç
t

o



l'io.,a. ^ 
I^lt'.o.f ANÉcJL\s Dtrt*no . D^-o : Rcrtr Ce-<

flor.Itr-r. D=..{.
c.n.ç.

REr.^*^: ?x.,oo.

Y6A¡{s.

(o"a. !øo*..

I t 11'1 53 Ç.o

2 l1 8o 4-4 3.o.

3 \9Br 2.9 2.o

4 tq ïB 2.4 t.5

5 tÎ 8¿ o.g \.?.

lr-rn^nte,o.

Drscrrte$Í <.n^.ç.



1.,)

-À

lt llJ
Re c*tq ¿:tlcc lÑfeRr.,AL trJ Ì ¿AlJ

ßcoa. Cee o'.

20



'9'v¡'> ¡9¿vn:çt3

z,l

5't

o,l,

o-t

'srto¡,\
'OorXä (v>rr'\Iå¿

Y"Ì9 þ\\v r"4lJcng

o.9

:r'¿

.t.9
8-ç

?g bl

9'9

'5'\¡'?

'lrr6\J 'tt*J':rvÞ

ogb I

9't¿

Ltbl

I

18 bìi

v

Stbt

ç

(-

':ol¡\

I

',)."%



f-

t,
c.

a

¡/
\-/ ro

da
I
,75

/l
t

'r llj 10

R€.**qÉ-..c lrJreß.uAL

çJ*o..rqsu ( cqc<'

rrl l{.Aq.s



t¿

o.&z

o'?L

9.EY

9'bl

T
t
t

1

ooo-ìt

+ l'l

zl'l

OI

9.\

5

o-'(,

,lt!

+9'V

g'9 |

o-L

'5¡'o-'Å

'o.,¡ð ct>r'I3¿

o'9 |

o-8

'oa¡vu¡rJ.sJ

9'81

oEbl

t'bl

rgbl

+.'b\

x

bLb\

t.

t't ¿

't'\¡'?
'h1Ê\J '-L'NT 'xvÞ

8t. !\

9'9L

9

tLb\

5

z8 b\

ï

grbl

t
a

'rorr\

I

')"%



r--
i

:

I

t.-.
t..

o
å

o

o

1::.1.. I : ...r .. 1..,.. t. --:...:i-...-.- .----..1
r.' .¡ r r'.¡...¡. ..... 1...'¡-...{.-... --;.-.-----l... t... | ...t ..t...¡..-.r -.t..-.-.-:-.-.--,-

' : l: :. : I : : : | . . . i:::.::. . l:: :¡ - : : : i : : 
- : : :: ::.1::.:.= :-*:=:i:-1

.l::.:r:: t::: l :.::::::l::::l:i::I:..:i: :::J;:::::::-.::l o

I
>-

a

J

¿q¡Y
ftJ

ri
þo
'2 ui ú)

¿ 6'J

v)

1S¡*r.r )'jrf I



'>'v¡'> ¡9¡vn>5,O

þ t't

I -lVYrNN

EE.I

g.l

Ð.ú

Ð.¿

B-¿

'5¡tV:r\

'oo,>ë_ (!>,r'rå¿

v

9-E

'q3}Vln¡lJl9

I

Þr
>rr¿) nUQ : vrvc :bavH:sr(T çYìaì$¡vlc.vr.çc¿T 't""u,Euli

t.þ

"tbt

o5

-zB b\

1'b

\8b\

t

o'¿l

'5'\¡'f
't:'s'e_ 'rso.T'irvF

oBb\

2

v-11

Bru\

9

trb\

b

tt-bl

i
-L

'uva¡\

\

')"%



_: i_-_.i ::i
i : :i::

-"-i-:iT',:'-.":::

ì: 'i +:::-
.'.::1.1 ' li:;
.l- '- i:r'
l.-r !.1:
1'r -i::::l-:i i;ii

-l+-r:'-:[i: i:iillliti'l I _ltr

t

I

,l
'I

5o

1.o

rr ll¡ t0
Rcc*c.R€ rJcc tñr€s.rJAL rrJ

/^
I )c-v \-c'ca<
-t

tô

,ç.

s'7
oJ

ü1

l¿J

t¡,
o



z.t
I.l
o-y,

c-t

'5ìtvjr\

'o<)r¡ä c.>...I3¿

o-2

t' s¿) r,"$5

'O3.!V\.¡II3

b,Q

ø'l

)'r
, o'f,

z8 bt

.j.\.t .?

'hrlsq 'rçorT'xÞl;

08 bl

þ.8

!8 bl

ç

8L br

þ

btbl

E

z

':oa¡\

I

',).,"%



't

¿,
.:

t

.t

ffi

.ii i.f
lri;

i.ii.i
. ¡jl:i jl

:¡:i'1.í
1t ii"!ì:í'!

.., l:

: i.li
ii il

lr ltj tO

Re c*n qr:r¡¿e t¡ieruau t^r

a1
k ^.:q,€R L qq.€l<

I
7

-)
tâ
d
4

¡t
/;

w
l"



'a'v.'> ¡9¡vtt:çtO

ù¡'l
E?.t

9'.t

q

ol^¡

o-L

L?-v

t'þ

o.v

'5t'o''\

'oo,¡ð cw>n-l-3¿

?-t

'oalv\^¡r!5J

)rc)r) l,attrbf-9

o-g

ð.8

-t8 b\

b'3

?t bl

)1

b'ä

bt bl

t

-7-.)7\

8t bt

'5'\¡'?

't17;\]- 'tttJ] 'x\rÞ

@ 
çherNvlctvr-çNT -'"urxvlal

?

1-b \

t8 !\

s

og bl

v

rLb\

E

-(,,

:"rf1

I

-)."%



.,

rt

-:

I

-.1

'1

.

.-¡
I
I
I

I

I

,l
-)

\ooo

60 50 a0

t.'
ti
l:.l.l

i..
l:t-'--
!

i'
Ii'- -; :'
t:
i.
I
L.- -,-
L
t: : :

I

i "-:: "t..
l:::.:
l::it,.
----:_.t.l':"1'l¡: 'l :

l;;:t:
1,i,,!,
li.il;lli,rll

.l::::L:

lo o

':i-....- --i.
I

''- - ' i'

----,.-1.
I

:-" '- i.t
..-,-.---.!'iL , l:' t': :.: I

.i-: ---.:.. .... I... t.
. .t
..t,
-::::ll'...1-':_î-:T
-..:..,.1..:..-¡.; ; ,.lilittil

..1 .. l.: : : I.1...1.'t,I
l.liir'l

- 1 -:il i:l I

--.-- 
!

lo

itütii',,t¡¡,1:P l,,t'2 ,t'';''.:"1
/_:i.'.,-:,:t.

:irilj¡ill
r'riiii:il
iiitltiill
::::|l:: l
g
:::l:.::l
::::l::::l
:i::l::::l
l-ï:-:-l
i-:: t::::lt...¡...1

l:::,Ii,Ll
1..:i,i
l+.i-.--lt:
1..-:,i:...
l::i:i:
t¡...¡....l:.::::: :

[::::i:;::
l::::l:::'
l.:..;
l"ì.''1.----
1....1..

Ji;il , ,, :
¡ ..t..l:iril,"'
llìitliir:
liiiilili:

Li.Ji!t.l:ll

li::. | ' :

t.-7-----
l:::: I|++-..|-:--l,' ,1 ,

l:- - 'i-- '

L:- ' .-J-.-,.l:i
Ì :-'': -' l--- :l,: i

lil :.: :.i ..l: :: .I:: :: : :

i.-: i:ï:--:
l::::l : :
{ ...- ...i- -.
t. :

l: . ; :. ! :- :

|'-::':i-:-':l,',1,l":,:l'!'l: ':| :-

l::;:l-:'.tt,l:;,:l;.:1,!rilt
ilr-:.1-.,.1'.
J----J--

: ; I i":'
,/..,/ i.,

,'t ¡l:t
'lli.. _ l:'

.:l:i''_::'li,,I .. :,:r:
::l:::

;tl:::
r!lt.'
¡'lli:r
r?f=rtt l ::
-liilil::
::t:i

J-]J::-.¡:1.¡
't I l:'
'rl I r :

-... I .:

ïllil
jl lll i!rlil
i.lli.til.ll

Ti.

l,: lfr

lii
Itl

: !.1
r ¡.I

:-i-.:
: l.
:: . i

. ¡';

i ¡.I

.l.t.t.
i l.llt:
irl
t_r !

.LU.

r¡J \l ¿A¿S

'1
-)

1,"
I\_/

f,a5
t
ú
L

a^'
l---'

lr llj 10

Rea*tq,í..c \ilf€R'rAL

-Ste.r\*v Cenu.
I



f'v
7-t
o-e

î,'z

'9'\.l'> ' l9avtrs,g

7'l

ùr-l

)v¡.^ el

t

Er.f

J ¿47-cn q

-lv'11

9-r

o-L

)t l
î

Ie'l

vtl\ t

o'17

5,'t

'Sf'o'Å

'oo,xä N>.f-.Iå¿

o.B

çl

'o3-rvvttrS

>"r?, .."\,¡l

7 Ebt

7'¿

. t.(

9t \t

e-L

bt!\

t

l.z

'5 1"¡ ''
'h-\J 'rçNT';cvÞ

\gt\

?

vrvf

"'E

t\bì

5

I rbì

ù

àVH"S¡(I çYroì(\¡Vlcrv!çf-¡T VJì11^rlì(Vhl

oE bt

z

z

'rouÅ

I

.)"%



i

7

I

¡

¡

v

¿'3
d

t
,!.

ln

eil*^*ali. *¡reR\rAL rÀr y¿Ârs

ú,.^\n Ce€a<



tt

'9'\.¡'> -l9lvttrstq

àr ¡

ãt'l

?.1

Q,T

L).1

Ob,E

U'V

ub. \,_

'ronÐ !srn¡131t.I5

'o3¡vv¡r:.9

Q'L

o.!.

ttbì

L.1Lit

8L;

t'?

)1

\8:

t

'9'\r'?

'¡z;\(-l'ttnlJ';c\'LJ

J:

aO(.ó

,'

'tv?Å')."%



o

i ;i-:- í- i'r_li- Ll 'lf I_ t- l--_ : ----i-l- l I il- - r- '--i--'--l----.-l - q.

I.i . :t...i...i...i...;....i,-...¡--.-i.....: --¡-i.j..;..i.i.' .:.....;.-....''i i i i,l::i:l-i:r;il:;i,::;liii,ll:::li;ì : : i l,l' l i. i i l ¡,:::,i i i

-l ill..l..,.l-..i,.,1...-i.:,-1,...t....1...;. .lli.i., i !: i_:..,:-__i-,-___:; ,::_j 
I| .I.-+-.t--.r---t---ts---l-.-:-----t---r-.-.-t .-.--.-:...!.-r

I'1.,i.::l::.:i:::l;;i:J'i:.::1.:'i::::i:::i.:l ' ii.i; | : ' : !.:.:.i:.:-::::j II _l ::l :li:::1.:i:l::::l:.:.i.::i :.::-::1..::: _ l' _.-._, :. t.-:l : ¡_l ! j__:._j___.:-_:;...i.:::::::::::---l I gt _[f:i:::il.:iilii:ii,.: i::i1,.,:i .::i l': _:: i-,1 : LL-¡_._,_j___.,--i' . i.:::::i:'::::--,=l-lT 
ilrjT,¡lililr=ini= l,---ll.i.i.- : I -, -'.- ;rlË

"i iil.f i,li,[,.ì ii i,t iiii:i,i.-1,:-]l i i i i',i,i ; l'l':''f:':'1, .i,-''l, i \ l.i' l i r i "'r i'i--';-i..:----'r

::-::1.-::: -::l r o---f i e-ì---1 ¡_=r

r:::l:::: l:':

l. r. \ l.''-...1..-i-.-.¡-..-r:--.1',-=.:-r-.'-----l I 3

,:i-,,i,,,\ ¡.'i:rl.:.l=..i*,iii]J=iii=.=.= | ;

. .:i::::l ::i:.:I::::::::!::'::: : ::...r- -. - ¡...r..-r...-.....¡-..... . . :l : : : ::i. : ::-:.:..:.1.l--..1....1....{:---.'-.1.- .i.-.. |.-...-.-¡-. .--.--{
::.:l==iÎil=Í=ll:ll:-Ì.:==-----rj=-ã

L:::l.:::l:::.
r...1..-.t....3r-*

llliil::,'l: : i . ijlljiiil::i:

fllr-\ïrt

.; :¡' -: : \.'.''::l:::t=:
:l:f:::- r\ - .-'-i:::hl:-L+::l=:l-f=EËl++#1Ë4ffi8#ïfl'll=:lr:ù...ri:::H:F1[ËE=f- I Ë i

-F:l',.-l.j::l:ri-F+-hihrl:¡:i.i';.tlt¡iËd;¡fl-l#JinlÉJ:¡::L::--t.I::i::':l::lr;Ii:j=Ll':if==+ I (, , "i.i\,1;,,iãfj¡=ffi.ræ I ! Ü

: : : : ¡ ::: :. I ::: :.'.::---:=:-:-- o
râ

';-l-'-': \': ' i .''l:-'il---l---r -!' '--'-i | -::::l-:::: \:. "...:l::::=:i:::-"ì:::-:-i I Y

3:;:=r-.1-:È:
r'--l::::l:: :lta:!:=:

:::l:::;. ... : l :- : ;=::l :: ;- 
" ;::-l-:--l

-. -:l: - - i-::L==:1:=-i':::l:::!::::[Éf=::l-:::::13:1:i!:::!--l:::- t::-=:ì:-:lrl5l::::li::;. \: ':'jit::::::::J:::-.-::..-:=i L S 9
::::r::::l:::l::::l:--:l:::::::::::::::lt:::r:.:': :l:.::--.:---j:.=:=:::l:::1:.::l:;::l::::l:..:.. I "::::=::::r¡-=:--jj=::==J I L 2 O::::f:::::::.:l:='i:;:f::f::l:=;:;l::::l:.:::l::.::-1.:.-.:::::1=lr.Ë:-i::::l::::;:::'.'\. .1.::il::::i;:::::+=-=::--i I :: J'

=i=#:+=;,,,,\, 
: t' -tt[ï:::ili!ïJ.E

:-..:., ....-¡.-.-¡--.. "i ' 'l'--|'--" t""1"--
;'----------?--1r-
i,:.i:..'rli:;-F;,_i:Fi¡::ifli;f ::ii;:,i_i-,,:,;,:#=l=,i=ii,.,iili,iiill

; '; ::; ' i.':.l':r:iril[:.ir::i:::i:i::l;:.::i-,, ,t-, i ,,i',,i,',i,.: :.,; i : '

* f;+-=+ri1_-i.-i-*ff;: .:{t-ir*i-i:[::[ffiii[ïi:::.i.r:::: i--r.:,.' .' i i' i i i'-i :i-:i,:-i:-:-i;,rì:l_i:ï,_i._l-_j-i[lli;.1: : :' -1,.:,__.. 
i_ .._l .,_ i....... i . : . -1 .., 

j. _....1_,;.,,ii_¡_i l-; ì

't::t:r:l::::l:=:l=:t:=;l:;:'i::::l:.::i::-::.1::-:--:.L:.---:-: :::.i::::; .::i:: i::.i '::::.;:!:::::::::ll;::r:'-::'i:jl:Tll.:-------Ll i._Lj:¡¡i,:1.,¡.!, i- i,. !__...i_,._ii _...,_:.......:_..:.. -1..:...j.._:.._i: ,it::il_:;'_i : , ! i
'þ::t:r:f::::f:=:[-'i:h=;[;:'i::::l:.:::i::-::.1 ::-:--:L:.---:-: ;::.i::::; ::i,,. i,.,i.,,i,,iii,.:i::::l:¡i:l:::.:j.i:::=:[_-:;_:il:-:l::::l:::t::::-:::tt:f-':::-':::i::::::-:.:.!:.:.:-:.t--::--:.-'..t ::.::::.: !.'::¡".; ..:1.::.¡.:::l:1.:::':1J--::::-l'i:-;..----.

-i,:.-|;Ë¡:i'':ll;:i,iîi=,t,l,i:ï[,iji:: :i,,"',-,=r.-i-::1.:::i::.i:::i:i:i::l::::l:::i:i::1,:::i-:::il;i-:i¡1=i':-"'-:'-.-:-.--i I t'i.---.-r.-.:+-------.-.-+-{-!.-..]--- f -...1.-:-..1---:----+*-n*--¡-r i ..1.,.:-;.t.. i...1. .1... .li...i ..!.i r I i ..;1.;--.t':;.--i

::: : : : i 

= 
:ì :'-: ri :.:.=: i=':=-: :" 

!ir'[i,,]-''1,'.,1-'3#i:::.F*
I, t....1.:-.r..-...¡...--..8----.-. r...1....,...1.. | ..t ..!..,
".¡--.1...-!--.,1 .- :-- l-.-- -- -. r .,...i .... . r .-.1..:. .

':- .'t...'1"--'--:--"1 : ; i":'"l ''

\-,,r*-:) Ñuo,-.,=,(,t

3B



'5rvrÅ
'oo'xä. c"ì"r..\3ð

'o3¡vv¡tJ"sJ

>eeò) \ìaJ,^W 
: vrv(i

'5'Vr'?

'h;lsq '-t-sc'T'tcvlJ

àv H2ç¡(r çYì()lclv Ic{v't"sNTv"..,r¡tTvL^rl



./

105
il-:-j--1T-:
il.. : -- t-::l : ì I
.: l.:-;..-:--
,1,:.i-l -- :'-: "
l: ;l

il:: ji- [--::l:: :t
il- 'i t.i
,li:il-'t'-: ' _': _'

-1 ., ,2,
'. I :,1 t.-:l/. -.t.-)/r::.:.i
l,', i

'1.,,..t. -..
I

t:
li
ll:ii..t:
ll
;l'ì'-- Ii:T:: l: l-

.".1"+-. l-.
i:l::,:il,il':i'-..1...r_
::l:: :I¡.1' I

,li.::l
:1Ii: :-t'. l: i: : I

::1', i: l-j-

..1.:..1
,.1¡ .' I

rllr'! ¡. I

r:lr": I

.ul-.4rllrrr'r 
I

i;lil i:Ëlrll]il;-l_

ülii,J,l l'

++- it.:'l ::ili:++:l:..1: :,1.:J;-:l
':i,::l

'. t ..1
':l:::J

'- -Ì!: :-î
:: "1 ::'
''. ::'- -'
.,1..
i.::i"::
.i..::

l: ::1 : :--:

1,,'Vrl
l.:.;

ii,,i'l..r'
l:::.i: '

l.ri.
1..¡.1 . .

l:,i.li:..
lrl
l::::¡:,
I jjjil-:il::.1. :.
l,''.1-:.r.
l:::,1:::i
l:-ñl it....t...

Dr ltt to 5o

Rga*(t ,å.r.c tñreRlrAL ¡rJ T 
¿Ats

,{r,*ç-^'1 Co'on <



rÞ

.:.\¡.> lglv*rs,g

--3F
:iÌ:r. g.

I
I
!:
I 'i
ì
I
t
I
I
I

11

g'l

Q r-(,,

a-l

. 
sìrv-9/\

'oor¡l\ N>n-r¡¿

o'7

'o3rvv¡tt3

, ro9 ç\,o)vt

?'e

7-?

a-¿

)1

be bl

t'ol

'5'l¡'?
'.*\]- 'r-çNT'xvF

Lr bl

o'þl

?r bl

I

og bl

þ

3¿ br

ç

7.

'""d

I

-.)."%



+
f.¡

I
t

:

t:

I

I

I

:'li
I ili
i!!r

I

eJl**"a,li. ,ur.*r^. 
to,' 

j ¿Ar-, 
5o

Bn.o* C.ooo

20



'9'\..') ¡9¡vx:s.O

z.l

s-l

o.r

o.t

's>to:Â
'oor¡ð o""'.r3å

-Ðt,,¿) Çr,p^-'a5 
' '-O

o.9

'o3Ivv¡rtsj

s.g

+?Ð

82

bt bl

c.o I

.r.\.¡ .l
'hrç13 'tt"r'xþlJ

rtbl

t.r I

9t bl

S

: b avx:srq çy'ar$¡vlc.vl-çn 
T -trr"rrxv[zJ

c8 b\

+

stbl

t
-L

'r"rÅ')"%



Et¡
'11

t¡
îL̂)f4

,?
)

>3:r'ð) \ottoo*ð5
s¡vrl irl -ìvôrgltil à"N'rìfx)fà

o¡ f¡{ tt

ç-q

llli:i
il:i:i
ilii:i rl::
rlii:i
:lr:
rl,llt rl!:rt

11¡lli

iliiii

ilr
lil lir
lir
i¡i :tr

t¡i
r.¡
ii'

-#::
: l::;: , t.:.
I lili r
l-I:1-
: l¡i::

i liii:
rli;
iltl::
ilitl ¡l'l
:.i::. .

.lr..:
il::::
i[-l' . l. r, .
-{¡. . -
: l;::'
r lr::.
: l: :; : : l:::: r l:-:i 1-+i-
i-l! ir I
illlii .4Ui . l: ¡. .

ilnl:
-L-
l.lrt;:
; Ir l:
-:I-i

,.,..1 a..1!l

:'-:'- -::-l
ii':'il r -'- 

- -:::Îl
I ._ -l_l: ; Ll
| .tr¡¡:l
¡-i -i:-1i-i1 l:r ¡: I
¡ l, r l

iiiir:rl iitiitil
I r !'i.:l I i r. ¡ ¡

I : l:i "l
i: !¡:l:l | -l i ,. r I
i - 

-È1-:r '.r:?l
l - : .. r: ¡ : : I

!'.;+liï 'l
{::.i 'liii i I
1-:.:--J::::l 1.: .l:::ll
I '.1!::rl
¡ - ¡ -.lli:.i I
¡ : .-tlt:: l
1-..i-n::lt1
L-l-rlilil-.1
.¡ .- r ::l t;;.!
i : i:t¡t ':-i- -lÌ:1 T'

rl::!

:-:.-15i-
!_l-. li¡::

966

o5

I
I. .,.¡,...



.>.v¡.) . l9l.otrrs,g

€r-lr

Ll'l

5.1

8'l
ç7,"('

o.E

1,'

g.t

?Ç

'52'.O',',\

'oorbë_ N>ì-\I3¿

>r9 )''t\fl oB l "l^

ß

o.b

9-9

'o3rvv¡rj'sJ

8 rLt

l.¿

sbl

b-.t-

cB bl:

8'8

8

,1

?¿b I

L

b8

agbI

'5'\'¿ '2
'h7;r13 'rs¡,T ';rvli

1,,b

I

¿rb I

-'

btLt'

þ

rSbl

t
a

'urrlf

I

.)^"%



;l=-l=-i -l---il-l-- "1 
-l---f'.. 1-, :, ¡.[:J_],F-.TiLl, -[:]:_T_ ---r

:l i ! : i., i,,...|.,,i,,,i,,,,i,,,.1L:i,iï['1.;.1'..|.1..|.-ll¡,i.''l-..i'r.1.,..1i'..!ii.. ,,,.,
"i':": i.,,i-],i.';::::J:::1.: [::.: - ì-1...1.1:::l l.: t::.::::t : iI i : ; .i::.¡ ;: :i:::;r[_r¡i.-:.[:::-:-. :.: i:1.:.i .:l::::l--:-l:j.j:]::::':L:::::"1-- ' - --- l- J-.- r' - -¡ -'l ----r-'--:---i--:-[j ; ¡,i-:f: ;::i..i'::i :'.;:::;l:: , ,-1,1,',i, !', i i ',i',,,',i, ,i ,,,i ,; , ;

- l= 
j i i ',!-ai#'l:-l':=f=" - i- : : ' L-L=l ::l - -l- l *--l-:::::--r:::'l- - :---:: --: - -

iIil:;.::l:i:::l:"i...:¡':::¡:::¡: : ,l,l,',il"i i',i,,':i:..¡::,,i,,; ,',"iil i i l l¡'i:', i' \ fli,i i iir r i i: i,---,
: ::::lr'::.; I : : :: :- i.:- :'-.:-'i

-JL¡-..r;l -. -.--!--..--.-- I
- -- l:i ..; l.- --.- t...- - .- - 

- 
¡

L:::¡.'::: ::
¡íF-,.-

*"ffii=ffi#:i$rinrîh-E.:j :rÏr'._Tl,ji==l=Iãæ;:\T.:i+lFÏ=l:*Hl+F::f =l:Ë:1¡ä1==,:.:=
-[lF[:ii+ .. -,-. l.- . -- ---¡

-ìli::ì.î

N,ffi

(s>r..-) lB>vHr^,,çr¡

!::l':::t.:::i:::[:::l-:.i:::l;i:¡.:-l::::.:::l::.-l-.---=--l:.:l.:;.lJ-.1... I \ :..'.:'l.;!-f.:.-l-'---: .-'"--i
; ffi ',-, +, 

-.rï1ffi ,l,li .\.. =l;-:
ffi 

= 
Ë1, ffi 

= "=1.ï¡=, 
j=.Ë,#rfii 

=,t 
; 

= i;\ . 
i - ¡ lri i=f -ç; -- =i

s'=lÏl+i:+ :::::r l::|:::::' ' : ,,,,-ll,', I :: l::::i'..r ::::..i:::_i:.::.i:=_-.i':.:a-_:llji:ii:::l:i: i :::i:..:. i' , . : ::;

.Llii:i;¡:''r'=:Hjfir|--¡-_i_'.:_i:.;'.-ll-_.:'l-.:.j-i'-] -i ''-''"'t l-':l'-l'

-l++* 
ï**l*ui :ri-. i.=l= *l lurl', i t,f+irr,.,i...,.. j, =-:,' J

{ol*

l,
I

1- 3

)-

<ç)-:¿ti
ts (,'

"O
=z -a

jL{3a
tüãu:-

1t



i'"r-ort.qoÉourS þ¡5cxâe . D^.n : i,-^-,r- G,r,r<

t1ot. i*tt. D'"'{'
C. ¡1. s.

REr.'*^: ?x',oo.

Y6ARS.
R¡"<. !øoc.

6-8 6.o
L
'þ.

\ qlg
!.ot11+ Ç.o

L.o
3 tî 82- 4.s

4.L /-5
4 tÎ8r

ù.2
5 \ 180 2.s

t(
6srrÉcr€'o.

4t

DrscxrrR${ <'o^'9'



0.5 0. ì o.
.-:.-.i.-|

:_ ._l
I

-:-:--.:..:J'r I

lrl...¡
rl

.r.l.j-....1
'I | : : I"i'--: "_-l::: : :

i..''

.-

.'.-:'

'

,:-.
-:--J.

::-"
..i _-
_ '-"_ :

li

:

,i.::l;:.;:'
: ¡ I ¡ -;.-, '-,

;1 ll:t_-:: : -
l:.1-LlJ-t-
illt l_l iliili ì_¡

tc

r_-:
l._.._t..
Li--
l,',-l-'
t::.t.- - -
t.
t'1"

I

-:

:

:

:

-i

;''l
j

¡

''\
I

I

I
J
:.1
:l
:.-l.t
¡l
l:lrt:..¡
'l

: i.l.: I

-+-.... I ¡

:,1:l:
i: i-f :tiil:

'l'r-
¡ ''-
t:
l---;-
t::-1 

--.l---:.
I

:... . -
Ili
I:1"-:

il:
l::i
I

t::i:,- :

,li,::r
I lti, ¡ I
l-l Lji.:-1.
r l¡l¡ l.l.

iliiîfl,

I

:l
-

:

: :'
::

:ì
i;
ri.
l_1_

1i
i.i
t.l.

lt llj to

Rga*cq ¿rr.e trJT.RuAL rN

f?
I .,¡ '¡ Leq'¡'(

lÔ
I

\,
4
12
U

t
f^ll-

5i-



çw
a,IZ

ç.+.,

+,81

.Qoc'\S ìt4 lr 67

ffi
@
@I

@
'>'v¡'> ' l9avtrzsrg

8-ul

b I.I
cal
¿>'l

1.t

Q'7t

+9't

o€\

a'Þ

'5¡to:'\

'oo,àä c!>r'Iå¿

I'al

CI.8

'o3Jvv¡rj'ej
)1

>1't¿/) )ljro cr> : vtvc
-/(

Tal

"L 
bl

o.'g I

fsbt

I,E,\

og bt

9.LI

t

't.ì¡'2
'ht6r13 'rtnl]'xuÏJ

ür b\

I] .1í

I

-Lgbt

I

å¿bt

+

L+bl

1

-L

'¡vrÅ')"%



t

dt¡
ot
u
4
I

tt

lt tlj to

R€a*".q".r.c tñr€RvAL

R,'ùJtL C"ooo

tÀJ Yú4rJ

So ro 20



a'?Ç

Q,T€

o,9Z

I'Ql

'>'v¡'> ' l9nvtrstg

o.-H

\](Jc 5 Þ\rlh o(,

ìw31\ Q[

I -lVYrNNtl fvvry\l

3^q

z.l

J

g.l

o4

ú

a,{

'5¡tO:'\

'o()r¡?\ N>nI3¿

)r :'-e¿¡ I ;t{lcrç ; vi;ô -:5 avx:srq sho}NvrcrÞrçr{T \rnr.¡rxvl 
I

o,g

b.o I

8,Ð \

5.sL

t3Àl

brc

't'lt¡'?

'ht6\]- 'rç¡¡T'tndLJ

8¿ bt

t.s1,

-¿8b I

f

brb T

+

oDbt

5

-L

'r"d.)"%



d
t
I

\-/ to

1o

"þ

\fi

t

|r !15 lo 50 lo 10

Re c*t te,tt"c. tÑr€.RUAL tr¡ \ é ÂL3

f\
tSo*\åc-c \ ra€ <



O.LÞ

C./ C .) bL

o.a[

.)-lL

'>'v'¡'> ' l9lvt',stq

(rccr\3 bv,

o-17

f t'l

YI,T

3 -uvr'rr Q

I -ìvYtN

D(

s.J

J rw-r^ q

8.1

<rcøtj ìtv3

ç'L't

,ll
n

o-t

þ,t)l

!.t f

î"v

'. t /1tt þ Wnla r1,l{ t- not , vrvf )

'57'.O',',\

'oo'¡ë- N>n.r3¿

il-ax

Q'b

'o3-lv\^¡ll.3

ogbl

x,,lt,

e¿ b\

l4l

tg bÌ

5-rt

I
,l

aLbl

t-ll.

t

't'\r'?
't;6'(-] 'tt"J';c\rÌJ

¿¿t\

5-t5.

g

1ïbl

s

sLbl

+

rrb I

t
1

'rouÅ')"vb



:

50

¡

!o

i

to
¡

I

:

I

,'

7

,s'¿
ú"

!
/t
t

L¡l
-à



'5'vr'> ' -r9avtr:srg

+l,l

b-l

g¿.f

tl,L

,.8

'5¡tu:'\
'oo,¡ä *"'-r3ð

21,,.rù) V c)-do\Nyl

¿'l

L

'oarvwlj-sj

o'l:

o.E

\ 8b\

9.1

,(

th. bt

L.V

.9.ì,¡.2

'rrrcr1a 'rçpT'fvlJ

: vtvc -rSavxrs,q çY\orNv.Icrvrç¡{T vrnÞrxvl^t

ttbl

ob-9

9

{rtt

5

08 bl

Þ

-rg 
6l

t
7

'rouÅ

I

')"%



I

Ì
i

:'rrT:: r':'
i ll.- : l-
-lt. tf 

'

rF_[
, l-:'f'':li' ¡

¡lï' I
iii:i,:lit'î:'l

rIillr,:1,. I-{--.{..lil:.i::1.
irlii,:l
; ;ii i ' : l'

ifl,L
l'iiff:.: I;

tlr-;l-

t.i.l
::: l
:-l!:::l

-.. 
I:r: l

'. I

:.;,1
:t: I

lii:l

:i:ll
ll::l
i-1" I:.',1
r.l. : I!¡':l
r r.r i 1

rlirl
:iii
rl'
ilti
lli,

1o

tÀt YCAr.3

lr !15 to
Rec.r(q(*Jce tñrE.s,rrAL

Vq^rqoeoq Ce.oo<

2
t

ÉJJ4
ol
4

,Ô

,l

hq\

('



Yiax-^1. ^ -Lut-rorr^**.^s D,s.*aeq¿ D^rq : B,: ç*, (Ur*

Ro"<. Yno*. r1ot.I"tt. D,-q.
C. ¡i"t.

REr.,.*^r ?R,.ro.

Y6A'<s.

I 118t 6,1 L,O

u tct71 ,1 -6 3.o

3 n7s 2.o

* 11 &o 1,t v
lÌ' s

5 llgt- 2,5 u t,. L

,(
6s.cr¡rqr€o.

t^o F

Drsc*r,'?$ú <.r^.É.

4,3

l"î"o.r a¡¡xqeL T +6

b \r,¡ &t

Ô u.ran- 7,4

2O \l(Ac. Çr¡oO. 9,7-



I /-l
L/

Þ
p

C-D
t'¿

:ô

(4

1\"5 o'.¿
)"c. jrll¡)3Ð

)^î3ì) 'ì

lvnt3INt

iil;l ,

'.'t;
ir::l::.
itiil:.r' I r'! i I ' '

liiill::i :':îîl: i-:
ii; il , ;

.. I

.,. I

;-i. i. :.'; . r: :

ff, iii! liiii
'r Ll l: r l :
.:rl:Ii:i:
JilìÎîlì: llr.ll r-., .

-:l'l': I : : ; .

ir'i i l::; ,

ì-rrt-'-'l -!-i:l. -.: - .

¡i:.1:.. r:i:l:.:

','il: '::'l ,:.i , l

::::1.:; ; l;.1... l-:t-.-* :¡i l

l::;:l: 
'

l-r'l' ,
t..,.t ,

l:;::l: :

l::1T.1 :::
Li : ì.L_i-i
llil!li'i l-l-tiilt:; lal-i¿.

liil,.lu,
[illi i. Iliiil,:,
It,:Él:':':' l:tr:l: :

trELii i t9 0i

--":
FIili
l';,1;
lilill;
liiiili l 'rill
l:;;1-:

li:'ili
lllll l:.:,1'
L::. L

'4tl'
l::. li
lriiil!

no¡ h

,liiii
l, 'l':'

't''
:l::;
..1-. i.

,1,,:i .t....
-+.-,i .t i .

;l:,:!
:ll::i
--1.-
:l!!;i

.-L!

llilir



J)rso.ae q c
/-^

¡.¡ wTo¡t UteK

Éirr¡rc,r€o.

Ç"a Yn,.*. f1nr. Itt.. -L)rs¿ç\.

c. n. s.

Rçr.^*^l ?*'oo.
Y6A'{s.

6'o
t t117 t5.v

3-o,l
t f?ßt t l-s

3 l'l 87' lÒ,o '1-ô

fr-s+ n1g T.+

5 f1&o 5,t t.L

Dú.*...,.e5{ <.n^.ç-

dAR Ft-ooD.

NN\AAL I

I I'S

t1



o
\9

i

I

j

Jo

!r ¡lt ¡o
REa*t tÉ.*rao lñteß.\rAL rrr

C 1,..'ìo., Co.¿o.<

z---r lô

g

J

KJ(
U

t
U

I
/'1

L



o.9g

o,çþ

o.9 ,ç,

o,9l

'5'\.¡'> l9avtt'stg

eoø1j

I'AIt

¡tr¡h O¿

I :vîh ,zìl

's¡o:'\
'oo,të- c¡>ì-.I3¿

>t tÐ lttst_tt l_:

'5'\¡'?

'h*\J 'rs{'fvÞ



5ô

-.s
I

\Y/
'J

CJ
+
È

t¿t
..J----L--+--L!JJ-J.-_I ' 

-J
lr t.t5 to 5o lo 2o

Re .*t *.L..e lÑreRU^L 1ÀJ I é 
^tJ

JittìL'¡ Co-'to'<



o,Lg

a+_f

otþ

s-K

'>'v''> ' l9avt''stg

\f<.løì3 ¡\rlt\ o¿

¡
ooã\J -rtvlh Ol

oa€nj >v3^ q

a'1x

t(',
n"l

OOø11 tv r¡Nñrs r."2 
lnt

9.1

8,1

9(,'L

o.t

8"U

a-tl

s.Y

. î..2î.

's¡o''\
'oo'xä c.¡-)3ð

o.b

, 7'1('

'oarvurtS

v|IX) y'ost4*?, : vrvG )

'1z'bl

aSbl

?-T¿

)LbI

7, Ll

ts

, 9'oþ

)1

sLbl

L

'5'V¡'?

'hrçr13 'ttr'lT'tcvlJ

Ltb l

I,Lþ

q

1Lb I

5

bLbl

-b

t?b)

t

rol¡\

)

'.y"vb

t rtltrt:vþJ



4:a:i.l:ll-.^...-l-

1o

Y 
É^t'r

lt !L,(-J\EcqRq,írJc€ lrlTÉ,RuAL t^J

bq.¡so^,) Ceuc¿

t/)

,
L
t

-J
sa
CJ(

t



,?

'>'v¡') ' ¡9ðlH)çtO

lt,1

bz'l

_:

9il

S.l

n-z

c. -¿

o.f

1't

5'þ

':¡o''\
'oo'tä N¡nJ!3¿

1'þl

o.å

'O3IV\^¡t13
r

?,åô I

I'St

Vt:lþJ1.fl : vrv(i )

o$b t

l.ll

9Lbt

l-tl

I

st bl

þ.al

L

'5't¡ -2

'hr6\J '.r-çorT';rvÞ

¿¿bl-

E'1(

I

sLb t

5

blb )

þ

tSbl

L

n_

shalc.¡VlcrÞfçNT Vtt"rXVh

':va¡\

I,

-)"%



ô:
j

| 0.5 0?"-t '- .1"-". ¡._ -_.::
i-

''' :

:-.. :--
l.:..1.'-:l
t;

ì

'.4

.:

I
i
t

:: t_-l : : : :

'r¡.1'.

iiti.li:

i:!:l::::

:'ifJ;;:;
ill;li:::Elulli
t!ltlti::

tillliiii

¡

to 5o

ru I€^L1

3ro
¿

(l
d-
4

'l)
,l

Rec**.\r..r"e trJreRvAL

t J"tt C¿ao<

r
o



+-fl

þ'lt
o "Eì

o.o I

o.L

'9'v¡') ' ¡9¡vtr:çtg

þ'?

3 D\lll\ oc

t (,1

br-l

1

9,1

\Jt

g'l

\Jw tJ ovrlr ¿,

tr"í

I
t^'

@-E

l.þ

eq

Ê"-b

'5¡'.V:Á

'oo,xð_ c-¡nr3¿

>3Ð \,Pt '¡!

'o3rvt.¡tr.s,l

9'v

t¿b I

b

9,s

uLbt

âq

Stlc I

E

,1

ä.¿

9Lb\.

L

+.01

'5'l'''?
'rr;lsrq 'rç¡rT'xvlJ

srb t

q

t-)l

-r8 b\

f

t ïbl

v

àVH)çl([ çY\arNV]crþfçr'tT \¡rYlÞrxul;l

a3 vi

ç

L

'rouÅ

I

')"%



>r3¿) ì'FS'oD
t oo h Nr 

I 
rvn>a.rrr .;:=""-i.tè

o5:

:lillliill'ii ,l;l:r:¡l l ;¡
¡..1.¡i.l ,.¡.;

:::l::::l-:-i.i ...t....t'.,

'ì:lr.:.1 : : I

. ,,i;ii'l , i
'lt:::l:

.r: Li.jiL-.-.
::lr:::l

:'::_a:il ' '::; l

::i-:-'1 --
'-:---:1.--J
'.'I
- :'-':l -: -r1.l
.L.:t -::j

:t:-y1

.:....1....
,...i..
'.1,. ''! ...t. !..

'1...'r.i ' ' l '. I

'.'.1'/. .t....t .i '
....t..t,..
:,'l:.:1.: .-.-, >-..t -.--..-

.,.', l .

.,.¡1. :t:: :

. ...: l-..-. | ..:-...:

. ':: .: I

....,...t
,....i::..i...- :.1:.1 .,. t,..¡
....t... I

: .:l:::,1

::r:l:.,.1 .'-ri:;:l''': "
i-:i-L-irl- r:.::
¡ (r¡

r'ì

ì

t/

6

Þ
,o

(,tta

G\ ç
I

I
,j

J

.
:.

ó*D



t9

'>'\^') ' l9avtt'stg

!

1,,,',l

5.J

a.ú

o-[

'5¡tV:t\

'OorX?\ C.>-)' l\ --ôíJ

4,2

'o"IV\.¡I.LSJ

,r-r9 
O,tru{uu 

¡

v's

sf
1.þl

r

gLLt

r'8 1.

aïL I

.r.ì¡.2

'¡;Ê,e_ '.1çNT':cvÞ

8'tx

'¿3bl

I

btb r

h

r8bI

t

':orf1

t

:)"%



1.,,,.

+J
o

i
*

t-

j.

J
IL

J
õ4
OJ(

{

t

.t
t

i_

Tr hl5 to
Rqc*e.qÉn¡cc \Ñr€ß.uAL lN Y¿Ats

L.\nr *lenaC.o i... q-.c¿ <

20



I -t_

'>'vr'> ' -r9uvrtsrg

'l.rI

9.il

a-l
a.[

'S¡o¡'\
'oorträ cv>r').3¿

>tryU\ br-,U 5'q : vrv6 -rbavtt:s'6 çhalNvlc'vrçr''T r¡"u'Evli
'JJ__Òv

'O3-lv\.¡l!9

a.q

b.o

9't

å.1

,t

agbt

L.7,

'5'\¡'?

'htÊ\]- 'r'n¿T 'xvF

r8åt:

L./
tr'L

stb I

9

08À r

þ

h[.bl

t
1

,rruÅ

r

',),"%

.Ë



i

:0
:--f'.¡il

:.ll
i-:-¿1.
::::l
: ::l
:.::: Iji!l
,:l:l
. ,. t.-- ++

.I -LJ,J
::!iI

' :'i.t I

:iill'::-'::ï1
i:lll.¡.ll

, . ¡.1

,::!
'Lr il

I r r'il'
I . i'.'F
l, :i
l, t*

^o
5olr ltt to

Re c*e,q ¿tr¿c llrr€c.u^L tN T¿aL3
a1

¿ . ^ \L.uo \. e.,r¿'(

\,¡J

J

v
ú'7
eJ

t
t

+J
l"




