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Protected area coverage

Prioritizr
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Prioritization & Graphs

Min set objective

This objective can be expressed mathematically for a set of planning units (I indexed by ) and a set of features (

Jindexed by j) as:

Protect the

featurei subject to
(e.g. 17%) ;
Z:ﬂ,—?‘,—j >T;Vjed

i—1

T
Minimize E T;C;
i=1

Here, I; is the decisions variable (e.g., specifying whether planning unit 2 has been selected (1) or not (0)), ¢; is
the cost of planning unit Z, 7;; is the amount of feature j in planning unit 4, and T} is the target for feature j. The
first term is the objective function and the second is the set of constraints. In words this says find the set of

planning units that meets all the representation targets while minimizing the overall cost.

Minimizing
the cost
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Max utility objective

This objective can be expressed mathematically for a set of planning units (I indexed by i) and a set of features |

Jindexed by j) as:

I J
Mazimaize —8C; T; + aw, = ..
; ; Y Maximize
subject to == the utility
! (features)
ﬂ'j = Z:E,;Tij "E-"'j E J
i=1
I
Z r;c; = B
i=1

Here, x; is the decisions variable (e.g. specifying whether planning unit 2 has been selected (1) or no
the amount of feature j in planning unit 2, Aj is the amount of feature J represented in in the solution, and w; is
the weight for feature j (defaults to 1 for all features; see add_feature_weights() to specify weights).
Additionally, B is the budget allocated for the solution, ¢; is the cost of planning unit 7, and § is a scaling factor 1ml n)
used to shrink the costs so that the problem will return a cheapest solution when there are multiple solutions

Under a budget
constrain (e.g.

that represent the same amount of all features within the budget.
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Test Shiny PrioritizeR

Set Parameters

penalty to reduce fragmentation

0.00

we specify targets to ensure at least 17% of the
spatial extent of each vegetation community

0.17

The features are
protected, but
they are not
connected!

Map Table of results

The following map is the solution of the optimization
lon: 146.51000 | lat: -40.85588 | zoom: 7
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Prioritization & Graphs

& Marxan Connect (Project: tutorial.MarCon) — O
File Debug Help

1) Spatial Input ~ 2) Connectivity Input  3) Connectivity Metrics | 4) Pre-Evaluation | 5) Manxan Files = ) Run Manan | 7) Plotting Options | v
Conservation Features Google PageRank e
Demographic Landscape
[Jin Degree In Degree Google PageRank ~
[[JOut Degree Out Degree

) Definition: PageRank uses the number and quality (weight) of connections associated with a planning unit, to
[J Betweenness Centrality Betweenness Centrality estimate the i ance of the planning unit [Kininmonth2019-j). Pag is functi . to Eigeavector
(] Eigenvector Centrality Eigenvector Centrality Centrality, and is recommended for well connected planning areas. Appropriate matrices to be used with the
[] Google PageRank Google PageRank PageRank algorithm include the m, m= and m
Self Recruitment

e e Possible Objectives: Prioritize planning units which are important to maintaining or influencing connectivity within
[ Local Retention the whole planning area (i.e. study extent).
[Jin-Flow
[ Out-Fiow Equation: The weighted PageRank of a planning unit v (P (v)) ina graph & := (V, E') with 1" vertices (i.e.

Temporal Connectivity Covariance
Focus Area Recipients

Focus Area Donors

Avoidance Area Recipients

Avoidance Area Donors

Focus Area Recipients
Focus Area Donors
Avoidance Area Recipients

Avoidance Area Donors

mographi

[[] Connectivity as spatial dependency

Connectivity as spatial dependency

planning units) and F edges (i.e. connections), let C' = (€1.¢) be the connectivity (probability? migration?) matrix.

PR(v)=1—d+d Z PR(t)cy 110
vEteV

where ( is the damping factor set to 0.85 by default.

Tllustration
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Matrix
1 2 3 4
1 0.1 0.02 0.005 0.01
2 0.006 0.2 0.007 0.00%
3 0.01 0.003 0.25 0.02
4 0.022 0.017 0.001 0.2
Edge list
id1 id2 value
1 1 0.1
1 2 0,02
1 3 0.005
1 4 0.01
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Prioritization & Graphs

Equation: The betweenness centrality of a planning unit v (BC(v)) ina graph G := (V, E) with V vertices (i.e. planning
units) and F edges (i.e. connections) is

o5 (v)

Tst

BC(v) =
sAutecV

where o, is total number of shortest paths from planning unit s to planning unit tand o (v) is the number of those paths
that pass through v.

Illustration

Betweenness Centrality
0.0 05 10 15 20

Edge direction %

Betweenness
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Community detection

k-core graph. The nodes represent planning units and the
edges features’ connections. The blue nodes belong to core
k=1, the green nodes to core k=2 and the red nodes to core
k=3. Every node of each core has a degree of at least k.
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S-core decomposition

S-core operates similarly
to k-core, but handles
weights as well
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A graph with 3 clusters (blue red and green). The nodes
represent planning unitsThe widths of the edges represent
the weights of the edges. The weighted edges represent
connections. The cardinality of the blue cluster is 6, the
cardinality of the red cluster is 5 and the cardinality of the
green clusteris 3.
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Graph Clustering

=>» Louvain Algorithm:
Maximizes cluster’s
modularity

=>» Walktrap Algorithm:
Random walks in the graph

11



Prioritization & Graphs ’fﬁ;“

RIS U T e

\T} PrioritizR solution, no connectivity metrics<ee weiore= PrioritizR solution, s-core is used aige weights
’;‘ g'?g ] - | 0.05
= o S 3
‘ 7 ‘ 0.20 ‘ 7 -0.20
-0.25 : ‘ L0.25
Strict connections are plotted
&P
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Case study & Results
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priorCON: Graph Community Detection Methods into
Systematic Conservation Planning

An mnovative tool-set that incorporates graph community detection
methods 1nto systematic conservation planning. It 1s designed to enhance
spatial prioritization by focusing on the protection of areas with high
ecological connectivity. Unlike traditional approaches that prioritize
individual planning units, 'priorCON' focuses on clusters of features that
exhibit strong ecological linkages. The 'priorCON' package 1s built upon
the 'prioritizr' package <do1:10.32614/CRAN.package.prioritizr>, using
commercial and open-source exact algorithm solvers that ensure optimal
solutions to prioritization problems.
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R package :

:I" Edge List /

get_metrics()

I
___________________________________________ : l

Connectivity
metrics

Cost raster,
Feature rasters

Prioritization
solution with
connectivity?

True

Y

False

A

connectivity scenario()

basic_sc

enario()

Prioritization [
Solution / )
¥

get_outputs()
v

plots, shapefiles,
rasters, matrix

A
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R package :

ALBANIA

NORTH
MACEDORMNIA

@ Protected

Leaflet | Tiles © Esn — Esri, DeLorme. NAVTEQ
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Sea graph
Sea currents -> Connectivity

Climatological Janua - Normalized horizontal (U) momentum componept
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2 Values
0-0.014
0.014 - 0.028

0.028 - 0.044
0.044 - 0.061
0.061 - 0.083
D083 - 0108
0.108 - 0.139
0.139 - 0.176
0.176 - 0.236
0.236-1
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Sea graph

Sea currents -> Connectivity B

0.044-0.061 |
0.061 - 0.083
0,083 - 0.108
0,108 - 0.139
0.135-0.176 AR,
0.176-0.23% .

0.236-1 b
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SeaGraphs: Sea Currents to Connectivity
Transformation

Transformation of sea currents to connectivity data. Two files of
horizontal and vertical currents flows are transformed into connectivity
data in the form of 'sinetwork’, shapefile, edge list and adjacency matrix.
An application example 1s shown at Nagkoulis et al. (2025)
<d01:10.1016/5.d1b.2024.111268>.
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. Costs, biodiversity

features, etc. priorCON

1

Solution with strong
graph connections
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