
Scientific Excellence • Resource Protection & Conservation • Benefits for Canadians 
Excellence scientifique • Protection et conservation des ressources • Benefices aux Canadiens 

Cumulative Effects of Forest Harvesting 
on the Kitimat River, British Columbia 

E.J. Karanka 

a 

Department of Fisheries and Oceans 
Fisheries Branch 
417 2nd Avenue West 
Prince Rupert, British Columbia V8J 1G8 

1993 

Canadian Manuscript Report of 
Fisheries and Aquatic Sciences No. 2218 

1+1 Fisheries 	Peches 
and Oceans et Oceans Canad3 



Canadian Manuscript Report of 
Fisheries and Aquatic Sciences 

Manuscript reports contain scientific and technical information that contributes 
to existing knowledge but which deals with national or regional problems. Distribu-
tion is restricted to institutions or individuals located in particular regions of Canada. 
However, no restriction is placed on subject matter, and the series reflects the broad 
interests and policies of the Department of Fisheries and Oceans, namely, fisheries and 
aquatic sciences. 

Manuscript reports may be cited as full publications. The correct citation appears 
above the abstract of each report. Each report is abstracted in Aquatic Sciences and 
Fisheries Abstracts and indexed in the Department's annual index to scientific and 
technical publications. 

Numbers 1-900 in this series were issued as Manuscript Reports (Biological 
Series) of the Biological Board of Canada, and subsequent to 1937 when the name of 
the Board was changed by Act of Parliament, as Manuscript Reports (Biological 
Series) of the Fisheries Research Board of Canada. Numbers 901-1425 were issued as 
Manuscript Reports of the Fisheries Research Board of Canada. Numbers 1426-1550 
were issued as Department of Fisheries and the Environment, Fisheries and Marine 
Service Manuscript Reports. The current series name was changed with report number 
1551. 

Manuscript reports are produced regionally but are numbered nationally. 
Requests for individual reports will be filled by the issuing establishment listed on the 
front cover and title page. Out-of-stock reports will be supplied for a fee by commercial 
agents. 

Rapport manuscrit canadien des 
sciences halieutiques et aquatiques 

Les rapports manuscrits contiennent des renseignements scientifiques et techni-
ques qui constituent une contribution aux connaissances actuelles, mais qui traitent de 
problemes nationaux ou regionaux. La distribution en est limit& aux organismes et 
aux personnes de regions particulieres du Canada. II n'y a aucune restriction quant au 
sujet; de fait, la serie reflete la vaste gamme des interets et des politiques du ministere 
des Peches et des Oceans, c'est-A-dire les sciences halieutiques et aquatiques. 

Les rapports manuscrits peuvent etre cites comme des publications completes. Le 
titre exact parait au-dessus du résumé de chaque rapport. Les rapports manuscrits sont 
résumés dans la revue Resumes des sciences aquatiques et halieutiques, et ils sont 
classes dans l'index annuel des publications scientifiques et techniques du Ministere. 

Les numeros 1 a 900 de cette serie ont ete publies a titre de manuscrits (serie 
biologique) de l'Office de biologie du Canada, et apres le changement de la designation 
de cet organisme par decret du Parlement, en 1937, ont ete classes comme manuscrits 
(serie biologique) de l'Office des recherches sur les pecheries du Canada. Les numeros 
901 a 1425 ont ete publies a titre de rapports manuscrits de l'Office des recherches sur 
les pecheries du Canada. Les numeros 1426 a 1550 sont parus a titre de rapports 
manuscrits du Service des peches et de la mer, ministere des Peches et de l'Environne-
ment. Le nom actuel de la serie a ete etabli lors de la parution du numero 1551. 

Les rapports manuscrits sont produits a l'echelon regional, mais numerotes a 
l'echelon national. Les demandes de rapports seront satisfaites par l'etablissement 
auteur dont le nom figure sur la couverture et la page du titre. Les rapports epuises 
seront fournis contre retribution par des agents commerciaux. 













ABSTRACT 

An abrupt decline of salmonid escapements occurred in the 1970's within the 
Kitimat River watershed, North Coastal British Columbia. The decline appears to 
have been associated with severe floods in 1974, 1976, and 1978. Logging of the 
riparian forest in the main Kitimat valley required only about 8 years, from 1963 
to 1970. The active riparian area of the middle Kitimat River has increased by 
25% over a 25 year period from the 1960's. The main mechanism of the increase has 
been channel breakouts along the old, stable riparian forest side channel 
network. Up to 40% of that sidechannel network has been impacted, with extensive 
bank erosion. Changes in the Kitimat River could not be linked directly to the 
overall rate of forest harvesting. The clearcut equivalencies of most constituent 
watersheds ranged from 5% to about 20%. which are not considered excessive. 
Moreover, rain-on-snow, considered to be the main hydrological concern associated 
with clearcuts in coastal watersheds, is not a significant factor in the 
generation of the highest peakflows. The Kitimat watershed is hydrologically de-
synchronized by the time (mid-November) that rain-on-snow becomes a factor in the 
elevation range of most clearcuts. A partial bedload sediment budget for an 8 km 
section of the Kitimat River indicates the recent formation of several bedload 
wedges between Hirsch Creek and the Wedeene River. The bedload wedges may be 
destabilizing the channel as they move downstream. 

RESUME 

Le bassin versant de la Kitimat, sur la cote nord de la Colombie Britannique, a 
connu une brusque diminution du nombre d'echappees de salmonides au cours des 
annees 1970. Cette diminution semble etre nee a de graves inondations survenues 
au cours des annees 1974, 1976 et 1978. L'exploitation de la foret riveraine de 
la principale vallee de la Kitimat n'a necessite qu'environ 8 ans, de 1963 a 
1970. La zone riveraine active du cours moyen de cette riviere s'est agrandie 
d'a peu pres 25% sur une periode de 25 ans a compter des annees 1960, en raison 
surtout de la modification en profondeur de l'ancien reseau stable de chenaux 
lateraux occup6 par la foret ripicole. Jusqu'a 40% de ce r6seau, victime d'une 
erosion importante des berges, a ate touché. On ne peut pas relier directement 
les changements survenus dans la Kitimat au rythme general d'exploitation 
forestiere. Dans la plupart des bassins versants de la riviere, les coupes a 
blanc equivalaient de 5% a 20%, ce qui n'est pas considers comme excessif. En 
outre, la pluie sur la neige, consideree comme la principale preoccupation de 
nature hydrologique liee aux coupes a blanc dans les bassins versants cotiers, 
n'est pas un facteur important dans la production des debits de pointe les plus 
eleves. Le bassin versant de la Kitimat est déjà déjà desynchronise, du point 
de vue hydrologique, lorsque la pluie sur la neige devient un facteur determinant 
(a la min-novembre) dans la fourchette d'altitudes ou se font la plupart des 
coupes a blanc. Un bilan partiel de la charge de fond a l'egard d'une section 
de 8 km de la Kitimat indique la recente formation de plusieurs conis d'alluvions 
entre le ruisseau Hirsch et la riviere Wedeene, Les coins de la charge de fond 
pourraient destabiliser le chenal au fur et a mesure de leur progression en aval. 
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summer and winter by interior temperature conditions. 	Annual 
precipitation is highly seasonal, with 79% of the annual total 
falling in the months from October to April. The Kitimat watershed 
is affected by two notable regional trends in precipitation, a 
coast to interior drying trend, and a south to north drying trend 
along the Kitimat Valley. The coast to interior trend is 
illustrated by the annual unit runoff volumes of Little Wedeene 
River on the west side, and the Hirsch Creek watershed on the east 
side, 2895 mm and 1960 mm respectively (Table 1). The south to 
north trend is shown by the October to April precipitation amounts 
for the Kitimat TS climate station, near the mouth of the basin, 
and Terrace Airport station some 20 km to the north of the Kitimat 
watershed, 1750 mm and 1000 mm respectively. 

The continental influence of temperature on precipitation is 
particularly evident in winter, during which even the lowland 
portions of the watershed receive considerable snowfall. About 23% 
of the annual precipitation occurs as snowfall at Kitimat TS (130 
m. elevation), increasing to 30% at Terrace Airport (200 m. 
elevation). It is estimated from the stations at Terrace Airport 
and Tahtsa Lake West at 860 m. elevation (70 km. to the southeast) 
that over 50% of the annual precipitation falls as snow above 600 
m. The snowfall regime is discussed in more detail in Section 6.0. 

The transitional climate of the Kitimat basin is manifested in the 
hydrological regimes of the rivers. About 60% of the annual runoff 
volume occurs from May to September as summer snowmelt; only 21% of 
the annual precipitation occurs during this period (Table 2). 
Peakflows occur both in the summer as a result of snowmelt and in 
the fall/winter as a result of heavy rain on saturated soils or 
shallow snowpacks (rain-on-snow). The summer peakflows are 
centered on mid-June, but typically have less than half of the 
discharge of the fall/winter peakflows. The fall and winter 
peakflows are centered on late October or early November. Both the 
summer and fall peakflows have a wide scatter (standard deviations 
of 26 and 38 days), reflecting the variety of processes that can 
influence peakflow timing. Much of the variability in summer 
peakflow timing is introduced by late summer peakflows in July and 
August, which probably result from heavy summer rainstorms rather 
than snowmelt. Variability in the fall/winter timing of peakflows 
is associated with early winter peakflows in December and January, 
resulting from rain-on-snow. 

The Kitimat River channel is divisible into relatively homogenous 
sections, called reaches, based on the nature and extent of lateral 
channel movement. Seven reaches were identified on the Kitimat 
River for this study, three on the lower Kitimat below the Highway 
37 bridge at River km 38, and four on the upper river. Reaches 4 
and 6 on the upper river are confined sections in which lateral 
channel movement is constrained. The other two reaches are 
laterally unstable. The first reaches of Hirsch Creek, Little 
Wedeene River, Wedeene River, Chist Creek and Nalbeelah Creek were 

































20 

Some side channels have gone through several phases in their 
history, alternating between main and side channel status. 

During compilation of the historical side channel data base, a log 
was kept of logging and other land-use related changes evident on 
the aerial photographs along side channels. 

4.2 Results 

Channel change is an oncroinq. natural process on gravel bed rivers.  
In looking for the effects of cumulative watershed changes on 
active river channels, changes in the pattern of river channel 
change may have more significance than the fact of channel 
instability. 

4.2.1 Main Channel Stability 

The channel thalweg stability index described in Section 3.1 was 
measured in Reach 1 between km 1 and km 14 and in Reach 2 between 
km 14 and km 38. Negative power functions (Equations 1 and 2, 
shown in Figure 6) fit the stability decay rates with correlation 
coefficient of - 0.97 and - 0.94 respectively. 

-0.43 (1) 	 -0.27 (2) 
y = 120 x 	 y = 124x 

where y = the proportion (expressed in %) of the main channel 
thalweg in the same location. 

and x = the time in years between channel thalweg location 
observations. 

An interpretation of the power function decay rate is that channel 
thalwegs change location at different rates, depending on 
stability factors specific to each reach. The "half life" of the 
thalweg location is only 8 years in Reach 3, but is 25 years in 
Reach 2. 

Over longer periods of time, the channel thalweg occurs at the same 
location at a nearly constant rate, 25 to 30% in Reach 3 and 35 to 
40% in Reach 2. The consistency over longer periods of time can be 
interpreted in two ways: either there are stable sections embedded 
within the reach that stay in the same locations over long periods 
of time while the rest of the channel is in a state of flux, or 
else channel locations coincide by chance at a nearly constant 
rate. In Reach 2, stable sections are embedded within the reach. 
The age structure of the main channel in Reach 3 (Table 5) 
indicates that many channel locations coincide by chance rather 
than because of embedded stable sections. Only 10% of the main 
channel in Reach 3 is older than 40 years, and 16% older than 25 
years. The channel stability index suggests that 25% of channel 
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TABLE 4 

FLIGHT LINE 

AERIAL PHOTOGRAPHY COVERAGE 
OF THE KITIMAT BASIN 

YEAR 	APPROX. SCALE COVERAGE 
B.C. 	40-55 1938 1:15,000 Complete. 
B.C. 	446-447 1947 1:34,000 Lower Kitimat below 

Chist Creek. 
B.C. 	1023-1024 1949 1:36,000 Complete. 
B.C. 	1923 1954 1:36,000 Lower Kitimat below 

Wedeene River. 
A 14638:14814 1955 1:60,000 Complete. 
Alcan mosaic 1956 1:16,000 Lower Kitimat below 

Little Wedeene C. 
B.C. 	5083 1963 1:37,000 Lower Kitimat below 

Chist Creek. 
Alcan mosaic 1967 1:16,000 Lower Kitimat below 

Little Wedeene C. 
B.C. 	5303 1968 1:39,000 Upper Kitimat above 

Chist Creek. 
B.C. 	7173 1969 1:12,000 Lower Kitimat below 

Little Wedeene C. 
B.C. 	5397 1970 1:31,000 Lower Kitimat below 

Cecil Creek. 
B.C. 	5474 1972 1:16,000 Lower 	Kitimat 

between Hirsch and 
Chist Creek. 

B.C. 	5559 1973 1:16,000 Lower Kitimat 
between Hirsch and 
Chist Creek. 

A 24738 c . 1972-74 1:60,000 + Complete 
B.C.C. 	100 1974 1:6,000 Lower Kitimat below 

Little Wedeene C. 
B.C. 	5608:5612 1974 1:60,000 Complete 
B.C.C. 	113 1975 1:12,000 Lower Kitimat below 

Wedeene River. 
B.C. 	5664 1975 1:10,000 Lower Kitimat below 

Chist Creek. 
B.C. 	77029 1977 1:20,000 Lower Kitimat below 

Chist Creek. 
1:5,000 Flood plain maps. 

B.C. 	80030:32:33 1980 1:10,000 Lower 	Kitimat 
between Hirsch and 
Chist Creeks. 
Upper Kitimat below 
Hoult/Davies Jct. 

B.C. 	81042 1981 1:49,000 Upper Kitimat 
between Chist and 
Davies Creeks. 

B.C.C. 	385:386 1985 1:10,000 Lower Kitimat below 
Chist Creek. 

B.C. 	88038 1988 1:80,000 Complete 
B.C. 	89033 1989 1:17,000 Lower Kitimat 





TABLE 5 

AGE (YRS) 

AGE STRUCTURE OF KITIMAT RIVER 
MAIN CHANNEL, REACH 3 

(1985) 

LENGTH (EM) 	%TOTAL 

0-5 5.4 22 

5-10 5.4 22 

10-15 3.6 15 

15-20 2.9 12 

20-25 3.1 13 

25-40 1.5 6 

>40 2.3 10 

27 
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TABLE 8 

MEAN DAILY DISCHARGE AND PROBABILITY OF EXCEEDANCE ON 
DATES OF KITIMAT RIVER AERIAL PHOTOGRAPHY 

DATE OF 
PHOTOGRAPHY 

DISCHARGE 
(M3/SEC) 

PROBABILITY 
OF EXCEEDANCE 

NO. OF DAYS/YEAR 
EXCEEDED 

12 JUNE 69 496 .013 5 

4 JULY 71 419 .026 10 

19 JUNE 75 409 .027 10 

14 JULY 77 262 .106 39 

24 JUNE 89 249 .12 44 

6 JUNE 80 233 .14 51 

18 JULY 85 233 .14 51 

17 AUG 	74 170 .267 98 

14 SEP 	73 131 .378 138 

18 JUL 	88 122 .42 153 

22 SEP 	84 101 .49 179 

25 AUG 	70 85 .559 204 
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Another estimate of the gravel load or bedload of the Kitimat River 
can be made from several independent estimates of bedload in 
coastal B.C. watersheds. Sutek and Kellerhals (op.cit.) estimated 
the annual gravel load of the Lillooet River at about 30,000 to 
40,000 cubic meters/year by several methods, equivalent to 13.9 to 
18.5 cubic meters/km-2/year-1. Carnation Creek bedload was 
measured at 267 tonnes/year from 1972 to 1984, equivalent to 167 
cubic meters/year or about 16.5 cubic meters km-2year-1 (Tassone, 
1988). A third estimate of bedload was made for the Tsitika River, 
from lateral bank erosion rates along two sections of the river 
near the month. Rollerson (1983) measured erosion rates of about 
0.4 hectares/year over a 20 year period (1961-1981). Assuming an 
average 2m depth of bedload sized materials in the eroded area, the 
bedload generated is estimated at 8000 cubic meters/year, or about 
20 cubic meters/km-2year-1. Thus, three widely disparate coastal 
rivers, ranging in size from the glacierized 2160 km2 Lillooet to 
the unglacierized 400km2 Tsitika and the 10km2 Carnation Creek all 
appear to have a bedload ranging from 14 to 20 cubic meters/km-
2/year-1. Applied to the Kitimat River these estimates suggest a 
bedload of 28,000 to 40,000 cubic meters/year, somewhat higher than 
the Suspended Sediment Regionalization estimate. 

The two major areas of bank erosion in the Kitimat River Reach 3 
study section were the side channels at 14.1R and 18.8R. From 1977 
to 1988 or 1989, the total areas of erosion were 11 hectares and 13 
hectares respectively. Assuming a 2 meter depth of bedload sized 
materials in the eroded bank column, approximately 220,000 and 
280,000 cubic meters of bedload may have entered the channel of the 
Kitimat River from these two sources between 1977 and 1989. 

About 11 and 11 hectares of bank erosion occurred between 1977 and 
1988 along the lowest 3 km and 4km of the Wedeene and Little 
Wedeene Rivers respectively. Thus, up to 220,000 cubic meters of 
bedload sized materials may have been entrained along the two 
tributary channels. 

The locations and timing of the bedload entrainment from bank 
erosion may have an important bearing on the recent history of the 
Kitimat River channel in the section between Hirsch Creek and the 
Wedeene River. The two side channel bedload source areas discharge 
into the Kitimat River about 4.5 km apart, at 14.1 and 18.8 km. The 
Little Wedeene River enters the Kitimat about a kilometer above the 
entrance to side channel 14.1R, and two kilometers below the 
sidechannel 18.8R/Wedeene River junction. The Wedeene River, 
however, joins the Kitimat at the discharge point of the 18.8R 
sidechannel source. Distance of travel of bedload can be estimated 
as about one half of the meander wavelength. On the lower Kitimat 
River, the meander wavelength is about 2km, suggesting an estimated 
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travel distance of about one kilometer when bedload is entrained. 
Because of the distances separating the main bedload sources along 
Reach 3, the bedload from the 14.1 km sidechannel, the Little 
Wedeene River, and the 18.8 km sidechannel/Wedeene River should be 
moving downriver as separate lobes. 

The timing of the bedload releases from the above sources is 
unevenly distributed over time since 1977. The estimates of change 
in side channel areas (Table 6) indicate that the bedload 
entrainment has occurred mainly since 1985. The sidechannel at 14.1 
km released between 4000 and 10,000 cubic meters of material from 
1972 to 1985, a rate well within the capacity of the Kitimat River 
to transport. Since 1985, however, the rate increased abruptly to 
30,000 cubic meters/year from 1985 to 1988, and nearly 70,000 cubic 
meters in the single year 1988 to 1989. It is likely, moreover, 
that most of the releases from 1985 to 1988 (90,000 cubic meters) 
also occurred in the single year, 1987 to 1988. 

The sidechannel at 18.8 km released between 9,000 and 17,000 cubic 
meters of materials per year from 1973 to 1985. This rate also 
appears to be within the transport capacity of the Kitimat River. 
From 1985 to 1988, the rate increased to over 40,000 cubic meters 
per year. Most of the total volume released (130,000 cubic meters) 
probably occurred in one year, 1987 to 1988. More importantly, the 
Wedeene River, which joins the Kitimat River at the discharge point 
of the 18.8 km side channel, also released about 45,000 cubic 
meters per year from 1985 to 1988 from a source area immediately 
adjacent to the Kitimat River. Thus, the combined volume of 
material entering the Kitimat at the Wedeene/18.8 km junction may 
have been nearly 90,000 cubic meters per year from 1985 to 1988, 
mostly in the single year 1987-1988. 

In between the 14.1 km sidechannel and the Wedeene/18.8 km 
sidechannel source areas, the Little Wedeene River entrained about 
60,000 cubic meters of bank materials per year from 1985 to 1988 in 
the section between the CN railway bridge and the Eurocan logging 
road bridge. Since this source area is about 2 km away from the 
Kitimat River, it is unclear how much of the material has reached 
the Kitimat. 

The above estimates do not account for and are only a partial 
estimate of the bedload sediment transport and deposition patterns 
on the lower Kitimat River. Moreover, no comparable data from the 
pre-logging period were measured. Imperfect though they may be, the 
above estimates of bedload sediment introduction into the Kitimat 
River from bank erosion indicate that an imbalance may have 
developed since 1985 between the estimated normal bedload sediment 
yield of the Kitimat River and the amount being supplied to the 
channel, in the reach between Hirsch Creek and the Wedeene River. 
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and are the stations used for the regional index since 1953. There 
is no flexibility in data choice prior to 1953: The data available 
from the Kitsumkalum River must be assumed to be regionally 
representative to extend the data time base back to 1930. 

7.2 Results 

Four periods of higher than normal peakflow are evident: 1932-
1940, 1953-1967, 1974-1980, and 1987 to present, with intervening 
periods of lower than normal peakflow from 1941-1952, 1967-1973, 
and 1981-1986 (Figure 11). 

Although the 1932-1940 period of high peakflows is based on data 
from a single station; Kitsumkalum, corrobarative data is available 
from as far away as Northern Vancouver Island. High peakflows are 
attested during this period on the central B.C. Mainland Coast, in 
1932 and 1933 on the Wannock River, in 1934 and 1936 on the Bella 
Coola River (Church and Russell, 1979) and in 1935 on Lakelse River 
just north of the Kitimat watershed (McMillan, et el 1979). 
Peakflows on the Marble River of Northern Vancouver Island were 
high in 1939 and 1940. 

The high peakflows in the 1953-1968 period are widely corroborated 
in peakflow data series: Revillagigedo Island in the Alaska 
Panhandle (1958-1965), the central mainland coast of B.C. (1961-
1968), and northern Vancouver Island (1956-1968). 

The 1974 to 1980 period of high peakflows is well known for the 
1974 and 1978 floods in the Kitimat - Terrace area. Since 1987, 
another series of high peakflows has occurred in the Kitimat area, 
culminating in the floods of October, 1991. The latter event set 
peakflow records on the Kitimat River, Little Wedeene River, and 
the Kemano River. Three high regional peakflows (1974, 1976 and 
1978) sustain the 1974-1983 period of high peakflows. 

Cumulative October to April 1 day maximum precipitation indices for 
Terrace and Kitimat (Fig. 12) have a pattern similar to the 
regional stream peakflow index. Periods of higher than normal 1 
day maximum precipitation occur from 1922-1935, 1955-1960, 1970-
1979, and 1986-1990, corresponding in part to each of the periods 
of higher than normal stream peakflows. 
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Harr (op.cit.) defined a Transient Snow Zone (TSZ) that is active 
all winter, and identified the upper boundary of the TSZ in Oregon 
at the elevation where the winter snowfall exceeds 30% of the total 
annual precipitation. Another criterion used by Harr for helping 
define the transient snow zone is a maximum snow pack depth of 
50cm, rarely exceeded within the Oregon Cascades transient snow 
zone. 

8.1 Methods For Analysis 

Long term daily rainfall, snowfall, and snowdepth data from Terrace 
Airport (elevation 217 m.),Tahtsa Lake West (863 m.), Kemano (70 
m.) and Kitimat TownSite (128 m.) climate stations were used to 
analyze the characteristics of the Transient Snow Zone in the 
vicinity of the Kitimat watershed. Short term daily data from 
Kemano Kildala Pass (1609 m.) were used to increase the elevation 
range of the climate station coverage. In addition to Harr's TSZ 
criteria, the following definitions were used to define the 
Transient Snow Zone: 

1. The lower elevation boundary occurs on the date and at the 
elevation where snowfall exceeds 10% of the total 
precipitation for the date. 

2. A middle boundary divides the TSZ into a lower zone 
where the snowpack is intermittant and a upper zone 
where the snowpack is permanent but fluctuating. 
Accumulation of a fluctuating but permanent snowpack 
generally begins when snowfall exceeds 30% of total 
precipitation. 

3. The upper elevation boundary occurs on the date and at the 
elevation where snowfall exceeds 50% of the total 
precipitation for the date. 

The availability of daily rainfall, snowfall, and snowdepth records 
from an elevation band ranging from sea level to 1600 meters in the 
vicinity of the Kitimat basin allows not only an estimation of the 
proportion of the basin within the TSZ throughout the winter, but 
also a modelling of the changing elevation/basin area 
characteristics of the TSZ as it descends in elevation in the fall. 









TABLE 10 	SNOWFALL AND SNOWDEPTH CHARACTERISTICS OF KITIMAT WATERSHED 

KITIMAT TS (1954-1986) ELEV. 128 M. 

1. MEAN SNOWFALL (CM) 
2. % OF TOTAL PRECIPITATION 
3. MEAN MONTH END SNOW DEPTH (CM) 
4. MAXIMUM MONTH END SNOW DEPTH (CM) 

TERRACE AP (1953-1986) ELEV. 217 M. 

1. MEAN SNOWFALL (CM) 
2. % OF TOTAL PRECIPITATION 
3. MEAN MONTH END SNOW DEPTH (CM) 
4. MAXIMUM MONTH END SNOW DEPTH (CM) 

KEMANO (1951.1986) ELEV. 70 M. 

1. MEAN SNOWFALL (CM) 
2. % OF TOTAL PRECIPITATION 

KILDALA (1986-1986) ELEV. 30 M. 

1. MEAN SNOWFALL (CM) 
2. % OF TOTAL PRECIPITATION 
3. MEAN MONTH END SNOW DEPTH (CM) 
4. MAXIMUM MONTH END SNOW DEPTH (CM) 

TAHTSA LAKE WEST (1952-1986) ELEV. 883 M. 

1. MEAN SNOWFALL (CM) 
2. % OF TOTAL PRECIPITATION 
3. MEAN MONTH END SNOW DEPTH (CM) 
4. MAXIMUM MONTH END SNOW DEPTH (CM) 

KILDALA PASS (1952-1959) ELEV. 1609 M. 

1. MEAN SNOWFALL (CM) 
2. % OF TOTAL PRECIPITATION 
3. MEAN MONTH END SNOW DEPTH (CM) 
4. MAXIMUM MONTH END SNOW DEPTH (CM) 

THORNHILL MTN (1974-1982) ELEV. 521 M. 

3. MEAN MONTH END SNOW DEPTH (CM) 
4. MAXIMUM MONTH END SNOW DEPTH (CM) 

TERRACE AP SNOWCOURSE (1974-1985) ELEV. 180 M. 

3. MEAN MONTH END SNOW DEPTH (CM) 
4. MAXIMUM MONTH END SNOW DEPTH (CM) 

WEDEENE R. SNOWCOURSE (1974-1985) ELEV. 340 M. 

3. MEAN MONTH END SNOW DEPTH (CM) 
4. MAXIMUM MONTH END SNOW DEPTH (CM)  
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The best example of a Type III low elevation rain-on-snow peakflow 
in the Kitimat watershed is not included in the sample set because 
it occurred after the analysis was completed. The Dec. 7, 1990 
peakflow occurred following a heavy rainfall on nearly a meter of 
fresh snow. This peakflow would be ranked twelfth if included in 
the Kitimat River peakflow sample set.The relative lack of response 
of systems like the Kitimat to rain-on-snow events in the all-
winter transient snow zone below 500m (Type III peakflows) is 
explicable by the progressive de-synchronization of runoff from the 
upper basin, through the accumulation of a snowpack, by the time 
the all winter transient snow zone becomes an active source of 
rain-on-snow runoff in November. 
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