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Statement of Significance to BC Government Policy 

The mountain pine beetle epidemic currently impacting British Columbia is expected to kill 

approximately 77 % of all merchantable pine in the province by 2014, while the frequency of 

wildfires is projected to increase as a consequence of global climate change (Walton et al., 

2007). Thus, in the foreseeable future many interior watersheds in the province will be 

comprised of a mosaic of young conifer forests at various stages of rejuvenation. The shift from 

a landscape dominated by mature forests to that of rejuvenating stands brings with it many 

uncertainties, including the impacts on site hydrology. Mature coniferous stands in the province 

have been shown to reduce the amount of precipitation reaching the forest floor by as much as 30 

% on an annual basis; however, the interception role of young coniferous trees is not known 

(Spittlehouse, 2008). Thus, a project leading to a better understanding of how young conifer 

canopies partition precipitation will aid government policy and management strategies. It is 

anticipated that this information will help establish the time required for forest stands to recover 

hydrologically (i.e., behave like mature forests) and thus will guide watershed management 

policy and serve as an important contribution to ensure British Columbia’s commitment to 

sustainable environmental management. 

 

Abstract 

 British Columbia is currently suffering from the Mountain Pine Beetle (MPB) epidemic, 

which is expected to kill approximately 77% of all merchantable pine in the province by 2014. 

This will result in a shift from a landscape dominated by mature coniferous stands, to one at 

varying stages of rejuvenation. The replacement of mature stands with juvenile stands will result 

in an increase in precipitation reaching the forest floor and therefore a change in site hydrology. 

Little research has been done on the amount of stemflow produced by lodgepole pine, one of 

British Columbia’s dominant interior tree species. An increased understanding of how long it 

takes for juvenile lodgepole pines to partition rainfall like mature lodgepole pine trees will help 
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guide policy creation because an increase in water reaching the forest floor in the form of 

stemflow could have several positive or negative effects on site hydrology.  

 

Introduction 

Forest regrowth after a disturbance, such as clear cutting or mountain pine beetle attack, 

is important to consider when developing forestry policy because juvenile trees have been shown 

to direct more water to their bases and subsequently to the water table when compared to mature 

trees (Spittlehouse, 1998). Therefore, if a stand undergoes a major disturbance, stemflow 

production will increase as regrowth occurs until the trees have recovered hydrologically 

(partition rainfall like mature trees). Spittlehouse (1998) showed that juvenile coniferous trees 

produce more stemflow when compared to mature trees; however there have been no papers 

published to date that provided detailed stemflow information for juvenile lodgepole pine trees. 

Due to the lack of stemflow data available, it was the goal of this research to 1) calculate 

stemflow production for juvenile lodgepole pine trees, and 2) determine the time required for 

hydrologic recovery for lodgepole pine dominated stands. If stemflow production is highest for 

juvenile lodgepole pines and decreases as trees age, then it is important to determine the point at 

which stemflow production becomes negligible because this is the point at which juvenile trees 

start to partition rainfall like mature trees. I expect to find that stemflow production is high for 

juvenile lodgepole pine trees but decreases with age until it becomes negligible at a certain point. 

Stemflow is defined as precipitation that is intercepted by vegetation cover and diverted 

down the stem or trunk of the vegetation. The ability of a tree to produce stemflow can be 

described using the stemflow funnelling ratio (Herwitz, 1986). The stemflow funnelling ratio is 

the ratio between stemflow collected at the base of the tree’s trunk to the volume that would have 

been collected by a gauge having a diameter equal to that of the tree’s trunk in the absence of 

vegetation cover. The stemflow funnelling ratio is the method that will be used in this paper to 

assess how efficient a tree is at funnelling water to its base. Very few studies have looked at 

stemflow production for species in the interior of British Columbia. Due to the importance of 

stemflow in other parts of the world, a comprehensive understanding of stemflow production for 

lodgepole pine is paramount because British Columbia’s landscape is undergoing a large scale 

change that will result in the wide scale replacement of mature pine with juvenile pine.  
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Literature Review 

Despite recent studies that have highlighted the importance of stemflow as a component 

of canopy water balances, stemflow has received little attention in the hydrologic literature 

(Levia & Frost, 2003). Although stemflow is volumetrically insignificant when compared to 

throughfall and canopy interception, it is still of great importance due to the fact that it is a 

focused point input of water at the base of a tree, plant, or bush (Herwitz, 1986). Taniguchi et al. 

(1996) showed that stemflow can be an important groundwater recharge mechanism. He found 

that 20% of groundwater recharge for a red pine forest in Japan came from stemflow. Along with 

deriving the stemflow funnelling ratio, Herwitz (1986) showed that large concentrations of 

stemflow can exceed the infiltration capacity of the soil and result in overland flow subsequently 

causing erosion. Once thought to only occur in spring, fall and summer months, Levia (2004) 

found that stemflow is produced under winter conditions due to the trunk and branches of a tree 

being warmer than the surrounding air. Stemflow has been found to be a source of concentrated 

nutrients. Brinson et al. (1980) found that stemflow contained high levels of organic carbon and 

phosphorus, 20.2% and 16.8% respectively of the total amount of organic carbon and phosphorus 

reaching the forest floor. Studies thus far have shown that nutrients in stemflow are important for 

the trees themselves, but also for other surrounding vegetation, however further research is 

required (Schroth et al., 2001). 

 

Methodology 

The field research area for this project consisted of six research plots on the Bonaparte 

Plateau, near Mayson Lake, BC, Canada. The plots ranged in age from 4 to 120 years old and 

were comprised of Pinus contorta (Lodgepole pine), Abies lasiocharpa (Subalpine Fur), and 

Picea glauca x engelmannii (Hybrid Spruce), with three of the six plots at various stages of 

mountain pine beetle attack (Table 1). For the purpose of this research paper, only measurements 

from lodgepine trees were used. Plots A, B, C, E, and F measured 72 m x 40 m in size and 

contained a grid of four rows of eight stations, with a 8 m spacing between each station and each 

row. Plot D measured 160 m x 24 m in size and contained a grid of two rows of stations with row 

one containing 12 stations and the other row containing 20 stations, with stations being spaced 
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every 8 m. Gross precipitation was recorded using meteorological stations, and stemflow was 

measured using a stemflow collar and collection container (Staelens et al., 2008).  

Stemflow collars were placed on representative trees in each plot, representative meaning 

the largest and smallest trees in each plot were selected, then trees ranging in size between these 

two trees were selected. Trees that were selected were then referenced to one of the 32 stations in 

each plot and stemflow collars were attached. Stemflow collars were constructed from 2.5 cm 

corrugated flexible tube that was cut in half lengthwise, then wrapped 360o around the tree on a 

downward angle and secured with nails and silicone sealant (Levia, 2004).   

 

Table 1. Plot characteristics 
 Plot Age (years) MPB Stage 

A 120 Grey 
B 26 Red/Grey 
C 15 Green/Red 
D 11 Not attacked 
E 9 Not attacked 
F 4 Not attacked 

 
 
 
 

 

 

 

Results 

 A total of 15 stemflow producing rainfall events were recorded between June 1st and 

September 30th. These events ranged in size from 0.7 mm to 8.8 mm and resulted in a maximum 

funnelling ratio of 79.7 for one six year old pine for the 8.8 mm event. A funnelling ratio of 79.7 

means that the base of this specific pine tree received an equivalent of 701.36 mm of 

precipitation for that single event which is more than the annual rainfall for the region of 600 

mm. Unfortunately there were no large storms during our field season like those recorded in 

previous years (precipitation up to 20 mm). It would have been very interesting to determine the 

maximum funnelling ratio for these juvenile pines, which I am certain, would have been 

achieved with a 20 mm event. Three graphs were produced to show the relationship between 

stemflow funnelling ratio and tree size. Fig.1 shows tree size vs. annual funnelling ratio (annual 

meaning an average of the month when measurements were taken), Fig.2 shows funnelling ratio 

vs. tree size for the largest recorded rainfall event, and Fig. 3 shows funnelling ratio vs. tree size 

for median sized rainfall event. 
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Figure 1. A comparison of annual stemflow production and tree size for individual healthy 

lodgepole pines. 

 

 
Figure 2. A comparison of stemflow production and tree size for the largest recorded event. 
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Figure 3. A comparison of stemflow production and tree size for healthy lodgepole pines for 

a mid-range rainfall event. 

 

Discussion 

The findings of this research clearly show that stemflow production is highest for healthy 

juvenile lodgepole pine trees and decreases as trees get older. Stemflow is important for trees 

until they reach a diameter of approximately 10 to 12 cm. After trees reach this threshold size, 

stemflow production becomes insignificant. I also found that sampled mountain pine beetle 

attack trees produced little or no stemflow. This could be due to their size or due to the changes 

that occur due to being attacked by the mountain pine beetle. The influence of mountain pine 

beetle attack on stemflow production is a subject that merits further research. Results from 

sampled trees support my hypothesis that stemflow production will be highest for juvenile 

lodgepole pine trees and decreases as trees age. Due to these findings and the importance of 

stemflow as highlighted by other studies, a shift from a landscape dominated by mature 

lodgepole pine, to one at various stages of juvenile regrowth could have a significant impact on 

site hydrology. 
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Conclusion 

As a result of the mountain pine beetle epidemic, and current forestry practices, there will 

be a significant increase in water reaching the forest floor in the form of stemflow in the coming 

years. This could result in any number of positive or negative effects as mentioned in other 

studies. Knowing that juvenile lodgepole pine trees deliver a significant amount of water to their 

bases when compared to mature trees, further research is required to determine exactly what this 

means for the hydrology of British Columbia’s Interior. Will a shift from mature stands to 

juvenile stands result in an increase in slope erosion, or will stemflow entering groundwater 

result in higher summer flows? These are questions that can only be answered with further 

research.  
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