
 

Executive Summary  

 

FIA-FSP Project Number and Title: 

 

M07-5035: Measurement and Modelling of Mountain Pine Beetle Impacts on the Annual 
Forest Water Balance. 

 
Project Purpose and Management Implications: 

The purpose of the study is to identify, through a comprehensive field study, the processes 
influencing the magnitude and spatiotemporal variability of canopy, near-surface, and soil 
hydrologic variables under varying degrees of MPB attack, stand management and 
regeneration scenarios, to evaluate the appropriateness of different hydrologic models for 
simulating the magnitude and variability of hydrologic variables in these stands, and calculate 
the annual water balance of each stand.  In addition, approaches will be developed to 
extrapolate the research findings from the plot scale to the watershed and regional scales.  In 
addition, approaches will that can be used to extrapolate the findings to the watershed and 
regional scales.  This project will serve as an important reference for the development of 
watershed management guidelines for the post-beetle landscape, and assessing the hydrologic 
impact of future insect infestations, including the expanding spruce beetle population within 
the region.   

The results derived thus far (see interim conclusions below) and those to be derived at the 
end of the project have important management implications.  Managers will be able to assess 
and compare hydrologic processes operating in standing attacked stands, clear cut areas and 
selectively cut stands.  In addition, this research will provide managers with research-based 
estimate of the time to hydrologic recovery after MPB infestation.  The derivation of the 
hydrologic role of tree canopy foliage, the woody component of the stand (e.g., tree boles, 
branches and stems), and forest floor vegetation cover including bryophyte mats will provide 
watershed managers with important information regarding the possible impact of harvesting 
practices and site preparation. 

 

Project Start Date, Length of Project, and Former Project Numbers or Funding Sources: 

 

The project began April 1, 2006 and will continue for 2 years until the end of March 2008.  
Although all project objectives will be met in this time frame it is anticipated that new research 
questions will be born from this research and continued study within the study area on the 
impact of insect infestations and other disturbance regimes (e.g., commercial harvesting and 
fire).  As this was the first year of the project there are no former project numbers associated 
with this project.  However, previous snow hydrology work of project team member R. 
Winkler will be used with data collected during the course of this project to derive conclusions 
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concerning the impact of mature and juvenile stands and clear cut areas on snow accumulation 
and ablation.  

 

Methodology Overview  

 

The research program involves field measurements at an established experimental research site 
in the SIR. This research will be conducted at Mayson Lake on the Thompson Plateau, British 
Columbia (51.3 0N, 120.3 0W) 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 eight stands have been instrumented: a mature lodgepole pine stand that has undergone 
recent beetle attack, but has not been altered by harvesting; a mature lodgepole pine stand that 
has undergone selective cutting of beetle infested trees;  a juvenile stand in which MPB is 
likely given the diameter distribution of the stand; a thinned juvenile stand in which MPB is 
likely given the diameter distribution of the stand; a juvenile stand in which MPB attack is 
unlikely given the diameter distribution, and three clear-cut areas with pine regeneration with 
an average height of 0.2, 0.7, and 1 m, respectively.  The study plots are located in close 
proximity to one another and share the same climate and soil characteristics.  In addition, the 
plots 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 forest study stands have been 
equipped with: 5 automated 2.7 m X 0.1 m trough throughfall gauges; 32 manually read point 
gauges, 8 manual and 2 automated SF collectors; 20 bryophyte floor interception lysimeters (in 
sites with bryophyte floor only), and 20 soil moisture TDR nests.  Throughfall, stemflow, and 
interception (rain minus throughfall minus stemflow) associated with rainfall events, are 
determined on a rainfall event basis, while bryophyte floor and soil moisture are monitored on 
a weekly basis and during the growing-season of each year.  

Meteorological stations installed in the clear-cut areas  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 are being 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 is 
being monitored continuously at each meteorological station using Campbell Scientific SR50 
sensors. In addition, a detailed forest inventory is being undertaken at each plot and 
hemispherical photographs will be taken to determine solar radiation transmission 
characteristics, canopy view factors, and plant area indices.  

Transpiration and drainage below the root zone will be calculated using the data from the soil 
moisture probes combined with the soil lysimeter data. Careful monitoring of the soil moisture 
content at various depths and a soil water budget model will yield the information required for 
determining the amount of drainage that has occurred using the ‘drainage as a function of 
storage model’ described by Spittlehouse and Black (1981). Manual measurements will be 
made at least once a week from May through October inclusive during the two year tenure of 
this grant. Transpiration, on a weekly basis, will be calculated using the water balance 
approach: T = ∆S-W-D-ES, where T is transpiration, ∆S is change is effective root zone soil 
moisture, W is water input to the soil surface, D is drainage below the effective root zone and, 
ES is direct evaporation from the soil matrix. The daily water balance will be calculated using 
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the weather station data, and plant canopy and soil properties (Spittlehouse 2003). The 
evaporation model is based on the Penman-Monteith equation and canopy resistance 
characteristics and is combined with interception drainage models. Canopy resistance 
characteristics for lodgepole pine stands are available from the Upper Penticton Creek 
Watershed Experiment where the water balance model has been validated (Spittlehouse 2002, 
Spittlehouse unpublished data). The measured interception and soil water content data will be 
used to evaluate the model calculations. These models will aid extrapolation to other sites in 
the SIR and facilitate scaling up to the landscape level. Snow water equivalent will be assessed 
using the methods outlines in Winkler et al. (2005). The daily snow depth at the weather 
stations and snow density data will be used to determine daily snowmelt and this will be 
compared with energy balance calculations of snow melt (Spittlehouse and Winkler 2004). 

 
Project Scope and Regional Applicability: 

 

The scope of this project is far reaching in that it involves a comparative, scientific 
investigation of water cycling in forest under different MPB attack and management 
treatments.  Although the measurements are at the plot scale the results may be used in models 
such as the UBC Watershed model and a new watershed model being derived by Dan Moore 
(UBC).  Although the study is being conducted in the Southern Interior Forest Region the field 
results coupled with the derived stand models will be spatially transferable to other areas in the 
Southern Interior and also throughout the Southern Interior Forest Region and the Northern 
Interior. It should be noted, however, that the results of this study will have their greatest 
applicability to areas dominated by lodgepole – spruce – subalpine fir stands such as that found 
throughout the Sub-Boreal Spruce Biogeoclimatic Zone.   

 

Interim Conclusions: 
 

Throughfall Magnitude and Variability:  

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 
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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 

 

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 

 

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

Throughfall = 0.677 * Rainfall – 0.304n, r2 = 0.997 

 

 where n is the number of discreet rainfall events. 

 

Hydrologic Role of Bryophyte Dominated Forest Floors: 

Weekly water balances of the red stem moss (Pleurozium schreberi) dominated carpets within 
three plots were derived for the mid-growing-season (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 
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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, 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.  These preliminary results indicate that the hydrologic 
role of the live bryophyte carpet layer is not inconsequential and should be considered when 
assessing the hydrologic impacts of the current mountain pine beetle epidemic in western 
Canada. 

 

Contact Information: 
Dr. Darryl Carlyle-Moses 

Tel: (250) 374-6909 

Fax (Shared): (250) 371-5697 

Email: dcarlyle@tru.ca

Postal Address: Thompson Rivers University, 900 McGill Road, Kamloops, BC, V2C 5N3. 
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