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lntroduction

ln our companion papc'r '(Jerome et r1. 1994) te
hu c t lcscribed hor the observed colour- of r nat-
l r . r l  \ . r t . "  I ' n , l l i n  t e r n r -  o l  l l r ,  , l u r r i n r r r r t  s : r r . -
lc 'ngLh ol i ts uplel l ing irradiancc spcclnrn) rs a
direcl consequencr ofthc absolpt ion and stat ler '
ing prope|t ics (as a fLrnctiorr of $arelength) that
nav bc'uonfidentlv ascribed to a unir c,,"ce', , ta-
t ion oferch oft irc principrl  organic and inorganit:
comporcnls r)f  LhaL \\ . l tef bod].

Natrrral rraLer m:rsses. part icularlv lhose
slr-ong1,'  inf luenced hJ thc proxinri t l  of lancJ
rnasses. cl ispl:rv both spatial and lcrrporal raria-
t ion-s in thei l  organic anrJ inolganit ' romposit ions.
Conscqucntlv. thr:r *ill h characlerized bv relatcd
r  a l i ab i l i t i es  i n  t he i l  assoc ia t c r l  r l o r r i nan t
tavclcngths. Such colrLrl  variaLi l i t ,v is exhibitcd
throughout thc Rritish Columbia liver s,v-.tems. This
is a rcsLrl t  of the geologir: :r l  ancl vegetativc dircr--
si tv charac terizing the ( laradian Corcl i l lc la and thc-
irrpact oi such diversitv on thc composit iorr of as-
sociated natural rralcl  bodies-

This papef presents the results of an optical sur-
rer ol Bri t ish Colurnbia r ivcr slaLions txken dur
ing 1986 and 1987. An attempt lo quanti lJ thr
l isual colotrr- of natrrral rater in terms of the hu-
nan r:vr 's spectr-al response is discusscd. m arc

possible erplanation-" lor the visual colour lal ia-
t iorrs del ining the Brit ish Colunrbia r ivcr svslerns.

Sampling Stations
l igure I ilhrstratcs thc locaLion ol lhe lirurteen sarn-
pl ing st i l t ions usrd in the currenl survev. Al l  sta-
lions arc ri"-er-based ancl all ibrm pnrt oi a nctuolk
ol sarnpl in€( -rtat ions in southcrn Brit ish ColLrmbir
operatecl undcr lhc arrspices of the lnl:rnd \ l  aters
Dire(,Lofate of Environment C1llracla. Also sho$n
in Figure I arc thc drainage basins irr the sLrr-
r,eled rir ers.

-(ubsurlace volume lel leclance (thc ral io ol up-
lel l ing irradiance to dolrnl 'cl l ing irradiancc at a
speci l iecl depth) spcctla \rclc dclermined aL each
stat ion lhroughout the sl)erlr :11range 400-7:10 nnr
rut i l iz ing a Techtum QSSI 2500 scannirrg Quan-
hspectlometcr. Each slal ion $as r isi ted 1$ite a

vear during l1)116 and l9tt7. once in eal lv sum
rncr and oncr: in arrt  rnn. the inlention being to
slnplc al of near both peak and mininrunr f lorr
rates. Table I l ists the r ivcrs. stat ion local ions (sla-

t ion numbers as shown in Figurc' I) .  sarnlr l ing
dalcs. slaLion elerat ions. and r i \ .er f low ratcs for '
the sLation or a ncarb\. stat ion.

Trr at ldit ion lo Lhe subsu ice optical spcctra ob-
lilincd al each slation. w:rter sarnples lcrc collcclcd
L() ol l ta;n .oncentrat ions of tulbicl i tv
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ln this sLuth thc optic:r l  lne{sl l lcntent.!  \ \erc
perlrrnrcd i? r iru Lo { ' l iminate the effccts oi sur-
lacc rci lect ion.rnd kr direcLl\ rrrcaslue the sul)sLrr-
lace rolLrrnc rcl lectance ol thc rrater R(tr).  lhcse
RIX) spcctra rrerc thcn conrbinerl  r  i th an inciclerrr
radiat ion spectrLrnr for a standnrd alrnosphere
t r ( - r r  l r ' ,  r n  K r  - i z r -  - i , r 1 .  r  l q 8 l j , .  r o , , l , r . r i r ,  J n  . r f
rrel l ing irrrcl iance spc'c,t lurn E{X) for each stat ion
and e.r lh sanrpl ing rJirtc.

Volume Reflectance Spectra ol British
Columbia River Waters

, \ub-"urfart rolume rel leclanccs rrere rrrr:asured
hlice r rc:Lr during 19136 ancl l98i irrr thc lbur
r c c r  ' i \ F r  - r  r r i u r -  l i - r , . 1  i ' ,  l ' . r b l c  l .  l r l s ,  r . r r : ' r -
t ions in lxrth magnitLrde rnrJ spcctral shapts rrcre
obscred. Thcsc lal ir t ions :rrc i l lush.ared in Fig-
Lrre 2 l  hi t  h displars thc summer ancl lal l  sub-"ur-
llcc vr:rlume rcflcctrnce slrectra rccotrlecl at sLalions
j i  (Kctt lc l l i ler al \ ' l id\ra!).  6 lColurnbia I l i rer ar
Rerclstokc). 8 (KooLenav l l iver.rt  Canal Flats). anrJ
11tl ' raser Rilcr at Hopcl. Nler.ured ralur:, .  ofsub-

O sraroN LocATroN
-- OFAINAGE BASIN BOUNDARY

surfat e rolumc rel le.Lan(,e ol Bri t ish ( ir lumbia
r- i ler rrater rangcrl l rom as lorr as - 370 to as high
as l5-200/o

Thc sLrbsurl:rce \(r lrrmc r-el lectan(.c spechrl
rcponed here Ncrc obtainecl at dillcrcnt lo|al timcs
during di l l i : rent Jul ian dars. Conscquenth. inci-
, l - r t  r J d i J t i o r  d i - t r i l , r r t i u n -  r - - . r  r i n y  t ; u n r  r a r i , , r r -
conlbination-r ol solar antl  skv ir .r : l l ianccs lere en-
counlere(l .  lhe !olumr: rcl lcclrn.e slx (, l ra have
rrot bccn norrnal izcd to. sa\. v{r ' t icel sun Llng]es
rnd -qtantlarr l  skl i r-radiance. Such nornral izat ion
woLrlcl  ccrtainlv irnpacl lhe rnagnitLrr lc of R{Xi (up
lo a nl\ imunr of +250i ol Lhe mcasrrrcd value)
but xrruld nol impa(t the spectral - .hape oi I l ( \) .
N"ormalizal ion is. thcrclorc. unessentiar Lo cnrorra
t ici tv analvscs oi subsLrrfacc volLrmc rei lectancc.

Dominant Wavelengths of British
Columbia River Waters

[ ,- . ing measurcd ro]ume ref ler.tancc spectra antl
dn inci.lenl radiation spectr-urn for a standrrd clcan.
drr atrnosplrr:rc taLcn i iom Kneizvs ct a1. i  1988).
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TAUl . l . l  L  Br i t i sh  ( l , , lu rnb ia  R i re f  s rmpl ing  loc l l  ons  rn , l  ( la t .s .

Florv

Rate
Dranuge llean lrruu

Area Discharge

Lm'  im ' ts r

t)Lanagar Itirer at 0Lirer

KettLe Rirer rt \liditr

Kc lL lc  R ik r  a t  ( i i l p i r r

()rlurnbir ltirer at Donolil

Co lun ib ; r  R i ! . r  a r  Re\e ls t , , ke

C o l u r r b i u  R i r c r  a t  l t a i l

koor i ,n r \  R iv i r  a t  ( la ra l  FLats

KooteD! !  R i re r  !1  l i  n$ i ,  k  Sht i , ) , ,

Ko . tc , r ! \  R i r ,  r  ! t  ( ln 's l . ,D

Bull Rirer at Hncherv

E lk  R i rc f  u r  l l i sh ( rv  + ' )3

Ihonrpson f iner  a t  Spences  Br  gc

Fraser Rirer at Hopr
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345
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1;  Jnne 1986 199
29 -{ept  1986 l ;
2 2  J u r r  l 9 8 i  8 0
2 0  0 , , r  l 9 B 7  ;

1 5  h n :  1 9 8 6  3 7
2 9  S r 1 , L  1 9 8 6  1 1
22 l r rnc l98i  7
20 (n1 19B; l  L
1 5  J L u e  1 9 8 6  9 i
i]0 ,qrLrt 1!lB6 l,l

2 l l  . lun:  1987 28

20 Ocr 1 ' )87 i l

15 June l9 i l6 l i8

30 Sepr l ( )86 22

23 jun.  l ( )87 61
20 OcL l9t i7 : )
2 0 i  I  1986 ' )1

25 Junc l t )8t  t37

22 Ocr 1987 50
2 Oct 1986 l3()0

25 JuDe l9 i l ;
22 Oct 1987
15 June l9il6 208{)

23 June 198; l8 l0

2 0  O f l  l ! 1 8 ;  l 5 1 0

I ocr l9il6 5(,
21 JuDe l9 i l ;  150
2l  O.t  198;  28
16 Jun.  1986 612
I  O d  1 9 8 6  9 L
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16 l t rne 1986 l :J2
I  0.1 1986 26
2,1 . lunr:  l98l  59

2 l  O c t  1 9 8 ?  l l

3 Ocr l !186 3BB
25 Jun.  1987 I  t10
23 O({  l . lg7 211
1 6  l u r c  1 9 8 6  1 0 3 0 0
29 S. ipt  19B6 1110
22 Ju, jc  r9B; 5;60

1 9  O c r  l q 8 7  9 1 2
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dinales irr l  r :ach upwell ing sper. lra lcrc then cal-
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trate chrolnatici tv plots lor '  sl :r t i .r ts tr  (Kctt lc Ri ler
at ( l i l t r in) arrr l  14 (!ra-.er Rirer arrr i  I lopc). respet '
t i lc lv. Also sholn on Figurcs 3 and 4 ale the r lhit t :
point S arrd thc cune enrelolre. Frorn the chro-
mutici t l  plots the clorninanl w.aveiengths alorrg $i lh
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l i i iure 1. ( lhn,ialni l \  (oltr l i | r te 'xlLre! l ;rSLation I I{FIaser
Rir.r nl H,) ir .r .

their puri tr  $ere dclcrmincd irrr each upwell ing
sfectfum ibr ( 'ach -stat ion i ln{ l  cach visi t .  An rnal-

vsis of al l  lbunccn slet ions sho\{ed lhat:

1i Ihc points l i r l  a stat ion nrav be closeh
clLrsLerecl.  e.g. Kett le l l i lc l  at [ i i lpin (sta-

t i on  , l )  and  ( l o l u rnb ia  R i re r  n t ' l l a i l  { s t a
t ion i) .  lhcsc strt ioms displa. '-  com[):rrable
dorninanl vavclcnglhs and comparable pu-
r i t ies.

2] The points lor a slat ion mal be posi l ioncd
along a l inr: e'xtc'rrrJing frorn the l  hite lroinL
lo the enreloping curle. c.!1. Kett le l l i r .cr

at l \{ iclrav lstat ion 3} nd Fr-aser Rivel at
Hope (slal ion l4). The-.e stat i{rns displav
comperable doDrinant $arelenglhs but
non-( onl l)ar: lble puit ics.

l)) The points for a sLation Ina\. bci non-
rlustered. e.g. Kootc'na, '  River al ( lanal

! lats (stat ion 8) and Bull  Rivcr at Lhe
IlaLcher! (stat ion 1l ).  These stat ions dis
plav non-cornparable dominanl t  a, ' l ' -
I '  n g t l -  . r r r d  r r , ' n  , , ' m t ' . r r r l , l -  I ' u r i t i e '

{ l l  the cr culatcrl  dorninant rtavelcngths antl
puri lr  ralues ale l istcd in l 'able 2. Trvo stts ofr:n-
tr ies urc gircrr for each slat ion" nam{rl !  the doni
nanl r\arelengths arrrJ puri t ies obsen'cd in lhe
sumnler t lnd lhc dominant i tavclcngths and pu|i

t ics obserred in thc fal l .  The upper' lne rccords
the 1986 r 'alues rhi le the lolcr l inc records the
l9l l i  results at each staLion.

Also includecl l i thin Tablc 2 are turbicl i tr .
!alues 1or cach l i rer sLation. lurbiditv values ler-e
not obtainecl rr i th thc October l986 optical t luta
-ret. Ho\rcvcr ' .  data fnrrn Lhe regular Water Qrral-
i tr .Branch Survev are l istcd in Table 2 nhen thc
SLrnev sarnplcs *r:re olrtained t ' i thin a 24 hoLrr '
period of the Ottobcr l9116 specLro optical mca-

Dominant Wavelengths and River Basin
Types

( l l : rciel dvnanrics has ar:counted for rruch of the

lcnrporal evolut ion of thc BriLish (blumbia land-
ibrms rr{ i t 'h displar ubiquitous ct)nsequences ol
glacial icr:  crosion and cleposit ion. Of thc i<rurteen
slat ions studicd in Lhe ( urrent {ork. eight arc rnorr:

rcspons;\e lo Ei lacial nrcl l  intrrrsions (Lhe l l  ( lolum-

bia l l iver stat ions. lhe :: i  Kootenav Rivcr slr lrons.
und thr: Bul l  and Elk l t ivcr slal ions) than:lre the
o the rs .  l ha t  i s .  s t aL ions . ; . 6 .  7 ,  B ,  9 .  10 .  l  l  a r r r l
I  2 rna, '  r :ontain signif icanl consecluences of a t trn-
poral lv vary' ' ing glacial mclt componcnl. t lhi le sla-
t ions 1. 2, 3 anrl  ' l  c l isplay rninimal conscclucnc{rs
of glrcial rnelt  intrusions. Stat ions l lJ end l4 art
far removcd frorr the direct impact of glacial nelL

but glat'ial actirity takcs placc $ithirr the clrainagc
basin of thcsr L}o r irers. ln the cnsuing discu-s

sions re l i l l  rcfcr lo str l ions.5-I2 as glacir:r- ir :d
ancl thc lerndning st l t ions as norr gl:rcier '- led dc-
spite thc real izat ion lhat such r dist inct ion is some

uhat arbitrarl .

The dvcr later c{)mposit ions arc considered
to bc rcpresentecl b_l the proccss h-,-dropp:rphs pJiven

00

z cmoMATtcrY (l n)

Figu fe  : t .  ( i l rhn ,a l i (  i t \  foor l ;u le  u lL i . '  l , ) r  S ta t i , )1  1  lKP l t le
H i rc r  r t  f j i l p in )
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lABLFl2.  DoDriNrr  Nulelengrh.  s l i ( j l ra l  pur i rv.  arr l  ncesured rLrrb i , l i r r  for  Brr is l j  or tumbia r i ! . j .  srar jons.

\  L , ,nbcr  I t i re r  an , l  1 .o . ! r io r

l ! l l
TurbidiLr

(JTtr)
Purity
fnl

:iummer Dominant
Turbirlitl \\ avrlengdr l\,firv

lJ  I t . r  Fa l l  { r r r r l  ( " .1 ,1

S imi lk ln reeD Bnr i r  r r  t .S .  Boun,h . r

llkanasan Riv.r rr oiner

keull. Ri'.r !r ['lid$ a\

Kenk Hi\cr ar rjilpir

Co iuml , ia  R i re r  u  Domld

(i, rmbi! Rirer !t R.velsroke

Colunbia Rivcr at Trail

Ko.rcnar Rir.r ar Crnol Flats

Koorenar [in{ aL li.rnwi.t Stati,r,

Kootenar  R i r r : r  a t  Cres tor r

Bu Hnr r  a t  Hatcher r

Iilk lin.r ar llishi{ar t93

Thornpn,,, Rirer at -\t{r!r's l}ridse

Ffas.. Rirer at Hol,il
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5 i 2
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3 t
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l 2
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I 7
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1 7
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l 7
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3 2 . 0

0.3

1 .0

o_2
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2 .1
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o . l
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t . 9
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10 .0

0 . 1

0.2
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0.r l

5 7 0  2 0

5 t 2  I
'1B.) 20

5 7 0  3 l

556 72
55,1 27

555 2l
5 0 7  t 3

5i4 37
5.18 t0

572 47
5;3 19

579 6r
5 7 5  4 4

1 t

t 2

t 0

t 3

x cortai,,s inrerferel.. f.,)m bonon r.ll.crrnce

in l igure 5. I{crcin ale sketched the anl icipated
sea-sonal dcpendenr:ies of a represenlatir.e liver sta-
t ion l 'hich is glacicr- led and onc r, ;hich is non
glacierJed. Thc relat ive lolcs ofsnowmelt.  glacial
melt.  and groundnater-arc i l lustr.ated in Figur.e 5.
t  h "  . o l . , , i  ; r ' , r r n . l r ' . i t . r  f , , r . t l l t  i o r r -  r ,  . pun - i r e  ro
both snowrnclt and glacial melt is disrintd,v less sig-
nilicant than the lole of groundualcr for. stations
onlv minimallv irnpacted by glacial l i :ed. Shi le
snolmelt and glacial rnelt are undoubtedly dclined
by suspendccl particulatcs displaying physical and
optical di{fcrences. Lhe composir ion of both types
, , l r r r r r o f f i s  r l r no - t  . . . ,  l r r s i r " l l  i n " rE . r l i ,  i n  na ru r - .
'lhe 

cornposition of groundr,".ater. horvcver., has a
high probabil i tv of containing a substantial dis-
solvcd organic component in addit ion to i ts inor-
ganic comp{,ncnt. ( ionsequcntly, non glacier- led

st;:rtions havc a stonger likclihood ofdisplaying the
optical effecls of a dissolveci organic componenl
than do glacier-fed stations.

Ilcnce. surnrncr optical spcctra may be consid-
cred to r-eprcscnt r iver watcr comprised predomi-
nantly ofsnowmelt at glacier fed stations, and somc
combination of snorvmelt and groundrvater at non
glacier-fed stations. That is, summcr subsurfacc
!olume rellectancc spedra reprcseDt an optical re-
sponse lo suspended inorganic matcrial at glacicr-
fccl stations and an optioal response to an admir-
ture of organic and inorganic rnatcrials al non
pllacier-fed stalions.

Thc {all optical spcctra measurcd at glacierJed
s t J l i on :  mr )  be  r "ons id . r - d  t o  rp l r c . r n t  r i ! c r  \ 1c -
ter comprised ofglacial melt containing srrspended
inorganic material. AL non p{acier-fed stations thc

58 Jcrome. Bukata, Whitf ield. ancl Rousseau
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l i l l  optical spet tra rnav be c.onsir lercrl  ro rrpfesenr
rivcr '  \ \ : t ter cornpl ised prcrJonrinantlv ol grorrnd
\rater ir)nlaining s(rne r.ornbination ol org.rnic anrl
inorg.rni( materi . l l .

T l  ,  r ' r ,  r  - , . r t ' " r r  l n , l . , : r  r n  r - , , t  f i y r r l  r  "  1 , -
fesenl lhc idcal si turt ions ofa simpli f icd one-slrcam
basin ol Lrni lblrrr I ' lc, ;at ion. Nlost r. i rer.basins do

not r l i - .plar sLrch a sirnpl ist ic singlc sorrrcc hlclro-
r r . r 1 , ^ i e  1 ' r ' , , f i 1 ,  .  l l r .  ' l - r r ' l r i r i ,  t , . r l F ' ' , -  i l .  t i l i , r s
mtnv r irer basins nccessitate Ll lo inlcgrLlt ion oi in-
puts frorn scr:er:r l  possibh non iclenLi lal source. ' .  to
(r l) lair l  the rcal ist ic hvdlograph fot cach r ivcr sta,
l iod. l igure 6 schcrnatical l l  i l lustratcs a r. iver-ha-
sin lhat rrould r i 'quit t '  inlegration of a tnult i tuclt :

In tegrat ion
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The (luradian Corrl i l lera. l ikc mosl large br-

sin regions. thcrcftrr-e. can be consi( lered as being
comprisc{l  of a nurnber of sub-unit-s thich can log-
ical l_'-  be divided inlr) three basic t-ypcs:

T,vpe l :  Simple -suh basins which are prcdorni-
nantl,v glrcicr'-fed.

Tvpc 2. -simple sub-basins which {rc predomi
nantl-v- n{)n glacier- ied.

Trpe 13. Cornplcr basins t'hich arr: integr:rlions of
a m(lt i tude of Tv|c I  and Tvpc 2 sub-
D A S l l l S ,

' l i rc 
sal icnt i iatures of thc data containcrl  in

Tablc 2 rnay be sumrnarized rs lol lo\\ 's:

1- l \ Iost of thc dorninant rtavclcngths l ie in thc
spelral rugc 555 nm to 585 nnr. Lorler sPec-
tral rangcs (1f19 nm to 5,18 nrn) ol dolninant
r,;ar.clerrgth-" t'erc lcctrlded dLrdng f:rLl ,'isiLa-

l i ons  t o  s ta t i ons  I . 6 .  { 1 .  9 .  10 .  1 l  and  12 .  The
lort valrre of dr-,minarlt  l rarelengLh obscrvc{l  i i l
stat ion I (Similkamccn Riler) is a conscquence
of bottorn rel lcdion. The other slal ions. ho!t_

e\ef. rre €t lacicr--fe(l  and belong to Lhe Tlpe
L basin classification. Onlv tvo glacier ied st.r-
t ion-. (stat ion 5 ( lolumbia at Don.r ld, and sta-
tion 7 Colrrmbia at Trail) displaled no dornin:rnt
ravelengths in this loter spcclral range fbl ci-
thcr Ial l  r isi tat ion. l  hr:sc tro st:rt ions, hole"er.

qual i fr '  as belonging to the T,vpe 3 conple.r ba

sin classi l icat ir-rn due Lo lhe manr' lr ibrr lar ies ol

thc Columbia Rivc'r.

Quitc subsLantial variat ions ( l i3 nm-52 nrn)
lr( ' re ob-(erled bct$cerr lhe two fal l  deLermi
nations rt  al l  buL one of thc r irer st:r l ions in-
f lucno:cl bl glacial nrlL. Once again the

Columbi:r I l ivcr at l lonald (bclonging to the
Trpe 3 basin classific ation) behavcrl cliflirentlv
from its glucicr-fecl countcrprr ls. cl isplaying a
Iall to-fdll vafiaLion ol onh'6 nm. llnlbrtunatclv.
logistical rlifficulties prcvcntcd obtaining a rclia-
ble opLical spcctrum et station 7 in the fall of
1986 .

Tn adcl i t ion to thc fal l- to-l i1l l  variabi l i t ies ob

serred in the dorrr inanl $avelengths ftrr nearlv
al l  the glacicr-fecl f i !ef stat ions. t l rese glacier-
iid stations also generall--v displa-'-ed -.igniiictnt
summcr-to-hl l  \rat ' t lcngth rariabi l i t ics (9

nn-69 nrn). Again, as e:.pl:rined carlicr, ercep-
t ions to lhis behar, iour pattcrn are the ( lolum-

bia Rirer -stat ions at Donald ancl 
' l rai l .

5. l 'ol  crch norr glacier lccl r ivtr slaLion the st lnr-
mel and l i l l  dominant wavelengths were nrt

mcrical lv sirni lar. displaving dif i i renct 's < l0

6. [ ' ide rangr:s oi Lurbiditv $ere recordcd

throughout both scts of optic:r l  -cur-r 'cvs. From

TaLle 2 i t  is sccn that lolr '  valucs of dominant

wavclcnglhs are al$rys ass(rciaLed 1\'ith lo\t

r 'alues of turbir l i t ,v. High values of dorninant

\\ ,arclcnglhs. honc.t.cr. can be :rssocitrtcd $ith
either high or Lrr l  valucs oi turbidity.

The leaturcs of Lhe suhsurl ircc {rpl ical spectra

obscrred in this shrdv arc not inconsistcnt \r i th lhe

thcoreLical results ofoLrf comp:rnion papcr (Jerome

et al.  1994\ in uhich thc dominant t 'avelcngths

of the uplel l ing irracl iance spectra vcre related.

through the optical cross seclion-r oi stlsp{rnded
I n i r . f J l . . ,  h l , , f ' , 1 ' h \ l l .  r n , l , l i s - , , 1 r - , 1 ' , r 9 J n i c . i r f -
bon. to the co-cxist ing concentr i t l ions of lhose

:rqult ic cornponeirts. Spccif i  calh :

l .  W:rters displa,ving low turbiditv ( i-e. lol 'con'

ccnlral ions o{ suspcnrJed rnineral and cl l lo-
rophvl l)  along \r i th low conccnLraLions 01

dissohed olganic carbon rould lrc crpr-'ued for

glacicr-fed. runol l-clomin:rted r iver statrons.
Thesc stat ions *ould displal rrprel l ing irradi-

dnce spectra characlef ized hV Lort . t-alues ol

dominant r,arelength.

2. Waters displaf ing lou' turbidit-r couplecl u' i th

substanl ial  concentrut ions of dissohed orgi lnic
mateial irould be expected for non glacier iid
gr-orndwater-dominated r iver stat ions. These

statio ns $ ould displa--v r rprlelling irradiance
sl)eclra charrc{crized b-v intermccl iate to high

val l lcs of dominant $,avclengLh.

3. Watels displa;- ing high turbiditv could be ex-

pcded for any -(tation be iL glacicr-fccJ, non

glacier-fccJ. or- a complex intcgration of severdl
Tvpe 1 nnd/or Tvpe 2 sub basins. Srrh stations

l,ould di-.plav uptcl l ing irradiucc spcctra
charactcrizcd b1_ high valucs oIdorninant wavc_

l cng th .

Dominant Wavelengths and Basin
Parameters

-Since the donrinant l'alelength obser\ed at a river'

slal ion is a dircct rorrsequence ofthc organic and

inorganic nratter compr-ising lhe \rater column al

the t ime ol obscral ion. Lhe domilunt ualelength

can logicall,v be erpected to bc dependent upon

2 .

3 .

il. Little r'{r'iation (< t0 nm) \ras seen bet\rccll
lhe t\{o sunlmer determinations aL al l  the dler
stat ions lrhen bottom cl lccts are neglectcd.

Colour of WaLer: B.C. Rilcrs 6I
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those basin pirrarreler-r antl /or act ivi t ies thar dic
tate aqualic cornposit ion. ln aclcl i t ion lo l l tc nature
ancl source of lhc rralcr. such basin paramelt- ' rs as
eleraLion. cl ischarge f lr l  rate-q. dr-ainagc area. rncl
lhc presence anrl size of reservoirs ancl lakes can
ini luerrrt  thc quanti t ies {)f  the organic and inor
ganic cornponents in t ircr \raters. l)ossible rela-
r ' , ' , - l , i p -  , r ,  , , ' , :  l l r i t i - h  ( l , , l r r r n l ' r . r  . i \ F "  $ J r ,  r
colour lrnd thr:sc basi l  paranrclcrs rrere e:.plor.cd.

FigLrrc i  displars thc lange oi dorrr inant wne-
lcngth-. (sunrnrr:r and f! l l  olcach of t to vearsl plot-
led .rg[ insl the stal ir)n c]ctat ion in mclrcs. Stat ions
in r iver. ' .  containing lakes or tcscrvoirs are r l ist in-
p r r i - r , , 1  i n  t r 3 ' . p .  7  ' . , ,  "  r h , , - e  - t r r i , , r r .  i r  " i r e r -

that arc l ice running. lhe presenr.r 'oi  lake-. or
rcscrvoi ls can nrorlulate l i rer f lot r , ;hich rn:rv or
rnal nol rcsl l l t  in a colour di l i i renLial bcing ob-
scncd  be t$ee r r  r i r c r ' r r a te r  en le r i ng  and  ra t  a t i ng
the lakc or resenoir.

I  igure ; suggcsts a lelat ionship bchreen rangc
of donl inanl tarclength anrl stat ion elerat ion t i th
slat ions al higher elerat ir ;ns displarirrg a r ider
range ol dominanL rravclcngth-s. For thc stat ions
included l iLhin this studr. the prcscnce or ebscncc
ol impoundrnents in lhc r iver does nol lrppear t .r
signi l icantl"- i rnpatt this relat ionship. ' f  he slal ions

shoting the highest clcvations. ancl thcrcl ir le the
Largest r{a\el( 'ngth range in Figure 7 are thc
glacier-Icd stat ions. FLrrthcr..  as seen from ! ' igure
?, the upper l imit to the range of dorninunl
uarelengths appear-s to bc indepenrJent ol the ele-
rat ion oi lhe stal ion sampled. Consecluenrly. i t  is
the louer l i rnit  ol the don;nant $arelenglh range
rhich is invrrselr rel:r tcd to stat ion elcr.at ion. As
discLrssccl in our r.ornpanion papcr (Jcrome et a1..
1994). lo* valuc-. ol dorninant w.avelengLh arc as
sociated l ' i th aquatic regimes r,onlaining srnal l  con-
centrat iors of suspended inor€ianic nlaterial.  

' l 'hi-r

suggcsts that glacial mcltwater is characterized bv
cither lo* LLrrbiditv values ( i f  thc optical t  ross scc
t i , ' r r -  " i . . r - p ,  n r l ed  m i r r ,  r . r l  r n  t he  B .L .  r i r ,  r -  ' r r "
conrparablc to thosc observed for suspended
nrinerals in T,akc Ontario) ol possible inrermccl i-
ate lLrrbidity ralues ( i f  the suspendcd mineral ;n
the glacial mclt$ater are chartrcterized bv a f lat.
i .e. "$'hite' '  optical cross secl ion spr' 'ctrum). ln ei-
r l r ,  r , . r - e .  t l r e  r l i r , . i  uh .en . r t i o r r - , , f  t l r i -  e rp . r ' i r n , . r r -
t  rrork appcar to be irr gorxl agreement $ i th the
theoretical analvses {)f  our cornpanion l ,ork.

Thcrc is evidenct lo support the possibilitv thar
r  " r .  h i r - -  , ' p r i ,  . r l  c ro - -  - , r ' t i , , n  - pee r r  r n  r r r l  i r r

clecd dcl ine the srrspcncled marefial in the glacial
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feecl.  Lol r:r lues ol t lx '  chlomlt ici l \  pLrf i lv ( i ls sr\ 'n
l iorn Talne 2) ere generel lr  obst-r 'rcr l  l i l  glacicr '-
1i ' r l  stat ions. Also. Llre relr high ralues ol rolunrc
ref lettuc'e obsc|r:ccl in thc gla| i Ir ' - i t  r l  st.r t ions Or-
' ' . '  f l . ' t - . r r , l  t l  "  I l . r t ,  l r - r r  , , r -  - r r " r , ! l \  - u g g - - r i \ '

of thr '  1;resence ol "rrhitr j '  scatlcr ing ccntlcs. Thcsr:
B.C. r ' i rcl  obst rrat ions rre. lnsistenl rr ' i th the lr ' r 'k
of . \Lrs and Bogcn 1198[3) rrho oLst nc thrt the
- rni lkr" runoffofsorne \on\{rgi lrn gla(rcrs rs r ( t)n-

scqLrncc ol l trger r l iameter palt icles lhicb tcncl
t o  sc l t l .  ou t  r l o$ns l r ca rn .  , { L r ch  s t t t l i r r g  t ' o r r l c l  ce r -
tainlr Lt lrasttrrtr l  l rr  Lhe lrresence ol irnpc,untl-
nrenls \r i thin th{ '  r ' ivcr ' .  al thoLrgh l i  cr:  nr" 'g.\rrs
corr l l  also be clraracterized bv such sett l ing. dc'
pending upon strcanr l lorr rclrx i tv.

FigrLle 8 r l i - .plar" thc rangt ol rLrnrirrarrt
rrarcltrrgLhs l) lotted agrinst lhe dlainagt alca of
the r i \ef rLpslrranr ofthc stat ion lrxatiorr.  A gcneral
r , 1 . , t i ,  , - I ' i I ,  . , t ' t r . , r -  r , '  '  r r - r ; - .  r ' i t l r  - t . r i n r , -  . , -
soci,rted rrith lalgc cir'.rinagc lrcas displaving a rcla-
l i \ c l \  r ons len t  \ a l u (  o f rL rm inen t  t r r ve leng th .  an t l
str i i lms $soci ir l({ l  t i th srnal lcl  r lr .r inage alers dis-
plaring l .ugel langc' ol donrinant larr '1cngth. This
is LrndoLrbLedlv i l  conse.luence ol lalgc r lrainagc
arca" bcing asso( iale(l  \ i th r irr :r  stat ions belonpl
ing to the cornplcr 

' lvpt 
3 classi l i tat ion. ,Such in-

tcgratcd sourci '  stat ions rrorr l t l  ten.l  to l)e

lhrrar:tel izecl bv tatcrs r l ispl lving high cleglees ol
hornogeneiLr. Once again lhc plcscnct or ahsr:rr<'r:
ol inrporrnrlrnt nLs.r l) l)e&rs to be r,1 l i t t l :  ol  no sig-
ni l icance.

No dist inct rr lat ionship l)eL$een r:uge r l1 dom-
inanL xarelength and nrcrn lnnual f lot energed
for lhc slaLions (onsidered in this . tudv.

Conclus ions

l 'or thc Canarl ian Cort l i l lera. Trpe 1 sub basin"
r " . ' r  l , '  , 1 ,  f i r r ' , 1 . r -  l r . r r i r r g  t l r "  f " 11  , "  r ' y  1 ' "  1 ' ,  r t  '  - :

l r i ;  "  - . ' r . , t i "  ' .  - n ' . r l l  , l t i r ' . r r '  : r - J - .  - r r , , r , : r  i  ' -
i lucncc frorn nrn(r l l  associr led rr i th both snol mclt
and ghcial mclt.  1ol lo n(xlerate lurl) idi t ,-  \alues.
r ,  J l i ! F t \  , , , r - l . , r l r p 1 "  r  l i r n i t  ,  f  , 1 , ' m i n . , n r  s r r r , '
l r :ngth. arrd non (rnslarl t  lorrer l i rnit  . ,1 dc,rninanl
rtrvelen;1h. Thcsc Tvpr: I  "rrh-hasins gt:neral lv cl is
plar rJonrirrant *arelengths in the rravelength irr-
ter 'ral ,1[J0-550 lr ln..  i .c. co oLrrs pcrc. ' i \ed to bc
in  t hc ' r angc  b l r r  Lo  t r r r r l uo i se  t o  g reen .  l  cons r ' -
quencc ()1 prcclominrnlh srrsp('nded ino|ganic
m|rtef ials.

Trpe 2 suh-basins rnal bc tJcl irrecl es hering
the icr l lorr ing propcrl ics: Lrrrer elevations. largc or
srnal l  clrainage.lre;rs, nrininal inf luence l iom 91a-
ci:J rn. l l \r l lcf.  srrbstut ial i rr l luencc i i l r l  snortrnelt
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and lrorn groundt'ater intrusion. lol,to high tur-
biditv ralues. and rt lat ivclv constant uppcr and
lor,;cr l i rr i ts ol dominant lavelength. These Tppe
2 sub basins displ:ry dominant wavelengLhs irr the
\ralelenglh inLef\al 550-570 nm.. i .c. colours pcr-
ceivcd to bc in thc rangc grccn to brown, a conse-
quence ol substantial concenlral ions of dissolvccl
organic matc als.

'l'rpe 
3 basins m.r,v be clelined b_,- anv corrrbi-

nation of the phvsic al basirr paramctcls {clevrt ion.
dr-ainagc arca. sourcc r\,aters) delining the Tlpes
I and 2 sub basins. Dominant wavelengLlrs in the
s : r re l c r rg t l r  i r r . nJ l  5 ;3 -57C  n rn  t \ ,  r ,  i  on - i s t . n l
fcatures of the optical spedra obser,'ed at these
slal ions. This suggcsts that thc Cordi l leran $'atels
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Lend to approach an "cnd-point'' aquatic colour de-
f ined b,v dorninant wa\elengths of thcsc valucs.
This is r,onsistcnt * i th thc "cncl-point" dominant
wavclcngth valucs 572-583 Dm i l lustrated in our
companion paper (even though Lhe opl ical cross
sections appfopfiale lo T,:rke Ontario rqcrc used in
gcnclating those results). Such "encl-point" aquatic
coloLrr nith the 573-578 nm dominant r,avelength
langc could be attained in anv ol three possible
rravs: l)  high concentrat ions of sLrspcnrJed
mincrals, 2) high r:oncenlrations of t:hJorr4rhyll, or
3) lov concentrat ions oI suspended nrinerals coLr-
pled l i th high r:onr:entrat ions ofdissolved organic
materials. River vater at stat ions includcd within
Type 3 basins consistcntlv cl isplav brown colours.
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