
figure 1 The Bonaparte Plateau.

As the mountain pine beetle (mpb) 
infestation expands, changes to Brit-
ish Columbia’s lodgepole pine forests 
will affect hillslope hydrology and 
streamflow in many watersheds  
(Figure 1). Stream channels, water 
quality, aquatic habitat, public infra-
structure, and private property may 
also be affected. Recent literature re-
views have described the hydrologic 
effects of logging and wildfire and 
then interpreted the relevance of this 
information to mpb-related stand 
mortality (e.g., Stednick and Tro-
endle 2004; Hélie et al. 2005;  
Uunila et al. 2006; Redding and Pike 
2007). This article summarizes the 
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key hydrologic changes expected and 
highlights the initial results of new re-
search under way throughout the B.C. 
Interior to quantify changes in stand-
scale hydrologic processes and the 
potential watershed-scale effects of 
mpb-related stand mortality and sal-
vage logging. General forest planning 
recommendations and other sources 
of information are also provided.

MPB and Salvage Harvesting 
Effects on Hydrology

Loss of forest cover and ground dis-
turbance associated with mpb and 
salvage logging will alter the water 
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balance at affected sites and may also 
contribute to hydrologic change at 
the watershed scale. When substantial 
forest cover is lost at the stand and 
watershed scales, expected changes 
include: 

increased rain and snow reaching •	
the ground,
increased soil moisture,•	
increased hillslope flow,•	
earlier onset of spring snowmelt,•	
more rapid streamflow response to •	
storms, 
increased magnitude and frequen-•	
cy of peak flows, and
increased total streamflow.•	

The magnitude of change will 
depend on the biophysical charac-
teristics of the site or watershed, the 
extent and state of deterioration of 
attacked stands, forest regrowth, and 
the weather. 

Stand-level Effects

In British Columbia, research into 
hydrologic processes (Figure 2) has 
focused on the effects of forest cover 

on net precipitation, or the amount of 
rain and snow reaching the ground, 
and on the site water balance. In 
mature mixed pine, spruce, and subal-
pine fir forests, the canopy intercepts 
approximately 30% of growing-season 
precipitation, which subsequently 
evaporates, reducing the amount of 
moisture that reaches the ground 
(Spittlehouse 2007). Understorey 
vegetation can also play a critical 
hydrologic role through interception 
of precipitation passing through the 
dead overstorey (Schmid et al. 1991). 
Stands that have enough understorey 
to reduce the amount of precipitation 
reaching the ground will be more 
resistant to hydrologic change than 
those without. For example, in stands 
where mosses dominate the under-
storey, the forest floor also intercepts 
and stores a significant proportion of 
the total summer rainfall, which later 
evaporates (20–32%) (Carlyle-Moses 
2007). These losses from the canopy 
and forest floor moderate summer 
storm runoff. Schmid et al. (1991) 
concluded that small mpb infestations 
in multi-storeyed, uneven-aged stands 
did not increase net precipitation.

A significant portion of the total 
winter precipitation is also intercept-
ed by forest canopies and lost through 
sublimation. At long-term research 
sites on the Thompson-Okanagan 
Plateau, the maximum snow water 
equivalent (swe, liquid water held in 
the snowpack) in mature lodgepole 
pine stands averages 11% less than 
that in recent clearcuts (Winkler 
2007). The forest canopy not only 
reduces snow accumulation relative 
to the open but also influences how 
quickly snow disappears. Snow abla-
tion rates (the loss of snow through 
both melt and vaporization) average 
15% lower and snow persists for up to 
8 days longer in the forest than in the 
open. These reductions are smaller 
than those observed in mixed-species 
stands at these study sites. Up to 44% 
less swe at maximum accumulation 
and 70% slower ablation rates have 
been measured in the mixed-species 
stands relative to nearby clearcuts. At 
several steeper south-facing survey 
sites, higher swe is measured in the 
forest than in the open before the 
onset of melt, indicating that periodic 
snow disappearance occurs in the 
open before the main melt season. 
These losses potentially mitigate the 
effects of increased swe at other sites 
across the landscape. 

Recently initiated surveys in mpb-
attacked stands near Vanderhoof have 
shown that at maximum accumula-
tion, swe in a grey stand and in a 
green mixed-species stand was 53% 
and 73% less, respectively, than that 
measured in a clearcut (Boon 2007a). 
In a different study also located on 
the Fraser Plateau, snow surveys in 
mixed-species green forest stands 
near Prince George showed that 
maximum swe was 50–60% less than 
that in nearby clearcuts and that swe 
in a grey stand was roughly halfway 
between. There was, however, little 
difference in snow accumulation be-
tween a green pine stand and a grey 
pine stand near Prince George during 
a year of low snowfall (Beaudry 2007). figure 2 The hydrologic cycle (used with permission from Pike 1998).
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Snow surveys throughout the B.C. 
Interior show large annual, geographic 
and forest cover–related variability in 
snow accumulation and ablation, even 
over distances of only a few kilometres 
(Winkler et al. 2004; Winkler 2007). 
Storm type also significantly influenc-
es canopy interception. This was found 
particularly in dead stands with a 
coniferous understorey where, during 
major winter storms, young trees were 
snowpressed; this limited interception 
by these canopies (Boon 2007b).

The loss of overstorey and under-
storey vegetation, and the consequent 
increase in net precipitation, results 
in increased soil moisture, ground-
water recharge, and water available to 
generate runoff (Spittlehouse 2007). 
In central British Columbia, elevated 
water table levels have been noted in 
lowland areas (e.g., toe slopes, wet-
lands, or lowland landscapes) after 
harvesting (Dubé et al. 1995; Pothier 
et al. 2003; Mannerkoski et al. 2005). 
Rising water tables affect the selection 
of appropriate silvicultural systems 
(Dubé et al. 1995; Pothier et al. 2003), 
post-harvest species selection (Land-
hausser et al. 2003), and trafficability 
(Rex and Dubé 2006).

For a given set of weather condi-
tions, the magnitude and duration 
of stand-scale hydrologic change 
associated with mpb will depend on 
the percentage of overstorey that 
has been killed; the presence, age, 
and density of advance regeneration 
and understorey vegetation; and the 
stand’s logging history (Figure 3). If 
mpb-attacked stands are left to dete-
riorate naturally (Figure 4), hydro-
logic change will be gradual as trees 

turn from green to red, drop their 
needles, turn grey, lose fine branches, 
and eventually fall to the ground 
(Huggard and Lewis 2007). At the 
same time, understorey vegetation 
may release due to increased light and 
reduced competition for nutrients 
and water. In contrast, clearcut sal-
vage logging causes a large immedi-
ate change to the site water balance 
through removal of the overstorey. 
The hydrologic change associated with 
salvage logging will also vary with 
the amount of ground disturbance, 
intensity and type of site preparation, 
degree of drainage disruption, degree 
of understorey damage, and rate of 
forest regrowth.

Research in young 8 m tall pine 
stands on the Thompson Plateau sug-
gests that interception losses amount 

to 40% of summer rainfall and ap-
proximate pre-disturbance levels after 
about 20 years of regrowth (Redding, 
Winkler, et al. 2007; Spittlehouse 
2007). Snow accumulation and abla-
tion recovery (defined as the decrease 
towards that in the mature forest) 
were 43% and 29%, respectively, in 
the 20-year-old pine stands. Thinning 
to remove approximately one-half of 
the stems did not affect maximum 
snow accumulation but reduced snow 
ablation recovery to 13% (Winkler 
et al. 2005). On the Fraser Plateau, 
Teti (2007) found that for at least 12 
years snow ablation rates in young 
stands were very similar to those in a 
clearcut. However, in 35-year-old for-
ests, ablation rates were very similar 
to those in mature forest. Data from 
all snow surveys in the Thompson-

figure 4 Stand deterioration and regeneration post–mountain pine beetle.
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figure 3 A red-attacked, mixed species stand on the Bonaparte Plateau.
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figure 5 Natural lodgepole pine regeneration in a stand attacked by MPB in the 1980s.

Okanagan combined showed a 6% 
reduction in April 1 swe with every 
10% increase in crown closure to 
a maximum of 55% (Winkler and 
Roach 2005). 

Snow ablation rates are reduced 
by forest canopies partly due to the 
reduction in solar radiation at the 
snow surface relative to that in the 
open (Spittlehouse and Winkler 2004). 
Current research in British Columbia 
(P. Teti, pers. comm., 2008; D. Spittle-
house, pers. comm., 2008) has found 
that old pine stands that have not 
been defoliated, and mixed-species, 
pine-leading stands, transmit 15–30% 
of solar radiation in early spring de-
pending on the canopy and stand den-
sity. This level increases as the stand 
deteriorates over many years. In a 
stand attacked in the 1980s, where the 
former canopy-forming trees had fall-
en down and natural regeneration was 
well established, P. Teti (pers. comm., 
2008) found that transmittance to 
the snowpack was 57% (Figure 5). In 
contrast, he found that salvage logging 
increased radiation transmittance to 
virtually 100%, for at least a decade. 
Transmission of radiation to the 
snowpack decreased rapidly after this 
time, dropping to approximately 20% 
within 35 years of logging.

In a survey of secondary structure 
in the south-central Interior, Vyse 
et al. (2007) found that understorey 
stem density varied widely but in-
creased with increasing moisture and 
elevation. At and above mid-elevation, 
over half of the plots surveyed had 
over 600 silviculturally acceptable 
stems per hectare. Subalpine fir was 
the dominant regeneration species, 
with seedlings being the most abun-
dant class of regeneration. In the 
overstorey, tree species other than 
lodgepole pine were common in 
most subzones. These results suggest 
that, in most of the biogeoclimatic 
subzones surveyed, opportunities for 
overstorey retention and protection 
of secondary structure exist. However, 
these opportunities may not be avail-

able in dry Montane Spruce (ms) bio-
geoclimatic subzones where low levels 
of secondary structure were observed 
(Vyse et al. 2007). 

In the north-central Interior, 
Coates et al. (2006) found that ap-
proximately 40% of the sample plots 
in pine-leading stands of the Sub-
Boreal Spruce (sbs) biogeoclimatic 
zone were adequately stocked (> 1000 
stems per hectare of understorey 
trees). There was some variability 
across subzones, with 20% of the 
dry cool, 42–55% of the dry warm, 
and 60–80% of the moist cold plots 
meeting the minimum silviculturally 
acceptable threshold. These results 
suggest that opportunities for over-
storey retention and protection of sec-
ondary structure to meet hydrologic 
objectives also exist in some stands in 
the sbs biogeoclimatic zone.

mpb and subsequent salvage har-
vesting will also affect riparian zones 
and large woody debris (lwd) dynam-
ics depending on the proportion of 
the riparian stand that is pine and on 

the retention strategies applied during 
harvesting. With salvage harvesting, 
future lwd sources may be removed 
immediately, and, with mpb-related 
mortality alone, natural lwd deliv-
ery patterns may increase within 
10–20 years of the infestation due to 
windthrow. 

Research into the effectiveness of 
variable-retention buffers in main-
taining ecosystem function in small 
streams of the sbs biogeoclimatic zone 
identified that the minimum buffer of 
10 merchantable stems per 100 m of 
stream length recommended by the 
Prince George Forest District was not 
successful in meeting management 
objectives for lwd. The recommenda-
tions based on this study were that 
retention should be increased within 
10 m of the stream bank (http://www.
for.gov.bc.ca/hre/ffip/pgssp.htm). In-
ventories of basal area and tree species 
in the riparian zone of 30 S4 streams 
in the Vanderhoof Forest District 
found that spruce was the predomi-
nant species (Figure 6). Therefore, the 

http://www.for.gov.bc.ca/hre/ffip/pgssp.htm
http://www.for.gov.bc.ca/hre/ffip/pgssp.htm
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recommendation to increase retention 
within this 10 m wide area will not de-
tract from the target harvest of mpb-
infected pine within this forest district 
(Rex 2007). 

The effectiveness of riparian re-
serves was assessed along 70 stream 
reaches in 35 basins of the Bowron 
River Watershed, which had extensive 
spruce beetle attack and subsequent 
salvage harvesting in the 1970s  
(Beaudry 1997). Headwater stream 
reaches in extensively salvaged sub-
basins were found to be less functional 
than reference sites because of ripari-
an harvesting. Larger-order main-stem 
stream sites were considered more 
functional due to their larger riparian 
buffers (mean of 23.1 m) when com-
pared with the smaller-order headwa-
ter streams (mean of 3.3 m). Nordin 
(2008) concluded that riparian zones 
had not recovered their hydrologic 
and geomorphic function more than 
20 years after their harvest.

Watershed-scale Effects

At the watershed scale, changes in 
stand-scale hydrologic processes 
leading to increases in hillslope flow 

may also affect streamflow. Changes 
in streamflow will depend on the 
opportunities for water detention, 
storage, and loss along slopes, in wet-
lands, ponds, and lakes, and on how 
increases in flow from one site are 

synchronized or desynchronized with 
flow from others. Watershed experi-
ments and modelling are improving 
our understanding of the linkages 
between stand- and watershed-scale 
change, and the potential conse-
quences to water yield and flood 
flows (Figure 7).

mpb-related clearcut salvage log-
ging over 27% of the Camp Creek 
watershed, in the central Okanagan, 
resulted in a statistically significant 
increase in April streamflow vol-
umes and an advance in the timing 
of spring peak flows relative to the 
unlogged Greata Creek watershed 
(Cheng 1989; Moore and Scott 2005, 
2006). These changes persisted 
throughout the 18-year post-treat-
ment period in this paired-watershed 
study. While changes in peak flow 
were not statistically significant, there 
did appear to be increased peak flows 
following harvest, with a recovery 
toward pre-logging values within 
15–20 years. Moore and Scott (2005) 
suggested that the recovery trend is 
broadly consistent with stand-level 

80 Pine
Spruce
Deciduous

80

60 60

40 40

20 20

0

0 m 10 m 20 m

Mean riparian width (7.9 m) St. Dev. (4.0 m)

Upslope

0Pe
rc

en
t 

of
 t

ot
al

 b
as

al
 a

re
a

Pe
rc

en
t 

of
 t

ot
al

 b
as

al
 a

re
a

Variant: SBSdw3 Mechantable Timber > 15 cm dbh

figure 6 Basal area values for pine, spruce, and deciduous species near the stream edge, at 

10 m, 20 m, and an upslope location for 12 streams in pine-dominated stands of the 

SBSdw3 biogeoclimatic variant in the Vanderhoof Forest District. 

Ba
rb

ar
a 

Z
im

on
ic

k 

figure 7 Weather station at Mayson Lake. 
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measurements of changes in snow  
accumulation and ablation with for-
est regrowth.

Hydrologic models have also 
been used to quantify the effects of 
mpb-related forest cover loss and of 
clearcut salvage logging. The effects 
of forest cover removal, without roads 
and before regrowth, on peak flow 
magnitude from various-sized water-
sheds (30–650 km2) in the Okanagan 
have been predicted using the ubc 
Watershed Model. This scenario was 
chosen to reflect the worst possible 
case and to understand the maximum 
potential change in flow. The results 
suggest that such extensive logging 
would lead to statistically significant 
changes in peak flows across the full 
range of return periods. For modelled 
watersheds, the change in peak flow 
varied from 30 to 100% for the 1- and 
2-year events, and from 35 to 75% for 
the 10- and 20-year events. This lack 
of consistency in predicted changes 
in peak flow is due to the magnitude 
of the peak not being as significantly 
related to snow accumulation as 
it is a function of the weather. For 
example, at Upper Penticton Creek, 
high streamflows are often recorded 
in years when maximum swe is only 
average, indicating the importance of 
springtime weather in the generation 
of runoff (R. Winkler, pers. comm.). 
The modelling results show that radia-
tion- and advection-driven snowmelt 
are controlled by springtime weather 
in similar ways across a wide range of 
return periods. Changes in modelled 
total springtime water yield ranged 
from 40 to 75% (Alila and Luo 2007).

Changes in peak flow events im-
mediately following mpb-related for-
est mortality and logging, before any 
forest regrowth, were also predicted 
through modelling of the 1570 km2 
Baker Creek watershed on the Necha-
ko Plateau. The dhsvmodel predicted 
that clearcut salvage harvesting of all 
pine-leading stands, which cover 80% 
of the watershed area, would increase 
annual peak flows by 92%. Flood fre-

quency would also increase so that a 
former 20-year peak flow discharge 
may now be expected every 3 years. 
These dramatic results draw attention 
to the need for planning the extent 
of clearcut salvage harvest in infested 
watersheds, designating reserve ar-
eas, and carefully designing stream 
crossings (B.C. Forest Practices Board 
2007).

Watershed Management Issues 
and Planning Recommendations

Both mpb and salvage harvesting–
related changes in forest cover can 
influence stand and watershed hydrol-
ogy by increasing the amount of water 
reaching, being stored along, and 
flowing from hillslopes. Increases in 
available water, surface runoff, and 
hillslope flow can:

elevate water tables;•	
stress existing drainage structures;•	
increase surface erosion, including •	
damage to forest road surfaces as 
well as cuts and fills;
increase landslide activity;•	
increase the magnitude and fre-•	
quency of peak flows; and
increase channel destabilization, •	
particularly where woody debris 
recruitment has been reduced.

The consequences of these changes 
can include:

loss of soil and site productivity,•	
loss of fish habitat,•	
reduction of water quality,•	
damage to property, and•	
increased risk to public safety.•	

Both stand- and watershed-scale 
changes—immediate or otherwise—
may be observed for many years, 
depending on the watershed and the 
weather. To mitigate the effects of the 
mpb infestation on water and water-
sheds, forest resource planners should 
consider the following general recom-
mendations: 

identify watersheds and values at •	
risk;
salvage log in stages using various •	
cutting intensities and retention 
strategies distributed over the land-
scape to desynchronize runoff;
maintain a diversity of cover •	
types and minimize post-salvage 
reforestation delays through 
single-tree or patch retention 
to protect advance regeneration 
and by retention of non-pine and 
broadleaved forest vegetation;
delay or interrupt surface runoff by •	
leaving fine and coarse woody de-
bris in openings where possible;
avoid sensitive terrain and soil types, •	
and develop erosion control plans;
minimize harvesting within ripar-•	
ian areas, particularly in systems 
that are woody debris–dependent;
construct, inspect, and maintain •	
roads to ensure that natural surface 
and shallow subsurface drainage 
remain intact both during and 
post-salvage; and
upgrade drainage networks on per-•	
manent roads before salvage log-
ging as necessary to accommodate 
expected increases in peak flows.

Qualified hydrologists and geo-
morphologists should undertake 
watershed-specific assessments, par-
ticularly where extensive salvage 
logging is planned, where hydrologic 
change is expected, and where risks 
to infrastructure or public safety have 
been identified. Elevated risks to wa-
ter values, infrastructure, and public 
safety as a result of changes in hydro-
logic and geomorphic processes in 
watersheds affected by mpb should be 
clearly communicated to all resource 
agencies and the public.

Research Initiatives

New and ongoing research projects, 
both field-based and modelling, are 
under way throughout the B.C. Inte-
rior. These projects address questions 
about the effects of mpb-related stand 
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mortality, salvage logging, partial re-
tention, and regeneration on:

snow accumulation and melt,•	
stand water balances,•	
streamflow,•	
channel stability,•	
water quality, and•	
aquatic habitat.•	

Research at Mayson Lake, as ma-
ture and young stands deteriorate fol-
lowing mpb attack, focuses on changes 
in the annual water balance including 
snow accumulation and melt, rainfall 
interception, evaporation, and soil 
moisture (Figure 8). Research into the 
effects of post–mpb attack stand struc-
ture on snow accumulation and melt 
is also being conducted in clearcuts, 
partially recovered clearcuts, recently 
attacked pine stands, and pine stands 
attacked 20 years ago throughout the 
Cariboo-Chilcotin and on the Necha-
ko Plateau.

In the southern Interior, long-term 
investigations into the hydrologic 
effects of forest harvesting at Upper 
Penticton Creek and Redfish Creek 
near Penticton and Nelson, respec-
tively, are examining changes in water 
yield and quality associated with 
logging. These long-term projects 
include stand-scale research focused 
on specific hydrologic processes 
such as the effects of forest cover on 
snow accumulation and melt, rainfall 
interception, evaporation, and soil 
moisture, as well as on watershed-
scale changes in streamflow, chan-
nel morphology, water quality, and 
aquatic habitat. Modelling initiatives 
are complementing field projects at 
both locations.

Recently initiated watershed-scale 
projects include Baker Creek, Cotton 
Creek, and Fishtrap Creek. At Baker 
Creek, near Quesnel, environmen-
tal variables are being monitored to 
quantify hydrologic processes and to 
model changes in streamflow from 
heavy mpb attack in this large water-
shed and its sub-basins. In the Cotton 

Creek Watershed Experiment near 
Cranbrook, hydrologic processes pre-
attack have been monitored since 2004 
and will be used to quantify post-
attack trends in watershed function 
(Redding, Gluns, and Moore 2007). 
Research at Fishtrap Creek, near Kam-
loops, is quantifying the effects of 
extensive wildfire on in-stream pro-
cesses, water yield, and aquatic habitat.

Research in the upper Fraser and 
Nechako watersheds continues to 
investigate the effect of mpb and sal-
vage harvesting on riparian zones and 
stream temperature, to identify the 
level of ecological function of small 
and large streams and their riparian 
zones over more than 20 years post-
harvesting, and to address concerns 
about rising water tables and the loss 
of summer ground (defined as dry 
soil capable of supporting heavy forest 
harvesting equipment without becom-
ing excessively disturbed/compacted).

Researchers at the University of 
British Columbia (Alila et al. 2007; 
Moore et al. 2007; Weiler 2007) and 
at Environment Canada (Hutchinson 
2007) are also using the results of field 
studies throughout the B.C. Interior 

to develop and calibrate hydrologic 
models. These models are used to ex-
plore changes in streamflow and the 
potential for flooding resulting from 
extensive mpb-related forest cover loss 
and salvage logging in large water-
sheds, over long periods of time, and 
under diverse weather conditions.

New research results will improve 
our understanding of hydrologic 
response to extensive forest cover 
change and to improve operational 
guidelines, watershed and risk assess-
ment tools, and flood forecasts. These 
results will also have relevance in pre-
dicting the potential effects of climate 
change on forests, water supplies, and 
aquatic habitat.

Additional information regarding 
new and ongoing hydrologic research 
can be found through the following 
links:

Bowron River Watershed Project
http://www.for.gov.bc.ca/hre/ffip/ 
Bowron.htm

Prince George Small Streams Project
http://www.for.gov.bc.ca/hre/ffip/ 
PGSSP.htm
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figure 8 Forest canopy post MPB-attack.

http://www.for.gov.bc.ca/hre/ffip/Bowron.htm
http://www.for.gov.bc.ca/hre/ffip/pgssp.htm
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Baker Creek Project
http://www.forestry.ubc.ca/bakercreek

Cariboo-Chilcotin Snow Research
http://www.for.gov.bc.ca/rsi/research/
snow.htm

http://people.uleth.ca/~sarah.boon/ 
forest.html

Upper Penticton Creek Watershed 
Experiment
http://www.for.gov.bc.ca/rsi/research/
Penticton/index.htm

Fishtrap Creek Project
http://www.geog.ubc.ca/~beaton/ 
Fishtrap/Overview.html

West Arm Demonstration Forest 
(Redfish Creek)
http://www.for.gov.bc.ca/rsi/research/
WaDF/WaDF.htm

Cotton Creek Watershed Experiment 
http://www.forestry.ubc.ca/cottoncreek/
Home/tabid/3053/Default.aspx

Other Sources of Information

In 2006, a series of watershed maps 
were produced as part of an inter-
agency flood hazard mitigation initia-
tive. The maps show all third-order 
and higher watershed boundaries, 
communities, public infrastructure, 
forests consisting of more than 40% 
lodgepole pine, and the area logged 
during the past 25 years over most 
of the Interior. Tables summarizing 
watershed area, the area of pine-
dominated forest, and the area logged 
are also included. These maps and 
tables provide a useful indication of 
the extent of both lodgepole pine–
leading forest types, where significant 
stand mortality is expected, and past 
disturbance. The maps are available at: 
http://www.for.gov.bc.ca/hfp/moun-
tain_pine_beetle/stewardship/.

Other B.C. websites summarizing hy-
drologic processes and management 

approaches in response to mpb can be 
found at:

B.C. Ministry of Forests and Range 
mpb main site
http://www.for.gov.bc.ca/hfp/ 
mountain_pine_beetle

B.C. Ministry of Forests and Range 
recommended operational procedures 
to address hydrological concerns
http://www.for.gov.bc.ca/hfp/moun-
tain_pine_beetle/stewardship/Hydrolog-
ical%20Recommendations%20Dec%20
3%202004.pdf 

B.C. Ministry of Forests and Range 
Guidance on Landscape- and Stand-
level Structural Retention in Large-
scale Mountain Pine Beetle Salvage 
Operations
http://www.for.gov.bc.ca/hfp/moun-
tain_pine_beetle/stewardship/cf_ 
retention_guidance_dec2005.pdf

The Kamloops Forest Hydrology 
Abstracts Library which includes 
abstracts of papers describing the ef-
fects of forest disturbance on water 
quantity and quality, providing an 
indication of the potential changes  
to be expected with mpb
http://foresthydrology.gov.bc.ca/

The Canadian Forest Service’s Mountain 
Pine Beetle Initiative web page which 
includes general overview reports as 
well as final project documents
http://mpb.cfs.nrcan.gc.ca/
publications_e.html

forrex Forest Research Extension 
Partnership which maintains an infor-
mation portal for information, publi-
cations, and events relating to mpb
http://nrin.forrex.org/servlet/mpb
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