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ABSTRACT
Biodiversity problems require strategies to accomplish spe-
cific conservation goals. An underlying principle of these
strategies is known as Systematic Conservation Planning
(SCP). SCP is an inherently multi-objective (MO) prob-
lem but, in the literature, it has been usually dealt with
a monobjective approach. In addition, SCP analysis tend to
assume that conserved biodiversity does not change through-
out time. In this paper we propose a MO approach to the
SCP problem which increases flexibility through the inclu-
sion of more objectives, which whilst increasing the complex-
ity, significantly augments the amount of information used
to provide users with an improved decision support system.
We employed ensemble forecasting approach, enriching our
analysis by taking into account future climate simulations
to estimate species occurrence projected to 2080. Our ap-
proach is able to identify sites of high priority for conser-
vation, regions with high risk of investment and sites that
may become attractive options in the future. As far as we
know, this is the first attempt to apply MO algorithms to a
SCP problem associated to climate forecasting, in a dynamic
spatial prioritization analysis for biodiversity conservation.

Categories and Subject Descriptors
J.2 [Computer Applications]: Physical Sciences and En-
gineering—Earth and atmospheric sciences

Permission to make digital or hard copies of part or all of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage, and that copies
bear this notice and the full citation on the first page. Copyrights for third-
party components of this work must be honored. For all other uses, contact
the owner/author(s). Copyright is held by the owner/author(s).
GECCO’14, July 12–16, 2014, Vancouver, BC, Canada
ACM 978-1-4503-2881-4/14/07
http://dx.doi.org/10.1145/2598394.2598404.

Keywords
multi-objective optimization; systematic conservation plan-
ning; biodiversity conservation; climate change.

1. INTRODUCTION
The growing interest and concern regarding biodiversity

demand strategies to target conservation goals. These strate-
gies include the Systematic Conservation Planning (SCP),
which determines the most cost effective way of investing in
conservation actions.

Computationally speaking, SCP is formalized by the well-
known NP-hard Set-Covering Problem [1]. In a simplified
way, SCP is the problem of finding a minimum set of sites
maximizing at the same time the characters under study.
There are clearly two conflicting objectives to be optimized,
which makes SCP a natural candidate for Multi-Objective
Optimization (MOO). Furthermore, several other parame-
ters, e.g., social and political objectives, can be incorporated
to SCP, adding further dimensions to the problem, therefore
increasing its complexity.

Although SCP is inherently multi-objective, it is frequently
dealt with using a monobjective approach, assigning weights
to the problem dimensions, in order to obtain an unique ob-
jective function [7]. Two main reasons justifies the use of
MOO when dealing with the SCP problem; first, it is pos-
sible to find a set of solutions to the problem instead of a
single one; and second, there is an increase in flexibility of
both data type and problem constraints, at the same time
that the problem is kept tractable [2].

Typically, SCP analyses are static, i.e., they assume that
biodiversity does not change over time [6]. However, scien-
tific evidences urge to incorporate climate change analysis
into conservation plans [5].

In this paper, we propose a more sophisticated, yet gen-
eral, solution to the SCP problem using MOO. This ap-
proach increases flexibility by including more decision ob-
jectives, which whilst increasing the complexity, significantly
augments the amount of information used to provide users
with an improved decision support system.
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As far as we know, this is the first attempt to apply MOO
to SCP associated to climate forecasting, in a dynamic spa-
tial prioritization analysis for biodiversity conservation.

2. MATERIALS AND METHODS

2.1 Data
Plant species. We used data of occurrence of 96 plants

with economic importance in Cerrado, a large biome in Cen-
tral Brazil, in which many endemic and rare species are un-
der high threat levels or extinction [4].
Climate Forecast. We used an ensemble forecast ap-

proach, obtaining the likely distribution of species in the
considered region by 2080 [8].
Additional Objectives. Annual Actual Evapotranspi-

ration (AET): a measure of the joint availability of energy
and water in the environment. Human Occupancy (H O):
a measure obtained compiling data on social and economic
variables indicating conservation conflicts. Vegetation Rem-
nants (VR): the proportion of each grid cell covered by
natural vegetation, based on remote sense information.
Conservation scenarios. For present and future data,

we have a presence-absence matrix Am×n, m = 181 sites
and n = 96 plant species. We have five different objectives:
1) minimize the number of sites; 2) maximize the number
of represented plant species; 3) maximize AET; 4) minimize
H O; 5) maximize VR.
Our fitness functions were developed by having as many

equations as objectives to be optimized. This allowed to
simultaneously optimize distinct objectives instead of ag-
gregating variables into one single function.
We defined three conservation scenarios: Scenario 1 : to

represent all species in current time, applying optimization
in 2 dimensions (optimizing objectives 1 and 2); Scenario 2 :
to represent all species in current time, using optimization
in 5 dimensions (i.e., optimizing simultaneously objectives 1
to 5); and Scenario 3 : to represent all species in 2080 (since
it happens to be a forecast, objectives 3 to 5 are not avail-
able, and optimization was performed considering objectives
1 and 2).

2.2 Experimental Setup
Algorithm and computer infrastructure. We per-

formed 19,120 individual runs for each scenario previously
described. For each run, a population of 500 initial solu-
tions was randomly generated. These solutions were then
evolved using Non-Dominated Sorting Genetic Algorithm-II
(NSGA-II) [3], implemented in Matlab R©. The experiments
were performed on two servers, a HP ProLiant DL585 G7,
4xAMD 2.8Ghz 16-cores, 512GB RAM, and a HP ProLiant
DL385p Gen8, 2xAMD 2.8Ghz 16-cores, 256GB RAM
Evaluation metric. Due to the algorithm stochastic-

ity, we used the selection frequency metric (SF) [6], which
represents the number of times each site is selected in the
solutions to the overall problem. Once the SF to all cells was
calculated, the grid cells were ranked based on their score.
We ordered all the grid cells in a bi-dimensional plot show-
ing the relative importance of each cell both to the current
time and to 2080 (importance axis). This graph epitomizes
the scheme for dynamic spatial prioritization analyses for
biodiversity conservation [6].

3. RESULTS AND DISCUSSION
We found that optmization using additional objectives

(Scenario 2) allowed us to supply decision makers (DM) with
a more diversified portfolio of sets of sites to be conserved.

Furthermore, our method was able to identify (if they ex-
ist) sites of high priority for conservation, regions with high
risk of investment and sites that may become attractive op-
tions in the future. In this context, this study focused on
showing that predicted climate change could cause shifts on
the distribution patterns of economically important plants,
and that these data could be used in order to help DM to
select their schemes of conservation. Supported by scientific
data, DM can examine options made available to current
time related to the future, and decide how to define their
spatial conservation priorities, reviewing them if necessary.

4. CONCLUSIONS
Our results show the advantages of the new approach

(MOO) with respect to previous solutions (monobjective).
Moreover, the associated climate forecast showed that hav-
ing a picture of how future scenarios will look like can be
extremely useful for DM.

Next step is to develop a more specialized MOO algorithm
for the SCP problem. Using artificial immune system, we
intend to improve the work presented in this paper.
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