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The mountain pine beetle (MPB)
(Dendroctonus ponderosae

Hopkins) could have a large effect on
hydrologic regimes in BC watersheds. 
Given the recent increase in the size
of beetle infestation, many questions
around forest management,
particularly salvage harvesting, have
emerged. Unfortunately, information 
to address these questions is limited 
to a handful of research studies.
While local initiatives to address

knowledge gaps are underway
(Wiensczyk 2005), it is

important to use the best
available science to guide

current management
decisions related to

MPB.

This article highlights some of the key
hydrologic questions associated with
the MPB epidemic, identifies current
knowledge on the effects of MPB on
watershed hydrology, shows where
research information is lacking, and
comments on future directions for
research. The effects of MPB on
stream channel stability, water quality, 
hillslope processes, riparian function,
and fisheries are not discussed. We
hope this brief article will stimulate
further discussion on the topic among 
hydrologists and foresters in BC.

Key Questions
With an underlying concern for water
quality, fisheries resources, and/or
constraints to forest operations,
hydrologists and foresters are
commonly asked what the impact of
MPB will be on annual water yield,

peak flows, low flows, soil moisture,
and groundwater levels. Answers to
these questions are urgently needed
as BC moves towards a large-scale
timber salvage strategy (Snetsinger
2005).

Some impacts of MPB may have
already occurred. In the Vanderhoof
Forest District, for example,
groundwater levels have reportedly
risen in MPB-affected areas, requiring
the use of low ground pressure
harvesting equipment, additional site
preparation (e.g., mounding), and a
shift in logging operations from
summer to winter (BC MOF 2005).

Changes in the forest structure
resulting from beetle-kill could modify 
key hydrologic processes (MacDonald
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and Stednick 2003). In the interior
pine forests of BC, the annual
accumulation and melt of the
snowpack principally drive the
hydrologic regime. This accumulation
and melt are modified by hydrologic
processes such as interception,
evaporation, transpiration, snowpack
redistribution (i.e., wind patterns) and 
melt (i.e., energy absorption), and
groundwater storage. The effects of
beetle-kill on these processes, with or
without salvage harvesting, is
unknown (Maloney 2005) and may
mimic that of conventional timber
harvesting of similar size and extent.
While transpiration is expected to be
similar between beetle-killed stands
and recently harvested areas (since
dead trees do not transpire), the
effects of beetle-kill on hydrologic
processes may be different than the
effects of timber harvesting.
Beetle-killed trees retain their needles
and branches, stay standing, and
potentially affect forest regeneration
after they have been killed.
Furthermore, beetle-killed stands may
retain live understorey vegetation and
are not necessarily impacted by road
development, unlike conventionally
harvested stands.

Uncertainty about the effects of
beetle-kill leads to the following
management questions:

l Is there a threshold at which the
hydrologic effects of MPB will be
measurable?

l How do small group infestations
compare in their hydrologic impact 
with larger infestations?

l How do location, elevation, aspect, 
physiography, and weather control 
the hydrologic impacts of MPB?

l How do the density, type, and
extent of the forest understorey
affect hydrologic response and
subsequently forest management?

l How do the hydrologic impacts of
MPB vary with time?

l What is the impact of standing
dead timber on key hydrologic

processes? How does this compare
with salvage logging?

l How long will it take for
non-salvaged beetle-killed stands
to regenerate and hydrologically
recover? Is regeneration faster or
slower if salvage logging occurs in
beetle-killed stands?

l Should forest managers approach
salvage harvesting in the same
manner as conventional
harvesting?

l Will alternative silvicultural systems
be required in non-salvaged
MPB-affected stands to minimize
impacts?

What We Know
We identified relatively few studies
that examined the hydrologic effects
of insect infestation. Even fewer are
relevant to BC. The following text and 
Table 1 highlight the major findings of 
these studies.

During the literature review, we
identified two studies (Addy et al.
1971; Cheng 1989) that suggested
some indirect relevance to this article’s 
topic. Cheng (1989) reports on the
hydrologic effects of timber
harvesting and not beetle-kill as such.
Addy et al. (1971) outline a rating
scheme to set management priorities
in insect-infested forests, but do not
discuss hydrologic impacts of insect
infestation.

Watershed-scale Studies

In 1955, Love described an
Engelmann spruce beetle epidemic
(1939–1946) that began following a
severe windthrow event in the White
River watershed (1974 km2) of
Colorado. The epidemic killed up to
80% of the trees, which covered 30%
of the watershed. Based on an
evaluation of streamflow and snow
course data (adjusted for climate
variability) from White River and
nearby non-infested Elk River
watershed (534 km2), Love concluded 
that annual water yield increased by
about 31 mm (12%) during the
beetle epidemic (1941–1946) and
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about 58 mm (22%) after the
epidemic (1947–1951). The increase
in annual water yield was attributed to 
reductions in snow interception and
evapotranspiration. Love suggested
that dead standing trees also offer
shade and affect wind patterns, so
differences can be expected between
beetle-killed stands and typical forest
openings. 

Shortly after this work, Bue et al.
(1955) criticized Love’s (1955) study
design and results. They contended
that it was not possible to identify
whether water yields increased in the
White River or decreased in the Elk
River using Love’s methodology.
Several years later, Mitchell and Love
(1973) re-analyzed the data from
White River and maintained that
annual water yield increases
associated with the beetle epidemic
were significant at 40–48 mm
(15–18% increase).

Bethlahmy (1974)
re-examined the White
River infestation of the
1940s using additional
data, including a second
infested watershed,
Yampa River (1564 km2).

An analysis of covariance on the
period from 1911 to 1940 (before
infestation) and from 1941 to 1965
(following infestation) showed that
annual water yield increased on
average 31.8 mm and 23.6 mm from
1941 to 1965 in the White and Yampa 
rivers, respectively. Furthermore,

analysis of 5-year increments
following infestation revealed that
water yield increases were smallest
during the first 5 years, steadily
increased until 15–20 years following
infestation, and declined but were still 
present 25 years after the infestation
began. Underlying these findings was

considerable variability 
attributed to the
weather. Impacts of
beetle-kill on water
yield were most
pronounced during
wet years and least
during dry years —
similar to impacts
associated with timber 
harvesting
(MacDonald and
Stednick 2003).
Bethlahmy speculated
that after 15–20 years, 
the level of
regeneration began to 

offset but not eliminate the
hydrologic impacts of the
standing dead timber.

Expanding upon earlier work,
Bethlahmy (1975) added the
Plateau River (control watershed)
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to her analysis. Using two infested and 
two control watersheds, she applied
an integrating-triangles method (to
illustrate changes in relations among
control and infested watersheds) and
analysis of covariance to analyze pre-
and post-infestation streamflow data.
Results were consistent with earlier
work, indicating that annual water
yield increases in the infested
watersheds over a 20-year
post-infestation period averaged over
30 mm. Between 15 and 20 years
after the infestation, the increase in
annual water yield peaked at 51.7
mm (21%) and 63.0 mm (28%) in
the White and Yampa rivers,
respectively. Bethlahmy (1975)
emphasized that even 25 years
post-infestation, annual water yields
remained 10% greater. Fall low flows
were on average 1.6 mm (31%) and
1.2 mm (10%) greater in the White
and Yampa rivers, respectively.
Monthly flows in spring were on
average 14.9 mm (22%) and 12.0
mm (14%) greater in the White and
Yampa rivers, respectively. However,
peak instantaneous flows increased
only in the White River (a predomi-
nantly west-facing watershed with
relatively greater inputs of solar
radiation) and not in Yampa River,
which is largely north-facing.

The 1975–1977 MPB epidemic in the
Jack Creek watershed (133 km2) of
southwestern Montana provides one
of the few documented studies of the
hydrologic effects specifically
associated with MPB. In this case,
MPB killed 35% of the timber (Potts
1984). Based on statistical and
hydrograph analyses of 4 pre- and 5
post-epidemic years, Potts’ results
suggest a 45 mm (15%) increase in
annual water yield, a 2 mm (10%)
increase in low flows, a 2-week
advancement in the timing of spring
runoff, but little change in
instantaneous peak flows. Monthly
flows in spring were on average 26
mm (52%) higher. The observed
changes were associated with reduced 
evapotranspiration losses, alteration of 
snow accumulation and melt

processes associated with forest
canopy changes, and changes in soil
moisture (Potts 1984). Some have
criticized Potts’ conclusions,
particularly his interpretation of the
results based on a double mass
analysis. Although the method
suggests a possible change in water
yield (i.e., “break” in the double mass
curve) after the epidemic, the
statistical significance of this break
was not reported. Using techniques
described by Searcy and Hardison
(1960), we conducted an analysis of
covariance on Potts’ data (1984). Our
findings showed that the reported
break is not statistically significant (p = 
0.87).

Stand-scale Investigations
Most of the earlier watershed-scale
investigations (noted above) simply
assume that infested forests are dead
or alive. However, a stand-scale
investigation in the Rocky Mountains
of Colorado by Schmid et al. (1991)
found that infested forests are more
complex than initially assumed. The
authors identified the understorey as
potentially important in understan-
ding the hydrologic impacts of MPB.
In a multi-storied, uneven-aged stand
where about 52–70% of the trees
were infested by MPB, Schmid et al.
(1991) monitored snowpack
accumulation and summer rainfall
interception in four small infestations
and four controls over 4 years
following infestation. Results indicated 
that net precipitation (i.e., that which
reaches the ground) in each infested
area was not significantly different
from its respective control in any of
the years following infestation, except 
for one site in one year. Possible
reasons for this finding included
needle retention by beetle-killed trees
(at least over the first 2 years), low
precipitation during the study, and
sampling design (i.e., sample size,
transect location, and aspect). The
presence of a multi-storied stand (with 
live understorey) was also considered
a major factor mitigating the impacts
of beetle-kill. As a result, Schmid et al.
(1991) concluded that small

infestations in multi-storied, uneven-
aged stands do not increase net
precipitation. Furthermore, Schmid et
al. (1991) suggested that analogues
between partial cuts and beetle-killed
stands may be valid, but only in
even-aged stands (without significant
understorey) where mortality exceeds
a yet unidentified percentage, and
only after beetle-killed trees have
begun to lose their needles (roughly
2–4 years following attack) and
branches (Schmid et al. 1991).

That the presence of a multi-storied
stand may mitigate the hydrologic
effects of beetle-kill (Schmid et al.
1991) supports the recent
recommendation of BC’s chief forester 
to increase retention levels when
salvaging beetle-killed stands
(Snetsinger 2005). Retaining structure 
such as live trees (including
understorey) and standing and fallen
dead trees may reduce the risks of
large-scale salvage, particularly until
watersheds have reached hydrologic
recovery (Snetsinger 2005). On this
basis, Snetsinger (2005) recommends
that licensees balance retention both
at the landscape and stand levels.
During harvest planning, this will
involve identifying areas with
significant (live) understorey for
retention and ensuring these areas are 
well distributed spatially within all
harvested areas (Snetsinger 2005).

Hydrologic Modelling

Recent research has used hydrologic
models that are refined as watershed-
and stand-scale information becomes
available. Troendle and Nankervis
(2000), for example, modelled a
spruce bark beetle epidemic in the
North Platte River watershed of
Wyoming and Colorado using the
Water Resources Evaluation of
Non-Point Silvicultural Sources
(WRENSS) Hydrological Model. By
assuming 30–50% tree mortality,
average water yield increased by up to 
56 mm by the 10th year after
infestation. The model also suggested
that these increases would continue,
although at a declining rate over
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60–70 years (Troendle and Nankervis
2000).

Researchers at the University of British
Columbia are currently investigating
MPB effects and salvage logging on
streamflow characteristics in the
Okanagan and north-central BC (Alila
2005). Using the UBC Watershed
Model, which employs a simplified
energy balance, they can estimate the 
post-infestation hydrograph. The
accuracy of these estimates will vary
depending on parameter (e.g., low
flows are difficult to model given
unknown groundwater contributions), 
assumptions used (e.g., canopy
closure), and degree of calibration
and testing. Initial runs that have not
been verified suggest that watersheds
with 100% beetle-kill may respond
with considerable increases in peak
flows and water yield (Alila 2005).

Overall, the research summarized in

Table 1 suggests that the effects of
MPB on forest hydrology may be
similar to those experienced after
forest harvesting. Within even-aged
stands without significant
understorey, these effects include (1)
increases in annual water yield, (2)
increases in late summer and fall low
flows, (3) variable responses (no
change or increases) in peak flow size, 
and (4) possibly earlier timing of peak
flows. Furthermore, these effects may
last up to 60–70 years. The presence
of uneven-aged, multi-storied stands
will likely reduce these impacts
(Schmid et al. 1991).

Challenges and Future
Research
Although the research is limited, it
does shed some light on key MPB
management questions and
knowledge gaps in BC, which present
significant opportunities for research.

In the short term, Hélie et al. (2005)
recommend hydrologic modelling
and a thorough analysis of available
hydroclimatic data within a before,
after, control, impact (BACI) study
framework. Hydrologic modelling
(e.g., UBC Watershed Model) likely
provides the best means to obtain
short-term answers to many
long-term issues.

In the mid- to long terms, Hélie et al.
(2005) suggest a comprehensive
monitoring program that follows a
priority list of research questions. This
will require a substantial commitment
of time and money and prove
challenging before results become
available several years in the future —
possibly after salvage harvesting is
complete. Therefore, it may be
advantageous to focus research on
approaches to accelerate hydrologic
recovery, rehabilitation of salvaged
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Table 1. Summary of research on the hydrologic impacts of beetle infestation

Location Drainage 
area
(km2)

Dominant
forest
cover

% of
watershed
infested

Average
change in

annual
water yield

Change in
monthly low 

flow (late
summer-fall)

Change in
monthly high
flow (Spring)

Change in
instant. peak

flow

Expected time
for hydrologic

recovery to
pre-disturbance

conditions

References

White
River,

Colorado

1974 Engelmann 
spruce

80% of trees 
covering
30% of

watershed

+50 mm
(19%)

- - - - Love (1955)

+40–48 mm
(15–18%)

- - - - Mitchell and
Love (1973)

+31.8 mm
(12%)

- - - - Bethlahmy
(1974)

+37.9 mm
(15%)

+1.6 mm
(31.4%)

+14.9 mm
 (22%)

+20.2 m3/s
 (27%)

>25 years Bethlahmy
(1975)

Yampa
River,

Colorado

1564 Engelmann 
spruce

80% of trees 
covering
30% of

watershed

+23.6 mm
(11%)

- - - >25 years Bethlahmy
(1974)

+35.2 mm
(16%)

+1.2 mm
(9.6%)

+12.0 mm
 (14%)

no sig. change >25 years Bethlahmy
(1975)

Jack Creek,
Montana

133 Lodgepole
pine

35% of trees 
(50–60% of
trees > 18
cm dbh)

+45 mm
(15%)

+2 mm
(10%)

+26 mm
(52%)

no sig. change
to magnitude;
peak 2 weeks

earlier

>5 years Potts (1984)

North
Platte
River,

Wyoming
& Colorado

1978 Engelmann 
spruce

Assumed
30–50% tree 

mortality

+56 mm - - - 60–70 years Troendle and
Nankervis

(2000)

Interior BC Varying Lodgepole
pine

In progress Alila (2005)
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areas, and water use by young stands
and understorey vegetation. While
beyond the scope of this article, the
predicted effects of climate change in
the BC interior (e.g., Leith and
Whitfield 1998; Whitfield and Cannon 
2000) should also be considered
when evaluating the hydrologic
responses to MPB. In the interim,
professionals must use the knowledge
gained from applicable case studies
(such as those presented above), and
consider local research on the effects
of timber harvesting to help guide
forest operations in beetle-infested
areas. 
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Editor’s note: A special issue of the BC
Journal of Ecosystems and Management that
addresses the current state of Mountain Pine
Beetle science in British Columbia will soon
be published. Please check the FORREX Web
site this Spring for more details. 

http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/stewardship/Hydrological%20Recommendations%20Dec%203%202004.pdf
http://www.abcfp.ca/publications_forms/BCFORmagazine/pdf/FORUM-2005-3pdf
http://www.forrex.org/publications/other/filereports/fr05-02.pdf
http://www.for.gov.bc.ca/hfp/mountain_pine_beetle/stewardship/



