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ENVIRON 761:
Prioritization, Optimization &
Conservation Area Selection

Instructor: John Fay



Choosing classes:

= Can't take them all...

190

» Select classes that favor criteria

= Topic (applicable or not-related)
" |nterest (captivating or boring)
= |ogistics (schedule conflicts)

= Requirements (GIS certificate?)

* What is the best combination of classes?

= Depends on your preferences, your options, your situation

How do you decide?



Choosing conservation sites:

= Can't protect them all...

» Select sites that favor criteria

" Geometry (core area, shape index)

" Threats (unthreatened, desperate for protection)

= Connectivity (betweenness centrality, corridor potential)
= Biodiversity (richness, rarity)

= Cost (SSS)

= What is the best portfolio of potential sites?

= Depends on mission, options, situation

How do you decide?



Prioritization & Reserve Design

General question...

How can we optimize the selection of
sites for protection to meet multiple
conservation objectives?



Multi-Attribute Decision Analysis

Methods for making decisions when:
= Qutcome is uncertain
" Multiple [conflicting] objectives
= Multiple [conflicting] stakeholder interests

Approaches include:
" Articulating goals
" Expressing priorities among these goals
" Providing framework for communication

Maguire 2004



Multi-Attribute Decision Analysis

No Control :
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Hawaiian culture

Traditional medicine/food
Plant diversiry
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Pigs killed but not eaten

Safety of nontargets
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Nontarget fauna

Humane methods
Minimum mortality
Pigs killed
Minimum suffering
Time to death

Cost-effective
5 to maintain low pig density

Objectives hierarchy

Maguire 2004


http://www.boku.ac.at/mi/ahp/ahptutorial.pdf

Landscape Prioritization: Attributes

Patch/HUC

Geometry
hutes of Pa f hute L]
OID | HABPATCH ||COST || AREA | SHAPEIMDEX | PCTCORE | WTDTHREAT | HUMAHKDENS | EDIST2ROAD | CDIST2DEV | BETWEEHHES || RICHHESS | EVEHHESS ~
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11 12 44 || 207200 250 19 40 4 0 o 18 4 122
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17 18 a || 162000 190 1] 40 o 180 a5 4 1 ]
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Record: ﬂﬂl 1 jﬂ Show: W Selected | Records (0 out of 671 Selected) Options  » |




Landscape Prioritization: Sorting

Patch/HUC

Geometry
of Pa b L]
OIDJ[ HABPATCH | [COST || AREA | SHAPENIDEX | PCTCORE | WTDTHREAT | HUMANKDENS | EDISTZROAD | CDIST2DEV | BETWEENIES | RICHIESS | EVENNESS f| ~
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Record:ﬂﬂl 0 jﬂ Show: W Selected | Records (0 out of 671 Selected)




Landscape Prioritization: Sorting

= Useful when objectives are clear and attributes
accurately reflect those objectives:

= Objective:
pronghorn viability

= Approach:
protect as much unthreatened 2o iat 2r22 as possible,
(given the budget of the program)

" Method:
= Sort by Area, then by Wtd. Threat
= Select patches until budget is spent



Landscape Prioritization: Sorting

= Sort on most important attribute
= Keep top X%..
" Determine cost cuts still required
= Sort on 2"9 most important attribute
= Keep top X%...
= Determine cost cuts...

How much more important is
attribute 1 than 2, and so on??




NC Conservation Plan
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July 2013
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http: ortal.ncdenr.org/web/cpt/cpt-report



http://portal.ncdenr.org/web/cpt/cpt-report

NC Conservation Planning tool

Appendix C: Relative Criteria Ranking for the BIODIVERSITY / WILDLIFE HABITAT ASSESSMENT

L owest Resource Rarity and Distinctiveness Highest
[
Lowest Resource Function Highest
Lowest Data Spatial Precision, Accuracy, Completeness Highest
Moderate [ [ [ waximum
1 2 3 4 5 6 7 8 9 10
CREWS- NWI CREWS - CREWS
Beneficial Wetlands Substantial | Exceptional
LHI Guild LHI Guild
(1) (10)
HQW (select) ORW
(select)
Oyster
Sanctuaries
Submerged Fish Nursery
Agquatic Areas
Vegetation
Shellfish Hard Shellfish
Closed - Bottom Open -
Shellbottom Shellbottormn
DWQ DWaQ
Stream Stream
Bioclass Bioclass
Good Excellent
Anadromous Wild
Fish Trout
Spawning Waters
All Streams in Stream
Streams Priority Buffer tribs.
Watersheds to T&E
Important
Bird Areas
SNHA - SNHA — SNHA -
General High and Qutstanding
Rating Moderate and Very
Ratings High
Ratings
EO - EO - High

Other

ﬁ? North Carolina

e

Planning Tool %3

Page 6 of Chapter 4:
Maximum Ranking Approach



Landscape Prioritization: Weighted Overlay

2 - 2 2 1
1 1 2 2
InRasl QutRas
{Influence 75%) {Influence 25%)
weighted overlay table
actp LI = ald Ale 5 .S +
# EUC Developm =11 YALLE e
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2 3
3 ] ‘
|| MODATA gr
# EUC Road Croszin 20 WALLIE
I 1
1 2
2 2
3 3
4 3
g 3
b 4
7 4
a al ~
| | MODATA MODATA E
# ELIC Road Carridar| 20 WALLIE
| 1] w E

Sum of influence

valuation scale

oSy 1

e Number of output
classes

e % influence of each input

e Development = 3x others

e Scale values

e Extreme impact=5
e Minimal impact=1



Landscape Prioritization: Weighted Overlay

oo

Habitat
sub-patches

Patch area

Patch core area

Shape index

Mean distance to edge

2 =100%

Patch geometry
score




Multi-attribute synthesis

GeoHAT
Patch geometry —>  weight
score :

Patch
connectivity —>  weight

score

Patch
efficiency ~ weight
score

Patch
vulnerability e WL L

score

Patch
biodiversity —-—>l weight

score

2 =100%



Selection algorithms: Greedy

= Sorting (on raw data or weighted
overlay data) is a purely greedy
approach:

= Searches for (via sorting) and takes the best X
number of patches until criteria is met

" |t does not necessarily arrive at most parsimonious
solution!



Selection algorithms: Greedy

1 000 |2 @06 [3 0O

100 pe| [se0e

Pick #1: Site 6
Pick #2: Site 1 or 2
Pick #3: Site 1 or 2

Choose the richest remaining site...



Selection algorithms: Greedy Heuristic

1 000 2 900 [3 B

100 pe| [se0e

Pick #1: Site 6
Pick #2: Site 5
Pick #3: Site 1

Choose the best remaining site
that complements chosen sites




Greedy heuristics ...

Advantages:
= intuitive

= easy for small number of sites and targets (perhaps by
inspection)

Disadvantages:
" hard or slow for large number of sites or targets

* Have to examine each alternative; sequence matters...

" may not get the right answer (!)



Greedy heuristics ...

Species
shrike

owl

Optimal solution:

g. Sparrow sitesB & C

hawk

thrasher Greedy solution:

sites A, B, & C
(A first)

grouse
S. sparrow
pelican
eagle

tern

Total S

00 O R R IR R R R R R
N |m O R R O R R O R R |m
20O R O O R O O = O = M



Selection Algorithms: Greedy

E| Attributes of PatchAttributes

AREA

SHAF

OID | HABPATCH | COST
| =no 8 830
| 443 444 | 139
| 183 194 |  BBG
| 214 215 3
| 43m 440  E79
| ss B0 502
| 133 134 52
! 25 a7
| am0 481 |  5B9
| 324 325 58
| =8 87| 228
| 29 298 a5
| 3s 37| 425
| 235 236 a5
| s18 s20| 247
| s 10 198
| zs /2| HT
| 4o 41| 274
| a4 442 B2
| 128 128|261
| a3 432 86

9541500
7857000
T225200
G&36400
5564700
4973400
4511400
4746600
4673700
3977100
3339400
F7a2200
3612600
34E6500
3159000
30681800
3023400
2511000
2478600
2357100
2254200

“The top X patches are selected”

Each patch selection is made
independent of what is found in
other patches.



Selection Algorithms: Greedy Heuristic

E| Attributes of PatchAttributes

OID | HABPATCH | COST | AREA | SHAP

Heuristic = self learning

Patch selections are made to
complement existing patch

990 | 9541500
139 | 7857000
BEE | 7225200
341 | 6536400
679 | 5564700
S02 | 4973400
o2 4811400
g7 | 4746600
SE9 | 4573700
=29 3977100
225 | 3539400
95 | 3742200
425 | 3612600
95 | 3466500
247 | 3159000
195 | 3061500
317 3029400
274 2511000
B2 | 2478600
261 | 2357100
86 | 2254200

selections

Patch #194 complements patch
#81 better than patch #444 ...

81 444 194
abcd abd pqars
XV Z Xy




Greedy heuristics & linear programming

* Integer programming and Integer goal programming:
Integer programming are linear programming techniques
derived from operations research that iterate through
possible combinations of variable until the optimal result
(as defined in the decision rules) is achieved.

= Pluses: Offers a comparable, optimal solution

" Minuses: can be very CPU intensive 59 o o o o o
and potentially impractical to employ




Linear programming, an example

= "'f'J:v Sy { — '\ “\C“ E
narck  Fargo ) T L
p < 1 2 Al P0\\\
= & . HUROW - e
c.._\/%ilnnmpohs L 75, © %05\0‘

SIOUX

Find optimal pipeline
configuration to line
coal-fired power
plants with carbon
sequestration sites...

 Where to start routes?

* Order of linking sites to
pipeline?

* Redundancy?
* New sites?



Selection Algorithms: Integer programming

Examine all unigue combinations of planning
units and select the one combination that’s the
most parsimonious.

The top ranked planning unit may not be a part
of that; may lead to “local minimum”.

2144 or > 10* unique combinations!!!

Solution: Simulated Annealing - a compromise to
finding the optimal combination of patches...



Operations Research

Maximum Covering Location Problems (MCLP):

"Find fewest facilities that cover the most demand"”

The MCLP method substitutes the concept of species
representation for covered in the algorithm.

This integer program method
then converges on a single ”
solution that maximizes st ey PN
representation for the number S sl

of site (area) prescribed.

Problem P : min { Z -‘-}}
i=l

x;e {0, 1} »yie{0,1} ijeN



Marxan : Marine Optimization

Marxan

Informing Conservation Decisions Globally

MARXAN / SPEXAN / SITES

Optimization programs designed _ -
to be used for spatially B .
aggregating habitat patches for

optimal coverage.

MARXAN is the marine version
of this software, but has become
the standard for terrestrial
applications too...

http://www.ug.edu.au/marxan/



http://www.uq.edu.au/marxan/

Marxan & "Simulated Annealing"

Uses "simulated annealing" to find an optimal
combination of planning units (patches) that meet a
specified objective function.

1.
2.
3.

Begins with seed sites(random or set).
Randomly selects an additional site

Computes gain of adding that site towards objective
function

Adds the site to solution set if doing so exceeds a set
threshold.

The threshold gets higher as more sites are added



"Annealing"??

" From metallurgy... e, " ccrcs o

THE SAMURAI SWORD

r-olc



http://www.pbs.org/wgbh/nova/samurai/

Simulated annealing

A

N

* iterative improvement

* random backward movement

* repetition

Aliens like low elevations...




Simulated annealing

= Advantages:
" finds a good answer
" can assess very large data sets

= can provide multiple solutions
(alternative, near-optimal) -

800 -
700 4
600 -
500 A
400 -

" Disadvantages 2

100

= |ess intuitive, less accessible

<20
21 -40

http://www.sciencemag.org/content/309/5734/603.full.pdf


http://www.sciencemag.org/content/309/5734/603.full.pdf

Marxan

Purpose:

* To identify suites of planning units (i.e. HUCs) that
maximizes conservation goals with the least amount of
cost

Required inputs:
> List of conservation features to be included
> List of planning units (w/cost and other attributes)
> Cross-list of conservation features within each patch
> Specified conservation goal & other run time settings



Conservation Features file (spec.txt)

= Conservation features are features (e.g. species) you want
represented in your final portfolio of patches

= The conservation feature file includes the type and the desired
amount of each feature, as well as a penalty incurred if its not
adequately represented.

= id = feature identification number
= target = representation target (area, # occurrences)

= spf = species penalty factor
" name = feature name
spec.txt
id target spf name
5 10.2 10 Rocky _Mountain_Cliff_and_Canyon
9 0.4 10 Colorado_Plateau_Mixed_Bedrock _Canyon_and_Tableland
11 0.8 10 Inter-Mountain_Basins_Active_and_Stabilized _Dune
12 93.4 10 Inter-Mountain_Basins_Volcanic_Rock _and_Cinder_Land
14 123.2 10 Inter-Mountain_Basins_Playa




Conservation Features file (spec.txt)

= The Conservation Features file can be created manually by listing
the feature types and the target representation.

= Or, you can set the target to be a proportion of existing
conservation features within the planning area directly from the
raster or feature attribute tables...

Creating spec.txt file from GAP Cover types:
1. Extract GAP data found within patch areas
2. Calculate targets as a proportion of cell count (e.g. 30%)
3. Add penalty factors (or use constant values)

4. Convert table to text file
NOTE: Be sure to convert spaces and commas to underscores!



Planning Unit file (pu.txt)

" Planning units are the discrete land units making up the
conservation portfolio; a unit is either included or not.

= Can be a patch, parcel, catchment, hexagon, etc.

" The planning unit file is a list of list of each planning unit id,
the cost incurred by adding it to the portfolio, and a status
value indicating whether the unit/patch should be “locked
in” to (or out of) the solution.

pu.txt
id cost status
= The cost can be in actual dollars . - :
or be anything you want minimized 3 46 0
, 4 120 1
(e.g. opportunity cost) 5 15 0
6 19 0
7 13 0




Planning Unit file (pu.txt)

" The planning unit file can be created directly from the
attribute table of the planning unit features....

= |D =feature ID
= Cost = a cost-related attribute
= Status can be altered manually or all set to ‘0’.

.
B Attributes of PatchAttribui id cost status
1 2 0
0ID fHABPATCH] COST| Al
0 . =1 19 2 162 0
B 2| 182 3 46 0
| 2 3 46 4 120 1
| = 4| 120 115 5 15 0
4 5 15 17 —
B 5 13 6 19 0
HG: ABEEIEEL 7 13 0
|7 5 158134 8 158 0
I 9 9 34 1
N 10| 195 | 306 10 198 0
10 11 Bl 17




Planning Unit v. Cons. Feature file (puvsp.txt)

* The planning unit vs. conservation feature file is simply a
cross listing of what species are found in which planning
unit - and how much.

" |t can be created by spatially combining the planning unit
(i.e. patches) with the conservation feature (i.e. GAP cover)
datasets

puvsp.txt
B Attributes of patchgap amount pu species
| Rowid | VALUE* | COUNT | HABPATCH | AZ_LANDCOVER | 1 1 34
3 0 1 1 1 34 13 1 36
1 2 13 1 36
| 2 3 10 1 57 10 1 67
| 3 4 82 2 6| — 82 2 36
B 4 5 129 2 67 129 2 67
B 5 B 33 2 76 33 2 76
5 7 151 2 34
B » 3 3 5 = 151 2 34
| 3 3 124 3 57 3 2 71
N g 10 93 3 36 124 3 67




Optional: Boundary Length Modifier (bim.txt)

= Used to determine how much emphasis should be placed
on minimizing the overall reserve system boundary length
(amount of edge)

= Consists of a list of shared edge between planning units.
Favoring two planning units that share an edge will reduce
the overall amount of edge in the final reserve design.

" By not including an attached planning unit, the amount of
boundary that would have
been included is added as a
cost...

idl id2 boundary
2 20
0
10
3

A WNNPRERRERPRE
v b wPew

O W




Marxan inputs

id target spf name spec.txt
5 10.2 1000 Rocky Mountain_Cliff_and_Canyon
9 0.4 1000 Colorado_Plateau_Mixed_Bedrock Canyon_and_Tableland
11 0.8 1000 Inter-Mountain_Basins_Active_and_Stabilized_Dune
12 93.4 1000 Inter-Mountain_Basins_Volcanic_Rock _and_Cinder_Land
14 123.2 1000 Inter-Mountain_Basins_Playa puvsp.txt
amount pu species
pu.txt 1 1 34
id cost status bound.txt 13 1 36
1 2 0 idl id2 boundary 10 1 67
2 162 0 1 2 20
3 46 0 1 3 0 — 2 -
4 120 1 1 4 10 e A
5 15 0 2 3 3 33 2 76
6 19 0 2 4 7 151 2 34
7 13 0 3 5 3 3 2 71
4 5 9 124 3 67

How are these "raw materials" used to find
"the optimal subset of patches" for a reserve?



MARXAN Objective functions

* The objective function is what gives one alternative
a "better" score than another.

®

|

@

Z Cost + BLM Z Boundary + Z SEPF x Penalty + Cost Threshold Penalty(£)

PUs

L hp =

Pils Cox Volue
i j | ]

® @

The total cost of the reserve network (required)

The penalty for not adequately representing conservation features (required)

The total reserve boundary length, multiplied by a modifier (optional)

The penalty for exceeding a preset cost threshold (optional — see footnote 3)



MARXAN Run-time parameters: Inedit.exe

" Run-time parameters are held in the input.dat file
stored where the MARXAN.exe file is.

= Use Inedit.exe to modify/save settings:

= Number of repeat runs
" Annealing options:

* Number of iterations per run
® Threshold “cooling”

= Heuristics
= Location of inputs/outputs



Marxan run-time options

#1 Input File Editor for Marxan

Frablem | Run Dptiu:uns] .-’-'-.nnealing] | Fipat ] Elutput] Eu:ustThreshu:uId] i [E=0e: ] . Re peat ru ns:

fp— " Because the optimal solution is
not guaranteed, we run several
Somdayliedir [ independent runs and
compare results.

f* Mew Freeform Shyle

This program edits an input file for MARXAN w1 8

Boundary modifier:

Created by lan Ball 1939, Modified by lan Ball 2001

S— | ™ Adjusts boundary costs to

i Load Save g E xit

CorkSpacel EMY261 20090 Ex10_Prioritization!, 3ofbwarelMarxanz_0_2\Mar:xan m a tC h p a tC h C O St u n it S

= High value favors compactness



Marxan run-time options

#1 Input File Editor for Marxan E'@'E'

[ ]
Problern  Run Options .-’-'-.nnealing] | Fipat ] Elutput] EustThreshDId] i [E=0e: ] Ru n Optlons

% Simised s " Enable simulated annealing

Optionz For Simulated Annealing appear on next tab

. " Heuristic method to use

|Sum Irreplaceability ﬂ

" [terative improvement method

[v [terative Improvement

|N|:|rmal [terative mprovement -

Load Save g E xit

CorkSpacel EMNYZ61_Z009Ex10_Prioritizationt Software\Marxanz_0_2\Marxan




Simulated annealing options

#1 Input File Editor for Marxan

Problern  Run Options .-’-'-.nnealing] | Fipat ] Elutput] EustThreshDId] i [E=0e: ]

[w Simulated Annealing

Optionz For Simulated Annealing appear on next tab

Problem | Run Options  Annealing | [nput ]Dutput] Eu:ustThreshu:uId] i [E=0e: ]

Annealing Controls

Mumber of [terationz |-I 100000

Temperature Decreazes |-I 0o

[v Adaptive Annealing

Iritial Temperature |

Cooling Factar |

Final Temperature adaptive annealing

_. .......... L Dad .......... ._ | Save '&S E:.:It

CorkSpacel EMY261 20090 Ex10_Prioritization!, 3ofbwarelMarxanz_0_2\Mar:xan

lterations — at each iteration, a

planning unit is switched on (or off, if
already chosen) and the change is
evaluated via the objective function.

= Temperature decreases —the number

of temperature decreases to occur
across a set of iterations

= Higher value — T° declines faster. Marxan
seeks optimization more quickly, but
may get "stuck" in a local minima.

Adaptive Annealing — initial
temperature and cooling rate are set
by sampling the input data




Marxan: # runs vs. # iterations?

" |ncreasing # runs will e

Repest Funs [1|]:|

= execute more searches "from scratch”
= explore more complete paths to an optimal solution

" |ncreasing # iterations will mean
= |onger runs, B

= 3 deeper search for the "optimal" solution

Iteration:
moves ahead to think

Run:
new game




Heuristics options

¥ Heuristic

v lte

Sum [rreplaceability

/3//,- Greedy:

Richrness
Greedy

/

b aw Harity
Beszt Harity
Beye B arity
Surn F arity

Product Irreplaceabilit

Sum |rreplaceatility

@

" Rarity:

Irreplaceability

- Y. SPF x Penalty

Cox Vaive



Heuristics options: Greedy

Greedy: add planning units that = ¥ 5P7 x Penaity
improve the objective function... ™

" Greedy Richness:

= Conservation value = the sum of penalties incurred by under-
representing a conservation feature; features already
represented do not contribute

" Pure Greedy:

= Same as Richness when BLM is set to zero; otherwise, boundary
length is factored into the objective function, and not all
species may be included because of cost restrictions



Heuristics options: Rarity

Greedy algorithms will favor common species;
Rarity algorithms implement an added cost for
not including rare conservation features

Effective Abundance

( Rarity x Planning Unit Cost |

= Effective abundance = amount of feature found within a planning unit
= Rarity = fraction of planning unit in which feature is found

= Maximum rarity = planning unit assumes score of most rare feature

= Best rarity = planning unit assumes score of highest ratio for the
patch (not necessarily the most rare feature)



Heuristics options: Rarity (continued)

* Summed rarity = sum of all feature rarity scores w/in the planning
unit . Includes elements of both richness and rarity...

Z Effective Abundance

cons. features R arity

Cost of Planning Unit

= Avg. rarity = average of all feature rarity scores w/in the planning
unit; gives more weight to rarer conservation features...

Z Effective Abundance

Cong. feanires Rﬂrlt}’

Cost x Number of Conservation Features




Heuristics options: Irreplaceability

Irreplaceability looks at how necessary a
patch is to achieving a given features' target

= A planning unit is irreplaceable if it contains a high proportion of the
target that's not found in other planning unit .

= Calculated as how much "excess" (or buffer) is captured within the
planning unit ; A planning unit that contains a mostly "buffer" or
"excess" is more "replaceable"; Scores range from O to 1.

= Product irreplaceability: Sensitive to outliers; will favor planning unit
with hard-to-represent features.

= Summed irreplaceability: Quantity of features is important; less
sensitive to outliers.




Heuristics options

" Greedy:
W Heuristic = Richness: Greedy strives to maximize
e [ richness at low cost
g 'te-E"EEEﬁ " Pure Greedy: Cost (incl. boundary)
e play a larger role
Fraduct Ireplaceabilit
Sum Imeplaceabiliy o Ra r|ty
= Qutcome favors rare features; finds
@ them first, and then adds common
= Assigns values
L SPExFenalyw rreplaceability

" Examines how necessary a patch is to
achieve a target for a given feature



Marxan run-time options: Inputs

u:ue EI nnput Cutput | Cost Threshnld] Mizc ] 10 S p ec ify i n p Ut fi I e n a m eS a n d
location

Meceszan Input Files

Speciez File Mame |$pec.t:-:t Browse
Planning Unit File Mame |pu.t:-:t Browsze
Flanning Unit versus Species |puvsp.t:-:t Browse

= Block definitions can be used
" s | to set common properties to
groups of conservation
features (e.g. vertebrates,
listed species, etc.)

|nput Directony B

Load Save Save g | E xit |

CorkSpacel EMY261 20090 Ex10_Prioritization!, 3ofbwarelMarxanz_0_2\Mar:xan




Marxan run-time options: Outputs

i Input File Editor for Marxan dl=ld) Specify output options & location

F'ru:ul:ulem] Run Dptiu:uns] .-’-'-.nnealing] Input  Dutput Eu:ustThreshu:uId] i [E=0e: ]

Screen Output |GeneraIPngressﬂ u See p. 66 Of Marxan manual for
[ Save Each Run [v Arciew Formnat What these are

[v Save Overall Best [v Save Summed Solution

[w Sawve Summary [ Sawve LogFile

v Save s i D etail
[v 5Save Scenario Details [ Save each n Steps

 Save schin Changes Proportion Threshold...

[w Save Mizzing Yalues Info

Species mizzing if proportion of target lower than |09

Save File Mame [k areanBors

Run name..

Output Directory | 2009, SIS e reTe flee Browse

Load Save Save g | E xit |

CorkSpacel EMY261 20090 Ex10_Prioritization!, 3ofbwarelMarxanz_0_2\Mar:xan




Marxan run-time options: Cost Threshold

s Input File Editor for Marxan Used if you want to find a solution
F'ru:ul:ulem] Run Dptiu:uns] .-’-'-.nnealing] | Fipat ] Output  Cost Threshold | pjsc ]
below a threshold cost

Cozt Threshold

[~ Threshold Enabled:

Threshold | Otherwise, Marxan will strive to find
Penaly Factor = A exp(Bt] - A [t varies from O b0 1] the Chea peSt SOIUtiOn meeting a“ the
Penalty Factor & | ta rgets .

Penalty Factor B |

see p. 33 of Marxan Manual

Load Save Save g E xit |

CorkSpacel EMY261 20090 Ex10_Prioritization!, 3ofbwarelMarxanz_0_2\Mar:xan




Marxan run-time options: Misc.

. " Starting Prop: Proportion of planning

#1 Input File Editor for Marxan

F'ru:ul:ulem] Fun Dptiu:uns] .-’-'-.nnealing] [nput ] Elutput] Cost Threshold  Misc T u n its inCI Uded in in itial rese rve-

Advanced Optionsg

Starting Prop ||:|

 Sneni Random Sest = Random seed: If > 0, uses the same
RendomSeed |8 initial patches to start.

Clurnping Rule |F'artia| clumps do not count ﬂ

Out-dated Dptionz

¥ Best Score Speedp 10 = Allows minimum feature size;
features < minimum size are ignored.

ot | sev S - | | ™ Marxan does not report "best"
CiiworkSpace\ENY261_ 2009 Ex10_Prioritization! SoftwareiMar:xanz_0_2\Mar:xan SCO res until a min. Ievel is reaChed,
thus saving time..




Running Marxan

= Double Click Marxan.exe file

e C:\Documents and Settings\jpfay\Desktop\Teaching\ENV 261_2009\Ex10a_Marxan\

Iterative Improvement:Ualue 27417720.7 Cost 6465.8 PUsz 98 Boundary BA.A HiEEingl’
6 Shortfall 14158.8@ Penalty 27411255.7
Time passed so far iz 1 secs

Run 2 Using Calculated Tinit = 3246168.6218 Tcool = B.?8511887
Creating the initial reserve

Init:Value 357Y63568.6 Cost B.@ PUs A Boundary B.A Missing 26 Shortfall 19896.4
B Penalty 35763568.6

Annealing:VUalue 27417737.7 Cost 6482.8 PUs 89 Boundary B.8 Missing 6 Shortfall
14158 .88 Penalty 27411255.7

Best:Ualue 27417737.7 Cozt 6482.8 PUs 89 Boundary A.8 Missing 6 Shortfall 1415
8.80 Penalty 27411255.7

Heuriztic:Ualue 27417737.7 Cost 6482.8 PUs 89 Boundary B.8 Missing 6 Shortfall
14158 .80 Penalty 27411255.7

Iterative Improvement:Ualue 27417737.7 Cost 6482.8 PlUs 8?2 Boundary B.8 Missing
6 Shortfall 14158.8@ Penalty 27411255.7

Time passed so far iz 2 secs

Run 3 Using Calculated Tinit = 3246180.6218 Tcool = A.?8511887
Creating the initial reserve

Init:Value 357Y63568.6 Cost B.@ PUs A Boundary B.A Missing 26 Shortfall 19896.4
B Penalty 35763568.6




MARXAN Outputs

= runl sen.dat
Metadata file listing scenario run time parameters

= runl best.dat
list of planning units included in the optimal solution from all repeat runs

=" runl mvbest.txt
a list of the conservation shortfalls contained in the optimal solution

" runl ssoln.txt

a list of each planning unit and the number of times it occurred in the
optimal solution for a single repeat run

" runl sum.txt

a list breaking down the conservatin value, costs, and overall score of each
repeat run




Viewing MARXAN'’s “best” solution

= Convert patch raster to polygon features
= Rename “planning unit” to “pu” in txt file
" Join txt file to patch attribute table

= Display patches where “solution” =1

I® MarxanRunX_best.txt - Notepad2 g@]g|

File Edit Wiew 3Settings 7

DEQ H 9 & % B26E 4% E

1 "planning unit”, "solution” ~
2 B60,1
3624,1
4 534,1
c441,1
£429,1
F428,1
5 365,1
2 283,1
10 280,101
11 21,1
1z 191,11
12 147,11
14 128,11
15116,1
m-od 1




Viewing MARXAN'’s “summed solutions”

= Rename “planning unit” to “pu” in txt file
" Join txt file to patch attribute table
" Assign graduated symbology based on “number” attribute.

I MarxanRunX_ssoln. txt - Notepad2 E]E|g|
File Edit Wiew Settings *

I d 9 & % 3@ 4% =

1|'planning unit”, "number" ~
2 B71l,0
3670,7
4 669, 3
c BGEE,
s Ba7, 4
7 Ba6, 0
g 665,11
2664,0
10 653, 0
11 652, 0

1z BEl, 0
E R i vl o S rel




MARXAN: Parting thoughts

" Many additional options
= Read MARXAN manual!

" Hexagons, parcels, watersheds, etc. instead of
patches as planning units.

" Boundary length modifier
= Different cost measures, thresholds...
= Different conservation features...



