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PREFACE

This document is a tutoriaind introduction toan online Marxarbased planning tool that employs
integer linear progrenming to return optimal solutions to usetefined problems in area prioritization
for biodiversityconservationin coastal DouglaBr and oak savannah habitats of the Georgia Basin
region This tool is indeta-releas€and will benefit from theriput of usersand, especiallythe inclusion
of additional biodiversity data and layers to redully represent the distributions gfarticular focal
species ocommunities. We thankusersin advance fomput on thetool, its component layerand
output. Instructions for accessing the tool are included in this document. Please abireesponaence
to Peter.Arcese@ubc.@x:

Peter Arcese

FRBC Chair in Conservation Biology

Department of Forest and Conservation Sciences, UBC
2424 Main Mall

Vanouver, BC V6IIZ4
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1. BACKGROUND INFORMaNI

1.0THE NORTH PACIFIQZNDBCAPEONSERVATION COOPHRE
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The North Pacific Laratape
Conservation Cooperative
(NPLCC) is a partnersioip
government agencies, nen
government organizations,
First Nations, and universities.
Theoverarching goabf the
cooperative is to inform
landscapdevelconservation
and sustainable resource
management for the coastal
regionthat spans from
Northern California to Alaska

Figurel: The extent of the North Pacific Land Conservation Cooperativt
the region established for the Georgia Basin conservatimritization
project

1.0.1 THE GEORGIASN

The planning tool described in
this manuafocuses on the
Strait of Georgia, Puget
Lowland, and Willamette
Valky ecoregions in British
Columbia, Washington, and
Oregon. Thesareassupport a
verydiverse and globally
unigue mix of dry forest and
savannah habitataow
criticaly-threatend due toland
conversionexotic species
invasionand altered
disturbance regiras. Known
broadly as the Georgia

DepressiorPuget Lowlandghis region includethreatenedCoastal Douglafr forest and Oak
Savannalhabitats also referred to as Garpak ecosystenmor Puget PrairieWe refer tothis regionas
the Georgia Basin, but note thtie project area includeall ecoregiondalling within the climate

envelope of the Coastal Douglds biogeoclimatic Zone (courtesy Dr. Tong Li Wang, Climate BC/WNA)

(Figure 1). Ouoverallobjective is to deliver 8Marxanbased,GIS tool to prioritize land acquisition and
conservation investment throughout the Georgia Basin fawilitate scenario development around
alternate land use plans likely to maximibe integrity and persistence of focal communities in future



1.1 WHYUSE CONSERVATION IOPZATION TOORS

Conservation optimization tools are increading
employed to help inform decisions on landscape
scale conservation plannings part otthe
systematic planning process, optimizatimmols
such as Marxan casontribute to a transparent,
inclusive and defensible decision making proce:
Historically, caservation decisioimakinghas
often evaluaed parcels opportunistically as they
became available for purchase, donation or
subject tothreat. Such decisions may not
maximizethe longterm persistence ofarget
species or communitiesy the biodiversity
returnson dollarsinvestd, in the absence of a
landscapdevel understanding of the distribution
of target species and communities

Optimization took like the one introduced here
are meant tohelp plannersimulate alternative
reserve designever a hat of biodiversity and
management targets thelp prioritizeparcels
andconservation actions. Such tools allow you t
specify biodiversity targets such as focal or
indicator species richness and ecosystem

representation, while minimizing overall costs ofF'gurez_: Example of a.typlcal optlml.z.atlon OUtpu_t' Selec
properties on Salt Spring Island, British Columbia, are

land acquisitiormeasured in various wayk this .
. . . . .shownin green.
tutorial we introduce a tool specific to planning in
the Georgia Basin (Figure thich werefer to as the NPLCC tool. This tutorial will show you toouse
the tool to identify (1) existing gaps in biversity protection, (2) candidate areas to include in a
growing reserve system, and to (3) provide decision support based on repeatable conservation targets
represented as more and less desirable bird and plant communties

1.2 WHATISTHE NPLCC TOOL

The NPLCC tool is a wehsed, graphical user interface that follows the same principles as Marxan
planning software to find neamptimal solutiongo problems irconservation prioritizatior{Ballet al.
2009. Marxan is a computer application that runsagorithm on a usedefined data setand returns a
solution as a table of land parcels (or planning units) ranked bywmlithey meetuserdefined
biodiversitytargets whileminimizing thecost of land acquisition or otherusercontrolled costs (also
known as theobjective functionsee section 1.3.1). Prigersions of tis tool were designed fola much
more restricted planning area in British Columbia, of interest toGbastal Douglar Conservation
Partnership area (CDFC&ying ¢simulated anrealing as the soluitoralgorithm, andreturninga
YydzYo SN 2 F Wy S| NIee~RIDD00 pafcelsr éosidetziidn dyyuderdore information
on the CDFCP tois found inthe CDFCP user tutori@d¢huster, Morrell & Arcese 2015; setion 4).



In contrast, the currenNPLCC tool usésA y 1 SIS NI f Ay S| N retiNPabiNgledpfihgl 3¢ oL [ t
solutionover ~3 million parcels distributed from BC to northern @Rrepresents thestate-of-the-art

approach to optimization problems, being faster and more efficient than simulated annealing, but only
recentlybecomingavailable with the advent of fast computer algorithms (Beyer et al. 2016)ILFhe
algorithmemployed heréas capable banalyzing large, complex datasets to famoptimal solutionto
userdefinedbiodiversity goalssubject to usedefined costs, both explained in detail beldwor

additional infomation see section 1.3Please ote that the algorithmsemployed in thigool are

proprietary, and made available feesearch use onlyGurobi Optimization Inc., 2016)s a

consequence, all users are asked to provide a short project description aref atinmary of
SELISNASYOS a4 woSil dras anl applicatod. ldpen yhat pas@vord Y LINE &S (i 2
protected) version of the tool will be made available with bater feedback incorporated.

Overall, histool allows you to set parameters and view results directly from the web intertaw{o
saveresultsin a spatiallylinked solution file that you can download to a desktop GIS applicati (
Section 2for instructiony. The goal of this tutorial is to introduce you to the NPLCC tool, explain how to
manipulate key variables, and explore howirispectandapply output files in support of your planning
decisions. It is not essentidat youunderstand how the algorithm works to use the tool, but those
wishing to gain a better technical understandstgpuldconsultresourcegrovidedin Section 4.

1.3 HOWDOES IT WORK?

Before a conservation optimization tool can run, it needs to know the project objectives and project
areaunder considerationWhile this information igypicallyprovided by the userthe NPLCC interface
described in this tutorial alreadyontains numerous cost and biodiversity layers that were developed
following stakeholder consultation at meetings and workshiopBritish Columbia and Washington
State with local, regional and federal land managé&he following list providesreoverviewof typical
input requirements for atandardoptimization too| and the options included in the NPLCC tool are
described in detail below and accompanying appendicies

1. The project area and a list of all of the planning units contained within it

Example®f planning units within a project area includenmap of parceboundaries(a
YOI RI & G,Mélifeactl WadeBMNeIs0r a userdefinedgrid placed over the project
area

2. The cost associated with each planning unit

Becauseninimizingthe costs of conservation is generally a goalsthkeholderseach
planning unit must have an associated cdgpes of costs vanyith the goals of each
projectand are ultimately limited by he cost metrics availabler planning and thudy
thoseincluded in theoptimization tool.Some examples of cost metrics includ¢ thetotal
land area included in the solutidha), 2) the estimated costs of managing or restoring
acquired parcels3) theopportunity costs of displaced commercial actiyindustry,
tourism, or recreatioral accessand 4) the costs of acquiring land



3. Alist o biodiversity features

Y. A 2 RA @S NInayiefer tohisdlaridqehid cdrdmunitiespecifichabitat types,or
special elementglentified and mapped within the planning area of intereBtese data are
organized as tablesithin the planning softwarewherein each planning unit is associated
with an index of abundance,probability of occurrence, or the presence/absence of a
particular biodiversity featuref interest

4. A userdefined target for the amount and qality of habitat to be conserved

We¢ I NHSGAQ Idéfifedvaliey (bierpropdeioSondd a givenbiodiversity feature

that must be represented in the final soloti. For exampldf a usemwanted to identify the

optimal reserve configuration that protects 30% of remaining old forest in the Georgia

Basin one would set a target of 30% of that layer (ora-guB i 2 F GKI G f 1 &@SNJ AT
j dzI £ A ( & Qe df intérdsti By designStaldietsre always met in theurrentNPLCC

tool. However the costs oimeeting those goalmay rise exponentiallgs the targets for
particulartargetsbecome more challenging to megt.g., reserving 90% of existing old

forest habitat).

Overall, becauseach planning unit in the NPLCC tool hasissociatedost and a biodiversity value
associated with jtbased on thalata layers currenthavailable userscanset targets with minimal
technicalexpertise. However, we do recommend that users attempt to gain a thorough understanding
of the potential limits of the predictive mapping layers used in the NPLCC tool before attempting to
apply particular scenarios obtained

Forseveral practical reasionthe Geogia BasilNPLC@roject area was divided into-ectare grid cells,
each representing one planning unit. Howewbe solutions produced by the NPLCC tool group thes
1ha planning units by property boundari@tbe cadastral layero that users can makeatstic decisionsQ
about land acquisitiostrategies based on parcel size, location, biodiversity value arassessed value
(2014 values for BC; 2015 values for WA and OR)

More details of thecost and biodiversitiayersavailable to userare providedin Section 2, anthe
methods regarding their developmeate provided irsupplementary appendiceend peefreviewed
papers cited thereinlf you decide to build additional layeisr usein the tool, it will be important to
understand how to orgaize your data into input files so they can be adeéitientlyto our existing
platforms asafeature or cosfayer. Information on how to organizeput data can be found in the
linkedresourceshighlightedin Section 4 of this tutorial.
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This is not correct, the tool output is still at the 1ha level


1.3.1 THE OECTIVE FUNCTION

After you specifyargets forbiodiversity feature®f interest and run the toola configuratiorof
selected planning unitis saved to a file for downloading by the us&his configuration represents the
G a 2 t dnatbesysatisfies thebjective function which seek$o minimize costwhile simultaneously
meeting biodiversity targetslhe objective functiomas the additional constraint that the selection of
planning units must be binaxyi.e. you cannotchoosea portion of a planning unit. The objective
function can be expressed mathematically

MinimizeBo ¢ i ~ :
Given thatB 6 Q¢ Q"QL QN A~ v~ 01 '@WQ'QQa IQQQO i
andi Qa 'Qﬁ)(‘x QR HOETH nip

This function itself isonceptuallystraightforward but its solutionbecomes exponentially more complex
in areaslike the Georgia Basin, wheoser 3million parcels are available f@electon, and users are

able to define targets for several biodiversity featur@€sven the complexity of such problems
sophisticatedalgorithms such as integer linear programmprgvide the ability to fid an optimal
solution.

1.3.2 INTEGER LINERROGRAMMING IN A N&SHELL

¢CKS AYGS3ISNI tAYSENI LINEAINI YYAYT FEA2NAGKY 62NJ a
which is the best possible solution to the objective function if the condition of binary selection was not
required (i.e. partiaplanning units could be selected). This represents the lowest possible summed cost
that still meets the targets. The binary condition is then reintroduced one planning unit at a time and
the summed cost of the unconstrained solution is used as a bagelt@mpare against. This essentially
looks like a decision tree, where each node represents a planning unit that is either selected (1) or not
selected (0), until every planning unit in the area is assigned a binary value. Each endpoint of the tree
represents a configuration of planning units with a specific summed cost. As you can probably imagine,
this tree becomes impossibly large when you consider millions of planning units. However, the power of
the ILP algorithm is that it is able to exclude largdisas of the tree before it fully explores them,

because it anticipatethat these sections will have a higher summed cost than the unconstrained
solution.BecausdLP uses several additional techniques to trim down the sample space (not all
discussed hene the incorporation of ILP into the NPLCC tool means that an optimal solution can be
found in as little ad-2 minutes as opposed to several hours to days using simulated anneBlegse

note however, thatthe NPLCC tool uses an ILP platform developdarge part by Gurobi, an online
optimization engine (Gurobi Optimization Inc., 2018)is proprietary routine is available for research

use as we elicit input from Beta users before removing password protection to the tool.



2. USING THE INTEREA

2.1 GETTING STARTED

To use the NPLCC tool you wiked an internet connection. Solutions are viewattiiectly in the web
interface though we urge patience as it can take up to several minutes to view solutieliteo®|S
software such as ArcMap or Q@isl be necessary to examine property features in degdier
downloading scenario output

The inerface wehave provided to users |-
is linked to an external server that 7
contains all of the input layers for the
Georgia Basin region within the North
Pacific Landscape Conservation
Cooperative planning area (NPL.CC
Figure 3. These include costs, existing
parks, and biodiversity indexes such as
old forest birds, human commensal
birds, and exotic vegetation under
present and future climate change
scenarios. To connect to the server, go
to http://arcese.forestry.ubc.ca/marxan [
tool/ in your Internet browser. To obtain
apasswordo access the tool, please
send an email to Peter.Arcese@ubc.ca
to: 1) identify your host organization, 2)
your intended use of the tool and its
outputs, and 3) to anfirm that you will i
only use the tool and its products for | 8 NPLCC tool extent] i\
research and planning purposes, rather| 0 100 b
than for commercial consultations or R

products. Figure3: TheGeorgia Basin regiowithin the NPLCC planning ar

This is the extent of coverage available in the NPLCC tool.
2.2 MANIPULATING KEXRIABLES

British Columbia

S N
=7 ¥ ey
& ‘;v“_\y{@couver A

Washington

Oncet 2 dzQ@S I O0S&aaSR GKS bt [/ / G22QNE2 INEBA Ry i 24 yva (yNk
the parametersthat the tool uses to produce solutisnThese mnipulationsare made in the grey

sidebar on the left hand side of the screemdA y S| OK OSftf 2F (KS Wt SNOSyiaQ
RAAaLX @SR dzy R Sawinih& Siddie of fhé pargetBadhBsRsfined parameter provides

the prioritization algorithm with basic instructions on how it will rigee section 13 Information for

each usedefined parameter is explained below.


http://arcese.forestry.ubc.ca/marxan-tool/
http://arcese.forestry.ubc.ca/marxan-tool/

2.2.1 GLOBAL PARAMERIS
Theparameters detailed below are found in the grey sidebar unet WDf 26 f LI NI YS{ SNA

What time period/scenario do you want to use:

present] -

present

future (rcp4s)

Specify which time period you would like to use for the prioritization analysis. You can either use

WLINE i Siyich €aZe the tool will use presentday Midt 6 dzi A 2y a 2F GKS Ay Ldzi 1 &
6 NJO Lyvhishiwdl Eausehe tool to usethe future, predicteddistributions of focal communities in

2055 based on the representative concentration pathway RCP 4.5. RCP 4.5 represents a stabilization

scenario wherén total radiative forcing is stabilized before 2100 by using a range of technologies and

strategies for reducing greenhouse gas emiss{@iarke et al. 2007]Radiative forcing is the difference
betweeninsolation, or sunlight, absorbed by the Earth, and the energy that radiates back to space).

Cutoff value for high quality features

0 @ 100

This slider allows users thdS OA F& | Y A Yy A Y daMich2féettively tmitetfeTod tod I £ dzS

selecting planning units with only this or highalityhad A G F § 2 6 KSNBAY Wljdzr t AdeQ A2z
probability that the community is present at the sifhus,fusers2 yf @ gl y i (2 Ay Of dzRS W
planning unitdn the solution, the slider can be set appropriately for ednput feature from O(all

habitats with the feature potetnially presentd 100%6 2 yf & LI I yyAy 3 dzyAda WOSNII
community)

Once set, lte optimization algorithm will only consider planning units that have at least the target value
specifiedor higher in its saltions. However, please note that hysing a cutoff, you are reducing the

total fraction of the planning area which can contribib meeting a given target. FFE | YLI ST f S Q&
we have 10 planning units, 8 of which have biodiversity valud8%f or lssand 2with values over 80%

(0.4 and 0.8, respectively, as receddn data tables)Setting the slider to 50% wéliminate from
consideratiorall 8 units with values below 50%hus, i we were toset a target tgprotect 50% of this
habitat, the NPLCC towlould only need to selecbne ofthe two high valuglanning units (assuming

they are of equal size) to meet the targetowever, setting the slider to 0 and target to 50% would

result in a solution that includes 50% of all potehhiabitat, rather than half of all high quality habitat.

Put differently,to obtain a solution that includes 100% of all habitat predicted to be 50% or more likely
to include the target community, users would set the target to 100 and slider.to 50



What cost metric should be used:

Assessed land value (3) -

Assessed land value (3)
Human score
Property size (area)

Assessed value + management cost ($)

Thisfeature allows users toedect the cost metric that best suits the goalstodir project. For example,

those working on a fixed budget for acquisitions may wish to use assessed value as the cost, or assessed
value plus estimated management costs to resttite parcel to a condition of high native plant species
cover.In contrast, users interestlin minimizing the total area reserved mayswito use property size
(indicating total reserve area). Last, some users may wish to minimize the likethbathan

commensal specigzresencen planning units. Each of these cost layarsdescribed biefly below, and

in more detail in appendices.

Assessed land valuis generated using a combination of cadastral data and 2014/15 land value
assessments (BC Assessment 2015; ICIS 2015 State of Oregon 2015; Washington County Oregon 2015).
This metric is most easily translatado acquisition costand useful for projectwith constrained

budgets. NOTEurrently, the asessedalue ofpropertiesin Canada and the USA were incorporated at

face valueand at par Future versions of this tool will include an optionniput the current exchange

rate as these differences havhe potential to dramatically affect outcomes in tranational planning

efforts under a budget

Human scords based on an expedlicited weighting of bird species distribution models by expert
scores for urban and rural areas. As this metric identifie®an impact rather than monetary value,

only select if you wish to focus on biodiversity value regardless of acquisition cost. When this metric is
selected, the solution cost (ie. Cost_out; see Table 2) will be the total area associated with human
commensgl birds. One might consider this cost metric when trying to prioritize acquisition of areas with
the lowest human scores, and thus areas with potentially higher biodiversity.

Property sizedzZda $& f I yR I NBIF 6AYy KIF Q&0 ardlintdrestédiibibidiversitg NJ O 2 & (
values regardless of monetary property cost (note: each planning unit is 1ha). Using the area cost metric
attempts to minimize total hectares included in the solution.

Assessed value + management cosimbines assessed landlues (described above) with the cost of
managingexoticvegetation.Management costwere estimated by combiring predictionof exotic
plant species community occurrence with expelicited estimates @ the costs to removexoticspecies
and maintairexotic cover at < 5% over 10 ye@oased on expert elicitatiom collaboration withD.
Polster, P. Dunwiddie, T. Ennis, I. Banman, and R. \Wdlistimates take into account current state of
invasion at a patclproballity of the exotic species commuy), and the probabity of reinvasion



based on the area afrbanland covemwithin 1kmof the planning unitWe emphasize to users that
these costs are primitive as applied here, but intended to provide a clearer sense of the potential long
term costs ofscenario outputs.

How to deal with protected areas:

Locked in &

Locked in

Available

CKA&d aftARSNIIFff2ga @2dz 12 aLISOATFE gKSOHKSNI 2N y2i
FNBF& FYR LINJa Aydz2z GKS 2LIWAYFE adz2fdziAzyd ¢KS (g
G! @ At ot SBychbage®& [ 2 © P BdRitiotsyiifl iiclude all planning unitsurrently

protectedwithin state, provincial and federal parks (but not municipal pawsich often include ball

fields and other amenties of uncertain biodiversity valuscking in parkis useful if you wish to

identify areas to add to an existing reserve system (#.gaur objectivewereto increasethe area

protected inparks from 6% to 17%). However, because the optimization algorithm used in the NPLCC

tool always meets specifieddaiversity targets (see section 1.3.2), and existing protected areas may be
f20F0SR Ay INBFra 2F NBtIOGAOStAy d 2va 20 2NBRASIKEIAI (GAAYZ ya 2
higher overall costs than uronstrained solutions.e, 4 St SOGRKR §BS @b @ & K Asdlutibna o6 SO d
will have to compensate for protected areas of Ibi@diversity(i.e. conservationyalue by increasing

the total area included in the solutian order to meet targetswhichis likely to alséncrease costs. We
recommendthat all users employpoth optionswhen comparingcenarios so that they become fully

aware of the value of existing reserves and the potential for enhancing conservation outcomes under
alternative modelgsee Appendix F).



2.2.2 PROPERTY EXCOOH

Property exclusions:

If you don't want to exclude properties simply leave values at 0

Road density (km/km2). Marxan will only select properties
with road densities smaller than cutoff.

a 20

Agriculture density (km2/km2). Marxan will only select
properties with agricultural densities smaller than cutoff.

G 1

This section allows you to specify features of the planning units you want included in the solution.
Leaving any of the sliders at@uses the tool to consider all planning units, regardless of their proximity
to roads or agrictiral land

ROAD DENSITY

This parameter is measured as kilometers of road per square kilometer (Kindk calculated for

each lha planning unit using OpenStreetMaps data (Geofabrik GmbH Karlsruhe 2014; see Appendix C).
As an example,mapirical data from700 locations across théoastal Douglafr region in British

Columbia, Canada, indicate that the probability of encountetfiregpld forest bird communit begins to
decline at road densities over 1 km/RiiFigure4; Schuste®& Arcese2013 andunpublished resuljs
Substantial variation in this relationship may be partly explained by the fact that rural roads can act as
gaps in the forest canopy, thus promoting the abundance and diversity dbaddt species that rely on
understory plants (Fige 2). After this point, however, fragmentation due to roads may decrease
biodiversity (Heilman et al. 2002). Excluding properties with high road density (e3gn#km?) may

help finetune your solution away from roaded areas, but may also dramaticatigtrain your solution

in humandominated landscape®NOTE the negative relationship between road density andny

native bird and plant communitids also indicative othe predictive species maps used to identify

target communities (e.g. Olfibrest ard Savannah birds; see Appendix A). Thus, by setting protection
targets for native birds and plants, you affectively puttingconstraints on road densityo the extent

that those species become less common as roadedness incrédisdherefore suggeshat you

explore theutility of this parameter by running the tool with and without road density valmetuded

to compare resultsWe find that setting higher targets for planning units with a high probability of
including old forest or savanhairds andnative meadow plants tends to return solutions with relative
low road density and agriculturinduse.

1C
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Figured: An empirical relationship showing the effect of road density on the occurrence of ifoeesitibird
O2YYdzyAle Ay Feardd dgd. Thedxis if Bndestimaterof the probability of dltest bird
community occurrence (n = 1248 &tatest stands; Schuster & Arcese 2(dnd unpublished results).

AGRICULTURE DENSITY

Agriculturemayinclude cultivated fields, orchards, viregs, golf courses, and greenhouses, and is
measured ashe square kilometes of agriculture per square kilometer of land. Agricultural anees
estimated from Terrestrial Ecosystem Mapping (Province of British Columbia 2015) and National Land
Cover Databse 2011 data (MRLC 2015; see AppendirR€an example,rapirical datafrom 700
locations across th€oastal Douglafr region in British Columbia, Canadaggest that the probability
of encountering oleforest bird communities declines by ~50% in areasprised of >3 ha of agriculture
per kn? (Figure5; Arcese & Schusteunpublished resulys Excluding parcels with a lot of agricultural
land may enhance the value of your designs for forest bird speciesydydie-emphasize your focus on
savannalspeciesThis is because many savahimrds in the Georgia Basin now rely on agricultural
habitats in the absence of native savahn@verall,however,your final parameterization shouleflect
your conservation goals.

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

p(Old Forest Community)

0.1
0 1 2 3 4 5 6
Agriculture (sqrt ha/km-sq)

Figure5: An empirical relatiorfép showing the effect of agricultural area on the occurrence of théooébt bird
O2YYdzyAle Ay TF2NBal a&-dxsif anestimateof tiie protallity 2f GardstBiRid ¢ KS @
community occurrence (n = 1248 btatest stands; Arcese & Sadter, unpublished results).
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2.2.3 PROTECTION YRS

Edit Target Input Layers

id Percent name
17 OF

SAV
SHR
WET
HUM1
MNAT
EXO1
TREE

B = O o 5B N =
N o T o
oo o o a aa

oo =~ | on

t N2PGSOGA2y GFNBSGa I NB aLSOAFASR Ay (KS (GlFo6fS dzyR
(pictured above). You can specify your overall objectives by changing the percent value next ¢d ea

the biodiversity features (e.g. Wetland, GHdrest, etc., detailed in Table 2). As an example, one might

want to protect 17% of remaining ofdrest in the entireGeorgia Basirfollowing Target 11 from the

Aichi Biodiversity Targets establishedfa Convention on Biological Diversity (2010).

Ly GKS WLy LMzi [+F&8SNBERQ GFlo6 ySEG (G2 GKS WORAG ¢ NHS
for three commonly used biodiversity feature layers: @ltest (OF), Savannah (SAV), and Human

commens#s (HUM; see Table 2). You have the option of selecting/deselecting each feature layer against

your basemap of choice (OSM, Aerial, or Terrain). The scale used for each biodiversity layer is a measure

2T WLINRBoOolFoAfAGE 27F 2 0 Guizkdilg isddifareasrof tilB&orgia Basih 2 RA @S NA A
Higher values indicate higher probabilities of occurrence. Use this feature to conceptualize how the

NPLCC tool uses biodiversity feature layers to generate solutions, as well as to generally view the

probabk occurrence of these feature layers in tB&orgia Basinlanning area.
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2.2.4 RUNNING MULTIP SCENARIOS

Many NPLCC tool users will want to run several optimizationsanidmge oparametervalues or
YaOSYyINA24QY (remul®RaKehildedplandingiséskinin, ukh runs may be used to
identify the parcels consistently selected in all scenarios, and thus acceptable to all paottesately,
there are two ways you can do thising the currenNPLCC tool interface.

First Of AO0]1 G(KS OKSO|l o62E ySEG (2 Wwdzy adznidlecst S { 05
among theoptions described below.

Option lis described in the grey sidebar after clicking the Qdws optionallows you to upload a .csv

file spedfying the parameters of each scenario by row. The headings that must be included in the

uploaded .csv file argiven byexample in the table to the right of the grey sidebar. The possible values

that can be entered for each header column are providedhinld 1. Blank cells or those with anything

but the terms allowed (Table 1) will prevent the optimization from running (an error message will

L2 Lddzt | 6 S &l &Ay3 al LIWIX AOFGAZ2Y dzy SELISOGSRf & SEAGSRE
dzy RSNJQISS NR 2 [ AaGQ GFoX NBLX | OAy 3, andkddfirrfirigkhat LIt S G| o
you have successfully uploaded yocsvfile.

Option 2involves building your scenarios directly in the tool interface. To the right of the grey sidebar

youwif &SS | GFofS gAGK M NRg LRLMzZIFIGSR OFffSR WiSy
change the parameters specified in this row to suit your aserdefined scenario. You can hame each
scenaricas@ 2dz f A1 S® C2NJ (G4 KS SRDA V& D 3zYY @ ZdligkenEceldyoy RIZIND G S¢
aSt SO0 Itt26l0fS GrfdSad ¢2 FRR FYy20KSNJ a0Sy Il NA2sZ
w2g .St26Q FTNRY (KS RAFfE23dz2S 62E GKIG | LIWISENBED | 2
sped FASR Fa dab! é¢ad / KIFIy3aS S Or scanarioéReped this ste@lorfasizS § K I
many scenarios as you likeOTE if you are encountering inexplicable error messages, try refreshing

the website and starting again.
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Tablel: Summary of values that can be specified for each scenario when running multiple scenarios

Scenario Any name you specify

Time GOdzZNNE =X 2NJ aNDLInpé
Cost GR2ffFNEZ alF NSI£3Z @K
Protected Gf 201 SRéE€X 2NJ al @k Af ¢
FTcutoff Any value between 6100

OF, SAV, SHR,

WET, HUM1, Any value between 6100

NAT, EXO1, TRE

Table2: Descriptions of the biodiversity feature layers included in the NPLCC tool. Target values for each of these
layerscard S A LISOATFTASR Ay GKS (Fo6fS F2dzyR dzy RSNJ 4 KS W9RAG ¢
A composite distribution map based on probability of occurrence of
Old Forest Birds (OF) | pirds associated with old forest habitat (Schuster and Arcese 2014).
Appendix A.

A composite distribution map based on probability of occurrence of
Savannah Birds (SAV) | pirds associated with savannah habitat (Schuster and Arcese 2014)
Appendix A.

Shrub Birds (SHR) A composite distribution map based on the probabilityoo€urrence of
birds associated with shrub habitat. See Appendix A.

A composite distribution map based on probability of occurrence of
Wetland Birds (WET) | pirds associated with wetland and riparian habitats (Schuster and
Arcese, unpublished). See Appendix

A composite distribution map based on probability of occurrence of

Human Commensal Birds birds associated with urban and rural human landscapes (Schuster ¢

(HUM1) Arcese, unpublished). When targets are set for this feature, the tool
seek plannig units least likely to host commensal species. See Appeg
A.

A composite distribution map based on probability of occurrence for
Native Plants (NAT) | 20 most common native plants of Garry Oak/Maritime Meadow
ecosystems (Bennett 2014). See Appendk&sB.

A composite distribution map based on probability of occurrence for
Exotic Plants (EXO1) most common exotic plants of Garry Oak/Maritime Meadow ecosyst
(Bennett 2014). When targets are set for this feature, the tool will se
planning unitdeast likely to host exotic plants. See Appendix A.
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Tree Species Indicators A composite climate envelope map for 3 common native trees
(TREE) characteristic of Garry Oak/Coastal Douglas fir ecosystems (Mviang,
prep. See Appendix A.

AN IMPORTANT NOTBQ@UT SCALE:

Currently, the NPLCC tool provides solutions for the e@iergia Basiwithin the NPLC@lanning area
defined(Figure 1). Future versions will allow users to subset areas of this region so that planning

decisions can be made at smaligratialscales (&., within municipaldistricts or counties Howeverijt

mustbe notedthat the spatial scaleelected is likely to have a large effect on fudutionsproduced by

the tool. For example, amall planning area (eg. Orcas Island) imglude fewer planning unit® t |, Qa v

more limited opportunities to meet targetend thusmay forcelil KS G 22t (2 O2yaARSNJI t !
conservation value in order to meet usgpecified targets. Expanding the planning areg.(8an Juan
Islands)houldincNB &S GKS | @F At F oAt AGE 2F FKhcAkervition t Ade t ] ¢
investmentsaway from youlparticulararea of interestAs user demand develops for this or later

versions of the NPLCC tool, we would recommenchingscenarios usinthe same parametesetsat

different spatialscales to identify those parcels which are selected consistently, and therefore likely to

be of enduring regional and local value

2.3 RUNNING THE NRLTOOL AND INTERPRESTRESULTS

Run Optimization

Once all of the parameters have been defined for morea OSy I NA2as> Oft A0l 2y GKS \
button at the top of the grey sidebaPlease be patient agsultswill take 1¢ 3 minutes to produce. In

most browsers, a status bar will appear at thp of the page to give you an idea of progress. A text box

gAtt Ffaz2z FLWSEN G GKS G2L) NAR3IKG 2F GKS LI 3IS al @
Gt2ad tNROSaaAyaéx YR gAff (KSYNRENPLCGIBkeN 6 KSyYy
are not limited by computational capacion their own computein running optimizationbecause

calculations are done on an external, virtual server hostetthe University of British Colunby Prof.

Peter Arcesel-RBC Chair in Applied Consion Biology Arcese lalh Scenarioesults are populated in

0KS WYwSadzZ 6a b 526yt 2FRQ YR (KS WwSadzZ d al LI Gl o6
and interpret results are provideoelow.

2.3.1 SUMMARY TABLES

After the optimization has finished running, you will find a summary table of the optimal solution(s) in

0KS WwSadzZ G6a b 526yf2FRQ Glod ¢KS wSadzZ & { dzyYl NE
scenario by row (if yoanly ran one scenario, there will only be one row in the tatl€)TE you will

have to scroll right to see the entire table. You can also download the Result Summary Table as a .csv file

o0& OftAO01AYy3 (KS wwSadz (a R2Reyult QumRaly Tabtizdolugryhdad@<E LI | y
are provided in Table 3.
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http://arcese.forestry.ubc.ca/marxan-tool/

2.3.2 VIEWING RESWET
You can view a map of each optimal solution in 2 ways:
Option1:/ £t AO1 2y GKS WwWwSadz

al LI G+ o

F FG4SNJ @2dzNJ 2 LJG A

standard basemap of th&eorgia Basiregion overlain by your solution(s). You can change the basemap
shown by selecting StreetMap, Aerial, or Terrain on tigeta provided. The legend associated with

82dzNJ a2fdz2iA2yoauv Aa

7 A x

GKSNBE asft s

unselected units in red (0). If you ran more than one scenario, each named scenario will populate in the

legend b so you can select/deselect each one for comparison.

Scenario List Input Layers Results + Download Result Map
Lillooet
3 &
(o) /\Lyttcn
) Campbell WHistler e Iterritt
River - \“} 2
.A_
’
Courtes
\‘“ - I =l
Aﬁ;am . Vancouver
A Sy _Ablofsford

,;(amloops

selected
Ao
yer 41

© StreetMap
Kel ~ aerial

Terrain
Pentl m chiss
chat6é

T 775ran
A/ Eorks

WasShington

12

Wenatchee

@

XYakima

Figure6: Example result map as viewed from the NPLCC tool interface after running two land prioritization

A0Syl NA2a&
red.

Option2:/ £ A O

ORSLIAOGSR 2y tS3ISYyR | a

2y (KS a52¢yft2F R 2 dzi Lidzi

G OKf cueanseélettBd uditdiK I c c £ 0 ®

NI 20SNE odaiGay

initiate the download of a zip file containing the result in .tiff raster format. Unzip the folder onto your
local harddrive. Ifou have ArcGIS, open ArcMap arse the Catalog sidebar tivag the .tiff filefrom

its location on the harddrivanto the viewing paneThe raster should display propenyhen viewed in a

blank map templateHowever, you may need to use the Project Raiel if you are usingther layers

with a differentcoordinate system and pjection (the tool uses NAD 1927 UTM Zone 10N). It may also

be necessary to change the Symbology to correctly display selected planning units. To do this, right click
on the raser in the Layers sidebar and go to Prope§eSymbology. The default display setting is
WtretchedQbut we recommend changing this $lassifiedusing the selection pane on the left side of

the Properties dialog boXEnsure that one class contains Adahe other class contains 1. Here you can

also change the colour display.
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If you wish to add additional layers but do not have any, we recommend adding a defaut basemap
@ AflofS FNBY 9{wL® /fAO|l 2y GKS !VE+V”EThiswiII Lddzt £ R2
open a dialog box where you can choose a basemap. a

Table3: Result summary table headers and explanations.

The name of each scenario. Can be tsgg®cified when running multiple
scenarios, or defaults. Default names are populated usilagtdr abbreviations

Scen for the time, cost, protected areab,y R KA 3K [j dzI £ A (i &hledS |
[time =current] + [cost shuman] + [protected areas leckedin] + [HQF cutoff =
66]

Time ¢KS GAYS LISNA2R &aLISOATFASR® hLIiA2ya

WLINBaSy(iQ | v Respechudy.dzZNE 6 NOLInpov QX

¢tKS O02ai YSOUNRO aLISOAFTASR® hLIiAzZ2ya

Cost A A

YYFYylFr3asSYSyuQo
Corresponds to how you dealt with protected areas in the optimization. Optiq

Protected I NBY WE201SRQ 2N WI @I Af Q¥ BKAOKOOS
respectively.

FTcutoff Corresponds to the cutoff value specified for high quality features. Can be ar
number between @ 1.

Status This lets the user know whether the optimal solution was found. If so, the sta

gAff 06S ahtcecLal![éd

Runtime Time (in seconds) that it took to run the optimization.

The resultant cost of the scenario specified. Units depend on the cost metric
selected (se€ostabove): acquisition and management costs are in dollars ($
Cost_out human score assesses cost as the amount of commensal habitat included in
solution (see section 2.2.1 for details); setting cost to area attempts to minim
total hectares reserved.

Area Area of the solution (ha).

OF Tar, SAV_Tar, User defined targets for each biodiversity feature layer.

SHR_Tar, WET_Ta
HUM1 Tar,
NAT_Tar, EXO1 Tq
TREE_Tar

OF, SAV, SHR, WE The amount of each biodiversity feature (%) includechanaptimal solution.
HUM1, NAT, EXO1| Userdefined targets are always met in the optimal solution, whereas undefin
TREE targets will vary based on their representation in the optimal solution.
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4. ADDITIONAL RESOURCES

1. Marxan User Manual:

Game, E. T. and H. S. Grantham. (2008). Marxan User Manual: For Marxan version 1.8.10. dhiversity
Queensland, St. Lucia, Queensland, Australia, and Pacific Marine Analysis and Research Association,
Vancouver, British Columbia, Canada.

2. Marxan Good Practices Handbook:

Ardron, J. H.P. Possingham and C.J. Klein (Eds.),Version 2, 2010. Marxan good practices
handbook. University of Queensland, St. Lucia, Queensland, Australia, and Pacific Marine
Analysis and Research Association, Vancouver, British Columbia, Canada.

3. Simulatedhnnealing in greater detail:

http://www.uqg.edu.au/marxan/tutorial/toc.html

4. A basic overview of Integer Linear Programming on the Gurobi website:

http://www.gurobi.com/resources/gettingstarted/mip-basics

5. Marxan Tutorial for the CDFCP Study Area
http://peter -arceselab.sites.olt.ubc.ca/files/2015/10/Marxamutoriat2.0.pdf
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5. APPENDICES

APPENDIX A. GENERMETHODS FOR CREATOOBMPOSITE DISTRIBAN IMAPSF
BIODIVERSITY FEATSRE

Each biodiversity feature used in the NPLCC tool is a map of the probability of that feature occurring
GAOGKAY (GKS aiddzRé NBIA2Yyd 2SS NBFSNI G2 GKSasS a woz2
using a combination of {Jpresence/absence data for plant and bird species, and (2) associated

landscape and/or climate features to predict species occurrence. Data sources and general methods are
provided for each biodiversity feature below.

BIRD COMMUNITY MAPS

Old Forest (OFgavannah (SAV), Wetland (WET), Shrub (SHR), and Human (HUM) biodiversity features
were created following Schuster & Arcese (2013) to map bird species distribution for 73 species, using
presenceabsence data from ebir¢http://ebird.org/content/ebird/about/ ; Sullivan et al. 2009Briefly,

bird species were determined to be members of specific communities that represented each
biodiversity feature using expert elicitatig®chuster & Arcese 2013 totalof 11 professional

ornithologists were consulted to associate the relativ®B  af kaghhBdBpecidseing found irthe

habitats described (in pictures and wordSpecies maps were developed usaguite oflandscape

covariates known to influendeird species occurrence (e,goad censity, stand age, tree species

presence, proximity to other land useSchuster & Arcese 2013), afihe results otheseW2 OO dzLJ y O &
modelLwere used to predict speciesccurrenceacross theentire study regiorfor 73bird species using

over 90,000 observations of species presence/absence provided from &hilttvén et al. 2009

Occurrence probabilities for individual species were then compiled into composite neyaesenting

target communitiesising the weightingassigned by exper{Schuster & Arcese 2013)

PLANT COMMUNITY MAPS

The Exotic (EXO) and Native (NAT) biodiversity features were created using similar methods as above
(bird community maps). Howevaplant species occurrence data were drawn from severalses Boag
2014 Dr. E Gonzale®r. Joe Benne&FloraBC 2013 We used data fortte 20 mostabundantnative

and exoticplant species (40 species totédlentified by Bennett (2014p map the NATand EXO
communities respectively(see Appendix B for species list).

INDICATOR TREE SESQMAP

The TREE biodiversity feature was created by mapping the distribution of three common tree species
characteristic of Garry Oak/ Coastal Dougiascosystems: Arbutug\¢butus menziesiifzarryoak
(Quercus garryangsand Douglafir (Pseudotsuga menziesiPresence/absence data were derived

from permanent botanical plots, and distributions were mapped using bioclimatic envelope models to
predict occurrenceTong LWang et alin prep.
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APPENDIX B: PLANTSED IN THE NAT ANBRCEBIODIVERSITY FEBRE LAYERS

Latin Name

Common Name

Native Species

Camassia leichtlinii
Festuca rubra
Brodiaea coronaria
Galium aparine
Camasia quamash
Brodiaea hyacinthina
Achillea millefolium
Sanicula crassicaulis
Plectriris congesta
Elymus glaucus
Collinsia parviflora
Polypodium glycyrrhiza
Luzula multiflora
Cerastium arvense
Laus micranthus
Ranunculus occidentalis
Danthonia californica
Carex inops

Trifolium willdenowii
Lomatium utriculatum

Great camas

Red fescue

Crown brodiaea
Cleavers/stickyweed
Common camas

Fool's onion

Yarrow

Pacific blacksnakeroot
Seablush

Blue wild rye

Maiden blueeyed Mary
Licorice fern

Common woodrush

Field mousesar/chickweed
Desert deervetch
Western huttercup
California oatgrass
Longstolon sedge
Tomcat clover

Common lomatium/spring gold

Exotic Species

Aira praecox
Hypochaeris radicata
Anthoxanthum odoratum
Rumex acetosella
Vicia sativa

Holcus lanatus
Bromus diandrus
Vulpia bromoides
Cytisus scoparius
Stellaria media
Bromus hordeaceus
Bromus sterilis
Geranium molle
Dactylis glomerata
Vicia hirsuta
Veronica arvensis
Cynosurus echinatus
Myosotis discolor
Poa pratensis

Early hairgrass
Hairy cat's ear
Sweet vernalgrass
Sheep sorrel
Common vetch
Common velvegrass
Ripgut brome
Barren fescue
Scotch broom
Chickweed
Softbrome

Barren brome
Dovefoot geranium
Orchardgrass

Hairy vetch

Wall speedwell
Hedgehog dogtail
Common forgeime-not
Kentucky bluegrass

Aphanes arvensis/australis Field/smalifruited parsleypiert
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APPENDIX C: ROAD BEN AND AGRICULTURMREA CALCULATIONS

Road and agricultural densities were calculated per 1ha planning unit using feature types from several
data sources detailed in the table below.

Source

Parameter Canada USA

Road Density OpenStreetMapfeatures: bridge, bus_stop, construction,
living_street, motorway, motorway_link, primary,
primary_link, residential, secondary, secondary_link, servig
tertiary, tertiary_link, trunk, trunk_link, abandoned,
bridleway, cycleway, footway, path, pedestriaoad,
social_path, steps, track, trail, unclassified

Agriculture TEM: Cultivated Field, Cultivate¢ NLCB: Class 81
Density Orchard, Cultivated Vineyard Pasture/Hay, 82
Cultivated Crop

1 OpenStreetMap data extractsttp://download.geofabrik.de(accessed 20169-17)

2 Terrestrial Ecosystem Mapping (TEM) of the Coastal Defiglasne of British Columbia,
http://a100.gov.bc.ca/pub/acat/public/viewReport.do?reportid=152aad
http://a100.gov.bc.ca/pub/acat/public/viewReport.do?reportld=408¢@ccessed: 20110-20)

3 National Land Cover Database 20dtly://www.mrlc.gov/index.php(accessed: 20169-15)
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APPENDIX D: BIODI\&HERY FEATURE COMHAGDISTRIBUTION MAPS
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Currentand future predicteddistributionthe Douglasfir - Garry Oak Arbutus tree community (Courtesy Tong Li Wa&ignatePNW
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