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Abstract: 
 
Measurements of winter and growing-season water stores and fluxes were made 

throughout a two year period with the principle objectives of determining the hydrologic 

impact of MPB and associated management activities.  Snow course measurements were 

taken to determine the difference in snow water equivalents within stands of different 

ages and treatments and in clear-cut areas.  During the growing-seasons canopy 

interception, throughfall and stemflow, as well as moss layer interception was measured 

and modelled from various stands.   

 

 Introduction: 

Aerial overview surveys indicated that in 2004 mountain pine beetle (MPB) infestations 

in the Southern Interior Region (SIR) of British Columbia covered approximately 4.2 

million ha. A 1.5 fold expansion was expected in 2005. Stand characteristics of affected 

SIR watersheds have been or will be significantly altered due to the natural impact and 

extent of MPB incursion and the corresponding forest management operations. The post-

beetle landscape of these watersheds will be an assemblage of cover types including, for 

example, clear-cut areas and stands of unaffected and affected juvenile lodgepole pine, 

selective cut mature mixed species, and mature lodgepole pine stands that have suffered 

varying degrees of MPB related mortality and defoliation. In addition, regeneration of 

harvested areas will result in a landscape comprised of a mosaic of juvenile stands of 

varying ages. Forests play a vital role in the terrestrial hydrologic cycle by partitioning 



water into different stores and fluxes such as canopy interception loss, snow melt, 

transpiration, and soil moisture storage. Thus, changes to the composition of forests as a 

result of MPB and associated harvest activities will have an impact on the magnitudes of 

hydrologic variables at different spatiotemporal scales. Although generalizations can be 

made regarding the impact insect infestations and harvesting practices may have on the 

hydrology of the SIR landscape, many such impacts are likely to be specific to the 

affected tree species, the management response, and the climatology, pedology and 

geology of the area. In addition to location specific variability, little is known about the 

hydrological effects of partial versus complete stand mortality or of the time to reach 

hydrologic recovery in these areas once regeneration begins. Thus, a detailed study that is 

specific to different MPB and related management scenarios was established that  

addresses two of the research priorities outlined by Hélie et al. (2005): i) the MPB 

impacts on precipitation/interception loss (Priority 4), and ii) the impacts on 

evapotranspiration loss (Priority 5).  

 

Methods: 

The research program involved field measurements and modelling exercises at an 

established experimental research site in the SIR at Mayson Lake on the Thompson 

Plateau, British Columbia (51.3 degrees N, 120.3 degrees W) (Figure 1).  This site is 

where R. Winkler and D. Spittlehouse (BC Ministry of Forests) have established a long-

term snow hydrology research program (Winkler et al., 2005). A total of five stands were 

instrumented: i) a mature lodgepole stand that has undergone recent MPB attack and has  



 
Figure 1: Geographic Location of the Mayson Lake Study Site. 

 

had much of the infested trees selectively cut; ii) a mature lodgepole pine stand that has 

undergone recent beetle attack, but has not been altered by harvesting; iii) an older clear-

cut with pine regeneration with an average height of 3 m; iv) an 8 m tall juvenile stand in 

which no management practices have taken place, and v) a stand similar to stand iv in 

terms of species composition, age and height, but which has been thinned and pruned. 

The five stands are located in close proximity to one another and share the same climate 

and soil characteristics. In addition, the stands are all located on relatively flat terrain 

providing an ideal site to isolate the impacts of MPB and associated forest management 

practices. Each of the study stands were equipped with: 13 manual and 2 automated 5 m 

X 0.1 m metal v-type trough throughfall gauges; 8 manual and 2 automated SF collectors; 



32 litter-layer interception lysimeters, and 15 soil moisture probe access tubes. 

Throughfall, stemflow, and interception (rain minus throughfall minus stemflow) 

associated with rainfall events, were determined on a rainfall event basis, while litter-

layer and soil moisture will be monitored on a weekly basis during the growing-season of 

each year. Moss layer interception loss was measured directly using standard wire mesh 

lysimeters such as those used by Pradhan (1973).  Meteorological stations were installed 

in the clear-cut areas and in the forest to continuously measure rainfall depth and 

intensity as well as variables that control evaporation and snow melt such as air 

temperature, relative humidity, wind speed, incoming solar radiation, and atmospheric 

pressure. Snow water equivalent was measured at 32 sample points in each stand on or 

near peak accumulation and weekly throughout the melt season using a standard Federal 

snow tube. Snow depth was monitored continuously at each meteorological station using 

Campbell Scientific SR50 sensors. In addition, a detailed forest inventory was conducted 

at each plot and hemispherical photographs were taken to determine solar radiation 

transmission characteristics, canopy view factors, and plant area indices. The two-year 

measurement period ensured that a sufficient number of rainfall, snowfall and snow melt 

events had occurred in order to generate meaningful comparisons between stands and to 

derive model parameters. Snow water equivalent was assessed using the methods 

outlined in Winkler et al. (2005). The daily snow depth at the weather stations and snow 

density data were used to determine daily snowmelt. 

 

 

Results: 



Growing Season Canopy Interception Loss, Thoughfall and Stemflow: 

Throughfall beneath the canopies of a mature lodgepole pine (Pinus contorta var. 

latifolia Dougl.) – hybrid spruce (Picea glauca (Moench) Voss. x engelmanni Perry x 

Engelm.) – subalpine fir (Abies lasiocarpa (Hook.) Nutt.) stand, a mature pine – spruce – 

fir stand in which mountain pine beetle infested pines had been selectively cut, and a 

juvenile pine dominated stand was measured using 30 stationary gauges (diameter = 15 

cm) from DoY 169 to 216, 2006.  Of the 45.6 mm of rainfall derived from 13 events 

measured during the study period, cumulative throughfall ranged from 59.1 % in the 

juvenile stand to 66.9 % in the mature stand with no selective cutting.  At the rainfall 

event scale throughfall ranged from 24.2 % for a 0.5 mm rainfall input to the juvenile 

stand to 78.2 % for a 22.0 mm rainfall input to the mature stand with no selective cutting.  

The relationship between event throughfall depth and rainfall depth was found to be 

linear in all three stands with r2 values ranging from 0.995 to 0.998.  The coefficient of 

variation associated with throughfall was found to decrease asymptotically with 

increasing rainfall depth for each stand.  Assuming that throughfall delivery to the forest 

floor was random, a total of 24, 29, and 30 gauges were required to estimate cumulative 

throughfall to within ± 10 % of the mean at the 95 % confidence level in the juvenile, 

mature with selective cutting, and mature stand, respectively.  At the individual event 

scale the number of gauges required decreased asymptotically with throughfall depth.  

For the mature stand with no selective cutting > 30 gauges were required to adequately 

sample throughfall for all but two events, while for the mature stand with selective 

cutting and the juvenile stand > 30 gauges were required for all events except for the 

largest rainfall event (22.0 mm).  The following empirical equations can be used by 



fellow researchers, including modelers, and watershed managers in estimating the 

throughfall input (mm) in similar stands given a depth of event rainfall (mm): 

Mature pine-spruce-fir (green attack stage), 120 year-old stand, basal area = 52 m2 / ha: 

Throughfall = 0.793 * Rainfall - 0.441n, r2 = 0.998     (1) 

 

Mature pine-spruce-fir (MPB impacted pines selectively cut), 120 year-old stand, basal 

area = 19 m2 / ha: 

Throughfall = 0.749 * Rainfall – 0.362n, r2 = 0.998     (2) 

 

Juvenile pine dominated stand (green attack stage), 20 years-old, basal area = 20 m2 / ha: 

Throughfall = 0.677 * Rainfall – 0.304n, r2 = 0.997     (3) 

 

where n is the number of discreet event. 

Due to logistical reasons, not all of the rainfall events and associated throughfall 

inputs were sampled during the 2007 study period.  Cumulative depth of the 18 rainfall 

events sampled was 111.4 mm (mean = 6.2 mm, range = 0.5 to 18.2 mm), while 

cumulative throughfall was 77.5 ± 11.1 mm (69.6 ±  9.9 % of rainfall) in the mature stand 

and 82.7 ± 8.1 mm (74.2 ± 7.3 % of rainfall) in the juvenile stand.  No significant 

difference (α = 0.05) was observed in cumulative throughfall depths between the mature 

and the juvenile stands during the study period. As a proportion of event rainfall, 

throughfall in the mature stand ranged from approximately 35 % of a 0.5 mm rain event 



to 81 % of a 5.1 mm rain.  In the juvenile stand throughfall ranged from approximately 

29 % (rain = 0.5 mm) to 93 % (rain = 6.9 mm) of rainfall.   

The relationship between event throughfall depth (mm) and rainfall depth (mm) in the 

two study stands is shown in Figure 2.  From Figure 2, a break in the linear relationship 

between throughfall and rainfall depths is found when rainfall reaches approximately 2.1 

mm in the mature stand and 1.6 mm in the juvenile stand.   The difference in the 

relationship has been attributed to throughfall being comprised of free throughfall – 

throughfall that passes directly through gaps in the canopy - for relatively small rainfall 

events, while throughfall associated with relatively large events is comprised of both free 

throughfall and canopy drip (Gash, 1979).  Thus, the rainfall depths of 2.1 and 1.6 mm 

represent the approximate amounts of rainfall required to generate significant canopy drip 

from the mature and juvenile stands, respectively.   The linear equations relating 

throughfall depth to rainfall depth in the two stands are: 

Mature stand, 

TF = 0.304 P – 0.066, R2 = 0.88, n = 6  (rainfalls < 2.1 mm)   (4) 

TF = 0.775 P – 0.564, R2 = 0.97, n = 12  (rainfalls > 2.1 mm)   (5) 

Juvenile stand, 

TF = 0.288 P – 0.105, R2 = 0.53, n = 5  (rainfalls < 1.6 mm)   (6)  

TF = 0.790 P – 0.261, R2 = 0.98, n = 13  (rainfalls > 1.6 mm)   (7) 

where TF and P are throughfall and rainfall depth (mm), respectively. 
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Figure 2: Throughfall as a function of all 2007 growing-season rainfall events (a) 
and for relatively small events only (b). 

 



Although the slope associated with Equations 4 and 6 are significantly different from 

zero, the intercepts of these two equations are not.  Setting the intercepts to zero gives TF 

= 0.354 P and TF = 0.387 P for the mature and juvenile stands, respectively.  These two 

slopes may be treated as estimates of the free throughfall coefficient, p, a parameter used 

in certain canopy water balance models (e.g., Rutter et al, 1971; Gash, 1979).  For 

rainfalls that do produce canopy drip, the proportion of total throughfall  that is 

comprised of canopy drip may be derived as the difference between the fraction of 

rainfall partitioned into throughfall and the fraction of rainfall partitioned into free 

throughfall: 

 

TFCD = TF – pP         (8) 

where TFCD is canopy drip throughfall depth (mm). 

 

Canopy drip fraction increases with increasing rainfall depth in both stands until 

rainfalls of approximately 8 mm are reached with the canopy drip fraction remaining 

quasi-constant at 0.51 and 0.49 within the mature and juvenile stands, respectively, for 

larger events.  Thus, approximately half of all throughfall in these stands is canopy drip 

for rainfalls > 8 mm.  

Cumulative throughfall spatial variability, expressed as a coefficient of variation 

(CV), was 42.6 % in the mature stand and 28.3 % in the juvenile stand.  Cumulative point 

throughfall ranged from 6.2 (5.5 % of cumulative rainfall) to 127.7 mm (114.6 % of 

cumulative rainfall) in the mature stand and from 40.2 mm (36.1 % of cumulative 

rainfall) to 122.6 mm (110.1 % of cumulative rainfall) in the juvenile stand. Throughfall 



CV at the rainfall event scale decreased asymptote in both the mature and juvenile stands 

with increasing rainfall depth (Figure 3).  In the mature and juvenile stands, respectively, 

throughfall CV values ranged from approximately 38 and 23 % for a 17.4 mm rainfall 

event to approximately 104 % and 108 % for one of the two 0.5 mm rainfalls. 73 and 33 

throughfall gauges should have been used to sample mean study-period throughfall to 

within ± 10% at the 95 % confidence level in the mature and juvenile stands, 

respectively. The 32 throughfall gauges used in this study represented a sufficiently large 

enough sample to estimate mean stand-scale throughfall to within ± 20% at the 95 % 

confidence level for rainfalls ≥ 8.7 and ≥ 3.1 mm in the mature and juvenile stands, 

respectively. Mean throughfall could only be estimated to within ± 10% at the 95 % 

confidence level using the sampling design employed in this study for the two largest 

rains (17.4 and 18.2 mm) that fell on the juvenile stand.  Such sampling accuracy was not 

achieved in the mature stand for any rainfall.  

Semi-variograms were derived for each plot for cumulative study period throughfall 

and for cumulative throughfall associated with events in which throughfall was thought to 

be comprised of free throughfall only, and canopy drip + free throughfall .  The derived 

variograms suggest that throughfall measurements were not spatial correlated in the two 

stands when the smallest lag was 8 m. 

Potential factors influencing point throughfall that were examined during the 2007 

growing-season were: 

 Canopy cover fraction 

 Distance to the nearest tree 

 Height of the nearest tree 
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Figure 3: Throughfall variability in relation to rainfall event size. 

 

 Canopy Area of nearest tree 

 Basal area of nearest tree 

 Basal area of sub-plot 

 Tree density of sub-plot 

 Sapling density of sub-plot 

 

Step-wise multiple regression analysis suggests that season-long cumulative 

throughfall is related to canopy cover fraction in the mature stand (Figure 4) and to 

both canopy cover and sub-plot basal area in the juvenile stand (Figure 5), where the 

sub-plot was a circular area having a radius of 4 m from the throughfall gauge. 

 



 

 

 

 

 

 

 

 

0

20

40

60

80

100

120

140

0 20 40 60 80 100 120
Canopy Cover %

Cu
m

ul
at

iv
e 

Th
ro

ug
hf

al
l (

m
m

)

 

 

Figure 4: Cumulative point throughfall as a function of canopy cover above the gauge 
(%). 
 

 

 

 

 

 

 

 

 

 

Figure 5: Simulated versus observed cumulative point throughfall in the juvenile stand 
under red attack conditions.  Model: TF = -46.3 C3 – 1.17 BASubplot +122.3, r2 = 0.65. 
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Stemflow was found to be a minor component of the season-long canopy water 

balance over both growing-seasons in the mature stand accounting for less than 0.2 % of 

rainfall.  Using the rainfall, throughfall and stemflow data canopy interception loss within 

the mature stand was assed over the two growing seasons as interception loss = rainfall – 

(throughfall + stemflow).  The relationship between interception loss and rainfall in the 

mature stand under green and red-attack conditions at Mayson Lake was found to be a 

power relationship.  No significant difference could be found between the slope or 

intercepted of this relationship and that for a mature lodgepole pine dominated stand at 

the Upper Penticton Creek Watershed Experiment site.  Thus, the data were pooled from 

the two sites in order to provide a single power equation to estimate interception loss 

from mature healthy, green attack or red attacked lodgepole pine dominated stands in the 

Southern Interior (Figure 6): 

Ic = 0.478 P0.718, r2 = 0.86   

 

 

 

 

 

 

 

 

 

Figure 6: Canopy interception loss as a function of event rainfall depth for 
lodgepole pine dominated stands in south-central British Columbia. 
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Interception loss from a stand burned as part of the 2003 Mclure fire was also assed 

during the 2007 growing season.  Of the 79.7 mm of cumulative rainfall that fell during 

14 separate rainfall events, interception loss accounted for a total of 6.6 mm (8.3 % of 

rainfall).   The relationship between canopy interception loss and event rainfall was found 

to follow a power relationship of the form: 

 

Ic = 0.089 P0.946, r2 = 0.74        (9) 

 

Using the rainfall depth-frequency relationship developed over the two growing 

seasons at Mayson Lake (Figure 7), the average season-long canopy water balances for 

the mature stand and the burned stand were derived (Figure 8).   
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Figure 7: Rainfall frequency distribution during the 2006 and 2007 growing 
seasons at Mayson Lake, British Columbia. 
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Figure 8: Canopy water balances of a “undisturbed” mature lodgepole pine  
stand and that of a burned stand at Mayson Lake, British Columbia. 
 

Role of the Bryophyte Layer 

Weekly water balances of the red stem moss (Pleurozium schreberi) dominated 

carpets within three plots were derived for the mid-growing-season of 2006 (Year Day 

162 – 225) of 2006 within three stands in the study area: a mature lodgepole pine (Pinus 

contorta var. latifolia) – hybrid spruce (Picea glauca x englemannii) – subalpine fir 

(Abies lasiocapa) stand, a pine – spruce – fir stand in which beetle infested trees had be 

selectively logged, and a juvenile (∼20 year-old) pine stand. The bryophyte mat water 

storage capacities of the three stands were determined using laboratory wetting methods 

in which no significant (α = 0.05) difference in the bryophyte water storage capacities 

between the stands with average maximum and minimum storage capacities per unit area 



of moss being 13.3 ± 3.3 mm and 7.6 ± 2.1 mm, respectively. Poor relationships between 

individual bryophyte turf water storage capacities and dry turf mass were found for all 

threes stands.  However, when turf samples were grouped by dry mass, strong 

correlations were found between the mean water storage capacity values and the mean 

dry turf weights. The empirical equations relating bryophyte dry mass per unit area (kg / 

m2) and water storage capacities (mm) at the research site were: 

Maximum Storage Capacity = 2.89 * Dry Mass per Unit Area + 9.54, r2 = 0.94 

Minimum Storage Capacity = 1.84 * Dry Mass per Unit Area + 4.97, r2 = 0.88 

Taking the proportion of forest floor covered by bryophyte carpet into consideration, 

the results suggest that water storage at field capacity was 71.3 ± 18.1 m3 ha-1, 79.8 ± 

22.8 m3 ha-1, and 44.2 ± 12.8 m3 ha-1, within a mature lodegepole pine (Pinus contorta 

var. latifolia) – hybrid spruce (Picea glauca x englemannii) – subalpine fir (Abies 

lasiocapa)  stand, a pine – spruce – fir stand with mountain pine beetle infested trees 

selectively cut, and a juvenile pine stand (∼20 years-old), respectively. Weekly 

throughfall input to the bryophyte carpet was measured using manually read gauges (see 

results above), while change in carpet water content was determined using in situ 

gravimetric methods. Drainage from the carpet was assumed to occur if the sum of 

weekly throughfall and the moss water content at the onset of the week exceeded the 

carpet field capacity, while weekly evaporation was estimated as: evaporation = 

throughfall – drainage – change in storage. During the two month study period incident 

rainfall on the canopies of the three study stands was ~ 61 mm.  The interception by and 

subsequent evaporation from the bryophyte carpets accounted for ∼ 53, 55, and 37 % of 



the combined ∼37, 35, and 33 mm of canopy + bryophyte carpet interception loss in the 

mature, selective cut mature, and juvenile stand, respectively.   

 

Snow water equivalent, melt rates and day of snow disappearance: 

 

         
Site Forest Cover ASWE (cm) Melt Rate (cm d-1) Day Snow Gone 
  2006 2007 2008 2006 2007 2006 2007 
  Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 
         
M1 Young pine 19.1 (5.0) 19.5 (5.4) 19.1 (4.2) 0.6 (0.2) 0.6 (0.2) 114 (6) 122 (7) 
M2 Intermediate 

thinned pine 
16.6 (3.8) 14.4 (3.4) 14.3 (5.0) 0.5 (0.1) 0.5 (0.2) 114 (6) 116 (8) 

M3 Intermediate 
pine 

18.0 (5.1) 18.4 (5.1) 15.5 (4.8) 0.6 (0.5) 0.6 (0.2) 123 (8) 127 (6) 

M4 Mature 13.5 (4.2) 13.6 (3.0) 14.0 (2.6) 0.4 (0.1) 0.4 (0.1) 122 (9) 128 (5) 
M5 Clearcut 22.8 (3.8) 24.1 (3.5) 22.3 (2.5) 0.7 (0.2) 0.7 (0.2) 118 (2) 124 (3) 
         
M6 Burn 23.9 (4.4) 20.7 (5.5) 16.3 (3.7) 0.8 (0.2) 0.7 (0.2) 113 (4) 117 (4) 
M7 Clearcut (near 

burn) 
26.9 (6.2) 21.6 (7.3) 17.1 (5.0) 0.8 (0.4) 1.1 (0.6) 118 (2) 115 (6) 

         
M8 Clearcut (near 

48.5 km) 
 19.8 (5.1) 19.6 (5.8)  0.7 (0.2)  118 (6) 
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B – Burn (M6),  BC – Clearcut near Burn (M7),  C – Clearcut at Mayson Lake (M5), F – 
Mature spruce, fir, pine (M4), Red – 2006,  Blue – 2007. 
 



 
Discussion: 
 
The results of this research suggest that canopy interception loss is an important 

component of the forest water balance during growing-season conditions.  Based on data 

derived at Mayson Lake and at the Upper Penticton Creek Watershed Experiment site, 

canopy interception loss accounts for approximately 29 % of the season-long rainfall 

input to healthy lodgepole pine dominated stands in the region.  The results also suggest 

that the quantitative importance of canopy interception loss is not impacted by mountain 

pine beetle while trees are at the green and red attack stages.  The results from a burned 

stand (McLure fire, 2003) in close proximity to the Mayson Lake site suggest that canopy 

interception loss is reduced significantly, accounting for approximately 8 % of season-

long rainfall.  In clear-cut areas, of course, canopy interception loss is zero.  Thus, during 

the growing season clear-cuts will receive approximately 29 % more water input to the 

surface than healthy, green attack, or red attack stands, and approximately 8 % more 

water input than burned stands. In forest stands with a bryophyte floor, the total 

interception loss may be considerably higher than 29 %.  Field measurements coupled 

with a simple water balance model suggests that growing season interception loss may be 

as large as 60 + % from mature forests when both  canopy and forest floor interception 

components are considered. It should be noted that further work on the hydrologic 

importance of bryophyte layers in these forests is needed.  Specifically, field research is 

need to determine if drainage occurs from these floors only when the storage capacity has 

been filled, or does drainage occur prior to complete saturation. If the latter is true, then 

the quantitative importance of bryophyte interception loss estimated in this study may 

have been greatly exaggerated.  If, however, drainage is limited during the wetting up of 



these bryophyte layers, the results of this study suggest that a much greater amount of 

water may infiltrate soils, at least in the short-term, during the growing-season if forest 

harvesting and site preparation result in the removal of trees and the bryophyte layer. An 

important difference between the growing-season hydrology of burned and grey attack 

stands is thus likely the role of the bryophyte layer as as source of interception loss.  

More research is, however, needed to quantify such differences between burned and grey 

attacked stands. 

 A long-term research project was established in 1994 at Mayson Lake to quantify 

changes in the snowpack with logging and forest re-growth.  From 1995 to 1997, snow 

water equivalent (SWE) was measured in the mature lodgepole pine, Engelmann spruce 

and subalpine fir forest, intermediate lodgepole pine stands and a clearcut at this site.  

Surveys have continued since 2003.  After the McLure fire, additional research sites were 

established in a severely burnt stand and a nearby clearcut approximately 5 km to the east 

of Mayson Lake.  SWE has been measured at this site since 2006.  Snow surveys are 

completed every two weeks in March and then weekly through the melt season.  Snow 

measurements are made within a 1-m radius of 32 sample points in each stand using a 

Federal snow tube.  April 1st SWE, average ablation rates, and the date snow disappears 

in all stands and years are being compared. 

In the McLure Fire clearcut, April 1st SWE was higher in 2006 (27 cm) than in 2007 (22 

cm).  In both 2006 and 2007, SWE was slightly less but not significantly different in the 

burnt stand than in the clearcut.  Snow ablation rates were the same in the burn and 

clearcut in 2006 (0.8 cm d-1) but were higher in the clearcut than in the burn in 2007 (1.1 



and 0.7 cm d-1, respectively).  In 2006 the snow disappeared 5 days earlier in the burn 

than in the clearcut whereas in 2007 snow disappeared from both sites at the same time. 

Both snow accumulation and ablation in all forest cover types varied substantially from 

year to year highlighting the important role of snowfall pattern and the melt-period 

weather in the generation of snowmelt.  Surveys in the burnt stand suggest that snow 

accumulation and ablation can be expected to be similar to those in a clearcut and 

significantly higher than those in a mature forest.   

Conclusions and Management Implications: 

- Canopy interception loss is an important component of the growing-

season water balance from healthy mature lodgepole-dominated stands 

accounting for 29 % of rainfall in a typical season in the region. 

- The quantitative importance of canopy interception loss does not change 

during the green or red attack stages as compared with healthy stands. 

- Selective cutting of lodgepole pine trees does not seem to impact the 

quantitative importance of canopy interception loss from mature stands.  

This is likely a consequence of the tall height of the trees and the fact that 

rain falls on an angle resulting in most rainfall coming in contact with 

canopy cover of tree trunks before reaching the ground.  Determining the 

threshold amount of selective cutting that may take place before noticeable 

changes in canopy interception should be examined in future studies. 

- Burned stands that have lost all of their foliage but with dead trees 

remaining have significantly smaller canopy interception loss values than 



mature green or red attack stands.  However, these dead stands still 

intercept 9 % of growing season rainfall and thus this component of 

evapotranspiration is not inconsequential in these stands. 

- The bryophyte layer appears to be an important interface between the 

forest proper and the underlying soil.  Removal of the bryophyte layer due 

to clear-cutting and site preparation may result in important increases in 

the amount of water that infiltrates into the soil.   

- It appears as those snow melt rates and SWE values under green and red 

attack are not different from those under healthy canopy conditions.  

Burned stands tend to behave more like clear-cuts than mature foliated 

stands with regards to snow melt rates and SWE values. 

- Based on results at Upper Penticton Creek transpiration and direct 

evaporation from the soil accounts for a little over half of the total 

evapotranspiration output from mature forest stands, while canopy 

interception loss accounts for a little less than half. Thus, total 

evapotranspiration may be reduced by 40 – 50 % under green and red 

attack stages compared to healthy forests.  Removal of trees and bryophyte 

layers will result in greater amounts of water entering the soil than if the 

dead trees and the bryophyte layer were left in place. 
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