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DRAINAGE NETWORK ANALYSIS OF A

SUBARCTIC WATERSHED

Caribou-Poker Creeks Research

Watershed, Interior Alaska

S.R. Bredthauer and D. Hoch

INTRODUCTION

The Caribou-Poker Creeks Research Watershed was
established in 1969 as a site for long-term investigation
of the taiga environment. Research is initially aimed
toward developing an understanding of hydrologic,
climatologic and environmental relationships in an
undisturbed setting of the Yukon-Tanana Uplands of
the Northern Plateaus Physiographic Province, Central
Alaska. The general location and the major sub-basins
of the Caribou-Poker Creeks Rsearch Watershed are
shown in Figure 1. Sub-basins labeled C-1, C-2, etc.,
are those in the Caribou Creek Watershed, while those
labeled P-1, P-2, etc., are sub-basins in the Poker
Creek Watershed. The sub-basins are delineated by
their watershed boundaries and are arbitrarily num-
bered for identification purposes.

The watersheds are underlain by frost-shattered
Precambrian Birch Creek schists (Koutz and Slaughter
1972). This area is characterized by rounded, steep-
sided ridges, with narrow, V-shaped headwater valleys.
It is mantled by a thin cap of loess but, because the
loess is derived from the floodplains of streams
draining areas of the same formation, there is no
sharp boundary between it and the weathered schist
below it (Rieger et al. 1972). The soils are poorly
drained and underlain by permafrost on north-facing
slopes and in valley bottoms, and free from perma-
frost on south-facing slopes. The vegetation consists
of black spruce/larch/alder with a thick moss, lichen,
and shrub understory on north-facing slopes. An
aspen/birch/alder complex covers south-facing slopes
with isolated stands of mature white spruce and small
areas of alpine tundra present. Valley bottoms are
dominated by poorly drained riparian communities
of willows, dwarf birch, cottongrass, and blueberry.

The climate of the region is continental subarctic
with short, warm summers and long, cold winters.
January, typically the coldest month, has a mean mini-
mum temperature of -28°C, whereas July, the warmest

month, has a mean maximum temperature of 24.5°C
(Slaughter 1971). Annual precipitation generally
ranges from 25 ¢cm to 38 cm, over half of which falls
during june, July, and August. Snowfall averages
125 ¢m to 150 cm per year (Ford 1973).

Quantitative geomorphic parameters were cal-
culated to provide a description of watershed geometry
and to provide a basis for comparison with other
watersheds. A Strahler stream order analysis (Strahler
1964) was conducted to quantify the lengths of the
component streams and to determine the number of
streams within each order.

The exterior link of a channel network is the same
as Strahler’s first-order stream. For this study, ex-
terior lipks were further divided into two subsets:
bifurcating source links and tributary source links
{(Mock 1971). Bifurcating source links merge with

“links of equal magnitude, while tributary source links

merge with links of higher magnitude. The population
distributions of link lengths play an important role
in the statistical properties of the entire stream net-
work and play a primary role in"the development of
channel network simulation models. The length
distributions of bifurcating source and tributary
source links in Caribou Creek and Poker Creek were
analyzed statistically to see if patterns observed in
other geographic areas were also observed in these
subarctic basins. The source links were then divided
into those links originating on permafrost and those
not originating on permafrost. A statistical analysis
was then conducted on the length distribution of
these two subsets in order to gain some insight into
the effect of permafrost on the channel network.
The drainage network map (Fig. 2) used in this
study was constructed from a 1:2250 scale aerial
photograph mosaic. Stream channels were identified
and drawn with the aid of a magnifying stereoscope.
Some bias is inherent in this type of mapping process,
but it was felt that the need for detail greater than
that provided by the standard 1:63360 scale USGS
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Figure 1, Contour map, Caribou-Poker Creeks Watershed.

quadrangle justified the use of this method. Stream
lengths and drainage areas were measured on a digitizer;
a peripheral computer performed all calculations and
plotted the histograms. The shaded areas of the map
are underiain by permafrost, derived from a soils map
of the basin (Rieger et al. 1972).

WATERSHED CHARACTERISTICS

Various physical hydrologic characteristics of
Caribou-Poker Creeks Research Watershed are sum-
marized in Table 1. Geographic areas were defined
by watershed boundaries delineated on the drainage

network map (Fig. 2). Permafrost underlies 28.0%

of the Caribou Creek Basin and 30.5% of the Poker
Creek Basin. Total relief, the elevation difference
between the highest and the fowest point in a specified
geographic area, ranges from a minimum of 404 m in
sub-basin C-1 (Fig. 1) to a maximum of 597 m in the
Poker Creek Basin. Total stream lengths for Caribou

and Poker Creeks are 121.8 km and 199.9 km,
respectively. The drainage density, an expression of

the closeness of spacing of channels (Strahler 1964),

is defined as the total stream length divided by the

basin area. Values for the sub-basins defined on the
drainage network map (Fig. 2) ranged from 1.35 km/km?
to 5.34 km/km?, with an overall density of 3.36 km/km?
for the entire watershed.
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Table 1. Quantitative data for Caribou-Poker Creeks Watershed.

Drainage
Basins/ Areq Elev. range  Relief Total stream density Elongation Relief Percent
Sub-basins (km®) Aspect (m) (m) length (km) (km/kmz) ratio ratio  Permafrost
Caribou
Main 38.87 E 229-773 544 121.75 3.13 0.68 0.052 28.0
C-1 6.68 E 329-733 404 18.17 2.72 1.20 0.165 26.1
C-2 5.21 S 329.738 409 24,58 4.72 0.97 0.155 3.5
C-3 5.54 NE 305-770 465 20.79 3.57 0.76 0.133 53.2
C-4 9.72 SSE 240-773 533 13.13 1.35 0.69 0.104 18.8
Poker
Main 56.60 S 229-826 597 199.89 3.53 1.73 0.049 30.5
P-1 13.09 ENE 358-810 452 34,99 2,67 1.09 0.092 37.8
P-2 6.83 S 358-826 468 36.46 5.34 0.79 0.125 6.9
P-3 2.70 SwW 320-794 474 10.87 4.03 0.91 0.232
P4 10.07 SwW 299-826 527 23.83 2.37 0.97 0.143 14.2
P-5 1.73 SE 274-774 500 4.94 2.86 0.74 0.248
P-6 8.38 NW 273-755 482 27.70 3.31 0.87 0.128 17.8
Caribou-
Poker 95.47 229-826 597 321.64 3.37 - 30.7

Stream No. of

Table 2. Strahler stream order analysis.

Total stream Mean stream Percent of total

bifurcation Main channel

order  streams length (km) length (km) length ratio length (km)
Caribou Creek

1 289 73.43 0.254 60.31 4,52

2 64 23.06 0.360 18.94 6.40

3 10 14.61 1.461 12.00 3.33

4 3 3.51 0.509 2.88 3.00

5 1 7.14 7.140 5.86 10.03

Poker Creek

1 489 140.49 0.287 70,28 4,89

2 100 26.43 0.264 13.22 6.25

3 16 16.16 1.010 8.08 3.20

4 5 7.68 1.536 3.84 5.00

5 1 9.13 9.130 4.57 15.97




The relief ratio, a measure of the overall steepness
of a drainage basin and an indicator of the intensity of
erosion processes operating on slopes of the basin
(Strahler 1964), was defined by Schumm (1956, p. 61 2)
as “The ratio between the total relief of a basin and
the fongest dimension of the basin parallel to the
principal drainage line.” However, the divisor
in this definition is not explicit, and it is difficult for
two investigators to obtain the same length for an
identical drainage basin. Recognizing this, Cannon
(1976) tested various explicit length parameters for
the divisor and concluded the relief ratio calculated
with the cumulative total of mean stream length is
closely related to the entire drainage basin and per-
haps better reflects the hydrogeologic regimen of the
drainage basin under consideration. Using Cannon’s
definition, the relief ratios for Caribou Creek and
Poker Creek are 0.052 and 0.049, respectively.

The elongation ratio, an indicator of basin geometry,
may be related to the stream’s adjustment to structure
and to the geologic history of the basin (Cannon 1976,
p. 10). As defined by Schumm (1956, p. 612), the
elongation ratio is the ratio of the diameter of a circle
having the same area as the basin to the longest dimen-
sion of the basin parallel to the principal drainage
fine. The divisor in the elongation ratio is also subject
to misinterpretation. Cannon (1976) tested various
explicit length parameters, and determined that the
cumulative total of mean stream length would best
relate the elongation ratio to the entire drainage net
of the basin. Using Cannon’s definition, the elongation
ratios for Caribou Creek and Poker Creek are 0.68 and
1.73, respectively,

A Strahler stream order analysis was conducted for
Caribou and Poker Creeks, using the drainage network
map (Fig. 2). Using an aerial photograph mosaic, an
attempt was made to include all intermittent and
permanent streams within the watershed in the drainage
network map. Following the system presented by
Strahler (1957, p. 914), each source tributary is desig-
nated Order 1. Where two first-order channels join,

a second-order segment is formed; where two second-
order channels join, a third-order segment is formed;
etc. (Fig. 2).

Using Strahler’s stream ordering system, the bifur-
catjon ratio was determined. Bifurcation ratio is
defined as the ratio of the number of streams of order
n to the number of streams of next highest order
(n +1). The number is highly stable, characteristically
ranging from 3.0 to 5.0 in watersheds where powerful
geologic controls do not dominate (Strahler 1964).
Except for the bifurcation ratio of second- to
third-order streams, the bifurcation ratios for Caribou
and Poker Creeks fell within this range (Table 2).

Distribution of channel lengths was also determined
using the Strahler stream order analysis. First-order
streams constitute 60.3% of total stream length in
Caribou Creek and 70.3% of total stream length in
Poker Creek. Main channel length for Caribou and
Poker Creeks was explicitly defined using the method
of Cannon (1976). The main channel length was
found by adding the length of the highest order stream
to the longer of the two next lower-order streams
forming the main stream. The above process was con-
tinued through the first-order streams. For example,
the length of the fifth-order stream in Caribou Creek
was added to the longer of the two fourth-order streams
composing it. The fourth-order stream was followed
until it reached the point where it was formed by two
third-order streams merging. The longer of these two
was added to the main channel length, and the process
was repeated for second- and first-order streams. The
value found by this method is believed to be represen-
tative.

EXTERIOR LINK LENGTH DISTRIBUTIONS

As previously mentioned, the population distributions
of link lengths play an important role in the statistical
properties of the entire drainage network, Exterior
links have been subdivided into two subsets, bifur-
cating source links and tributary source links, each
occupying a different space in relation to the entire
drainage network. Absolute frequency distributions
and the mean (X) and variance {s?) of bifurcating
source and tributary source link lengths for Caribou
and Poker Creeks are shown in Figures 3-6. A statisti-
cal analysis was conducted to determine if these two
distinct subsets of exterior links have the same length
distribution, or if they would have to be treated
separately in a channel network simulation model.

Following Abrahams and Campbell (1976), the
null hypothesis that bifurcating source links and
tributary source links have the same length distribution
was treated for both Caribou Creek and Poker Creek
by the following three nonparametric statistical
methods (Siegel 1956): (1) the contingency table
x2 test for two independent samples, (2) the median
test, and (3) the Kolmogorov-Smirnov two-sample
test. All three tests were used because each examines
a different property of the sample distributions. The
X2 test determines the significance of differences
between two independent groups in which the data
consist of frequencies in discrete categories. The
medijan test determines whether two independent
groups differ in central categories. The Kolmogorov-
Smirnov two-sample test determines whether two in-
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Table 3. Statistical tests comparing bifurcating and tributary source link

lengths.
Bifurcating
Source Tributary-source
links links Decision (= 0.05)
Mean Mean X2 Contin- Median Kolmogorov-
Basin No. length No. length gency test Smirnov
{km} {km) table test
Caribou
Creek 125 0.215 160 0.295 Rejected Rejected Rejected
P<0.001 p<0.01 P<0.001
Poker
Creek 203 0.203 285 0.347 Rejected Rejected Rejected
P<<0.001 P<0.001 P<{0.001

Table 4. Statistical tests comparing permafrost exterior links lengths and
nonpermafrost exterior link lengths.

Nonpermafrost
Permafrost links links Decision (&= 0,05)
Mean Mean Xz Contin- Median  Kolmogorov-
Basin No. length No. length gency test Smirnov
{km) (km) table test
Caribou .
Creek 164 0.229 125 0.287 Rejected Rejected Rejected
P<0.025 P<0.025 P<0.01
Poker
Creek 278 0,188 211 0.418 Rejected Rejected Rejected
P<0.001 P<0.001 P<0.001

dependent samples have been drawn from the same
population, and is sensitive to any kind of difference
in distributions from which the two samples are drawn.
If the null hypothesis were rejected by just one test at
the a = 0.05 probability level, the samples could be
concluded to belong to different poputations. Results
of the three tests are shown in Table 3. The null hy-
pothesis that the samples of bifurcating source and
tributary source link lengths were drawn from the
same population is rejected at or below the 0.01 prob-
ability level (P <0.01) for both basins by all three tests,
with most rejections at the 0.001 level (P<0.001).
Therefore, it can be concluded that, in the subarctic
watersheds analyzed, bifurcating source and tributary
source links belong to different length-populations.
source and tributary source links belong to different
length-populations.

To gain some insight into the effect of permafrost
on the length distribution of exterior links, the ex-
terior links were subdivided into those originating in

areas underlain by permafrost and those originating in
areas with no permafrost. The absolute frequency
distributions of these two subsets are shown in Figures
7-10. The null hypothesis that exterior links originating
in areas underlain by permafrost have the same length
distribution as exterior links originating in areas with

no permafrost was tested using the three nonparametric
statistical methods previously used: (1) the contingency
table %2 test for two independent samples, (2) the '
median test, and (3) the Kolmogorov-Smirnav two-
sample test. The results of the tests are shown in

Table 4. The null hypothesis was rejected at or below
the 0.025 (P < 0.025) level for Caribou Creek and at
the 0,001 (P < 0.001) level for Poker Creek. It can

be concluded that, within the Caribou-Poker Creek
Watershed, links originating in areas underlain by
permafrost tend to be shorter than those originating in
areas with no permafrost. ’
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DISCUSSION

Drainage densities within the Caribou-Poker Creeks
Watershed are in the coarse range (less than 5.00) as
defined by Strahler (1957). Coarse values are common
in areas of permeable rocks and of low rainfall in-
tensities (Gregory and Walling 1973, p. 47). Ground
cover in the watershed is primarily either forest [itter,
or the highly permeable moss that overlies permafrost
areas. Rainfall intensities in the region are very light
(Santeford 1976, p. 18). The low values of drainage
density are therefore to be expected, considering the
ground cover and rainfall intensities.

The bifurcation ratios of the Caribou-Poker Creeks
Watershed indicate that strong geologic controls are
not dominant. Strahler (1957) states that the bifurca-
tion ratio is highly stable and shows only a small range
(between 3-5) from region to region or from environ-
ment to environment, except where geologic controls
dominate.

Statistical analysis of the frequency distributions
of the lengths of bifurcation source and tributary source
links indicated that tributary source links tend to be
longer than bifurcating source links in this watershed.
The two types of source links would have to be treated
separately in a channel network simulation model.
Similar results were noted by Abrahams and Campbell
(1976) for six dissimilar watersheds in eastern Australia.
The differences in length distributions are attributed
to a tendency for the length of tributary-source links
to increase downstream as the length of the main valley
slopes on which they developed increased. This ten-
dency was evident in the sub-basins of Caribou-Poker
Creeks, but did not seem to apply to the lower basins,
where a large number of short tributary-source links
entered the drainage network as a result of subsurface
flow exfiltrating near the base of the slopes.

Additional statistical analysis indicated that in this
watershed exterior links originating on permafrost
slopes tend to be shorter than exterior links originating
on nonpermafrost slopes. Many of the exterior links
originating on permafrost are the result of subsurface
flow exfiltrating near the base of the slopes. Asa
result, these exterior links do not have far to travel
to reach a higher-order stream.
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