
Executive Summary 

Project Y091045 - Measurement and Modelling of Disturbance Impacts on Site Hydrology 
and Productivity in British Columbia's Southern Interior 

 

Preamble 

The following is an executive summary of the results to date from the first of a two year research 
program examining the impact of forest disturbance on hydrologic processes and site 
productivity.  These results have been presented at the Western Division of the Canadian 
Association of Geographers conference as part of a special session on the project.  The results 
will also be presented at both the Canadian Geophysical Union and American geophysical Union 
Joint Assembly in Toronto in May, 2009.  In addition, a report has also been completed based on 
the preliminary findings on the hydrologic importance of stemflow in regenerating stands of 
lodgpole pine after disturbance with the Ministry of Labour and Citizens' Services as part of a 
final report for a Social Policy Research Award awarded to one of the graduate students (A.J. 
McKee) working on the project.  

 

Results-To-Date 

Canopy Interception Loss, Throughfall and Stemflow in a Mature Grey Attack Mixed coniferous 
Stand. 

During the 2008 growing-season rainfall, throughfall and stemflow were measured, while 
interception loss was derived within a mature lodgepole pine – hybrid spruce – subalpine fir 
stand within the Mayson Lake Hydrological Processes Study area.  A total of 14 rainfall events 
were measured during the study with a cumulative depth of 50.1 mm (average = 3.6 mm, range = 
0.4 to 8.5 mm). Throughfall was measured using three sampling methods: i) 32 stationary point 
gauges, ii) 32 point gauges randomly located three times during the study, and iii) 16 long (2.4 
m) trough gauges.  No statistically significant difference (α = 0.05) was found in the season-long 
throughfall estimate using the three methods, allowing the data to be pooled. Pooled throughfall 
was found to be 30.0 mm, or 59.8 % of cumulative rainfall (Figure 1).  Stemflow, measured from 
nine representative trees, was found to occur only during the largest rainfall event, 8.5 mm, and 
accounted for only 0.1 % of this depth.  Canopy interception loss accounted for 20.1 mm, or 40.2 
% of season-long rainfall.  The power relationship between canopy interception loss and event 
rainfall is provided in Figure 2.   
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Figure 1: Throughfall as a function of growing-season rainfall in a mature grey attack stage 
mixed conifer stand, Mayson Lake, British Columbia. 

 

Figure 2: Canopy interception loss as a function of growing-season rainfall in a mature grey 
attack stage mixed conifer stand, Mayson Lake, British Columbia. 
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 When compared to the canopy interception loss versus rainfall power relationship 
developed in the same stand under MPB red attack conditions no statistical difference was found 
between the slopes or the intercepts of the power relationships relating canopy interception loss 
under MPB green or grey attack stages in this mixed conifer stand.  However, both the slopes 
and intercepts were significantly different for the grey attack stand and a burned stand at the 
Mayson Lake Research site (Figure 3).  

 

 

Figure 3: Canopy interception loss versus event rainfall depth under MPB green attack, grey 
attack and burned conditions at Mayson Lake, British Columbia. 

 

 Evaluation of Throughfall Sampling Methodologies in a Mature Mixed Conifer Stand 

Throughfall may be sampled with point gauges or long trough gauges.  Gauges may also 
be kept in a fixed position or be moved periodically to reduce the error associated with season-
long estimated as the errors associated with individual events may be summed quadratically.  We 
evaluated different throughfall sampling strategies in a mature mixed conifer stand at MPB grey 
attack. Throughfall was estimated on a rainfall event basis using three sampling strategies: 32 
stationary wedge gauges, 32 roving wedge gauges that were moved periodically during the study 
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period, and 16 stationary trough gauges. The wedge gauges had a catch area of 36 cm2 each, 
while the trough gauges had a catch area of 2900 cm2 each,  80 times larger than the wedge 
gauges. Throughfall depth (mm) for all three sampling methods followed a power relationship 
with rainfall depth (mm). As aforementioned, no significant difference in the slopes or intercepts 
of the three power relationships were found (α = 0.05). Thus the throughfall data were pooled to 
give the following equation relating throughfall depth (mm) to event rainfall depth (mm): TF = 
0.348Pg1.33, r2 = 0.93, n = 14. An efficiency ratio was derived for this study to compare the 
sampling accuracy among the three sampling methods used. The efficiency ratio ER between two 
sampling methods was calculated as n1 / n2, where n1 and n2 are the number of samples required 
to meet a statistical objective using the method that produces the lowest and highest coefficient 
of variation (CV) values, respectively. The number of required samples (gauges) for a given 
method, ni, is found using: t2 x CV2 / CI2, where t is the student t value and CI is the desired 
confidence interval around the mean expressed as a percentage. Assuming t = 2 and keeping CI 
constant at 10 %, ni may be equated with 0.04 CV2. At the rainfall event scale trough gauges 
were more efficient at sampling throughfall than wedge gauges with ER values ranging from 1.4 
to 3.3. However, at the season-long time scale wedge gauges that were periodically relocated 
(gauges were moved after approximately 15 mm of rain fell) provided the most accurate 
throughfall estimates. The ER values derived for season-long throughfall were 1.5 and 1.8 when 
roving wedge gauges were compared to stationary troughs and stationary wedge gauges, 
respectively.The results of this study suggest that using a roving wedge gauge method, and thus 
being able to sum the errors of individual event estimates quadratically, provides a more accurate 
estimate of season-long throughfall than stationary trough gauges - even with catch areas  80 
times greater than wedge gauges. A total of 32 roving wedge gauges were found to provide an 
estimate of the mean season-long throughfall depth to within 10 % at the 95 % confidence level, 
while 49 and 58 stationary trough and stationary wedge gauges would have had to been used to 
provide the same degree of accuracy, respectively.  Table 1 provides a summary of the 
throughfall sampling evaluation. 

 

Soil Moisture and Actual Evapotranspiration from Conifer Stands under Differing Disturbance 
and Re-Growth Scenarios 

Near-surface (surface to 20 cm depth) soil moisture depletion was determined using 
weekly TDR measurements at 32 points in each plot during a two-month dry- down period (June 
16 -August 18) in which only 30.8 mm of rain fell. Soil depletion was found to be  2.6 times 
greater from juvenile stands than from a clear-cut, while in the beetle infested stands soil 
depletion averaged  1.6 times greater than in the clear-cut. Assuming no deep drainage past a 
depth of 20 cm or lateral throughflow out of the study plots, actual evapotranspiration (AET) was 
estimated at 53.2 ± 4.0 mm from the clear-cut during the dry-down period, while from two 
healthy juvenile stands AET was estimated at 87.1 ± 7.0 and 87.8 ± 4.0 mm. In two beetle  
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Table 1: Throughfall sampling evaluation results. 

 

TF Sampling Method  # of Gauges for Mean ± 10 
% 

 (α = 0.05)  

RE  Rank  

Wedge Gauge -Roving 32 1.0  1  

Trough Gauge -
Stationary  

49 1.5  2  

Wedge Gauge - 
Stationary 

58 1.8  3 

    

Trough Gauge -Roving 27 (Estimated)   

infested forests AET during the dry-down period was estimated at 63.4 ± 5.0 and 69.8 ± 3.2 mm 
(Figure 4). The larger AET losses from the juvenile stands compared to the clear-cut is probably 
a consequence of transpiration from fast growing stocked pines, and, to a lesser extent canopy 
interception losses, while the greater AET from dead/declining forests compared to the clear cut 
is probably a result of relatively high interception losses from the forest canopy as well as 
transpiration from the understory.   

 Soil moisture was found to be highly variable in the plots.  The number of Time Domain 
Reflectrometry soil moisture samples required to obtain estimates of the stand mean to within 10 
% are provided in Table 2.  The results from this portion of the study may be summarized as 
follows: 

 Juvenile stands have the largest change in soil moisture (ΔS) and actual 
evapotranspiration (AET) values probably as a consequence of high transpiration rates 
from young fast-growing trees. 

 MPB attack stands still have larger ΔS and AET than a clear-cut likely due to understorey 
transpiration. 
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Figure 4: Actual evapotranspiration during a growing-season dry-down period from a clear-cut, 
120 and 24 year old stands under MPB attack, and 13 and 6 year old healthy juvenile stands. 

 

 Due to large spatial variability, soil sampling should not follow a random sampling 
method, rather a stratified sampling method should be used. 

Hydrologic Importance of Stemflow 

During the growing-season of 2008 stemflow was sampled on a rainfall event basis from forty-
eight conifer trees.  The sampled trees were comprised of three species: lodgepole pine (Pinus 
contorta var. latifolia), subalpine fir (Abies lasiocharpa), and hybrid spruce (Picea glauca x 
engelmannii).  Larger pine trees in the study area were at various stages of Mountain Pine Beetle 
attack. Although rainfall event depths were relatively small, ranging from 0.7 to 8.8 mm, derived 
stemflow funnelling ratios from younger trees were relatively large.  For example, a funnelling 
ratio of 79.7 was derived for a pine having a diameter of 4.6 cm during the 8.8 mm event.  
Stemflow and associated funnelling ratios were found to be inconsequential for mature trees.  

Results to date suggest that pines at late stages of Mountain Pine Beetle infestation 
produced less stemflow than their healthy counterparts.   Relationships between tree size and 
funnelling ratios for different rainfall depth classes are presented in Figures 5 through 7.  The 
results of this portion of the study may be summarized as follows: 
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Table 2: Number of Time Domain Reflectrometry sample required to estimate the mean 
to within 10 % under different stand conditions at the beginning (moist) and end 
(extremely dry) of a growing-season dry-down period. 

Stand  Initial # of Samples 

Required 

Final# of Samples 

Required 

Clear - Cut  30  68  

6 YO  15  41  

8 YO – Top Slope  36  28 (52)  

8 YO – Bottom Slope  47  169  

13 YO  52  135  

24 YO - MPB  55  232  

120 YO - MPB  58  220  

 

 

 Stemflow is an important point source of water for juvenile lodgepole pine trees ( < 8 cm 
diameter). 

 What influences stemflow production? Diameter explains some of the variability, but 
given r2 values in Figures 5 through 7 other factors need to be considered (e.g., # of 
branches, branching angle, height, crown area, LAI). 

 Also need to examine the influence of meteorological factors. 
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Figure 5: Funneling ratio versus tree diameter of healthy pines for an 8.6 mm rainfall. 

 

Figure 6: Annual funnelling ratio versus tree diameter for healthy pines. 
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Figure 7: Annual funnelling ratio versus tree diameter for all trees. 

 

Snow Melt and Ablation 

At Mayson Lake, snow accumulation and ablation was measured in a clearcut, mature mixed 
stand, and two young lodgepole pine stands on April 1st and through the melt seasons of 1995 to 
1997 and from 2003 to 2005.  Surveys have continued post-2005 when these stands were 
attacked by mountain pine beetle.  April 1st snow water equivalent was 34% less in the mature 
forest than in the clearcut over both pre-2005 sampling periods.  Reductions in ablation rates in 
the mature forest were 38% and 30%, depending on sampling period.  From 1995 to 1997, snow 
accumulation and ablation rates were both reduced by 14% in the young 4.5 m tall pine stand 
relative to the clearcut.  Six years later when the trees were 6 m tall, snow accumulation and 
ablation were 22% and 24% less than in the clearcut, respectively.  Although thinning initially 
increased snow accumulation and ablation rates, six years later reductions (34% and 26%, 
respectively) were larger in the thinned than in the un-thinned stand.  No additional affects were 
observed as needles turned red, however, preliminary analyses suggest that needle fall over the 
winter of 2007/08 did have an effect on snow ablation.  Monitoring continues as the stands turn 
grey. 
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