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- The Caribou-Poker Creeks Research Watershed Is a small (101 .S-ke;) drainage basin located 48 km northwest of
Fairbanks, Alaska. Elevations within the watershed range from 210 to 826 m, and approximately 28% of its area is
underlain by permafrosL Climatic differences between the watershed and Fairbanks are primarily due to the higher
elevation of the watershed. Generally the watershed climatic sites are warmer in winter and cooler In summer than
Farbanks. Within the watershed the greatest temperature contrasts exist in winter, when the valley-bottom sites are
beneath the regional air temperature Inversion, and the higher sites are above It. From May through September the
total precipitation averages 270 mm, 1.47 times that received at Fairbanks. The annual precipitation is about 1.7 times
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that of Fairbanks. The historical precipitation record at Fairbanks indicates that summer precipitation was below the
long-term normal in eight of the eleven years of watershed measurements (1969-1980); no climatic extremes occurred
during this period.

An analysis of annual streamflow data showed an inconsistency of baseflow recessions from year to year. The
runoff-rainfall ratio for individual summer storms averaged 0.35 for Caribou Creek. Comparisons of spot discharge
measurements of predompantiy permafrost and non-permafrost subwatersheds showed that permafrost-dominated
watersheds have a much Dflashier" response to precipitation than non-permafrost watersheds. A comparison of the
annual flow distribution of the watershed indicated that Caribou Creek has lower summer and higher winter dis-
charges per unit area than the Chena or Salcha Rivers. The temporal variability of the flow of Caribou Creek is
low compared with small- and moderate-sized stream$iiew England.
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PREFACE
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ences Branch, Research Division, CRREL; and Dr. S. Lawrence Dingman, Associ-
ate Professor of Water Resources, University of New Hampshire.
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under Work Unit CWIS 31003, Watershed Studies in Cold Regions. Technical re-
view of this report was performed by Edward Chacho, Alaska Projects Office
(AKPO), CRREL, and Dr. C.T. Dyrness, Institute of Northern Forestry.
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climatic data. The U.S. Geological Survey Fairbanks Office assisted in collecting
streamflow data.

The authors thank the following individuals for their suggestions and assis-
tance over the course of the study and the period of analysis: Dr. Terry McFad-
den, Chief, AKPO; Ed Clark, former Chief, AKPO; Dr. Jerry Brown, Chief, Earth
Sciences Branch, Research Division, CRREL; and Stephen Bredthauer, formerly
with the Alaska District, Corps of Engineers, and former project leader for the
Watershed Studies in Cold Regions Project. They also thank Douglas K~ne, Fleet-
wood Koutz, James Gilchrist, Eugene Culp, Philip Delp, James Crowley and Pat
Quinn,. all of AKPO, for technical support in field investigations; Robert D.
Lamke, Chief, Hydrology Section, USGS Anchorage Office, for assisting with
streamflow data; Timothy Pangburn of CRREL for calculating storm runoff vol-
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HYDROLOGY AND CLIMATOLOGY OF
THE CARIBOU-POKER CREEKS
RESEARCH WATERSHED, ALASKA

R.K. Haugen, C.W. Slaughter, K.E. Howe and

S.L. Dingman

INTRODUCTION There is evidence that the watersheds of inter-
ior Alaska have precipitation-runoff characteris-

Few studies of hydrologic processes and pa- tics that differ from catchments of similar size in
rameters in the North American Subarctic (the more temperate regions. For instance, Dingman
region of discontinuous permafrost) were con- (1971) found that Glenn Creek streamflow re-
ducted prior to the 1960s. An increasing need for sponded rapidly to rainstorms except when the
basic hydrological information in the Subarctic basin was very dry, but that it had very slow re-
and Arctic was apparent by the late 1960s, par- cessions compared with temperate streams of si-
tially due to increasing oil and gas exploration milar size. His analysis of flow hydrographs and
and development and to the unprecedented physical characteristics of the basin suggested
Fairbanks flood of August 1967. Dingman's stu- two principal sources of runoff: 1) overland flow
dies (1966a, b, 1971, 1973) of hydrologic proces- originating in a source area of variable size in
ses in the 1.8-km Glenn Creek basin 11 km north the valley bottom, where the water table is at
of Fairbanks provided the first documented data the ground surface, giving rise to rapid initial
on upland precipitation-runoff relationships in stream response to precipitation input, and 2)
subarctic Alaska and indicated a need for con- delayed flow through the moss and the soil or-
tinuing investigations of cold regions hydrology. ganic layer on the valley floor and sides under-

The Research Coordination Subcommittee of lain by permafrost, resulting in prolonged reces-
the Inter-Agency Hydrology (formerly Technical) sions. Ford's examination (1973) of 1970-71 pre-
Committee for Alaska agreed on the need for cipitation and streamflow data for Caribou
complete catchment studies in .he permafrost- Creek revealed that 1) the stream began to rise
dominated uplands of central Alaska and estab- an average of two hours after rainfall began, 2)
lished the Caribou-Poker Creeks Research Wa- the length of time between the beginning of rain-
tershed in 1969 with the participation of 13 Fed- fall and the beginning of hydrograph rise was not
eral and state agencies (Slaughter 1971). The related to antecedent moisture condition, and 3)
commitee indicated that studies of both "undis- the duration of hydrograph rise was an average
turbed" settings and the effect of landscape of four hours longer than the duration of the pre-
modification on hydrologic regimens were desir- cipitation that produced that rise. The first two
able. conclusions were identical to those of Dingman



(1971) concerning Glenn Creek. while the third rounded even-topped ridges with gentle side slopes....
differs, probably because the travel time is long- In the western part these ridges trend northeast to
er in the larger Caribou Creek basin, east; they have ridge-crest altitudes of 1,500-3,000

feet [457-914 ml and rise 500-1,500 152-457 ml above
The purpose of this report is to further our un- adjacent valley floors....Valleys in the western part are

derstanding of rainfall-runoff relationships in generally flat, alluvium floored and 1/4-1/2 mile [0.4-
the Alaskan Subarctic by examining the eleven- 0.8 km] wide to within a few miles of headwaters....
year data record from the Caribou-Poker Creeks Most streams in the western part follow courses paral-

Research Watershed. Precipitation-runoff char- lel to the structural trends of the bedrock...Drainagtedivides are very irregular.
acteristics, such as recessions, streamf low gener-

ation, precipitation response, and discharge-an- Elevations in the watersheds range from 210
tecedent moisture relationships, are of primary to 826 m. The drairage pattern is dendritic, and
interest. The available data record also allows stream channels in the subdrainages are general-
the opportunity to examine year-to-year or Ion- IV steep-walled and narrow, while the main chan-
ger trends in precipitation, air temperature and nels are wider, often with alternating pools and
streamf low. riffles (Bredthauer and Hoch 1979).

The total area of the Caribou-Poker Creeks
Research Watershed is 101.5 km 2. Runoff from

SETTING 41.7 km 2 is measured at the Poker Creek gage
and runoff from 23.8 km2 is measured at the Car-

The Caribou-Poker Creeks Research Water- ibou Main gage, which is located well upstream
shed is in the Yukon-Tanana Uplands of central from the confluence of the two streams. The re-
Alaska, at 65010' N latitude and 147030' W longi- mainder of the area is drained by Caribou Creek
tude, 48 km north of Fairbanks (Fig. 1). The basin downstream of the Caribou Main gage (Fig. 2).
is shown on U.S. Geological Survey 1:63,360 to- The watershed above the Caribou Main gage
pographic maps (Livengood A-1 and A-2 quad- is divided into four subwatersheds: C-1, C-2 and
rangles). C-3, which are discrete subdrainages, and a small

Wahrhaftig (1965) described the Yukon-Tan- area labeled "C above gage." The ungaged por-
ana Uplands as tion of the watershed contains the subdrainage

149* 146 147* 146*65030' l

Caribou-Poker CResearch
Ctershed

On C.Wte2

FA BAKSO River

G~e " near
Two Riven

64+00

Figure 1. Location of Caribou-Poker Creeks and Glenn !

Creek watersheds.
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CARIBOU-POKER CREEKS
RESEARCH WATERSHED

P-2 /
ALASKA N/P-3

P .. 1

rC-4 I| " .

65-10'.

' /~Above k \'-

C-I 1

% \ Pemafrost Areos (Shoded)
Submotershtec Bounolory --

J 0 4kin

Figure 3. Permafrost areas, subwatersheds and stream channels.

C-4. Permafrost underlies 23.8% of the gaged Seven soil series have been identified in the
portion of the Caribou Creek watershed (Fig. 3). watershed (Fig. 4, Table 2XRieger et al. 1972). In

The Poker Creek watershed is divided into six general they can be grouped into two categories:
subwatersheds, all of which are measured at the 1) permafrost-underlain soils, which tend to be
Poker Creek gage. Permafrost underlies 30.5% poorly drained, have a high moisture content,
of the Poker Creek drainage (Fig. 3). Table 1 pre- and develop ice-rich layers and 2) moderately
sents physical hydrologic information for the en- well drained, permafrost-free soils.
tire watershed and includes information about Permafrost soils are generally found on north-
the subdrainages. facing slopes and valleys beneath black spruce

stands. Their low annual soil temperatures result
Geology and soils in reduced decomposition rates of organic mat-

The Caribou-Poker Creeks Research Water- ter. As a result, litter and organic material ac-
shed is underlain by mica schist of the Birch cumulates on the surface, allowing moss and li-
Creek Formation. A thin cap of loess mantles the chen communities to develop. This thick ground
area, but because the loess is derived from the cover insulates the mineral soil, leading to lower
floodplains of streams draining the area, there is soil temperatures and further development of
no sharp boundary between it and the weath- organic soils, which are generally 20-50 cm thick
ered schist below it (Rieger et al. 1972). Soils in (Slaughter and Kane 1979). Moderately well
this unglaciated area are poorly developed silt drained silt loams are found under birch, aspen
Ioams, which may contain various amounts of and white spruce stands on south-facing slopes.
sand or gravel. They are generally thin, and the They have a thin veneer of organic soil that usu-
gravel or shattered bedrock reaches to within a ally does not exceed 15 cm (Slaughter and Kane
few feet of the surface. 1979).

4
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CARIBOU-POKER CREEKS
RESEARCH WATERSHED

Soil Legend
USDA Classification

a Srodway silt loom F 0
E Ester slt loom
F Fairploy silt loom

6 Gilmore sIt loom
K Kosimoner silt loom 0

0 Dines silt loom E
S Soulich silt loom

F . S
0 G E k

Table 2. Properties of soils of the Caribou-Poker Creeks Research Watershed. (After Rieger et al.

1972.)

Percentage
Soil series USDA texture Drainagre Permafrost Location of watershed

5radway Stratified silt loam and Poorly drained Shallow Flood plain 1.89
loamy sand

Ester Silt loam Poorly drained Shallow Steep north-facing 19.09
slopes

Fairplay Silt loam and gravelly Moderately well None High ridges 21.94
silt loam drained; somewhat above tree line

poorly drained

Gilmore Silt loam, gravelly silt Well drained None South-facing slopes 11.52
loam and very gravelly
silt loam

Karshner Stratified silt loam, silt Poorly drained Shallow Narrow floodplains 1.71
loam, very glravelly silt bordering upper
loam and very gravelly course of streams
loamy sand

Olnes Sit loam and very Well drained None South-facing slopes 39.48
gravelly silt loam

Saulich Silt loam Poorly drained Shallow Foot slopes of hills 4.37

5
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VEGETATION MAP
CARIBOU-POKER CREEKS

RESEARCH WATERSHED

Open Coniferous Forest

Closed Deciduous Forest
Closed Coniferous Forest

Closed Mixed Forest
Open DeciduousI'0 2 4 kmn

L i~ W J mL Coniferous Woodlond
Closed Toll Shrub

Figure 5. Vegetation of the watershed.

Vegetation Fire scars are found on some older trees within

Figure 5 is a vegetation map of the Caribou- the basin, and charred old stumps are common.

Poker Creeks Research Watershed based on a The undergrowth and ground cover consist of

unified statewide system for classifying vegeta- thick spongy moss and low brush on cool, moist

tion in Alaska (Viereck and Dyrness 1980). Under slopes, grasses and forbs on dry slopes, and

this system the watershed falls within the Inter- dense brush of willow, alder and dwarf birch in

ior Alaska Forest (Taiga) designation. open forests near tree line at approximately 600

Spetzman (1963) classified the region that in- m.

cludes the watershed as "moderately well mixed

evergreen and deciduous forest," and the Alaska

Land Use Planning Commission (1973) categor- CLIMATE

ized the area as "upland spruce-hardwood for-

est." This type is described as a fairly dense in- The watershed lies in the "Interior" climatic

terior forest, with black spruce typically growing division of Alaska, a region of pronounced conti-

on north-facing slopes and poorly drained flat nentality that is characterized by large diurnal

areas. Aspen, birch, alder and occasionally white and annual temperature variations, low annual

spruce grow on south-facing slopes and well- precipitation, low cloudiness and low humidity.

drained soils. The white spruces average 12-24 The Fairbanks 30-year normals (U.S. Department

m in height and up to 40 cm in diameter, and the of Commerce 1973) show that January is typical-

aspens and birches average 15 cm in height. ly the coldest month, with a mean temperature

6
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of -24.4oC, while july. the warmest month, has a estimated from the mean monthly temperatures
mean of 17.10C. The annual precipitation at Fair- for the warmest and coldest months (TMAX,
banks averages 285 mm, over half of which oc- TMIN). The analytical estimates of freezing and
curs in the months of june, July and August (U.S. thawing degree-days follow from these relation-
Department of Commerce 1980). Annual snow- ships:
fall averages 1692 mm, with an average accumu-
lation of 175-300 mm per month during October TM = (TMAX + TMINY2
through January. Snow commonly covers the TA = (TMAX - TMINY2
ground from October to mid-April; the average A = ARCOS (-TM/TA)
duration of snow cover in the Fairbanks area is TS = TM + TA[SIN(A)/ A]
about 214 days. The length of the frost-free peri- TW = TM -TA [SIN(AY(n -A)]
od at Fairbanks averages 97 days, extending SD = 365 (A/n)
from May 24 to August 29 (U.S. Department of WD = 365[( -A) n]
Commerce 1973). DDT = TS SD

Due both to its distance from the ocean and DDF = TW * WD
to the numerous topographic barriers, the water-
shed is usually isolated from maritime air mas- where
ses. The tow temperatutes that occur during the
winter stem from intense radiational cooling TM = station mean (0C
caused by long periods of darkness. During these TA = amplitude (OC)
months, strong temperature inversions are com- A = phase angle (radians)
mon. Bilello (1966) showed that surface-based in- TS = mean summer temperature (oC)
versions are present during more than 40% of TW = mean winter temperature (0 C)
the winter in Fairbanks; at Caribou Creek, inver- SD = length of summer (days)
sions have been noted throughout the winter WD = length of winter (days)
(Ford 1973). During the summer, cool air flows DDT = thawing degree-days
into the valley bottoms at night, also creating a DDF = freezing degree-days.
localized inverted air-temperature gradient.

The results of this procedure are summarized

Air temperature in Table 3. The observed and estimated Fair-
The analysis of air-temperature regimes for banks records are included for comparison with

the watershed is based on records obtained at those of the watershed sites. The estimated val-
watershed stations during 1975-1979 and the ues for the watersheds are close to the observed
long-term records from Fairbanks. The tempera- values, which are the means of 1-5 years of re-
ture records obtained from 30-day recording cord. The greatest differences between observed
thermographs installed in standard shelters are and estimated values are for January. This is pro-
often discontinuous due to instrument stop- bably because January has the poorest data re-
pages, especially during the winter (Table Al). presentation for all the months, and the missing
However, enough continuity exists to permit the data are for the coldest Januarys, when recorder
missing data to be reconstructed for various failure was most common. January is the coldest
sites, so that five-year mean values could be month at Fairbanks, and if all the data were
computed. The development of coherent tem- available, harmonic analysis would probably in-
perature records for all the sites was done using dicate that this is also true for the watershed.
an algorithm developed by S.I. Outcalt.' It is Therefore, the estimated rather than the ob-
based on the assumption that any temperature served values are likely to be more representa-
regime can be abstracted into a periodic time se- tive of the true mean temperature.
ries with only three parameters: the mean station Estimated and observed values for the water-
temperature, the amplitude of the thermal re- sheds indicate that these sites are generaHy

gime, and the phase angle of the annual temper- warmer in winter and cooler in summer than
ature curve. Fairbanks. The highest winter temperatures oc-

However, when records are missing for several cur at the highest elevations; the coldest water-

months, the station mean and amplitude can be shed site is Caribou Main, which is in a confined
valley and is the lowest of all the watershed cli-
matic stations. July temperatures are relatively

'Personal communication, University of Michipn, 191. uniform throughout the watershed but are con-

7



Table 3. Synthesized 1975-1979 mean values of January and July air temperatures (oC) and freezing and
thawing degree-days for Caribou-Poker Creeks Research Watershed.

Mean
January July Degree-days annual

Station Observed Estimated Observed Estimated Freezing Thawing temperature
Caribou Peak -11.5 -17.0 13.9 12.5 2147 1319 -2.3
Caribou Main -22.6 -22.9 13.1 13.0 3071 1269 -4.9
Caribou Peak -10.2 -14.8 14.4 12.5 1811 1382 -1.2

Trail-1600
C- -13.1 -19.6 12.4 11 8 2605 1192 -3.9
C-2-Lower -15.4 -19.9 13.4 12.3 2621 1242 -3.8
C-2-Upper -13.2 -18.6 11.8 11.0 2481 1093 -3.8
C-2-1600 -11.4 -165 13.5 11.8 2091 1242 -2.3
C-2-2100 -10.8 -16.1 12.3 12.6 2003 1367 -1.7
C-3-Lower -18.1 -21.2 12.5 12.7 2808 1255 -4.3
C-3-Upper -13.5 -18.8 13.5 11.8 2487 1206 -3.5
C-3-1600 -10.9 -16.9 11.9 11.6 2177 1209 -2.7
C-3-2100 -10.2 -17.0 13.0 11.2 2200 1150 -2.9
C-4 -18.1 -20.5 12.2 12.8 2685 1282 -3.8
P-1 -17.2 -22.1 13.5 13.2 2930 1319 -4.4
P-2 -17.2 -21.5 11.4 12.5 2875 1223 -4.5
P-4 -12.5 -17.7 12.9 12.3 2281 1289 -2.7
Haystack Mt. -12-4 -17.7 12.9 11.2 2321 1128 -3.3
Fairbanks* -24.4 -24.2 16.0 17.1 3084 1799 -3.5

*Thirty-year average.

siderably lower than at Fairbanks. Estimated tions between the valley bottoms and the peaks.
mean freezing and thawing degree-days exhibit The temperature differences with elevation
the same relationships described for January and were not the same in winter and summer (Fig. 6).
July temperatures (Table 3). The January 1978 temperature in the C-3 subwa-

Mean annual temperatures for the watershed tershed exhibited a clear elevational gradientsites range from -1.20C at Caribou Peak Trail to from -1 5.60 C at C-3-Lower to -8.70C at Haystack

-4.9 0 C at Caribou Main. Most of the sites that Mt., whereas the July temperatures varied by on-
have a mean annual temperature of -3.OOC or ly 1.10C between the two sites. The July 1978
lower are within the permafrost boundaries temperatures for Haystack Mt. and Caribou
shown in Figure 3. The warmest sites are those Main were nearly the same: 13.20 and 12.80C. re-
on the south-facing slopes at intermediate eleva- spectively. Viewing the temperature difference

Haystack Mt.

C-3-210060
Jonuory ,July

C-3-1600

400- C-3-upper

C-3- Lower

200-

o, I i I i I i
-32 -10 0 10 to

1976 Moon Temperoture (tb)

Figure 6. Slope profile of C-3 subwatershed showing verti.
cal gradients of 1978 January and July mean air
temperatures.

ri
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Figure 7. Daily maximum and minimum air temperature envelopes for Hay-
stack Mt., Caribou Main and Fairbanks, 1978.

between these sites as illustrated in Figure 7 sue- Precipitation
gests the reason for the winter-summer differ- The 30-year normal annual precipitation
ences. At the Caribou Main site, daily minimum (1941-1970) at Fairbanks is 285 mm, of which 184
temperatures dropped below the freezing point mm (65%) falls during the unfrozen season,
on nearly half the nights of the summer season. May-September (U.S. Department of Commerce
In contrast, freezing temperatures occurred only 1980). It is generally believed that summer preci-
once at Fairbanks and never at Haystack Mt. pitation in the interior of Alaska results from iso-
during the same period. Winter temperatures at lated storm cells that develop randomly in re-
the high elevation site, Haystack Mt., are higher sponse to the heating of the land surface during
in winter than either Caribou Main or Fairbanks the day. These convective showers would be ex-
and show a smaller daily range. pected to occur most frequently in the after-
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Table 4. Total number of days with meas- Table S. Summer precipitation (mm), May-Septem.
urable precipitation,* May-September ber 1976-79.
1976-79.

Station Elevatlon (n) 1976 1977 1978 1979
Station 1976 1977 .1978 1979

Caribou Peak 773 139 -. 298 201
Caribou Peak 38 -t 57 57 C-3-2100 637 - 309 246 194
C-3-2100 - 58 so 54 C-2-2100 616 - 472 223 -

C-3-1600 - 49 56 - C-3-1600 488 - 311 218 174
Caribou Main - - 48 53 Caribou Main 264 126 366 191 220
Fairbanks 31 49 52 54 Fairbanks 133 127 232 141 152

*At least 0.25 mm. *No data.
tNo data.

noon. However, Santeford (1976) has shown that the precipitation totals for both winter and sum-
most summer precipitation events occur in the mer. The Chena basin ranges in elevation from
morning at Fairbanks and were otherwise scat- 133 m at Fairbanks to over 1220 m and has an es-
tered randomly throughout the 24-hour period, timated mean annual precipitation of 518 mm,
indicating that some of the summer precipita- approximately 1.7 times that of Fairbanks. The
tion at Fairbanks has other causes, possibly oc- 518 mm corresponds closely to the mean annual
casional intrusions of maritime air. precipitation observed at Caribou-Poker Creeks

Precipitation has been recorded at various Research Watershed. Although the Caribou-
sites within the Caribou-Poker Creeks Research Poker Creeks Research Watershed is smaller in
Watershed since 1969 (Table A2). Prior to 1974, area and elevational range than the Chena basin,
precipitation was measured at C-2-2100, C-3-2100 elevational trends in precipitation amounts can
and Caribou Main with Belfort weighing-bucket be identified (Table 5).
recording rain gages with one-week revolving Precipitation within the Caribou-Poker Creeks
drums. The weekly totals were also measured in Research Watershed is usually of low intensity
standard eight-inch rain gages, located with each and high areal variability for a given storm. As a
recording gage. Since 1974, precipitation has result, measurements of precipitation vary from
been recorded only on a daily basis, and the Car- station to station, with generally increasing pre-
ibou Peak, C-3-1600, P-1 and P-4 stations were cipitation with elevation (Table 5). This variabil-
added to record precipitation at various eleva- ity, and the often discontintious record, makes
tions. Measurements are still being recorded at computation of precipitation volumes entering
all the stations except P-1 and P-4, which were the watershed for any storm difficult. Since pre-
terminated in 1978. cipitation volumes entering the watershed are

Table 4 is a comparison of the number of sum- necessary to analyze hydrologic relationships
mer days with measurable precipitation in Fair- such as precipitation-runoff, a method to esti-
banks and in the Caribou-Poker Creeks Research mate summer watershed precipitation using sta-
Watershed. It is apparent that the numbers are tion records was devised.
similar for Fairbanks and the various stations in Since precipitation increases with elevation,
the watershed. The 30-year mean for Fairbanks is the watershed was divided into three elevation
49 days (U.S. Department of Commerce 1977). zones: less than 305 m, 305-640 m, and greater

Although the number of summer precipitation that 640 m, representing respectively, the valley
events appears to be relatively uniform, this bottoms, the slopes, and the subalpine areas of
does not imply that the duration or intensity of the watershed. The proportion of watershed area
precipitation is the same. A comparison of the in each elevational range is shown in Table 6.
total summer precipitation at the watershed Stations within each zone were used to deter-
sites and at Fairbanks is shown in Table 5. With mine precipitation for that zone only. To deter-
the exception of the Caribou Main station in mine the total watershed precipitation for any
1976, all the watershed stations had higher totals storm, an average value for each elevational
than did Fairbanks, and some are nearly double range was computed from the station measure-
that of Fairbanks. ments within the zone. These values were multi-

For the Chena River basin Santeford (1976) plied by the percent of watershed area within
found an orographic, or elevational, gradient in that range and then totaled. When only one pre-
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Table 6. Elevation ranges for determining precipita-
tion volume at the Caribou-Poker Creeks Research . . . . . .
Watershed. Mm; Summer (May -Sept) Preciitation

Fairbonks. Alaska
2 0- rib" Creelk.

Elev'ation zones (m) ft oei~f lwE

< 305 305-640 >640 C 10.

Caribou Creek watershed (23.8 kmti) %

Percentage of 30 800 170 0 0 - -T

total area

Station(s) Caribou Main C-2-2100 Caribou Peak i Mea im.mm
within zone C-31600 Starod i,o,, 9.3mm

C-3.2100 -2.0

Poker Creek watershed (59.8 &mI)
P e rce n ta ge o f 1935 40 . O 'O 0 1980

total area 80 650 260 Year

Station P-4 P-1 Caribou Peak Figure 8. Mean and standard deviations of summer
within zone precipitation at Fairbanks, 1936-1980.

cipitation measurement was available, it was as- HYDROLOGY
sumed that that amount of precipitation fell on
the entire watershed, and the value was multi- Annual and monthly runoff
plied by the watershed area to obtain a total vol- Figures 9 and 10 are annual hydrographs of re-

ume. corded and estimated mean daily flows for Cari-

The average ratio of precipitation at the wa- bou Creek (1969-1980) and Poker Creek (1970-
tershed to that at Fairbanks for the summer sea- 1978). Mean daily flow values are usually very
son (May-September) was 1.47 to 1. This ratio high in May due to snowmelt runoff. The highest

was used to estimate monthly precipitation vol- mean daily flow recorded at Caribou Creek was
umes for months when no watershed measure- on 11 May 1975, with a flow of 2.83 ml/s. Poker
ments were available. Creek's highest mean daily flow was 5.66 m'/s,

Although the Caribou-Poker Creeks Research recorded on 12 May 1975.
Watershed was established in 1969, most preci- Monthly precipitation and discharge volumes
pitation records are reasonably continuous only were calculated for the watersheds (Fig. 11).
since 1976. This is too short a time to permit an Monthly discharge volumes were computed by
evaluation of year-to-year variations. Therefore. estimating the area under a plot of mean daily
the Fairbanks record beginning in 1936 was ex- flow (m'Is) vs time (days) for any specified period

amined to provide some insight into long-term of time. The precipitation volumes were deter-
summer precipitation variations (Fig. 8). This re- mined as previously described; Fairbanks values
cord indicates that summer precipitation totals were converted when monthly precipitation val-
during the 1969-1980 period were generally be- ues were lacking for the watershed.
low normal, and the year-to-year variations were, Figures 11 shows certain runoff trends. The
with one exception, within one standard devia- greatest monthly discharge volumes occurred in
tion of the normal mean value. As can be seen in Caribou Creek in May of most years and in Poker
Figure 8, the variations were considerably great- Creek in May every year except 1978. Following
er prior to 1969. Therefore, it must be assumed snowmelt runoff, the volumes generally fell off

that the 1969-1980 precipitation and runoff re- rapidly, and June discharge volumes were usual-

cords for the Caribou-Poker Creeks Research ly much smaller than May volumes. Winter
Watershed do not include an adequate sampling flows, which were in part estimated by the

of either the driest or wettest summers experi- USGS, were low and fairly constant; flows began
enced in the Fairbanks area since 1936 and gen- to increase at the start of the thaw period.

erally reflect relatively dry conditions. During a few years the recorded flow deviated

11
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Table 7. Mean monthly temperatures at Caribou Creek, 1969-79.

1969 1971 1972 1973 1974 1975 1976 1977 1978 1979

September
Caribou Main - - - - - -2. 1* - 4.3 4.2 2.5

C-1 - 4.1 4.3 4.6 6.5 2.5 5.7 3.8 5.9 -

C-2-Lower - 4.0 3.4 2.9 - 4.3 - 3.3 6.2 4.0
C-2-Upper - 2.4 - 3.6 4.5 - 5.2 1.6 5.3 -

C-2-2100 - 3.7 2.6 - - - 8.2 8.7 5.9 6.9

C-3-Lower - 3.8 3.2 7.0 7.3 3.7 8.6 5.4

C-3-Upper - - - - 7.5 - - 2.2 4.3 -

C4 - - - - - 3.8 - 4.0 6.0 4.7

October
Caribou Main - - - - - -14.3 -4.4 -6.2 -8.2 -5.7

C-1 -2.5 -5.6 -5.8 -8.4 -7.8 -7.5 -7.0 -6.8 -7.1 -

C-2-Lower - -5.2 - -7.9 -8.9 - -7.1 -5.2 -5.6 -

C-2-Upper - -5.4 -2.8 -6.2 - -4.6 - -5.7 -5.7 -7.1

C-2-2100 - -3.8 - - - - - -4.2 -4.8 -0-5

C-3-Lower - -5.7 -2.8 -10.0 -10.1 - -7.5 -7.1 -3.3

C-3-Upper - - - - -11.2 - -8.8 -

C4 - - - - - -5.0 - 6.6 -6.3 -7.6

November
Caribou Main -17.3 - - - - -30.2 - -22.3 -12.0 -11.9

C-1 -16.3 - -15.4 -19.6 - -21.6 -8.2 -21.7 - -

C-2-Lower - -18.8 - - -14.0 -23.2 -6.0 -21.7 -13.1 -

C-2-Upper -16.9 - - - - -21.5 -10.1 -21.4 -14.8 -8.8

C-2-2100 - - - - - - -3.3 -15.2 -9.1 -5.4

C-3-Lower - -19.3 - - - - - - -12.5 -9.5

C-3-Upper - - - - - - - -24.1 -10.6 -

C4 - - - - - -25.0 - -20.1 -12.3 -8.4

December
Caribou Main - - - - - -43.7 - -11.6 -14.9 -27.9

C-1 - - -18.5 -17.5 -26.3 - -18.9 -24.9 - -

C-2-Lower - - - -16.2 -22.6 - -18.3 -22.6 - -22.7

C.2-Upper - - - - -24.7 - -8.9 -23.9 - -

C-2-2100 - - - - - - -14.9 -17.1 -12.9 -18.7

C-3-Lower -21.3 - -18.2 -24.2 - - - -16.3 -23.9

C-3-Upper - - - -24.2 - -17.5 - - -

C-4 ..- -16.1 -22.4

*Values in italics are the lowest mean monthly temperatures recorded at that
station for that month for the period of record.

from what appears to be normal for the water- this period in other stream reaches within the
sheds. In 1971 the largest monthly volume of watershed.
runoff at Caribou Creek occurred in August. The The conditions that caused the stream to

previous late winter and spring was a period of freeze completely that winter were a combina-

very little precipitation, which caused the May tion of low precipitation the preceding fall and

runoff volume to be lower than average. Sum- extremely low temperatures. The mean monthly

mer precipitation, which caused the August temperatures recorded at the Caribou Main sta-

peak, was quite high. tion for September-December 1975 were the
Caribou Creek had one period when there was lowest recorded at that station for those months

no measurable flow (from 11 December 1975 to during the entire period of record (Table 7). Of
4 April 1976). This observation was made by the fourteen mean monthly temperatures that
USGS hydrologists during routine winter visits, were recorded at stations throughout the water-
They made observations at only one stream shed from September through December 1975.
reach, so there may have been flow throughout nine were the lowest mean monthly tempera-
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Table 8. Mean monthly hydrologic response,
precipitation and runoff for Caribou Creek,
May-September 1970-1979. 0) xtrpd Recession Limb

ActalROcOSSIo. Limb

Avg. precip. Avg. runoff
Month Avg. HR (mm) (n) L " --

May 2.79 21 5 920,000 L ame
June 073 51.7 508,000 10July 637 56.4 467,000

Aug 041 54 1 495,000
Sept 0.77 47.8 425,000

3I
31 2 4 6 a 10 12 14

tures recorded at that station for the entire peri- g
od of record. Heavy aufeis formed downstream .

from the gaging station that winter, suggesting Figure 12. Method of calculating storm discharge.
that due to unusually low temperatures, the
channel was completely frozen or that flow was
restricted beneath the ice. This condition is corn- decreases exponentially with time. A.ter the
mon along small, shallow channels in areas streamflow contributions from each storm were
where winter streamflow is sustained by ground- arbitrarily separated by this procedure, a corn-
water. puter program was used to compute the runoff

Average monthly values of the hydrologic-re- volume for each. To minimize errors, no multi-
sponse ratio HR (the monthly discharge divided peaked or complex storm events were included
by the monthly precipitation) were computed to in the analysis.
quantify the variability of summer streamflow HR values for individual storms were calcu-
responses. Table 8 gives the average (1970-1979) lated from these runoff volumes and from preci-
HR values for each summer month at Caribou pitation volumes, which were computed from
Creek. Snowmelt runoff generally persists into the total daily precipitation measurements. The
June, and since the soil-moisture deficit is satis- HR values for Caribou Creek range from 0.09 for
fied by then, much of the precipitation runs off. the 21-24 July 1979 storm to 0.79 for the 11-14
After that, the HR values deciease due to in- June 1977 storm (Table 9). The average value for
creased evapotranspiration and soil-moisture de- the 20 storms studied at Caribou Creek was 0.35.
ficits. The decrease of evapotranspiration in Sep- The HR values for Poker Creek range from 0.07
tember then causes the HR values to increase, for the 4 June 1977 storm to 2.04 for the 25 June

1977 storm (Table 10). The average HR value for
Individual storms 13 storms at Poker Creek was 0.49. The two HR

Precipitation and corresponding runoff vol- values greater than 1 are not meaningful and are
umes were calculated to determine the HR val- probably due to the sparse precipitation data
ues for individual summer storms in the Poker available for this watershed (Table A2).
and Caribou creeks watersheds. The data for 20 Regression equations for HR as a function of
storms at Caribou Creek and 13 storms at Poker antecedent discharge qi were calculated for
Creek are summarized in Tables 9 and 10, re- each watershed. Antecedent discharge, the flow
spectively. immediately before storm hydrograph rise, is a

The runoff volumes for individual storms were general indicator of basin wetness. The regres-
estimated by plotting the mean daily flows for sion equations showed that the relationship be-
each summer on semi-logarithmic paper and ex- tween HR and q, is not significant at the 0.05 pro-
trapolating the recession limbs of individual bability level. Ford's analysis (1973) produced
storms as straight lines to an arbitrary value, the same results. This led him to suggest that
0.028 ml/s (1 ftl/s), assumed to be the value of there is no relationship between basin antece.
flow that would be sustained by sources other dent moisture conditions and hydrologic re-
than storm precipitation (Fig. 12). This is equiva- sponse. He noted that other factors, such as eva-
lent to assuming that the flow following a peak potranspiration, infiltration capacity of the soil,
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Table 9. Precipitation, runoff and hydrologic response for 20
summer storms at Caribou Creek, 1977-79.

Precipitation (mm) Antecedent

Storm Caribou C-2. C-3- C.3- Caribou Precipitation Runoff disdhirge
period Main 2100 2100 1600 Peak Total* (m') (I') HR (m'/s)

2S-27 May '77 6.6 12.2 - - - 12.0 286,000 189,000 0.66 0.017
30 May '77 6.3 8.9 - - - 8.8 210,000 37,700 0.18 0.043

3-4 june '77 10.9 19.0 24.9 - - 21.6 513,000 186,000 0.36 0.021
11-14 June '77 25.1 13.7 25.2 255 - 22.6 537,000 424,000 0.79 0.011
18 June '77 16.5 17.8 15.3 20.3 17.3 17.7 423,000 243,000 0.57 0.068
26 June '77 8.4 8.4 5.1 - 13.2 7.9 187,000 102,000 O.SS 0.024

18 July '77 17.0 57.0 9.7 17.8 19.0 26.3 625000 121,000 0.19 0.009
10-11 Sept '77 6.6 32.5 43.2 - 6.1 31.5 750,000 134,000 0.18 0.005
15-17 june '78 5.9 7.3 7.7 6.3 5.3 7.1 169,000 18,100 0.11 0.002
21-24 June'78 24.4 31.5 43.6 34.8 29.6 35.1 83S,000 176,000 0.21 0.006
25-27 June '78 9.6 21.1 16.6 11.5 12.5 15.5 370,000 111,000 0.30 0.046

11-14 July '78 6.9 9.4 13.2 10.4 20.1 12.4 294,000 38,900 0.13 0.003
18-22 Aug '78 52.3 37.3 55.0 60.2 38.0 48.8 1,160,000 196,000 0.17 0.001
5-6 June '79 34.0 - 14.5 7.9 23.9 14.1 336,000 94,700 0.28 0.005
10-12 June'79 19.3 - 17.3 18.3 26.2 19.2 458,000 93,300 0.20 0.009
19-21 June'79 8.2 - 6.4 8.9 2.6 6.9 163,000 64,400 0.40 0.011
25-26 June '79 3.8 - 5.6 6.1 5.6 5.7 137,000 62,200 0.4S 0.010
21-24 July '79 21.3 - 17.8 15.3 8.9 15.5 368,00 34,400 0.09 0.013
25-27 July '79 9.7 - 18.8 14.8 9.9 15.4 367,000 271,000 0.74 0.035
27-30 Aug '79 16.1 - 19.6 - 17.8 19.2 457,000 168,000 0.37 0.008

*Adjusted for elevational differences as explained in the text.

Table 10. Precipitation, runoff and hydrologic response for 13
summer storms at Poker Creek, 1977-78.

Precipitation (mm) Antecedent

Storm Caribou Precipitation Runoff discharge
period P-4 P-i Peak Total* (M',) (m') HR (m-/s)

30 May '77 2.3 - - 2.3 138,000 194,000 1.41 0.447
4 June'77 12.7 - - 12.7 759,000 54,100 0.07 0.269
18 June '77 3.6 - 17.3 10.5 628,000 527,000 0.84 0.447
25 June '77 0.8 - 4.6 2.7 162,000 331,000 2.05 0.214
13-14 June '77 9.9 - 17.5 13.7 819,000 89,900 0.11 0.037
21-22 June '77 3.8 - 24.3 14.1 843,000 244,000 0.29 0.138
4-5 Aug '77 12.7 - - 12.7 759,000 147,000 0.19 0.043
15-16 June '78 4.0 6.1 5.3 5.7 341,000 226,000 0.66 0.02
11-13 July'78 8.7 9.7 20.1 12.3 736,000 77,600 0.11 0.03
20-26 July '78 12.7 22.6 7.6 17.9 1,070,000 175,000 0.16 2.75
4-7 Aux '78 15.5 16.3 8.7 14.3 855,000 65,900 0.08 2.95
13-17 Aug '78 11.5 11.7 11.6 11.7 700,000 94,300 0.14 2.75
5-6Sept '78 15.2 16.8 16.8 16.7 999,000 281,000 0.28 -

*Adjustsd for elavationd differences a explained In the text.

rainfall intensity and storm duration, affect hy- tween rainfall and runoff volumes. The R value
drologic response. for this regression is 0.39, which is not significant

Stepwise multiple regression was also per- at the 0.05 probability level.
formed to clarify the relationships between ante- Dingman (1971, 1973) used q, a! an index of
cedent discharge, rainfall and runoff volumes, watershed wetness in Glenn Creek; he found a
This analysis provided the opportunity to see significant correlation between HR and q, for
whether there was a significant relationship be- summer storms. His studies and othm (e.g. Kane
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et al. 1981) strongly suggest that the partial- and distinctive geological-soil characteristics of wa-
variable-source-area concepts of streamflow tersheds, because it is usually assumed that the
generation, in which only portions of the catch- drainage of a watershed following a runoff-pro-
ment contribute overland flow, are as applicable ducing event is controlled solely by the hydrau-
in the Subarctic as they are in humid temperate lic characteristics of the watershed, especially
regions. Where these processes operate, water- those that affect groundwater movement and
shed wetness must exert a strong control on the storage. These characteristics are generally con-
amount of runoff resulting from individual sidered to change little with time, or to change
storms. in ways that consistently reflect the sequential

Thus, the fact that no relation between q, and dominance of streamflow contributions from
HR was detectable in the data for Caribou and various sources, such as overland flow, inter-
Poker creeks is presumably not because the par- flow, and groundwater. The basis for the "classi-
tial- and variable-source-area processes are not cal" interpretation of recessions is generally that
operating. Rather, it is probably due to a combi- the watershed behaves like a linear reservoir,
nation of three factors. First, mean daily dis- i.e., one in which the rate of drainage is a linear
charge data are not precise enough to use in function of the amount of water remaining in
identifying the discharge at the time a runoff- storage. This assumption has persisted, in spite
producing storm begins. Second, there are many of the fact that 1) there is little theoretical or em-
periods for which gage-height records are lack- pirical support for the idea and 2) it can be read-
ing, and the reported values are estimates based ily shown that other inputs or outputs in the wa-
on water level observations, water temperature tershed (condensation and unmeasured precipi-
and climatic data. In addition, the mean daily tation, groundwater recharge, and evapotranspi-
flows for the periods for which gage-height re- ration) cause deviations from linearity (Dingman
cords exist are classified at best as "fair" by the 1973, Federer 1973). It is becoming increasingly
U.S. Geological Survey (Appendix A). Finally, it is apparent that these inputs and outputs occur
possible that the relation between the discharge regularly and cannot be ignored.
and the percentage of the watershed contribut- The conditions in the fall and winter at
ing streamf low is "flat," i.e., there is only a rela- Caribou-Poker Creeks should be ideal for deter-
tively small change in contributing area with dis- mining the true recession characteristics, be-
charge, as Dunne et al. (1975) found on some wa- cause 1) all the sources of input are frozen, 2)
tersheds they studied. evapotranspiration is negligible, and 3) ground-

The role of antecedent wetness in determining water is likely to be the sole source of stream-
watershed response to rainfall is critical in wa- flow. The recession curves (Fig. 13) show that
tershed modeling. Clearly, more detailed studies streamflow persisted through most winters. The
will be required to understand the nature of this flows tended to converge to between 0.05 and
role in Caribou-Poker Creeks and other subarc- 0.10 m3/s by the end of the season.
tic watersheds. In general, though, the recession characteris-

tics varied widely. The 1 October flows for 1974,
Basef low recessions 1975, and 1976 (curves F, G and H) were nearly

In an attempt to understand runoff processes identical, yet the subsequent recessions were
in central Alaska, hydrograph recessions have very dissimilar. In the 1974-75 season the reces-
been examined at Glenn Creek (Dingman 1971) sion decay constant was about 0.019/day until
and Caribou-Poker Creeks (Ford 1973). Dingman December, when it dropped nearly to zero; a to-
and Ford both estimated the recession limbs of tal of 24 mm of water ran off during that winter.
hydrographs from individual summer storms. In 1975-76 the recession constant was twice as
They calculated recession constants for the high (0.042/day), and only 7.8 mm ran off before
storms and compared them to recession con- flow ceased altogether in mid-December. In
stants for basins in the contiguous United States. 1976-77 the recession constant was close to the
This comparison led them to conclude that re- initial 1974-75 value (0.017/day), but it did not
cessions in central Alaska are more drawn out in change; 22 mm of water ran off that winter.
time and the drainage occurs more slowly than Clearly, interpreting the winter hydrograph re-
in similar-sized basins in the contiguous United cessions of Caribou Creek is not straightforward,
States. particularly because no streamflow measure-

Analysis of streamf low recessions has general- ments or gage-height obervations are available
ly been considered to be a means of identifying for these periods. However, even measured flow
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Figure 13. Baseflow recession curves for Caribou Creek, 1969-1979.

data might not reflect the basin hydrologic char- valley bottoms. The ice restricts drainage, so
acteristics, because subchannel freezing, which that once the organic mat moisture deficit is sa-
might vary considerably from year to year, could tisfied, water in these areas moves downslope
significantly affect winter discharges. In any through the mat to the stream.
case, the interpretation of recessions, classical On the other hand, soils in permafrost-free
or otherwise, must await more detailed informa- areas are moderately well drained (even when
tion on subchannel conditions and other hydro- frozen), so water can infiltrate them once the or-
logic characteristics. ganic mat moisture deficit has been satisfied. No

overland flow will occur until the infiltration ca-
Spatial flow variability pacity of these soils is exceeded. Kane et al.

Studies of runoff generation in interior Alaska (1981) observed no overland flow on permafrost-
(Dingman 1971, 1973, Kane et al. 1981 ) suggest free, south-facing slopes, indicating that this
that the extent of permafrost exerts a strong con- rarely occurs (Dingman 1971). As a result,
trol on the open-water-season hydrologic re- permafrost-free soils contribute little to runoff
sponse of small watersheds. Kane et al. (1981) during snowpack ablation.
studied the differences in runoff processes be- Discharge measurements taken at the outlets
tween permafrost-underlain and permafrost-free of subwatersheds C-2 and C-3 approximately
soils in Glenn Creek and found that permafrost- once a week from May through October in 1969
underlain soils cor ributed the major portion of and 1970 allow comparisons of summer runoff
spring runoff. During winter the organic layer from permafrost- vs nonpermafrost-underlain
over these soils provides a moisture supply for areas (Appendix A). Permafrost and poorly
vertical transport upward to the snowpack, in- drained soils are widespread in C-3 and nearly
creasing its water equivalent. The organic mat absent in C-2 (Table 11). The entire main channel
becomes dessicated over the winter, so during of C-3 is underlain by permafrost, while only the
snowmelt, water from the snowpack may be lowest portion of the main channel of C-2 is si-
used to satisfy its moisture deficit instead of be- tuated in permafrost (Fig. 3). These differences
coming runoff (Santeford 1978, Slaughter and should be reflected in the response to snowpack
Kane 1978, Kane et al. 1981). ablation (Kane et al. 1981) and precipitation

In permafrost areas the poorly drained miner- (Slaughter and Kane 1979)..
al soils under this mat often cause ice-rich condi- Figure 14 shows the cumulative frequency dis-
tions to develop in the vicinity of streams and tributions for the instantaneous discharge mea-
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Table 11. Geomorphological and soils data for subwatersheds C-2 and C-3, Caribou
Creek and Glenn Creek.

Caribou Glenn
C-2* C-3* Creek Creekt

Drainage area (kml) 52 5 54 23.8 1 81
Aspect South Northeast East Northwest
Elevation range (in) 323-738 274-770 256-770 257-493
Relief ratio-* 0.155 0133 - 0.79
Elongation ratio-* 0.97 0,76 068 0 51
Drainage

density (km/kml) 4.72 3.57 0.93 1.64
Predominant soil Gilmore Ester Olnes -

series (well drained) (poorly drained) (well drained)
Area underlain by

permafrost (%) 3.5 53.2 23.8 68 5

*Data from Bredthauer and Hoch (1979).
tData from Dingman (1971)
*See Bredthauer and Hoch (1979) for definitions.

ftCalculated from aerial photographs by Bredthauer and Hoch (1979). (Table 1 values were calculated
from USGS topographic maps.)
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Figure 14. Cumulative frequency distributions of Figure 15. Comparison of concurrent flows on C-2
spot measurements at C-2 and C-3 (1969 and 1970) and C-3 for spot measurements, 1969 and 1970.
and Glenn Creek (1964). The closed circles represent the flows on C-2 vs the

concurrent flows on C-3; the open circles represent
the ratio of concurrent flows (C-31C-2) vs flows on
C-3.
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Table 12. Means and coefficients of variation of the monthly stream flow per watershed area for
Caribou Creek, Chena River near Two Rivers, Chena River at Fairbanks and Salcha River near
Salchaket, 1969-79.

Chena River near Chena River Saicha River
Caribou Creek Two Rivers at Fairbanks near Salchaket

(23.8 km 2) (2437 km ) (5130 km2) (5620 km 2)

Mean Coefficient Mean Coefficient Mean Coefficient Mean Coefficient
(m/s.k m2) of variation (m/s.km2 ) of variation (ms5.kin2) of variation (m'/s.kml) of variation

June 0.0094 49 0.0143 62 0.0123 44 0.0166 42
July 0.0084 50 0.0096 44 0.0094 29 0.0115 30
August 0.0080 74 0.0109 62 0.0099 43 0.0112 35
September 0.0076 41 0.0107 50 0.0096 33 0.0105 32
October 0.0065 65 0.0057 33 0.0060 43 0.0048 25
November 0.0038 47 0.0029 24 0.0033 36 0.0023 26
December 0.0026 50 0.0019 32 0.0023 35 0.0016 38
January 0.0021 38 0.0013 39 0.0017 29 0.0012 42
February 0.0017 41 0.0010 40 0.0014 29 0.0009 44
March 0.0016 38 0.0009 44 0.0013 23 0.0008 50
April 0.0026 50 0.0016 s0 0.0021 33 0.0017 65
May 0.0196 54 0.0235 57 0.0197 42 0.0226 43
Mean 0.0063 29 0.0075 32 0.0067 27 0.0073 23

surements on C-2 and C-3. For comparison, a si- tershed shape, 4) characteristics of the drainage
milar number of instantaneous discharge mea- networks, 5) watershed slope, and 6) soils and

surements for May through October 1964 on land use. Table 12 contains pertinent geomor-

Glenn Creek are also plotted (Dingman 1971). phological and soils data for subwatersheds C-2,
Although the median discharge values for C-2 C-3 and Caribou and Glenn creeks watersheds.

and C-3 are virtually identical, differences in The difference in size between subwatersheds

their distributions reflect important differences C-2 and C-3 is minor (0.5 km) and cannot be re-

in the behavior of the two watersheds. C-3 and sponsible for the major contrast reflected in Fi-

Glenn Creek have higher peak flows and lower gure 14. The relief ratio (an index of basin slope),

base flows than C-2. The values for C-3 range the elongation ratio (an index of basin shape),

over almost three orders of magnitude, while and the drainage density (an index of the drain-
those for C-2 cover only one order of magnitude age efficiency of the stream network) are all low-
suggesting that C-3 is much "flashier" in its re- er for C-3. This would cause C-3 to be less flashy
sponse to precipitation (Slaughter and Kane than C-2, which is the opposite of what was ob-
1979). Figure 15 further illustrates this contrast: served.

when flows are generally high, C-3 has instan- Thus, most of the differences in response be-
taneous rates as much as ten times higher than tween C-2 and C-3 appear to be attributable to
the approximately concurrent flows on C-2; the percentage of permafrost in the two water-
when flows are low, discharges on C-3 are as lit- sheds. The plots of the data for Glenn Creek,

tIe as 25% of those on C-2. with 68.5% permafrost, are essentially parallel
It is generally believed that the distributions to those for C-3, in spite of the considerably low-

of high flows are controlled largely by climate, er relief ratio and drainage density of Glenn
topography and vegetative cover, while the dif- Creek. Response differences between C-2 and
ference of low-flow characteristics are con- C-3 indicate that the variable-source-area pro-

trolled chiefly by drainage-basin geology (Searcy cess may be operating as suggested by Dingman
1959). However, Dingman's (1978) studies in New (1971) for Glenn Creek. If so, the restricted drain-
Hampshire indicated that climate may also have age due to permafrost results in more wide-

a significant influence on the distribution of low spread saturated and nearly saturated zones and
flows. Since climatic conditions are similar in thus more overland flow in C-3, as reflected in Fi-

subwatersheds C-2 and C-3, differences in re- gure 14. To the extent that Hortonian overland
sponse characteristics may be related to 1) per- flow occurs, the more widespread poorly

centage of permafrost, 2) watershed size, 3) wa- drained soils in C-3 may also result in more over-
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land flow to the channel. The widespread perma- in ungaged watersheds would provide useful
frost on slopes and beneath the channel in C-3 clues to their behavior.
may result in much smaller groundwater contri-
butions and lower base flows than in C-2, as Temporal flow variability
shown in Figure 14. Mean monthly flow values for Caribou Creek,

This apparent dependence of streamflow re- the Chena River near Two Rivers and at Fair-
sponse on permafrost area may be different in banks, and the Salcha River near Salchaket are
larger watersheds with considerably different graphed in Figure 16 and listed in Table 12, along
slopes or land use characteristics. In larger ba- with coefficients of variation of mean monthly
sins, even if permafrost is extensive, it may be flow, to illustrate similarities and differences in
absent or at great depths beneath their main flow patterns between these central Alaskan ri-
channels, so that groundwater contributions sus- vers. As shown in Table 12, monthly streamflow
tain significant base flows. However, Anderson variability tends to be highest during the spring
(1970) did not see such effects, even in the Sal- and summer and lowest in the fall and winter,
cha River near Salchaket or the Chena River at when streamf low is also low. On the three small-
Fairbanks. Their drainage areas are 5620 and er watersheds the highest flow variability coeffi-
5130 km2 , respectively, considerably larger than cients are for the summer months, probably in
Poker and Caribou creeks. Only in the Tanana response to individual storms. High streamflow
River at Big Delta (3500 km 2) and the Chisana Ri- variability in April and May, reflecting snowmelt
ver at Northway Junction (8500 km2) were signifi- runoff, is evident for all four watersheds. The
cant base flows sustainea by groundwater. two smaller watersheds, Caribou Creek and

This analysis suggests that the hydrologic re- Chena near Two Rivers, show higher mean flow
sponse of small watersheds in central Alaska is variability that the larger Chena at Fairbanks arkd
strongly controlled by permafrost. When perma- Salcha watersheds.
frost underlies a significant portion of a water- Figure 16 shows that Caribou Creek, the small-
shed and is present beneath most stream chan- est river, has lower summer flows and higher
nels, the streanflow peaks in response to rain- winter flows per unit area than the other rivers.
storms will be relatively high, and the base flows The lower summer flows probably reflect the
between storms will be relatively low. Water- fact that the mean elevation, and hence the
sheds with little permafrost will have lower mean precipitation, of Caribou Creek is lower
peaks and higher sustained base flows per unit than those of the others; the higher winter flows
area. This suggests that mapping the permafrost suggest that Caribou Creek may have more stor-

age per unit area.

1969-1979 A. Cheno ot Fairbanks

U. Chena near Two Rivers C
C. Sa1cha at Solchaket

O.020 D. Caribou Creek
.AD
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A % %%
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Figure 16. Mean monthly discharge per watershed area for
the Chena River at Fairbanks, the Chena River near Two Ri-
vers, the Salcha River near Salchaket and Caribou Creek,
1969-1979.
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Figure 17. Flow-duration curves of the ratio of Figure 18. Flow-duration curves of the mean daily
mean daily discharge to mean discharge for the discharge per watershed area for the Chena River
Chena River at Fairbanks, the Chena River near near Two Rivers, the Chena River at Fairbanks, the
Two Rivers, the Salcha River near Salchaket, Can- Salcha River near Salchaket, Caribou Creek and the
bou Creek and the Little Chena River at Fair- Little Chena River at Fairbanks, 1970-1979.
banks, 1970-1979.

For comparative purposes, flow-duration cause larger basins tend to have more opportuni-
curves of mean daily discharge of Caribou ties for interception of regional groundwater
Creek, the Chena River at Fairbanks and near flow patterns. Based on the streamf low measure-
Two Rivers, the Salcha near Salchaket and the ments in subwatersheds C-2 and C-3 one would
Little Chena were plotted in two ways: 1) as dis- also expect that basins with relatively large
charge per unit area (mi s.km 2) and 2) as the ratio areas underlain by permafrost would have con-
of daily discharge to mean discharge (Figs. 17 siderably more variable f lows than those with l it-
and 18). Duration curves of mean daily discharge tie permafrost.
often approximate straight lines when plotted on The curves for the Chena River at Two Rivers
logarithmic/probability paper (i.e. the distribu- (2437 kin) and the Salcha River near Salchaket
tions are approximately log-normal), and the (5620 km') are virtually identical (Figs. 17 and
slopes of the lines are measures of the time vari- 18). The curves for the Chena River at Fairbanks
ability of the flows. Thus, a drainage basin with a (5130 km 2) and Caribou Creek (23.8 km') are also
limited capacity for storage of groundwater and virtually identical to the others at high flows but
surface water and with relatively steep slopes deviate markedly from them and from each oth-
will have a steeper flow-duration curve than a er at low flows in ways that suggest significant
basin containing permeable geologic forma- storage effects. Because the drainage basin of
tions, widespread lakes and swamps, and low Caribou Creek is more than an order of magni-
slopes. Drainage-basin size may be inversely re- tude smaller than the others, this effect is unex-
lated to the slopes of flow-duration curves, since pected. Furthermore, groundwater probably
larger basins tend to have more channels and does not contribute significantly to the flow of
groundwater storage per unit area because of Caribou Creek because of the basin geology
the characteristics of channel networks and be- (Koutz and Slaughter 1972) and because the ma-
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Figure 19. Flow-duration curves of the ratio of Figure 20. Flow-duration curves of the mean daily
mean daily discharge to mean discharge for Cari- discharge per watershed area for Caribou and Po-
bou and Poker creeks, 1972-1978. ker creeks, 1972-1978.

jor streams in the basin are underlain by perma- computed. This index, as defined by Lane and
frost at shallow depths (Bredthauer and Hoch Lei (1950), is proportional to the standard devia-
1979). tion of the logarithms of the daily flows. Lane

The flow-duration curves for Caribou and Po- and Lei computed this value for a large number
ker creeks (59.9 km 2) for 1972-1978 (Figs. 19 and of streams in the north-central and northeastern
20) do not show striking dissimilarities, which is United States and found values ranging from
not surprising in view of their similarities in ge- 0.15 to 1.09 log,, units. For the periods of record
ology, permafrost coverage, vegetation, topo- on the Chena and Salcha rivers (1949-1979 in
graphy and climate. The larger basin may have both cases) the values are 0.43 and 0.55, respec-
higher extreme low flows, perhaps reflecting tively; these are near the center of the values
somewhat greater groundwater contributions, listed by Lane and Lei.
However, all interpretations of the flow-duration. Published flow-duration data for streams with
curves for Poker and Caribou creeks must be drainage areas in the range of Poker and Caribou
tempered by the fact that gage-height records creeks are rare, and very few are included in
for both are lacking for much of each water Lane and Lei's extensi\'P list. However, Dingman
year, and flows for those periods that tend to be (1981) has studied the ratio of the mean daily
the periods of lowest and highest flows are esti- flow exceeded 5% of the time to that exceeded
mates. It is thus probable that some of the simi- 95% of the time for small to moderate-sized ba-
larities of the curves of Poker and Caribou sins in New Hampshire and Vermont. For basins
creeks to each other and to other streams in the larger than 30 km. this ratio ranged from about
region are artifacts, and it is possible that some 19 to 80, while for smaller streams it ranged from
of the dissimilarities are due to errors of mea- 20 to 630. The corresponding value for Caribou
surement. Creek is close to 35, indicating a relatively low

To compare the flow-duration curves from variability when compared to Dingman's sam-
central Alaska streams with those for streams in pie.
more temperate areas, a "variability index" is In summary, the flow-duration curves of Poker
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and Caribou creeks are very similar to those of Rivers, the Salcha near Salchaket, and the Little
other, considerably larger central Alaskan Chena were used to compare temporal flow var-
streams, although their low flows may be unusu- iability among central Alaskan streams. Caribou
ally high for basins of their size. The flow-dura- Creek has higher winter flows and lower summer
tion curves for larger central Alaskan streams flows than the other rivers, suggesting that its ba-
have variabilities much like those of streams sin has greater storage capacity per unit area
from the north-central and northeastern United than the other rivers, even though its basin is an
States, while the variability of Poker and Cari- order of magnitude smaller than the others.
bou creeks appears low when compared with Mean annual flow variability is similar to that of
small and moderate-sized streams in New En- the Chena River at Fairbanks and the Salcha Ri-
gland. ver near Salchaket but is relatively low when

compared to similar-sized streams in northern
New England.
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APPENDIX A: STATION HISTORIES.

Table Al. Station history of air temperature measurements.

Caribou Main (264 m) C-2-2100 (616 m)

J FM AMHJ J ASON D JFMHAMHJ J ASO0N D

1969 X X
1970
1971 X X XX X xX 1971 X XX xXX X
1972 Xx xx 1972 X xx
1973 x x xx xx x x 1973
1974 X XX X XX X XXX 1974
1975 / /l/xi 1975
1976 /XX/X X XX XX 1976 /x x

1977 / //X/X /X XI 1977X X ///XX/ /I
1978 /XX XX/X X X X 1978 x xx x/x xxx x xx
1979 //XX XX XX X/ 1979 X /X X XX/ X X

C-1 (325 m) C-2-UPPER (381 a)

J FM A MJ J AS 0ND J FM AMHJ JA SON D

1969 XX X 1969 x xX
1970 IX X 1970
1971 x x/ xx xx x 1971 X X xX
1972 X X xXx x 1972 Kx x x /
1973 X XX XX XX XX X XX 1973 XX X XXX X

1974 X XX XX XX! X 1974 x/x x xxx xx x
1975 / x x, 1975
1976 /x/ /X/X 1976 /x/Kx x/

1978 X XX XX XX X XX 1978 /X/X XX XX X/X

C-2-LOWER (323 a) C-3-LOWER (298 a)f

J F HAMJ J ASO0N D J F HAM JJ A SON D

1969 XX X 1969 X X
*1970 X XX 1970 XX X

1971 Kxx x x x xxx 1971 X X XX XX XX xX
1972 X X XX XXX 1972 X XX X XX XX XX

*1973 IX/ x 1973 X X x x xx X
1974 X X XXX/X X 1974 X X X X X XX X
1975 x// 1975
1976 / I 1976 /X/X XX XII
1977 I /I IX XI 1977 X /x x/ x x
1978 X XXI/X X XX 1978 X/X XXxxXXXX
1979 X X /X X 1979 xI/x x x/ x x x

X - Data recorded.
/ - Only some data recorded for the month.
Blank - No data recorded for the month.I 29
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Table Al. (Cont.)

C-2-1600 (484 a) C-3-1600 (488 m)

J FMAMJ JASOND J FHAMJ J AS OND

1969 XX X X X 1969 X X X //X
1970 X X X 1970 X X X
1971 xx xx xxI/x x 1971 X XXx X X X xX
1972 X X 1972 X X X
1973 1973
1974 1974
1975 1975
1976 X X X 1976 XI / X
1977 X X X XXX X X X 1977 X / X X / X/ X
1978 X X X X X X 1978 X X X X
1979 X X X 1979 X X X X

C-3-2100 (637 m) Caribou Peak Trail-1600 (488 m)

J FMAMJ J ASOND J F MAMJ JAS OND

1971 /x / x x x x
1972 x x x x
1973 x x x /
1974 X X X X X X XX X
1975 1975 XX XX X /
1976 /X/ 1976 //X xX
1977 / / / /XX/X/ / / 1977 / Xl /XX/ /
1978 X X X X X X X X X X X 1978 X X X X X X X X X / X
1979 X X/X / X X XX

C-3-UPPER (381 a) P-I (360 m)

J FMAMJJASOND J FHAMJJASOND

1975 / x/
1976 X 1976 /X X X X
1977 // /X/ XX/ 1977 /X X / / /
1978 ///X Xl/i/ I 1978 /X X X X X X X

C-4 (226 a) P-2 (360 a)

JFMAMJJASOND JFMAMJJ&SOND

1975 x X / / 1975 /I
1976 IX X X XX X/ 1976 IIX X XX X X
1977 X / / / X / / 1977 / IXXX I/I
1978 /X X X X X X X X X X/ 1978 X
1979 III IIl
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Table Al. (Cont.)

Caribou Peak (773 m) P-4. (293 ii)

J F M AM JJ A SOND J FM AM J J A SOMD

1969 X X X x x
1970 X XX
1971 /XX X/ X X/
1972 X XX X X X
1973
1974

1975 /x XI/XI
1976 /XX X/ XXX XXxX 1976//
1977 X / x/ X// 1977 X / / /x/
1978 X XX XX XX XX X XX 1978 XX XX XX/X X/
1979 XX XX/ /XXX
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Table A2. Station history of precipitation measurements.

Caribou Main (264 mn) C-3-2100 (637 in)

J FM AMJ J ASO0N D J F MAM J JA SON D

1974 x x x/ x xx 1974 / x xxX/
1975 xx x x 1975
1976 X XfXX XX X XX 1976 x/x
1977 X X/XX X X/ /// 1977 X X/ X XX// /
1978 X XX X X XX XX XXX 1978 /X XX X XX X XX/X
1979 X XX X XX XX X X/X 1979 X XX XX XX X//

C-2-2100 (616 in) Caribou Peak (773 m)

J FM AMJ J ASO0N D JF M AM JJ A SON D

1974 X X XX X/ /
1975 / x/ 1975 /x x x
1976 X X x Xx x x/ 1976 I xx xx x x x
1977 X X//X X// X XX 1977 /I // / x/
1978 X XX XX X XX/X X/ 1978 X XXX X XX X XXX X
1979 Xx X X/fx 1979 /IXX XX XX X X/X

C-3-1600 (488 in) P-1 (360 mn)

J FM A M J JA SOND J FM AMHJ J ASON D

1976 /XX X 1975//
1977 X //x x x/ // 1976 x
1978 X XX X XXX X XX XX 1977 II /x x
1.979 X XX XX X/ 1978 X XX X XXXX X XX/

P-4 (29 in)

1976 X//X X/
1977 XK I//I
1978 / /X xX/

X - Data recorded.
/- Only some data recorded f or the month.

Blank - No data recorded for the month.
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Discharge

Daily discharge measurements were taken at the Caribou Main and Poker

Creek gages with Stevens A-35 water-stage recorders during the open water

season. The gages did not operate during some periods of extreme cold and

when the streams were frozen. During the frozen season U.S. Geological

Survey personnel visited the stations approximately three times: in early

winter, in mid-winter and in early spring prior to breakup. They drilled

holes through the ice and measured water levels; this information was used

in conjunction with water temperature and rating curves to estimate daily

discharge. Instantaneous discharge measurements were taken on C-2 and C-3

from May-October 1969 and 1970. The measurements were taken within a few

hours of each other and can be considered to be random samples of the

streamflow for those summers.

The accuracy of the measurements on Caribou Creek, as rated by

U.S.G.S. personnel, ranged from poor (over 8Z probable error) to fair (95%

of the flows are thought to be within 15% of the true value). All

measurements on Poker Creek were rated poor. Station histories of Poker

and Caribou Creek are presented in Table A3.

I
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Table A3. Stream gage station history.

Caribou Creek

Period of record: October 1969 - present

Year* Period when gage was not operating

1969-70 15 Oct.-17 June
1970-71 1 Oct.- 2 May
1971-72 14 Oct.- 9 May
1972-73 6 Oct.-11 May
1973-74 1 Oct.- 9 June

1974-75 1 Oct.- 1 July
1975-75 Only occasional records for entire year
1976-77 1 Oct.- 1 June, 8 June- 7 July, 17 July-15 August
1977-78 7 Oct.-23 May
1978-79 1 Oct.-24 May
1979-80

Poker Creek

Period of record: September 1971 - September 1978

1970-71 1 Oct.-31 August

1971-72 14 Oct.- 2 May
1972-73 1 Oct.-31 May
1973-74 1 Oct.-19 August

1974-75 1 Oct.- 1 July
1975-76 1 Oct.-10 July
1976-77 1 Oct.- 7 July
1977-78 5 Oct.-28 June

* I October-30 September
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