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Canopy Water Balance

 Interception loss: 
evaporation of rainfall 
stored on a vegetation 
surface.

 Throughfall: Rain that 
passes directly through 
canopy gaps (free 
throughfall) or drips from 
that canopy (release 
throughfall)

 Stemflow: Precipitation that 
flows along branches and 
down the boles of trees to 
the ground.



Typical Values for Mature Forests 
Percentage of Growing-Season Rainfall

Deciduous Coniferous

Interception 

Loss

13 (10 – 20) 26 (15 – 30)

Throughfall 82 (78 – 85) 73 (70 – 85)

Stemflow 5 (3 – 9) 1 (0 – 2)



Examples from British Columbia

Source: Spittlehouse 1998.



Mayson Lake



 Mature Pine-Spruce-Fir Stand:

 Interception Loss…….. 26 – 30 %

 Throughfall……………70 – 73 %

 Stemflow ……………..< 0.1%

Sc = 0.9 mm

S = 0.5 mm

I = 5.3 mm



Components of Interception Loss

 Storage = 0.5 mm;  total evaporation = 5.3 mm.

 Storage = evaporation AFTER THE EVENT

 So when is the other 4.8 mm evaporating?

 𝐸𝑐 = 𝑎 ∙ 𝑅

 𝐸𝑐 = 0.26𝑅 = 0.3 mm / h
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 Juvenile Pine-Fir Stand:

 Interception Loss.. 10 – 11 %

 Throughfall………87– 88 %

 Stemflow……….. 2 %
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Throughfall Spatial 

Variability in Juvenile Pine



Stemflow in Juvenile Lodgepole Stands

 Only 2 %...

 Well…

 It is a concentrated input of 

water.

 Funelling Ratio:

 Ratio of stemflow volume to 

rainfall volume over area 

equal to basal area

SO 

WHAT?
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…and mature coniferous stands?

 “the observed high stemflow intensities combined 

with preferential flow of stemflow may lead to 

enhanced subsurface stormflow. This suggests that 

even though stemflow is only a very minor 

component of the water balance, it may still 

significantly affect soil moisture, recharge, and 

runoff generation”

Spencer and van Meerveld

Hydrological Processes (2016)



 “Many geoscientists now recognize stemflow as an 

important phenomenon which can exert 

considerable effects on the hydrology, 

biogeochemistry, and ecology of wooded 

ecosystems and shrublands”.

Levia and Germer Review of  Geophysics (2015)



Stemflow in Urban Environments

 Stemflow greater for isolated trees

 Average stemflow as high as 12%, 
event maximum = 23%

 Funelling Ratios for rains > 10 mm 
averaged 26 (max average = 86)

 Event funelling ratios as high as197

Rain = 25.6 mm

SF = 5040.6 mm






 Importance:

 Stormwater Management

 SF = 10 – 40 % of Interception

Loss 

 Self-Irrigation



Is it Just Water that is being 

Concentrated?



Mark Johnson and Johannes Lehmann 2006 Ecoscience



Dissolved 

Organic 

Nitrogen



Implications

 Redistribution of rainfall by canopies can have 

important implications for the amount and spatial 

redistribution of water. These implications include:

 - evaporation modelling (i.e. use of Penman-Monteith

Model).

 - soil moisture and biogeochemical sampling.

 - hydrologic process understanding (e.g. groundwater 

recharge)



Future Work

𝑆𝐹 = 𝑃 − 1.7 ∙ 1.54



Thank You

Contact: Darryl Carlyle-Moses dcarlyle@tru.ca



https://www.youtube.com/watch?v=DqXwgD8u8Pg

http://www.kamloops.ca/stormwatertrees/index.shtml#.WJChs_KLVQM

https://www.youtube.com/watch?v=DqXwgD8u8Pg
http://www.kamloops.ca/stormwatertrees/index.shtml#.WJChs_KLVQM

