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Abstract

Subsurlace volume reflectance spectra in the range 400-740 nm were directly measured on four separate oceasions al each of
fourtcen river stutions in British Columbia during 1986 and 1987, Chromalicity analvses were performed on volume reflectance
spectra lo deline aquatic colour in terms of a dominanl wavelength and its associated purity. An allempl was made to explain water
colour variations in British Columbia river systems based upon clevation. drainage arvea, glacial-feed, groundwaler inteusion, -
Lidity, and basin type, Lt is shown that simp

sub-basins which are glacier-fed and meltwater-dominated genevally display dominant
wavelengths in the interval 480-550 nm (i.c. colours usually perceived to be in the range blue 16 turquoise to green), a cansequence
of low 1o moderate turbidity comprised predominanly of suspended inorganies. Simple sub-basins which are non glacier-fed and
groundwaler-dominaied display dominant wavelengths in the interval 5350-370 nm (i.e. colours perceived to he in the runge green
1o brownl, a consequence of Jow w high particulate wrbidity in conjunclion with substantial concentrations of dissolved organies.
Most of the large river basius ol the Canadian Cordillera are comprised ol a complex of sub-basins, and thus represent the integra-
tion of inputs rom several sonrees. These complexes are shown 1o display dominant wavelengths in the restricted wavelength inter-
val 573-378 nm. Such an “end-point™ dominant wavelength causes the river water to be perceived as brownish in colour.

Introduction possible explanations lor the visual colour varia-

. e tions defining the British Columbia river systems.
In our companion paper (Jerome et al. 1994) we ' .
have deseribed h(.m the OI)SG‘!I'VE‘d colu.ur ol & nal- Sampling Stations
ural water bodv (in terms of the dominant wave-

length of its upwelling irradiance speetrum) is a Figure 1 illustrates the location of the fourteen sam-

direct consequence of the absorption and scatler-
ing propertics (as a funclion of wavelength) that
may be conflidently ascribed to a unit concentra-
tion of each of the principal organic and inorganic
components of thal water body.

Nalural waler masses, particularly those
strongly inlluenced by the proximity of land
masses, cdisplay both spatial and temporal varia-
tions in their organic and inorganic compositions.
Consequently, they will be characterized by related
variabilities in their associated dominant
wavelengths, Such colour variahility is exhibited
throughout the British Columbia river systems. This
is a result of the geological and vegetative diver-
sity characterizing the Canadian Cordillera and the
impact of such diversity on the composition of as-
sociated natural water hodies.

This paper presents the results of an optical sur-
vey of British Columbia river stations taken dur-
ing 1986 and 1987, An auempt 1o quantify the
visual colour of natural water in terms of the hu-
man cye's speciral response is discussed. as are

pling stations used in the current survev. All sta-
tions are river-hased and all form part of a network
of sampling stations in southern British Columbia
operated under the auspices of the Inland Waters
Direclorate of Environment Canada. Also shown
in Figure 1 arc the drainage basins lor the sur-
veved rivers.

Subsurface volume reflectance (the ratio of up-
welling irradiance to downwelling irradiance at a
specified depth) speetra were determined al each
station throughoeut the spectral range 400-740 nm
ulilizing a Techtum QSM 2500 scanning Quan-
taspectrometer. Fach slalion was visited twice a
year during 1986 and 1987, once in early sum-
mer and once in autumn, the intention being to
sample al or near both peak and minimum flow
rates. Table | lists the rivers. station locations (sla-
tion numbers as shown in Figure 1), sampling
dales, stalion elevations, and river flow rates for
the slation or a nearbv station.

In addilion Lo the subsurface optical spectra ob-
taimed al each station, water samples were colleeted
lo obtlain concentrations of turbiditv.
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Figure 1. British Columbia river sampling stations.

In this study the optical measurements were
performed in situ 1o climinate the effects of sur-
Tace reflection and to directly measure the subsur-
face volume reflectance of the water R{A). These
RiA} =pectra were then combined with an incident
radiation spectrum for a standard atmosphere
taken from Kneizys ef al. (1988). to obtain an up-
welling irradiance spectrum E(X\} for each station
and each sampling date.

Volume Reflectance Spectra of British
Columbia River Waters

Subsurface volume refleclances were measured
twice a vear during 1986 and 1987 for the four-
teen river stations listed in Tahle 1. Large varia-
tions in both magnitude and spectral shapes were
observed. These variations are illustrated in Fig-
ure 2 which displavs the summer and fall subsur-
face volume reflectance spectra recorded at stations
3 (Kettle River at Midway). 6 {Columbia River al
Revelstoke), 8 (Koolenav River at Canal Flats), and
L4 (Fraser River at Hopel. Measured values of sub-
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surface volume refleclance of British Columbia
river water ranged from as low as ~ 3% 1o as high
as 15-20%

The subsurface volume reflectance spectra
reported here were obtained al different local times
during different Julian days. Consequently, inci-
dent radiation distributions resulting from various
combinations of solar and sky irradiances were en-
counteted. The volume reflectance specira have
not been normalized to, say. vertical sun angles
and standard sky irradiance. Such normalization
would certainly impact the magnitude of R{A) (up
to a maximum ol +25% of the measured value)
but would not impact the spectral shape of R(A).
Normalization is, therefore. unessential 1o chroma-
ticity analyses of subsurface volume reflectance.

Dominant Wavelengths of British
Columbia River Waters

Using measurcd volume refleciance spectra and
an incident radiation spectrum for a standard clean,
dry atmosphere taken from Kneizvs et al. {1988),




TABLE 1. British Columbia River sampling locations and dates.

Drainage Mean Annual Slalion Flow
Station Area Discharge Ellevalion Sampling Rate
Number River and Location km? (m*fs) {m) I}ales (m’fs)
1 Similkameen River 9180 63,2 365 15 June 1986 199
29 Sept 1986 17
22 June 1987 80
20 Ool 1987 7
2 (Heanagan River at Oliver 7590 17.6 303 15 June 1986 37
2% Sepl 1986 14
22 June 1987 T
20 (et 1987 11
3 Kettle River at Midway HT30 43 550 15 June 1986 97
30 Sept 1986 14
23 June 1987 28
20 0w 1987 3
4 Kettle River at Gilpin 0840 82 520 15 June 1986 174
30 Sepr 1980 22
23 June 1987 il
20 Oet 1987 E}
5 Columbia River ar Donald 9710 174 785 2 001 1986 G7
25 June 1987 437
22 Ot 1987 B0
6 Columbia River at Revelsloke 26700 854 4235 2 Qct 19860 1390
25 June 1987
22 Oet 1987
7 Columbia River at Trail 155000 2830 115 15 June 1986 2080
23 June 1987 1840
20 Oct 1987 1510
g Koolenay River at Canal Flats 5390 87.2 810 1 Oct 1986 51
24 June 1987 150
21 Oel 1987 28
9 Kootenay River al Fenwick Station 13600 205 155 16 June 1986 642
1 (et 1986 91
24 June 1987 305
21 Oet 1987 49
10 Koolenay River at Creston 35200 440 35 16 June 1986 411
30 Sept 1986 232
23 June 1987 197
21 Ocl 1987 397
11 Bull River at Hatchery 1530 32.9 755 16 Junce 1986 70
I Oct 1986 18
24 June 1987 26
21 Oct 1987 7
12 Elk River al Highway #93 4430 753.7 700 16 June 1986 132
1 Oct 1986 26
24 Junc 1987 h9
21 Ocl 1987 14
13 Thompson River at Spences Bridge 54900 775 225 3 Oct 1986 388
25 June 1987 174H)
23 OcL 1987 211
11 Fraser River at Hope 217000 2720 45 16 June 1986 10300
29 Sept 1986 1110
22 June 1987 5760
19 Oct 1987 912

Colour of Water: B.C. Rivers

55



20 | |
KETTLE RIVER at MIDWAY

= SUMMER 1964
16 - FALL 1988
*  SUMMER 1987

. ¢ FALL g7 -

gn -
=
2
= 10 —
=l
[=Z)
= § - —
=
(=]
=

0 L
« FALL 198
5 * SUMMER 1987 |
o FALL 987
1 — -
4 — —
g 12— "‘.‘ \X -
T \“x -
E / \E\ \X
E o Rt by
=t y
g k"-. \\
6 N E
% MU
Y A
4 — n\s\ \\ 1
X,
: KOOTENAY RIVER at CANAL rm:\‘\k N
‘T'\ﬂ i
0 I I I I |
400 500 800 700

WAVELENGTH (nm)

0 | l |
b COLUMBIA RIVER at REVELSTOKE
18— ~
FALL 1986
16 — = SUMMER 1987 L
o FALL 1987
14 —
2 4 -
10— —
8 =

20 - - | | | 1 |
a) FRASER RIVER at HOPE
18 — =
= SUMMIR 1986
16 — ~  FALL 1986
*  SUMMER 1987
u - 3 FALL 1967 -

£ = ; Lo

// A, Y
p A L
4 / T, -
/ =
1 e \ —
0 T I | I T
100 500 600 700

WAVELENGTH {nm}

Figure 2. {a) Subsurface volume refleclanee spectra recorded at Station 3 (Kettle River at Midway). (bt Subsur-
fuce volume reflectance spectra recorded at Station 6 (Colimbia River at Revelstoke). i) Subsurface
valume reflectance spectra cecorded al Station 8 (Koolenay River st Canal Flats). (d) Subsurface vol-

ume reflectance spectra recorded ab Station 14 (Fraser River at Hope).

upwelling irradiance spectra were obtained for each
station and sampling date. Chromaticity coor-
dinates for cach upwelling specira were then cal-
culated in the manner deseribed in our companion
paper (Jerome et al. 1994}, Figures 3 and 4 illus-
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trate chromaticily plots for stations 4 (Keule River
at Gilpiny and 14 (Fraser River and Hope), respec-
tively. Also shown on Figures 3 and 4 are the white
point S and the curve envelope. From the chro-
maticity plots the dominant wavelengths along with
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Figure 3. Chromaticity coordinate values for Station 4 (Ketile
River at Gilpiny.
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Figure 1. Chromaticity coordinate values for Station 14 {Fraser
River at Hopel.

their purity were determined for each upwelling
spectrum for each station and cach visit, An anal-
vsis of all fourteen stations showed that:

13 Fhe points for a station may be closely
clustered, e.g. Kettte River at Gilpin (sta-
tion 4) and Columbia River al Trail {sta-
tion 7). These stations display comparable
dominant wavelengths and comparable pu-
rities.

2} The points for a station mav be positioned
along a line extending from the white point
1o the enveloping curve, c.g. Kettle River

al Midway (station 3} and Fraser River at
Hope istation 14). These stations display
comparable dominant wavelengths  but
non-comparable puritics.

3) The points for a siation may hc non-

clustered. e.g. Kootenay River at Canal
Flats (station 8) and Bull River al the
Hulchery (station 11). These stations dis-
play non-comparable dominant wave-
lengths and non-comparable purities,

All the caleulated dominant wavelengihs and
purity values are listed in Table 2. Two sets of cn-
tries are given lor each station, namely the domi-
nant wavelengths and purities observed in the
summet and the dominant wavelengths and pusi-
tics observed in the fall. The upper line records
the 1986 values while the lower line records the
1987 results at each stalion.

Also included within Table 2 are turbidity
values for each river station. Turbidity values were
nol obtained with the Oclober 1986 optical data
sel. However. dala from the regular Water Qual-
ity Branch Survey are lisied in Table 2 when the
Survey samples were oblained within a 24 hour
veriod of the October 1986 speciro-optical mea-

suremaenls.,

Dominant Wavelengths and River Basin
Types

Glacier dynamics has accounted for much of the
temporal evolution of the Brilish Columbia Jand-
forms which display ubiquitous consequences of
glacial ice erosion and deposition. Of the fourleen
stations studicd in the current work, eight are more
responsive 1o glacial melt intrusions (the 3 Colum-
hia River stations, the 3 Kootenay River stations,
and the Bull and Elk River stalions) than are the
others. That is, stalions 3, 6, 7, 8, 9,10, 11 and
12 may conlain significant consequences of a tem-
porally varving glacial melt component, while sta-
tions 1, 2, 3 and 4 display minimal consequences
of glucial melt intrusions. Swations 13 and 14 are
fur removed from the direct impact of glacial mell
but glacial activity takes place within the drainage
basin of these lwo rivers. In the ensuing discus-
sions we will refer to stations 3-12 as glacier-fed
and the remaining stations as non glacier-fed de-
spite the realization that such a distinction is some-
what arhitrary.

The river water compositions are considered
to be represented by the process hydrographs given
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TABLF, 2. Dominant wavelength, spectral purity, and measured turbidity for British Columbia river stations.

Dominant Summer Dominant Fall
Station Wavelength Purity  Turbidity ~ Wavelength  Purity  Turhidity
Number  River and lLocation Summer (nm} (%) {JTLY Fall (nm) (%) JT
L Similkameen River mt U5, Boundary 575 46 3.4 567 47 -
369 43 0.8 H40* 22 0.1
2 Okanagan River at Oliver 563 23 1.0 573* 46 0.2
nis* 46 0.5 578* Y 0.4
3 Kettle River at Midway 578 26 1.5 582 59 2.6
D80 63 0.3 578 57 0.1
4 Kettle River at Cilpin 376 53 1.4 375 57 0.5
5373 33 0.5 571 53 0.3
5 Columbia River at Donald - — - 571 36 -
57h 37 1.5 569 22 3
[} Columbia River al Revelsioke - - - 540 17 —
562 31 8.9 553 26 1.0
7 Columbia River at Trail 567 16 1.5 — - -
574 17 0.5 570 20 0.3
8 Koolenay River at Cunal Flats - - - 512 8 -
358 13 13.0 189 20 0.2
9 Kootenay River at Fenwick Station a8l 16 70 570 31 —
573 3l 16.0 53l 15 0.3
10 Kootenay River at Creston 571 46 1.2 556 42 2.4
570 16 0.8 554 27 0.3
11 Bull River at Hatchery 562 20 4.7 555 21 -~
552 12 1.4 507 13 0.1
12 Flk River at Highway #93 572 2] 125.0 574 37
572 29 0.5 348 10 0.1
13 Thompsen River at Spences Bridge - - - 272 47 1.9
o688 42 2.2 373 49 0.3
14 Frascr River at Hope 576 28 43.0 579 61 10.0
574 17 32.0 575 44 1.6

3*

contains inlerference from bottom reflectance

in Figure 5. Herein are sketched the anticipated
seasonal dependencies of a representative river sta-
lion which is glacier-fed and one which is non
glacier-fed. The relative roles of snowmelt, glacial
melt. and groundwater are illustrated in Figure 5.
The role of groundwater for stations responsive Lo
both snowmelt and glacial melt is distinetly less sig-
nificant than the role of groundwater for stations
only minimally impacted by glacial feed. While
snowmell and glacial melt are undoubtedly defined
by suspended particulates displaying physical and
optical differences. the composition of both types
of runoff is almost exclusively inorganic in nature.
The composition of groundwater, however, has a
high probability of containing a substantial dis-
solved organic component in addition 1o its inor-
ganic component. Consequently, non glacier-fed
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stations have a stronger likelthood of displaying the
optical effects of a dissolved organic component
than do glacier-fed stations.

Hence, summer optical spectra may be consid-
ered to represent river water comprised predomi-
nanily of snowmelt at glacierfed stations, and some
combination of snowmelt and groundwater at non
glacier-fed stations. That is, summer subsurface
volume reflectance specira represent an optical re-
sponse Lo suspended inorganic material at glacier-
fed stations and an optical respanse to an admix-
ture of organic and inorganic materials at non
glacier-fed stations.

The fall optical specira measured at glacier-fed
stations may be considered to represent river wa-
ter comprised of glacial melt containing suspended
inorganic material. Al non glacier-fed stations the
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Figure 3. ldealized hydrographs dlusirating the relative reles of snowmelt. glacial melt, and groundwater as components of the
discharge volume for a) glacier-fed river stations and b} non glacier-led river stations.
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fall optical spectra may be considered 1o represent
river water comprised predominantly of ground-
waler containing some combination of organic and

inorganic material.

The river station hydrographs of Figure 3 rep-
resent the ideal situations of a simplificd one-stream
basin of uniform elevation. Most river basins do

@

nol display such a simplistic single souree hydro-
gruphic profile. The dendritic patterns defining
many river husing necessitale the integration of in-
puts from several possibly non-identical sources 1o
oblain the realistic hydrograph for each river sta-
tion. Figure 6 schematicallv illustrates a river bu-
sin that would require integralion of a multitude
of sources.

-
N (
" \5&
L\
N

& Integration

Figure 6. Schematic representation of a river stalion requiring the integration of hydrographs from multiple sources.,
& 1 al it 3 2
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The Canadian Cordillera, like most large ba-
sin regions, therelore, can be considered as being
comprised of a number of sub-units which can log-
ically be divided into three basic types:

Type 1: Simple sub-basing which are predomi-
nantly glacier-fed.

Type 2. Simple sub-basins which are predomi-
nantly non glacier-fed.

Type 3. Complex basins which are integrations of
a multitude of Type 1 and Type 2 sub-
basins.

The salient features of the data contained in
Table 2 may be summarized as follows:

1. Most of the dominant wavelengths lie in the
spectral range 555 nm to 585 nm. Lower spec-
tral ranges (489 nm to 548 nm) of dominan
wavelengths were recorded during fall visila-
lions to stations 1.6, 8, 9, 10,11 and 12, The
low value of dominant wavelength observed at
station | (Similkameen River} is a consequence
of howtom reflection. The other stalions, how-
ever, are glacier-fed and belong 1o the Type
1 basin classification. Only two glacier-fed sta-
tions {station 5 Columbia at Donald, and sta-
tion 7 Columbia at Trail) displaved no dominant
wavelengths in Lhis lower spectral range for ci-
ther fall visitation. These twao stations, however,
qualify as belonging 10 the Type 3 complex ba-
sin classification due 10 the many tribularies of
the Columbia River.

2. Quite subslantial variations (13 nm-52 nm)
were observed between the two fall delermi-
nations at all bul one of the river stations in-
flucnced by glacial mell. Onee again the
Columbia River at Donald (belonging 10 the
Type 3 basin classification) behaved differently
from its glacicr-fed counterparts, displaying a
{all-to-fall variation of only 6 nm, Unfortunatcly.
logistical dilliculties prevented obtaining a reha-
ble oplical spectrum at station 7 in the fall of
1986.

3. In addition to the fall-to-fall variabilities ob-
served in the dominant wavelengths for nearly
all the glacier-fed river stations, these glacier-
fed stations also generally displayed significant
summer-to-fall  wavelength  variabilitics {9
nm-69 nm). Again, as explained carlicer, excep-
tions to this behaviour pattern are the Colum-
bia River stations at Donald and Trail.

4. Litle variation (< 10 nm} was seen between
the two summer determinations al all the river
stations when bottom effects are neglected.

5. For each non glacier-fed river station the sum-
mer and fall dominant wavelengths were nu-
merically similar, displaying differences <10
nm.

6. Wide ranges of lurbidity were recorded

throughout hath sets ol optical surveys. From

Table 2 it is scen that low values of dominant

wavclengths are always associaled with Tow

values of turbidity. High values of dominant
wavelengths, however, can be associated with
either high or low values of turbidity.

The features of the subsurface uplical spectra
observed in this study arc not inconsiskent with the
theoretical results of our companion paper (Jerome
et al. 1994} in which the dominant wavelengths
of the upwelling irradiance spectra were related,
through the optical cross sections of suspended
minerals, chlorophyll, and dissolved organic car-
ben, 1o the co-cxisling concentrations of those
aquatic components. Specilically:

I. Waters displaying low turbidity (i.e. low con-
centrations of suspended tnineral and chlo-
rophvll) along with low concentrations of
dissolved arganic carbon would be expected for
glacier-fed, runoff-dominated river stations.
These stations would display upwelling irvadi-
ance spectra characterized by low values of
dominant wavelength.

2. Waters displaying low turbidity coupled with
substantial concentrations of dissolved organic
material would be expected for non glacier-fed
groundwater-dominated river stations. These
stations would display upwelling irradiance
spectra characterized by intermediate 1o high
values of dominant wavelength.

3. Waters displaying high turbidity could be ex-
pected for any station be il glacier-fed, non
glacier-fed, or a complex integration of several
Type | and/or Tvpe 2 sub-basins. Such stations
would display upwelling irradiance speetra
characterized by high values of dominant wave-
lengih.

Dominant Wavelengths and Basin
Parameters

Since the dominant wavelength observed at a river
slation is a direet consequence of the organic and
inorganic matter comprising the water column at
the time of observation. the dominant wavelength
can logically be expected to be dependent upon
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as in Table 1.

those basin parameters and/or activities that dic-
tate acquatic composition. In addition to the nature
and source of the water, such basin parameters as
elevation, discharge flow rates. drainage area, and
the presence and size of reservoirs and lakes can
influence the quantities of the organic and inor-
ganic components in river walers. Possibie rela-
Lionships among British Columbia river water
colour and these basin parameters were explored,

Figure 7 displays the range of dominant wave-
lengths (summer and fall of cach of two vears) plot-
ted against the station elevation in metres, Stations
in rivers conlaining lakes or veservoirs are distin-
guished in Figure 7 from those stalions in rivers
that urc free running. The presence of lakes or
reserveirs can modulate river flow which may or
may nol result in a colour differential being ob-
scrved between river water entering and vacaling
the lake or reservoir.

Figure 7 suggests a relationship between range
of dominant wavelength and station elevation with
stattons at higher elevations displaving a wider
range of dominant wavelengths. For the stations
included within this study, the presence or absenee
of impoundments in the river does not appear 10
significantly impact this relationship. The stations
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Range of dominant wavelengths observed at each river stalion plotted against the slation elevation. Stations are numbered

showing the highest clevations, and therefore the
largest wavelength range in Figure 7 are the
glacier-fed stations. Further, as seen from Figure
7, the upper limit to the range of dominant
wavelengths appears 1o be independent of the ele-
vation of the station sampled. Consequently. it is
the lower limit of the dominant wavelength range
which is inversely related to station elevation. As
discussed in our companion paper (Jerome et al.,
1994). low valucs of dominant wavelength are as-
sociated with aqualic regimes containing small con-
centrations of suspended inorganie material. This
suggests that glacial meltwater is characterized by
cither low turhidity values (if the optieal cross sec-
tions of suspended mineral in the B.C. rivers are
comparable to those ohserved for suspended
minerals in Lake Ontario) or possible intermedi-
ale turbidity values (if the suspended mineral in
the glacial mcliwater are characterized by a flat,
i.e. “white” optical cross section spectrum). [n ei-
ther case, the direct observations of this experimen-
tal work appcar to be in good agreement with the
theorelical analyses of our companion work.

There is evidence 1o support Lthe possibility that
a “while™ optical cross section spectrum may in-
deed define the suspended material in the glacial
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feed. Low values of the chromaticity purity (as seen
from Table 2) are generally obscrved for glacier-
fed stations. Also. the very high values of volume
refllectance obscrved in the glucier-fed stations Ca-
nal Flats and the Hatchery are strongly suggestive
of the presence of “white™ scattering centres. These
B.C. river ohservulions are consistent with the work
of Aas and Bogen (1988) who observe that the
“milky™ runoll of some Norweglan glacicrs is a con-
sequence ol larger diameter panrticles which tend
Lo seltle ont downstream. Such settling could cer-
tainly he hastened by the presence of impound-
ments within the viver. although free running rivers
could also be characterized hy such settling. de-
pending upon stream flow veloeity,

Figure 8 displavs the range of dominunt
wavelenglhs plotted against the drainage arca of
the river upstream of the station location. A general
relationship appears Lo emerge, with slations as-
sociated with large draiage areas displaying a rela-
tively constant value of dominant wavelength. and
stations associated with smaller drainage areas dis-
plaving larger ranges of dominant wavelength. This
is undoubledly a consequence of large drainage
arcas being associated with river stations belong-
ing 1o the complex Tvpe 3 classification. Such in-
tegrated  source  stations  would tend 1o be

characterized by waters displaying high degrees of
homogeneily. Once again the presence or ahsence
of impoundments appears to be of little or no sig-
nificance.

No distinet relationship belween range of dom-
inanl wavelength and mean annual flow emerged
for the slalions considered in this studv.

Conclusions

For the Canadian Cordillera. Tvpe 1 sub-bhasins
may be defined as having the following propertics:
high elevation. small draimage areas, strong in-
flucnece from runoff associated with both snowmelt
and glacial melt. low 1o moderate wurbidity values,
relatively constant upper limil of deminant wave-
length, and non constant lower limit of dominant
wavelength. These Tvpe 1 sub-hasing generally dis-
play dominant wavelengths in the wavelength in-
terval 480-550 nm., i.c. colours perceived Lo be
in the range blue o turquoise to green. a conse-
quence of predominantly suspended inorganic
materials.

Tvpe 2 sub-basins may be defined as having
the following propertices; lower elevations, large or
small drainage areas, minimal inlluence from gla-
cial meltwater. substantial influence from snowmelt
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and fromn groundwater intrusion, low to high tur-
bidity values, and relatively constant upper and
lower limits of dominant wavelength. These Type
2 sub-basins display deminant wavelengths in the
wavelength interval 550-570 nm., i.e. colours per-
ceived to be in the range green to brown, a conse-
quence of substantial concentrations of dissolved
organic matcrials.

Tvpe 3 basins may be defined by any combi-
nation of the physical basin paramcters {clevation,
drainage area, source waters) defining the Types
1 and 2 sub-basins. Dominani wavelenglhs in the
wavelength interval 373-378 nm were consistent
features of the optical spectra observed at these
stations. This suggests that the Cordilleran waters
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