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Executive Summary

The Variable Retention (VR) Windthrow Monitoring Pilot Study ran for a two-year term.

The first year of the pilot project was carried out in the eastern portion of Weyerhaeuser’s
West Island operating unit in central southwestern Vancouver Island (WI-C) and in the
Queen Charlotte Island operating unit (QCI).  The second year of the pilot study was
carried out in the Klanawa and Walbran watersheds in the western portion of
Weyerhaeuser’s West Island Timberlands unit (WI-W), and in the Port McNeill
Timberlands (PM) and North Island Timberlands (NI) units on the north coast of
Vancouver Island.

Locating the pilot study sites in these widely separated areas allowed better evaluation of
the possible extremes of windthrow that may be associated with variable retention
silvicultural practices.

The overall project objectives that are partially addressed by the pilot project are:

•  Document the amount of windthrow associated with VR.

•  Document the spatial distribution or patterns of windthrow associated with VR.

•  Document regional differences in the extent of windthrow associated with VR.

•  Identify the qualitative and quantitative factors associated with VR windthrow
including both environmental factors and treatment effects.

•  Identify specific management options to control windthrow associated with VR.

•  Develop field indices and decision-making tools for windthrow hazard assessment by
operational planners.

•  Communicate results to field staff to help reduce the potential for wind damage by
improving harvesting layout and silvicultural treatments.

The pilot study database now consists of total of 1640 plots:  112 in the NI, 464 in PM,
193 in the QCI, and 872 plots in the WI split between 226 in the west central part of
Vancouver Island and 646 closer to the West Coast.  A total of 56 harvested blocks are
included in the sample.

The pilot showed some definite regional differences in windthrow.  The average amount
of windthrow along external setting boundaries and the edges of larger retained patches
varied from an average of 5% on the PM blocks to 21% in the NI blocks, with an overall
average of 11% for those blocks that had experienced at least two winter wind seasons.
There was a similar regional trend with windthrow for retained groups.  The average
windthrow in retained groups is 10% in the PM area and 39% in the QCI with an overall
average of 28%.  For strips of retained timber, the windthrow rates range from 14% in
PM to 52% in WI-C, with an overall average of 26%.
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The data indicate that windward edges on external boundaries and larger patches are
more vulnerable to windthrow than other boundary exposures.  There is an apparent trend
of increasing windthrow with increasing fetch distance along these edges; this effect may
be less pronounced at greater distances.  The character of the fetch surface may affect the
amount of windthrow along these edges.  Boundary edges downwind of areas of retention
appear to be subject to less windthrow.

There is some indication that topping and pruning treatments reduce the amount of
windthrow in retained groups of timber, but as the data set for these treatments is small,
this conclusion should be considered tentative.  The effect of edge treatments along
external edges and retained strips is unclear.

There may be some relationship between topographic location and the amount of
windthrow.  Topographically exposed locations tend to experience more windthrow.

For both external edges, retained groups and retained strips, the amount of windthrow
increases with increasing stand height.

There is a reasonably strong trend of decreasing amounts of windthrow as the size of the
retained group increases.  Windthrow in retained patches and groups tends to be
concentrated along windward edges.

In general, external edges and the edges of retained strips are much more vulnerable to
windthrow when they occur along the edges of gullies than other locations.

The distance that windthrow penetrates into a stand edge tends to be affected by some of
the same factors that control percent windthrow.  Average penetration distances along
external boundaries range from a mean of 6 m in PM to 12 m in WI-W, with an overall
average of 8 m.  Penetration tends to increase as percent windthrow increases and also
varies with changes in boundary exposure.  Penetration distances increase with increasing
exposure to wind, being least on lee boundaries and greatest along windward boundaries.
A similar relationship is seen with average fetch distance, with penetration increasing as
fetch distance increases.  Windthrow penetration increases with increasing stand height
and increasing rooting depth.
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1.0 Introduction

The Weyerhaeuser Company’s BC Coastal Group has adopted the Variable Retention
(VR) approach to harvesting and silviculture for most of the company’s public and
private forestland.  The goal is to phase-in variable retention over 5 years, increasing the
amount by 20% per year (i.e., 100% VR in 2

003).  Most of the variable retention blocks use the retention silvicultural system, leaving
trees as groups, as dispersed individual trees or small clusters of a few trees.  Modified
shelterwood and selection systems with long-term reserves are also used. Variable
retention will result in an increase in the total length of forest edge associated with forest
openings, as well as greater numbers of dispersed trees.  Due to these changes, we expect
to see a limited increase in the frequency and extent of windthrow associated with forest
harvesting.  It is therefore important to document the extent of windthrow associated with
VR harvesting and to determine the best strategies to minimize or manage for windthrow.
In many cases, the existing state of knowledge will suffice; but, in some cases, additional
information will be required.  In order to document the extent of windthrow and to
improve windthrow management, it is necessary to monitor the character and location of
windthrow over time and to document the management and environmental factors
associated with windthrow.

2.0 Project Objectives

The project objectives are to:

•  Document the amount of windthrow associated with VR.

•  Document the spatial distribution or patterns of windthrow associated with VR.

•  Document regional differences in the extent of windthrow associated with VR.

•  Identify the qualitative and quantitative factors associated with VR windthrow
including both environmental factors and treatment effects.

•  Identify specific management options to control windthrow associated with VR.

•  Develop field indices and decision-making tools for windthrow hazard assessment by
operational planners.

•  Communicate results to field staff to help reduce the potential for wind damage by
improving harvesting layout and silvicultural treatments.
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3.0 Methodology

3.1 Project Phase-In

The variable retention windthrow monitoring project is being developed in three phases:
preliminary design, implementation of pilot design and testing program, and
implementation.

3.1.1 Phase 1 – Preliminary design

•  Development of a field methodology (including one or more sampling designs) for
assessment of post-harvest windthrow associated with VR.  This work included
limited field assessment of VR areas and associated windthrow.  The purpose of this
work was to develop appropriate sampling techniques that account for the variability
and character of residual stands and stand edges created by VR.

•  Development of data fields/categories that are compatible with hand-held, Allegro
field data loggers and the Microsoft (MS) Access database.

3.1.2 Phase 2 – Implementation of pilot design and testing program

•  Organization and implementation of a pilot field and air photo-monitoring program to
test the suitability of the preliminary sampling design, data collection and
measurement protocols.  The focus of this sampling was on three areas of windthrow
concern:  the southwest Vancouver Island, the north coast of Vancouver Island, and
the Queen Charlotte Islands.

•  Development and modification of a database for storing and manipulating windthrow
data.  This database was constructed in MS Access.  It is ready for a network and is
capable of importing digital data from field data loggers.

•  Analysis of the pilot data set to determine if the data collected is suitable and
sufficient to fulfil the objectives of the monitoring program.

•  Re-design and re-test the monitoring methodology, sampling design and data
compilation and analysis procedures.

•  Assessment of the utility of large-scale air photos and orthophotos for windthrow
monitoring purposes and, where appropriate, incorporating the use of air photos into
the monitoring methodology.

3.1.3 Phase 3 – Implementation

•  Implement a full-scale field and air photo-monitoring program.

•  Incorporate monitoring into Weyerhaeuser’s experimental VR comparison blocks.

•  Data analysis and interim reporting on an annual basis.

•  Extension of results to operational personnel.
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3.2 Sampling Design

3.2.1 Sample segment delineation and plot selection
All external falling boundaries, variable retention (VR) patches and groups, riparian
reserve zones and forested riparian management zones1, and other types of reserves and
dispersed treatments were sampled if they have experienced at least two fall-winter-
spring wind seasons2 (preferably 3 wind seasons).  In areas such as the SE coast of
Vancouver Island that rarely experience strong winds, a four to five-year waiting period
may prove more appropriate.

3.2.2 Group retention and setting edges
It is necessary to partition or stratify all VR patches, groups and clusters (very small
groups), any specialized reserves and all external falling boundaries into segments or
sample plots in a systematic fashion so that the plot data will be suitable for statistical
analysis.  Since we are dealing with both patches and groups of timber and timber along
external setting edges, we are faced in a general sense with dealing with both areas (i.e.,
patches or groups) and lengths (i.e., external stand edges).  There are two obvious choices
available for the delineation of plots.  We can create plots of equal area and/or equal
length or we can accept plots of unequal area and/or unequal length.  Forest stands and
terrain do not conveniently split apart into equal-sized pieces; therefore, it can be
logistically easier to deal with unequal-sized plots when carrying out rapid, low-
resolution field surveys.  For the purposes of the pilot study, we decided to use unequal-
sized plots, and then use area-based or length-based weighting during the data analysis
phase to accommodate differences in plot size.

Each boundary edge or VR patch/group or specialized reserve, if it is large enough, is
stratified into distinct and relatively homogeneous stand, geomorphic and/or geometric
“entities” (areas or lengths).  Retained groups and clusters of trees are generally small
enough (i.e., less than 50 metres across) that it is difficult to stratify them into separate
plots even if the stand or geomorphic characteristics of these areas are not homogeneous;
therefore, they were treated as single sample entities (plots).  When an internal group had
a diameter greater than approximately 50 metres, the edges of the group were sampled in
the same way that an external boundary was sampled3.  This stratification approach
created plots of unequal length or unequal area or “sample segments.”

Stratification or separation was based on the following field criteria:

•  Significant changes in the orientation (aspect) of a falling boundary (e.g., a 30°
change in boundary aspect).

                                           
1 The term “forested riparian management zone” is used to distinguish between “forested” riparian
management zones where trees are retained and riparian management zones where all or almost all trees are
cut.  Riparian areas where small conifer regeneration (i.e. generally less than 2-3 metres tall) is retained
were not sampled.
2 One wind season is one fall-winter season, i.e., October to March.
3 This size criterion may be changed based on the results of the pilot study.
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•  Visible and significant changes in slope angle, terrain (surficial materials), slope
morphology, soils, or soil drainage along a falling boundary or within a patch.

•  Changes in forest (stand) type (species composition or height) along a boundary or
within a patch.

•  Type of edge treatment:  untreated, feathered, thinned, topped and pruned, etc.

•  The type of forested riparian area.  Riparian areas are classified as one or two-sided
leave areas (i.e., external stand edges versus strips of timber bounded by “clearcut”
areas on either side).

•  Change in reach classification of the streams contained within riparian areas.

•  Two-sided riparian strips were sampled on both sides; each side of the strip was
treated as a separate sample.  Strip shelterwood treatments were sampled in the same
way.

•  Changes in the amount or character of windthrow did not affect sample selection.

•  The sample segments (plots) were a minimum of 50 metres long; however, shorter
segments that are very distinctive should be sampled as separate plots.  Short
segments similar to adjacent areas were incorporated in the most similar adjacent
plot.

All external edges, groups and patches within an opening were sampled.

We used stratified, unequal length or unequal area samples (plots) to improve sampling
efficiency and to ensure that any visible environmental differences that could potentially
exert a significant effect on windthrow response were sampled.  For example, random or
systematically located plots that fall across significant changes in soil type or boundary
orientation could well confound any subsequent analysis if these factors strongly affect
windthrow susceptibility.  Since the two important target variables (percent windthrow
and distance of penetration of windthrow) should not be affected by sample segment
length, we did not feel that differences in the length of the plots would significantly affect
the outcome of the study.  Additionally, some terrain/soil types are inherently quite
variable over relatively short distances so sampling the full length of such “strata” should
generate a more representative estimate of the amount windthrow occurring within these
more heterogeneous terrain/soil types.  For the objective of estimating cumulative
windthrow along falling boundaries, sampling segments of unequal length work as well
as plots of equal length; however, the same may not hold true for patches/groups.  As
patch/group size increases, the amount of windthrow in the interior of the patch/group
may change.  We may be able to deal with this issue by using patch/group size as a
predictor variable.

All segments along all edges or areas traversed were sampled.  As noted above we used a
minimum sample segment distance of 50 metres because we were interested in making a
qualitative assessment of the spatial patterns of windthrow present in the area and were
concerned that shorter sampling segments might obscure any spatial pattern that might
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exist.  A limited number of segments less than 50 metres long were sampled, however,
because they were significantly different than the adjacent boundary segments.

3.2.3 Dispersed retention
VR treatments that involve the retention of individual, widely dispersed trees (e.g., a seed
tree-like treatment) were sampled by counting all standing and windthrown trees within
unique strata (areas) of a setting.  The total number of widely dispersed, individual trees
within a setting is often in the range of 30 to 100 trees so it is feasible to count all the
trees.  Each setting with dispersed retention was stratified into distinct areas based on
terrain type, slope aspect and slope position.  These “terrain strata” were mapped on the
setting maps in the same way that soils or terrain polygons would be mapped.  Dispersed
stand densities (individual trees/ha) can be calculated on an area basis for each “terrain
polygon” or strata within a block.  In a limited number of the settings where we observed
this particular treatment, the retained trees tended to be of the same species and have a
similar form.

The intention was to carry out this part of the monitoring after the ground surveys of
setting boundaries and VR patches by using setting maps and terrain/soils and tree
species data from the original edge and patch plots to define the boundaries of dispersed
plots.  Very few areas of dispersed retention have been encountered to date, so no
analysis of the effect of wind on these areas has been carried out as part of the pilot study.

VR treatments that involve the retention of more closely spaced individuals (e.g., a
conventional shelterwood cut) have not yet been sampled.  They will be sampled using
plots of equal area randomly located within distinct “terrain strata” within a setting (no
areas fitting these criteria occurred in the pilot study areas).  The approach will be to map
or split the setting into “terrain or stand strata” using the approach outlined above; but,
rather than counting all trees, plots will be randomly located within each strata.  These
plots will have an area of 0.1 ha (17.84 m radius), and there will be three plots per strata.
Since no areas meeting these criteria have been sampled to date, so we have not been able
to evaluate the utility of this particular sampling protocol.

3.3 Data Collection

3.3.1 Field data collection
Much of the data collected in the field was restricted to visual classification of such
environmental attributes as soil type, slope morphology, surficial materials, boundary
geometry, and stream class.  In order to streamline data collection, we did not collect data
on the actual number of trees windthrown or standing.  Instead, we made visual estimates
of the amount of windthrow present based on nominal classes of:  0, 1, 2, 5% and then
increasing increments of 5 or 10% for the first 25 m into a stand edge.  In small VR
groups and clusters, it proved most appropriate to count the number of standing and
windthrown trees.
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Similarly, we visually estimated the depth of penetration of windthrow into the stand
edge and the approximate primary and secondary orientations of windthrown trees in
each plot rather than the orientation of each individual tree.  We used a qualitative wind
exposure index, or ranking matrix (Appendix IV, Figure 1), to represent the vulnerability
of boundaries that are subject to winds from more than one direction.

Species composition and windthrow percentages were based on the merchantable stems
in a stand and were estimated visually.  Where appropriate, species composition estimates
were compared to forest cover information included on the logging plan map for the
block.

We also recorded any stand edge treatments that occurred along or within each sample
segment or sample area.

3.3.2 Office map work methodology
A number of procedures performed for each site were common to both field assessment
and air photo or map interpretation.  The office tasks took between 0.25 and
0.5 persondays per block including mapping work and data entry, depending on the
number of plots in a block.

First, the length of the plots for external block edges or the area of the plots when the
plots consisted of entire retention groups or patches was measured.  A histogram was
then developed using the windthrow orientations (azimuth) for each plot in the block, and
the two most numerous (dominant) windthrow orientations were determined.  The reverse
bearings (orientation direction in degrees - 180º) represent the estimated primary and
secondary wind directions for each block.  A protractor, ruler and transparency with
boundary exposure types outlined in degrees (Plate 1, Appendix I) were used to
determine the type of boundary exposure based on the two dominant wind directions.
The centre of the transparency was placed in the middle of the boundary edge orientated
so that the north arrow was perpendicular to the boundary edge.  A protractor was then
placed on top and orientated parallel to the north lines of the map, with the centre of the
protractor over the centre of the transparency.  The boundary exposure type was then
determined by the quadrant of the transparency that the wind direction passed into, after
it went through the boundary edge.

For each plot fetch type (Section 7.1 and Appendix IV) was tabulated and fetch distance
measured for plots that had windward or windward diagonal boundary exposures.  Fetch
type and distance were determined using the primary and secondary wind directions for
each block.   Fetch distance was arbitrarily set at zero for plots with lee, lee diagonal and
parallel boundary exposures.

Finally, the stand height upwind of the plot was tabulated using the stand heights
recorded for the plot upwind of the exposed boundary for each fetch direction.



- 7 -

3.3.3 Cost review for different survey intensities
One issue that needs to be evaluated is the cost of completing the windthrow surveys and
the amount of information that can be collected at what cost.  We compare the costs
incurred by a single crew that carried out windthrow surveys at three different levels of
detail.  In each case the crew walked the entire external boundary of each sample block in
the course of the survey.  The three survey levels include:

1. Full data collection as is currently done for all VR windthrow plots.

2. A re-survey of the amount of wind damage present in previously sampled plots after a
series of significant windstorms.

3. Limited data collection involving amount of wind damage and only three or four
other attributes for a pilot study of edge treatment efficacy.

The comparison does not include sampling of retained groups in the third survey, as data
for retained groups and patches was not carried out for that survey.

 Survey Level 1:  Full VR windthrow assessment plots
This estimate is based on sixteen, Port McNeill blocks sampled in 2002 plus eight West
Island (Walbran) blocks sampled in 2003.  External edges and retention areas were
sampled for a full array of site characteristics and variables.

The total length of boundary surveyed was 76,142 m, including 62,510 m of external
boundary and 13,142 m of retention based on 34 hectares of retention divided by an
average 25-meter plot width.  A total of 785 plots were sampled.

The total cost of field sampling including wages and expenses (truck, hotel and food)
plus GST was approximately $26,200.  The cost per 1,000 m of boundary was
approximately $344, and the cost per plot was approximately $33.

 Survey Level 2:  VR plot re-assessment survey
This survey involved a re-survey (February 2003) of 12 of 15 West Island blocks
originally sampled in the summer of 2002.  The external edges and retention area plots
(244 in total) were sampled again for percent windthrow, windthrow penetration and new
windthrow orientations.

The total length of boundary surveyed was 33,029 m, including 25,045 m of external
boundary and 7984 m of retention based on 19.96 hectares divided by an average 25-
meter plot width.  Total cost of field sampling including wages and expenses (truck, hotel
and food) plus GST was approximately $3,100.

The cost per 1000 m of boundary was approximately $94, and the cost per plot was
approximately $13.  This cost is approximately 25 to 40% of the full VR plot cost
depending on whether the cost is evaluated on the basis of metres of boundary surveyed
or cost per plot.
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 Survey Level 3:  Edge treatment pilot study
This estimate is based on 24 of 26 West Island blocks sampled in 2003 for percent
windthrow, windthrow penetration, environmental effects, stand height, boundary
orientation, and boundary-slope geometry class.  Only external edges and retained strips
were sampled in this survey (Rollerson, et al., 2003).

The total length of boundary surveyed  in the 24 blocks was 60,515 m.  The number of
plots sampled was 500.  Total cost of field sampling including wages and expenses
(truck, hotel and food) plus GST was approximately $10,500.  The cost per 1000 m of
boundary was approximately $173, and the cost per plot was approximately $21.

3.3.4 Discussion of costs for different survey intensities
The costs for each of the three survey levels is summarized in Table 3.3.4.

Table 3.3.4. Cost comparison for the three survey types.
Survey Level 1
VR Windthrow

Initial Assessment

Survey Level 2
VR Windthrow
Reassessment

Survey Level 3
Edge Treatment

Assessment
Level of data
collected High Minimal Low

Length of boundary
surveyed (m) 76,142 m 33,029 m 60,515 m

Number of plots
surveyed 785 244 500

Cost per 1000 m of
boundary $344 $94 $173

Cost per plot $33 $13 $21

The higher cost of the full VR plot survey compared to the reassessment survey and edge
treatment study reflects the large amount of data collected and the need to walk all falling
boundaries as well as all retention boundaries to collect the full complement of data.

The low cost of the re-sampling survey can be attributed to the low number of variables
collected and the proximity of the blocks to each other (most were in the Klanawa area).
As well, some of the plots were surveyed from the roadside; and, the boundary edge, and
therefore any new windthrown trees, were clearly visible.

The middle range cost of the edge treatment efficacy study can be attributed to the lower
number of variables collected compared to the full complement VR study and the slightly
higher surveying efficiencies resulting from only sampling the perimeter of the block and
retained strips but not the group and patch retention areas.  A limited number of the plots
were surveyed from roads or landings when the boundary edge; and therefore, any
windthrown trees were clearly visible, further reducing unit costs.  We would expect the
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unit cost for this survey level to increase slightly if retained groups and patches were
included in the sampling regime.

4.0 Database Development

Piet Terpstra of Zavenstar Canada Ltd. used Microsoft Access 97 Service Release-2 for
database programming.  The database provides for downloading of data from a hand-
held, Allegro field data logger (see Section 5.0).  Data can also be edited or entered
directly into the database at any time by authorized users.  The direct data entry/editing
facility allows editing or entry of data collected on paper field forms or data derived from
map or air photo interpretation in an office environment.

The database is designed to be set up on a network, and as such allows for various levels
of user access, ranging from read-only access to data entry and editing.  The database
structure is hierarchical.  The primary level in the database is the harvest unit (block)
within which sampling has occurred.  The second layer in the hierarchy is composed of
the sampled plots within each harvest unit.  A third layer in the database allows for
ongoing monitoring of selected plots to update changing conditions, primarily the amount
of windthrow and the distance windthrow has penetrated into adjacent stands or reserve
areas.  A separate section of the database contains contact information for the various
individuals involved in the project.  Digital images (e.g., photographs or maps) can be
inserted into the database, both at the block and plot levels.  A separate set of stream data
is retained at the plot level for those plots that encompass riparian reserves or
management zones.

The database is set up to facilitate filtering of the data using a series of primary variables
or parameters linked either to harvest unit or plot data fields.  These fields include block
name, Weyerhaeuser Timberland and operating area, date of data collection, watershed,
silvicultural system variant, and biogeoclimatic unit.  The filtering facility enables the
user to rapidly sort though the database and access as small or large a portion of the data
as is desired.

User-accessible reference tables are provided so that variable attributes can be easily
updated when new conditions are found in the field.

The database provides a default system for exporting selected data to an Excel file for
manipulation or secondary export to a statistical package for further analysis.

5.0 Data Logger Programming and Data Entry

Much of the data for the project is entered into a hand-held, Allegro field data logger
using a custom data entry program.  Programming for the hand held data logger for this
project was done by Jeff Sandford of Weyerhaeuser Company Ltd., BC Coastal Group,
Nanaimo Timberlands Services.
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The data logger allows for rapid and systematic entry of field data.  Data collected in the
field using the data logger is identified by way of shaded cells on the mock-up of the field
data form.  The data logger uses a custom data entry and data storage program.  Data
from the data logger is downloaded into a desktop computer at Nanaimo Timberlands
Services and exported to the network-based database for permanent storage and further
data entry or data editing.  A field data form and data coding documentation and an
outline of the data collected for the project can be found in Appendices IV and V

6.0 Study Areas for the Pilot Project

The pilot project was carried out in three widely separated geographic areas:

•  Weyerhaeuser’s Queen Charlotte Island operating unit (QCI).

•  The portion of the West Island operating unit (WI) that lies southeast of Alberni Inlet
and Barkley Sound on south western Vancouver Island.

•  The eastern portion of the Port McNeill Timberlands (PM) on northern Vancouver
Island and the North Island Timberlands (NI) on the central north coast of Vancouver
Island.

These areas are dissimilar from both an ecological and geomorphic point of view.

The sampling areas within the WI operating unit southeast of Alberni Inlet range from the
Very Dry Maritime Subzone (CWHxm) to the Southern Very Wet Hypermaritime
Variant of the Coastal Western Hemlock Zone (CWHvh1 - Table 3, Appendix II).  The
WI sampling areas in 2001 were located within moderately deep valleys within the
Vancouver Island Ranges in the west central part of Vancouver Island, whereas the
sampling areas for 2002 and 2003 were located along the coastal plain along the
southwest coast of Vancouver Island and on hillsides on the western flanks of the
Vancouver Island Ranges.  For the purposes of this report, the west central area is
referred to as West Island-Central (WI-C) and the western part of the operating area as
West Island-West (WI-W).

The NI sample areas are located in the mid reaches of the Tsitika watershed on the central
north coast of Vancouver Island.  The Tsitkia is a broad, deep, generally U-shaped glacial
valley located within the Northern Vancouver Island Ranges.  Elevations in the area
range from sea level to 1800 m (Mt. Cain).  The Tsitika blocks are located on moderately
sloping mid-slope areas.  The area is supports extensive stands of both old-growth and
second-growth conifer forests of the Coastal Western Hemlock Zone (CWH).  The NI
sites range from the Submontane Very Wet Maritime Variant (CWHvm1) to the Very
Dry Maritime Subzone (CWHxm).

The PM sample areas are located within the Nahwitti Lowland subdivision of the Hecate
Depression on Northern Vancouver Island.  The Nahwitti Lowland encompasses the
northern end of Vancouver Island north of a line drawn between Englewood and
Quatsino Sound.  It is an area of low, rounded hills and ridges within the Hecate
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Depression.  Elevations rarely exceed 600 m above sea level (a.s.l.) except for a few
isolated summits (Holland, 1976).  Most of area lies within the Submontane Very Wet
Maritime variant (CWHvm1) and the Southern Very Wet Hypermaritime variant
(CWHvh1) of the CWH.  Western hemlock, balsam and cedar dominate the forest cover
within the area.  There are large areas of second-growth plantations within the area as
well as extensive areas of uniform 80 to 90-year-old stands that developed after severe
wind events in the early part of the 20th century.  The PM area has a somewhat wetter and
cooler climate and generally stronger and more frequent winds than the WI and the NI.

The QCI unit is located within the Submontane Wet Hypermaritime Coastal Western
Hemlock Variant (CWHwh1).  This zone has a significantly wetter and cooler climate
and generally stronger winds than other coastal zones.  The QCI sample areas are located
on low to moderately high rounded hills and ridges within the Skidegate Plateau and low-
lying coastal plain areas within the Queen Charlotte Lowlands (Table 1).

The pilot study database now consists of total of 1640 plots:  112 in the NI, 464 in PM,
193 in the QCI, and 872 plots in the WI split between 226 in the west central part of
Vancouver Island (WI-C) and 646 closer to the West Coast (WI-W).  Locating the pilot
study in these widely separated areas allows us to evaluate the possible extremes of
windthrow that may be associated with VR silvicultural practices.

About 60% of the sample plots are located along external setting edges, 20% represent
small clusters and groups of trees, 8% are along the edges of  larger patches, and 12%
occur along strips of timber (Table 3).  A total of 110 km of external falling boundary
were sampled:  15 km in the QCI, 13 km in the WI-C operation, 46 km in the WI-W,
30 km in PM, and about 6 km in the NI operation (Table 5a).  The average plot length for
these external falling boundaries is 114 metres (Table 5a, Figure 1).  The average for the
NI is longest at 143 m, and the average length for the WI-C at 86 metres is the shortest.
Figure 1 displays the frequency distribution of plot lengths along external setting edges.

There were 120 plots along the edges of large, internal patches representing about 12 km
of patch edge (Table 5b and Figure 2).  These samples were merged with the external
edge samples for analysis.  The average length of patch edge sampled is 101 metres with
a minimum length of 30 metres and a maximum length of 310 metres.

The sample plots representing retained groups and small clusters of timber range in size
from 0.01 to 0.97 hectares and average 0.20 hectares (Table 5c and Figure 3).

The plots representing retained strips of timber and including the strata categories bulge,
peninsula, ribbon, and narrow and wide strips, ranged from 5 to 150 metres in width and
from 30 metres to 265 metres in length (Tables 5d and 5e; Figures 4 and 5).  The mean
width is 40 m, and the width ranges from 48 m in PM to 31 m in WI-C.

The sample population is dominated by plots from external setting edges and patch edges
(67%), followed by plots in retained groups and clusters (16% and 4%).  The remaining
plots are distributed along retained strips of timber, peninsulas and bulges of timber that
extend out into harvested areas from external setting edges.  Our observation is  that these
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narrow peninsulas and bulges tend to behave more like other retained strips or retained
patches than external setting edges or patch edges, so they were sampled as separate
strata and are included in the analysis of wind damage associated with other retained
strips.

Most of the sample blocks were logged within the last one to three years, so some of the
samples may substantially underestimate long-term trends in windthrow occurrence.  As
can be seen from Figures 6 and 7, those areas with less than two wind seasons appear to
have much less windthrow than older areas.  This finding is similar to trends in
windthrow over time in areas of dispersed retention, at the Roberts Creek Study Forest on
the Sechelt Peninsula (B. D’Anjou, pers. comm., 2003).  As a result of these trends, we
decided to only use those plots that have experienced at least two wind seasons for the
analysis of wind damage presented later in this report.  Comparison of Figures 8 and 9
indicates that exclusion of those plots that have experienced only limited exposure to
wind significantly reduces the number of plots with only minor amounts of windthrow
but does not substantively affect the remainder of the distribution.

7.0 Analysis of Pilot Project Data – Results and Discussion

Analysis of the pilot project data consisted of simple tabular and graphical analysis to
identify trends in the data and to evaluate the suitability of the data and database structure
for future analysis.  To obtain valid means for percent windthrow, plots of unequal length
and unequal area were weighted using length and area-based weighting factors.  The
nominal length used to develop the length-based weighting factor was 25 m, and the
nominal area to develop the area-based weighting factor was 0.1 ha.

We separated the area data (groups and clusters) from the edge data for the purposes of
analysis.  We also separated the edge data into general classes for ease of description and
because there appear to be distinct differences in the amount of wind damage among
different edge strata (Figures 10 and 11).

External boundaries and patch edges were analysed as a single, generalized strata as they
have only slightly different mean values for wind damage.  Narrow and wide retained
strips were combined together with ribbons, peninsulas and bulges as these strata have
similar geometric characteristics even though the range in windthrow distributions for
these strata is quite large (Figures 10 and 11).

All the results presented in this section are based only on the plots from those blocks that
have experienced at least two winter wind seasons unless otherwise noted.

7.1 Windthrow Relationships Along External and Patch Edges

A number of environmental variables or attributes were compared to the amount of
windthrow along external block edges and the edges of larger patches (i.e., retained
patches of timber larger than groups or clusters; see Appendix IV).  All the blocks in the
pilot project data set are variable retention blocks.  All these blocks contain groups and/or
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strips of trees and occasionally larger patches of retained trees.  A limited number contain
dispersed individual trees in addition to the patches, groups and strips.  As can be seen
from Figure 12, the amount of windthrow along these edges varies among Timberlands,
with NI having the highest values and PM the lowest.  The NI values represent a small
number of plots from only three blocks, so these likely do not provide a representative
picture of windthrow rates in NI.  In addition these areas were exposed to the December
2001 catastrophic windstorm that affected much of the NI area, so may not be
representative for this reason.

The average amount of windthrow along external block and patch edges was about 11%
(Table 6 and Figure 12).  The mean values range from 21% windthrow in NI to 5% in
PM.  As noted in Section 3.0, percent windthrow along edges is visually estimated for a
nominal zone that is 25 metres deep.  At the same time, the penetration of windthrow into
the stand is estimated as the distance to the last upturned root mass from the edge of the
setting or patch.  The average penetration distance is 8 m and ranges from a mean of six
metres in PM to 17 m in NI.  In all areas, wind damage in the form of stembreak and
leaning trees is minimal (Table 6).  As we noted above, the values for NI may not be
representative due to the strong wind event in 2001.

The amount of windthrow is positively correlated with the degree of exposure of the
edges of blocks and patches to storm winds.  Edges that are directly exposed to the wind
(windward and windward diagonal boundaries) suffer considerably more windthrow than
lee and parallel boundaries (Figure 13).  Windthrow ranges from about 5% on lee edges
to 14 to 15% on windward edges.  This relationship is similar for the wind exposure
index a simple ranking method that combines the exposure classes for the two dominant
wind directions in an area (see Appendix III).  What is interesting with the wind exposure
index is that we seem to get a slightly broader separation of windthrow amounts:  the plot
for boundary exposure provides a separation from 5 to 15% windthrow whereas the wind
exposure index gives a separation from about 5 to 25% windthrow.

Fetch is measured as the distance from the centre of a sampling strip on an external
boundary, patch edge or retained group of trees to the upwind external block boundary in
the direction of the primary and secondary windthrow orientations in a block.  Lee
boundaries and parallel boundary exposures were assigned a nominal fetch distance of
zero metres.  For purposes of analysis, the primary and secondary fetch distances were
combined to derive an “cumulative fetch distance” as a semi-quantitative way of
recognizing that wind forces may have been applied to a boundary by winds from more
than one direction.  To simplify data analysis and allow for the large variation in fetch
distances, cumulative fetch distances were combined into seven distance categories using
an automatic categorization routine in SPSS.  These categories have means ranging from
zero metres to 520 metres (Table 8).

Figure 15 presents the apparent relationship between cumulative fetch distance and
windthrow.  It appears that windthrow increases fairly consistently with increasing fetch
distance.  Windthrow increases from about 5% for cumulative fetch distances of less than
50 m to 15 to 20% at mean distances of 500 m.   These results may be confounded to
some degree by differences in the character of the fetch surface.  Inspection of Table 10
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suggests that there may be some relationship between cumulative fetch distance, certain
fetch categories and amount of windthrow, but the relationships are tenuous at best.  It is
striking, however, that the relationship between cumulative fetch distance and windthrow
rate appears so definite given the wide geographic distribution of the data sources.

The character of the fetch surface is described by the fetch category.  Fetch categories
vary from forest (standing timber) through groups or patches of timber, groups of timber
mixed with dispersed trees, dispersed trees and clearcut areas.  We would expect that
increasing tree cover in the area upwind of a boundary might shelter the boundary to
some degree.  Inspection of Figure 16 shows no obvious pattern between the degree of
windthrow and the character of the upwind fetch surface.  As would be expected,
boundaries with standing timber upwind (lee boundaries) have very low amounts of
windthrow.  It is likely that any relationship between windthrow and the character
specific retention types that occupy the upwind surface is obscured by the relationship
between windthrow and fetch distance described above.  If the comparison is generalized
(Figure 17), however, it appears that the presence of retention elements (groups, patches,
strips, etc.) results in about a 30% reduction in the amount of windthrow along external
and patch edges compared to clearcut-like situations (that is, there are no retention
elements occupying the upwind surface).  We caution that the number of clearcut-like
fetch samples is relatively small, and that this relationship was evaluated only for the
primary fetch direction.

There are only a limited number of sites in the pilot data set where edge treatments were
carried out to reduce the potential for windthrow along external boundaries.  There is no
clear pattern in the amount of windthrow associated with these treatments (Figure 18).  A
preliminary study of “leading edge” treatments in 26 cutblocks in WI showed a similar
result (Rollerson, et al., 2003).  The lack of any clear evidence of reduction of windthrow
with edge treatment is likely a function of the wide variety of sites in the database and so
a lack of comparable sites for comparisons between treated and untreated edges.
Filtering of the data so that only similar sites are compared could show more definite
trends.  It is likely, however, that systematic control versus treatment comparisons will be
necessary before a clear answer will be achieved.  The one existing study that does a
systematic comparison (Rowan, et al., 2001) shows about a 40% reduction in windthrow
with topping and pruning treatments.

Topography appears to exert some influence on the amount of windthrow.  Reference to
Figure 19 shows that coastal lowland areas and broad valleys tend to have lower amounts
of windthrow than hills and narrow valleys.  These results may be confounded by stand
height relationships.  Imperfectly to poorly drained coastal lowlands tend to have lower
stand heights than well-drained hills and ridges, so these results should not be interpreted
to mean that low-lying areas will necessarily have lower amounts of windthrow than
other topographic conditions if stand conditions are similar.

There are a number of stand characteristics that may be related to the amount of
windthrow experienced along external block boundaries.  These characteristics include
stand height, tree species, stand density and stand structure.
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Figure 20 shows a definite increase in the amount of windthrow along external
boundaries as stand height increases up to a height of about 35 metres.  Above 35 metres
there appears to be a decrease in the amount of windthrow.  At this time it is unclear if
this will be a consistent trend or if it reflects some anomaly in the data.

There appears to be some indication that dense stands and open stands are less prone to
windthrow than moderately dense stands, but the trends are not consistent among
Timberlands (Figure 20).  There is no consistent trend for stand structure.  In some areas
multi-storied stands are more prone to windthrow; but in other areas, uniform stands are
more vulnerable (Figure 21).  It may be that these factors vary with changes in stand
height, and so are overwhelmed by the effect of stand height on windthrow rates.

The current data does not show a clear relationship between rooting depth and
windthrow.  There is some indication (Figure 23) of higher windthrow rates at very
shallow and relatively deep rooting depths and lower levels of windthrow at intermediate
and very deep rooting depths.  Similarly, for soil type, there is no definitive relationship
with soil drainage conditions.

Figure 23 indicates significantly higher windthrow rates (200 to 300% higher) when
falling boundaries are located along gully edges rather than in other boundary-slope
geometry locations.  (See Appendix IV for a description of the boundary-slope geometry
categories used in this study.)

7.2. Windthrow Relationships in Retained Groups and Clusters

The average amount of windthrow in retained groups and clusters ranged from 10 to 39%
and averaged 28% overall (Table 7), compared to an overall average 11% along external
edges and the edges of larger patches.  This statistic is based on an estimate of the amount
of windthrow over the entire area of the retained group or cluster whereas the edge
estimate is of the amount of windthrow present in the first 25 m into a stand.  For
purposes of this analysis, we lumped groups and clusters (small groups) of trees together
and use the term “group” to refer to both groups and clusters of trees.  We used only plots
that had been in place for at least two wind seasons for this analysis.

There appears to be a strong trend of decreasing windthrow as group area increases from
less than 0.01 hectares up to 0.8 hectares.  Beyond this point, the trend is unclear. The
smaller sample size for the larger size classes is likely resulting in greater variability in
the data and masking the actual situation (Figure 25).  Certainly, the lower average
amounts of windthrow recorded along the edges of larger patches indicates a continuing
reduction in windthrow rates as group or patch size increases.

There is a definite increase in the amount of windthrow as cumulative fetch distance
increases up to a cumulative distance of about 250 m (Figure 26).  There were no obvious
differences in windthrow amounts associated with different generalized fetch types, but
this result may again be a function of the small sample size (Figure 27).
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There is an indication that pruning or pruning and topping, but not topping alone, are
resulting in a significant reduction in windthrow in retained groups (Figure 28).  The
relationship may be more apparent for retained groups of trees than for setting edges as
the factors controlling windthrow in isolated groups are not as complex as those acting
along setting edges.  For example, at least one side of a patch is always a windward edge,
whereas some external setting boundaries are rarely subject to strong winds.

Topographic location appears to influence the degree of windthrow in retained patches in
the same manner as for external boundaries (Figure 29).  Sites located in coastal lowlands
and broad valleys had less windthrow than those located in hilly terrain and narrow
valleys.

There may be a trend of increasing windthrow with increasing stand height for the
retained group samples, but the relationship is variable (Figure 30).  There seems to be a
definite trend of increasing windthrow as stands become less dense (Figure 31).  There
may be slightly less windthrow in uniform stands compared to multi-storied stands
(Figure 32).

There is a general trend of increasing windthrow as soil depth increases (Figure 33)
except for areas of very shallow rooting (≤20 cm) where windthrow rates are comparable
to those experienced in areas with deep rooting (80 to >100 cm).  There is no consistent
relationship apparent, however, with either soil type (Figure 34) or soil drainage class.

There is no obvious relationship between windthrow and boundary-slope geometry
(Figure 35).

There is some indication that the shape of retained groups may influence the degree of
windthrow.  More regular shapes appear to suffer less windthrow than less regular shapes
(Figure 36); however, this apparent relationship may also co-vary with plot area because
some of the more regular shapes are slightly larger than the less regular types.

7.3 Windthrow Relationships in Strips

The data set at the present time is relatively limited for retained strips of timber (102 plots
that have been in place for at least two winters).  These strips consist of strips of timber
developed as part of strip shelterwood cuts in QCI and PM, and riparian reserves and
strips left for other reasons.  There are about 20 strips developed as part of strip
shelterwood cuts within the sample population.  The average amount of windthrow in
retained strips was about 26% and ranged from 14 to 52% among the various operations.
As for external edges and groups, only the data from harvest areas older than two winter
wind seasons was analysed.

There is a quite noticeable decrease in the amount of windthrow as strip width increases,
from 40% windthrow for strips in the range of 15 to 20 m wide to 15% for strips greater
than 100 m wide (Figure 37).  There windthrow percentages along the edges of the wider
strips were comparable to those recorded along external and patch edges.
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The relationship between boundary exposure or the wind exposure index is more
complex than for external edges as winds from either side of a strip can influence the
amount and direction of windthrow in a strip, especially in narrower strips.  There is a
general trend of increasing windthrow as the exposure to wind increases (Figures 38 to
40).  Windward exposures and exposures with a higher wind exposure index tend to have
greater amounts of windthrow.

There is a general increase in windthrow as cumulative fetch distance increases, but the
trend is more variable than for external edges (Figure 41).  Again, this is likely in part a
function of the fact that wind often attacks retained strips from both sides.  There is a
quite obvious difference between areas where retention elements are present upwind of
the strip and when the upwind surface is relatively clear.  Areas where the upwind surface
is relatively clear tend to have almost twice as much windthrow as areas where there are a
number of retention elements present (Figure 42).  This finding is similar to that for
external and patch edges where the presence of retained timber on the upwind surface
appears to provide some shelter from the wind, resulting in lower windthrow rates.

As for external edges but unlike retained groups, there does not seem to be a strong
correspondence between edge treatments and windthrow rates (Figure 43).  As the
sample is small and highly variable, however, caution is advised in extrapolating these
results. There does not seem to be any obvious pattern in the relationship between general
topography and windthrow rates in retained strips (Figure 44).

There is a general but not entirely consistent trend of an increasing amount of windthrow
as average stand height increases (Figure 45).  There is an apparent decrease in the
amount of windthrow for average stand heights above about 40 m.  Closer inspection of
the data revealed, however, that the larger proportion of these plots occur in wide strips,
so the lower amounts of windthrow are as likely a function of increasing strip width as
increasing stand height.

There appears to be an increase in windthrow as stands become more open (Figure 46).
The reason for this is not clear.  Similarly, there appears to be less windthrow in uniform
stands that multi-storied stands (Figure 47).

There is a quite dramatic increase in windthrow rate with increases in rooting depth
(Figure 48).  Mean windthrow varies from about 15% for rooting depths less than 40 cm
to over 70% for areas with rooting depths greater than one meter.  This relationship is
much more pronounced than that observed for either external edges or retained groups,
but is similar to a relationship observed in an earlier study of riparian reserves on
northern Vancouver Island (Rollerson and McGourlick, 2001).  This finding is entirely
contrary to the conventional wisdom regarding rooting depth and windthrow.  We suspect
that deeper rooting is associated with taller trees; and, in the case of retained strips of
timber; height is the more significant factor influencing windthrow vulnerability.  Except
as their characteristics may control rooting depth, there is no obvious relationship
between windthrow rates and general soil type (Figure 49).
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There is only one obvious relationship between boundary-slope geometry and windthrow.
Strips of retained timber that are located along gully edges are two to three times as
vulnerable to windthrow as strips in other locations (Figure 50).

7.4 Windthrow Relationships in Areas of Dispersed Retention

The data set for areas of dispersed retention at this time is limited to 13 plots from two
blocks in the QCI that were surveyed in 2001.  These plots have an average of 16%
windthrow, and range from 0 to 60% stems windthrown.  No significant areas of
dispersed retention were found within the year 2002-2003 sample areas.  No analysis to
relate windthrow conditions to environmental attributes has been carried on the QCI data
at this time due to the small sample size.  Analysis of windthrow relationships in areas of
dispersed retention will be postponed until we have a larger data set.

7.5 Relative Comparison of Windthrow along Edges and in Groups

As we discuss at the beginning of this report, there is concern that VR silviculture
systems will result in more windthrow than would occur with clearcutting alone.  In order
to compare the amounts of windthrow along external block boundaries to windthrow
along patch edges and within retained groups of trees, we generated area-based data so
that we can compare relative amounts of windthrow in these different locations.

Windthrow percentages along external edges and patch edges are estimated within an
arbitrary 25-meter wide strip.  Multiplying this 25-meter distance by individual plot
lengths and then multiplying the product by the percent windthrow in the plot gives an
estimate of the cumulative area of windthrow within the plot in hectares (e.g., a 1,000-
meter long plot with 10% windthrow would represent 0.25 ha of windthrow).  By
summing all individual edge plot windthrow areas, we can estimate the cumulative area
of windthrow along external edges for all blocks sampled.   A similar approach using the
area of each individual group and the windthrow percentage in the group allows us to
estimate the cumulative area of windthrow in retained groups.

7.6 Windthrow Penetration

The distance windthrow penetrates into a stand edge can have significant consequences,
and data regarding penetration is important for some forest management decisions; for
example, for determining reasonable setbacks from gully escarpments and stream edges.
Depth of penetration tends to vary with percent windthrow.  Since the statistics on depth
of penetration can be biased by the size of retained groups and the width of retained strips
(that is, windthrow can penetrate to the far side of small groups or narrow strips), we
report only on penetration distances along external boundaries and the edges of larger
patches of retained timber.  Statistics on windthrow penetration for groups and strips are
presented in Tables 7 and 8.  These should be considered to be minimum values, but it is
interesting to note that the mean values of windthrow penetration for retained groups and
strips are higher than those for external and patch edges.  The mean value for external
and patch edges is 8 m compared to 17 m for groups and 15 m for strips.  Windthrow
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penetration along external and patch edges ranges from 0 to 60 metres (Figure 51), from
0 to 60 m in patches and from 0 to 40 m in retained strips; however, the distributions
patterns of windthrow penetration depths are quite different in these three types (Figures
51, 59 and 60).

There is an obvious increase in average penetration distance with changes in the primary
boundary exposure; lee boundaries tend to have very short penetration distances (6–
7 metres) whereas the penetration distances on windward boundaries are almost twice
that of lee boundaries (Figure 52).  There is also a general increase in penetration distance
as the wind exposure index increases, but the trend is not as uniform as for the primary
boundary exposure (Figure 53).

There appears to be a consistent increase in penetration distance with increases in
cumulative fetch distance (Figure 54) and windthrow penetration is greater when the
upwind surface is clear rather than when areas of retained timber are present (Figure 55).
These trends are very similar to the pattern for percent windthrow.

There is a strong trend of increasing penetration with increasing stand height (Figure 56)
up to a height of about 40 m, and then the penetration distances drop off.  There is no
obvious explanation for this pattern.  This pattern is very similar to the apparent
relationship between stand height and percent windthrow.

There is a general trend of increasing windthrow penetration as rooting depths increase,
but penetration is highest in areas of very shallow rooting and least in areas of very deep
rooting (Figure 57).  In some respects this pattern follows the pattern between stand
height and windthrow penetration distances.

There is no clear pattern in the degree of windthrow penetration with changes in
boundary slope geometry, but it does appear that the greatest depths of penetration occur
along gully edges and stream escarpments (Figure 58).

8.0 Air Photo Inventory Approach and Results

High-resolution (20 cm pixel) orthophotos generated from air photos in combination with
1:5000 operational cutblock maps and MrSID™ Geoviewer software were used in a
preliminary attempt to inventory windthrow within and along boundary edges of VR
cutblocks in the spring of 2002.  This information was reported in the 2002 progress
report, and is include here for the sake of completeness.

Based on our experience with this preliminary assessment, the following information can
be obtained from the orthophoto interpretation:

•  Stand density (dense, moderate or open) of the boundary edge and retention patches
based on the density of the remaining canopy cover.
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•  An estimate of percent windthrow per plot based on the counting of windthrown trees
and dividing by the total number of trees (i.e., windthrown trees plus standing trees
within patches/groups or in a 25-metre wide strip along external boundary edges).

•  Windthrow spatial pattern (i.e., the pattern of windthrow along/within a boundary or
leave area).

•  Windthrow orientation (i.e., the direction parallel to the stem taken from the roots
towards the top of the tree).

•  Boundary aspect (i.e., the direction perpendicular to and away from the stand
boundary) measured off a 1:5000 setting map or a hard copy of the air photo.

•  Boundary shape (i.e., concave or straight) and the boundary purpose (i.e., riparian,
terrain stability or visual).

•  Plot type (i.e., whether the plot is part of an external block edge, a patch edge or a
complete group).

•  Plot influence (i.e., the possible influence of adjacent areas on a plot, such as when
the plot is sheltered by an adjacent boundary or has a plantation or wetland adjacent
to it).

The advantages of an orthophoto inventory approach include:

•  Data collection time per site is approximately four times faster for an air photo survey
than for a complete field assessment (0.25–0.5 persondays per block compared with
1–2 persondays per block for a field assessment).

•  There is no travel time to and from each site and no truck use to account for, reducing
the time spent on and cost for each site.

•  There are no lost days to extreme weather conditions such as high winds which can
force field workers out of a site.

•  An air photo survey is safer; serious accidents are less likely to occur in the office
than in the field.

•  One can get a rough idea of how much windthrow has occurred in a large number of
blocks over a short period of time.

Disadvantages and limitations of the orthophoto inventory approach include:

•  High-resolution air photos are needed for each site.  There is a cost associated with
obtaining custom air photo images.

•  The Geoviewer software is hard on the observer’s eyes when used for extended
periods of time, as the observer needs to look intently to identify windthrown trees.

•  Windthrow can be hard to see on orthophotos especially where shadows are cast by
retained trees within the block and/or by the trees along the block boundary.
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•  The method often resulted in underestimation of the actual amount of windthrow that
had occurred at each site.  Windthrown trees are not easily visible through the canopy
of the retained patches or the external block boundary and may not be counted as part
of the total number of windthrown trees in each plot.  Windthrown trees may also be
missed if they have fallen in a group and are lying on top of each other.  As well,
windthrown trees can look like logging debris and so may not be counted as
windthrow, especially if the site is older and the foliage of the windthrown trees has
dropped.

•  Windthrow penetration is hard to determine on the orthophotos as windthrown trees
and their root masses are not easily visible through the tree canopy.

•  The air photo survey will not detect salvage operations that have occurred after
windthrow events.  This can usually be done on the ground.  As a result, salvaged
windthrow will not be identified and the true amount of windthrow will be
underestimated.

•  If there were windthrow control treatments such as the feathering of an edge, tree
topping or pruning, they will not be visible on the orthophoto and the effectiveness of
the treatment will not be assessed.

•  Broken stems and leaning trees cannot be identified; in certain circumstances these
may form a significant component of total wind damage.

•  Post-windthrow stand density estimates may not reflect original stand densities.

There was an opportunity to compare the data collection of the air photo interpretation
with the field assessment on Block 1709 in West Island Timberlands, Franklin River
Operation.  The main difference between the two surveys was in the length of the plots.
The orthophoto assessment reduced the number of plots from 51 with the field survey to
30 for the air photo survey.  This is one reason why the air photo survey is so much faster
than the field survey.  With the air photo survey, the plots were separated only when
significant changes in the orientation (aspect) of the falling boundary occurred (e.g., a 30º
change in boundary aspect).  The site characteristics that can not be determined from the
orthophotos including information on slope angle, terrain (surficial materials), slope
morphology, soils, soil drainage, forest type (species or height), and edge treatment
(feathered, thinned and/or topped etc.) were not used to separate the edges into different
plots.  This loss of detail in data collection results in less available information for study
or management of windthrow in future blocks in the same area or other areas with similar
features.

9.0 Summary Conclusions and Discussion

In this section we focus on the more obvious and definitive trends in the data.  We refer
the reader who is interested in some of the more obscure or variable trends to Section 7.0.
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As expected there are some regional differences in windthrow.  The average amount of
windthrow along external setting boundaries varied from an average of 5% on the PM
blocks to 21% in the NI blocks with an overall average of 11%.

There is a similar regional trend with windthrow in retained groups.  The average
windthrow in retained groups is 10% in the PM area and 39% in the QCI, with an overall
average of 28%.  Overall, retained groups appear to be more vulnerable to windthrow
than external setting edges.

For strips of timber, a similar pattern is evident.  Mean windthrow rates range from 14%
in PM to 52% in WI-W.  The overall mean windthrow rate in strips is 26%.

There is a fairly obvious and not surprising trend in the data indicating that windward
edges are more vulnerable to windthrow than other boundary exposures.  This finding
suggests that it will be important to identify likely windward boundaries and concentrate
windthrow control strategies in these areas, especially in high-risk situations (i.e., areas
where the consequences of windthrow may be severe).

There appears to be a trend of increasing windthrow with increasing fetch distances along
external and patch edges as well as the edges of retained strips; this effect may diminish
at greater distances.  The character of the fetch surface may affect the amount of
windthrow.  Boundaries downwind of areas of retention appear to have lower rates of
windthrow than areas where the upwind surface is clear of obstructions.  There is no clear
trend with retained groups.

There is some indication that pruning or topping and pruning treatments reduce the
amount of windthrow in patches; but, as the data set for these treatments is small, this
conclusion should be considered tentative.  Where utilized, these treatments should focus
on windward boundaries.  Occasionally these treatments occurred on lee edges, so
treatment was likely unnecessary.  There is no clear pattern for external edges and larger
patch edges.  Feathered and pruned edges along strips may have slightly less windthrow
than untreated edges.

There may be some relationship between topographic location and the amount of
windthrow.  Topographically exposed locations tend to experience more windthrow.

For both external and patch edges, strip edges and retained groups, the amount of
windthrow tends to increase with increases in the average stand height.  This finding
suggests that where possible preferential selection of shorter stands for retained groups or
windward external edges and strips will help reduce the potential for windthrow.

There is a moderately strong trend of decreasing amounts of windthrow as the size of the
retained group increases.   This phenomena, may overwhelm the influence of other
factors and may explain why we see some differences in the trends between external
edges and retained groups.  This decrease in windthrow with increasing group size
corresponds to a general trend of decreasing windthrow with increasing strip width.  A
similar relationship was found with riparian strip widths in a recent study of windthrow
on Northern Vancouver Island (Rollerson and McGourlick, 2001).  It also corresponds
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with findings of an inverse relationship between patch size and windthrow found in
several other recent studies in British Columbia.  These results suggest that retaining
larger groups should decrease the amount of windthrow associated with VR silvicultural
practices.

We have the general impression from our anecdotal observations of windthrow in
retained groups in a variety of areas that windthrow tends to be concentrated along the
windward sides of these groups.  This finding suggests that in high-risk situations, limited
removal of more vulnerable stems or topping and pruning along the windward edges of
retained groups may reduce windthrow.

The distance that windthrow penetrates into an external stand edge tends to be affected by
some of the same variables as percent windthrow and tends to increase as the percent of
the stand windthrown increases.  Our limited analysis indicates that penetration varies
with changes in boundary exposure.  Penetration distances are less on lee boundaries
compared to windward boundaries.  A similar relationship is seen with  fetch distance.

Further investigation of any geometric relationship between boundary exposure and other
factors and cumulative fetch distance will be important.  An obvious initial response to
the apparent relationship between fetch distance and windthrow severity is to suggest that
smaller openings will reduce fetch distance and so reduce windthrow severity.  If the
relationship is simply a function of a geometric correlation with other factors, however,
the assumption that reducing fetch distance will reduce windthrow could be flawed.

Based on the comparison of the sampling costs incurred both in this study (i.e., the VR
pilot study) and the pilot edge treatment efficacy study (Rollerson, et al., 2003), it would
seem reasonable to try to reduce the amount of data collected and the data collection
costs to some degree.  Our experience with the edge treatment pilot study was that the
suite of variables collected was not sufficient to help explain all the variance in the study
results, and a selected set of additional variables that characterized the sites would have
been helpful.  Conversely, our analysis to date of the larger array of VR data has not used
all the types of data collected, nor have all the variables tested had a clear link to wind
damage. Careful review of the data collected and used for the analysis should lead to a
reduction in the number of variables for which data is collected and a commensurate
reduction in costs.  As is noted in the Recommendations, however, focusing sampling on
areas that have experienced two or more wind seasons will reduce the necessity of re-
sampling and so keep costs at a reasonable level, as will a more focused set of objectives
and finer-tuned selection of sampling sites that tries to reduce variability between sites
within a given geographic region.  In our view, if the initial field sampling costs can be
reduced to $30/plot or slightly less with a slightly smaller set of variables, then these
costs are reasonable for the quality and utility of the data captured.

10.0 Recommendations for Future Monitoring

The current sampling approach tends to result in a large number of plots along external
block boundaries but a smaller number of samples for internal strip edges or retained
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groups of trees.  It would be useful to obtain a larger strip and group data set more
quickly, to facilitate assessment of the effect of such factors as group size and stand
characteristics on windthrow severity in patches and groups.  The easiest way to do that is
to reduce the number of blocks where edges are sampled and to include an equal or larger
number of blocks where only patches and groups are sampled.  Larger, internal patches
should continue to be included in the sampling program for strips and groups.

The difficulty in accurately estimating types and amount of windthrow damage
significantly reduces the utility of using orthophotos as a tool for windthrow monitoring.
These photos may be useful for identifying large patches of severe windthrow.  It is less
cleat that they will be useful for the finer estimates demanded by this monitoring project.
We would suggest that orthophotos or regular air photos and setting maps be used in
preliminary plot stratification to help reduce the total number of plots sampled but a re-
evaluation of these large scale air photos be done when they can be obtained for VR
blocks that are at least three years old.

Separating plots only when significant changes in the orientation (aspect) of the falling
boundary occurs, will reduce the number of plots at each site.  This should make the field
data collection quicker and increase the number of blocks surveyed over a given time
period.

One way to improve the efficiency of the field data collection would be to have only one
or two designated field crews carry out all windthrow monitoring.  A significant amount
of time can be consumed in teaching new crews how to collect the data.  With one or two
designated field crews, the data would be collected more efficiently and more
consistently.

One type of data that was not collected during the initial year of the pilot study was to
describe whether or not the windthrow in retained groups was occurring uniformly
throughout each group or if it is generally concentrated on windward edges.  This
information should be collected as it may assist in the management of retained groups,
especially for crown or edge modification treatments.  If windthrow is occurring on
windward edges, specific action could be taken along those edges to reduce the potential
for windthrow.

We often find anecdotal observations when carried out systematically and carefully
documented by an experienced individual(s) can be a very efficient way to identify
significant trends in local or regional areas.  The section in the progress report for 2001
(Rollerson, et al., 2002) describing the catastrophic windthrow event in Weyerhaeuser’s
North Island Operating Unit is a good example of this approach, as is our frequent
observation that the windward edges of retained groups appear to be more vulnerable to
windthrow.  A certain amount of time should be allocated each year to anecdotal surveys
rather than dedicating all available resources to the more systematic plot surveys.
Interpretations and recommendations based on rapid but careful and systematic field
observations balanced with past experience can be an effective and efficient way to
practice adaptive management as well as directing changes in more intensive monitoring
efforts.
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Give serious consideration to developing several embedded studies within the overall
monitoring strategy that address specific concerns or that can be used to refine
preliminary observations.  Three areas that would benefit from focused study are riparian
buffer strips and/or buffer strips along gullies, the effect of increasing patch size or buffer
width on windthrow potential, and edge treatments.  In these embedded studies, total
counts of standing and windthrown trees may be more appropriate than visual estimates
of percent windthrow.  Similarly, for riparian and gully buffers and other “higher risk”
boundaries the evaluation of the percent windthrow should be done for the full depth of
the zone of windthrow penetration as well as for the first 25 m beyond the falling
boundary.

Given the high degree of variability induced in the data set by the wide range of
geographic and environmental conditions within the Weyerhaeuser land base, we
recommend that the synoptic surveys of amount of windthrow be restricted to a simple
tabulation of windthrow percentages and a more limited restricted set of environmental
variables.  The high degree of variability in the data set means that the detection of
specific influences such as fetch type and distance, patch size and strip width can be
difficult.  We think that the influence of these specific factors will be more successfully
evaluated within a more restricted range of environmental conditions.  Restricting the
synoptic surveys to a more limited set of data will speed up data collection to some
degree.

In some situations, the simple tabulation of percent windthrow could be facilitated by the
use of 1:5,000 scale aerial photography, taken of selected blocks, three to four years after
harvesting.  Similarly, we recommend that except where there is a desire to monitor
trends in windthrow accumulation with time, that the synoptic surveys (ground or air
photo) be restricted to blocks that are at least three years old (i.e., three years since
completion of falling).  The pilot study blocks sampled before three winter seasons had
elapsed after falling should be re-sampled when three winter wind seasons have passed.

Some emphasis should be placed during 2003–2004 on finding and sampling
representative areas of dispersed retention (if such exist) so that the effects of wind on
these areas can be documented and evaluated.  As for the other VR areas, we recommend
that sampling be on sites that have experienced at least two, and preferably at least three,
winter wind seasons.
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