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1. Introduction

Stand leve growth and yield (G& YY) information is used extengively in forest management for
planning (timber supply, habitat, biodiversty, land use), inventory (assgning volumes and
updates) and slviculture (prescriptions and strategies). In BC, severa agencies and companies
are actively collecting data and developing growth and yield models.

The FPC recognized the need for an integrated approach to forest productivity issues and
established working groups to provide coordination within focus areas, aswell asto provide
integration across these areas. The following working groups have been established to date:

«  Site Productivity Working Group (SPWG)
« Stand Level Working Group (SLWG)
e Biodiversty /Habitat Working Group (BWG)

The Stand Level Working Group’s (SLWG) mandate is to coordinate the collection of stand
level data and the development of predictive tools that provide the means to accurately estimate
the growth and yield of any forest stand in British Columbia (BC). In pursuit of the mandate the
SLWGiisto:

facilitate communication within BC's G&Y community;

produce and maintain various stand level G& Y standards;

day abreadt of dl stand level G&Y activities in the province;

encourage G& Y linkages to non-timber values such asforest hedlth;
assemble and prioritize client needs and knowledge gaps,

reconcile client needs with gtrategic direction from the FPC,;

identify priority project areas and occasiondly recommend specific projects;
track and recommend provincia (sector-wide) resourcing levels,

ensure appropriate peer review processes are utilized;

maintain and annualy update a five-year drategic plan; and

report annualy to the FPC on the state of stand leved activitiesin the province.

In addition, under direction from the FPC, the SLWG may:

undertake technical reviews and evauations;

identify, recommend, develop and/or gpprove technica details for new stand level data
collection, analysis and model development projects;

discuss and seek resolution on relevant technica issues; and

prepare special reports and documents.
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Unlike FPC's Site Productivity Working Group, the SLWG does not directly solicit, administer
or digribute large-scae project funding. Expenditures by, or on behaf of the SLWG relate to
committee maintenance, Specid report commissons and an annud technicd community
workshop.

In this report to the FPC, the SLWG documents:. (1) user needs and information gaps, (2)
drategic gods and rationale; and (3) annud resourcing recommendations by activity. Also
included are recent activities and accomplishments of the SLWG (Appendix 1) and SLWG's
recommendations for specific Ministry of Forests (MOF) growth and yield program activities
for 2001-02 (Appendix I1).

2. User Needs and Information Gaps

2.1 Common Needs

The unique size and character of BC' s forest resource and the current direction of forest
management in BC, dl point to the ongoing need for both natural- and managed- stand G& Y
information. Complex stand conditions are a natural feature of many BC forest types. The
growing emphasis on partid cutting for both biologica and socid reasons further increases our
need for G&Y information in complex stands. Although broadleaf species are an important
component of many complex stands, they are currently absent from many G&Y modeds.

Exiging tools are generaly adequate for sngle-species, even-aged stands from free-to-grow to
goproximately biologica rotation (culmination of mean annud increment). However, models
need to be strengthened for young trees (regeneration and establishment), old trees (old-growth
cregtion and retention), complex stands (variable retention, mixed-wood and uneven-age
gands) and intengve dlviculturd trestments. Complex stand modds are currently under active
development in southeast and northeast BC and need further improvement and testing.
Geographic gaps, particularly in the centra interior and coadt, till need to be addressed.

Current best-avallable information needs to be identified to temporarily fill information gaps.
Similarly, we need a better understanding of what condtitutes sufficient resolution for particular
uses. For example, the trend toward use of individud-tree (tree-list) models for complex stands
will necessitate development of tree-list generation techniquesto link with limited photo- based
inventory attributes. Degpite the attraction of using tree-lis models within forest level andyses,
the tradeoffs between mode resolution vs. outcome sengitivity should be continually examined.
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2.2 Inventory Needs

The provincia forest inventory isin agradud trangtion to the new BC Vegetation Resource
Inventory (VRI ) and Nationa Forest Inventory (NFI) protocols.  During thistrangtion, over at
least the next ten years, we need to maintain G&Y tools to support both the old and new
systems. The VRI will continue to require volume predictions from photo attributes. The
accompanying increase in ground sampling will provide a supplementd direct source of volume
esimates. Emerging technologies for improving the remote sensing of mensurationa data need
to be constantly monitored and incorporated when appropriate.

Projection tools will till be required to annudly update (grow) the inventories between re-
inventories every five to ten years (as much as 30 yearsin some cases). G&Y concerns over
this short timeframe do not include long-term processes such as species dynamics.

2.3 Silviculture Needs

Large-scde siviculturd investmentsin BC are being driven by expected increases in timber
supply and other resource vaues. This underscores the need for G& Y tools that reflect our
best estimates of trestment response in order to maximize return on investment and avoid
inadvertent degrading of future resource vaues. Wood qudity and product merchandizing (sze
class didributions) are being recognized as important dimensons to siviculturd invesment
decisons and need to bereflected in G& Y estimates, dong with volume, to obtain acomplete
picture of timber vaue and return on investment.

Enhanced G& Y linkages to habitat, biodiversity indicators and forest hedth are needed to
strengthen prescriptive abilitiesin these areas. Consequently, the need for projections of stand
structure attributes (tree size and/or spatia distribution) has increased the interest in individua-
tree modelling. Despite the direct effects on timber yields, forest hedth impacts remain the most
neglected.

24  Forestand Landscape Level Planning Needs

The provincid forest inventory will likely remain the primary foundation for forest level planning,
including timber supply. The timber supply planning process requires yied curves that project
gtand volumes in excess of 200 years. Over thistimeframe, G& Y issues around stand
replacement, mortality and species dynamics become critically important.

Traditionaly, forest level planning referred primarily to timber supply planning. Other types of
forest leve planning are aso becoming important, both publicly and corporately. At the
corporate level, wood products mills are increasingly interested in expressing harvest flow in
terms of product merchandizing (grade and size class didtribution). This represents another
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goplication areafor linking tree-lists or Sze-class digtributions to inventories via tree-list
generation and projection.

In addition to volume projections, timber supply is sengtive to anumber of other factors thet are
currently linked in someway to G& Y. Theseinclude greenup, adjacency, habitat supply,
biodiversty and forest hedlth. Aswith slviculture, these G& Y linkages need to be improved.

Better linkages need to be forged between stand leve siviculture and forest level andysesto
fully redlize the bendfits of drategic slviculturd investments. Tools used for stand level
prescriptions need to agree with tools used in timber supply anaysis and vice versa. Public
planning tables, such as Land and Resource Management Plans (LRMPs), can aso benefit from
G&Y reated information, including stand and landscape visudization tools.

3.  Strategic Goals

Asardativey young discipling, G& Y initidly focused on the less demanding task of
understanding and predicting smplified systems such as hedlthy, sngle-species, even-aged
gands. Coincidentaly, forest management practices initialy developed dong those same lines,
probably for smilar reasons. The current paradigm shift in forest management toward managing
for diversity and complexity is accelerating the demand for knowledge and models that address
complex stand conditions. Clearly, there isroom for better identification of best-available
information in areas where data or models are currently inadequeate.

Goal Area 1 — Strateqy: Strategic planning

Strategic planning provides the rationde and priorities for resourcing and conducting activitiesin
the other four god areas. Strategic plans are living documents that need to be regularly revised
based on knowledge of the changing environments affecting G& Y and feedback from users and
resource monitoring. Strategic planning makes up alarge part of the SLWG's mandate.
SLWG plans are intended to provide guidance at the organizationa and program levels.

This plan specificdly identifies the god areas where the SLWG currently fedls srategic planning
should be a priority at the program level.

Goal Area 2 — Standard Data: Building and maintaining a G&Y data legacy
for our future

Standard data refers to multi- purpose data collected to established standards for generad model
cdibration and vdidation. Some collection of non-standard, sngle-use datais also expected
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within individua moddling and biology projects. However, the SLWG encourages mullti-
purpose data collection designs where practical.

Modes and data function best together when they are designed to serve the same needs. The
FPC supports the need for the integrated planning of data collection and modelling. The SLWG
has ddliberately st for itself awide and comprehensive scope that includes both these aress.

In G& Y, the only thing that is scarcer and more vauable than datais older data. British
Columbiaisfortunate to dready have alarge G&Y datalegacy to build upon. BC'sG&Y data
legacy goes back more than 75 years and is made up of temporary sample plots (TSPs),
permanent sample plots (PSPs) and experimentd plots (EPs). Traditionally, data collection has
focused on model building needs. The scope of data collection has recently expanded to
include the monitoring of model predictions at both the forest and stand levels.

Goal 2a: Develop a comprehensive, rationalized G&Y data master plan by 2002. Scope to
include data for model calibration, validation and monitoring.

The SLWG' sdata dtrategy cdls for the development of are-rationalized, integrated data
system, using amix of PSPs, TSPs and EPs, to address the entire spectrum of G&Y needs
including: inventory, slviculture, planning, cdibration, monitoring, Smple stands, complex stands,
managed stands and natura stands. In addition, the SLWG will continue to facilitate the
development and maintenance of data standards to facilitate the collection and sharing of data.

Given fiscdl redlities, we need to strike a baance between our new data needs and preserving
vauable portions of our legacy data. Long-term datawill become even more vauable aswe
begin to mode long-term processes like species succession, long-term Site productivity and
climate change. We will dso continue initia development and testing of complex modeson
datafrom smpler systems.

Goal 2b: Ongoing establishment, remeasurement, and data management of subjectively
located PSPs for model calibration.

Although PSP isageneric term, in BC it is currently associated primarily with the extensive
Growth Naturd Program developed and managed by the MOF in conjunction with the FPC.
Thereisan ongoing need for smilar subjectively located PSPs, dbeit over awider range of
gtand conditions, for modd cdibration. The origina matrix for the Growth Natural PSP
Program targets smple stand conditions. Fortunatdly, this was not drictly enforced and afair
amount of complex stand data dready exids.

British Columbia s PSP legacy in naturd stands will continue to be valuable despite the
increasing emphasis on managed sands—the basic principles of tree growth remain the same.
It will also take decades to grow arobust managed stand database. 1n the meantime, we will
continue to rely on data from natura stands as a surrogate, especialy in older age classes.
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Findly, the Chief Forester is currently espousing avison for BC forestry emphasizing natura
forest management. We need to preserve our options since the future is il uncertain.

The exiging Growth Natural PSP Program should be maintained while awaiting devel opment of
the new data magter plan, dthough new establishment should focus on complex stands
(including broadleaf and mixedwood stands) and other grossy under-sampled stand types.

Goal 2c: Ongoing establishment, remeasurement and data management of randomly
located PSPs for monitoring G&Y predictions against actual landbase performance.

The SLWG recogni zes the need for both subjectively and randomly located PSPsin a
comprehensve G& Y data master plan. Forest managers are pressing for better linkages
between G&Y modds, the landbase and sustainable forest management. Recognizing the
limitations of our current knowledge base, an adaptive management approach is being adopted
that includes an emphasson G&Y monitoring. Monitoring data must come from a
representative (e.g., random) sample of the landbase in order to provide feedback on the quality
of our G&Y predictions in the context of operationd forest management.

Goal 2d: Ongoing establishment, remeasurement, data management and analysis of EPs for
quantifying silvicultural response and stand dynamics.

Quantifying G&Y differences between management dternatives or stand characteristics requires
datidicaly rigorous experimenta designs that enable us to identify meaningful differences against
the background of netura variability found in biological sysems. Because EPsrequire alarger
investment per ingalation than PSPs, they necessarily must be used more sparingly and with
more forethought and planning. EPs have dways played an important role in the caibration and
vaidation of dlviculturd response models. Well-designed EPs focusing on stand dynamics may
even provide a cost- effective way to reduce the numbers of PSPs needed in complex stands by
contributing more process knowledge to traditiona empirica modelling approaches. Our
highest priorities for new ingdlations in this area should be well-designed experiments that will
quantify the important e ements of complex stand dynamics (God Area 3), including forest
hedlth interactions (God 3c).

Goal 2e: Establishment and data management for various types of TSPs including
retrospective growth measurements, both destructive and non-destructive.

TSP isanother generic term that is currently associated primarily with the volume sampling plots
inddled as part of the old MOF inventory. In abroader context, currently active TSP sampling
programs in BC aso include the regeneration plots for PrognossBC and others. TSPs should
be considered in the development of the master data plan.
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Goal 2f: The SLWG will oversee the establishment and maintenance of data collection and
data management standards for all standard plots types recognized in the data collection
master plan.

Data standards have aways been a priority for the FPC. Standards for data collection and
management help ensure the data are consstent and can be easily shared acrossthe G& Y
community. On apriority bass, the SLWG will establish standards and/or guidelines for data
collection, database modds, sample sdection and plot protection.

Goal Area 3 —Modelling: Building and maintaining a diverse suite of
models to address the full range of user needs and forest conditions
in BC.

No one G&Y mode will meet dl our needs. Different modes are needed to meet different
needs at different resolutions and scales. BC's growth and yield program needs to cover a
wide spectrum from inventory update to forest management sustainability over multiple rotations
and the potential impacts of climate change.

The SLWG's strategy encourages modd diversity to enhance the potentid for innovation and to
provide for mutud risk balance. We lack sufficient long-term experience to judge the strengths
and weaknesses of various types of modes, nor can we jugtify a preference for just one type of
modd. Diversty in funding sources, along with the people and organizations involved, will dso
help balance risks.

Mode diversity carries with it the need for grester emphasis on vaidation and monitoring. This
information provides users and organizations with the information they need to make more
informed decisions regarding mode selection and investments.

The SLWG' s strategy encourages modd diversity but also encourages shared systems where
practical. Examples might include common interfaces and shared components such as taper
equations, site productivity models, smal tree modds and shared data. The SLWG will take an
active role in facilitating sharing and cross-fertilization within and between the user and
development communities.

Goal 3a: Enhanced modelling capability for complex stands.

Thisis perhgps G&Y’s most widely recognized need today. Although alot of work aready
exigs, alot more work is needed to meet the growing needs. The sheer magnitude and
complexity of the issue means it may require some new perspectives on the problemsto arrive
a innovative solutions within a reasonable timeframe and budget.

Long-term projections are dill largely an extrapolation of existing deta. Biologicd redism
becomes even more difficult to maintain because of the subtleties of species succession and
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other complex stand processes. Given the risks and uncertainties, it is perhaps the place where
we need to encourage the most modd diversity. Empirica, mechanistic and process driven
modelling approaches will dl have contributions to make at different resolutions and scales.

It is aso important to recognize that advancements in complex stand modeling have built on
foundations from smple stand modelling, both in terms of biologica understanding and
modelling techniques. Although broadleaf species are an important part of many complex
stands (biologically and economicaly), few models currently address broadleaf speciesevenin
pure stand conditions.

Goal 3b: Enhanced modelling capability in young and old stands of all types.

Regeneration and mortdity—the birth and death of a tree—have dways been the most difficult
G&Y componentsto mode given their probabilistic nature. Quantifying these componentsis
especidly important for complex stands since these components drive stand replacement,
gpecies successon and, ultimately, long-term yields. Green-up, free-to-grow and retention
drategies are making the growth of young and old trees an increasingly important aspect of
G&Y. Naturd regeneration establishment and the impact of competing vegetation on young
tree growth are absent in most existing G& Y models. Astrees age, the increasing importance
of externd growthmodifying factors such asinsects, disease and westher damage, has dso
been largdly overlooked in G& Y modelling, largely because of the complexity.

Goal 3c: Enhanced modelling of G&Y forest health interactions.

Meaningful invesment andyss of forest hedlth mitigation practices requires the ability to predict
the G&Y impacts of various forest health conditions and related treatment effects. New
dlvicultura systems and gtrategies, such as varigble retention, may have forest hedth
implications that we are currently unable to quantify. Traditiona forest hedth studies need to be
supplemented with stronger G& Y connections so that G&Y models can be improved.

Goal 3d: Maintenance and enhancement of existing models to keep pace with evolving user
needs and technologies.

The SLWG recognizes that well-established models dtill need a maintenance and support
infrastructure to ensure they continue to meet user needs. Even though further development of
smple stand modds is currently alower priority, resources need to be available to support their
continued application. New application delivery technology should be adopted whenever it can
improve the accessibility and utility of existing models (e.g., Internet interfaces).
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Goal Area 4-Biology: Advancing our understanding of the biological
principles driving stand dynamics through focused investigative
studies.

With the growing emphasis on complex stands, it has never been more imperdtive that we
continue to encourage stand development research. Our models are increasingly being asked to
project stland conditions that result from new and innovative sivicultura practices—practices for
which we have no operationd data to support direct empirical modelling. The segregation
between process and empirica modesis gradualy disappearing as we strive for both biologica
and quantitative realism to better address complexity. Research ingtdlations are expensive
necessities that must be well planned in order to redize the intended long-term benefits at a
reasonable codt. In addition to the standard silvicultura response experiments, some unique
ingdlations are adso needed to help us understand the basic stand development principles for
various stand structures and conditions.

Goal Area 5 — Extension: Promoting education and communication.

In order to meet the challenges ahead, G& Y needs more informed users and alarger, well-
networked development community. Traditional classroom training, through post- secondary
indtitutions and continuing education providers, can only be one piece of the puzzle dueto
limited access. We need to develop and support information technology that providestimey
and relevant information to practicing professionas at their places of work. We must aso
redize that encouraging diversity in the development community will further fragment
information. The extension partnerships currently forming around the province should be
encouraged as a partid solution to thisdilemma. In their role asinformation clearinghouses, the
partnerships can facilitate syntheses and linkages to help users locate and tap directly into
diverse information sources.

The SLWG' s strategy encourages communication and education throughout the G& Y
community. The SLWG will take an active role itsdf by maintaining an Internet discusson
forum, awebsite and hosting an annua workshop to encourage constructive communication
among developers and users around timely G& Y issues.
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4.  Resourcing the Strategic Goals

The following chart indicates gpproximeate, relative resourcing levelsthe SLWG feds are
necessary to redize and maintain awell-balanced, provincid stand level growth and yield
program. Thefive categoriesin this chart refer to the five main god areas enumerated in the

previous section.

Extension Strategy
8%

Biology
20%

Modelling
25%

Standard Data

Stand Level Working Group Strategic Plan 2001-02

Page 10



APPENDIX |
SLWG Accomplishments

The SLWG was formed in May 1999. Thefisca year 1999/2000 was itsfirst year of
operation. By the end of fiscal 2000/2001, the SLWG will have:

provided recommendations to the FPC on project areas based on needs and the FPC
priorities;
through members work and contracts administered by MOF, will have summarized
background on:

PSP measurements and standards outside of BC;

patidly inventoried the current G& Y sampling programsin BC,;

gpproaches to smdl tree modeling; and

matrix of BC growth and yield modd ahilities,
organized a Complex Stand Model ling Workshop to provide direction for developing
complex stand tools, and
established a Growth & Yidd list server.

The following table provides a summary of projects completed or initiated during 1999/2000.

Tablel. Expendituresby or initiated by the SLWG for 1999-2000

Project Overview Funding
Source
General
Terms of Reference The SLWG created reference documents on
the role and direction of the SLWG in 1999.
These were reviewed in May 2000 and no
changes were recommended.
Recommendations to FPC The SLWG provided recommendations to the
FPC in September 1999 and March 2000
about immediate stand level G&Y needs
recognized by SLWG members.
Data Collection, Standards, and
Maintenance
PSP measurements Review of current permanent sample plot MOF RIB
outside of BC methods used across Canada and selected
locations worldwide. The document is posted
on the FPC website.
Partial summary of current Partial summary of current BC sampling MOF RIB
G&Y sampling programs programs that collect G&Y data. The
in BC document is posted on the FPC web page.

Communication
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Funding

Project Overview
Source
Awareness of SLWG Information about the formation of the SLWG
was placed on several distribution lists (e.g.,
RIC Fast Fax).
Website presence Information on the SLWG and other
background information is present on the FPC
website.
Stand Modelling
Complex Stand Modelling The SLWG hosted a workshop on February MOF RIB
Workshop 28-29, 2000 with developers of G&Y models through
used in BC. A summary note is posted on the  MOF
FPC website. executive
Matrix of BC G&Y models The SLWG prepared a draft matrix of the
abilities of G&Y models in BC to address
identified needs. The draft matrix and a
summary note are posted on the FPC website.
Small tree modelling At the encouragement of the SLWG, MOF MOF RIB
contracted a review of small tree needs of
existing BC G&Y models and a literature
review of current modelling approaches. The
paper will be posted on the FPC website.
Documentation/Extension
G&Y list server The SLWG established a discussion list MOF

on BC G&Y issues for the BC G&Y community. maintained
Currently, the list has about 80 members.

Forest Health SLWG has proposed hosting a forest health
G&Y modelling workshop for winter 2001.
Logistics and funding are being sought.
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APPENDIX I
SLWG Recommendations to the Ministry of Forests
for 2001-02

Strategy
Adopt a gtrategic foundation for the G&Y program.
Implement FPC, SLWG and GY PCC drategic plans.

Standard Data

PSP program

- initiate atwo-year re-rationdization and possible redesign of the PSP program in the
broader context of emerging prioritieswith G& Y including complex stand modelling,
monitoring, etc.

- if facing fiscal congtraints, make complex PSPs highest remeasurement priority and
delay new ingalations

- work to restore a HQ-funded, PSP installation and remeasurement program

- increase industry involvement in PSPs

Monitoring

- complete pilots

- edablish standards

- edablish abaseleve provincid program (HQ funded)
- establish proactive industry involvement

Forest hedlth growth and yield data program
- dedign and begin implementation

EP program (field experiments)

- continue to address anadlysis and reporting backlog

- maintain remeasurements on a priority schedule

- explore new EPs as joint ventures with districts & industry

Modelling

VDYP7: mantenance and support only, further development on hold. Postpone
implementation of species dynamics to enable quicker rlease.

TASS. extend into mixed-pecies (including broadleaf) and partia cutting (IDF and
coadtal variable retention), improve user access (e.g., web-TASS), address leadership
trangtion issue within development team (retirement of team leade).

TIPSY 3: focus on maintenance and support new development only at user request.

PrognossBC: complete regeneration modd, refit growth and mortadity, add broadl esf
gpecies, expand into new sub-zones and explore other variants.
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MGM: demondtrate operationd use in the borea and SBS, HQ monitoring of technical
progressis ahigher priority than participation in development, solicit UNBC asa
development partner.

Other related priorities.

- ensure project teams produce and update a project plan for annual review
- implement best available information from research

- edtablish model validation standards

- encourage forest health moddling

- encourage smal tree modelling with broad application

- explore old tree modelling methods

Biology
Emphasi ze research in stland dynamics with relevance to complex stands.

Leverage current issues and problem forest types.

Extension

Provide G& Y expertise to the regiond Extension Partnerships (coast and southern and
northern interior), Forest Management Ingtitute of BC (formerly SIBC) and the BC
Forestry Continuing Studies Network.

Primary responsbility for extension of MOF products and knowledge il rests with the
MOF and needs continued resourcing.

Completely overhaul the entire fragmented G& Y web presence and dedicate resources
to regular website maintenance and enhancement.
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APPENDIX Il
Glossary
SLWG documents use the standard MoF glossary found at:

MoF GLOSSARY
http://www.for.gov.bc.ca/pab/publ ctns/gl ossary/gl ossary.htm

MoF ACRONYMS and INITIALISMS
http://www .for.gov.bc.ca/pab/publ ctns/acronyms/index.htm
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APPENDIX IV

Stand Level Working Group Members — 2000/01

|an Cameron, RPF
J.S. Thrower & Associates
Kamloops

Jon Vivian, RPF

Resources Inventory Branch
Minigtry of Forests

Victoria

Jeff Stone, PhD, RPF
Timber Supply Branch
Minigtry of Forests
Victoria

John Muir, PhD, RPF
Forest Practices Branch
Minigtry of Forests
Victoria

Raoul Wiart, RPF
R.J Wiart & Associates
Victoria

David Carson, RPF
Timberline Forest Inventory Consultants
Victoria

Peter Marshall, PhD, RPF
Faculty of Forestry

Universty of British Columbia
Vancouver

Pat Martin, RPF

Forest Practices Branch
Minigtry of Forests
Victoria

Gordon Nigh, PhD, RPF
Research Branch
Minigtry of Forests

Steve Stearns-Smith, RPF
Olympic Resource Management
Vancouver
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