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Introduction

In most interior British Columbia 
watersheds, the single largest an-
nual hydrologic event is the spring 
streamflow peak, generated primarily 
by snowmelt. The magnitude, volume, 
and timing of spring peak flows are 
a function of melt rate, snowmelt 
volume, soil and vegetation char-
acteristics, watershed topography, 
and weather (Winkler et al. 1a). 
Consequently, changes in snow 
regime—as influenced by forest 
cover—can significantly affect spring 
peak flows (Stednick 1996; Moore and 
Wondzell 5; Green and Alila 1; 
Schnorbus and Alila 13).

Both snow accumulation and 
ablation (combined losses from melt 
and evaporation) vary with weather, 
location, and forest cover (Figure 1). 
In a summary of North American 
and European studies, forest cover ex-
plained 57% and 7% of the variance 
in snow accumulation and ablation, 
respectively, among 65 sites (Var-
hola et al. 1). Loss of forest cover 
typical of interior British Columbia 
forests results in 5–7% and 3–1% 
increases in snow accumulation and 
ablation rates, respectively. These 
broad differences highlight the com-
plexity in forest–snow interactions 
across the landscape, and the need 

for site-specific information. Regional 
indices of these relationships provide 
at best only a relative indication of 
expected snow response to changing 
forest cover.

In watershed assessment and 
forest development planning, the 
potential effects of clearcut logging 
on spring streamflows are assessed in 
part by reviewing the total clearcut 
area in a watershed. The assumption 
is that the greater the clearcut area, 
the greater the potential for hydro-
logic change, with consequent effects 
on stream channels, aquatic habitat, 
water supply, and downstream 
communities. However, shifts in 
hydrologic regime post–clearcut log-
ging are not indeterminate; as forests 
regrow, these changes diminish. The 
restoration of stand-scale hydrologic 
characteristics to pre-harvest condi-
tions as stands regrow is referred to 
as hydrologic recovery.

  In the British Columbia Interior, 
hydrologic recovery has most often 
been used in reference to snow ac-
cumulation and ablation in a second-
growth stand relative to both a 
clearcut and unlogged mature forest. 
In other geographic areas, recovery 
also refers to rainfall, rain-on-snow, 
evapotranspiration, or seasonal water 
balances, depending on the hydro-
logic response variable of interest 





(e.g., peak flows, low flows, water 
yield). In this note, recovery refers 
only to snow in young forests relative 
to mature forests and clearcuts, and is 
referred to as snow recovery.

Snow recovery is most commonly 
estimated using relationships between 
stand attributes (basal area, canopy 
cover, or tree height) and snow 
water equivalent (swe) and ablation. 
Recovery is applied to a logged area 
or cutblock as a reduction factor to 
determine equivalent clearcut area 
(eca). Equivalent clearcut areas for 
individual cutblocks are then tallied 
to estimate the proportion of the 
entire area of interest that responds 
hydrologically as a clearcut. These 
estimates are then used to infer the 
potential for past and planned logging 
to affect hydrologic response. 

Linkages between stand-scale 
hydrologic recovery and watershed 
response are complex, are likely 
non-linear, and vary with weather 
and watershed characteristics. Thus, 
a 5% hydrologic recovery may not 
represent a 5% recovery in peak flow 
magnitude, timing, or frequency—it 
simply provides a relative indication 

of the potential hydrologic response 
to disturbance and forest regrowth. A 
detailed discussion of recovery indices 
and their limitations is provided by 
Winkler et al. (1b).

Previous Studies

In Montana, Hardy and Hansen-Bris-
tow (199) found a 41% and 48% re-
covery of maximum swe and ablation, 
respectively, in a 1–14 m tall lodgepole 
pine stand. Research by Talbot and 
Plamondon () in Montmorency 
Forest, southern Québec, showed that 
15 years after clearcutting (4 m tree 
height), snowmelt recovered by 5%; 
full recovery occurred at 1 m tree 
height. Research by Buttle et al. (5) 
in the boreal forest of northeastern 
Ontario indicated that, while peak swe 
in harvested stands recovered to 8% 
within 15 years, melt rates recovered 
only 5% by that time. Recovery curves 
for coastal British Columbia forests 
derived by Hudson () based on 
an asymptotic exponential model 
(Chapman-Richards equation) sug-
gested 5% recovery when Douglas-fir 
trees were approximately 4 m tall, and 

full recovery once trees were  m tall 
(95% canopy density).

In the Southern Interior of British 
Columbia, the earliest guideline for 
estimating recovery was based on 
results from two field studies, along 
with theoretical non-linear relation-
ships between snow and forest struc-
ture (Chatwin et al. 199). This first 
approximation suggested that fully 
stocked stands at 4 and 8 m tall, in 
low to moderate and high snowpack 
zones, respectively, were 5% recov-
ered, while stands greater than 1 and 
15 m tall were likely 9% recovered.
The caveat was that a stand attribute 
describing canopy cover would better 
represent stand influences on snow 
than tree height would.

A subsequent re-analysis of these 
limited field measurements combined 
swe and ablation results into a sim-
plified linear relationship between 
recovery and tree height. This second 
approximation suggested that stands 
were 5% recovered at 5–7 m tall, and 
9% recovered once trees were 9 m tall 
(B.C. Ministry of Forests 1995). Again, 
the caveat was that continuing research 
to better understand the relationships 
between stand development and snow 
processes would be used in future im-
provements to the initial estimates.

These studies show that recovery 
rates differ for snow accumulation and 
ablation, and that recovery is highly site 
specific given its dependence on forest, 
topographic, and climatic conditions, 
including snowfall amount and pat-
tern. In particular, most snow recovery 
research sites in British Columbia are 
located on flat ground to reduce vari-
ability between sites related to factors 
other than forest cover. However, as 
both snow accumulation and ablation 
vary considerably with slope and aspect 
(Toews and Gluns 1986; Ellis et al. 
1), so too will snow recovery. 

Long-term snow/forest research 
sites in the Thompson–Okanagan 
region have provided the opportu-
nity to re-evaluate snow recovery in 

figure 1 The Upper Penticton Creek watershed includes a diversity of stands with varying 
influence on snow accumulation and ablation.
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young forests. Similar updates are 
also available for the Kootenays (K. 
Green, Apex Geoscience Consultants 
Ltd., pers. comm., May 15) and are 
under development for coastal forests 
(W. Floyd and R. Hudson, B.C. Minis-
try of Forests, Lands and Natural Re-
source Operations, pers. comm., May 
15). This extension note describes 
new data and updated recovery curves 
for lodgepole pine–dominated forests 
in the Thompson–Okanagan region.

Study Sites

In the Thompson–Okanagan region, 
snow accumulation and ablation 
recovery has been monitored at 
three sites: Mayson Lake northwest 
of Kamloops, and mid- and upper-
elevation sites in the Penticton Creek 
watershed northeast of Penticton 
(Figure ). Each site includes a 
clearcut, young stand, and mature 
stand located in close proximity. 

Mature stands at all sites are mixed 
lodgepole pine, Engelmann spruce, 
and subalpine fir. Young stands are 
predominantly lodgepole pine with 
a minor component of Engelmann 
spruce and subalpine fir. Site and 
stand characteristics, and survey peri-
ods, are summarized in Table 1.

Mature lodgepole pine at all sites 
has been attacked by mountain pine 
beetle during repeated outbreaks. 
This is of most concern at Mayson 
Lake, where research has spanned  
years. Detailed monitoring of stand 
condition shows a 16% decrease in 
live stems per hectare in the mature 
forest since 1995 (Table 1). However, 
light transmittance through the 
canopy to the snow surface has 
remained at 18%, and no changes in 
either snow accumulation or ablation 
were recorded over the 1-year study 
period during which these estimates 
of snow recovery were derived (Win-
kler et al. 14).

Methods

Forest and snow recovery data were 
collected at each of the three sites for 
a minimum of 3 consecutive years be-
tween 1995 and 6. Mayson Lake is 
the only location where surveys have 
been repeated in the same stands over 
more than one survey period. Data 
from Mayson Lake cover three survey 
periods beginning in 1995.

Snow water equivalent was mea-
sured at −64 stations in each stand 
type, depending on location (Table 
1). Measurements were made within 
a 1-m radius of each station marker, 
in early- to mid-March, on or near 
April 1, and every  weeks or weekly 
throughout the melt season. Seasonal 
average ablation rates were calculated 
from the date after which melt was 
continuous until the snowpack was 
depleted. The snow depletion date 
was estimated from ablation rates 
measured during the sampling period 
prior to the snow-free survey date.

April 1 swe and seasonal average 
ablation rates measured at each sta-
tion were averaged for each stand and 
then used to calculate recovery for 
each year as follows:

SR(%) = [(Sc – Sy) / (Sc – Sm)] × 1

where the percent snow recovery (SR) 
for the snow index variable of interest 
(S) (snow water equivalent or ablation 
rate) is calculated as the difference 
between the snow index in a clearcut (c) 
and a young forest (y) relative to the dif-
ference between a clearcut and mature 
forest (m). These recovery values were 
then averaged for each survey period.

Stand attributes were measured in 
Year  of each sampling period, and 
included dominant and codominant 
tree height—a measure for which 
data are readily available to op-
erational foresters. A snow recovery 
curve based on stand average domi-
nant and codominant tree height was 
derived using the Chapman-Richards 

figure  Snow recovery study sites in the Thompson–Okanagan region.
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equation after Hudson () and 
Buttle et al. (5) as follows:

SR(%) = A(1 – e– b(X – T))c

where SR is snow recovery, A is the 
asymptote of the curve (usually 1% 
recovery), b and c are curve-fitting 
parameters, X is the stand descriptor 
(average dominant or codominant tree 
height in m), and T is the value of X be-
low which SR =  (T =  for the Thomp-
son–Okanagan, and approximates the 
maximum pre-melt snow depth).

The new snow recovery curves 
were compared with earlier approxi-
mations (Chatwin et al. 199; B.C. 
Ministry of Forests 1995) and recently 
revised estimates for the Kootenays 
(K. Green, Apex Geoscience Consul-
tants Ltd., pers. comm., May 15).

Results

At Mayson Lake and the mid- and 
upper-elevation sites in the Penticton 

Creek watershed, average dominant 
and codominant tree height explained 
79% and 75% of the variability in 
swe and ablation under forest cover 
relative to the clearcut, respectively 
(Figure 3), which suggests that this 
readily available inventory attribute 
can be used as an operational index 
of forest cover effects on snow. Figure 
3 also illustrates the large interannual 
variability in the differences between 
any given forested stand and adjacent 
clearcut, as shown by the error bars 
(one standard deviation). 

Snow recovery at the study sites, 
defined as April 1 swe and average 
ablation rate in a young forest relative 
to both a clearcut and mature forest, is 
shown in Figure 4 along with recovery 
curves fitted using the Chapman-
Richards equation. These curves 
suggest that, in very young stands, 
swe recovers more rapidly than abla-
tion. The data also show that in some 
young stands, recovery as defined can 
be negative: that is, April 1 swe and 

ablation rates are higher in the young 
stand than in the clearcut. Other re-
searchers have reported similar results 
(Buttle et al. 5).

Once the dominant and codominant 
trees in young stands are approximately 
5 m tall, ablation begins to recover more 
rapidly than swe. This is likely due to 
a rapid increase in shading once trees 
are 3 m above the maximum snowpack. 
The largest differences between swe 
and ablation recovery occur when 
trees are approximately 1−17 m tall. 
Once trees are >  m tall, differences 
in swe and ablation recovery are again 
< 1%. Snow ablation and swe are 5% 
recovered when trees are 8 and 9 m 
tall, respectively, and approach 1% 
recovery once trees are >  m tall (65% 
of the maximum mature main canopy 
tree height). Figure 4 also illustrates 
the variability in recovery measured at 
any given tree height, which highlights 
that the values calculated here should 
be used only as an estimate, based on 
the limited measurements currently 

table 1 Average forest cover characteristics, April 1 snow water equivalent, and seasonal ablation rates at snow recovery research sites in the 
Thompson–Okanagan region

Snow water equivalent 
(swe) and ablation  

average (sd)

Elevation
(m)

Sub- 
zone

Survey 
 years

Samples 
 per  

stand
Stand  
type

Live  
stems per 

hectare

Main 
canopy tree  
height (m)

Live
basal area
(m2 ha-1)

Apr. 1 swe
(mm)

Ablation
(mm d-1)

Mayson Lake 1250 MSdm 1995–97 64 Clearcut 215 (39) 12 (2)
Young pine 2563 5 12 184 (37) 11 (1)

Mature 3563 23 51 142 (37) 7 (1)

2003–04 32 Clearcut 179 (22) 9 (2)
Young pine 3213 11 19 139 (25) 6 (1)

Mature 3150 23 45 104 (18) 6 (0)

2005–06 32 Clearcut 211 (25) 10 (2)
Young pine 3194 13 23 164 (23) 7 (2)

Mature 2981 23 43 141 (8) 6 (3)

Mid  
Penticton Creek 1500 MSdm 1990–91, 1993 20 Clearcut 189 (54) 8 (1)

Young pine 1280 5 25 166 (50) 7 (3)
Mature 2230 21 44 148 (52) 4 (1)

Upper  
Penticton Creek 1600 ESSFdc 1995–97 64 Clearcut 312 (36) 7 (2)

Young pine 3494 4 5 321 (41) 7 (1)
Mature 3925 19 41 236 (19) 4 (1)
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available. A single curve was fitted 
to all the data for operational use 
since differences between the swe 
and ablation curves at any tree height 

Discussion

When compared to the 199 curve for 
snow recovery in areas with low to 
moderate snowpacks, the 1995 Interior 
Watershed Assessment Procedure 
estimates, although linear, were very 
similar. However, the 15 Thomp-
son−Okanagan approximation closely 
follows the 199 estimate for heavy 
snowpack areas. This similarity is likely 
because the early estimates were based 
in part on data from a third (discon-
tinued) location at Penticton Creek, 
which had similar forest cover to that 
used in the 15 revised estimates. 

Compared to snow recovery 
estimates for the Kootenays, the 
Thompson−Okanagan results suggest 
slightly more rapid recovery to 5%, 
after which both estimates are similar 
(Table ). This is likely due to shal-
lower snowpacks in the Thompson–
Okanagan and differences in stand 
composition between study sites in 
both regions. However, both estimates 
for interior British Columbia suggest 
snow recoveries at any given tree 
height are within 5% of the other.

The recovery estimates currently 
used for operational purposes are 
from the 1995 Interior Watershed As-
sessment Procedure. Figure 5 clearly 
shows that recovery of both swe 
and ablation using the revised data 
set is much more gradual than the 
1995 estimates. Assuming an aver-
age dominant and codominant tree 
height of 7 m, recovery as suggested 
in 1995 would be 7%, as compared 
to 35% using the 15 curve (Figure 
5). For 5% snow recovery, young 
trees had to be roughly 5% of the 
maximum average mature dominant 
and codominant height based on the 
1995 estimates, compared to 35% and 
4% based on the revised Thomp-
son−Okanagan and Kootenay curves. 
Consequently, the 1995 approxima-
tion should no longer be used. 

It is important to note that all re-
covery estimates for British Columbia 

are < 1% (Figure 5). Examples of 
recovery in young lodgepole pine 
stands (based on the revised curve) 
are shown in Figures 6–8.
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figure 3 Average ratio of April 1 snow water equivalent (swe) and ablation rates with tree 
height at pine-dominated snow recovery sites in the Thompson–Okanagan region. 
Data points represent the average value for 32 sites and 3 years of monitoring. 
Error bars show data variability (one standard deviation).

figure 4 Average April 1 snow water equivalent (swe) or ablation recovery at pine-dominated 
sites in the Thompson–Okanagan region, and fitted Chapman-Richards curves.
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height when tallying ecas. This is par-
ticularly important in areas where eca 
thresholds influence forest develop-
ment. Heights obtained from inventory 
databases must be validated in the field; 
future options for the use of LiDAR to 
easily and accurately determine tree 
height are under investigation.

Summary

Snowpack recovery is a key indicator 
in watershed assessment and broader 
cumulative effects assessments. It 
is used to determine the restorative 
effects of forest regrowth on stand-
scale—and potentially cumulative 
watershed-scale—hydrologic response 
to clearcutting and other changes 
in forest cover. Research to define 
standard recovery curves for use in 
forest and watershed planning and 
management has been ongoing in the 
Southern Interior of British Columbia 
since 199. Based on the latest data 
from long-term research at Mayson 
Lake and Penticton Creek, the previ-
ous (1995) recovery estimates have 
been revised. The new curves suggest 
that, as young pine forests grow from 
5 to 15 m tall, snow recovery increases 
from approximately 1% to ≥ 8%. We 
caution that these curves are derived 
from limited data for specific forest 
types on flat terrain. These curves 
will continue to be improved as new 
information becomes available. Given 
that recovery estimates are based on 
tree height data, it is also important to 
consider the source and quality of such 
data prior to applying these recovery 
curves. Assumed linkages between 
snow recovery and stand-scale hydro-
logic processes, as well as between eca 
and watershed response, should be 
applied cautiously in watershed assess-
ment and used only in combination 
with an understanding of the processes 
influencing hydrologic response to 
changes in snow regime, knowledge of 
local conditions, and consideration of 
the influence of weather.
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figure 5 Comparison of the 1992 (black), 1995 (blue), and current (red) estimates of snow 
accumulation and ablation recovery for interior British Columbia.

are currently based on limited studies 
in three general forest cover types: 
Douglas-fir at the Coast, and lodgepole 
pine or mixed Engelmann spruce, 
subalpine fir, and lodgepole pine in 
the Interior. Consequently, the curves 
do not represent all forest types and 
should be applied with an understand-
ing of forest and snow interactions in 
specific local environments. Caution 
must also be used when extrapolating 
stand-scale recovery approximations to 
watershed-scale hydrologic response, 
and when applying averages. Ablation 

rates averaged over an entire melt sea-
son do not represent the higher rates 
possible over shorter time intervals, 
which can influence the recovery of 
peak flows. Further research into forest 
cover effects on snow ablation over 
shorter time intervals may help refine 
estimates of snow ablation recovery. 

It is important to note that, however 
approximate recovery estimates might 
be, in British Columbia they are all di-
rectly related to tree height. It is there-
fore essential to determine the correct 
dominant and codominant canopy 

table  Percent of average mature dominant and codominant tree height required for 
increasing levels of snow recovery specified in the 1995 Interior Watershed 
Assessment Procedure (iwap) and in recent approximations

Snow  
recovery (%)

Average mature dominant/codominant tree height 
(percent rounded to nearest 5%)

iwap
(max. height 25 m)

2014 Kootenaysa

(max. height 35 m)
2015 Thompson–Okanagan

(max. height 25 m)
m % of mature m % of mature m % of mature

0 0 0 6 15 3 10
25 3 10 11 30 6 25
50 5 20 14 40 8 35
75 7 30 18 50 12 50
90 9 35 20 60 16 65

a K. Green, Apex Geoscience Consultants Ltd., pers. comm., May 15
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figure 6 Young lodgepole pine (< 2 m) in a regenerating clearcut have minimal effect on snow 
accumulation and ablation in areas where maximum snow depth is greater than 1 m.
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