
Forest Disturbance and
Recovery: Presentation
Summaries from the 2006
Canadian Geophysical
Union (CGU) Special
Session in Banff, Alberta

Introduction by Dan Moore and Robin Pike

To minimize the hydrologic impacts 
of forest harvesting and related

activities, land managers typically
place restrictions on the extent of
harvesting that can occur within a
watershed. In British Columbia, under 
the Forest Practices Code of British
Columbia Act, restrictions were based
on recommendations from watershed 
assessments. These assessments were
undertaken once the extent of past
and proposed forest harvesting
reached a threshold—typically
20–30% of a catchment’s area. Once
the prescribed limit had been
reached, further harvesting was
restricted until the initial effects had
diminished in association with
regrowth of forest cover. 

In water sheds with cutblocks of dif fer -
ent ages, a typ i cal approach is to
cal cu late the per cent recov ery (PR)
based on the height of the trees, and
other fac tors such as stock ing lev els
and for est health. The equiv a lent
clearcut area (ECA) of the block would 
then be com puted as the prod uct of
the area of the block and the fac tor 
(1 – PR/100). The total ECA for a
catch ment would then be expressed
as a per cent age—the sum of the
recov ery-weighted areas for indi vid ual 

blocks divided by total water shed
area, and mul ti plied by 100%.

While sim ple in prin ci ple, the con cept
of hydrologic recov ery is dif fi cult to
apply to for estry oper a tions. Dif fer ent
pro cesses (e.g., snow accu mu la tion,
snowmelt, rain fall inter cep tion, root
decay related to slope sta bil ity)
recover at dif fer ent rates, with the
rates depend ing on fac tors such as the 
orig i nal for est cover type, the spe cies
and stock ing lev els of the regen er at -
ing for est, and the cli ma tic regime.
Only a few stud ies have attempted to
quan tify rates of hydrologic recov ery
at either the stand level (i.e., in terms
of pro cesses such as snow accu mu la -
tion) or the catch ment level (in terms
of streamflow), and it is unclear how
to gen er al ize from these spe cific sites.
Fur ther more, the imme di ate impact
and rate of recov ery asso ci ated with
vari able reten tion har vest ing does not
appear to have been stud ied
com pre hen sively.

To begin to address the knowl edge
gaps asso ci ated with hydrologic
recov ery, a spe cial ses sion was orga -
nized at the 2006 Annual Meet ing of
the Cana dian Geo phys i cal Union in
Banff, Alberta. Pro fes sor Julia Jones of

Ore gon State Uni ver sity pro vided an
invited key note address based on her
in-depth anal y ses of long-term
paired-catch ment stud ies in the
United States. The ses sion also
included eight oral pre sen ta tions and
six post ers on the topic, which are
sum ma rized below. An ad hoc work -
ing group was formed fol low ing the
ses sion to con tinue work ing on the
topic.

We acknowl edge the CGU for finan cial
sup port and CGU–Hydrol ogy Sec tion for 
host ing the spe cial ses sion.

Presentation: 

Sea sonal and successional
influ ences on streamflow response
to for est har vest dis tur bances in the 
west ern and east ern United States
J.A. Jones

The term “recov ery” implies that
hydrologic pro cesses return to a static
pre-dis tur bance state fol low ing for est
har vest ing or nat u ral dis tur bance.
While this may be the case for some
pro cesses, oth ers may not return to a
pre-dis tur bance state. Thus, in many
instances the term “response” may be 
more appro pri ate than “recov ery.”

Tra jec to ries of hydrologic change vary 
with the pro cess under study. For
exam ple, the post-dis tur bance
responses (tra jec to ries) of low flows
and peak flows will dif fer as they
occur in dif fer ent sea sons and are
influ enced by dif fer ent pro cesses link -
ing the veg e ta tion and atmo sphere
(e.g., tran spi ra tion for low flows, inter -
cep tion loss for peak flows). Seven
types of poten tial hydrologic response 
tra jec to ries could occur (Fig ure 1):
asymp totic return (addi tion), spike,
spring model, epi sodic dis tur bances
(add mate rial), return with over shoot,
epi sodic dis tur bances (remove mate -
rial), and asymp totic return (removal).

To under stand tra jec to ries, stud ies
must exam ine hydrologic pro cesses
over sev eral decades, often at a fine
time step, to sep a rate the effects of
successional and phenological
changes in veg e ta tion. Paired-catch -
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ment exper i ments main tained over
long peri ods pro vide a valu able source 
of infor ma tion on the nature of
post-dis tur bance response. While
mod els can be valu able tools for
explor ing hydrologic changes asso ci -
ated with veg e ta tion suc ces sion, they
can only reveal the effects of the pro -
cesses coded into them.
Paired-catch ment stud ies, on the
other hand, have the poten tial to sur -
prise us with unex pected responses.
How ever, the inter pre ta tion of
long-term paired-catch ment anal y ses
must be tem pered with an under -
stand ing of how the treat ment and
con trol catch ments may have dif fered
through time due to dif fer ences in
veg e ta tion changes and response to
cli ma tic vari a tions.
Key summary points

l Post-disturbance system response is 
not the same as recovery.

l There is a need to consider
seasonal climate factors, forest age
and type, and status and timing of
disturbance in relation to predicted 
hydrologic response.

Con tact 

geojulia@comcast.net

Presentation: 

The effects of lodgepole pine
growth and stand management on
snow accumulation and ablation in
south-central British Columbia
R.D. Winkler and D.L. Spittlehouse

In a study of the effects of lodgepole
pine growth and stand man age ment
on snow accu mu la tion and abla tion in 
south-cen tral Brit ish Colum bia,
Winkler and Spittlehouse reported the 
fol low ing.

l Up to 40% less water accumulated
as snow under the mature forest
than in a clearcut opening.
Ablation rates (loss of water from
the snowpack through both
sublimation and melt-water
outflow) were most commonly
reduced by 20–40%.

l The effects of clearcutting were
moderated by the regrowth of
lodgepole pine at 1000–2400
stems per hectare.

l Under 3-m tall lodgepole pine,
snow accumulation was reduced
by 8% relative to the open; at 5-m
tall, both snow accumulation and
ablation were reduced by up to
14%; and at 8-m tall, snow

accumulation and ablation rates
were up to 24% less than in the
open.

l In a thinned stand, rates of
accumulation and ablation were
initially increased, but 6 years after
thinning were 34% and 26% less
than in the open, respectively. This
was a more rapid reduction than
that measured in the unthinned
stand and is likely a result of
well-developed and evenly
distributed canopy cover relative to 
the somewhat more clumped stem 
distribution in the unthinned
stand.

l These results are being used to
develop “recovery” estimates for
application in watershed
development planning.

Con tact 

Rita.Winkler@gov.bc.ca

Presentation: 

Annual water balance of forests,
clearcuts, and regenerating stands
D.L. Spittlehouse

The for est can opy influ ences the bal -
ance of water inputs (pre cip i ta tion)
and out puts (evap o ra tion and drain -
age) from the soil. Using
mea sure ments of pre cip i ta tion inter -
cep tion and soil water con tent from
four high-ele va tion lodgepole pine
for ests, three clearcuts, two
10-year-old stands, and one
25-year-old stand along with water
bal ance model results, Spittlehouse
reported the fol low ing.

l The mature forest intercepted
25%, the 25-year-old stand
intercepted 18%, while the
10-year-old stand intercepted less
than 10% of incoming
precipitation.

l Biweekly average evaporation rates 
(including transpiration) were
approximately 2 mm per day for
moist forests and clearcuts. Soil
drying, however, reduced the rate
of evaporation in the clearcuts to
less than half of that in the forest
by mid-summer.
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Figure 1. Hydrologic response trajectories.
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l Forest cover removal increased the
output of water available for
streamflow by 50% for the
clearcut, 30–40% in the
10-year-old stand, and 5–15% in
the 25-year-old stand.

Contact: 

Dave.Spittlehouse@gov.bc.ca

Presentation: 

Recovery of stand-level hydrologic
processes following forest
harvesting in coastal watersheds:
Developing and testing an empirical 
model
B. Floyd, R. Hudson, I. Dodd, M.
Hrachowitz, M. Weiler, and Y. Alila

An ongo ing study is being used to
develop/refine a pre dic tive empir i cal
model of hydrologic recov ery in
coastal rain-on-snow envi ron ments.
Recov ery curves pro duced by the
model were based on snow course,
rain fall, throughfall, and stemflow
mea sure ments from high- and
low-ele va tion sites. While test ing of
the model at Rus sell Creek on Van cou -
ver Island is ongo ing, the authors
pro vided the fol low ing pre lim i nary
key mes sages.

l The model can be adjusted based
on elevation and the size of the
event to provide reasonable
estimates of interception recovery
in harvested stands in rain-on-snow 
environments.

l Interception recovery ranged
between 40 to 100% for stands
between 10 to 17 m in height,
with the amount of recovery
depending on size and type of
storm.

l The snowmelt lysimeter network in 
Russell Creek watershed was
adjusted in summer 2006 to better 
capture the throughfall variability
within forest stands (e.g., extended 
the length of each lysimeter to 7.5
m, installed stem flow gauges at
each site, rewired the cameras to
improve energy efficiency).

l Additional rain-on-snow events will 
be captured during 2006–2008 to
increase the sample size, thus
further testing and refining the
model.

l Currently we cannot link
interception recovery with
hydrologic recovery; thus, future
research will attempt to
incorporate this interception
recovery model into a distributed
hydrological model to assess
hydrologic recovery in harvested
watersheds.

Contact: 

Floydb@inter change.ubc.ca

Poster: 

Scaling leaf area index and rainfall
interception for projection of
hydrologic recovery after
disturbance in lodgepole pine
B. Brabender and U. Silins

This poster reported on alter nate
approaches to scal ing effec tive leaf
area index (LAIe) and rain fall inter cep -
tion stor age capac ity (S) using
com monly avail able for est growth and 
yield data. Brabender and Silins
found:

l LAIe ranged from 0.03 to 2.24
(m2/m2) in lodgepole pine stands
1–133 years old. 

l The LAIe was linearly related to
total annual stand volume growth
(r2 = 0.83); thus, change in annual
volume growth rate is a good
predictor of changes in stand LAIe
as stands establish, develop, and
mature. 

l Canopy rainfall interception
storage capacity (S) ranged from 1
to 4 mm (30–115 years old, LAIe
1.8–3.2 m2/m2) that amounted to
23–37% total growing season
rainfall interception loss.

l Stand leaf area was a poor
predictor of storage capacity (S),
but gross stand volume was
strongly related to interception
storage capacity (r2 = 0.90), likely
because tree boles and branches

play a greater role in interception
storage than leaf area in these
stands.

Contact: 

Brendan.Brabender@gov.bc.ca or
uldis.silins@ualberta.ca 

Poster: 

Hydrologic response of headwater
streams to alternate harvesting
practices
F.D. Beall and C.C. Krezek

This poster sum ma rized the results of
an exper i ment con ducted in the Tur -
key Lakes water shed, a hard wood
for est located in cen tral Can ada. The
study exam ined 5 head wa ter bas ins
before and after treat ment with dif fer -
ent har vest ing prac tices (i.e., clearcut,
selec tion, and shelterwood sys tems),
two of which were ref er ence bas ins.
The authors reported enhanced sum -
mer time baseflow in the clearcut
basin as reflected in the reduc tion in
zero-flow days (from 39 to 0 days per
year) in 2 years fol low ing har vest. The 
num ber of zero-flow days returned to
pre-har vest lev els within 4 years of
treat ment. The authors noted the dif -
fi culty in eval u at ing hydro log i cal
response dur ing peri ods of cli ma tic
extremes.

Contact: 

fbeall@nrcan.gc.ca

Poster: 

Bed temperatures in relation to
hyporheic exchange patterns in a
headwater stream, and response to
forest harvesting.
S.M. Guenther and R.D. Moore

Many stud ies have reported that
reduc ing can opy cover over streams
increases stream tem per a tures
through out the sum mer as a result of
expos ing the stream to solar radi a tion. 
The response of streambed tem per a -
tures to for est har vest ing and
inter ac tion with hyporheic exchange
pat terns, how ever, has not been stud -
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ied in detail. In a study of two paired
reaches in a coastal moun tain head -
wa ter stream, the authors’ anal y sis of
pre- and post-har vest data showed
that:

l Daily maximum stream
temperature increased by up to
6ºC, while daily maximum bed
temperature only increased by up
to 2ºC.

l Areas of downwelling flow in the
stream reach exhibited higher bed
temperatures than areas of
upwelling flow.

Log ging-related changes in bed tem -
per a tures there fore do not appear to
be as large as those for sur face water,
and are great est in areas of
downwelling hyporheic flow. 
Contact: 

guenther@geog.ubc.ca

Presentation: 

The sensitivity of rainfall-based
runoff models to network density
M. Hrachowitz, R. Hudson, B. Floyd, M.
Weiler, and Y. Alila

The pre sen ta tion pro vided an over -
view of the ini tial phases of the
devel op ment of a phys i cally based dis -
trib uted hydrologic sim u la tion model
in the Rus sell Creek water shed on Van -
cou ver Island. The pre sen ta tion
focussed on the supplementation (i.e., 
increased den sity) of the exist ing
hydro-mete o ro log i cal net work to
better rep re sent the spa tial dis tri bu -
tion of tem per a ture, pre cip i ta tion,
and other mete o ro log i cal param e ters.
The authors used sev eral tech niques
to eval u ate the per for mance of the
enhanced net work that included.

l comparison of temperature and
precipitation variability to actual
measurement accuracy to
determine optimal instrument
network density;

l comparison of standard (common
default approach) lapse rates from
index sites to measured
temperature gradients; and

l calculation of basin average rainfall 
plus rain-on-snow melt with
decreasing network density to
determine optimum network
density. 

Contact: 

markus.hrachowitz@ubc.ca

Poster: 

The effects of overstory mortality
on snow accumulation and ablation
P. Teti

This poster pre sented an over view of
a new research pro ject address ing
how changes in stand struc ture
related to moun tain pine bee tle are
affect ing snow accu mu la tion and
melt. The study area is actu ally a net -
work of 34 plots clus tered in 6 groups 
in the BC Inte rior between Fra ser Lake 
and Bonaparte Lake. Stand char ac ter -
is tics and snow abla tion rates are
being mea sured in recent clearcuts,
par tially recov ered clearcuts, recently
attacked pine stands, and pine stands 
attacked 20 years ago. The large size
of the net work requires long travel
times for ground-based snow mea -
sure ments so aerial pho tog ra phy is
being tested as a method for deter -
min ing snow-free dates and
mea sur ing the stand traits that reg u -
late snow inter cep tion and melt rate. 

Contact: 

Pat.Teti@gov.bc.ca

Poster: 

Evaluation of rehabilitation
methods for controlling erosion on
wildfire sites
K. Giest and D.F. Scott

In this poster, Giest and Scott describe 
an active research pro ject exam in ing
the effi cacy of sev eral meth ods to
reduce soil ero sion after wild fire. Four
treat ments under inves ti ga tion
include straw mulch, chipped tree
mulch, nee dle fall, and seed ing. These 
treat ments, along with untreated con -
trols, are being stud ied at 5 loca tions

in the South ern Inte rior of Brit ish
Colum bia that were burned by wild -
fire in 2003. The authors reported the
fol low ing early results:

l The mulch and needle-fall
treatments effectively reduced
erosion relative to the control (no
treatment).

l Seeding does not appear to reduce 
soil loss significantly.

l The results confirm that as ground
cover increases, soil erosion
decreases.

l Since the plots are only exposed to 
natural rain events, the treatments
have not been tested against all
storm intensities.

Contact: 

david.scott@ubc.ca

Presentation: 

The role of water-repellent soils in
the hydrological consequences of
wildfire in BC
D.F. Scott, P. Jordan, M. Curran, and 
D. Dobson

The lead author pre sented an over -
view of the hydrologic con se quences
of wildfires that occurred in south ern
Brit ish Colum bia in 2003. Before the
post-wild fire events, evi dence of
water-repel lent soils caus ing flood ing
had not been recorded in the south -
ern BC Inte rior. The risk of flood ing
was thought to be lim ited because of
the low prob a bil ity of large rain storms 
of high inten sity and the highly per -
me able soils. Imme di ately after the
2003 wildfires, water-repel lent soils in
some of the burned areas were
observed. As a result of these
water-repel lent con di tions, a series of
flood, debris flood, and debris flow
events off burned sites occurred in the 
fall of 2003 and spring/sum mer of
2004. The results of the study indi cate 
that it is impor tant to mea sure soil
wettability after wild fire as part of a
proper assess ment of the risk of ero -
sion. Ongo ing research is look ing at
site fac tors that might be used to pre -
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dict where repellency and ero sion are
more likely to occur, and will also
mea sure the per sis tence of repellency
after wild fire.

Contact: 

david.scott@ubc.ca

Presentation: 

Predicting the effects of forest
harvesting using a conceptual
streamflow model: Evaluation using 
a paired-catchment approach
R.D. Moore and D.G. Hutchinson

The use of con cep tual mod els to sim -
u late the effects of for est har vest ing
and other for est dis tur bances has not
been tested exper i men tally. This pre -
sen ta tion described the suit abil ity of
using a con cep tual model (HBV-EC) to 
pre dict the hydrologic effects of sal -
vage har vest ing 30% of Camp Creek
fol low ing a moun tain pine bee tle out -
break in the mid-1970s. The authors
cal i brated the HBV-EC model to the
pre-har vest con di tions at Camp Creek, 
then per turbed the land scape to sim u -
late streamflow fol low ing for est
har vest ing. Har vest ing-related
streamflow changes inferred from the
model results were com pared with
those cal cu lated from a paired-catch -
ment anal y sis of streamflow
obser va tions for Camp (treat ment)
and Greata (con trol) creeks. The
authors found that:

l The pattern of deviations between
observed and predicted Camp
Creek peak flows suggested that
peak flows had recovered toward
pre-harvest levels about 15–20
years after harvest.

l The magnitude and seasonal
pattern of modelled changes in
monthly flows agreed reasonably
with those from the
paired-catchment analysis. 

l The modelled magnitudes of peak
flow changes were also similar to
those estimated from the
paired-catchment analysis.

l The model requires further
development to represent the

effects of complex stand conditions 
(e.g., dead trees, regenerating
forests) on water and energy
fluxes.

Contact: 

rdmoore@geog.ubc.ca

Poster: 

Long-term monitoring results:
Channel wood production rates in
small, steep stream channels,
Columbia River Basin
C. Chesney

This poster sum ma rized the results of
a long-term mon i tor ing pro ject exam -
in ing the func tional roles of wood in
small, steep stream chan nels. Over
5800 trees, 2400 chan nel wood
pieces, and 300 sed i ment wedges
were mon i tored, as were rates of tree
fall, and pro duc tion rates of fallen
wood (flu vial and ter res trial). Over 4
years of mon i tor ing at 18 sites in the
Yakima River basin, the author
reported the fol low ing:

l 33% of fallen trees became
channel wood.

l 67% of fallen trees became
terrestrial wood.

l The tree fall rate was
approximately 0.5% per year.

l The conversion rate of standing
trees becoming channel wood that 
is hydraulically active, within the
channel’s bankfull wetted
perimeter, was 0.0167%.

l 78% of zone 1 and 2 channel
wood came from trees rooted
within 8 m of the channel edges
with most of the wood being
above and near the channel
(currently not hydraulically active).

Contact: 

CRSNWISSP@aol.com

Presentation: 

Harvesting effects on soil and creek
nitrogen in high-elevation forests of 
Southern Interior BC
G. Hope, R. Winkler, D. Spittlehouse, and 
M. Feller

There is lit tle known regard ing
post-har vest responses of both soil
and stream nitro gen (N) in high-ele -
va tion for ests in south-cen tral Brit ish
Colum bia. This pro ject details the link -
ages between for est har vest ing, soil
nitro gen cycling, and stream nitro gen
based on stud ies con ducted in the
Upper Penticton Creek water shed
exper i ment (i.e., 241 Cr., 240 Cr., and 
Den nis Cr. bas ins) and at the
Sicamous Creek Silvicultural Sys tems
study. Stream N has been mea sured
from late April to late Octo ber since
1993. For the last 4–5 years, avail able
soil ammo nium (NH4), nitrate (NO3),
soil solu tion N below the root ing
zone, and soil mois ture con tent have
been mea sured through out the grow -
ing sea son in both har vested and
uncut for ested areas. In the stud ies,
the authors found that:

l Nitrate concentrations increased in
Dennis Creek (primarily near
periods of peak flows) 2 and 3
years after 50% of the watershed
was harvested.

l Nitrate concentrations remained at 
or below detection levels in 241
Creek following 30% harvest of its
watershed, and in 240 Creek, in
which no logging has occurred. 

l Available soil ammonium was
significantly elevated in the
clearcuts versus the uncut forest in
the first 2 years post-harvest.

l Increases in soil solution
concentrations of ammonium and
organic N, but not nitrate, were
observed in the second year after
harvest in the clearcuts.

l The patterns of soil N changes are
similar to those observed in the
Sicamous Creek research study, a
nearby, wetter, high-elevation
research site.

l Losses of all forms of N from the
root zone were extremely small
(<0.1% of total) compared with
the estimated total soil nitrogen
content.

Contact: 

Graeme.Hope@gov.bc.ca
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