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Conference e<cription

Climate change is one of the most important environmental challenges facing
civilization. Managing how carbon is taken in, stored, and released from
natural systems has the potential to mitigate the rate and extent of future
climate change. Thisonferenceaddressetiow moving towards a low carbon
economy may alter management strategies, economics, plans,-tred on
ground practices of natural resource managers.

The event included 23 presentations followed by a field trip. A poster and

i s 0o c éssidn encasiragaedformal dialogue among participants and
presenters. Dr. Richard Hebda of the Royal BC Museum gave an evening talk
that was attended by conference people and the general public.

The conference was attended by 85 people, from a vafiegcigrounds

including natural resource practitioners, land management planners,
conservation biologists, consultants, policy makers, academics, and businesses
with an interest in the new fields of carbon management.

The conference was held at the Pgestiakeside Resort in Nelson, British
Columbia.

The summaries of presentations in this document were provided by the
speakers. Apart from small edits to create consistency in layout and stylé
the text appears as submitted by the speakers.

The information presented in this document has not been peer revieweg

About the Columbia Mountains Institute of Applied Ecology

WwWWw.cmiae.org

The Columbia Mountains Institute of Applied Ecology (CMI) is a-poofit

scaciety based in Revelstoke, British Columbia. The CMI is known for hosting
balanced, scienedriven events that bring together managers, researchers,
educators, and natural resource practitioners from across southeastern British
Columbia.T he CMI 6 scludes bosféeran@ summaries from all of our
events, and other resources.
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Summaries of pesentations

1. Carbon in forests: Climate change feedback or mitigation

opportunity?

Dr. Werner Kurz, Senior Research Scientist, Forest Carbon Accounting,
Canadiarf-orest ServiceVictoria BC
werner.kurz@nrcanncan.gc.ca

Dr. Kurz presented an overview of hur@aused perturbations to the global
carbon cycle, and talked about mitigation options in the forestrsétito
conclusions were:
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Globally forests have been absorbing ~27% of annual fossil fuel
emissions.

Climate change impacts on forests could increase net emissions and
these could completely negate mitigation efforts in all other sectors.
Limiting climatechange impacts is the first important step towards
maintaining the forest sink.

Sustainable forest management and use of wood to substitute more
emissiongntensive materials such as concrete and steel can contribute
to climate change mitigation efforts

Design of climate change mitigation portfolios in the forest sector
should be based on systems approach and account for all emissions
and removals relative to a baseline, when and where they occur.
Forest managers do not control use of wbedfective mitigation
portfolios need to integrate forest management with wood use
strategies.

Improved science and modeling capabilities to predict future forest
dynamics and to assess mitigation options require natienally
coordinated efforts.

Mitigation incentives andthe resulting economic values of carbon
and energy contained in woddnay create new opportunities for
forest sector, communities and economy.

Forests and forestry cannot solve the problem of fossil carbon
emissions, but they can contribute to the sofuti
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L4 - Canaca

Forest Carbon Accounting
Comptabilisation du Carbone Foresher

Canadian Forest Service
Service canadien des foréts

English Francais Canadi

Important Notices Avis Important

For more information about forest carbon accounting, visit the website of the
Canadian Forest Service http://carbon.cfs.nrcan.gc.ca

For a list of publications by the Canadian Forest ServicdbanKurz, visit:
http://cfs.nrcan.qgc.ca/publicatioaad use the search function for "carbon" or
"Kurz".

Back to Table of @Gntents
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2. BC Greenhouseajasregulations andforestcarbon projects

Dennis Paradine,Climate Action SecretariaBC Ministry of Environment
Victoria BC
dennis.paradine@gov.bc.ca

The following notes are adapted from Denni s
presentation.

On May 6, 2011PremierClark posted aopenletter on lnilding on Bitish
Co | u mkeadership in thgreeneconomy To read the letter, go to:
www.gov.bc.caHighlights are
1 Climate change is clearly having a majopewt in BC.
1 BC is committed to its legislated emissions reduction targets
1 The current carbon tax will continue and funding of initiatives such as
public transport will be considered
T Webll continue to designesmmmcap and trade
Climatelnitiative (http://www.westernclimateinitiative.oyg
1 We need to leverage our supply of natural resources and clean energy
1 We should use our expertise and creativity in adapting to a greener
economy

A Green Economwould mean:
1 Highly skilled, high paying green jobs are being created in significant
numbers
1 An economy based on innovation and productivity
1 A forestry sector that maximizes carbon value

Suggestd forecasts for aeconomy and jobs related & green economy:
GLOBE Report
1 Greeneconomy (2008) accounts for $15 billion (10% of GDP)
1 Potentialgrowth (by 2020) could be $287 billion (11:14% of GDP),
and 225,000 jobs
United Kingdom [2partmentfor Business, Innovatigrand Skills
1 $5.2 trillion global green economy market
Pembind David Suzuki Foundation
T Achieving BC6s targets could result in f
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BC Greenhouse gas emissions
1 Approximately66.8 Mt CQe in 2009, down 3.2% from 2008
1 Decreasés mainly due to recession
1 Biggest source is transportation
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1 Forestry a memo itemue tocurrent international accounting rules
1 Forestry projects can still count as progress towards targets

Emissions from forest land
1 Forestry a 67 Mt source in 2009ncrease due to a high fire year
1 Totalnet primary productivitys reduced due to ongoing jpacts of
mountain pine beetle
1 Over time, the 67 Mt soureceaychange to a sink

"Forest Land Remaining Forest Land" s Wildfire
- GHG Emissons by Category = Harvest

mmm NPP and Decay of Dead Organic Matter

=—=Net Emissions

150 000

100 000

50000

Kilotonnes CO,e

-50 000

-100000

-150 000

23

'

() N 47 %) > ] o A > S S N
FFF TS TS

Greenhouse Gas Reduction Targets Act
1 B C 6 ggressive reduction targedse for & least 33% below 2007
levels by 2020 and 80% by 2050
1 Interim targetsare for6% below 2007evels by 2012 and 18% by
2016
9 Carbon neutral BC public sector by 2010

Greenhouse Gas Reducti@@apandTrade Act
1 Statutory basis for establishing a markased capndtrade
framework to reduce GHG emissions from large emitters

14
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9 Details being determimkin cooperation with Western Climate
Initiative partners

1 ReportingRegulation in force

1 Western Climate Initiativeffsets approach being developed as part of
thecap and tradeystem

Other legislation and policies
1 Climate Action Plan
1 Landfill gas
1 Enegy plan
1 Green communities
1 Low carbon fuel
1 Clean mergyAct
91 Tailpipe standard
1 Carbon TaxAct

The Greenhouse Gas Reduction Targetsdarhmits BC to becoming
Aficarbon neutral o in 2010
1 2010 is first baseline of carbon footprint, efforts to reduce emissions,
and purchase of offsets
1 Shows leadership on climate action
1 Demonstrates clean energy and technology
1 Uses offsets to fund innovative emission reductions

UNBC Biomasgasificationsystem
1 Fuel savings = $800,000/yr

1 GHG Savings = 3,500
tonnes/yr

1 BC technolog, BC biomass
fuel, BC jobs

Emission Offsets Regulation
1 Sets out requirements for project GHG reductions and removals from
projects to be recognized as emission offsets
1 An emission offset cancels out GHG emissions from a source by
reducing or removing thsame amount of GHG through an offset
project
1 An offset represents a reduction of one tonne 0feCO
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1 Assertions by proponent are evaluated by third party validation and
verification bodies

Reducingemissions and energy costs

1 Public Sector Energy Conseriat Agreement
0 $75M in 247 projects over 3 years
o $12.6M/yr in saved energy costs
o 35,600 tons/yr in reduced GHGs
o Demonstrates clean energy and technology

1 Simon Fraseribmassfacility
0 Burnaby Mountain's emissions to drop 83%

91 Delta School District project
o0 Save $500,000 and 2000 tonnes of GHGs annuall
o Bring clean energy tthe neighbouring community

BC forests and wood products are natural carbon samdcan be
augmentedActions underway:

Forest Carbon Offset Protocol

AWood is Goodo

Zero Net Deforestion Act

Further policies could optimize carbon value of BC forestg
andparks

1 Wood products & biomass carbon accounting

= =4 =4 2

Atypical 2500 square foot woefdame home stores 30 tonnes of carb@*_—=

Optimizingforestcarbon
1 Afforestation andleforestation
1 Forestmanagement regimes:
o Modified rotation lengths
o Enhanced silviculture
0 Select seed, fertilizer, thinning, pruning, species selection, etc.
o Conservation projects
o Lifecycle accounting
1 When adollarvalue is placed on carbon, including in the forests, fon eac
source of carbon what is the optimum use?
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Further information

http://www.gov.bc.ca
http://www.env.gov.bc.ca/casitigation/ggrta/offsets reg.html
http://www.env.gov.bc.ca/casmitigation/carbon_neutral.html
http://www.pacificcarbontrust.com/

http://www.wci.org

Use your search engine for information on:
i BC Emission Offsets
1 PCT Offsets
I Western Climate Initiative

Back to Table o€ontents

3. Wher e ihatland@écksangecarbon?

Frederik Vroom, Brinkman & Associates Reforestation Ltd. New
Westminster, BC
frederik vroom@brinkman.ca

http://www.brinkmanforest.com/

Co-authors
Dirk Brinkman, CEO Brinkman Group of companies
dirk_brinkman@brinkman.ca

Robert Seaton, Fest Analyst, Brinkman Groug €ompanies
robert_Seaton@brinkman.ca

Are there hot land use change carbon opportunities in BC? When its forest
practices are compared to other forest management jurisdictions, BC generally

ranksasmostsut ai nabl e. BC6s ENGO community me
critical and influential protectors of a region. As a consequence, compared to
ot her regions, todayds British Columbia

which to propose climate positive land userdeprojects. Huntegatherers

of carbon projects usually look to stop something stupid or begin something

much more sustainaldemanagement change that keeps more carbon on the

|l andscape. This presentation wil/l sketc
sustainble and highly critiqued land use we have found some hot, some

lukewarm, and some surprisingly cooler forest and ecosystem change carbon

opportunities.

Back to Table o€ontents
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4. Using TIPSY to predict the effect of stand managerhen
quantity and value of biomass and carbon

Author: C. Mario Di Lucca, Stand Development Modellingorest Analysis
and Inventory BranglBC Ministry of Forests, Landsand Natural Resource
OperationsVictoria BC

mario.dilucca@gov.bc.ca

Presenter:Jim Goudie, Stand Development Modellingorest Analysis and
Inventory BranchBC Ministry of Forests, Landand Natural Resource
OperationsVictoria BC

jim.goudie@gowbc.ca

Introduction to TIPSY

The Table Interpolation Program for Stand Yields (TIPSY) (Mitceiedl.
2000) is a growth and yield program that provides electronic access to the
managed stand yield tables generated by the Tree and Stand Simulator
(TASS)http://www.for.gov.bc.ca/hre/gymodels/TASS/index.h{Mitchell,
1969; 1975) and SYLVER
http://www.for.gov.bc.cafte/gymodels/SYLVER/index.htriMitchell et al.
1989). TIPSY retrieves and interpolates yield tables from its database,
customizes the information, and displays summaries and graphics for a
specific site, species and management regime. Yield tables debkvior
various everaged coniferous species of commercial importance growing on
the coast and in the interior of British Columbia.

Overview

TIPSY retrieves and interpolates yield tables from its database, customizes the
information and displays summies and graphics for a specific site, species

and management regime. It is not a growth and yield model because its
principal purpose is to provide electronic access to the managed stand yield
tables generated by TASS and SYLVER.

TIPSY uses optional Opational Adjustment Factors (OAFs) to reduce TASS
potential yields to what we might find in operational conditions. Two types of
OAFs are available in TIPSY to account for elements that reduce potential
yields. OAF1 is a proportional adjustment that ac¢®twr the reduction of
physical growing space due to holes created by rock outcrops, syamps

18

Carbon Management in British Columbia Ecosystems
Columbia Mountains Institute of Applied Ecology


mailto:mario.dilucca@gov.bc.ca
mailto:jim.goudie@gov.bc.ca
http://www.for.gov.bc.ca/hre/gymodels/TASS/index.htm
http://www.for.gov.bc.ca/hre/gymodels/SYLVER/index.htm

nornrcommercial tree competition. OAF 2 is an incremental adjustment that
accounts for pest damage that increases towards maturity.

TIPSY includes an economianalysis module, known as the TIPSY
Economist which performs economic analyses on the silvicultural treatments
simulated by TIPSY. A redesigned version called Financial Analysis System
Including Economic Return (FANSIER) will replace TIPSY Economishim t
next program release.

TIPSY has a multiple species option oriented to timber supply applications
where analysis units are aggregations of two or more species. This option is
not recommended for silvicultural applications, since TIPSY does not
simulae the growth of multiple species stands biologically. The only
biological assumption considered is the site index conversion adjustment
among species.

A batch version of TIPSY is also available for processing a large number of
stands for timber supply aiyaes. Batch TIPSY is included in the program
WOODLOT http://www.enfor.com/?Pagésoftwaréwoodlot for calculating
evenflow harvest rates for a planning period on woodlot licenses.

Newfeatures in TIPSYersion 4.2

1 Prediction of the number @fell-spacedrees at common free growing
heights and intetree distances for all species.

1 Prediction of volume and percentage of juvenile wood, also called
crownformed wood or pithassociated wab

1 Prediction of biomass and carbon for live and dead wood, bark,
branches, foliage and roots

1 Redesigned plot program (PLOTSY) with more flexible graphing
capabilities for displaying growth and yield data and model trends.

Applications

TIPSY offers uses a wide range of potential input values. However, clients

are encouraged to rely on the guidelines and default settings providsd un
local data are availabl&uidelines and default values are derived from the

best information availablef the most ammon application€Extensive on

line documentation will help users prepare customized input data. TIPSY
generates managed stand yield tables, including product recovery data, batch
processing, economic analysis, and supporting graphics for:

19
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1 Stand levelkcrop planning

1 Silvicultural prescriptions (e.g., espacement,-@med commercial
thinning, genetic gain, fertilization, variable retention, and windthrow)

1 Forest level planning for long term timber supply projections of
managed stands

1 Multiple speciegeature aggregates stand types into the timber supply

analysis units

Jobs output (k. silviculture, harvestingand manufacturing labour)

Repressed stands of lodgepole pine

Dead trees (i.e. standing or fallen snags) and coarse woody debris

Biomass andarbon for live and dead wood, bark, branches, foliage

and roots.

= =4 =4 A

TASSTIPSY bhiomass andcarbon prediction

To incorporate the biomass and carbon prediction capabilities into TEPSY
new yield table database was generated with TASS. The growth of
approxmately 12 million individual trees was simulated to generate a total of
1659 yield tables with different combinations of species, initial densities, site
indices and treatments. More than 2500 hours of computing time were
required to generate the tables.

The aboveground biomass for each live and dead tree was calculated using
the existingDBH- andheightbased individual tree biomass equations
originally developed by Lambeet al.(2005) and updated by Ureg al.

(2008), who included additional commeidree species sampled in BC. The
following equation was used:

1)y = b‘kaikH ot &

wherey, is the dry biomass of componerior either: stem wood, stem bark,
foliage or branches (kg is (DBH, cm),H is total tree height (m)b, are
the parameter estimatesi§ as abovek = 0, 1 or 2), ancg, is the error term

for the component Total stem dry biomass was calculated as the sum of the
stem wood and stem bark, while the total abgraind biomass was

calculated as the sum of the total stem, foliagel branches biomass. These
models were developed for a total of 11 softwood&hdrdwood species
sampled in BC and the rest of Canada. The total bglownd root biomass

for each tre was calculated as a function of the total abgreeind biomass

20
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using the equations developed byetial (2003) for all softwoods and
hardwoods. The equations forms are:

(20  RB, =0.222AB,
(3  RB,=1576AB"""

where RB and AB are roohd aboveground biomass (kg) respectively,
(subscripts denotes the softwood species group, largdthe hardwood

species group). A conversion factor for temperate zones of 0.5 g C/g
(Mattheus, 1993; Lamlom and Savidge, 2003) was used to convert biomass to
carbon stock for each individual tree component, and carbon stock is
multiplied by 3.67 to convert to carbon dioxide equivalent & @s follows:

(4) Carbonstock®i omass A 0.5
(5) COe= Carbon stock A 3.67

The individual tree biomass calculated in TASS was aggregated into stand
level yield tables and incorporated into a new version of TIPSY. This program
now has the capability to interpolate and report te hiomass stock and

dead biomass stock change in oven dry units (O. D. tonnes/ha) for the bark,
branches, foliage, wood, roots, and total (abavel belowground) sand
componentsSimilarly, it interpolates and reports the live and dead carbon
stock chage in oven dry units (O. D. tonnes/ha) for the same components.
The amount of dead biomass and carbon stock change represents only the
mortality occurring between the selected steps (i.e. age or height) within the
yield table output without the quantifiban of the biomass decay over time.
Thi s i s peliocsiorecausimetitie WPSHK reports. In addition,

mortality is partially affected when the operational adjustments factors
(OAFs) are used. For instance, when an OAF2 is selected the dead biomass
and carbon will increase by the same amount lost in live biomass and carbon
columns. In other words, the dead trees that are moved to the mortality table
are also reported as dead biomass and carbon stock. The carbon content of
minor vegetation, soil, ddaorganic matter, and litter are not consideatthe
present time. All this information and other issuesoisutnented in the en

line TIPSY ftelp module.
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Example: Using TIPSY to predict the effect of stand management on
guantity and value of biomass anchrbon

How does pr&eommerciakhinningand fertilization affect the biomass and
carbon yield and economic return? To answer this question we used TIPSY to
generate yield, biomass and carbon products, and the beta version of
FANSIER to generate the econmntables for the following regimes:

Standspecifications:
1 Lodgepole pine stands, naturally regenerated with an initial density of
10,000 stems per hectare (sph), with 5 regimes:

Run | Initial density | Stand Regimes Name

# (sph)

1 10,000 none Control

2 10,000 PCT to 1200 sph PCT

3 10,000 Fertilization @ age 50 Fert

4 10,000 PCT 1200 sph and PCT- Fert
Fertilization @ age 50

5 10,000 PCT 1200 sph and PCT- 2 Fert
Fertilization @ ages 25 and 5(

1 Site index 19
1 OAF1&2 =1.00
1 Regeneration delay as defa(# years)

Table pecifications:
1 Merchantable @lumes 12.5+
9 Output tables using age ranging from 0 to 300 in 10 year.steps

Economic Specifications:

9 Standgeography: Southern Interior, Kamloops (Region and District),
IDF biogeoclimatic zone, slope 108ad distance to support cemt
100 km

1 Economic assumptions: discount rate 4%, real cost and price increase
0%

9 Silviculture costs: default forest district averages

1 Treeto-truck costs: ground skidding and default forest district
averages

91 Haul costs: defatinterior averages
22
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Milling cost: default exponential milling cost
Miscellaneous costs: default forest district averages
Biomass prices were: 40, 60, 80 and 100%/tonne
COye prices were: 20, 30, 40 and 60%/tonne

= =4 4 A

Regime omparisons:

1 Merchantable volume, tal above ground biomass, and total above
ground carbon over age

1 Site value (SV) for different biomass and carbon prices. It represents
the sum of the discounted benefits that the treatment yields, minus the
sum of the discounted costs of the treatmeéms.the maximum
amount that someone would be willing to pay for bare land if the land
was devoted to producing an infinite series of rotations of identical
growing regimes (Faustmann, 1849).

1 Optimum harvest ages comparing the physical rotgtraximum
Mean Annual IncremeétMAI) and the economic rotation
considering the SV of different biomass and,€fxices.

1 Optimum SVs by comparing the optimum SV for all the regimes
considering different biomass a@D.e prices.

Results

Figures 1land2 show the mettantablevolume mean annual increment, total
above ground biomass af,e that includes stem, bark, branchasd

foliage. At age 100 all these relationships show that the-FXHert regime
was the most productive followed by PEFert, Fert, PCTandthe ontrol. It
generated 88 ftha of merchantable volume, 37 O. D. tonne/ha of biomass
and 69 tonne/H@0,e more than theontrol. The optimunMeanAnnual
Increment (i. e. max eanMAI, red dots) for all the treatments occurs at age
70 and it ranged from.8 to 5.2 n¥halyr for the ontrol and PCTF 2 Fert
regimes respectively.

Figures3 to 7show the Site Value (SV) over age for the different biomass and
COseprices for each regime. For all the regimes the SVs increase as the prices
for both biomass an@0O.e increaseThese figures also included tharvest

age at wh is8\his makimized (1. @ mak,ded dots), and it is known
as the economic rotation age. In all the regimes the economic rotation ages
decrease as the priceshaith biomass and@eincrease

Figure8 shows the maximum harvest ages or economic rotation for all the
regimes considering different biomass prices and including the maximum
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MAI or physical rotation. The physical rotation for all the regimes was 70
years and the ecomic rotation in average ranged from 208, 62, 50 and 46
years for biomass prices of 40, 60, 80 and 100%$/tonne respectively. The
economic rotation occurs earlier than the physical rotation for all biomass
prices larger than 60%$/tonne. Fig@shows the rmaximum harvest ages or
economic rotation for all the regimes considering diffe@@4e prices and
including the maximum MAI or physical rotation. The physical rotation for
all the regimes was 70 years and the economic rotatieragd from 202,

56, 46and 46 years fo€O,e prices of 20, 30, 40 and 60%/tonne respectively.
The economic rotation occurs earlier than the physical rotation fGCaé
prices larger than 30%/tonne.

Theoptimum SV for all the regimes considering different biomass pisces
shown in Figure 11SV for biomass prices of 40 and 60%/tonne were negative
for all the regimes. Biomass price of 80%/tonne generated positive SV for the
first two regimes and negative for the combined PCT and Fert regimes.
Finally, all the SV were positevfor biomass price of 100$/tonne for all the
regimes.

Figure 1L shows the optimum SV for all the regimes considering different
COye prices. SV foICO.e prices of 20 and 30%/tonne were negative for all the
regimes COve price of 40$/tonne generated postSV for the Control and

Fert regimes and negative for the remaining regimes. Finally, all the SV were
positive forCO,e price of 60%/tonne for all the regimes.

In summary, these results represent an examgewfTIPSY and FANSIER

can be used tpredct the effect of stand management on quantity and value of
biomass an€O.e. In assessing the economics of silviculture investments, we
not only need to assess the stand's conversion value at each harvest age, but
also need to consider any costs assediatith the regeneration and tending of
the stand. The price of the forest products generated also is critical as
demonstrated in the above example. Biomass prices larger than 80$/tonne and
COye prices larger than 40%/tonne generated positive SV retdisSY and
FANSIER are the only tools available in BC that allow users to compare costs
and benefits for a variety of wood products which occur in different time
periods to facilitate forest management decision making.
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Future features

FANSIER

A beta version of the Financial Analysis System Including Economic Return
(FANSIER) is currently being tested and it will be available in the next TIPSY
releaseexpected to b the fall of 2011. It is designed to provide improved
economic anlgsis options to help foresters and planners to evaluate the
impact of selected silviculture events on the discounted value returned by end
products at the stand levEIANSIER, developed by the Stand Development
Modelling Group, Forest Analysis and Invent Branch to replace the TIPSY
Economist and the Financial Analysis System (FANS$Y), includes updated
costs, prices, methods and financial information. It is designed to run with
data from TIPSY, TASS, SYLVER and data sets from other growth and yield
modek that can produce output in the appropriate file format. FANSER

be launched either from a parent growth and yield application such as
interactiveTIPSY, TASS,and SYLVER or from the userods deskt o]
standalone application.

Users start the analis process by running the parent application to select
silviculture events, growth and yield parameters, and forest products to create
a regime file to be sent ANSIER (Figure 2). The regime file contains

location information, silviculture events, put yield responses and forest
products data. Current forest products available in this version include
dimensional lumber by quality grades, residual wood chips, logs by grades,
biomass, and carbon dioxide equivalent §€)OThe program can be easily
modified to include other forest products such as custom dimensional lumber,
veneer, sawdust and hagel. In FANSIER, users can view the data sent in the
regime file, edit costs and values and select economic assumptions to perform
their economic and finandianalysis. Financial indicators include: net present
value (NPV), site value (SV), internal rate of return (IRR), benefit cost ratio
(B/C) and site value sensitivity analysis on the base case economic
assumptions. Results can be viewed on the screereahtb®LOTSY for
graphing. The summary of the economic analysis report, @adaresults can

be printed or saved in a user friendly format that can be readily used for
spreadsheets. The general flowF#fNSIERis illustrated in Figurd.2.
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Figure 12. General flow of FANSIER

TIPSY to Carbon Budget Model (CBBFS3) link
A second improvement in the upcoming TIPSY release will facilitate carbon
modelling by providing users the functionality to link the interactive TIPSY
and batch TIPSY forestry growth ag@ld outputs with the Canadian Forest
Service Carbon Budget Model (CBMIFS3) Kurzet al2009. TIPSY to
CBM-CFS3 is a standalone application that can access-CBMS 3 6 s
databases directly. This application will work on systems that have

N Op er aScaledanrabl o n

Budget

Mo d el

of t he

version 1.24158.75 or greater installeldor instance, once a yield curve has
been created with TIPSY, a regime file can be sent to B33 via the
TIPSY to CBM-CFS3 application by simply clicking on tieBM button

ocated

on

t he

parameters, stand yield and location information.

T 13P Ar¥gine fileé cordainbtherrun ( Fi gur e
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TIPSY Version 4.2b20 - UnNamed1

Eile Edit Tables Preferences Window Help

GEOGRAPHY: Southern Interior/Chilcotin/SBPS/10% Slope

OPERATIONAL YIELD ADJUSTMENTS:
CAF 1 Age: 0.
Factor: 0.
Age: 0.
Factor: 1.00 0.95 0.85
Combined Operational Yield Adjustment @ 100 years: 0.81

0 100.0 300.0
85 0.85 0.85

OAF 2 ] 100.0 300.0

ESTABLISHMENT: Regen delay = 0; Target Density = 1600 trees/ha (Planted)

ol ea[m3 ] to]@|o || 19| 2| =[] @] 8] ()]0 4 || B]ua] 5] m[s¢] ]
UnNamed1 : Experimental : Stand Description ml@
hSEHCY : MOFR Research Branch TIPSY Version 4.2b20 -
PROJECT : Experimental SINDEX Version 1.45 ﬁ —“
STAND TIPSY to CBM-CFS3

Figure 13. CBM button located on the TIPSY toolbar

In the TIPSY to CBMCFS3 dialog window box (Figursd)

and ACar bon

Budget

Mo d el Var i

abl

variables that are not part of TIPSY but are required by €B*N3. These
variables have been set to default values and may need to be adjusted by the
user including eea, age, harvesge, Provinc&cozone, Historic Disturbance
Types and UNFCCC Land Class. Additional regime files can be loaded from
the Open toolbar button, or sent from TIPSY by going back to TIPSY and

creating and sending another regime. Once the data editing isatechplset

of files is sent to and automatically load it into CBBFS3 by clicking the
CBM button located on the TIPSY to CBMIFS3 toolbar (See caption in

Figurel4).
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Com TIPSY to CBM . S

Regime Name: UnNasmed1 (1) 1gm
Ares (ha) 10
Age (yrs) 0

To send data files 5
Harvest S| N

10 CBM-CFS3 Age (yrs)

Sarbon Budget Moded Vanable
Province - Ecozene British Columbia - Montane Corddlera v
Historic Disturbance Type Wiid Fue -

Most Recent Disturbance Type Clearcut harvestng with salvage -
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Figure 14. TIPSY to CBMCFS3 dialog window box
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5. The Carbon Budget Model of the Canadian Forest Sector
(3) and its application at the nationalegiond, and
operational scale.

Eric Neilson, Canadian Forest Service, Victoria, BC
eneilson@nrcan.gc.ca

I n Eric Neil sondbs absence, Dr . Juha Met
Dr. Juha Metsaranta, Canadian Forest Seprcenonton AB
juha.metsaranta@nrcancan.gc.ca

The Carbon Budget Model of the Canadian Forest Sector ({CBBI3)
implements a Tier 3 approach of the Intergovernmental Panel on Climate
Change Good Rctice Guidance for reporting on carbon stocks and carbon
stock changes resulting from land use, tasd change, and forestry. The
CBM-CFS3 is a generic modeling framework that can be applied at the stand,
landscape, and national levels. Several ecosysteroture and processes are
explicitly modeled by CBMCFS. These include:

(1) An expanded representation of dead organic matter and soil carbon,
particularly standing dead trees, and a new algorithm for initializing these
pools prior to simulation;

(2) A change in the input data requirement for simulating growth from

biomass to readily available merchantable volume curves, and new algorithms
for converting volume to biomass;

(3) Improved prediction of belowground biomass; and

(4) Improved parameters fepil organic matter decay, fire, insect

disturbances, and forest management.

We have undertaken a series of mitigation analyses in which we estimate

future forest carbon stock changes under various levels of protected areas and
future harvesting level3he CBM-CFS3 was used to report the stock changes

for use in international negotiations support. As well as national or provincial
scale analyses, we have also undertaken management level analyses where we
have investigated the use of residual biomasaderas bienergy in coal

fired power plants. While carbon neutrality was never attained from using
biomass as energy, the overall impact on the atmosphere was lesser than coal
after a certain amount of time due to therewth within the forest area.
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6. Dynamics of CForCS a New Carbon Model for
Simulating Climate Change

Caren Dymond, Forest Carbon and Climate Change Resear8&Ministry
of Forests, Lands, and Natural Resource Operatidintoria
caren.dymond@gov.bc.ca

Co-author
Sarah Beukema, Senior Systems Ecologist, ESSA Technologies Ltd.
sbeukema@essa.com

Introduction

The balance of evidence indicates thaefbimanagers and other stakeholders
need to consider the forecasts of a changing climate seriously and undertake
both mitigation and adaptation activities. Forests can play a role as a carbon
sink or source, depending on many natural and human dynamiesvelQ as

a community, people interested in forest ecosystems have few tools to
understand carbon dynamics. We identified a need for a model to simulate
climate change impacts on forest ecosystems including carbon.

In order to simulate climate change imfsaon forest carbon dynamics we
established a set of criteria for selecting a model. These criteria were (in no
particular order):

1 Dynamic feedback of changing vegetation on management and
disturbances because we know from the cliresieclope modellingf
BC that we can expect large structural changes to the types of
vegetation in our ecosystems. Therefore, it makes sense to use a model
where fire size and severity, harvest rags, will respond to those
changes.

1 The model must maintain a masalane. This term means that all the
changes in ecosystem carbon stocks can be accounted for in the inputs
and outputs.

1 A model needs to have a spip or simulation initialization of dead
organic matter and soil pools. Without this kind of initialization you
tend to get modelling artifacts such as large sinks.

1 Neighbourhoogkffectson regeneration, fire spread and harvesting
which allows for more realistic model outputs and therefore makes it
easier to communicate with the management community.
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1 Having a builtin random or stochastic variability in growth and
disturbances over time and space simplifies the modelling of many
different futures. This functionality allows for answering questions
about the likelihood of a given outcome and estimating uncertainty.

1 Themodel needs to work at a landscape or management unit scale to
be useful for the Ministry decision makers, land managers, and
interested stakeholders.

1 Must be inexpensive

Unfortunately, we were unable to find a model which met these criteria and
therefae developed the Canadian Forest Carbon Succession v1.0 beta
(CForCSv1l) as a new extension to the Landscape Disturbance and Succession
Il (LANDIS-II). The CForCSv1 is built from the Biomass Succession v2
extension to LANDISII (Scheller and Mladenoff 2004nd the Carbon

Budget Model of the Canadian Forest Sector v3 (GBRS3) (Kurzet al.

2009).

Model description

The LANDIS I is a forest landscape simulation modelling framework
(Schelleret al.2007). When used with the Biomass Succession v2 extefsion i
tracks multiple species, their age classesl their biomass in each site. Its

most often used at a large spatial scale (typically > 10 ha) and a longer time
scale (> 10 years). It simulates succession, i.e. regeneration, growth,
competition and mortaty, based on life history characteristics. It emphasizes
spatially dynamic processes. The disturbance and harvesting occurrence and
impact are influenced by the forest conditions. It has climate change
functionality.

The CBMCFS3 is also a forest landgeasimulation modelling framework. It

is limited to leading species in evaged stands. In addition to biomass it also
tracks deadwood, spénd carbon. It is typically used at similar spatial and
temporal scales as LANDIB. The succession, disturbanesad harvesting
occurrence and impact are prescribed by the user, i.e. it is a deterministic
model. It has limited climate change functionality, although Dr. Kurz and his
team would like to improve that in the future. It is easier to get input data and
parameters for the CBMCFS3 than for the LANDISI.

The CForCSv1 uses the following from the Biomass Succession v2 extension
to LANDIS-II:
1 Seed rairandnatural regeneration
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1 Growthandmortality
1 Competition
1 Climate change functionality

As an extension tde LANDIS-II modelling framework, the CForCSv1l is
compatible with the disturbance extensions to simulate: fires, harvesting,
planting, insectsand disease.

From the CBMCFS3, the CForCSv1l uses:
1 Dead organic matter and soil
1 Decay functions
1 Carbon

Uniguely implemented in the CForCSv1, although informed by the parent
models, are the simulation of disturbance impacts and the wayhalasge is
maintained.

Conclusion

The CForCSv1 allows you to simulate future climate change impacts on forest
carbon dynamicsicluding feedback of changing vegetation on management
and disturbances. This model can be used to asses# wtetarios,

management or offset project ideas, uncertainty, identify opportyritids

risks. It is not suitable for ©ffset quantificatia or other reporting purposes

due to the buitin random functions. It also does not deal with anything

outside of the ecosystem (e.g. wood products).

The next steps in this project are to address some known issues on root
turnover and review the BiomaSsiccession v3 which is currently in testing.
We are looking for people interested in testing the model. Furthermore, we
expect to have a project with Dr. Nicholas Coops at UBC where a graduate
student will use the CForCSv1 in a pilot study.
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7. A generalframework to evaluate the suitability of a carbon
accounting tool for application in an offset project

Dr. Clive Welham, Managing Director3GreenTree Ecosystem Services Ltd.
Belcarra, BC and Research Associate, Forest Ecosystem Simulation Group,
Departnent of Forest Sciences, University of British Columbiancouver,

BC

clive.welham@3greentree.com

www.3greentree.com

clive.welham@ubc.ca

Introduction

Properly implemented, foresthyased offset projects have the potential to
mitigate a significant proportion of carbon emissions and to simultaneously
protect a suite of ecosystem services, including biodiversity and Water.
accurate calculation of the carbon balance is, however, a prerequisite to the
success of any project. Typically, this will require the application of one or
more computebased modeling tools. To date, the number of models designed
specifically to calclate carbon dynamics in forest ecosystems is relatively
small. In some cases, tools developed for purposes of forest management
(growth and yield models, for example) have been adapted for use in-carbon
offset projects by modifying their output to incluithe main ecosystem

carbon pools. For project developers and individuals with limited technical
expertise in carbon modeling, evaluation and selection of the most appropriate
tool can be daunting. |l s a fAcar bon

betteret i mates than a fAgrowth and yield

In principle, not necessariysince carbon accrual (or loss) is calculated from
ecophysiological processes that dictate the net gain or loss in biomass. What is
most important is the aliii of the model to represent those processes. Hence,
even models developed specifically to simulate carbon dynamics may not be
as accurate or useful as alternative models designed originally for a different
purpose. Although, in most cases, it will be mudfor project developers to
engage modeling experts in the actual application of a model, ultimately it is
the developer who is in the best position to determine which model best suits
the needs of the project. Relatively few models are suitable foildepason

by project developers at present but the number of potential candidate models
is likely to grow significantly as the offset market gains traction. What
determines a fAigoodo or fAsuitabl eo m
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compare? Here | providegeneral framework for addressing these questions,
which can be used by those without a modeling background.

The application domain

The suitability of a model for use in a carboffiset project depends on its
domain of application. The application domagflects the ecological

concepts represented in the model, the spatial representation and temporal
scale at which the model can be meaningfully applied, and the management
activities it can represent. It is the application domain that sets limits on the
nature of the carbon project a particular model is best suited to address. There
is one proviso, however. Using a model with the appropriate application
domain does not guarantee its acceptability as a carbon tool or that its
projections are indeed accuwrafcceptance of a given model depends, in part,
on successful verification (is the model structure and function consistent with
project requirements) and validation (how accurate are its predictions).

For convenience, each component of the applicatioradooan be

considered as constituting a subdomain. Hence, a carbon model has a
minimum of four subdomains representing:

Ecology

Space

Time

Management activities

= =4 4 A

The relationship of a model ds subdomai n
shown in Figure 1The latter are determined from characteristics associated

with the particular standard and/or associated protocols (the Verified Carbon

Standard, the Climate Action Reserve, and the BC Forest Carbon Offset

Protocol, are exampleander which the projecsibeing developed, as well as

the characteristics of the project and baseline @dsemost suitable model is

that which has the greatest overlap between the project features and its

application subdomains. Since each carbon project is unique, it isbheatim

on project developers to fully understand the set of features that characterize

their project.
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Figure 1. A schematic representation of how model subdomains map onto
project features.

The ecological subdomain

Fromthe point of view of a carbon pegt, this domain refers to the
ecological processes and mechanisms that underlie the rates of loss and
accumulation of carbon in a forest ecosystem.

Within a forest ecosystem, carbon is stored in four pools, aboveground live
biomass, belowground live bitass, dead organic matter (litter and dead
wood), and soil organic matter. All projects require as a minimum that the
carbon balance in aboveground live biomass and dead wood be accounted for.
Depending on the standard, other pools may beedassrequied or

optional. Ideally, the ecological subdomain of a model should include an
explicit simulation of the processes that drive the carbon balance in all four
pools regardless of whether or not they are included in the project. This is
simply because eactogl is interrelated and its carbon content may be
dictated by feedback processes with other pools. Try to avoid models or
modeling techniques that rely on allometric biomass equations or expansion
factors (for example, root:shoot ratios) to calculate paas. This approach
can introduce significant errors in the carbon balance.

Other aspects of your project that may need to be represented in the ecological
subdomain are:
1 Single species or multiple species (which species?). Make sure the
model can represt the species or species combinations you want to
use.
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