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ABSTRACT 

The effects of clear-cutting on the North Wes tern Pulp and 

Power Company Ltd .  lease near Hinton, Alberta on water yield were 

predicted to be (1) an increas e in streamflow during the snowmelt freshet , 

( 2 )  an annual yield increase of 20-30% , (3)  an increase in storm f low 

peak magnitude of four to f ive times , and (4)  a longevity of mOre than 

30 years before these effects begin to diminish . These predictions were 

made using an informal model that states that the change in water yield 

resulting f rom fores t harvest may be inferred f rom the alterations in 

stand s tructure , density , and arrangement that occur during harvesting 

which produce predictable changes in the interception, transpiration , snow 

accumulation , and snowmelt processes that in turn affect generated runoff . 

Validity of the predictions was tes ted by s tatist ically comparing water 

yield from nine logged and nine unlogged catchments on the lease . Results 

were (1) 5 9% more s treamflow during the snowmelt freshet , ( 2 )  2 7% greater 

yield over the gauged season (April 25-September 15) , and (3)  an increase 

in s torm peaks of 1-1/2 to two times . Since the f irs t two effects con

firmed the p redictions , and the average harvest age is 10 years , longevity 

will likely be as predicted also . 

RESUME 

On a predit que les effects d'une coupe a b lanc sur Ie rendement 

en eau dans la concession de la North Western Pulp and Power Company pres 

de Hinton , en Alberta , seraient comme suit: (1) une augmentation du 

courant dans les ruis seaux durant la periode de fonte des neiges , ( 2) une 

augmentation du rendement annuel de 20 a 30% , (3) une augmentation du point 

culminant des crues ( apres orages) par quatre ou cinq fois , ( 4) une longevite 

de p lus de 30 ans avant que ces effets ne commencent a diminuer. Ces 
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p redictions furent f ai tes avec un modele special qui enonce que Ie change

ment du rendement en eau resultant de la recolte fores tie re pourrait gtre 

deduit (observe) selon les modifications de s tructure des peuplements, 

de leur densite et de leur pos ition , qui ont lieu pendant l'exploitation 

et p roduisent des changements previsib les de l'interception, la transpir

ation , l'accumulation de neige, et Ie processus de fonte des neiges qui, 

a leur tour affectent l'ecoulement genere. La validite des predictions 

fut verifee en comparant s ta tistiquement Ie rendement en eau dans neuf 

b assins-versants exploi te$ et neuf autres non exploites de la concess ion. 

Voici les resultats obtenus: (1) I e  courant des ruisseaux augmenta de 

59% durant la periode de fonte des neiges , ( 2) Ie rendement en eau augment a 

de 2 7% au cours de la saisoh e tudiee (du 25 avril  au 15 s ep tembre) et  

(3) Ie point culminant des crues d'otages augment a de  1� a deux fois. 

Etant donne que les deux p remiers effets confirmerent les predictions, 

et que l'age moyen de l'exploitation est de 10 ans , la longevite sera 

vraisemblablement telle qu' elle avai t  ete prevue. 
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INTRODUCTION 

Clear-cut harvesting of fores ts is an estab lished s ilvicultural 

practice throughout much o f  Canada . S everal forested experimental water

sheds in the Uni ted S tates and elsewhere have been harvested in various 

clear-cutting configurations to determine the effect o f  this practice on 

water yield . I t  is  our contention that the physical reasons for the 

water yield response from clear-cutting are well enough es tablished from 

these s tudies that one can predict in relative quantitative terms the 

general effect that will ob tain wherever forests or s imilar type are 

harves ted in this manner. 

The informal model that we tested in this paper may be stated 

thus: The change in water yield resulting from fores t harvest may be 

inferred from the alteration in the effectiveness o f  a process determin

ing generated runoffl . The changes resulting from these pro cesses are 

p redictable from a knowledge o f  their interaction with stand s tructure , 

density ,  and arrangement before and after harves t .  

Changes in generated runo ff are predictable becaus e the physical 

parameters of the fores t that cause such change operate the same every

where . Stand s tructure , which refers primarily to the vertical space 

occupied by tree crowns , and s tand densi ty , which refers to the number of 

individuals per unit area , op erate to alter the wind , moisture , and radiant 

energy regimes in the crown volume and at the soil surface , and the moisture 

regime within the soil . Stand arrangement , which refers primarily to 

the areal pattern of cut and uncut areas existing at any given time , 

op erates to concentrate energy and/or mass inputs into clear-cut areas . 

These s tand des criptors interact to alter runoff-determining processes of  

interception, snow or rain microdistribution , evapo transpiration, and 

snowmelt rate . The kind of  alteration that forest harvest makes in these 

processes is relatively independent o f  general climate or topography; 

however,  the magnitude o f  the effect that these alterations will have on 

Generated runoff is that increment of water added during a given time 
interval , usually one day , that will eventually leave a catchment. 
All on-site losses have been deducted but the water has not passed 
through the s tream-gauging point . This definition is in agreement 
with that propo sed by the U.s . Army Corps of Engineers (1956) , which 
st ates that generated runo ff is in trans itory s torage in the soil , 
groundwater , or s tream channel .  
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lo cal runoff is highly dependent upon current weather and exis ting 

topography . The qualita tive predictability of their effect on generated 

runof f  is reasonably good for each pro cess in isolation and for their 

interaction in a limited number of experimental situations . (By "quali

tative" , we mean that the alteration must be expressed relative to that 

whi ch exis ted prior to o r  without harvest rather than as an absolute 

quantity . )  Also , we are unab le with f ores t harves t data alone to rou te 

the generated runoff to s treamflow , which means that predictions apply 

to the water yield from areas in general and not to any specific catchment . 

We'have two purpo ses in this paper : (1) to predict (using our 

informal model) the effect that the p resently clear-cut areas on the 

7 783 km2 North Wes tern Pulp and Power Company's (NWPP ) lease near Hinton; 

Alberta (Fig. 1) have on water yield and (2)  to establish the validity 

of these predicted effects through a s tatis tical comparison of the water 

yield from clear-cut and uncut sample catchments on the lease (Fig . 2 ) . 

Although the p redicted effects will be  based on alterations in 

the effectiveness o f  runof f-generating pro cesses that are affected by 

the interaction among surface vegetat ion , precipitation , and evapotrans

piration , our verification mus t necessarily be based on observed s treamflow . 

The s treamflow from any given catchment does not necessarily arise so lely 

from precipitation on tha t catchment ' s  surface . There may be transfer 

into or out of any catchment from its neighbor . 

Our knowledge o f  the subsurface hydrology on any specific catch

ment on this lease area is very limited . Therefore ,  we have es tablished 

a large areal-size criterion for any s ample catchment so that both surface 

and subsurface drainage will coincide . Failing that , we trust that the 

number of catchments is sufficiently large so that the loss from one o r  

more i s  balanced b y  an equivalent gain elsewhere in our sample . 

The characteris tics o f  the lease area arid forest-management 

operations relevant to predicting generated runoff change are timber 

age and type ( for es timating stand s tructure and density) , s ilvicultural 

system used ( for des cribing pos tharvest s tand arrangement) , and the time 

dis tribut ion of runoff (for determining the type (s)  of precipitation that 
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Fig. 1 .  Location o f  the North Wes tern Pulp and Power Company Ltd. lease 
in the Athabasca River Bas in . The shaded area includes bo th 
the current management portion ( 7 7 7 3  km2 ) and an additional 
7800 km2 p rovis ionally allocated to the company. 
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causes streamflow). Those chara cteristics relevant to the statistical 

verification are principally the division of harvest ing operations among 

geographic units (working circles ) ,  the concentra tion of clear-cut areas 

within each working circle to the firs t of four 20-year cutting cycles 

(which tends to concentrate the effect within ea ch working circle) , and 

the uniformity �n time o f occurrence of runoff from snowmelt or frontal 

activity to reduce samp ling varia t ion . 

GENERAL DESCRIPTION OF THE FOREST MANAGEMENT AREA 

PULP LEASE AND OPERATION 

The NWPP lease area is located east o f  the Rocky Mountains near 

Jasper Na tional Park between latitudes 53 and 54°N and longitudes 116 

and l18°W . I t  supports spruce-lodgepole p ine forest typical of the Lower 

Foothills (B . 19a) and Upper Foo th ills (B. 19c) sections of the Boreal 

Fores t Reg ion (Rowe 1972) . Growing s tock over the lease by areal percent

age is 53% lodgepole p ine (Pinus contorta DougI . var .  latifolia Engelm.) , 

19% white spruce (Picea glauca (Moench) Voss . ) , 8% black spruce (P. mariana 

(Mill . )  B . S .P . ) , 5% a lp ine fir (Abies lasiocarpa (Hook.) Nutt . ) , 9% 

Populus spp. , and 6% s tanding dead trees (MacArthur 1968) . 

Th e lease is divided into f ive working circles for management 

purposes (Fi g .  2 ) . The boundaries o f  each working circle are genera lly 

major rivers , whi ch also lend their names to the area bounded. Each 

working circle is further divided into a number of  compartments, each con

taining an estima ted t imber  volume a t  harvest time o f  1 250 000 m3• The 

company extracts a total o f  900 000 m3 from one or more compartments each 

year (the timber on approximately 4500 ha) ( Cros sley 1 9 7 2; MacArthur 1968) .  

The boundaries o f  these compar tments generally coincide w ith h is torical 

fires that created a large number of even':'aged s tands . At maturity these 

s tands appear remarkably uni form in height and density ;  the trees are 

from 17  to 20  m tall , w ith 1000-1500 s tems /ha . 

Th e intial harves t cut in ea ch compartment removed the trees 

from roughly 50% of the a rea in alternate 16- to 25-ha clear-cut strips 

or blocks (Fig . 3) . The leave s trips or b locks are being removed in a 
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Fig� 3. A sample of the cutting pattern On the Athabasca working circle 'L,hat 

exists mid\;vay through and at the end of a cutting cycle. The strip 

in the foreground 1;\TaS clear-cut in the first half of the cutt 

cycle; the leave area bet1;veen strips is to be clear-cut in th!:?_ second 
half of the cycle, The end result at the conclusion of all harvest 

during a cutting cycle is shown in the left background, All but a 

fevl isolated patches of trees have been removed. In terms or hydro

logic alteration, the end result is a complete clear-cut, even though 

ne1;v trees are well established on the initial clear-cut area��" (Photo 
taken 11 March 1976,) 
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second cut . In 1 9 74 , near the end of the first 20-year cutting cycle, 

large clear-cut blocks up to 1400 ha exist , but not all timber has been 

removed from most areas. The company must leave a buf fer strip adjacent 

to both sides of designated s treams and other designated water bodies. 

Also , s ome of the timber , mainly the Populus species , is undesirable under 

current millinc practices and is not harvested. Nor is timber removed 

from slopes too s t eep for extraction without severe damage to the soil . 

Therefore, even where clear-cutting is completed , timber may remain on 

about 5-40% of the s urface area. 

CLIMATE 

The climate is continental with long , cold winters and short , 

cool summ ers. Annual precipitation averages between 500 and 550 rom, of 

which about 30% occurs as snow between Octo'ber and Apr;il (Alberta Environ

ment 19 74) . Mean annual and mean summer temp eratures are 2- 3 and 8-l2°C 

resp ectively. 

HYDROLOGY 

Summer precipitation and hydrographs for 19 74 from three differ

ent-s ized watersheds covering the major elevation zones o f  the lease are 

given in Fig . 4. (These rivers and streams are not gauged from freeze-up 

through breakup , roughly November through April. ) The Wampus Creek and 

McLeod River hydrographs s how that approximately one-half of the total 

s easonal s treamflow arises from snowmelt (snow on the ground at the end 

of April 1 9 74 was 158 rom, water equivalent) and from mixed rain and snow 

during May . All three hydro graphs are from watersheds relatively free of 

harvest influenc�as none has occurred in the 27. 7-km2 Wampus catchment 

nor in the 966-km 2 Wildhay watershed, and less than 10% o f  the 2610 km2 

McLeod watershed has been harvested. 

The hydrograph from the Wildhay'River (gauged at the western 

boundary of the lease) has been included to illus trate the differing run

o f f  pattern that this predominantly alpine watershed produces compared to 

those patterns o f  the lower elevation forested areas represented by Wampus 
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July a..... 1874 

Fig . 4 .  Summer precipitation over the lease--hydrographs from Wampus Creek 
and th e McLeod River, which originate within the forested portion 
of the lease . The Wildhay River hydrograph has been included to 
illustrate the flow distribution in time from an alpine watershed 
versus that of th e two mid- to low-elevation watersheds . (Stream
flow data courtesy Water Survey of Canada . )  
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Creek (which is part of  the McLeod basin) , and the McLeod River itself . 

The water yield from a small alpine portion in the McLeod watershed tends 

to keep this watershed's runoff at a higher level during the summer than 

the totally fores ted Warnpus catchment. 

The only precipitation oth er than that occurring during snowmelt 

that causes app�eciab 1e response in the large river hydrographs is that 

associated with cold low or frontal s torms . The marked peak occurrin.g 

in July and the smaller one in August (Fig . 4) are from such storms . 

Iso lated convective s torms are· connnon throughout the lease. These do 

cause local runo ff but their effect is generally masked when it is com

b ined in the maj or river hydrographs . 

EXPECTED EFFECTS OF HARVEST ON STREAMFLOW 

To use our informal model , we have taken into account general 

sim ilarities in forest cover, climate , and hydrologic response that exist 

between several experimental watershed tes ts (mainly those from Wagon 

Wheel Gap and Fool Creek in Colorado) and the lease area to predict the 

change in water yield attributable to fores t harves t .  Our prediction is 

no t annual or seasonal runo f f ,  which is highly dependent upon how much snow 

or rain falls in a particular year , but the difference that forest c1ear

cut harves ting will cause in the normal runo ff pattern from uncut water

sheds subj ect to the same climatic conditions . 

The hydro graphs and some raw data from the Foo l Creek exp eriment 

were made available to us in 19 71 prior to their pub 1icatio� by Leaf (1975 ) . 

The inferences we have drawn from them are our own . 

TIMING 

The hydrographs from two experimental watersheds in Colorado 

(Fig. 5)  show the same dominant snowmelt charac teris tics as those from 

the lease area (Fig. 4 ) . The pos tharvest hydrograph (dotted lines ) from 

both Colorado catchments illus trates that timber clear-harves t causes 

greater ins tantaneous s tream flow magnitude during the ris ing limb o f  the 

hydrograph. The effect on Wagon Wheel Gap from clear-cutting 81 ha in one 
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Fig. 5 .  Hydrographs from experimental watershed harves ts in fores ted 
areas of the Ro cky Mountains , Colorado. Fool Creek watershed , 
Fras er , Colorado (Leaf 19 75) . Area 289 ha , elev .  3200 m, 40% 
of area harves ted in small patches in 1954-5 7 .  Wagon Wheel Gap 
watershed , Colorado (Bates and Henry 1928). Area 81 ha , elev . 
3100 m ,  100% of area harves ted in 1919 . 
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blo ck is not as :pronounced as that on Fool Creek from harvesting 96 blocks 

0.25-1.5 ha . Th is greater early volume is in effect a change in regime 

becaus e  a larger volume of flow o ccurs prior to the peak t ime than before 

harvest . Earlier runoff is attributed to higher runoff efficienc ies 

a fter clear-cutting caused by : ( 1) reduced evapotransp iration and sub

s equent higher �oi l moisture carry-over in the cleared blocks , (2) earlier 

snowmelt caused in part by direct solar radiation at the snow surface , and 

on Fool Creek , reradiation from the surrounding canopy, and (3)  a greater 

volume o f  snow in the cleared blocks due to nil int ercept ion . On Fool 

Creek with its many small clear-cuts , the amount of snow in these blocks 

is further augmented by redistrib ution of snow into them from the adjoin

ing and interven ing unharvested leave strips (Hoover and Leaf  1967).  

The cleared areas on the NWPP lease are mostly la rge , 20-1400 ha , 

compared to those on Fool Creek. The ratio of forest edge to open in g  

area on the lease , 70  m/ha , i s  small compared t o  4 9 4  m/ha at Fool  Creek . 

Th e clear-cut area and edge/area rat io , 5 0  m/ha , at Wagon Wheel Gap are 

fairly typical of those on the lease. Because of the largeness of the 

clear-cut blocks on the pulp lea s e ,  we do not expect reradiation nor 

redistribut ion of snow from th e s urrounding uncut areas to be major deter

minants o f  snowmelt rate nor accumulation amount. Therefore, we expect 

snowmelt from the pulp lease clear-cut areas to produce a hydro graph 

change more s imilar to that o f  Wa gon Wh eel Gap than o f  Fool Creek . 

ANNUAL YIELD 

The res ults from harvesting a large number o f  experimental 

catchments were summarized by Hibbert ( 19 6 7 ) . Table 1, prepared from 

his summary , shows the changes in annual yield as a percenta ge of precipi

tation that have occurred following varying amounts of harvest . The Fool 

Creek and Wa gon Wheel Gap hydro graphs (Fig. 5) indicate that where snow is 

a significant prec ipitation component this increase occurs primarily dur

ing snowmelt and is in the order o f  25-30% o f  annual yield. S ince the 

hydro graphs from the lease (Fig . 4) also are dominated by the snowmelt 

process, we expect th e effect on the pulp lease to be  o f  this same magnitude; 

that is, a 20-30% increase in annual (ice- free season) yield . 
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Table 1. Percentage area harvested and annual st reamflow as percentage of 
annual precipi tation for 10 experimental watersheds (adapted from 
Hibbert 1967)  

Area % Precipi tation as S treamflow 
Area Clear-cut 

Watershed (ha) Location % Uncut Clear-cut Ratio 

Coweeta 1 3  1 6 . 1  N .  Carolina USA 100 43 64 l . 49 

Coweeta 3 9 . 2  N. Carolina USA 100 33 40 1 . 21 

Coweeta 22 34 . 4  N .  Carolina USA 50 62  71 1 .15 

Fernow 1 29 . 9  W .  Virginia USA 85 38 47 1 . 24 

Fernow 2 15 . 4  W .  V irginia USA 36 44 48 1 . 09 

Fernow 7 24 . 2  W .  Virginia USA 50 54 60 1 . 11 

Wagon Wheel Gap 81 . 1  Co lorado USA 100 29 36 1 . 24 

Fool Creek 289 . 0  Colorado USA 40 37 48 1 . 30 

Kamakia 35 . 2  Eas t Africa 100 28 51 1 . 82 

Kenya 688 . 0  East Africa 34 22 2 7  1 . 23 

Mean 1 2 2 . 25 69 .50 39 . 00 49 . 20 1 . 29 
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STORM YIELD 

The volume o f  s treamf low that occurs as a result of summer rain 

on the leas e is small compared to the snowmelt contribution . Nevertheless ,  

the peak instantaneous magnitude o f  s treamf low during summer storms , even 

from fully forested catchments , may be as high as that occurring during 

snowmelt (Fig . �). 

I f  we assume with Hewlett and Hibbert (1967) that all flow f rom 

fores ted land is subsurface until" 'pi'oven otherwise,  then there are only 

three ways that s torm flow peaks can be increas ed: 

1 .  By forcing some ordinarily subsurface flow to a surface path 

2. By increas ing the e f ficiency o f  precipitation delivery to 

the subsurface ·system 

3 .  By increasing the area o f  the wetted-stream perimeter 

There is evidence on the NWPP lease that some subsurface flow 

has been forced to the surface . One can find ins tances along road cuts 

where subsurface flow has been intercepted and diverted along a roadside 

di tch to s treams . There is also evidence that the wetted perimeter o f  

some s treams has been increas ed: bo ggy areas now extend beyond the nor

mal wet site indicators (black spruce , willow, etc . )  into clear-cut areas . 

There is little or no undergrowth in these fores ts , so the clear-cuts will 

exper ience markedly reduced transpiration following harves t .  The result 

o f  this lower transpiration will be higher soil mois ture and increased 

efficiency in delivering precipitation to the subsurface flow sys tem. 

We therefore expect  thi s  opera tion to have an ef fect similar to 

that experienced by others following clear-cutting . The hydrographs o f  

Fig . 6 f rom the Fernow experimental watershed in Wes t V irginia,  which 

indicate a four- to fivefold increase in peak magnitude , are probably at 

the upper extreme . We expect an effect within this upper bound to occur 

on the leas e .  

LONGEVITY OF EFFECTS 

There are four physical factors that determine how long a par

ticular harves t will affect genera ted runo ff  and water yield: ( 1) the rate 
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o f  evapetranspiration , (2) the time that transpiration occurs , 

( 3) the amount o f  precipitation reaching the ground surface , and (4)  

the sp eed o f  snowmelt . All must return to preharves t levels before the 

harvest effect will vanish . 

In the fully fores ted state , evapotranspiration is primarily 

transpiration, whi ch is dramatically reduced by clear-cut harvesting . 

Transpiration from mature lodgepole p ine in Alberta ranges from 170 to 

240 rom for the June to  September period (Swanson 1975) . S imilarly , 

Engelmann sp ruce in Colorado transpired 300 rom from May through October 

( Swanson 19 75) . Either of these amounts makes up a large percentage of 

the 500-550 rom annual p recipitation on the leas e .  

The length o f  time required for transpiration volume t o  return 

to p reharvest levels depends upon the rate of growth and density of the 

regeneration . Wh ere evapotranspi ration is the dominant process affected 

by h arves t (as in areas o f  the world where snow doesn' t  occur or is not 

s tored for releas e in the spring freshet) , first-year yield increases 

after clear-cutting are spectacular but relatively short-lived . Hibbert 

( 19 6 7 )  states that the general pattern of decline in increased yield is 

a linear function of the logarithm of time since harves t .  That i s ,  

there is a rapid ini tial decline in increased yield followed by slight 

reductions each year until the effect is no longer measurable , which for 

his South Carolina example is a period about 35 years . 

When vegetation pres ents the same surface area as did the crowns 

of the mature trees b efore clear-cutting , then transpiration should reach 

p reharves t levels . According to Taj chman (1971) , the difference in 

evapotranspiration between a 70-year old Norway spruce forest and an 

adj acent 2-year old alfalfa field (presumably with full areal occupancy) 

was only 4% . Quick revegetation by coniferous trees to the "alfalfa field" 

condition may only occur following wildfire , wh ich results in tree densities 

of 35 000-600 000 stems /ha ( Cross ley 1976) . The revegetation goal for 

managed forests at NWPP (D. I .  Crossley , personal communication) is from 

1000 to 1500 s tems /ha , which i f  equally spaced at approximately 3 x 3 m ,  

would result i n  full crown occupancy when near maturity , proj ected t o  be 

80 years . 
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Transpiration from mature trees o ccurs while there is s till 

s ome snow on the ground under them ( Swanson 1967) . However, seedlings 

covered by snow do not transpire . Thus, the length of time it takes for 

new' trees to grow to a crown position above a 50- to 100-cm deep annual 

snowpack must be considered in evaluating longevity effects . Some o f  the 

new growth on old�r clear-cuts on the lease was 1- 3 m tall in 1974 , but 

there are few trees visib le on either the s trip clear-cuts in the fore

ground of Fig .  3 (snow depth approximately 60 cm deep) which were 12  

years old, or in the larger cleared area in the left background which has 

undergone the s econ d cycle cut, portions of which are 3 to 14 years old . 

Snow and rain are intercepted by tree foliage, where some evapo

rates . Clear-cuttin g  initally reduces interception of both rain and snow 

to zero . Some snow, and possibly rain too, is redis tributed into clear

cut areas from th e canopy o f  the res idual forest edge . Both lowered 

in terceptton and redis tribution act to· augment the amount o f  snow on the 

ground in a clear-cut compared to adj acent fores t .  Berndt ( 1965) reports 

25-50% more snow in clear-cuts in lodgepole pine in Wyoming than under the 

surrounding fores t .  Swanson and S tevenson (19 71) also reported augmented 

accumulations of this same order of magnitude in c1e.arings . . in aspen forest 

in Alberta . 

The relative effectiveness o f  interception reduction and dis

tribution in augmenting snow accumulation in clear-cuts probably cannot be 

separately appreciated except at the ex tremes--comp1ete clear-cut or 

to tal forest . However, the longevity o f  such augmentat ion is apparently 

considerable, as indicated by the time trend o f  snow accumulation in 

clear-cuts and various density s elec tion cuts in lodgepole pine in Colorado . 

According to Hoover and Leaf ( 196 7), ci ting results from a s tudy s tarted 

in 1940, " • • •  relative snow s torage amounts [compared to uncut stand] have 

changed little [in 1964], i f  any, with time s ince cutting in spite o f  con

s iderable regrowth of young trees and increased canopy density on the 

h eavily cutover plo ts ." On the leas e, we expect snow caugh t in the crowns 

o f  isolated trees or isolated patches o f  trees to be more vulnerable to 

redis tribution to. the surfaces under them than snow caught in the canopy 
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of  a closed fo res t where wind cannot freely penetrate . Therefore , we 

expect augmentation o f  snow . volumes by about 20-30% in the clear-cuts 

due to reduced interception and some minor redistribution to continue 

until crown closure occurs . 

The speed with which snow melts is also altered by clear-cutting . 

Results from a s tudy o f  snow accumulation and melt in mature lodgepole 

pine forest near Sundre , Alberta , show snow melting 1 . 16 times fas ter in 

5- tree height wide openings than under closed-canopy fores t (D . L .  Golding , 

personal communication) . Berndt ( 19 65) also reported that snow persisted 

in the uncut s tand 12 to 14 days longer than in 2- to 8-ha clear-cut 

blocks . The earlier melting that o ccurs in clear-cuts increases the 

efficiency of catchments in yielding s treamflow from snow because it  

o ccurs at  a time and place where soils are wettes t and transpiration 

demand is at i ts lowes t .  

According to Gartska et al. (1958) , pratically all of the heat 

utilized in the melting o f  snow can be as cribed ultimately to solar radia

tion . A des crip t ion of the total radiation regime o f  an area in trans ition 

from clear-cut to clos.ed canopy i s  beyond the s cope o f  this paper , but 

according to Reifsnyder and Lull ( 19 65) the most influential parameters 

determining the regime are crown closure and crown dep th . Regrowth cannot 

affect crown closure at all during snowmelt until the canopy shows above 

the snow. However ,  crown depth will affect snowmelt from the time the 

canopy is visible until it  is  well above the snowpack because the canopy 

is the warmest portion of a. forest  (Baumgartner 1973) . 

The longevity o f  any effect o f  regrowth on snow accumulation and 

mel t  is  mos t diff icult to anticipate on the lease because we don't know 

how dense new regeneration is or how fas t  crown closure will occur . As 

well ,  the edge influence is continually changing as residual blocks left 

after the first cutting cycle are clear-cut . Very likely there will be 

no s ignificant edge effect at  the end o f  the second cut ting cycle in any 

given compartment because new trees on the firs t cycle blocks are not 

large enough to form a definite physi cal boundary between old and newly 

clear-cut blocks . 
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The regeneration and regrowth prob lem cannot be s o  easily 

addressed . Regeneration s urveys to determine the degree of restocking 

by new trees are made 7 years after harvest (MacArthur 1968) where the 

number of milacre plo ts wi th one or mo re trees is counted . This survey 

does no t indicate the to tal number of t rees present or their areal dis

t ribution . These latter two f igures would help in es timating the time 

until crown closure and thus the longevity o f  this harve s t's hydrologic 

alteration . It is perhaps suff i�ient to say that the time to crown closure 

and maximum canopy dep th could be high ly variable on this lease, where 

casual observations of s tem densi ties range from less than 200 to more 

than 30 OOO/ha . The mos t commonly observed density is 1200-3000 stems /ha , 

which would probably result in crown closure and maximum crown depth at 

40-60 years after clear-cutting . 

Reduced transpiration and intercept ion as well as any precipi

tation redis tribu t ion will affect soil moisture during snowmelt and 

throughout the growing season. The length o f  time this effect will pers is t 

is  somehwat s peculative and difficult to generalize for the entire lease 

because of the inconsis tency of regeneration time , s to cking density, and 

growth rate on s pruce and lodgepole p ine areas. Leaf and Brink ( 19 75) 

provide a table of time trends for use in their s imulation model that shows 

no decline in availab le soil water after clear-cutting for 15 years in 

lodgepole pine and 30 years in spruce-fir . They also indicate that preci

pitation redistribution effects , wh ich are inseparable from intercep tion 

reduction effects , do no t begin to decline for 40 years in lodgepole p ine 

and 80 years in s pruce-fir . We have no reason to doubt these  estimated 

t ime trends. Our casual observations o f  regeneration on these clear-cuts 

in Alberta indicate that it is similar to regenera tion we have observed 

in Colorado and Wyoming . Th erefo re , we expect any hydrologic al teration 

due to clear-cutting at NWPP in Alberta to las t at leas t 30 years before 

it begins to diminish . 

SUMMARY OF EXPECTED EFFECTS 

The harvest on the NWPP lease near Hinton , Alberta , is expected 

to have the following effects on local s treamflow compared to uncut areas 
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in the same vicinity : (1)  Earlier and greater runoff  from snowmelt ; 

that is , a larger volume o f  runo ff in the sp ring freshet ,  ( 2 )  20-30% 

greater annual streamflow , ( 3) storm�low peaks four to five times higher ,  

and (4)  a longevity i n  excess o f  . 30 years before the effec ts on snow 

accumulation , mel� evapotranspiratio� and subsequent s treamflow begin to 

diminish . 

VERIFICATION OF EXPECTED EFFECTS 

METHOD 

The method we chose  to verify the expec ted results was to deter

mine the water yield from exis ting clear-cut and nonharvested areas on 

the NWPP lease . Thi s  was done by gauging a number o f  harvested and non

harves ted (control) catchments and comparing the difference in water 

yield for the maj or runoff  season , mid-April through mid-Sep tember. One 

or two years ·' data was though t  sufficient, as our goal was to evaluate 

the change in water yield due to this harvest and not to document long

term hydrologic charac teris tics . 

Our sampling criterion was to de termine a 25% change in water 

yield at the 80% c onfidence level .  We felt that a one-in-five chance of 

error was accep tab le for this evaluation tes t and for later use in making 

land-managemen t decisions affec t ing water . 

The entire NWPP lease was cons idered a single population from 

which we could select a number o f  catchments for gauging , although poor 

access and a lack of harves ted catchments precluded samples in the Embarras 

working c ircle . Also , we could no t be c ertain that the c lear-cut catchments 

chosen were f ree of hydrologic b ias because the dec ision as to which areas 

to harves t firs t was made quite apart from this study and based on oldest 

tree age . Obviously , th e oldes t trees are found in areas that have been 

free f rom fires for the longest time , which might mean that these s ites 

were (and may s t ill be) wet ter than those surrounding. This is a source 

of b ias that we could no t remove . However,  wherever poss ible we selec ted 

control catchments as near physically to their harvested counterparts so 

that p resent c limatic conditions were s imilar . In general , this precaution 
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ensures that the timber age on a control catchment is within 20 years of 

its clear-cut counterpart . 

Th ere have not been any similar s tatis tical evaluations reported 

that could guide us in our samp ling intens ities . Therefore , we estimated 

the number o f  ca tchments necessary to detect a 25% increas e in water 

yield with 80% co�fidence as nine logged and nine controls from equation 

( 1) ( Freese 1961) . 

where : n 

( 1) 

number of samples ( catchments) o f  each 

type 

D = difference in s treamflow we wished detect 

S 2= estimate of population variance 

t - S tudents " t" value at desired probabili ty 

(An estimate of the variance during th e high runo ff months of May and 

June was ob tained using s treamflow data from the three contiguous basins 

on the 5 7-km2 Tri Creeks experimental watershed located in the southern 

portion of the McLeod working circle . We as sumed that the variance in 

these data would be less than that over the entire leas e ,  and doubled the 

value ob tained to es timate the number of sample catchments needed as 

nine .) 

S election cri teria were : ( 1) control catchments could no t have 

more than 10% of their timber removed,  ( 2) logged catchments must be 

clear-cut over 30% or more of the total area , ( 3) the area of either type 

had to be between 7 and 26 km2 , and (4) .  there h ad to be reasonable access 

and a s table s tream s ection for gauging . 

ESTABLISHMENT 

S ixteen catchments, seven unlogged and nine logged controls, 

were selected in 19 72 . Two addi tional unlogged catchments were chos en in 

19 7 3 .  These catchments are des cribed in Table 2 .  Except for catchments 

4 and 11 ,  the logged and control catchments within each working circle are 

physically close to each o ther with s imilar topography and climate . 

A s taff gauge was established in a s table reach or at some pre

exi s ting control on the s tream draining each catchment . S treamflow was 

measured manually with a cup- type eurrent  meter ( three to five times a week 



Table 2. Gauged. catchments on NWPP lease, Hinton, Alberta 

Harvest History 
Location 

Catchment Latitude Longitude 
No. Drainage (N) (W) 

Dominant 
Forest 
Cover! 

Drainage 
Area 
(km2) Category2 

Average 
Age 

Years3 

Percent 
Cut 

(1974) 

Edge/Area 
Ratio 
(m/ha) 

Elevation 
(m above 

msl) 

Athabasca Working Circle 

1 
2 
3 
4 
5 

Oldman Ck. 
Oldman Ck. 
Oldman Ck. 
Fish Ck. 
Oldman Ck. 

53°41'53" 
53°41'03" 
53°31'31" 
53°28'.50" 
53°37'18" 

117°33'48" 
117°33'48" 
117°40'51" 
117°38'54" 
117°31'25" 

PL, SW 
PL 
SW 
SW 
SW, PL 

17.0 
14.9 
16.4 
11.6 
19.7 

C 
C 
L 
L 
L 

7.9 
10.6 
10.2 

Nil 
Nil 

84 
76 
35 

58 
31 
18 

1190-1400 
1220-1400 
1450-i520 
1210-1520 
1280-1580 

Marlboro Working Circle 

6 
7 
8 
9 

Pine Ck • .  

Pine Ck. 
Edson R. 
Edson R. 

53°54'55" 
53°54'22" 
53°50'00" 
53°48'43" 

116°43'20" 
116°45'44" 
116°40'54" 
116°44'52" 

PL 
PL 
PL, SW 
PL, SW 

23.9 
22.1 

7.0 
23.1 

C 
L 
L 
C 

6.7 
7.7 

8 
38 
37 

9 

148 
88 

1190-1450 
1190-1370 
1140-1450 
1110-1400 

Berland Working Circle 

10 
11 
12 
13 
14 

Hendrickson Ck. 
Vogel Ck. 
Cabin Ck. 
Fox Ck. 
Fox Ck. 

53°46'37" 
53°46'58" 
53°45'51" 
53°43'07' 
53°42'15" 

118°22'03" 
118°27'07" 
118°21'55" 
118°16'11" 
118°16'47" 

PL 
PL, SW 
PL, SW 
PL 
PL, SW 

22.0 
11.1 
12.6 
18.2 
12.3 

C 
C 
C 
L 
L 

8.9 
9.0 

Nil 
Nil 
Nil 

57 
60 

39 
20 

1420-1620 
1480-1650 
1400-1770 
1370-1520 
1370-1740 

McLeod Working Circle 

15 
16 
17 
18 

2 

a 

.. 

PL 

C 

Anderson Ck. 
Ck. (not named) 
Anderson Ck. 
Quigley Ck. 

lodgepole pine 

53°18'19" 
53°18'32" 
53°19'.16" 
53°20'30" 

control catchment 

117°18'04" 
117°17'04" 
117°22'43" 
11r 23'17" 

PL, SW 
PL, SW 
PL, SW 
PL, SW 

SW white spruce 

L logged catchment 

19.7 
8.8 

10.7 
16.8 

Average age E[(Area cut in year) x (1974-year cut)]/EArea 

C 
C 
L 
L 

11.5 
11.3 

6 
214 

56 
46 

90 
114 

1190-1680 
1190-1460 
1280-1620 
1280-1430 

Catchment 16 is logged in excess of our criterion for a control. Eleven percent was logged prior to 1973, but 
the extra 1% above our criterion was not considered sufficient to exclude this otherwise desirable catchment. 
However, an additional 10% of the timber was logged during July-August 1973, bringing the total to 21% at the 
start of the 1974 runoff season and greatly exceeding our control catchment criteria. 

We still used catchment 16 as a control during 1974 because: (1) all of the harvest.is near or on the catchment 
divide, and harvest in this area is generally considered to have the least effect on streamflow, and (2) the 
cutting was done relatively late in the growing season so that the effect of, full forest transpiration during 
1973 on carry-over soil moisture to 1974 would already be present. We could not have used this catchment as a 
control in 1975, if the study had been continued, because (2) above would only be true the first year following 
late summer harvest. 

N � 
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in 19 73 ; less frequently in 19 74) to es tablish a stage height-dis charge 

relationship for each control section. During 19 7 3 ,  a s tilling well and 

a s tage height recorder were installed in each control section . Some 

data obtained during 19 73 are from s treams without a stage height recorder 

and are dis continuous in time . All data obtained during 1974 are from 

s tage height recordings and continuous from i ce breakup in April through 

mid-September . 

An Atmospheric Environment Service o f  Canada MSC type "A" 

pre cipitation gauge was ins talled near each contro l s ection and serviced 

at least once each week . Six U . S .  Wea ther Bureau type Belfort and three 

Fis cher-Porter weighing rain and snow gauges were located at strategic 

positions throughout the lease . Two snow courses in each working circle 

were measured in April to ascertain snow on the ground when snowmelt com

menced .  In addi tion to thes e ,  snow course and precipi tation data from 

an intensive climati c  s tudy being conducted in the same area were made 

available to us (J.M . Powell , personal communication) .  A compilation o f  

all s tream flow and precipi tation data collected during 19 73 t o  19 75 will 

be availab le upon reques t after 19 7 7 .  

DATA PRESENTATION AND ANALYS IS 

Daily s t reamflow was calculated in lit res per second and compiled 

for each catchment . All analyses were conducted on data converted to the 

uni t-area forms of lit res per second per square kilometre or millimetre to 

allow for differences in area between catchments . Precipitation fron non

re cording gauges was generally read daily , but i f  no t ,  weigh ted over the 

days-of-occurrence interval indi cated by the traces from the recording 

precipi tation gauges . These water yield and precipitation values , both 

for indivi dual catchments and an areal average for the leas e ,  were dis

played graphically to select time intervals for further analyses . 

The "t" s tatistic was used to test the significance of water 

yield differences no ted . Sixteen degrees of freedom ( df) were availalbe 

for the unpaired mean di fference comparisons and 7 df for the paired dif

ferences . In the results and discussion below, "significant" means at the 

80% level except where a higher confidence value is noted . 
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RESULTS OF THE VERIFICATION STUDY 

The results for 19 73 are shown in Fig .  7 .  These composite 

hydrographs were derived by averaging each day's data from the two catch

ment types . The shaded portion indicates time periods when the water 

yield from those logged exceeded that from the control catchments . As 

anticipated, greater yields from the harvested catchments occurred during 

snowmelt runof f, May 11-24, and the three rains torms o f  May 24-June 1, 

June 2 3-2 7, and Augus t 3-20 . 

Our data in 19 73 were discontinuous and insufficient to s atisfy 

s tatis tical analysis requirements . Some o f  the flow data for both the 

logged and control hydrograph on Fig .  7 have been es timated by regression 

of manually ob tained flow against that reco.rded at one or more control 

sections . These hydrograph segments are indicated by the do tted lines . 

Results from s elected events in 19 73 are summarized in Table 3 .  Because 

both actual and es timated data were used to ob tain these values, no 

s tatistical signi ficance should be attached to them . 

The composite hydrograph for 1974 is shown in Fig .  8 .  Shaded 

portions indicate time periods when water yield from the logged exceeded 

that from the control catchments . Table 4 is a summary of the wa ter 

yield and st atistical tes ts for 1974 . During the spring freshet (April 

25-May 2 3) '" the logged ca tchments yielded 36 . 6  mm or 5 9% more runoff 

than the controls . For the entire gauged season (April 25-September 15) 

the percentage was less, 2 7%, but the absolute increase was still 39 .2 mm . 

Both increases are s tatistically significant at the design probability 

level of 80% or higher . 

Individual hydrographs for each catchment of the eight pairs 

are shown in Figs . 9-12 . These data have been grouped by working circle 

and tes ted for the significance of April to S eptember water yield differ

ences with 1 df (Tab le 5) . This grouping and test  are outside the design 

cri teria for the s tudy . Nonetheless , the water yield differences are 

significant in two of the four working circles . 

The individual hy drograph pairs are included largely to indicate 

storm response and the sources of variation in the composite data . The 
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Fig . 7 .  Composi te hydrographs and precipitation for 1 9 73 from nine 
logged and seven control catchments on the study area. 
Shaded p ortions indi cate times when logged water yield 
exceeded control. 

Table 3. Comparison of runoff  from logged and control 
catchments for selected events , 1 9 7 3  

Runo ff Precipi tation Runoff  
Period Event (rom) Logged 

May 11-24 Snowmelt 1301 4 7.0 

May 24- Snow and 
June 1 rainstorm 46 2 9.9 

June 2 3-2 7 Rains torm 50 14.0 

Augus t  4-9 Rains torm 42 5 . 5  

Snow on ground at beginning o f  snowmelt 

(rom) 
Control 

40.1 

24. 4  

9 . 4 

5.0 
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Table 4. Comparative s tatis ti cs o f  composite runoff from logged and con trol catchmen ts for 1974 

Runoff (mm) 
UnEaired ComEarison df = 16 1 Paired ComEarison df = 71 

Runoff Precipi tation 
Period Even t (mm ) Logged Control 

April 25- Snowmelt  
May 23  and rain 27 82 98. 9  62. 3 

June 1- 8 Recession 4 8. 8 10. 9 

July 9-14 Recession 43 11. 9 10. 0 

August 19-28 Rains torm 43 7. 8 5. 8 

Sept. 7-10 Rains torm 34 3. 0 1. 9 

April 25-
Sept. 15 Mix ed 51 3 186. 6 147. 4 

1 df = degrees of freedom. 

2 Snowpack April 11, 1974 an d rain and snow t.o May 23. 

3 n.S . not signi fi can t at 80% confi dence level . 

Confidence Con fidence 
" t" Level (%) Dif ference " t" Level (% ) 

1. 907 90 34. 2 2. 958 95 

-0. 954 n.s. 3 -0. 4 -0. 372 n. s. 

0. 749 n. s .  2. 2 2. 519 95 

1.630 80 2.1 2.424 95 

3. 027 99 1.2 3.070 98 

1. 416 80 42.4 2.455 95 

N 
'" 
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Table 5. Comparative statistics o f  runoff  from catchment pairs in 
each working circle for period April 25-Sept emb er 15, 1974 

Runo ff, mID Statis tics , 1 df 
Working Circle Logged Control " t" Confidence Level 

McLeod 1 7 9.2 9 6.9 13.333 95% 

Marlboro 281.6 217.3 2.146 n.s. 

Berland 116.9 138.8 -.664 n.s. 

Athabasca 169.2 124.2 4.620 80 

data from these pairs do not have the same meaning as those found in 

the literature from paired experimental watershed studies. In our case, 

the water yield from a logged catchment minus that from a nearby unlogged 

one has been used as a sample from a local topographic-climatic situation. 

The water yield from both catchment types is assumed equal i f  neither 

were logged, but no measurements were taken prior to logging to verify 

this equality. 

In a paired experimental watershed study, this assumption of 

equal yield is not made;  the flow or water yield from the two catchm�nts 

is not directly compared. The two catchments are simultaneously gauged 

for a number of years prior to any logging to es tablish an equation from 

which the streamflow from the catchment to be treated can be predicted 

from that o f  the control. Water yield dif ferences are treated streamflow 

minus that predicted i f  treatment had not occurred. 

This difference in definition of pairing and experimental 

method is an important point to remember in interpreting the data from 

this s tudy. We, as well as some readers, may be tempted to compare the 

dif ference between hydro graphs from individual catchments o f  a pair. 

(For example, the yield o f  control catchment 10 is higher than that of 

its treated counterpart, 13.)  Such comparisons are not valid. However, 

these comparisons may b e  useful starting points for future more detailed 

res earch to s ee why and i f  the apparent di fference really exis ts. 
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The variance among the logged and contrQl sample catchments was 

subj ected to Bartlett ' s  test o f  homogeneity (Freese 1967)  to s ee if the 

samples came from populations having equal variance. The calculated chi

square of 0 .2 373 does not refute the hypothesis that the population 

variances are equal (1 d f ,  P = . 01) . 

The 1973 and 19 74 composite hydrographs and five of eight of 

the individual ?air hydro graphs indicate a trend during late recession 

(May 25 to mid-June) that is also present on the experimental catchment 

hydrographs of Fig .  5 :  The flow from the control catc'hments exceeds 

that from the logged for a brief period during recession. This small 

flow difference is not s tatis tically significant. It probably does not 

have any consequence for water users , either. What is important is that 

a response to clear-cutting this small is present even in our rather 

crude tes t . 

COMPARISON OF EXPECTED AND ACTUAL EFFECTS 

All comparisons below are based on 19 74 data , although in 

general , 1973 data corroborate the findings . 

Timing 

Almost all o f  the increas e o ccurred during the spring freshet . 

The April-May portion o f  the hydro graph of Fig. 8 is very similar in 

appearance to that from Wagon Wheel Gap (Fig . 5).  Both higher ins tan

taneous flows early in the snowmelt season and greater overall volumes in 

the freshet occurred as anticipated. 

Annual Yield 

The expected effect was 20-30% more yield from the . harvested 

catchments .  The ac tual increase of 2 7% is almost exactly the same as 

that from the mean of the 10 experim ental watershed s tudies of Table 1 .  

Runo ff from Storms 

We anticipated four to five times higher peak flows from the 

harves ted catchments . An increase of this magnitude is not evident in 

the composite hydro graph (Fig . 8). 
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On individual hydrographs , the pattern o f  storm discharge is 

clearer but s till highly variable. The maximum difference in peak dis

charge between logged and control o f  3.3 times occurred on catchment 

pair 12-14 (Fig �  11) during Augus t 1 7-20 , when peak dis charge from the 

logged catchment was 2 3  L/s /km 2 compared to 7 L/s/km2 on the control. 

S everal others indicate discharge differences in the two- or threefold 

range (Fig. :0 , pair 8-9 , June 25-30 ; Fig. 11 , pair 12-14 , July 10-15 ; 

and Fig .  12 , pair 1- 3 ,  August ll�25). Apparently the s torm causing the 

peak at 50 L/s /km 2 on catchment 5 (Fig . 12 , July 1 7-20)  did not occur on 

i ts control. Both catchment pairs of Fig. 10 showed the same response 

to the s torm o f  July 10-15 ; that is , the peak dis charge from both logged 

and controls was the same. 

The response o f  logged catchment 13 (Fig .  11)  is  somewhat inter

es ting in that the peak discharge during rain equalled that from the con

trol even though the overall dis charge from the logged appears subs tan

tially less than the cont rol at other times . The s torm response time o f  

both o f  these logged catchments ( 1 3  and 1 4 )  in the Berland is markedly 

quicker than their control counterparts. 

In summary , the di fference in s torm response is not as great as 

that at Fernow, Wes t Virginia (Fig. 6) , although the general pattern is 

similar. The magnitude of discharge difference from logged versus uncut 

catchments varies from none (or even sli ghtly less) to more than three 

times . The average respons e di fference is about 1-1/2 to two times. The 

duration of discharge is  shortened on some but no t all logged catchments. 

Longevity of Effect 

There does no t appear to be any s trong relationship between the 

age of the clear-harves t  areas and the magni tude of the s treamflow response. 

The overall increases at this time are similar to those  o f  Table 1 ,  which 

are for the mos t  part for the initial S years following harvest. Since 

the time o f  response and annual increase are as expec ted from the experi

mental watershed results, we believe that the longevity will be  too. 
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The clear-cutting on the areas we have evaluated ranges from 

1 to 19 years old . The effect we have noted from an average 10-year old 

harves t is similar to that recorded for the early years elsewhere .  

Judging f rom the Colorado experience and the s lowness o f  regrowth on 

the leas e ,  we conclude that a conservative es timate for the duration of 

the effect ob tained here will be  at least 30 years . 

DISCtJffsION 

We have demonstrated with a reasonab le degree o f  confidence 

that the general effects o f  clear-cut harvesting on generated runo ff and 

subsequent s treamflow can be es timated from an unders tanding o f  the 

physical processes involved . The es timate was not too difficult to make 

in this case because (1)  fairly large clear-cuts were dispersed over a 

large area which has a reasonably uniform climate ,  and (2) the clear�cut 

locations on any particular catchment did no t favor any topographic posi

tion . The clear-cut harves ting program on the NWPP lease encompasses mos t  

o f  the possib le clear-cutting configurations and thus produced an average 

e ffect . 

It  is impo rtant to realize that an operation that concentrates 

clear-cutting activities in a particular topographic position within 

catchments may not produce average effects . For ins tance , the North Fork 

Workman Creek experimental harves t in Arizona produced a 55% increase in 

streamflow (Rich 1965) . This clear-cut was confined to the mois t zone 

adj acent to the s tream channel and occupied only 32% of the catchment area . 

In sharp contras t, the South Fork Workman Creek produced sli ghtly less 

than 4% more water yield after 45% of its t imber was removed . The South 

Fork cutting was dispersed over the whole catchment as an individual- tree 

selection harvest , a 24-ha burn (20% of the catchment area) on an upper 

slope position, and assorted roads and skid trails (Ri ch 1965) . 

The specific effect that a clear-cut harvest will have on the 

streamflow from a parti cular catchment is difficult to predict because 

clear-cutting is not a single practice even with respect  to runo ff genera

tion . Harves ted areas can take on an infini te variety of shapes and/or 
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s izes . Watersheds aren' t  uniform either . Our widely differing samples 

from the Berland (Fig . 11) and the McLeod (Fig . 9) are ample evidence 

of this ! The s i z e ,  shape , slop e , drainage pattern , drainage dens ity , 

geology , soils , and surface-subsurface curvature o f  a catchment define 

routing . In no two catchments are these completely the same . The 

hydrologic respons e to a clear�cut , which can be located anywhere on a 

catchment where timb er exists , depends upon these parameters . 

S imulation modeling may be useful to tie runo ff-generating and 

flow-routing parameters toge ther , but no model currently available combines 

the realism needed to adequately des cribe the operation of the physical 

sys tem and the s implicity necessarY to enable i ts use .  The land use model 

proposed by Leaf and Brink (19 75 )  des cribes the e ffect of clear-cut ting 

on generated runoff . It is  useful for simulating the e ffects intermediate 

to large-s ized cleared b lo cks (4-6 H and larger , where H = height of sur

rounding trees ) will have . Freeze ( 19 72a and b )  has put forth a most  

realis tic description o f  what happens to generated runo ff in  i ts pro cess 

of  becoming s treamflow . S tephenson and Freeze (19 74) successfully applied 

thi s  des cription to Reynolds Creek in Idaho to s imulate the snowmelt con

tribution to s treamflow . However , they conclude that a massive data gather

ing program o f  soil and formation parameters would be necess ary before a 

model of this complexity could be applied on a routine basis . 

General s tatements o f  harves t effects are probably sufficient 

unless a fores ted watershed is being specifically m anaged or fores try 

operations are b eing res tricted to enhance some aspect of  water usability 

or to minimize damage . Water resource planners responsible for the area 

of the Athabas ca River downs tream from the NWPP lease should at least be  

aware that a higher annual runo ff level will be attained and maintained 

permanently as long as the fores try operation continues . Likewise , those 

responsible fo r designing culverts and/or bridges to accommodate s treams 

flowing from areas o f  clear-cut o r  those to be clear-cut should be aware 

that peak flows may be two to three times those from unharves ted areas . 

If  fores t harves t operations are to be modified to produce some 

specified water yield increase o r  to limit increases to some speci fied 



36 

value , then a s imulation mo del coupling runoff generation effects of the 

harves t and a routing o f  that runoff  through the par ti cular topographic 

situation is needed.  If,  however , only the general effects of fores t 

clear- cutting are required ,  then an informal model o f  the type used here 

should suf fice . 

SUMMA RY AND CONCLUSIONS 

1. The change in water yield resulting from forest clear-cutting m ay be 

inferred from the degree o f  alteration during harves t .  Altered s tand 

parame ters·. produce predictab le changes in interception,  transpir ation,  

snow accumulat ion , and snowmelt pro cesses that in turn affect gener-

.. , ated runoff . 

2. Using this informal model , we predicted that the effects of clear

cutting on the NWPP lease on s tr eamflow , compare� to uncut areas in 

the same vicinity , would be earlier and greater runoff during the 

snowmelt freshet ,  2 0- 30% grea ter annual streamflow from the logged 

catchments , s torm-flow peaks four to five times higher from harves ted 

catchments , and a longevity of greater than 30 years before the 

e ffects on inter ception , snow accumulation, transpiration , snowmelt , 

and subsequent s treamflow begin to diminish . 

3 .  The s tream flow measured during 19 74 from 9 logged and 9 uncut control 

catchments from 7-26 krn2 in area was compared us ing the " t" statistic 

to as certain s ignificance . Higher ins tantaneous flows early in the 

snowmelt season and greater over all volumes in the freshet occurred 

as expe cted. Logged catchments yielded 2 7% more water ( 187 compared 

to 147 mrn ,  s.ignificant at 80% level unpaired comparison using data 

from all catchments ; 42 mm difference , significant at 95% level using 

stratified data from eight catchment pairs ) . Increases in s torm 

flows ranged from none to 3. 3 t imes greater , averaging about 1-1/2 to 

two t imes greater . The e ffective age of  the harves t on the logged 

catchments was 10 years (range 1-20 years) , and regrowth is sparse and no t 

vis ible above the snowpack dur ing much of the snowmelt per iod on mos t 
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clear-cuts . Therefore , the inf luence of clear-cutting on any given 

catchment is expected to affect streamflow in excess o f  30 years . 

4 .  The general water yield increase caus ed by the current fores t manage

ment activities o f  the North Wes tern Pulp and Power Co . Ltd . in 

wes tern Alberta is 2 7% which i s  in agreement with the average for 

world-wide experimental watershed results . This increase was pre

dictablE: becaus e  o f  the s imilarity of this clear-cutt ing operation 

to those in s imilar t imber-climate type in Colorado , and a suffi ciently 

large sample on diverse topography so that subsurface flow between 

catchments "averaged out" . However ,  one should exercise caution in 

app lying this generali zation to a specific catchmen� as our results 

ranged from a s lightly negative effect on one of the B erland catch

ments to a 100% increase on the McLeod catchments . Our informal 

model incorporates only the interaction among fores t vegetation , 

precipitatio� and transpiration . This interaction is reasonably 

predictable from a knowledge o f  before-and-after-harves t stand 

characteristics . However ,  fores t s tand parameters contain little 

or no information on s treamflow routing via surface or subsurface 

pathways , and routing is all-important if one is to define the 

effect of a particular harves t on a particular catchment . Highly 

sophis ticated s imulation models incorporating sur face and subsurface 

physi cal parameters are required for this las t .  
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