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Executive Summary

The Tool for Exploratory Landscape Scenario Anady$€ELSA) was originally created by ESSA
Technologies Ltd. in cooperation with the BC Mirnysof Forests and the US Forest Service. TELSA is a
spatially explicit, landscape-level model of vegieta dynamics. The purpose of the model is to assis
resource managers and planners assess the consegjudnalternative management scenarios at the
landscape level over time frames of decades toudest The model simulates vegetation succession,
natural disturbances, and management.

Alternative scenarios are assessed using a nunipErimrmance indicators that include areas anpuall
affected by natural disturbances and managemenvitest, as well as indicators of vegetation
composition (cover type distribution, seral staggtrithution, etc.) and landscape structure (paizk s
distribution, amount of interior habitat, amount eflge, etc.). Combined, these indicators provide
information required to evaluate the impacts ofralative management strategies and assumptions abou
natural disturbances on biodiversity, and otheouiese indicators such as timber, landscape hesatith,
habitat supply.

Adaptive landscape management requires tools tbstsa the outcomes of alternative management
actions. The intended use of TELSA is strategimade exploration: interested users can explore how
management strategies will interact with naturacession and disturbances to alter the composainoh
structure of landscapes. Wildfires and other diftnce events that affect vegetation dynamics are
inherently unpredictable. The model acknowledgés timcertainty and uses stochastic simulations of
multiple scenarios to provide estimates of the meamge and variability of the changes in the getéc
performance indicators.

The model is not an optimisation tool, it does assist in tactical decision making, nor will it neak
decisions for resource managers. Instead, we envisito assist in the planning process by progdin
biologically and ecologically reasonable projectiaf the outcomes of alternative scenarios. Trdfie-o
among scenarios are evaluated by comparing theatuts of interest. Choices among management
alternatives are based on the ability of scenat@sneet guidelines, constraints, or desired future
conditions, such as maintaining interior forestitator target distributions of seral stages.

TELSA represents vegetation succession as chamgepedcies composition and structural stages of
polygons. It thus provides information about stesticture and composition, which is immediately
relevant for the analysis of wildlife habitat anther resource indicators. Succession is defined in
pathway diagrams for each potential vegetation typé¢he landscape. These diagrams describe the
transition times between successional classes aneédch class, the probabilities of disturbance by
insects, fire or other agents. The same pathwayralias also define the impact of management actions
vegetation structure and composition.

TELSA has been applied successfully to simulateetaggpn dynamics, natural disturbances, and
management actions in areas of dry interior foréstsr Kamloops, BC), northern coastal forest (near
Smithers, BC), northern boreal forests (north ofmBdton, Alberta), sagebrush steppe and woodlands in
the Great Basin, invasive plants in Montana arxeohgrass prairie in Saskatchewan. Other applicsitio
are in progress in several areas of the western US.

i ESSA Technologies Ltd.
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1.0 Introduction

The Tool for Exploratory Landscape Scenario Anay@eELSA) is a strategic, landscape-level planning
tool that can be used to project scenarios of memagt actions and natural disturbances onto a
landscape, and to assess the long-term spatiatenmbral effects on a range of performance indisato

The model projects vegetation dynamics and manageawgdivities in space and time, and illustrates
trends in several indicators associated with adtiera scenarios. TELSA facilitates the evaluatidn o
alternative management options by assessing thpaats on several performance indicators.

1.1 Model objectives

The objectives in the development of TELSA were:

» to build a spatially explicit, strategic landscdpeel planning tool that assesses the effects of
natural disturbances, management actions, andategetynamics on a series of indicators;

» to include indicators on the characteristics of ¥hgetation distribution in space and time (seral
and age-class distributions, patch size distrilmstiofragmentation, etc.), other indicators of
management (such as the area affected annualhadly & the management activities and by
natural disturbances), and some indicators of tiy@ications of these disturbances on wildlife
habitat, biodiversity, and other non-timber reseuralues; and

* to address stochastic events — such as naturalrlibsices — by simulating multiple Monte-
Carlo runs of the same management scenario, inr dadebtain results of the range and
variability of possible scenario outcomes.

1.2 Model limitations

TELSA is intended to be a strategic tool, focussimgpredicting trends or patterns of change in the
performance indicators in response to manageméiainacand natural disturbances. The strength of the
model is that it can project a range of manageraeeharios over large areas and over time. The large
size of landscape-units used by the model, howemegns that the model will need to evaluate spatial
changes at a relatively coarse scale. The modaitintended to generate results that can be usiw a
tactical planning stage (e.g., positioning of lamgdi, choices of seasonal operating areas, etcanhot
provide and should not be expected to replace exmnion, field investigations, tactical models, o
stand-level growth and yield models such as TAS&c{MIl 1975), and FVS (Prognosis; Wykoff et al.
1982), that project detailed tree or stand charistites.

TELSA is not intended to be used for Timber SupRlgviews (TSRs) or to provide input into the
determination of the Annual Allowable Cut. TSRs argually conducted for larger areas than are
reasonably addressed by the analyses conductedhigitinodel, and they may account for many factors,
which are not included in the model such as thexgimg ability of mills to use small wood or socaid
economic concerns.

TELSA is not designed to make management decisidftsle certain functions of the model may
incorporate a set of rules to schedule sequencesenfts or to distribute management actions inespac

1 ESSA Technologies Ltd.
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and time, the model is not an optimisation toa.(ithe intent is not to have the model searchtHer
“optimum solution” given a set of constraints). Tiedel projects natural and human disturbancesanto
landbase over large areas, and systematically &esluhe consequences of these actions and eveats 0
set of indicators. These indicators can be usedsess the projected impacts of management scgnario
is up to the user (or user group) to develop amdsayeral scenarios, and to use these resultaripare
and contrast the implications of different scemariéd planning team can then use these resultssesas
trade-offs and to develop appropriate long-termagament plans.

TELSA is not designed to make decisions on aremitlehs such as planning zones or protected areas.
As described below, these and other subjectivedgdaesignations will need to be delineated in ackva
by the planning teams.

TELSA may help identify complementary managemenibas that need to be implemented together to
achieve desired results (e.g., partial cutting aockss management). A productive environment fr th
application of TELSA to a landscape planning exsrowill require some commitment from both the
planning and management team to objectively evalddferent scenarios based on projected impacts on
the performance indicators.

As with all models, care should be taken in thenortetation of model projections and output, asehe
will necessarily reflect the data quality and asgtioms used to calibrate the model. Expert opimiarst

be used to calibrate the model where empiricalrimédgion is not available. The model calibration and
assumptions should be reviewed periodically.

Development of the TELSA model is ongoing, and #pproaches, model interface, calibration and
simulation options may change as the model develodds user tested.

2 ESSA Technologies Ltd.
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1.3 Recent changes

Version 3.6

1. Added the Insect Disturbance Module to simulate dheead of disturbances that are rapidly
contagious in time and space.

2. Added code optimization enhancements to the mautehto improve run times.

Version 3.4
1. All components of TELSA are now compliant with ACE& 2000 to 2003.

2. There is an option to write the largest outputdalib text and thus avoid hitting the ACCESS
2GB limit for very large landscapes and long sirtialatimes.

3. There is an option not to write out transition augpevery time step to minimize file size.

4. When importing pathways users are prompted foBt&E variant to import into, rather than
having to specify it in the VDDT file.

5. Time Since Disturbance constraints can now bersetare than one group of transitions.

6. There is a new spatial autocorrelation parameteN&ural Disturbance and Activity Groups.
This can be used so that the spread of transigjpestwithin one of these groups is spatially auto-
correlated.

7. There is a new ‘Succession’ flag for Natural Dibamce Groups. Groups with this flag have
different spread behaviour. They spread only betwmolygons with the same original state
class.

8. The prioritization of large events in the algorithimat starts and spreads natural disturbances is
now optional.

9. Rather than using an initiation multiplier map, t@gion is initiated for the first time step using
the LU Polygon States. Users can determine whiatle slasses are contagious at the beginning
of the simulation as well as the level of contagmmneach of these classes.

10. There is an option now to apply management to gatoli vegetation rather than in treatment
blocks.

11. Activity Limits can now be applied by activity grpuather than by activity type.

12. Users can now initialize the TSD for polygons oe ldindscape either by randomizing within a
specified range or by specifying TSD by LU Polygord TSD Group.

13. The Run Controls interface has been modified andinoludes run start and end times.

14. The user now has control over when the Disturbdgg@a information is written to the database.

Version 3.3

1. A new feature called “Polygon Forcing” is now aadile. This feature allows users to force state
class changes for specific LU polygons at spetiifie steps in a simulation. It is being used to

3 ESSA Technologies Ltd.
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incorporate external models of petroleum industeyedopments in the boreal forest such as
seismic lines and pipe lines.

2. Polygons now track both their absolute age andsth&e based age. Age rules for pathway
transitions are now applied to the state basedi@@asure that pathways developed in VDDT
behave in the same way when imported into TELSA.

3. As with VDDT ‘Keep Relative Age’ is now a flag theain be added to each disturbance pathway.

4. Users can now choose to randomize the order ofatipeal unit management priorities between
Monte Carlo simulations.

5. Temporal multipliers can now be applied to polypased attributes.

6. Spread distance for contagious disturbances issamsitive to the condition of the polygon being
spread into.

7. Users can now optionally add spatial autocorrefatithe type of pathway used in a disturbance
event as it spreads to similar neighbours.

8. The probability that a polygon will be a disturbanuitiation site is now weighted by its area.

Version 3.2

1. Disturbance spread is now sensitive to polygon timmdsuch that spread is more likely towards
polygons with higher disturbance probabilities tleéimer neighbours of the source polygon.

2. Disturbance spread is now optionally sensitiveofmgraphy. Users can define spread multipliers
for disturbance spread as a function of the slaterden the source and target polygons.

3. Users can import “wind zone” maps into the modal define wind direction distributions for
each wind zone (see point 4 below).

4. Disturbance Spread is now optionally sensitive tmdwdirection. Users can define spread
multipliers as a function of the difference betwekea wind direction at the time of disturbance
(calculated from 2 above) and the direction of agre

5. Disturbance Groups can now be defined as contagives time. These disturbance groups
spread using annual spread distance distributinaead of probabilities. Users must define
source polygons at initial conditions, the spremthace distribution, the infectious time span and
any disturbances or management activities thattorayoff infection.

6. The study area set-up tool now reads the polygotra@d co-ordinates into the database for use
by the new disturbance spread algorithms.

7. Users can import “initiation multiplier” maps intthe model. These maps are used to initiate
sources of contagious disturbances at the begirofiagsimulation. They are also used to modify
Disturbance initiation probabilities for specifiolpgons on the landscape.

8. Users can simulate polygon-based attributes. Theseattributes of individual polygons that
change as a function of polygon state, ageing,dsstdrbance history. Users define the rules as to
how polygon attributes change over time.

9. The algorithm that determines management unit sigésn a user-specified range has been

changed so that the distribution of managementsizets is more uniform.

4 ESSA Technologies Ltd.
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10. The TSD value for each polygon is now randomisdd/éen 0 and 40.

11. Bug Fixes:

a. Non-independence in Management Unit Sizes betweemtd/ Carlo Simulations when
management unit size ranges were relatively narrow.

b. Failure to complete a second activity for managdragstems with overlapping age ranges.

c. Failure to conduct certain activities within anigity group with multiple activities.

Version 3.1

1. In anticipation of simulating the influence of tgwaphy on disturbances, DEM data can now be
loaded into the TELSA Database.

2. The graph display tool now prints data and graprecdy to MS Excel worksheets. Output from
various runs and variables can now be printed erséime graph.

3. Different trend multipliers can now be loaded apgleed to different planning zones.

4. Different sequences of temporal multipliers can nbes applied to different Monte Carlo
simulations in the same run. These sequences tar be loaded from VDDT as MCM files or
created in TELSA.

5. The number of disturbance incidents in a group waw be constrained either by total area
disturbed, as was the case in version 3.0, or ®gitte class distribution defined by the user. This
prevents the artificial occurrence of many smatidents in highly fragmented landscapes.

6. Specific minimum and maximum size limits can nowdieéined for natural disturbance groups.

7. “Reporting Zones” — regions of specific reportingdrest that can be created for study areas at
any time. These regions have no influence on moelehviour.

8. Planning zone maps can now be deleted through éipepmeparation interface.

5 ESSA Technologies Ltd.
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2.0 Model Overview

The application of TELSA in a strategic landscapenping process involves several stages and will
usually involve contributions of experts from diffeg backgrounds. The four main stages in the aimly
process (Figure 2.1) are:

initial model setup;

scenario definition and selection;
simulation runs; and

analysis of model results.

P wDnPRE

Steps 2 through 4 would usually be repeated inri@ssef iterations as the results of the first gsial
inspire additional questions and suggestions fahéuw scenarios.

Initial N Set-up and L—» Simulation Runs L Analyze Runs
Definitions Define Scenarios _ scenarios 1 - X o by year
e create pre- o select and edit - Monte Carlo Runs 1 - y—
defined files pre-defined files _Vears 1 - N e———— » across Monte Carlo
Runs within a
= vegetation e select simulation forgst growth scenario
succession length, reparting ana succession
periods, reporting . across scenarios
« spatial input variables, etc. hatural disturbances *
s management » define scenarios management actions

rules

report current status

(if requested)

Revise Scenarios

Figure 2.1: The four main stages of the analysis using TELBAially, users must create a series of inputsfile
which will be used as “pre-defined files” for fueumodel runs. The second main step is to set-up the
model and define the scenarios to be simulatedelycsng from and editing existing files. Various
scenarios can then be simulated, each with mulkifate Carlo runs if required. Results are analysed
and summarised for spatial and non-spatial indisato

2.1 Initial model setup

TELSA requires several rule sets and model paraseteat describe ecological processes (e.g.,
succession, disturbances), management informadan, (silvicultural systems definitions, operatibna
units), planning information and constraints (eggeen-up requirements, zoning specifications)@hdr
information that will be required during the anadys

6 ESSA Technologies Ltd.
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Experts from various fields have provided informaatthat has been compiled in a set of databasestabl
These tables will be accessed during a TELSA rume @esign objective for TELSA was to provide
access to all information required for a landsdapel analysis while at the same time not expecting
every user to be an expert in all areas. Thuspapgof ecologists, entomologists and fire expesats ¢
develop the rule base for the description of vdgatasuccession and natural disturbances, while
silviculturists can use the information on forestceession to describe how stand-level silvicultural
treatments affect subsequent stand dynamics. Anjplgrteam can then use this information to explore
different scenarios of management activities artdrahdisturbance regimes without having to be etepe
in vegetation dynamics.

Files prepared during the initial setup stage amesaurce that combines the knowledge of many éxper
The files contain many of the basic assumptionsiired for the landscape-level analysis. They can be
edited and revised at any time, however, to expatiernative assumptions or when improved data are
available.

TELSA is a spatially explicit model using a vecbmsed GIS approach. TELSA requires some
information in a map-based format. Prior to conohget landscape analysis, several GIS layers naust b
available to the model. Examples include vegetatbimver information and management system
designations.

TELSA simulates the dynamics of an entire landsdapeepresenting the dynamics of individual spatial
entities, which are referred to as “minimum polygdrThese can be aggregated to management units, a
form of “treatment-blocks” (see Section 3.1 for maetail). During the spatial setup, the user @=fia

set of parameters, which are used to divide thatiegi vegetation cover polygons into minimum
polygons. This process is fully automated, usingnesd\rcView-based tools. The resulting map yields
spatial entities within a range of sizes that asedufor all subsequent simulation analyses. The hee

the option to prepare multiple versions of this maping different criteria for the partitioning and
aggregation processes.

2.2 Scenario definition and selection

A model “scenario” represents a set of model patarsend rules describing the processes that dffect
vegetation dynamics of the landscape. These include

* successional pathways;

* natural disturbance regimes;

* management system definitions;

* management system assignments;

* management constraints and guidelines;

e planning zone designations;

» spatial information about initial conditions; and
» other data.

To define scenarios, the user selects a specifibowtion of the available parameter sets or defomee

or more new sets of assumptions. For example, rankse wants to explore alternative assumptions eibou
management constraints and guidelines would expiw#iple scenarios modifying the management
assumptions. A second user interested in the impafctalternative assumptions about future natural
disturbance regimes would set up scenarios wiferdifit parameter sets about fire probabilities.

7 ESSA Technologies Ltd.
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TELSA simulates some stochastic processes, sudineagnition and spread. The intended use of the
model is to explore the range of possible outcofeeseach scenario, as explained in more detail
elsewhere in this model description. It is therefaecessary to have the option to run multiple ont
Carlo simulations of the same scenario. Monte-Canhoulations of one scenario use the same set of
assumptions but differ in the randomly drawn panansethat determine the outcome of probabilistic
events and processes.

In preparation of a model analysis, users must fiegine those scenarios they want to simulateyThe
then define the sequence in which the scenario®dre analysed, the number of years each scesaano

be simulated, the number of Monte-Carlo simulatifarseach scenario, and the reporting time step for
landscape-level indicators (Figure 2.1).

Once all run conditions are specified, the usenstgithe run-stream instructions to the model.

2.3 Simulation runs

TELSA reads the run-stream instructions and exsctite simulation of multiple model scenarios in
sequence. For the analysis of an entire landssapaario analyses are “overnight” runs.

For each scenario, TELSA simulates the requestetbauof years, e.g., a 100-year simulation, in ahnu
time steps. The model simulates vegetation suamgssiatural disturbances, salvage operations in
response to natural disturbances, and other marmageattivities. The model reports the requested
information to output tables and files. In everydi step, the model reports the events of the geah as

the information on polygons affected by disturb@noe management. In every reporting time step,(e.g.
every 25 years in a 100-year simulation), the medeks the complete database that describes the sta
conditions of all those polygons in the landscapese conditions can change from the initial condai

The model repeats simulations of each scenarioas/imes as requested by the user. Each Monte-
Carlo simulation will have a different random numiseed thus representing alternate outcomes of the
stochastic processes in the model. Upon completi@enset of Monte-Carlo simulations, the modeltstar
the next scenario.

2.4 Analysis of model results

Results of the model simulations are post-processabtain spatial and non-spatial summaries of the
information. A graphical user interface allows tisr to view and print non-spatial statistics, sasthe
area affected annually by disturbances or manageaognities for the landscape as a whole or farus
selected biogeoclimatic subzones. The same ineifagsed to compare results of multiple Monte-€arl
simulations or to compare results of alternativenseios. The analysis component of TELSA also tspor
age-class distributions, seral stage distributiarea statistics and many other indicators. A sgcon
graphical user interface, using a customised Anehapplication, allows users to map various indicato
at different points in time, and allows users teilgacompare the spatial arrangement of these atolis

for different scenarios, years, or Monte Carlo datians. A third interface, using ArcView and its
Spatial Analyst, can be used to calculate varipasial statistics on the landscape for differemistu

Each interface interacts directly with the datababat contain information on the entire landscdjés
gives users maximum flexibility for queries andpiliy of model results.
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2.5 Summary of TELSA components

TELSA represents a set of tools for the preparatanalysis and display of landscape-level scenarios
The main components of TELSA are (Figure 2.2):

Database:

This Access database stores all relevant spatthhan-spatial information that define the initial
conditions, the assumptions about the simulatiois,ras well as the results from the simulation.

Database Editor:
A graphical user interface is used to access aidhéatmation in the database.
VDDT:

The Vegetation Dynamics Development Tool (Beuketral.€2002, Beukema et al. 1998) is used
to define successional pathway diagrams and daad probabilities in a landscape. VDDT is a
stand-alone tool, which has been developed to dyaassumptions defined in successional
pathway diagrams. VDDT is not technically part dELISA, but information exported from
VDDT simplifies the development of pathway and alibince information required by TELSA.

Vegetation Rule Translator (State Class Assignreat):

A graphical user interface is used to access tl¢ tloat translates the vegetation cover
information into the successional classes defindtié successional pathway diagrams.

Map Preparation, Study Area & Spatial Scenario $efools:

ArcView-based graphical user interfaces are usqureépare the spatial information required by
TELSA.

TELSA Main Model:

The main simulation model of TELSA retrieves théormation in the databases, simulates the
vegetation dynamics, natural disturbances, and geaanant actions in the landscape. It is
designed to execute several runs in “batch-modes hot involving interactions with the user.

Map Display Tool:
A graphical user interface and GIS are used tdalispaps of the model results.
Graph Display Tool:

A graphical user interface is used to analyse,layspnd report non-spatial results of model
simulations.
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simulation model

t v

internal data model
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spatial ————» Access [———>» | non-spatial
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shape spatial non-spatial vegetation
files analysis analysis dynamics
l l VDDT
results results

Figure 2.2: The main components of TELSA.

2.6 Monte Carlo simulations

TELSA has been designed to address some of thertaimties inherent in landscape-level forest
dynamics. It is designed to assess the range ohsoeoutcomes through the use of multiple stoehast

runs. The advantage of this approach is that ibgeises that a specific set of management rulds wil
yield a range of possible future outcomes, becafishe impacts of natural disturbances. The padénti

disadvantage is that it could be necessary to radkege number of time-consuming runs to get arclea
picture of the range of future conditions.

While it may be necessary to simulate many stochashs for some specific variables, it will bedes
necessary for aggregate indicators such as thebdistn of seral stages or age-classes. The nuwiber
runs required will depend on the specificity of timeasure. General and aggregate indicators such as
patch size, connectedness, etc. will effectivelydpicated within one run of the model acrossgpatial
extent of the study area being simulated as welb\as the years of the simulation. Thus for very
aggregated indicators a very small number of rutlisb& needed. For very specific measures at aertai
times in certain locations it is likely that a muahger number of runs will be necessary.

Sensitivity analyses and other systematic explomadif the range of model outcomes will be requied
gain experience with the model behaviour and thdahproperties.

2.7 Technical requirements

TELSA is designed to run on high-end Pentium-bgssmdonal computers. It requires a 32-bit operating
system, such as Windows 2000 or Windows XP. It Uiesosoft Access 2000, a relational database
system, to store all database tables. Graphicaliot®faces are written in Visual Basic (Versio®)6
The simulation model is written in C++ (Microsofisdal C++ Version 6.0). Analysis and display of
spatial information is performed with ArcView (Véra 3.1 or later) and the Spatial Analyst.
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TELSA requires at least 512 MB of computer memdANl). The amount of free disk space required
will vary with the size of the landscape that isalgeed and the number of simulation runs that are
conducted. As with all spatially explicit models, ggnerous amount of free disk space is highly
recommended.
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3.0 Initial Setup

3.1 Spatial setup

During the spatial setup phase, the landscapevidedi into a series of polygons of variable sizee T
smallest spatially explicit entity is minimum polygon These have a single set of unique fixed
characteristics such as age, vegetation covertamttige. All other spatially explicit units are deup of
groups of minimum polygons. No spatial data arelabk below the minimum polygon.

One level above the minimum polygon is timanagement unit(Figure 3.1). Each management unit
consists of one or momainimum polygons The management polygon is the smallest unit hthtbe
considered in any given management activity. At eisyant in time, each minimum polygon belongs to
at most one management unit. In previous versibi€bSA, management units were created only once,
during the initial setup. Versions 3.0 and latexate new management units each year using feediback
the current condition of the landscape. This erssthiat only polygons of user defined age and stract
are included as part of the same management Wiiten minimum polygons within a management unit
are disturbed or have undergone management to etopl they are released and become potentially
eligible for inclusion in other management units.

Landscape
Unit

BEC variants

~
H ™
Planning'~

Management
Zones

Systems

S Management
S~ Units
AN Minimum
S~ Polygons

Figure 3.1: Spatially explicit entities in the landscape. Adacape is divided into BEC variants and planning
zones. Each unique combination of BEC variant dadnpng zone contains one or more management
units, which in turn is divided into one or morenmium polygons, the smallest spatially explicit
entity.
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Planning zonesare areas within the landscape that share a plarticet of constraints or other
management-related rules (such as wildlife objestietc). These may be of any scale and can represe
watersheds, wildlife management zones, riparianfebsif etc. BEC variants are the ecological
stratification of the landscape. Management isgagsl to unigue combinations of these planning zones
and BEC variants using one or meonanagement systents describe what activities should take place
when. Management units are created based on fbrsnation.

Operational units (not pictured in the figure) also divide the lacase and are used to sequence
management in different parts of the landscapeaas g the harvesting algorithm. These are created
using information regarding access routes, topddcaparriers or other logistic considerations that
influence the location and pattern of managemeathEne can contain multiple management units, BEC
variants, and planning zones, and can cross thedaoes of BEC variants and planning zones. Users
can chose to randomize the sequence in which opesatunits are managed between Monte Carlo
simulations.

Each management unit is wholly contained withinogerational unit, planning zone and BEC variant,
and is assigned to only one management system.

Minimum polygons are created at the beginning efghmulation as part of the spatial setup. Thecbasi
process to creating minimum polygons in the lanpsday subdividing larger forest cover polygons is
calledtessellation

3.11 Map preparation

The first step in the spatial setup phase is to iattmation about the various maps to the database
Three types of maps are required by TELSA: VegataGover, Planning Zones and Operational Units.
In addition, the following maps can be used by miedel: Digital Elevation, Wind, Reporting Zones,
Initiation Multipliers and Roads. The Map PreparatiTool is an ArcView-based tool that assists is th
information transfer. Every polygon in the landseapust belong to one operational unit and at least
planning zone.

For planning zones and operational unit maps, thegss is quite straightforward. The Map Prepanatio
Tool stores, in the database, the location and radfrtlee map(s), the planning zones or operationdbku
in each map, and, for the operational units, theagament priority of each unit. In doing so, tha &iso
alters the dbf file associated with the map bymgvit an extra column called “PZID” or “opUnitiD,”
depending on the type of map.

Forest cover maps are more complicated. The MapaPaon Tool adds (or copies) a number of
columns to the original dbf, including species cdgercent representation of the species, age, BEC
variant, etc. that will be used by the State Classignment Tool (Section 3.3.3). In addition, tbelt
adds the polygons and the name and location ahtpeto the database.

Road maps are optional in TELSA. The road map pewia system of roads in the landscape. As
management occurs road segments are activatedtidweif left unused, roads become deactivated.
Users can add an existing road map to the datadmadeuse the "road extender" to extend roads to
minimum polygons.

Reporting zone, topographic, wind zone and indiatmultiplier maps are also optional. These maps ca
be prepared at any time after the study area igps@eporting zone map preparation is similar to
planning zone and operational unit preparation.ikdnplanning zones and operational units however,
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reporting zones can be defined for small or laggians and need not cover the entire landscapenWhe
present, reporting zones allow users to analyseemodtput for these specific regions, (community
watersheds for example), without having influenodle model behaviour.

Topographic information can be prepared for a TELSAdy area. Elevation information is used by
TELSA in when spreading disturbances from one pmiy¢p another. Wind zone maps can also be
imported into the TELSA model. For each wind zorsera can define a wind rose or frequency
distribution of wind directions. This informatios used to make the spread of disturbances from one
polygon to another sensitive to wind directiontiition multiplier maps can also be prepared todase

or decrease the likelihood of a disturbance indrabased on external data such as lightning sinaps.

3.1.2 Tessellation

The purpose of the tessellation is to divide ldegelscape polygons into smaller units that candsslu
for simulating disturbances and for creating manag# units. This is done in a tool called the Study
Area Setup Tool, and may be done on either theeMaoldscape map or on a subset of that map.

The Study Area Setup Tool operates on an overlanefor more map layers. One map layer must be the
forest cover map, which contains information abiié forest cover polygons, and the BEC variants.
Other map layers can include planning zones oradipexal units. The first step of the tool is toatea

new map layer that contains a unique set of polggemose boundaries have been created by the overlay
of the maps. Thus, for example, long thin polygoas be created if a riparian zone map was usdusn t
process.

These polygons then may be further subdivided usingronoi tessellation approach. First, the whole
landscape is sprinkled with points. The user ddateathe spacing and the x-y variability of thes@fs.
Once the point set has been created it is usedetteca set of basic polygons using the proximity
function in ArcView. The map calculator function krcView and this Voronoi diagram are then
combined to create smaller polygons. Polygons fthenforest cover map that are smaller than a user-
defined size will not be subdivided and new polygaill not be created if they would be smaller tlzan
second user-defined size threshold. For exampppose there are three forest cover polygons of dize
ha, 4 ha, and 8 ha. The user specifies that fome&r polygons must be at least 3 ha before theybea
divided and the newly created minimum polygons nigstt least 2.5 ha. If by chance the tessellation
would divide each polygon in half, the model wolddve both the 1 ha and 4 ha polygons intact becaus
the 1 ha polygon is less than 3 ha and the 4 havonéd have created two 2 ha polygons. It wouldhtze
two new 4 ha minimum polygons from the 8 ha fooester polygon.

Some polygons may have been designated as “noeepabje” in the “state class” table in the database
These indicate features such as lakes, roadssrietr. that are not vegetated or whose propewvilesot
change over time. In order to save time and spghesge polygons, while they may be subdivided thinoug
map overlays, will not be tessellated.

The study area setup tool also creates a tableeoflistance (edge to edge) between pairs of minimum
polygons. The model uses these distances wheredkshfor greenup constraints before constructing a
new management unit. Pairwise distances are astidliup to a maximum distance specified by the; user
otherwise the size of the database would be unnesitdg The user must specify a maximum distance
that is at least as great as the maximum greerstandie they plan to use.
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3.1.3 Spatial scenario setup

In TELSA the assignment of management systems ttagement units is based on planning zone and
BEC combinations. The sequencing of managemensadh® landscape is based on operational units.
Therefore, before the management units can beecteahother ArcView-based tool must be used. This
tool, called the Spatial Scenario Setup Tool, ubesStudy Area Map created from the tessellation
process, and any planning zone and operationamagis that will be used in creating managemensunit
It then looks at the overlays of these maps andtesea table in the database of all combinations of
planning zones and BECs that occur in each minirpolpgon, and the amount of area associated with
these combinations. This step is needed for asgigmanagement systems (see Section 3.2.1) before
creating management units. The output of the Sp&tianario Setup Tool is added to the “scenario
polygon tables” in the database. Multiple spat@rarios can be set up for the same study areh, eac
using a different set of planning zones and opamati units. This allows users to compare altereativ
ways of allocating management systems to the lapesc

3.2 Non-spatial setup

A large part of the initial setup of the model itwgs defining values that, while they may applyyoid
certain areas, are not spatially explicit. Thedeesdo not need to be redefined for every new arap
simulation. They can be grouped into two main ocatieg: management information and natural
disturbance information, both of which are desatiltemore detail below.

3.2.1 Management definitions

TELSA is designed to explore scenarios of landsahpeamics resulting from management actions and
stochastic natural disturbances. However, bothrahtisturbances and management actions will also
respond to changes in landscape conditions. Themetd which a management activity such as spasing
conducted depends in part on the area of eligitaleds in the landscape. TELSA contains sets okrule
and constraints by which the model can determimegaich time step, which management activities to
implement and where to implement them. With theses; management actions are implemented in ways
that are consistent with the current conditionthimlandscape. Details on how the model actualhiep

the rules are given in Sections 5.3-5.5.

The management actions are defined using the foitpaomponents:

1. A list of Management Activities defines whichtigities can be represented in the model. These
can include prescribed burning, thinning, clearlogging, planting, site preparation, and others.

2. Certain activities can be grouped into systefractvities that are executed in sequence. Agtivit
Sets define groups of activities, the stand agetath the activities are undertaken, and their
temporal sequence. For example, an activity sddatefine that site preparation occurs between
the ages of 0 and 5, followed by planting in thexsage range, and partial cutting every 40 years
after the age of 60. Every activity set must inelalde activity “release,” which determines when
all activities for a management system are commate the management unit can be dissolved
(See section 5.5).

3. System Constraints define a size range, greesritgsia, and an age range that can be combined
into a single management unit. Multiple system tmairsts may be defined in the database. For
example, a set of system constraints could defia¢ the management had to apply to areas
between 5 and 10 ha, with a green-up age of 1#wdtith of 500 m, and that polygons that were
no more than 40 years apart in age could be comltogether into a management unit.
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4. Activity sets and system constraints are combite create Management Systems. Thus, a
management system is defined by a set of actiyiwasch should occur within a specified size
range and meeting the given green-up criteria. Jement systems are assigned to the unique
combinations of planning zones and BEC variantsadisred using the Spatial Scenario Setup
Tool. Once management units are created, each maeg unit is assigned one management
system.

5. A second set of constraints can be defined.&hes ones that apply to a certain activity or grou
of activities, independent of a specific managensgatem. These are called Activity Constraints.
These constraints are based on a group of acti\i@ey., all types of thinning, or all activities),
planning zone, and BEC variant, and may includeemgp conditions, area bounds or age
bounds. For example, no clear-cuts (activity) agenptted in a any BEC in a protected area
(planning zone), or clear-cuts (activity) must lbdeastx metres from a stand that is less tlyan
years old in planning zonk

6. The Activity Limit defines the maximum amountafertain activity that can be performed in a
given year in a given planning zone. For exampbenore tharx hectares or cubic meters will be
clear-cut in a year or no more thgrhectares will be planted in a year. These uppent®
provide an additional, optional way to constraia $itenarios in a simulation. Activity limits have
a user defined tolerance level. This prevents thdahfrom seeking out tiny polygons, “slivers,”
such that it meets the activity limit exactly.

7. The Successional Pathway Diagrams define thacdtspof an activity on vegetation dynamics.
For example, “clear cut logging and planting” anstaf typex will result in a regenerating stand
of typey (see Section 3.3 for further details). An activityst have a defined pathway in order to
occur.

Several of these components define constraintsnotsl for application of the activity. Each of the
constraint tables is defined for specific spatiatl demporal domains (Table 3.1). In some tables, th
information will be stratified by groups of BEC vamts, activities, or planning zones, so that uderaot
need to re-enter the values for each member ajringp.

Table 3.1: Summary of the constraints that can be predefinedlanning zone, BEC class, activity, year, age or
size. Note that a management system combines antyaset and a system constraint, and then is
assigned to be part of specific planning zonesBB@ variants.

Planning BEC
Information Zone Variant Activity Year Age Size Greenup
Activity set X X
System constraint X X
Management system X X X X X X
Activity constraints X X X X X X
Activity limits X X X

Management occurs in three different places in T&£L&nd each has its own set of characteristics.
Details about the differences are given in SectmBs5.5. In all three cases, the management nauist b
the list of activities and must have one or mordyways defined in the successional pathway diagrams
Otherwise, there are several differences betweernyibes of information that must be defined in each
case (Table 3.2).
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1. Salvage (Section 5.3)

The constraints, limits, and activity sets defirddve are not applied to salvage. Salvage uses a
separate set of user-defined rules, and has itsdefined limit. Many of the salvage constraints
are based on information about natural disturbances

2. Aggregated harvest areas (Section 5.4)

These use the defined activity constraints (notuting block size or greenup) and activity
limits, but are independent of management systems.

3. Management units / Standard management (Sest)n

Each management unit has a management system aedowiith it, and uses all the defined
components. A management unit must meet all camditbefore the model can operate on it,
thus ensuring that the most stringent constrargsivays met.

Table 3.2: Difference between the three main types of managém

Activity System Management Activity Activity
Set Constraint System Constraints Limits
Management Units X X X X X
Aggregated Harvest Areas x! X
Salvage based on nat. X
dists

! Activity constraints for AHAs are only based on age, planning zone and
BEC. Constraints on greenup and block size are ignored.

3.2.2 Natural disturbance definitions

The dynamics of natural disturbances, other thair #ffects on vegetation, are defined by the foifg
components:

1. Size class distribution

Different disturbance groups create impacts ofeddht sizes and different ranges of sizes. Users
must define a size class distribution for eachudistnce group in each BEC variant by telling the
model what proportion of the disturbance events lvélin each of six different size classes. The
six classes are: 0-1 ha, 1-10 ha, 10-100 ha, 1@@3-bha, 1,000-10,000 ha, 10,000-100,000 ha.
This distribution is then used in the model to deire the number of incidences that would
occur in each size class, given the predictedtarba disturbed (see Section 5.2). Versions 3.1 or
later allow users to constrain the total numbemofdents in a disturbance group by size class
rather than by area. This prevents the artificia€usrence of many small incidents when
landscapes are highly fragmented.

2. Temporal pattern definition

The area disturbed can vary widely between yearthénnatural world. Use of the temporal
pattern allows users to capture some of this viitiaty entering annual multipliers for each
disturbance group. These are then applied in thmilesion of the area annually disturbed, by
scaling the area calculated based on the currewis¢ape condition. This multiplier can be
greater than 1 to create higher than expectedrdatoe levels, less than 1 to create lower than
expected disturbance levels, or equal to 1 to |thaeexpected disturbance level unchanged (i.e.,
if the variability is thought to be a function ordy the landscape characteristics). Versions 3.1 or
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later allow users to define different sets of termapanultipliers for different Monte Carlo
simulations. These different sequences can eitedo&ded from VDDT or created directly in
TELSA.

3. Trend multipliers

Climate change or other factors can cause a lamg-teend in the area that is affected by a
disturbance. For example, global warming may inggene area burned in the long-term. The
trend multiplier table can be used to enter mud#iglto be used for each disturbance group in
each year. These are then applied to the arealtilaSA would normally predict would get
disturbed. Versions 3.1 or later allow users targetrend multipliers by planning zone. This
option may be used to simulate situations suchffagt® of fire in specific regions for specified
periods of time. When planning zones overlap, thdtiplier chosen will be determined by the
planning zone priorities defined by the user.

4. Size Limits

Some users simulate management actions with therahadisturbance definitions. For these
users, versions 3.1 or later now allow more deteistic control over specific minimum and
maximum disturbance sizes.

5. Preferential Spread

Users can optionally define rules about how theagrof natural disturbances from one polygon
to another is influenced by wind and topographge Section 5 for details on preferential spread
algorithms.

6. Contagion

Certain natural disturbance groups can be defigetbatagious over time and space such that a
disturbance may spread slowly from one polygon tmtleer over several years. This
functionality is useful for simulating slower mogirevents such as the spread of invasive weeds.
Users define the annual spread distance distribuifothe disturbance, its contagious life span
and any other disturbances or management actiyfoegxample herbicide application) that may
negate the contagion.

6. Insect Disturbance Module

Certain natural disturbance groups can be defirretbiedng quickly contagious over time and

space such as insect outbreaks. Users definedheeapansion factor of outbreaks, the hazard
rating of different vegetation states, temporaliataon in the start of new outbreaks and in the
overwinter survival of insects.

8. Initiation Multipliers

Initiation multipliers can be defined for naturastirbance groups to take into account external
influences on disturbance starts.

The above components are combined into a singletutila Disturbance Scenario.” If size class
information is missing for any disturbance, thataibance will not occur. If no information is erte for
the multipliers, a value of 1 will be used. Detaits how this information is used are given in SBTH.2.

Natural state transitions are distinguished fromnaggment actions in the database. The database
contains a list of all possible transitions: natwamanaged. A separate table then specifies wbich
these are “natural transitions.” Note that manageraetions can be simulated using natural disturdan
rules if users wish to do so.

18 ESSA Technologies Ltd.



November 2008 TELSA: Model Description

3.2.3 Volume

TELSA contains two methods for associating volunit wolygons and various disturbances.

Volume is defined in a table that relates age avidme for one or more volume curves. A second table
relates some code from the polygon informationafidg that states whether or not the polygon leasnb
managed with the curve that contains the volumerimétion (Figure 3.3). These tables must be defined
in the database at the beginning of the setup plhasemay need to be done only once in a regioan,Th
during the spatial setup phase, each forest caggpn will be given a code to link it into the talihat
refers to the volume curve. The advantage of thg@ach is that, in BC, the volumes predicted from
TELSA will be most comparable to those predicted®5IM. The disadvantage of this approach is that
it cannot account for changes in yield associatgld ghanging vegetation types, especially thosesedu
by natural disturbances.

An alternative method is to define volume curvesskgte class. In this case users can enter volume
curves for each projectable state class. At leastage vs. volume points must be entered. The model
will interpolate between points.

LU Polygon Table Linking Table Volume Table
Polygon # Unit # Unit# | Managed | Volume Volume Age Volume
Curve # Curve #
1 4 3 10
2 23~ —» 3 20
3 17 T~ 2 no s—T | 3 30
[ 23 yes 43

Figure 3.3: The relationship between the three tables comgipolygon and volume information.

3.24 Effects

In TELSA, “effects” are defined as changes in polyattributes not directly related to changes @efin
by the pathway diagrams (Section 3.3.2). Two tygfeffects are modelled in TELSA: effects on agd an
effects on volume. These are defined as disturbbhased multipliers that are applied at the timehef
disturbance (note that both natural disturbanced mmanagement activities are disturbances). For
example, a thinning may have the effect of redueigg by 30% (i.e., multiply the current age by 0.7)
while root disease may reduce the volume by 5% (naltiply the current volume by 0.95).

Currently, if volume is part of the simulation, thelume effects will override any changes in agedose

age is always calculated from the current volunmerahe volume has changed. For example, suppose a
polygon is 100 years old, has a volume of 1§)and a linear volume curve. Also suppose that #fie
disturbance the volume is changed by 25%. The reume would be 75fm The model then looks up
this volume in the volume table and determinesctbses related age, in this case age 75, and agsign

the polygon.

Note that the Age attribute of polygons is indepeniaf the state transition diagram. A separdtéhate
called state based age is derived from the statsitron diagrams described bellow. For exampke if
pathway takes a polygon from class A (Ages 1006) 16 class B — (Age 125 — 140) the new state based
age would be 125 — independent of any volume cleaagsgociated with the ‘effects’ described above.
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3.3 Vegetation setup

All of the information about vegetation and its dymics usually needs to be setup only once per
landscape.

3.3.1 Vegetation dynamics rules

Vegetation dynamics, the changes in compositionsangtture of the vegetation, are determined bgethr
main factors: succession, natural disturbances, madagement actions. To assess changes at the
landscape level and over long time periods, itvipartant to properly account for the combined intpac

of all three factors.

The approach selected for TELSA is based on geweralepts of forest succession that have previously
been employed successfully in projects with the BSidrest Service (Kurz et al. 1994, Beukema, Kurz
and Pinkham 2002).

Four major steps are required to define the rilasdescribe vegetation dynamics.

Define the stratification of the vegetationfie fandscape (PVT or BEC variant).
For each stratum, define the successional pgthimahe absence of disturbance.
Define the natural disturbances, their probeddj and their impacts on succession.
Define the management actions and their impgatsuccession.

P wbdPRE

Each of these steps is described in more detaillbélhese steps can all be done in VDDT; they tésul
parameter sets that can be imported in the databaseally and utilised by TELSA to simulate the
changes in vegetation composition and structure.

We emphasise the strategic objectives of the moflethis time, the rules that describe vegetation
dynamics are for different site associations at BiieC variant level only and do not capture further
differences due to slope, elevation or aspect.

Successional pathway diagrams

Different Successional Pathway Diagrams (SPD) yieally defined for unique ecosystem types in the
landscape. For example, in British Columbia, SPes&en defined at the BEC variants level. The SPD
are made up of a series of “state-classes” thatefieed as a combination of dominant cover typg an
stand structure (structural stage, Appendix 2). Tmgrams then describe the possible transitions
between these classes under succession, natunadbdisces, and management activities (Figure 3.4).
Because it must be possible to map the forest cpubmons onto the different classes, each of the
successional classes must be defined such thatémelye distinguished from the information in theebt
cover maps. Note that the cover types, structtagles, and classes defined in the SPD must be tetpor
into the database before any of the pathway infodamas entered.

20 ESSA Technologies Ltd.



November 2008 TELSA: Model Description

Figure 3.4: Example of a successional pathway diagram. Eaghrépresents a state class defined by a unique
combination of dominant overstorey species comjmositand structural stage. Arrows define
succession in the absence of disturbances andffiaetseof natural disturbances and management
actions. The top row in each box defines the vegetaype, the middle row defines the transitionei
in each class, and the number in the lower righteodefines the structural stage (see Appendix 2).

Deterministic pathways

The first step in creating a successional pathwiagrdm is to determine the state classes that are
encountered in the absence of any disturbancesvhatiother classes may be present purely due to the
presence of disturbances. These classes are thaaated to describe the transition from one clashe

next due to the passage of time. Both the direaif@uccession and the time for transition from claas

to the next are defined.

Natural disturbances

Natural disturbances defined as those that aredimett human manipulations of the landscape (e.g.,
insects, fire, and diseases), influence forestession. While it is generally not possible to pcedhe
exact year and location of wildfires or insect watks, vegetation characteristics do affect the
probabilities of occurrence of natural disturbancgsccessional pathway diagrams define, for each
successional class, the probability of occurremzkthe impact of major disturbance types. The irhsac
defined as transition from one successional clasanbther, or for some disturbances, as alterieg th
successional age within a class. For example, tegpamderburns may prevent the establishment of a
Douglas-fir understorey in an old ponderosa piraadt Examples of types of disturbances that can be
included in the model are stand replacing fire,arbdrns, root disease, spruce budworm, mountai pin
beetle, and flooding. Each of these must also fieatkin the database.
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Management

For a management action to have any impact on aggetdynamics, a pathway describing the impact
must be defined. Typically, only those managemetibas that affect stand structure and composition
the scale of the polygons used in the model armelkf Examples of management actions that can be
included in the model are prescribed burning, phantsite preparation, clear cut, partial cuts, and
salvage. Each of these activities must also beeéfin the database.

Unlike the natural disturbances, management patbwaynot include a probability because the TELSA
model uses a different approach to simulating mememt. Thus, only the impact of the activity on
vegetation is defined. However, users may wishinmkate management stochastically as a disturbance.

3.3.2 Landscape definitions

The database contains a number of tables which theenodel information about the vegetation and
vegetation classification systems used in the maddl in the landscape. Each of these tables must be
initialised at the beginning of a run with a newdacape. In many cases, if several landscapesarg b
done in a similar region, the definitions that aetup for one landscape will be sufficient for all
landscapes.

The various polygons in the landscape will be dbsedrbystate classesThese are unique combinations
of cover typesandstructural stages All occurrences of each of these (i.e., all caypes that appear,

all structural stages that occur, and all classat dccur) must be listed in tables in the datalbafere

the vegetation dynamics rules (Section 3.3.2) ocarinfported into the database. Cover types can be
grouped in various ways, for management, spatialyars, mapping, or graphing, and each of these
groupings must be described in the database.

The landscape can also be stratified into ecolbgétpons, such aBEC variants or PVTs. These BEC
variants can be grouped inBEC zones andNDTs (“Natural Disturbance Type” groupings defined by
the Biodiversity Guidebook). BEC zone, NDT, and age be combined in various ways to creseal
stages Each of the items in bold, and their relationshipust be defined in the database. Note that users
in regions that do not use BEC variant as the goodb stratification must still define the infornm in
these tables, as appropriate to their area.

3.3.3 Landscape cover translation

Each of the forest cover polygons in a landscapgages information about its BEC variant, the spsci
present in the polygon and the age of the polydgdms information must be translated into the
corresponding successional pathway diagram and defined above. A translator program uses a series
of rules to map the forest cover polygons ontoatestlass. The resulting information is then imgort
into the main TELSA database.

The translator program, called State Class Assighrii@ol (SCAT), operates in a separate database
using information from VDDT, the forest cover mamd the main TELSA database. It assumes that the
forest cover map has already been added to the AElafabase. When using the tool, users must first
define a number of rules:

* how to assign combinations of species, their péaggncontribution to overstorey, and ages, to
their resulting class (Table 3.3);
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* how to treat any discrepancies or synonymous térms in the forest cover database western
hemlock may be coded as either ‘H’ or ‘HW’); and

* how to determine whether a record should be infl@rdint ecological region (e.g., if western
cedar is present, and the polygon thinks it ihn BEC variant ESSFwc2, change it to the BEC
variant ICHmwa3). This rule is optional.

Secondly, the model examines the database andeagpé rules. It lists each record, the assignasscl
and any error or message codes. This becomesrativiéeprocess whereby the user gradually refihes t
rule until most errors have been removed. At tloisify the tool will add the new class informatianthe
main TELSA database.

Table 3.3: Example of some of the rules used to assign a flam the species and age of a record.

Species 1 Species 2 Species 3 Age
BEC Cover Min% Max% Cover Min% Max%  Cover Min% Max% Min Max Class
MSdm2 Se 30 80 PI 10 50 BI 10 50 0 20 SBP1
IDFmw2 Fd 30 80 Ep 10 50 Cw 10 40 0 20 FdCw1l
IDFmw2 Fd 30 80 PI 10 50 Ep 10 40 0 20 FdEp1l
IDFdk2 PI 30 80 Sx 10 50 Fd 10 40 0 20 PISx1

The main purpose of the SCAT is to help users asd@psses to the records in the forest cover mag, a
to put the appropriate values into the TELSA databd is also possible to do this step manualigadiy

in the database, an option that may be preferrdwifissignment rules are relatively straightfodaar if
there are a few remaining polygons that cannotdssitied by the refined rules.
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4.0 Scenario and Run Definition

The activities described in Section 3 will resaliseveral parameter sets that describe the dynaribse
vegetation in the landscape, the roles of natuigtuxbances, and the management options and their
impact on succession. In general users can themsehiopom the pre-existing parameters sets to define
scenario and a sequence of runs.

4.1 Defining a scenario

At the top level, a scenario can be defined bycsieig from a number of existing parameter setshEac
table of parameter values in the database candntifidd as part of a set, and some sets are n@adé u
other subsets. Users select from a number of diffeexisting parameter sets to create or edit the
scenario. Some of the general parameter sets agsltfhat can be selected are:

* management:
- activity limits;
- salvage criteria;
- AHA cutting rules;
- activity constraints;
- management Systems;
- activity sorting
- randomization of operational unit priority
- randomization of management system sequences
» vegetation transition rules (management, disturbaaicd succession rules);
» natural disturbance parameters (size class disiiii) trend multipliers, and temporal pattern);
» effect rules (age effects and volume effects);
» spatial information (planning zone and operatiamat for each minimum polygon);
» flags:
- do management (if this is turned off, no managempanameter sets need to be selected);
- do green-up (if management is turned off, greemvilibe turned off as well); and
- do natural disturbances (if this is turned offyagk will not happen either).

In all cases, defining a scenario consists of cimgofom sets of parameters that have already been
defined. Defining new parameter sets must be def@é a scenario is created.

4.2 Scenario execution

Upon completion of the definition of the scenarittee user must make a few final decisions prior to
executing the model simulation. These include:

» selecting the number of years for which to rundineulation;
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» selecting the number of times the simulation isb® executed (useful if there are some
parameters, such as natural disturbances, or maneagehat include stochastic variation);

» selecting the frequency with which to save theestdithe landscape during the simulation;

+ a flag for whether the natural disturbances in elldmnte Carlo simulation should start in a
different place in the sequence of multipliers; and

» selecting the age classes to use for landscapeatoutp

This information is combined into a “run.” The irfece allows users to see which runs have beenetefi
in the database, and shows the runs for which oigprurrently present in the database. Users czate
new runs or, after deleting output, re-run an axgstun.

Users interact with the main TELSA model usinghhéch controls form in the database editor. When th
main model runs, it reads the batch controls tablé simulates the appropriate run, placing thewutp
information about disturbances and the state ofath@scape into the database. A status windowsiblei
during the simulation to show the run and Montel&Hrat are being simulated, and the number of time
steps that have been completed.
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5.0 Model Algorithms

TELSA loops over each scenario, each Monte-Cantoand each time-step during a simulation. TELSA
operates on all projectable polygons in the langiscaimulating both spatially independent processes
such as succession and processes dependent oal smattext, such as management or natural
disturbances. Non-projectable polygons such aslakd glaciers are ignored.

51 Succession

Succession is the first process simulated each $irep in TELSA. For each minimum polygon, the
model looks at the current class of the polygoa,lémgth of time the polygon has been in the clidmgs,
length of time polygons should stay in the classl the defined succession pathway from the class (s
Section 3.3). If the polygon has been in the dasthe required number of years, it will be motedhe
class indicated by the succession pathway. Ineaks, the age of the polygon will be increased.

5.2 Natural disturbances

Natural disturbances are stochastic events thaigehthe rate of succession, or the successiorsa ofea
polygon. Natural disturbances include insects, ggehs, fire, windthrow, flooding, animal browsingda
other events for which impacts should be considaréde analysis.

The simulation of natural disturbances in TELSAoak for feedback between the condition of the
landscape and the amount and type of disturbahe¢site operating. For example, consider a lan@éscap
that was historically dominated by stand-repladings in which active fire suppression is exercised
Over time, the age-class structure of the landsealpshift towards older stand ages. If these olstand
types are more susceptible to insects, the areaadypndisturbed by insects will increase as more
susceptible stands are in the landscape. TELSA deagned to simulate the impacts of changes in
vegetation characteristics on disturbance typeg#stdrbance frequency.

TELSA recognises user-defined disturbance typesctwhre combined into disturbance groups. For
example, the disturbance group “Fire” could conta@veral types of fires (representing different
intensities from under-burns to stand replacing)siAgle disturbance event may consist of various
disturbance types belonging to the same disturbgnocep. For example in a single fire event some
polygons may experience stand-replacing fire whileers may experience only an under-story burn.

All natural disturbances are simulated with the sa®t of algorithms, using different parameter ealu
(but see section 5.2.2 for the special case oftagiaus” disturbance types, and section 5.2.3 dngéct
Disturbance Module). The model requires three afetsput information to represent disturbances:

1. For each successional class and disturbancettyg@verage annual probability of disturbance
is defined, e.g., a successional class in a BE@nawith a 200-year fire return interval would
have a disturbance probability of 0.005. These wiefened in the VDDT successional pathway
diagrams (see Section 3.3.1).

2. For each successional class and disturbancettygepact of the disturbanceis defined in the
successional pathway diagrams developed with VDE&EE Section 3.3.1). For example, a stand-
replacing disturbance in cla¥s(e.g., a mature Douglas-fir stand) will move tludygon to class
Y (e.g., an herb-shrub complex).
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3.

For each disturbance group, thige-class distribution of disturbances is defined. It defines
which proportions of the disturbance events areéhm six different size classes (see Section
3.2.2).

Optional parameter inputs for natural disturbanoigs include:

1.

Between-year variability or temporal variation multiplier sequences. This accounts for the
effects of weather and other sources of betweenva@tion that are not related to the condition
of the landscape (see Section 3.2.2). Multiplieaim be greater than 1 to create higher than
expected disturbance levels, less than 1 to cteater than expected disturbance levels, or equal
to 1 to leave the expected disturbance level urggnDifferent multiplier sequences can be
defined for different Monte Carlo simulations iretiame run.

Long-term trend multiplier sequences. This accounts for the effemitschanging climatic
conditions or changes in suppression efforts (ssxich 3.2.2). For example, a scenario could
include the assumption that over the next 100 y#ers@verage annual area burned increases by
50%. Different long-term trends can be defineddiffierent planning zones in the landscape.

Minimum and maximum disturbance sizesfor each disturbance group.

Slope multipliers to take into account the effect of topography astudbance spread. For
example — these multipliers may be used to simdlete that are more likely to spread uphill
than down.

Wind rosesandwind multipliers to take into account the effect of wind directmmdisturbance
spread. For example — these multipliers may be tsedimulate fires that are more likely to
spread downwind.

Contagious spread (Section 5.2.2)Certain disturbance groups such as invasive speamie
diseases may be simulated using annual spreadckstistributions rather than probabilities.

Insect Disturbance Module (Section 5.2.3)Insect disturbances can be simulated using their
own set of parameters allowing them to spread feosingle initiation focus across space and
time.

Spatial autocorrelation of disturbance impactsis optionally defined using a spatial weighting
factor from O to 1. With a spatial weighting fact@lue of zero the state transition a disturbance
spreading from one polygon to another polygon i shme state will be determined randomly
based on the relative probabilities of all the $itions for that state and disturbance group. With
a spatial weighting factor value of 1 the stategdigon a disturbance spreading from one polygon
to another polygon in the same state will be theestransition as in the source polygon.

TELSA represents all natural disturbances by sitmgaheir impacts on minimum polygons. The same
basic approach is followed for each disturbanceigrdhus, differences between disturbance groups ar
due to the landscape characteristics and the péeasets defined above. For the steps describeavbel
the model loops over disturbance groups and typetheé order that they are found in the natural
disturbance group table in the database. This atéends on the VDDT files that are imported i@ t
database during the initialisation stage. Usuallsects are simulated first then disease, fire emér
weather and mammals.

1.

Calculate the expected area to be disturbedhigntime step by multiplying the area of each
polygon times the probability of disturbance by leaaf the disturbances in the defined
disturbance group in that class and by the apmtgptrend multiplier (based on planning zones).
The probabilities of disturbance have been assigoexhch successional class during the set-up
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10.

10.

phase. This disturbed area in each class mustrbmed for each disturbance group in each BEC
variant.

At the same time, all minimum polygons that eémia non-zero probability pathway for any of
the disturbance types within the disturbance grangpadded to a list of eligible polygons for this
disturbance group and the maximum product of pritibaby polygon area is stored in memory.

Modify the area estimate (from 1) based on &fendd temporal variation multiplier.

Determine the number of disturbance events @ e&ze class that will occur during this time
step. To do this, the model creates a cumulatiggiblition based on the user-defined size class
distribution and randomly draws incidences frons ttlistribution until the total area (from 3) is
allocated.

Pick a target size class from the size clagsildision (from 4). Start with the largest sizesda
that has at least one incident possible. Seleerea at random from within that size class. For
example, if the size class 1,000-10,000 ha isdhget size class, the target disturbance size may
be 3,521 ha. In recent versions an option has adéded to not prioritize the largest events.

Choose an initiation polygon to start the distunce. Polygons are selected randomly from a list
and then the product of their probability of dist@nce by their area is compared to the maximum
product of area by disturbance probability of anlygon on the landscape (from 2). Multiply the
area weighted relative probability by any initiaimultipliers from an initiation multiplier map.

If a random draw is lower than the target polygautsected probability relative to the maximum
the disturbance will start at that polygon. Thiegsis repeated until the disturbance starts.

Before starting a disturbance check if this distmd®e group has user defined constraints either on
size limits or incidents per size class. If suchatmints exist, check that the disturbance can be
large enough. If not, the disturbance will not acand another initiation polygon must be chosen
(step 6). For this reason, user imposed size eadssize limits will tend to increase model run
time.

Spread the disturbance from the source polygorheoetigible adjacent minimum polygon(s).
Each time the disturbance is about to spread deterthe spread probability using the following
steps:

a. Determine the relative disturbance probabilitylad target polygon compared to all other
neighbours of the source polygon.

b. Determine the slope between the source and taagtigns and multiply the relative
probability from “a” by the slope multiplier for ithslope.

c. Randomly draw a wind direction from the wind rose fthis part of the landscape,
determine the difference between spread directiwhveind direction, and multiply the
wind multiplier for this difference by the slopedacondition multiplier from “b”.

d. Draw a random number between 0 and 1. If thisss han the condition by slope by
wind multiplier from “c” then the disturbance spdsao the target polygon.

When all immediately adjacent eligible polygons éadoeen targeted, spread the disturbance to
those that are in the next “ring” (i.e., adjacenthe polygons that have just been disturbed). Use
the rules from step 9. Adjacent polygons may barny BEC variant, but must be on the list of
eligible polygons.

Once the disturbance spreads to or starts in ggpolgetermine which disturbance type within
the disturbance group will occur. If the targetygan has an immediate neighbour that has: a)
already been disturbed by this event, and b) theegare-disturbance state class as the eligible
adjacent polygon, then adjust the post-disturbaragesition pathway probabilities for the eligible
adjacent simulation polygon as outlined below:
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PW;ij= SWR + (1-SWE* —— fori=t

B,
PW,, = (1-SWQ* —— fori t

PS,j

Where

t = post-disturbance state class for the immedimeghbour of the eligible adjacent
simulation polygon that has a) already been diswirby this event, and b) the same pre-
disturbance state class as the eligible adjacéngpo

PW;,; = weighted probability of transition from sourcalygon pre-disturbance state class s to
post-disturbance state class i

SWEF, = spatial weighting factor for disturbance group a

PW;; = weighted probability of transition from sourocalygon pre-disturbance state class s to
non- post-disturbance state class i

Ps ;= original (non-weighted) probability of transitidrom source polygon pre-disturbance
state class s to post-disturbance state class i

If both condition a and b (from above) are not ithein this decision on the post disturbance state
transition is based on a random draw and on tfaivel probabilities of the individual disturbance
types. For example if a fire spreads to a polydat has a 0.01 probability of a stand replacing fir
and a 0.005 probability of an under-burn, two tinoeg of three the fire will spread as stand

replacing.

11. Stop spreading the disturbance when either:
- there are no more adjacent eligible areas to spoean
- the appropriate target disturbance size (from 5ashed for that incident.

In either case, the incident is recorded in the@mpate size class. Thus, if the target size dkss
1,000-10,000 ha and the actual disturbance siealys678 ha, the incident will be recorded in
the size class 100-1,000 ha.

12. Repeat steps 5 to 11 until the target areartistl has been reached for that BEC variant and
disturbance group. If the user has chosen to Ithét number of ‘ignitions’ stop when the
expected number of events have been reached.

13. Repeat steps 4 to 12 for each BEC variant &tdrdance group.
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The effect of each disturbance on a minimum polygobased on the pathways that are defined for the
disturbance and on the disturbance-specific effacameters in the database. The pathways detethane
polygon’s new state, whether the age was reset,wdrather the succession rate was affected by the
disturbance. The pathways also determine the awkutto the number of steps spent in the class
(whether it is the same as the pre disturbance dasiot). The effect parameters may then chamge t
age of the polygon and, if volume is being used uwblume of the polygon.

In each time step, a polygon may only be disturdrezk by each disturbance group. Multiple disturlbanc
groups can disturb individual polygons providedt thaor disturbances have put them in a state ithat

eligible for the subsequent disturbance. For exanmgpolygon may only be disturbed by one barklbeet
outbreak per time step, but after such an outbadiaie may burn the polygon in that same time step.

5.3 Contagious natural disturbances

Contagious natural disturbance groups such asiirevageeds or diseases are simulated differentiynfro
the “regular” natural disturbances described abdwesimulate contagious natural disturbance groups
users must define the following parameters for egohp:

1. source states and their relative ‘strengthcfmmtagion at the beginning of the simulation;

2. a spread distance distribution (m/year) for agri@to the most vulnerable vegetation state. There
are currently three options — Pareto, negative rgptial and log-normal;

3. the contagious period (years) after initial atien; and
4. alist of other disturbance types, natural onagged, that can deactivate the contagion.

The model simulates contagion each time step bydneating new infestations (figure 5.1). Thieqass
begins by determining the number of new infestativam outside of the landscape (Poisson distrijute
The model then loops over potential target polygimna random sequence. Potential target polygons
consist of all polygons that are not invaded bydpecies which new infestations are being creaied f
While the number of polygons being looped over rieséower than the number of new infestations, the
model determines the relative probability of inemsiof the target and based on a random draw
determines whether the target should be invadetor The relative probability of invasion for agat is
based on its location relative to high use featsiesh as roads and agricultural fields as wellrago
vegetation community. Once the number of infestetifrom outside of the landscape has been reached
for a time step, the model must draw a random piatesource polygon for each target. If the source
polygon contains weeds the model draws a randosadpdistance from the spread distance distribution
(negative exponential) for the weed. If this sprelistance is greater than the polygon to polygon
distance then the model checks the relative inmggiobability and determines whether a new infastat
should occur at the target. This process continnéball potential targets have been examined.
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Figure 5.1: Steps in the simulation of new infestations.

After the simulation of new infestations the mosli@hulates the expansion of existing infestatiorgu(e
5.2). For each invasive species an each polygahishalready contagious the model loops over each
neighbour of that polygon. Neighbours are both edrately adjacent polygons and polygons whose
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edge to edge distance is < the maximum distandeterfest selected in the tessellation. For eaajeta
neighbour pair the model determines the potenpetad distance and compares that to the centroid to
centroid distance for the pair. The potential ahse is determined by taking a draw from the spread
distance distribution for the species for each tstep that the source has been contagious. A draw
taken for each time step to capture the graduadaspof propagules along the centroid to centroid
polygon vector. The sum of these distances is theltiplied by the source strength variable whish i
dependent on the state of the source and by th@veelvulnerability of the target polygon vegetatio
community and state. If the spread distance istgrélaan the centroid to centroid distance for sewand
target polygons, the target polygon is invadedtaaukitions to an initial infestation.

$#

Figure 5.2: Steps in the simulation of infestation growth.

This spread distance is multiplied by the followimgmber:

CS

vV

VMAX
Where:
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V is the vulnerability of the target polygon to asion (defined in the transition pathway)
Vmax IS the maximum vulnerability to invasion
CS ( 0) is the condition sensitivity of the inasive agen

As with natural disturbance spread multipliers @.2the spread distance is multiplied by userraefi
slope or wind multipliers. If the spread distamoeeeds the centroid to centroid distance thernattoet
polygon will be disturbed and added to the listofitagious polygons.

54 The Insect Disturbance Module

54.1 Objective of the Insect Disturbance Module (I DM)
This is a module in TELSA that simulates the sprefihsect disturbances such a Mountain Pine Beetle
at the landscape scale. This module will incorpoteer inputs defining:

a) the transition groups and types that constingect outbreaks;

b) the pathways of insect disturbance;

c) the rate of spread of patches based on soubiahi@pes and transition severities;

d) the number of outbreak initiation points; and

e) temporal variation in the above factors as atfan external drivers such a s climatic variation.

Outputs should allow individuals to map outbrealergs and identify unique outbreak clusters over
multiple time-steps. Model outputs will allow users asses the outcomes of alternative scenarios of
insect outbreaks and management strategies orclmelindicators. This is meant to be a generic theodu
of insect outbreaks applicable to different indgpes and useful at the strategic level. As a retyeshe
biological detail incorporated into this model msse.

5.4.2 User Inputs

Transition Groups and Types

Users must be able to define which natural distucbagroups and corresponding disturbance types
constitute insect outbreaks. Multiple types of atgroups could be defined, for example: MountdirteP
Beetle and Spruce-Budworm could be part of the sacemario. For each group, multiple transition
severities could be assigned as different tramstiipes.

Transition Pathways
Transition pathways are defined in VDDT and complosie

a) Source state (for example Old Lodge-pole Pine)

b) Transition Type (for example High Severity MPB)

c) Probability

d) Destination State (for example Young Lodge-polespin
Area Expansion Factor

The area expansion factor will define by what sireinsect outbreak increases over time in area. A
factor of 1 implies a linear increase. A factor2aheans doubling in size every time step. A faotdl0
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means increasing 10 fold every time step. Thikdsrate of expansion of an outbreak under ideaitdta
and climatic conditions and will be modified by sewf the parameters identified below.

Hazard Rating

The hazard rating will influence the amount of rewa that can be dispersed to as a function cdiriee
successfully attacked by habitat type (state @dassBEC variant) and age in the previous time steter
ideal environmental conditions. For example Old ¢@gole Pine might have a hazard rating of 0.9
whereas Mid Seral LPP might only have a hazaragatf 0.4. Hazard rating will be between zero and
1. Hazard rating will also influence which polygotontribute to the area of dispersal.

Proportion Skipped

Users will also enter a value called ‘Proportionfpled’ into the hazard rating table. This valud v
defined by BEC Variant, State Class and age. lltlvei used to define what proportion of polygons in
this state, BEC and age range actually undergaraition after being dispersed to.

Egg to Egg Survival

This will be a temporal multiplier from zero to otieat represents over-winter and dispersal survival
Low values (close or equal to zero) could repretierd steps in which environmental conditions sash
cold winter temperatures are adverse to the ins#igh values (close or equal to one) representl idea
environmental conditions.

Number of New Foci

This will be a temporal input Q) that represents the number of new insect afiatthes from outside of
the landscape for each time step. These new fdcbegin as seed polygons and spread in subsequent
time steps.

Initial Patch Size
This is the initial size of new foci in ha.

Internal Dispersal
This will be a Boolean input defining whether disga# can occur to polygons attacked in previougtim
steps, or only to polygons that have not beenkathduring the current outbreak.

Initial conditions

The user will need to specify which if any polygaeseived beetle dispersal in the time step pddhé
beginning of the simulation. (Not yet includedtive database structure or model design — leavé unti
later).

5.4.3 Overview of Model Algorithms

For each insect disturbance group (for example NwaorPine Beetle of Spruce Budworm) the model
will keep track of independent clusters. A clusseby definition a group of polygons that wereaakied
as a consequence of attack to one seed focus bséegient dispersal.

For each Outbreak Cluster

Transition Polygons Dispersed Into at Time t-1

Polygons dispersed to in the previous time step wildergo a transition to the post attack state.
Transitions are defined in the vegetation pathwiagrdam. Multiple transition severities are possiathel
these can be assigned different relative probgsillly vegetation state. If no transitions occuraf@atch
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this means that all dispersal in the previous tisiep was to polygons that were not vulnerablesedt
attack. In this case the patch can no longer ex@mamit can be deleted. The model will use the
‘Proportion Skipped’ input from the user to defindat proportion of polygons in each habitat type
(BEC, state, age range) undergo a transition.

Determine the Area of Dispersal

Based on the area expansion factor and the hapitat(area weighted hazard rating) that the tremsit
occurs in determine the amount of area that a patith expand by (current area*expansion
factorraverage hazard rating). Multiply this by ewer-winter and dispersal survival temporal muiépl
Polygons with no transition defined will result zero insect productivity. In this way a landscapthw
large contiguous areas vulnerable to insect attaltkesult in higher rates of patch expansion thaghly
fragmented landscapes.

Disperse Insects

Spread outwards from the edge of the patch urdilatiea of dispersal has been attained. Insectsrdisp
to polygons independent of their current hazantgatIf users have defined internal dispersal @ssible
also disperse insects both outwards and back olygpns already belonging to a cluster.

Long Distance Dispersal

The number of new foci will be a user defined terapmput (immigration from outside). In additioo t
this we could also include some new patches as@ifun of the area transitioning from last yeataet
by habitat type (long distance dispersal withirdisgape — not yet included in the design).

Determine the locations of new foci based on hakiitlnerability and polygon size (use the samedad
the existing function for starting normal disturbanevents). This function takes into account habita
vulnerability and favours larger polygons with highinerability. Vulnerabilities will be defined bije
probabilities assigned to transition pathways neatio the maximum probability possible.

Each new focal polygon will become the beginning ofew outbreak patch. Expand the focal polygon to
an initial focal patch by growing it outwards untiteaches the user defined initial focus size.
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5.5 Salvage

The simulation of salvage on disturbed polygonsuceémmediately after all natural disturbances, if
management is being simulated. Disturbance incsdainbve some minimum size, as defined by the user,
are potentially eligible for salvage. The model rakees each minimum polygon that was part of the
disturbance incident to determine if it meets teertdefined salvage criteria. These criteria aregéch
eligible disturbance type, planning zone and ctyge:

» the minimum age of the polygon before it was distar, and
» the maximum number of years that have elapsed ket disturbance and the salvage activity.

Finally, for the minimum polygon to be salvagede thuccessional pathway associated with salvage
(which defines what happens to the successionas dathe polygon as a result of the salvage) roest
present in the database. As with disturbancesfteet of the salvage on a minimum polygon is based
the pathways that are defined for the disturbamceam the disturbance-specific effect parametethen
database. Due to the above constraints, not algpak within a disturbance incident may be parthef
corresponding salvage incident. Thus two polygdrat are part of the same salvage incident are not
necessarily adjacent.

A maximum amount of area (or volume) can be saldagea single year, as defined in the database.
Other constraints on management activities (semere not applicable to salvage.

Areas salvaged will affect the amount of area duwe that can be managed in the standard management
section of the model. In the model, salvaged aszasapplied towards the activity limit for diffeten
management activities, depending on user defingerier for each planning zone. Thus, in years with
high salvage activity other management activitiey ime reduced.

5.6 Aggregated harvest areas

Aggregated harvest areas (AHAS) are pre-definedsattgat can all be harvested in a single passdier or
to make a large patch or to “clean-up” an areaithhighly fragmented. This is an optional partaofy
simulation. When it is present, it operates aftatural disturbances and salvage, but before stdndar
management is applied.

In order to simulate AHA cutting, users must haveated a map layer that can be used to define the
patches that may be cut, as well as a number ef ptrameters:

» the minimum percent of area that should be in thengest and two oldest seral stages;
* the minimum and maximum ages for the patches;
» the activity pathway to use for each BEC variant;
» the map layer to use (either a planning zone layéne operational unit map);
» the criterion for picking between the eligible AHAs
- the largest percent of area in patches greatersiiae given size;
- the largest percent of area in patches less thae given size; or
- randomly picked; and
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the number of years before starting the first AHA, detween attempted AHA cuts, and before areas in
the AHA can be managed again (by either AHA cuttingstandard management). This will also restrict
any other activity, including planting, fertilisingtc. If users want these activities to be coretlict
regardless, they should implicitly include thenttie successional pathway.

In years in which AHA cutting can be attempted da$ined in the last item above) TELSA simulates
AHA cutting using the following steps:

1. For each defined AHA, (either a planning zone@perational unit), that is potentially eligible to
be cut, determine the percent of the AHA that isemal stage 1, the youngest, and in seral stages
3 and 4, the oldest two stages.

2. Determine those AHAs from Step 1 that have ntbesn the minimum percent of area in the
youngest seral stage and in the oldest two seagkst If the user wishes to pick an AHA from
this list to harvest at random, proceed to Step 5.

3. Determine the patchiness of each AHA from Stdyy 2letermining the amount of area that is in
patches formed by adjacent minimum polygons withirser-specified age range.

4. Pick the AHA that contains either the largesteat of area in big patches (i.e., the area irclvhi
the harvesting will create the largest patches)herdargest percent of area in small patches (i.e.
the area that is currently the most fragmented,thug may be the one to benefit the most from
cutting).

5. Start harvesting the eligible minimum polygonghim the selected AHA. Eligibility of the
polygon is based on the existence of the appr@ppathway for the polygon’s successional class.
AHA activities are subject to the age constrairgBrebd under activity constraints but not to the
block size or greenup constraints. Stop harvestihgn either all eligible polygons have been
harvested or the activity limit for the particulactivity type has been reached. Note that if the
activity limit was reached before the AHA was fuligrvested, the AHA cutting will continue in
the next year of the simulation, skipping Steps.1-4

The activity type that identifies the pathway fbetAHA cutting can be one that is specific to AHA
cutting or the same as one that is used in a mamagesystem for standard management. If the agiwvit
one that is used also for standard managementutting that occurs will contribute to the limitmd the
amount of standard management in that year willdereased. If the activity is one specific to AHA
cutting and does not occur in any applied managéesystiem, the standard management and the AHA
cutting will remain totally independent. In the mestreme case, both cutting types could operatiecit
limit in the same year.

5.6.1 Dynamic Aggregated Harvest Areas

In version 3.5 of TELSA we have extended the fuomality of AHA's to make them dynamic over time
and space such that they need not be constrainthe tstatic shape of these features. Our objective
doing this were the following:

1. Maintain old AHA functionality for those who stilant to use it and for comparison purposes.

2. Add new AHA functionality that allows us to meeetfollowing criteria:

3. Give users more flexibility and control over AHAsi Do not limit users to sizes defined by
OPU or PZ line work.

4. Give users control over the proportion of totalurok harvested that is obtained through AHA
cutting.

5. Allow for the possibility of implementing more thame AHA per year.
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6. Greater accuracy in selecting the best possibhtitmts for an AHA based on user specified seral
stage and patchiness criteria. Do this at a dyzai#de that is not tied to the OPU line work.

Overview of new AHA Algorithms:

1. Select a Static AHA (OPU or PZ) following the cunttHA selection criteria. These criteria are
based on the percent of the Static AHA in the firsd last two seral stages and its patchiness.
2. Create several potential Dynamic AHAs with starfoognts in the OPU but not limited to the
bounds. This is done by starting from randomlgesield seed polygons and growing the AHAs
to adjacent neighbors and so on.
Stop growing the potential AHA at a random pointhivi a user defined size range.
Analyze these potential AHAs following user defirederia (Same as in step 1)
Discount ineligible AHAs
Rank the rest of the AHASs in order of eligibility.
Work down the list until we run out of our volunsget or out of potential AHA's. Harvest all
polygons in the AHA that have pathways for haruedtl the entire AHA has been searched or
we hit our volume limit for the year. Users wilta be able to specify the proportion of an
activity limit that can be used for AHA cutting.oiFexample they could say only 50% for clear-
cutting such that that year half of the activityili is still available for regular harvesting
elsewhere.
If we ran out of AHA'’s go on to next ranked OPU apgeat steps 2-7
If we ran out of available volume — continue at ealtA next year and in subsequent years until
finished.
10. When an AHA is harvested over multiple years doke&p other potential AHAS in memory.
11. Do not begin a new AHA selection process untiluker specified time period for AHA cutting
has elapsed — (as in the current version).
12. While AHA's are active and for a user specifieddiperiod after — keep other management
activities out of the AHA (as in the current vergio
New User Inputs:

Noo,rw

8.
9.

1. AHA size range
2. Percent of the activity limit for a given activiiy allowed for AHA logging.

5.7 Other management activities

After the model has simulated succession, natustdithances, salvage and aggregated harvestingeon t
landscape, other management activities are appWiethagement activities are simulated by creating
management units (treatment blocks); reviewing,dach activity, the eligible polygons (based on the
management system and other constraints); and plementing the activity for each management unit
until either all eligible polygons have been trelate the upper area limit of the activity has beest,
whichever occurs first. Management units are orleseoperational unit and then prioritised.

Management activities are simulated using the ¥atg steps:

1. During year 0 the model creates management fnuis polygons that have a management
history prior to the simulation. This allows foretitompletion of an activity set for the given
polygon. For example, if a polygon has been regehdrvested, it will be assigned to a
management system according to BEC/Planning Zores rdefined by the user. If that
management system involves planting and the polygasithin the planting age range, it can
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then be planted. If a polygon with a managemertbhjisprior to the simulation is older than its
release age it will not be included in a managemaeitt Note that management units defined as
previously harvested in the landscape cover maptzr@fore created in year 0 may fall outside
the acceptable age range defined in the systentraonts.

2. In all other years, at the beginning of the ng@maent section of a time-step, the model loops
over all existing management units to check twoghi

a) Has any part of the management unit has been bestuby a stand-replacing
disturbance? If so, then those polygons that westurtbed are removed from the
management unit, but the management unit rematastin

b) Is it time to dissolve (release) the managemeit? dhso the minimum polygons will no
longer be part of that management unit.

3. Select an operational unit. In the first yehg first operational unit potentially managed Vo
the one with the highest user-defined priorityfddowing years, the first operational unit that is
potentially managed will be the last operationalt uhat contained any management in the
preceding year. The sequence of priority in mameaye for each operation al unit is set by the
user or can be randomized by the model for eachtéiGarlo simulation.

4. Create new management units.

For each combination of planning zone(s) and edcédbgstratification (e.g., BEC Variant), the
user will have defined one or more management S\sstéhe proportion of each system within
that area, and the degree of spatial aggregatiotheofsystems. These management systems
contain information about the acceptable age rémgeolygons within the management unit, and
the target size range of the units (see Sectiod)3.2

Before actually creating a management unit, thé parks the management system for the new
unit so as to use some of the management systemmafion when creating the management
unit. The spatial aggregation defined by the ugmecilies how aggregated to make the
management systems in the specified planning zodeB&C variant. For example, if a planning
zone and BEC variant combination were to have twanagement systems assigned, in the
aggregated case, the management systems wouldsigaess to adjacent polygons, while in a
random case, they will be more spread out (Figu8g Fhe tool does this by picking a random
number between 0 and 1 and comparing it to theeaggion index, which is also a number
between 0 and 1 where 1 is highly aggregated dadahdom. If the random number is less than
the aggregation index, than the model will useléis¢ used management system. If the random
number is higher, this is the first managementesysassigned in the particular planning zone and
BEC variant combination, or all applicable area l@en assigned to the previously used
management system, the tool picks a managemenéensyst random from the existing
possibilities.

Once the management system has been selectedatiagement unit can be built. Management
units are created by starting with a minimum polygmd then adding on additional similar
polygons until the resulting management unit ishimitthe target size range. “Similar polygons”
are defined as those polygons that are within argage range of the starting polygon, have the
same cover type group, and are located in the ggmeeational unit, planning zone(s), and
ecological stratum. Once a management unit is withe target size range, the model uses a
random number to decide, based on the currentodiziee unit and the range of sizes that are
possible, whether or not to try to add another gty The equation used to calculate this is:

Area- Size,,
Sizenax - Sizenin
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where x is the random number used to make the decishmea is the current area of the
management unit, an8izeminand Sizemaxare the minimum and maximum sizes that are
allowed for the management unit. If the equatiofaise, the model will attempt to increase the
size of the management unit, while if it is trdeg thanagement unit is considered complete.

In order to maintain a uniform size distributionmeinagement units, the model splits the possible
range of sizes for each management system into Biesnumber of bins used is between 1 and
10 depending on the ratio of average polygon sizhe size range allowed for the management
system. The model uses the maximum number ofthetswill maintain a ratio of 10:1 for bin
range to average polygon size. Each time a newagemnent unit is being built, the target size
range will be the bin that is least represente@dgting management units. If two or more bins
are equally underrepresented, the largest oneoisech

When the unit is made, the tool picks the nextadbgpolygon that is not already part of a
management unit, assigns it to a management syataihegins to create the next management
unit. The selection of the management system wdllitfluenced by the aggregation factor
described above. Once all units have been crethitedool makes a final pass over all unassigned
polygons and attempts to add them to existing mameagt units (even if the management unit
would then be bigger than desired). If that is possible, and a management unit could be
created that is 2 ha or larger, the polygons wittdime a new management unit. Some polygons
may still be left unassigned as unmanaged “sliverghe landscape. This is especially likely if
there are long thin polygons of a different plaignaone than the surrounding area (e.g., riparian
management zones, which may cross several ecoldgioadaries).

Unprojectable polygons will not be added to any agement unit. Other areas may be
designated as unmanaged (e.g., parks) and willrmisbe assigned to a management unit. These
areas may still be eligible for natural disturbance

The number of minimum polygons that make up a mememt unit is highly variable and
depends on the target size range of the managaménthe size of the minimum polygons, and
the spatial arrangement of the minimum polygonsnaggment units will tend to be smaller in
areas that are highly fragmented or that contaigelaaumbers of planning zones or ecological
units.

The model uses the following constraints when ngdnanagement units:

a) The model only builds management units withie thperational unit that is being
managed. Thus, management units will not be bartiss the entire landscape if activity
limits are met earlier.

b) The polygons eligible for becoming part of a mg@ment unit are restricted to those that
are:

- of harvestable age;

- not currently assigned to a management unit;
- in a state class that can be managed; and

- not affected by green-up constraints.

These constraints are to ensure that every polyiganis added to a management unit,
and therefore every management unit, is potenttaiywestable at the time it is created.
No other polygons will be eligible to be added tma@anagement unit at this time.

c) If the management unit would be less than? @mwill not be created.
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d) Management units that are less than the minirdesired size (as set by the user as part
of the management system or activity constraint$l) amly be created in operational
units for which bigger management units were creatéhe current year.

The last two constraints (¢ and d) help to managaeis related to tiny management units. When
building management units, there are often a nurabpolygons that cannot be assigned to a proper
management unit because they cannot be joinedenitigh neighbours to make a management unit
that is within the specified size range. They arétéd by being an incompatible cover type, age or
in a different planning zone, operational unitB&C than their neighbours. When tiny management
units are created, they can be managed, and cate cgeeen-up constraints in the surrounding
management units. The last two constraints helgedoice the number of very small management
units, and thus reduce their impact on model result

The management unit building code builds managemaits and assigns management systems
according to rules about aggregation, size ranged,proportions of management systems in each
planning zone / BEC combination. The user defineghortions of management systems assigned to
the landscape will only take into account assigrtsieénade each year, not existing management
units. Therefore, it is possible that the actuapprtions of management systems assigned to the
landscape will deviate from the user defined propos. This is particularly likely if competing
management systems have strikingly different donati(for example, a recursive partial cut vs. a
one time clearcut).

Figure 5.3: Example of a landscape after the management uaiie been created, using an aggregated or a
random spatial assignment of the two managemenersgs The figure on the left is the random
assignment, while the one on the right is the aggfesl assignment. Dark areas are clear cuts. Light
areas are partial cuts. White areas are non-patjecpolygons.
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5. Once management units are built the model applesagement activities.
a. Setup stage
Two setup steps occur before management proceeds.
1. Identify all management units that could pothtibe affected by a particular

management activity, based on the presence of tragement activity in the
management system assigned to the management unit.

2. Calculate the age of each management unit. Manegt units may contain
multiple minimum polygons, and these polygons mdye to the initial
conditions and natural disturbances, have differages. The age of the
management unit is calculated as an area-weightexchge of all the minimum
polygons contained within the unit. This must blewated each time step.

b. Determine which activity to simulate.

Within the operational unit, the model loops ovg possible management systems and
activity types within the management system.

c. Determine which management units are eligiblate activity.
Eligibility is determined from several sources.

1. The management unit must be a member of themumanagement system that
is being examined.

2. Each management unit must meet the age cragkbath the management system
and any additional planning zone or BEC variantst@ints for the activity.

3. If green-up constraints are being used, the af#®e neighbouring management
units must be checked to ensure that they are ggréladn the minimum age
defined by the constraints.

4. The model must check to ensure that either ¢hieity has not yet been done, or
that it has been long enough since the activity d@ze that it is eligible again.
At this time, it may also check to ensure thatghevious activity in the activity
list has been done or is no longer eligible (inesas which the age range of two
or more activities overlaps).

The result of this step is a list of managementsuttiat are potentially eligible for
treatments. Note that the model assumes that tiletiat built the management units
made the sizes correctly and so does not checksittes again. This will allow
management units that were intentionally made 8lidgsigger or smaller than the range
to still get managed.
d. Sort the management units by some priority rules
The list of management units will be sorted acauydo the user’s specification:
1. highest age first;
2. highest volume first; or
3. randomly.
e. Apply the activity to management units.

Activities will be applied to each management umisequence, starting from the top of
the list. Before each unit is managed, howeverntbdel first checks to see if managing
that unit would violate the activity limits or ihé management of previous activities has
made this management unit ineligible because @rgup constraints. If neither of these
rules is violated, the unit will be managed. Duen&dural disturbances, however, each
minimum polygon must be checked to see if a pathesigts for the management
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activity. In some instances, only parts of the ngamaent unit will actually be managed,
i.e., those minimum polygons in a management Unat teet the eligibility criteria. If
management is applied, the effect of the managem#inbe based on the information
associated with the pathway, and the activity-djme@ffect parameters. The effect
parameters may change the age of the polygon famdiuime is being used, the volume
of the polygon. The age of the management unitlveltecalculated after the disturbance
is applied (Section 3.2.4).

f. Repeat steps b to e for each activity, until
1. all eligible management units have been treated,

2. the total limit (area or volume, depending o tiser's definition) for this
activity has been reached.

6. If a newly created management unit is not mathagessolve it so that the polygons may be
reused or reassigned next year.

7. Repeat steps 3 to 6 for each operational umisome cases no activities will be done in an
operational unit because the limit for an activitgy have been reached in an earlier unit.

5.7.1 Management by Patches

There is a new feature in version 3.4 that allole model to simulate management by manageable
vegetation patches rather than by treatment blo@kshis case, for each management system, thelmod
simply tracks patches of vegetation that are digibr management. It then prioritizes these paddby
size in increasing or decreasing order. The mtt manages these patches until an activity lignit
reached.

5.8 Roading

TELSA optionally maintains an index to the roaddensity in each minimum polygon in the landscape.
Roads are created through any management actiaitiyding salvage. Different road densities are
created through different types of activity (Tabl&). The road density is increased to be at keasten
density at the time of the activity and over thetribree years; the density is gradually decredsed
account for the deactivation of temporary and seenmanent roads. In all cases, some of the roads ar
permanent, so all polygons that have been affelojedny management activity will have a roading
density that is at least the density of the permaraads (Table 5.1).

In addition to tracking a road density index, TEL8ANn activate and deactivate roads to individual
minimum polygons (optional). To do this users aequired to prepare a road map during the map
preparation stage of the model initialisation. Wsemst also define for which management activities
roads are built and how long different types ofdoaemain activated. When road-building activities
occur, the model uses the prepared roadmap toecae@ad from a minimum polygon at the edge of the
management unit to the closest user defined exiit imm the study area. The road segments used are
chosen such that the road is the shortest posgifikr. the model is run the map output tool caratee
maps of roads and their status at different tinberials.

Table 5.1: Summary of the road density after different typ€sutting. After an activity, the polygon is givéime
amount of roads in the Total column. The followiyear, the density is reduced by the amount in the
Temporary column, and the following year by the antdn the Semi-permanent column. By the third
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year after an activity, assuming no other activias occurred, the roading index will be the amount
listed in the Permanent column.

Road density (km/ha)

Activities Total Temporary Semi-permanent Permanent
Clear cuts, planting, site 1 0.25 0.25 0.5
preparation, salvage

Partial cuts 4 1 2 1

5.9 Polygon attributes

Users can now optionally track attributes assodiatespecific polygons. Examples of such attributes
may include snhags, downed woody debris and fuekrdJmitiate the density of the attributes on the
landscape on the LU Map. They then define rulesutbow the attributes change based on polygon
aging, state, and disturbance history as well &sreal factors such as climate. The model trackseh
polygon attributes and prints attribute densitiesgolygon to the database at user selected titaevais.

5.10 Polygon Forcing

Polygon forcing allows users to force the stats<laf polygons independent of landscape conditian.
this way different planning scenarios for featusesh as pipelines, highways, and even towns can be
incorporated into a simulation. If any Polygondiag information was loaded for the run the model
checks each year for polygons to be forced. IfRdlygons are to be forced the model changes the sta
class of the associated minimum polygons to thte sfass identified in the user input.

5.11  The Age of a Polygon

For each polygon, two age variables are trackesblate age and state based age:

Absolute age is incremented by one each years dffected by disturbances and management based on
the effects defined by the user for these eveittgrethrough volume or age effects and by whether
pathway age reset flag is yes or no. Absoluteisiget affected by successional or disturbancewsath
variables. Because of this it is possible for absolute age of a polygon to be outside the rafgleeo

age of the class a polygon is in. The absolutecdgepolygon is used to determine whether or hat t
polygon is eligible for management, salvage or AslAs well as for the volume calculations of a potyg

and to determine its seral stage.

State based age is defined as the beginning agelass + the number of years a polygon has bean in
class + any adjustments to the years a polygorbées in a class based on the transition pathwdyasit
experienced. It is not possible for the state dhamge of a polygon to be outside the range ofléassc
State based age is used for polygon based attidhitelations and in determining whether a sucoessi
and disturbance pathways is possible.

This example illustrates how the two types of aaestracked. A polygon is in a class ranging fagas
100 — 200. The polygon is aged 110 years old. pdiggon is hit by a partial cut which removes 26f6
the volume. Based on the new volume the absofegefthe polygon is now calculated from the volume
vS. age curve as being 90 years old. Based opatiavay the polygon is still in the same class.e Th
absolute age of the polygon is now outside theeafgages for the class. The transition adjustrtent
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the years in class of the polygon is actually aitmesvalue of ten years — the partial cut reduces
competition and increases the rate of succesdibe.state based age of the polygon is now 120 years

5.12 Output

The TELSA Main Model currently produces five outgiables in the database and three to four output
ASCII files. The database tables are all accessilpmigh the Graphing Tool and the Map Display Tool
The ASCII files are simply produced for referencergmses and are overwritten with each new
simulation. Each of the types of output is desdibre fully below.

5.12.1 State output

There are two tables created that contain infolonatibout the state of the landscape at every iaport
time step. Users define the reporting interval wketting up the run (Section 4.2). One table costai
detailed information about each projectable polygonhe landscape. This information is used by the
Map Display Tool to create maps of age class, stagle, and cover type; by the Spatial Analysid Tawo
create the age and cover type maps that it uséedsasis for the analysis; and by the Graphind Tmo
create graphs of cover type distributions:

e run identification: Run number, Monte Carlo numbégar;
e minimum polygon number;
e state class;

« area (M);
» age (years) calculated from the effects definedth®y user of the disturbance history of the
polygon;

e road index;
e volume;
e proportion of volume in soft wood; and

» State Based Age - this is the age derived fronsticeessional pathway diagram calculated as the
beginning age of the class + the number of yeapolggon has been in a class + any age
adjustments caused by the disturbance historyeoptiygon.

The other table summarises the information intouenlver of categories. This makes the table much
smaller and faster to access, which is importantife Graphing Tool. Maps cannot be created fram th
table.

e run identification: Run number, Monte Carlo numbéear;
e planning zone;

e BEC variant;

* age class;

» seral stage;

« area (M);

* road index;

e volume; and

» proportion of volume in softwood.
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Planning zone information is given for each indiatiplanning zone, as well as the entire landseape
whole (planning zone id 0). Because planning zanag overlap, the sum of the all area in the indiaid
planning zones may be greater than the area repastbeing in the landscape.

5.12.2 Disturbance output

Three output tables are produced with informatiboud disturbances. These are produced in any year i
which a disturbance (managed or natural) occure Tost detailed table is the one containing
information about each minimum polygon that isulised or managed. This information is used by the
Map Display Tool to create maps of areas distudydtie probability of disturbance.

* run identification: Run number, Monte Carlo numbéegar;
e minimum polygon number;

» disturbance type (activity or natural disturbance);

« area disturbed (1

e state class before disturbance;

» age before disturbance (years);

e volume;

» proportion of volume in softwood; and

» State Based Age — this is the age derived fronsticeessional pathway diagram calculated as the
beginning age of the class + the number of yeapolggon has been in a class + any age
adjustments caused by the disturbance historyeoptiygon.

This table is also produced in summary form, sintidathe one produced for the state of the landscap
and is used by the Graphing Tool.

e run identification: Run number, Monte Carlo numbéegar;
» planning zone (see the note in Section 5.7.1);

e BEC variant;

» disturbance group (activity or natural disturbance)

« area (M);

e volume; and

e proportion of volume in softwood.

The final table lists the total area of each natdisturbance incident, in the year of the distmd® This
table is used by the Graphing Tool to produce ggaphthe actual size class distribution of theedéit
disturbances, information that is not availabl®tigh the other disturbance tables.

e run identification: Run number, Monte Carlo numbéear, Incident;
» disturbance group; and

« area (M).
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5.12.3 Road output

There is one table created that contains informatibout the state of roads in the landscape ayever
reporting time step. Users define the reportingrivdl when setting up the run (Section 4.2). Thldd
contains detailed information about each road segnigat has been used in the landscape. This
information is used by the Map Display Tool to ¢eemaps of roads, their activation status and the
number of years since they were created; and bgplagial Analysis Tool to create the road maps ithat
uses as the basis for the analysis.

e run identification: Run number, Monte Carlo numbégar;

* road segment (most minimum polygons in the landsteve an associated road segment);
e years since last used; and

» status (Active/lnactive).

5.12.4  Attribute output

There are two tables containing attribute informmatiAttribute Output and Attribute Summary OutphAtt.
each reporting interval, the Attribute Output tab&ries information for each polygon in the larajse
with a simulated attribute. For each attribute palygon with that attribute — the attribute dengigr ha
is carried. A Boolean field “IsValid” states whetthe attribute density has reached a value thanoca
be evaluated by the user defined rules (divisiozdrp). The Attribute Summary Output table carties
average attribute density by planning zone and B&@nt.

5.12.5 ASCII files

Several ASCII files are produced. These were aaitjircreated for informational or debugging purpse
but have been retained because they give additiofoamation about the runs.

The file “time.out” contains information on the tmat the beginning of loading a scenario, staring
Monte Carlo run, starting each time step, and endia well as information about the disturbance
multiplier “offset.” This information gives usersme idea about the length of time needed for differ
steps and for estimating the length of time reglfoz different runs.

The file “NoPath.out” lists all polygons on whichamagement was attempted but was not successful
because the path did not exist. In most caseswthiisoccur because the management unit is to be
managed but no pathway exists. This file is esfigcisseful when using new successional pathway
diagrams because it allows the user to check kimmetare no classes that should be getting managed
this file. The file format is space-delimited colasnwith no text; so, most users will need to lopktle
meanings of many of the numbers in the correspgridibles in the database.

e run identification: Run number, Monte Carlo numbéear;
e« BEC variant number;

e state class number;

» disturbance type number; and

* age (years).
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The file “AHAcuts.out” summarises the area harvests part of aggregated harvest area cutting (see
Section 5.4), in the years in which it was atterdpihis file contains space-delimited columns with
text. The columns are:

e run identification: Run number, Monte Carlo numbéear;
e AHA number; and
« area cut ().

The harvested area is reported in the databaseyastlaer management. This file is just printed fsat t
users can confirm that the model is doing AHA awgftin areas and times for which it was scheduled.

The file “ManUnits.out” lists management units ¢eshduring the simulation. This file contains space
delimited columns with no text. The columns are:

* runlID;

e year;

e Monte Carlo ID;

* management Unit ID;

* scenario Polygon ID; and
* management System ID.
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6.0 Analyses

Reports on the current status of resources inahdscape are necessary to document changes oeer tim
associated with natural disturbances and manageswéons. Three post-processing modules allow users
to carry out analyses of the landscape patternsaiteaproduced by the model at each time step (or
reporting period). Each module produces outputia of three formats:

1. maps of various criteria;
2. graphs of changes in indicators over time datistiibutions at any given time; and
3. tables.

Using the modules, users are able to analyse sidtsat three different levels:

1. one or more variables in a single run;
2. multiple stochastic runs of the same scenand; a
3. multiple scenarios, either for single or mukigkochastic runs.

The modules are accessible via graphical userfates that interact directly with the database that
contains information on the entire landscape. Tdies users maximum flexibility for queries and
display of model results.

6.1 Spatial results

Spatial mapping of model results is achieved thinoagcustomised ArcView GIS application. This
application connects directly with the Access ielal database to determine what results are dlaila
for display, obtain the required data, and lochtelandscape shape file(s). To map model resudessu
need only click on the “spectacles” icon in theerfdce and then answer a series of four to sixtmunss
to specify which results they wish to view. The laggtion provides a list of available options irspense
to each question.

The user may choose to map any of the followingabées: age class, volume, structural stage, seral
stage, cover type (grouped in one of three ways)bates, road maps, road density, road buffetgrior
habitat, patch sizes, area disturbed or affectechbgagement, frequency of disturbance, proballity
disturbance, management systems and BEC. Thesablemiallow the user to see the state of the
landscape at a specified point in time during @lsitdMonte Carlo simulation from any scenario. ‘Area
disturbed’ displays the location of disturbancergser management activities over any period oétim

a single Monte Carlo simulation. Either naturaltalisances or management events may be displayed,
using any combination of disturbance types selebtethe user. Similarly, “Frequency of disturbance”
maps the number of times that each landscape dipwlanit was affected by any of the selected
disturbance types during the user-defined timeoperThe final variable, “probability of disturbante
summarises the results of all the Monte Carlo siatohs available for the selected scenario. This
variable shows the proportion of all Monte Carlmuglations in which each polygons in the landscape
was disturbed during the specified period.

51 ESSA Technologies Ltd.



November 2008 TELSA: Model Description

As the user answers each question, the tool bailgsery that gets sent to the database and retugns
records for mapping. The maps automatically appeanplete with information about the static polygon
(the non-projectable polygons), and a legend apjai@pto the chosen variable. In some landscapes,
some minor modifications to legends may be necgsbar example, the definition of the static polggo
may change between landscapes, so the legend weettto change to reflect the new landscape.

Each time a new mapping request is made for the $amdscape, the user may choose whether to display
the results in a new map window, display the resoit a new copy of the map in the same window, or
display the results on the same copy of the mapaasused for the previous request. These choiwes gi
the user the options of comparing results sideitdy;soverlaying different map results, or creatag
single map database file containing all of the estied data for use in another application.

6.2 Summary results

In many cases, users may be interested in complaraagler differences between runs, such as thalbver
age class distribution at the same point in timaio different scenarios. The TELSA Graphical Digpl
tool allows users to select from a number of ddfegroptions, and provides options for both dispigyi
results in graphs or as tables of summary stagisBoth the graphs and the statistics can be sesutlg

to the printer. In addition, graphs can be savethefiles that can be imported into a documenther
information in the graph can be saved and impdrtexda different graphics package.

6.2.1 Graphical results

The graphical display is quite flexible. It allowssers to choose from several different categorfes o
graphs, and then customise the specific resultimitach category. All results and options are feat

the database to maintain long-term flexibility. @uitis produced in MS Excel format allowing users t
cut and paste data, graphs and tables directly otfter analysis software or into presentations and
documents.

In most cases, users generally pick the type ghudutey want (e.g., disturbances or age classes, e
and then select one or more runs, Monte Carlo sitians, BEC variants, planning zones, and specific
options. The tool creates a query from the inforomathat was selected and gets the appropriatdtsesu
from the database. In all cases, the interface dwdlv between one and four graphs and decide how to
divide the information between the graphs. The gdngraphical options (found under the “Graph”
menu) are:

Disturbances

All disturbances are shown as graphs over time thie area (ha) or volume {rdisturbed on
the y-axis. If the user requests “ALL” Monte Carksults, for a particular disturbance type, the
interface will create graphs showing the highestejathe lowest value, and the average value for
each time step in addition to graphs with meane&tSE.

Polygon Attributes
For polygon attributes the model graphs theirl tataount in the landscape over time

Numerical Attributes
For numerical attributes the model graphs théal tamount on the landscape over time.
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Age
Ages are graphed as one or more line graphs awer tnh all cases, the y-axis shows either area
(ha) or volume (1) within a user specified age range. Several aggesican be graphed on the
same chart. As with disturbances, when multiple tdo@arlo simulations are graphed —
minimum, maxim and standard error values are disws.

Seral Stage

Seral stages are graphed over time, with the yshasving the area within a user specified seral
stage range. Several seral stage ranges can beedrap the same chart. As with disturbances,
when multiple Monte Carlo simulations are graphedninimum, maxim and standard error
values are also shown.

Roading

This report graphs the length of roads of spedifies and status (active/inactive) on the
landscape over time.

Cover Type

Bar graphs of the distribution of the landscape idifferent cover type groupings will be
produced. The groupings are all defined by the usthie database. Because this graph reads the
detailed state output table, this graph can takeraéminutes to produce.

Disturbance Sizes

This report shows bar graphs with the number ofdems and total area in each size class and
also shows a scatter plot over time with the adizas of the disturbance events plotted.

6.2.2 Static information

This report summarises the area in the landscajtesasroken down by Planning Zone and BEC or PVT
components.
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Appendix 1: Glossary

Biogeoclimatic Ecological Classification (anokaical stratification similar
to PVT)

A way of stratifying thendscape based on vegetation characteristics (e.g.
BEC variants in BC or PVTs in the US).

The maximum extent of the analysis amdtea for which the base data are
gathered. This will typically be an area of on tihder of 100,000 hectares.

The smallest unit that will be edeied in any given harvesting activity. A
management unit will consist of one or more mininpuwiygons.

A list of one or more activitieg will be done in sequence on a given area.

The smallest spatially explicit unPolygons will be of variable size and
shape.

A type of planning zone that isdigs part of the harvesting algorithm. These
represent major areas that are managed. Each nmmimalygon and
management unit will belong to one operational ,umitd each management
unit will be wholly contained within an operationatit.

Areas in the landscape which slarenon resource management objectives
and management prescriptions, e.g., riparian zoar@smunity watersheds,
parks.

Potential Vegetation Type (an ecological sfition similar to BEC variant)

A set of parameters, including naturaltudignce probabilities and
management options, that is defined for a run efrtiodel. A single scenario
may be simulated numerous times to account foraandariation in natural
disturbances.

A measure of site productivity, typigadxpressed as average top height (in
metres) of the 100 largest (by dbh) trees per heetbage 50 years.

Tool for Exploratory Landscape Scenario Asaly

Vegetation Dynamics Development Tool, an inglegent windows-based
program used to define and test successional pgtkivegrams (Beukema,
Kurz and Pinkham 2002).

55 ESSA Technologies Ltd.



November 2008 TELSA: Model Description

Appendix 2: Examples of Structural Stage
Definitions and Descriptions

Structural Stage Definition Description
1. Stand Initiation Growing space is reoccupied following a | 1 canopy stratum (may be broken or
stand replacing disturbance (e.g., fire, continuous); 1 cohort seedlings or saplings;
harvest) typically by seral species. grass, forbs, shrubs may also be present
with early seral trees.
2. Stem Exclusion: Open | Occurrence of new tree stems is 1 broken canopy stratum; 1 cohort; trees
Canopy excluded (light or moisture limited); excluding new stems through competition;
crowns abrading, canopy closed. poles, small or medium trees; understorey
shrubs, grasses, forbs may be present.
3. Stem Exclusion: Occurrence of new tree stems is Continuous closed canopy; one or more
Closed Canopy excluded (moisture limited); crowns open | canopy strata; one cohort; lower strat(a), if
growing; canopy broken; can be present, are same age as upper strat(a)
maintained by frequent underburning or | poles, small, or medium trees; understorey
management. shrubs, grasses, forbs may be present.
4. Understorey Second cohort established under older Broken overstorey canopy; > 2 canopy
Reinitiation typically seral overstorey; mortality in the [strata; 2 cohorts; overstorey is poles, small,
overstorey creates growing space for medium, or large trees; understorey is
new trees in the understorey. seedling, saplings, or poles.
5. Young Forest Multi Several cohorts have established under | Broken overstorey canopy; > 2 canopy
Strata the influence of management, or fires strata; > 2 cohorts; large trees absent in the
with mixed lethal and nonlethal effects, overstorey; stand characterised by diverse
or by insect and disease group Killing; horizontal and vertical distributions of trees
seral overstorey large trees are generally | and tree sizes; seedlings, saplings. poles,
absent due to harvesting or other small, and medium trees.

disturbance.

6. Old Forest Multi Strata | Multicohort, multistrata stands with large, | Broken overstorey canopy; > 2 canopy

old trees. strata; > 2 cohorts; medium and large trees
dominate in the overstorey; stand
characterised by diverse horizontal and
vertical distributions of trees and tree sizes;
all tree sizes may be present.

7. Old Forest Single Single stratum stand of large, old trees. | Broken or continuous canopy of large, old
Stratum No or few young trees in the trees; 1 stratum, may be single or
understorey; park-like conditions multicohort; overstorey medium or large
resulting from nonlethal natural or trees; understorey absent or seedlings or
prescribed underburning or other saplings; grass, forbs, shrubs may be
management present in the understorey.

source: Kevin O’Hara and Penny Latham (pers. comm.)

A cohort is defined as a group of trees arisingraitcommon natural or management disturbance.

56 ESSA Technologies Ltd.



