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Welcome to WCNRM2020 in Valparaiso - Chile

Welcome to this 2020 World Conference on Natural Resource Modeling, the annual  
meeting of the Resource Modeling Association (RMA). For the Organizing Committee and 
the Chilean scientific community is a great honor, because it is the first time this 
conference is held in South America, today hosted by Universidad Técnica Federico Santa 
María (UTFSM) in Valparaiso. The 3-days conference focuses on support decisions-
oriented methods for operationalizing sustainability concepts in the context of natural 
resource management. We are glad about your contributions to this edition. The received 
abstracts show that the conference will pay special attention to topics related to main 
Chilean economical activities (forestry, agriculture, and fishery), as well to current 
worldwide challenges, as the pollution mitigation, control of epidemics, water 
management, and wildfires, among other topics.

      

Chile, as many emerging countries, notably in Latin America, has an economy strongly 
depending on its natural resources.  A sustainable development based on their exploitation 
is a major challenge that must reconcile the development of communities and the 
conservation of the resources. Moreover, this challenge 
should be addressed under an uncertain future 
product of the negative effects generated by the 
climate change. Indeed, Chile is one of the most 
affected countries by this phenomenon. Despite it is 
responsible only of 0.25% of the world global 
emissions, Chile fulfills 7 over the 9 vulnerability 
conditions defined by the United Nations, which 
places it among the 10 nations most affected by the 
climate change, according the 2017 Climate Risk 
Index report, presented by Germanwatch agency in 
the COP22. For instance, drier winters and hotter summers are strongly impacting on its 
agriculture and causing an increasing number of wildfires. Our country, as many others in 
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the world, is truly a natural system at risk, and it is now a hotspot for natural resource 
modeling!
 
This WCNRM 2020 conference will be a stimulating opportunity to address the points 
above in one of the most captivating cities in South America; namely Valparaiso. The 
Chilean principal port and its second-largest city, Valparaiso is Chile's most distinctive city 
and one of South America's most intriguing. Occupying a narrow strip of land between the 
waterfront and the nearby hills, its convoluted center has distinctive, sinuous cobbled 
streets, and is overlooked by precipitous cliffs and hilltop suburbs, which are accessed by 
funicular railways and stairway footpaths. The city of Viña del Mar, known as the "Garden 
City", is part of the same urban area that Valparaiso and it is one of Chile's premier beach 

resorts. In the (museum) Palacio Rioja of Viña 
del Mar will be held the second plenary talk 
(Wednesday January 8; 17h00) followed by a 
cocktail in its gardens. Near to Valparaiso there 
are excellent spots to appreciate local 
biodiversity, like National Park La Campana and 
the beaches of Quintay. Casablanca Valley, in 
the way from Santiago, it is also an interesting 
place to visit, famous by its vineyards. You will 

have the opportunity to enjoy Quintay and Casablanca next Saturday during the 
conference field trip.

The 3-days scientific program features four outstanding keynote speakers: Prof. Suzanne 
Lenhart,  Chancellor's Professor in the Mathematics Department at the University of 
Tennessee, Knoxville (US), will present the talk “Optimal control for management of 
aquatic population models”; Prof. Alejandro Maass, Director of the Center for 
Mathematical Modeling (Chile) and Associate Researcher of the Center for Genome 
Regulation (Chile), will present “Dynamical Networks in Systems Biology: What keeps 
microorganisms together? Lessons from the Atacama 
Desert”; Dr. Eva Plaganyi-Lloyd, Senior Research 
Scientist at CSIRO CMAR (Australia) will introduce 
“Methods to model and manage risk in marine natural 
systems”. The fourth keynote speaker is Prof. José L. 
Torero , Head o f the Depar tment o f C iv i l , 
Environmental and Geomatic Engineering at University 
College London (UK), will present “Modelling Fire as a 
Natural Resource”. 

The location of the WCNRM2020 is the main UTFSM 
campus, located in Valparaiso, covering most of the 
front area of Los Placeres hill. From this location in front of the Pacific coast and observing 
the bay of Valparaiso, we invite you to enjoy the Chilean summer in this motivating and 
interesting scientific forum. 

Pedro Gajardo and Héctor Ramírez 
Chairs WCNRM2020 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Practical information 

Conference venue 

The WCNRM2020 will be held in the main campus of Universidad Técnica Federico Santa 
María (UTFSM). More specifically, the main part of the conference will be held in the 3rd floor of 
Building P (exact address: Avenida Los Placeres 466, Valparaiso).
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The conference location can be reached easily via:


• Subway: 20 minutes walking distance from station  Portales, climbing  Los Placeres  hill. 
There are subway stations in Valparaiso and Viña del Mar;


• Buses: There are bus lines with stops exactly in the conference place (buses mainly from 
Valparaiso) and with stops in other access of the university but climbing a lot of stairs (20 
min);


• UBER  (or similar services: Cabify, Didi): The exact address is Avenida Los Placeres 466, 
Valparaiso.


Taxis are expensive and not very common in Valparaiso and Viña del Mar. We discourage its 
use.


See http://www.am2v.cl/wcnrm2020/index.php/utfsmmaincampus/ for more details.
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Registration 

The official registration is on Wednesday January 8, between 8:00 and 9:00. The registration 
desk will be located in the 3rd floor of Building P (Room P-314). All attendees must register. In 
case you are not able to register on Wednesday 8 please approach any member of the 
organizing staff (with green T-shirt). We will be glad to help you. 


Note that badges must be worn at all sessions and events. The access to the campus is 
controlled and the badge will be the only way used by guards to recognize you as part of the 
conference.


Transport services provided by the conference  

The following transport services will be provided by the conference:


Wednesday January 8:


At 15:30 a bus will depart from UTFSM (in front of the entrance Building P) towards Palacio 
Rioja (Viña del Mar), where the second invited lecture and the cocktail party will be held.


At 20:00, after the cocktail in Palacio Rioja, some shuttle services will be offered to Valparaiso 
(Cerro Alegre & Cerro Concepción).


Thursday January 9:


At 18:00, after the last parallel sessions, some shuttle services will depart from UTFSM towards 
Viña del Mar (Hotel Marina del Rey, Hotel Monterilla, Novotel) and Valparaiso (Cerro Alegre & 
Cerro Concepción).


At 19:30 a shuttle service will be offered to Restaurant Cafe Turri (gala dinner) from Viña del 
Mar (Hotel Monterilla, address: 2 Norte # 65, Viña del Mar).


At 23:00, after the gala dinner, some shuttle services will be offered to Viña del Mar (Hotel 
Marina del Rey, Hotel Monterilla, Novotel).


Friday January 10:


At 16:00, after our final lunch, some shuttle services will depart from UTFSM towards Viña del 
Mar (Hotel Marina del Rey, Hotel Monterilla, Novotel) and Valparaiso (Cerro Alegre & Cerro 
Concepción).


Gala dinner  

The conference  dinner will be held in Restaurant  Café Turri  (Templeman 147, Cerro 
Concepción, Valparaiso) on Thursday January 9 at 20:00. In this activity (included in your 
registration) the Resource Modeling Association Prize Ceremony will take place.
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Field trip 


WCNRM 2020 proposes to all conference 
participants to visit the bay of Quintay and the 
vineyards of Casablanca. The bay of Quintay 
is located 45 kms from Valparaiso, being a 
representative landscape of the central zone 
of Chile. Its most famous attraction is the old 
whale slaughtering plant, closed in 1967. It is 
also well-known for its biodiversity and the 
activity of local artisan fishermen. Casablanca 
valley, situated on the coastal plain between 
Santiago and Valparaiso, is one of the most 
famous wine regions in Chile. Despite its late start wine production (in the 80s), Casablanca 
valley has gained recognition in particular for the production of Chardonnay, Sauvignon Blanc, 
Pinot Noir, Merlot and Syrah.


Field trip agenda: 

Morning visits (Quintay):  
• Old whale slaughtering plant; 
• Boat tour in the bay of Quintay


Lunch: 13h00 approx. (Restaurant Tanino, Casablanca)


Afternoon visit: Tour and wine testing in Viña Casas del Bosque, Casablanca.


Field trip logistics: 

Date: Saturday January 11, 2020


Bus departure & meeting point: 8h30 from UTFSM main campus (in front of Building P)


Address: Los Placeres 466, Cerro Los Placeres, Valparaiso


Return time: 18h00 approx. (to UTFSM main campus or to Santiago International Airport SCL)


Price: 40.000 CLP per person payable in cash in the reception desk during the conference.


For those attending the field trip that have flight on Saturday 11, we will provide transportation 
from Casablanca to Santiago International Airport (SCL) (60 minutes approx.)


Practical recommendations: It is recommended wearing a hat, windproof gear and 
sunscreen.
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Restaurants & Bars List 

In the conference website we have published a list of restaurants and bars in Valparaiso and 
Viña del Mar. See Restaurants & Bars List for more details.


Internet access

If your home institution participates in eduroam network and you have an account, you can 
directly connect to the eduroam Wi-Fi of the campus. We also provide the following internet 
access:


Wi-Fi network: Visitas_USM

User: evento.conferencia

Password: Wcnrm.*19


Conference book 

This conference book is available in PDF format in the conference website (http://www.am2v.cl/
wcnrm2020/).


Contact 

In case of doubts, you can contact us via our email account wcnrm2020@usm.cl


In case of urgency, please contact (preferably WhatsApp or text):


Pedro Gajardo: +56 9 98281512 

Héctor Ramírez: +56 9 76954958
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Plenary Talks 

José L. Torero 
University College London (UK)


Prof. José L. Torero is the Head of the Department of Civil, 
Environmental and Geomatic Engineering at University College 
London (UK). He was Director of the Center for Disaster Resilience at 
the University of Maryland (US) and Head of the School of Civil Engineering at the University of 
Queensland (Australia). He works in the fields of fire safety, combustion, environmental 
remediation and sanitation where he specializes in complex environments such as developing 
nations, complex urban environments, novel architectures, and critical infrastructure, among 
others topics.  He has studied major environmental problems such as oil-spills or large 
underground coal fires where he has developed unique approaches towards impact mitigation. 
He is co-inventor of STaR, a technology for soil  remediation  that has been 
extensively commercialized and also extended  to sanitation and the efficient management of 
wastewater.


Wednesday January 8 (9:30-10:30) · Room P-301 

Modelling Fire as a Natural Resource 
Chair: John Hearne, RMIT University, Australia 


Fire is generally perceived as a destructive force not a natural resource. This is mainly because 
the perception is that fire cannot be controlled, therefore it cannot be harnessed in a natural 
manner. A very different perception exists of combustion systems, from an internal combustion 
engine to an incinerator. While some fires, such as fire places, can be controlled in a natural 
and simple manner most fires seem to escape any form of management or control. At the core 
is the misunderstood complexity that disables any attempts to model fires. Combustion 
systems used as power sources can be isolated from their boundaries, therefore modelling of 
the combustion processes can be restricted to length and time scales consistent with the 
flame thickness, transport processes and the reaction kinetics. Once these can be resolved 
using detailed direct numerical simulation of chemistry and transport processes, different 
mathematical techniques can be used to extend the domain to realistic length scales (i.e. 
combustion chamber, burner, reactor, etc.). Thus, concepts such a s a “perfectly stirred 
reactor” (PSR) can be used when the resolution of the chemistry is most important and the 
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turbulence details can be omitted or “flamelets” when the opposite is true and turbulence 
needs to be resolved while chemistry can be simplified. Numerical simulation of combustion 
systems has been demonstrated as viable and numerous techniques have been developed and 
reported. As such combustion is perceived as a natural resource. Fire is a combustion system 
where the reaction cannot be isolated from the boundary conditions, and as such the reaction 
details cannot be isolated from the boundary conditions. Furthermore, flow fields are mostly 
dominated by buoyancy, thus the flow field is strongly coupled with the combustion process. 
Fire is therefore a process that inevitably crosses length and time scales that cover several 
orders of magnitude. Furthermore, all time and length scales need to be resolved 
simultaneously. While simplifications are possible, these are very complex and conventional 
mathematical techniques used for combustion have proven to be unable to simulate fires. Fire 
modelling remains very computationally intensive and inaccurate. Therefore, fire has not been 
perceived as a harnessed resource but as a destructive force. This presentation explores the 
concept of data assimilation with a combination of simplified models and complex numerical 
simulations as a viable means to produce fire predictions at a reasonable computational cost 
and adequate precision. Given that fires are both initial and boundary value problems, 
conventional data assimilation techniques used for weather forecasting do not apply. 
Furthermore, data quality and quantity is poor when contrasted with the needs of such non-
linear problems, thus most statistical techniques do not deliver sufficient accuracy and 
robustness. Therefore, novel mathematical approaches need to be implemented. Potential 
approaches that introduce physically based constraints rather than mathematical analysis of 
data will be discussed.
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Alejandro Maass 
Universidad de Chile (Chile)  

Prof. Alejandro Maass is Director of the Center for Mathematical 
Modeling (Chile), Full Professor at the University of Chile, and 
Associate Researcher of the Center for Genome Regulation (Chile). 
During his professional career he has assumed different scientific responsibilities in Chile: 
President of the National Council of Sciences from 2006 to 2008; responsible of the Chilean-
French cooperation program ECOS-CONICYT since 2007, among  others. His work in 
stimulating the scientific cooperation with France was recognized with the distinction 
“Chevalier de l’Ordre National du Mérite” in 2007. He is an applied mathematician with a broad 
research scope, including dynamical systems, bioinformatics and systems biology. He has 
specialized in the application of genomic techniques to mining, fishery, avian and winery 
sectors. In recognition for his remarkable contributions on these areas, in 2009 he obtained the 
Latin American and Caribbean Mathematical Union Prize.


Wednesday January 8 (17:00-18:00) · Salón Francia, Palacio Rioja 

Dynamical Networks in Systems Biology: What keeps 
microorganisms together? Lessons from the Atacama Desert 
Chair: Héctor Ramírez, Universidad de Chile, Chile


In this talk we will discuss about problems arising from the study of biodiversity, in particular 
communities of microorganisms. The main question is to understand why the communities are 
together and how do they configurate their dynamical behaviour. As case study we will 
consider communities of microorganisms found in the Atacama Desert and the main technical/
mathematical issue concerns the study of their metabolism.
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Suzanne Lenhart 
University of Tennessee, Knoxville (US)  

Prof. Suzanne Lenhart is a Chancellor's Professor in the Mathematics 
Department at the University of Tennessee, Knoxville (US), Associate 
Director for Education and Outreach at the National Institute for 
Mathematical and Biological Synthesis (US), and was Part-time Researcher at the Oak Ridge 
National Laboratory (US) for 22 years. She is a recognized expert in optimal control and partial 
differential equations, with  modeling applications to populations, natural resources, and 
diseases. She has authored more than 200  journal articles, as well as two texts,  Optimal 
Control applied to Biological Models  and  Mathematics for the Life Sciences.  She was 
elected as a fellow of the American Association for the Advancement of Science, SIAM, and 
the American Mathematical Society.  In 2017, she was selected as a fellow of the Association 
for Women in Mathematics,  an association in which she was President between 2001 and 
2003.


Thursday January 9 (9:30-10:30) · Room P-301 

Optimal control for management of aquatic population models 
Chair: Eva Plaganyi-Lloyd, CSIRO, Australia


Optimal control techniques of ordinary and partial differential equations will be introduced to 
consider management strategies for two different aquatic populations. In the first example, 
managing invasive species in rivers can be assisted by adjustment of flow rates. Control of a 
flow rate in a partial differential equation model for a population in a river will be used to keep 
the population from moving upstream. The second example represents a food chain on the 
Turkish coast of the Black Sea. Using data from the anchovy landings in Turkey, optimal control 
of the harvesting rate of the anchovy population in a system of three ordinary differential 
equations (anchovy, jellyfish and zooplankton) will give management strategies.
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Eva Plaganyi-Lloyd 
CSIRO (Australia) 

Dr. Eva Plaganyi-Lloyd is Senior Research Scientist at CSIRO CMAR 
(Australia). She leads research on the development of models to 
support the sustainable management of marine systems. She 
maintains an international reputation in stock assessment modeling, ecosystem modeling and 
management strategy evaluation. Her research interests focus on the biological modeling of 
marine and other renewable biological resources, and on the application of quantitative 
approaches to addressing general ecological questions. She has 15 years experience in the 
field of quantitative fisheries stock assessment, where her work focuses on developing an 
ecosystem approach to fisheries that ensures the sustainability and welfare of the entire 
ecosystem impacted by fishing activities.


Friday January 10 (11:30-12:30) · Room P-301 

Methods to model and manage risk in marine natural systems 
Chair: Luc Doyen, CNRS, France


Marine natural systems are increasingly at risk due to overfishing, climate change and 
anthropogenic activities. Decision support methods are needed to support biological, 
economic and social sustainability of stocks and dependent users. This talk provides examples 
of a range of decision support tools being used in Australia: from ecosystem models, 
management strategy evaluation (MSE) to marine pest management algorithms. First, I present 
examples of quantitative methods being used to reduce the risks of overfishing commercially 
valuable lobsters and prawns, including accounting for additional risks due to extreme weather 
events. An increasingly complex approach is needed to evaluate the cumulative potential risks 
to a prawn fishery of anthropogenic water extraction. Banana prawns rely on freshwater flows 
to connect estuarine juvenile recruitment and offshore adult spawning grounds. The risks to 
economically-valuable fisheries and other ecosystem components are being evaluated using a 
MICE (Model of Intermediate Complexity for ecosystem assessments). A MICE is also being 
used on the Great Barrier Reef (GBR) to inform on ways to manually cull crown of thorns 
starfish (COTS) in a way that minimises the risk of further declines in coral cover. This last 
example combines a suite of decision support tools at different scales as part of an integrated 
marine pest management program focused on reducing major risks to the GBR. No single 
quantitative method is optimal under all situations and hence this talk focuses on an overview 
of contemporary approaches being applied to natural systems at risk, from simple to complex.
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Wednesday January 8 Thursday January 9 Friday January 10

8:00 - 8:30
Registration (8:00 - 9:00) Building P 3th floor 

(Los Placeres  466 - Valparaiso)8:30 - 9:00
Registration (8:30 - 9:30) Building P 3th floor 

(Los Placeres  466 - Valparaiso)9:00 - 9:30 Opening P-301 (9:00 - 9:30) 

9:30 - 10:00
Invited lecture 1: José L. Torero (UCL, UK) 

P-301 (9:30 - 10:30) 
Invited lecture 3: Suzanne Lenhart (U. 

Tenneesse, US) P-301 (9:30 - 10:30)

PS6.1: Viability theory 
in natural resource 

management 
P-301 (9:30 - 11:00) 

P. Saint-Pierre 
M. De Lara 

C. Hermosilla

PS6.2: Spatial 
structure in natural 
resource dynamics 
P-313  (9:30 - 11:00) 

C. Sample 
J. Socha 

R. Vallejos

10:00 - 10:30

10:30 - 11:00 Coffee break (10:30 - 11:00) Coffee break (10:30 - 11:00)

11:00 - 11:30
PS1.1: Student 

session I 
P-301  (11:00 - 12:30) 

W. Campillay-Llanos 
E. Villar-Sepúlveda 

F. Richter

PS1.2: Modeling in 
fishery and 
aquaculture 

management I 
P-313 (11:00 - 12:30) 

V. Riquelme 
F. Bravo 
L. Doyen

PS3.1: Student session 
III 

P-301 (11:00 - 12:30) 

L. Tyminska- 
Czabanska 
J. Pringle 
F. Davari

PS3.2: Modeling and 
optimization in 
epidemiology 

P-313 (11:00 - 12:30) 

E. Barrios Rivera 
D. Cardona-Salgado 

H.J. Martinez R.

Coffee break (11:00 - 11:30)

11:30 - 12:00

Invited lecture 4: Eva Plaganyi-Lloyd (CSIRO, 
Australia) P-301 (11:30 - 12:30)

12:00 - 12:30

12:30 -13:00

Lunch (12:30 - 14:00) Patio del Cañon UTFSM Lunch  (12:30 - 14:00) Patio del Cañon UTFSM

Closing P-301 (12:30 - 13:00)

13:00 - 14:00

Lunch (Chilean barbecue) (13:00 - 16:00) 
Patio del Cañon UTFSM

14:00 - 14:30
PS2.1: Student 

session II  
P-301  (14:00 - 15:30) 

H. Gomes 
O. Escobar Lasso 

D. Vicencio

PS2.2: Optimal 
management of 

natural resources I 
P-313 (14:00 - 15:30) 

M. Munoz Zuniga 
K. Paudel 
F. Meier

PS4.1: Dynamical 
models in population 
and disease ecology I 
P-301  (14:00 - 15:30) 

P. Aguirre 
E. Domínguez 

Hüttinger 
K. Vilches

PS4.2: Modeling in 
fishery and 
aquaculture 

management II 
P-313 (14:00 - 15:30) 

A. Ekerhovd 
H. Schenk 

A. Wiszniewska-
Matyszkiel

14:30 - 15:00

15:00 - 15:30

15:30 - 16:00
Transport (20 min) & Visit Palacio Rioja (Viña 

del Mar) (15:30 - 17:00) 

Bus departure at 15:40 in front of Building P

Coffee break (15:30 - 16:00)

16:00 - 16:30 PS5.1: Dynamical 
models in population 

and disease ecology II 
P-301  (16:00 - 18:00) 

G. Olivar Tost 
P. Moisset de Espanés 

K. Duffy 
L. Melara

PS5.2: Optimal 
management of 

natural resources II  
P-313 (16:00 - 18:00) 

J. Hearne 
A. Piazza 

S. McKelvey 
G. Silva

16:30 - 17:00

17:00 - 17:30
Invited lecture 2: Alejandro Maass (U. Chile) 

Salón Francia, Palacio Rioja 

(17:00 - 18:00)17:30 - 18:00

18:00 - 20:00 Cocktail (Palacio Rioja, Viña del Mar) (18:00 - 
20:00)

20:00 - 23:00
Gala dinner (Restaurant Café Turri - 

Valparaiso): RMA Prize Ceremony (20:00 - 
23:00)
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Parallel sessions abstracts 
PS1.1: Student session I  
Wednesday January 8 (11:00 – 12:30) · Room P-301 
Chair: Frank van Langevelde, Wageningen University, Netherlands 

11:00 – 11:30 · Effects of the mass of the predator on community 

dynamics 

Speaker: William Campillay-Llanos, Universidad Católica del Maule, Chile 
Co-authors: Fernando Córdova-Lepe, Universidad Católica del Maule, Chile / Felipe 
Moreno-Gómez, Universidad Católica del Maule, Chile 

Abstract: In the contemporary world, it is vitally important to know the effects that climate 
change has on ecological systems. At present, it has registered variations in the body mass of 
some species as a result of this change. Body mass is a feature of organisms that has a strong 
effect on community structure. Through a mathematical model that represents a three-level 
trophic chain, the effects of the predator's mass on the stable coexistence of species, 
demographic stability and cascade intensity in a three-level trophic chain are analyzed.


11:30 – 12:00 · Spatial diffusion in a predator-prey model 

Speaker: Edgardo Villar Sepúlveda, Universidad Técnica Federico Santa María, Chile 
Co-author: Pablo Aguirre, Universidad Técnica Federico Santa María, Chile 

Abstract: The dynamic relationship between predators and their prey has been and will 
continue being one of the main topics in the study of ecology, thanks to its existence and 
universal importance [Murray, Mathematical Biology I: An Introduction, Interdisciplinary Applied 
Mathematics, Springer, 2002]. My presentation treats about the analysis of an extension to the 
predator-prey model with strong Allee effect in the prey and a ratio-dependent functional 
response studied in [Aguirre et. al, Bifurcations and global dynamics in a predator-prey model 
with a strong Allee effect on the prey, and a ratio-dependent functional response. Nonlinear 
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Analysis: Real World Applications, vol. 16, pp. 235-249, 2014], in which we add spatial 
diffusion terms, under the hypothesis that the populations do not hold a homogeneous spatial 
distribution. In the obtained system of partial differential equations we have mainly studied 
traveling wave solutions, that appear frequently in this kind of models [Murray, 2002]. The 
resulting system for this kind of solution has four ordinary differential equations and that is the 
reason why its analysis has been made with advanced theoretical tools from dynamical 
systems and the numerical continuation software Auto-07p. We have obtained a bifurcation 
diagram for this kind of solutions and, using numerical methods to approximate invariant 
manifolds, we have found front waves, which consist of connections between different 
stationary states of the system. Furthermore, we have found wave pulses, which consist of a 
connection between the same stationary state of the system; and wave trains which are 
periodic solutions of the system.


12:00 – 12:30 · Generalizing species diversification models 

Speaker: Francisco Richter, RUG, Netherlands 
Co-authors: Rampal Etienne, University of Groningen, Netherlands / Ernt Wit, Università 
della Svizzera Italiana, Switzerland 

Abstract: The mechanisms that control biodiversity are poorly understood. Sophisticated 
quantitative methods have been developed, but they have been developed on a case-by-case 
basis and no general method to study the combined effect of ecological factors exists. Such a 
general method has remained elusive for several reasons. Firstly, evolutionary processes have 
extremely complex dynamics. Secondly, decay and fossilisation degrade crucial evidence 
useful for phylogenetic analyses. Thirdly, diversification processes have many potential 
explanatory variables, which increases the dimensionality of the models enormously. To 
overcome these issues, we have developed a flexible framework which considers a general 
class of diversification models expressing stochastic differential equations as a combination of 
generalized linear models. The fact that we typically only have data on currently existing 
species can be described as a missing data problem and we developed an Expectatio-
Maximization type algorithm for it. Phylodiversity has been suggested to inform conservation 
policy as a more appropriate measurement of diversity than species richness, which is typically 
used on current diversity-dependence diversification models. As an illustration of our method 
we perform phylogenetic analysis on 5 different phylogenies, generalising current diversity-
dependance models, including phylodiversity to capture aspects of biodiversity missed by 
species level measures. We show that our method performs well and is flexible enough to 
capture complex ecological interactions that could not be captured with previous methods and 
discuss potential future usage of our approach.
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PS1.2: Modeling in fishery and aquaculture management I 
Wednesday January 8 (11:00 – 12:30) · Room P-313 
Chair: Pedro Gajardo, Universidad Técnica Federico Santa María, Chile 

11:00 – 11:30 · Fluctuating reference points in a stochastic age-structured 

fish population model 

Speaker: Victor Riquelme, Universidad Técnica Federico Santa María, Chile 
Co-authors: Héctor Ramírez C., Universidad de Chile, Chile / Terrance Quinn II, University 
of Alaska Fairbanks, United States   

Abstract: In this work, we investigate the long-term behavior of a single-species fishery, which 
is harvested by several fleets. The time evolution of this population is modeled by a discrete-
time stochastic age-structured model. We assume that uncertainty, due to the environment, 
only affects recruitment. First, for the deterministic version of this model, we characterize the 
equilibrium yields in terms of the fishing mortality. Then, for the stochastic version, we 
introduce the concepts of maximum expected, log expected and harmonic expected 
sustainable yield, and we analyze how the randomness affects the behavior of these yields and 
their stationary distribution. Via numerical simulations, we show that these long term reference 
points are decreasing with respect to the variance of the recruitment, concluding that not 
accounting for stochasticity in recruitment dynamics, when developing regulation policies, can 
lead in the worst case to extinction, especially for overexploited species in need of rebuilding.


11:30 – 12:00 · A risk assessment framework as in support for the 

management of the aquaculture 

Speaker: Francisco Bravo, CSIRO Chile, Chile 
Co-authors: Rodrigo Bustamante, CSIRO, Australia / Rodrigo Estevez, Pontificia 
Universidad Católica de Chile, Chile / Stefan Gelcich, Pontificia Universidad Católica de 
Chile, Chile / Andrew Steven, CSIRO, Australia / Elizabeth Fulton, CSIRO, Australia 

Abstract: As salmon aquaculture production continues to increase worldwide, its wide risk-
scape increases. We developed a risk assessment framework to evaluate risks from-and-to 
aquaculture production. It supports operational, tactical and strategic decision making. 
Contains three levels: rapid qualitative identification and prioritisation of risk factors (Level 1), 
semi-quantitative evaluation of risk to production from the environment and husbandry 
practices at weekly and farm scales (Level 2). The Level 3 provides a simulating whole-of-
system risk assessment for aquaculture-environment interactions, and risk associated with 
scenarios of future development and operation. These levels are fed from expert opinion, 
environmental models (water quality, hydrodynamic and connectivity), and public / industry 
monitoring systems (geographic, sanitary, environmental, economic and census-level). The 
Level 1 assessment uses expert consultation (involving approximately ~50 regional and 
disciplinary experts) allowed for the identification and prioritization of risk factors pertaining to 
fish health and local benthic quality (influenced by deposition of organic wastes). The valuation 
of intrinsic (farming practices and husbandry conditions) and extrinsic (environmental) risk 
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factors in Level 2 is expected to allow prioritization of operational responses and resource 
allocation as a function of different types and sources of risk. Level 3 shows the potential 
effects of increasing frequency of harmful algal blooms in Southern Chile, and how the 
expansion of the industry in Chile may impact benthic resources and the sense of place of 
local communities. In addition, it identifies "wicked problems" created by interactions with 
other industries operating in the system - issues that will be insolvable by single industry 
responses.


12:00 – 12:30 · Risk averse policies foster bio-economic sustainability in 

mixed fisheries 

Speaker: Luc Doyen, CNRS & Université de Bordeaux, France 
 
Abstract: This paper examines the role of risk aversion on the sustainable management of 
mixed fisheries. We consider a bio-economic model of multiple species harvested by a single 
fleet with uncertain costs of effort. We assume that the regulatory agency aims at reaching 
RAMMEY (Risk Averse Multispecies Maximum Economic Yield) by maximizing the expected 
utility of total profits, where the utility function captures risk aversion. We show analytically that 
such a risk-averse RAMMEY mitigates the risk of biological and economic overexploitation of 
the different species. It further enhances biodiversity in the sense of evenness within the 
portfolio of the fishery. Therefore risk aversion promotes sustainability. However, as risk 
aversion may also lessen the expected profit and food production, it may imply a trade-off 
between different bio-economic goals. These findings are illustrated with the case study of the 
Australian South East Fishery, where small risk aversion levels allow for high global bio-
economic performances and balanced management objectives, therefore fostering 
sustainability.
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PS2.1: Student session II  
Wednesday January 8 (14:00 – 15:30) · Room P-301 
Chair: Suzanne Lenhart, University of Tennessee Knoxville, United States 

14:00 – 14:30 · Ecosystem dynamics and fishing management scenarios 

for the coastal fishery in French Guiana under climate change constraints 

Speaker: Hélène Gomes, IFREMER, France 

Abstract: Marine ecosystems, biodiversity and fisheries are under pressure worldwide because 
of global changes including climate warming and demographic pressure. In that regard, many 
scientists and stakeholders advocate the use of an ecosystem-based fishery management 
(EBFM) integrating the numerous ecological and economic complexities at play in fisheries, 
instead of focusing on the management of isolated target species. However, the way to 
operationalize such an EBFM approach remains challenging, especially from the bioeconomic 
viewpoint. To achieve this, we here propose a model of intermediate complexity inspired by 
ECOSIM approach and relying on multi-species and multi-fleets dynamics. The model also 
takes into account climate change through a model of envelope for the biological growth of the 
species depending on the sea surface temperature. The model is calibrated for the small-scale 
fishery in French Guiana using IFREMER time series about fishing landings and efforts from 
2006 to 2017. The calibration is based on the method of least squares using the scientific 
software SCILAB. From the calibrated model along with climate scenarios derived from IPCC, 
we contrast different fishing management strategies at the horizon 2050 including business as 
usual scenario and closure scenario.


14:30 – 15:00 · Identification of minimal viable population size for 

Wolbachia-based biocontrol 

Speaker: Oscar Eduardo Escobar Lasso, Universidad del Valle, Colombia 
Co-author: Olga Vasilieva, Universidad del Valle, Colombia 

Abstract: In this presentation, we propose and qualitatively analyze the population dynamics 
and interaction of two competing populations: wild mosquitoes (fully capable of transmitting 
various arboviral infections) and mosquitoes deliberately infected with Wolbachia symbiont that 
drastically reduced their vector competence. For two principal Wolbachia strains (wMel and 
wMelPop) we identify the threshold of a minimum viable population size of wild mosquitoes 
below which Wolbachia gets established in local populations while wild mosquitoes become 
extinct. This threshold is naturally related to the Allee effect exhibited by wild mosquitoes at 
high frequencies of Wolbachia-carriers.
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15:00 – 15:30 · Developing and evaluating cost-effective control strategies 

for beaver infestation using mathematical models: A case study from 

Tierra del Fuego 

Speaker: Diego Vicencio Morales, Universidad Técnica Federico Santa María, Chile  
Co-authors: Juan Meléndez, Arizona State University, United States / Anuj Mubayi, 
Arizona State University, United States 

Abstract: In 1947, the non-native species of North American beaver was introduced in the 
southern tip of South America, with the goal to encourage fur industry. Since then, beaver 
population has spread and grown many fold, resulting in a huge challenge to control its 
population in Tierra del Fuego, covering regions in both Chile and Argentina. Primary reasons 
for their rapid spread in part include good ecological conditions and lack of natural predators, 
thus causing, recently recognized, huge ecological damage in the region. This study uses data 
from Tierra del Fuego on growth rates and dispersal rates of beaver population and types of 
locally available controls, such as trapping and hunting, to design effective population control 
policies, via Optimal Control tools and a Dynamical Model. Monetary cost for the 
implementation of these controls are considered in order to develop cost-effective and long 
lasting strategies. The aim of this work is two-fold: (i) To parametrize dynamical model using 
data from Tierra del Fuego region for beaver population. (ii) To study systematic 
implementations of spatial control (trapping). Our result suggest that restricting the controlled 
area, but incrementing the rate of the control, is a strategy that yields better results than 
controlling a wide area with a lower rate of control.
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PS2.2: Optimal management of natural resources 
Wednesday January 8 (14:00 – 15:30) · Room P-313 
Chair: Adriana Piazza, Universidad Adolfo Ibáñez, Chile 

14:00 – 14:30 · Chance constraint optimization of a complex system - 

Application to the design of a floating offshore wind turbine 

Speaker: Miguel Munoz Zuniga, IFPEN, France 
Co-authors: Alexis Cousin, IFPEN, France / Josselin Garnier, CMAP, France / Martin 
Guiton, IFPEN, France 

Abstract: The optimal design of floating offshore wind turbines is key to unlock their industrial 
deployment. The design must present a minimal cost and be reliable enough to withstand 
unpredictable environmental conditions. Specifically, the anchoring system must restrain the 
movement of the floating platform to allow the wind turbine to run properly, avoid compression 
in the mooring lines and withstand the damage caused by fatigue. All these constraints inherit 
the random characteristic of the marine conditions, of the material properties, and of the 
installation configuration. Therefore, we face an optimization problem with a deterministic cost 
function and three probabilistic constraints. Having to evaluate the failure probabilities at each 
loop of the optimization algorithm is the main difficulty of this type of problem. A naive 
approach such as the Monte Carlo method requires computing, with a time consuming 
simulator, many realizations of quantities such as the pitch, the tension and the fatigue to 
calculate each failure probability. Unfortunately, the computation cost of a single realization of 
these objects is too high to apply such basic approaches. We propose a methodology that 
takes into account the nature of the constraints to solve the problem in a reasonable time. 
First, we will use a frequency approach for the fatigue constraint and the Extreme Value Theory 
for the other two constraints to formulate an equivalent problem but easier to solve. We will 
then tackle this latter problem with the contribution of metamodels coupled with the Monte-
Carlo method.


14:30 – 15:00 · Impacts of groundwater extraction policy instruments 

under uncertainties 

Speaker: Krishna Paudel, Louisiana State University, United States 
Co-author: Dependra Bhatta, Louisiana State University, United States  

Abstract: Expansion of water-intensive crop area may pose a threat to the sustainability of an 
aquifer. In the Mississippi River Alluvial Aquifer (MRAA) that lies in northeast Louisiana, USA, 
about 88% of the total water withdrawal goes to the agricultural sector. Groundwater extraction 
has been increasing in the last several years.

Among the adverse effects of over-extraction of an aquifer, salt intrusion can have devastating 
effects on agricultural systems. The MRAA aquifer lies above the saltwater aquifer (Claiborne 
aquifer). Upon over-extraction, the hydraulic head of the freshwater aquifer decreases and the 
saltwater migrates upwards. As a result, the deeper well also has a higher probability of getting 
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affected by saltwater. Thus, the probability of saltwater withdrawal depends on the rate of 
extraction and well depth.

The main objective of this study is to analyze the impact of policy instruments on the optimal 
management of the aquifer. Our proposed policy instruments are quantity control and well 
depth limits. Using dynamic analyses and real-world data, we are able to show that these 
policies are effective in reducing the aquifer level decline.


15:00 – 15:30 · Booming gas - A theory of endogenous technological 

change in resource extraction 

Speaker: Felix Meier, German Centre for Integrative Biodiversity Research (iDiv) Halle-
Jena-Leipzig, Germany 
Co-author: Martin Quaas, German Centre for Integrative Biodiversity Research (iDiv) 
Halle-Jena-Leipzig, Germany 

Abstract: We propose a simple extension of the Hotelling-Herfindahl model of non-renewable 
resource use that allows us to capture the main technological developments in the U.S. natural 
gas industry over the last 20 years. Different to existing literature that assumes decreasing 
extraction costs, we treat technological progress endogenously. The model includes two non-
renewable resources, conventional gas and shale gas, a renewable backstop, and endogenous 
technological change in the shale gas industry. We find that firms start with the production of 
conventional gas and switch at most two times between shale gas and the renewable 
backstop. Before shale gas is extracted investments are positive and increasing over time. 
Once production shifts completely towards shale gas, investments decline. Contrary to the 
Hotelling-Herfindahl model, production can increase over a period of time and price can follow 
a U-shaped path. The calibration of our model shows that the rate of technological progress in 
the U.S. shale gas industry increased up to 16 percent in the year 2007, and has been 
declining since. Shale gas production continues to grow up to 50 Tcf, and prices continue to 
decrease until the year 2040.
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PS3.1: Student session III 
Thursday January 9 (11:00 – 12:30) · Room P-301 
Chair: Steven McKelvey, St. Olaf College, United States 

11:00 – 11:30 · Modelling the effect of environmental factors on the 

dynamic of forest growth using repeated LIDAR data 

Speaker: Luiza Tyminska- Czabanska, University of Agriculture in Krakow, Faculty of 
Forestry, Poland 
Co-author: Jaroslav Socha, University of Agriculture in Krakow, Poland 

Abstract: Dynamics of forest communities expressed by height increment may be subjected to 
environmental gradients. Tree height increment may be subjected to temperature and wetness 
gradients, provides a quantitative baseline for understanding patterns of resource use, spatial 
structure and the physiological mechanism of tree reaction ecosystems to climate stress as the 
factors predisposing to climate affected disturbances. The dependency between the 
topography and various environment factors has been observed for a long time. Increasing 
availability of precise ALS based DEM models enable more detailed description of local 
topography by the use of different indices such as: TPI, SPTPI, TWI (R. Sorensen et al., 2006) 
or geomorphons (Jasiewicz and Stepinski, 2013). Due to the difficulties connected with 
measurement of height increment on standing trees analyses of height increment and its 
response to environmental gradients have received so far less attention and were limited 
mainly to relatively small samples collected from cut down trees (Gamache and Payette, 2004). 
In the presented research we develop the practical application of change detection by airborne 
laser scanners for wall-to-wall monitoring the effect of environmental factors on the tree height 
growth over time using repeated ALS data. The limiting effect of water stress and temperature 
on height growth could be affected by topography. Therefore elevation, aspect and 
topographic indices, which by influence on thermal and moisture conditions affect height 
increment may be used as indicator of susceptibility of given site to disturbances.


11:30 – 12:00 · A theoretical investigation into conserving the heaviest 

known organism: Realizing fire adaptation in population dynamics 

Speaker: Jack Pringle, Arizona State University, United States 

Abstract: Pando, a male clonal colony of quaking aspen (Populus tremuloides), is the world 
heaviest known organism at 6 million kg. He is dying. The seeming terminal decline of Pando 
and quaking aspen across the Mountain States has been attributed to a variety of factors 
including over-browsing, fire suppression, and drought. The age structure of aspen stands has 
become increasingly homogeneous. Various conservation efforts have been put in place from 
the fencing off of burn sites to predator reintroduction. Clonal spread is the main method of 
aspen reproduction and the key to its fire adaption. We derive a novel model to capture the 
dynamics of clonal spread, ungulate browsing, and age structure of a localized aspen grove. 
Our initial simulations using expert elicitation to determine parameter values for Utah predicted 
population collapse of the aspen grove when browsing pressure increases beyond 60%. This 
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result matches an empirical study in Utah by Rhodes et al. (2018). We then estimated model 
parameters from the raw data of Utah field studies. 

While the model incorporates many mathematical tools unusual to forest management, it 
captures important mechanisms and successfully replicates the observed dynamics which will 
be potentially useful in aiding decision makers.


12:00 – 12:30 · Adaptability of a social-ecological complex system: The 

probability of restoring Urmia Lake in Iran 

Speaker:  Farzaneh Davari, George Mason University, United States 

Abstract: As a social-ecological complex system, Urmia Lake in Northwestern Iran has gone 
through a dying process. Despite uncertainty of the restorability capacity of the lake, there has 
been a consensus on the possibility to artificially restore the lake. Considering adaptability as 
the capacity of actors, especially human beings, in a social-ecological system to affect 
resilience and manage the system to successfully cross back to its previous state or transform 
to a desired system, the research aims in understating artificially adaptability process of 
restoring Urmia Lake to answer the question of whether Urmia Lake can be restored through 
the Urmia Lake Restoration Program (ULRP). This research searches for the critical element 
events in adaptation process through which the probability of emergence of the Restored Lake 
could be increased. This research employs a two-step method, examining the sequential and 
conditional logic process and calculating the probabilities, to explore the adaptation process in 
the Urmia Lake system, through which the Restored Lake emerges as one of the possible 
outcome events. The research findings indicate that adaptability of the Restored Lake in Urmia 
is sensitive to the early participation as well as the community resilience building as an integral 
part of the successful process. This proposes an adaptability theory for social-ecological 
complex system and the research findings is capable to support decision-makers in the field 
for a more suitable management to restore the lake.
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PS3.2: Modeling and optimization in epidemiology 
Thursday January 9 (11:00 – 12:30) · Room P-313 
Chair: Elisa Domínguez Hüttinger, Centro de Ciencias Matemáticas, UNAM Morelia, Mexico 

11:00 – 11:30 · Parameter estimation for a dengue transmission model 

under two settings: epidemic outbreaks and endemic persistence of the 

disease 

Speaker: Edwin Barrios Rivera, Universidad del Valle, Colombia 
Co-authors: Sunmi Lee, Kyung Hee University, South Korea / Olga Vasilieva, Universidad 
del Valle, Colombia  

Abstract: In many tropical regions, dengue propagation exhibits endemo-epidemic patterns 
with notable outbreaks occurring every 2-4 years. Such patterns are attributed to the 
simultaneous circulation of four serotypes of the dengue virus DENV1-4 during epidemic 
periods and to a strong predominance of one particular DENV strain during inter-epidemic or 
endemic periods. This presentation is focused on the parameter estimation for a dengue 
transmission model of SEI-SEIR(S) type under two settings -epidemic and endemic- which are 
studied separately using the observed data on dengue incidence collected in Cali, Colombia 
during the high-transmission period (epidemic scenario) or low-transmission period (endemic 
scenario). For an epidemic scenario, we admit that all recovered human individuals can be 
reinfected with another DENV strain and, therefore, we apply the SEI-SEIRS variant of the 
model. In the case of an endemic scenario, we suppose that all recovered human individuals 
acquire immunity and, thence, we apply the SEI-SEIR variant of the model.


11:30 – 12:00 · Optimal control approach for Dengue using Wolbachia with 

sex-structured mosquitoes population 

Speaker: Daiver Cardona-Salgado, Universidad Autónoma de Occidente, Colombia 
Co-authors: Doris E. Campo-Duarte, Universidad Autónoma de Occidente, Colombia / 
Lilian S. Sepulveda, Universidad Autónoma de Occidente, Colombia / Olga Vasilieva, 
Universidad del Valle, Colombia 

Abstract: The presence and abundance of Aedes aegypti population generate alert among 
countries, because female mosquitoes can transmit the dengue virus. Wolbachia is a vertically 
(or maternally) transmitted bacterial symbiont of many insects and induces a particular 
reproductive phenotype known as cytoplasmic incompatibility. In recent years, Wolbachia-
based biocontrol has emerged as a very promising method of insect control that is 
environmentally friendly, safe to human health and potentially cost effective. In effect, local 
introductions of Wolbachia have the potential to spread widely and ultimately thwart the 
mosquito's ability to transmit the dengue virus. Based on sex-structured population model that 
describes an interaction of uninfected (wild) and Wolbachia-infected males and females in the 
same locality and reflects the reproductive phenotype of cytoplasmic incompatibility induced 
by Wolbachia in insect populations, we propose SIRS model in order to simplify the Vector-
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Host Transmission dynamic with Wolbachia. Furthermore, we propose to apply the optimal 
control approach to derive the appropriate strategies for the release of Wolbachia-infected 
mosquitoes into the wild Aedes aegypti population. The ultimate goal of control intervention 
consists in reducing the dengue incidence for human population, replace wild Aedes aegypti 
population by Wolbachia-infected mosquitoes while minimizing the overall time of control 
intervention together with the total costs related to implementation of the control policy. Under 
this approach, the control variable stands for the number of Wolbachia-infected mosquitoes to 
be released daily.


12:00 – 12:30 · A reaction-diffusion model for control strategies of the 

Aedes aegypti vector in Cali, Colombia 

Speaker: Hector J. Martinez R., Universidad del Valle, Colombia 
Co-authors: Diana Marcela Erazo Borja, Universidad del Valle, Colombia / Carmen Alicia 
Ramirez Bernate, Universidad del Valle, Colombia  

Abstract: During the last years, the Public Health agencies in Cali, Colombia have used 
different mechanisms to reduce the population of the Aedes aegypti mosquito, achieving its 
objective to some extent, but they do not achieved enough reduction of this population to 
eradicate the viruses that this mosquito transmits. We formulate a PDE model that considers 
the effects of geographic dispersion and mosquito migration. In this model, the rates of 
oviposition, maturation and natural mortality vary according to the temperatures of Cali in the 
dry and wet periods. Controls corresponding to larvicides, adulticides and sterile mosquitoes 
are introduced to decrease the mosquito population. Numerical simulations are carried out 
considering scenarios where different control strategies are combined, which are analyzed in 
terms of the distribution and size of the population in space-time of the Universidad del Valle 
campus (Cali, Colombia). Subsequently, conditions are established for the combined use of 
insecticides with sterile mosquitoes to become an efficient strategy to reduce the population of 
females fertilized with viable eggs using the least possible amount of insecticides with a low 
social-environment cost.
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PS4.1: Dynamical models in population  
and disease ecology I 
Thursday January 9 (14:00 – 15:30) · Room P-301 
Chair: Gerard Olivar Tost, Universidad de Aysén, Chile 

14:00 – 14:30 · Nonlinear dynamics of propagation and containment of 

dengue 

Speaker: Pablo Aguirre, Universidad Técnica Federico Santa María, Chile 
Co-authors: Dana Contreras, Universidad Técnica Federico Santa María, Chile / José 
Mujica, Universidad Técnica Federico Santa María, Chile / Olga Vasilieva, Universidad del 
Valle, Colombia 

Abstract: Arboviruses such as dengue, zyka and chikungunya are viruses transmitted to 
humans by mosquitoes. In particular, Aedes Aegypti mosquito is the responsible for dengue 
transmission. In the absence of medical treatments and vaccines, one of the control methods 
is to introduce Aedes Aegypti mosquitoes infected by the bacterium Wolbachia into a 
population of wild (uninfected) mosquitoes. The goal consists in achieving population 
replacement in finite time by driving the population of wild mosquitoes towards extinction while 
keeping Wolbachia-infected mosquitoes alive. This strategy has several advantages for control 
of dengue: Wolbachia decreases the virulence of the dengue infection and it reduces the 
lifespan of the mosquito. Moreover, mating of a female uninfected by Wolbachia and an 
infected male leads to sterile eggs. We consider a competition model between wild Aedes 
Aegypti female mosquitoes and those infected with the bacteria Wolbachia in the form of a 
system of nonlinear differential equations. Our goal is to examine the basin of attraction of a 
desired equilibrium state. For this purpose, we study how the stable manifold that forms the 
basin boundary of interest changes under parameter variation. To achieve this, we combine 
analytical tools from dynamical systems and geometric singular perturbation theory with 
numerical continuation methods. This allows us to present a strategy to get the desired 
population replacement with a minimum amount of released infected mosquitoes in a human, 
external intervention by choosing an appropriate combination of initial conditions and 
parameter values.
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14:30 – 15:00 · Multi-scale mathematical modelling of biological 

communities to understand how ecological interactions are shaped by 

evolutionary and developmental dynamics 

Speaker: Elisa Domínguez Hüttinger, Centro de Ciencias Matemáticas, UNAM Morelia, 
Mexico 
Co-authors: Karina Boege, Instituto de Ecología, UNAM, Mexico / Marco Tulio Angulo, 
Instituto de Matemáticas, UNAM, Mexico / Roberto Bebollo Hernández, Instituto de 
Ecología, UNAM, Mexico / Reiko J. Tanaka, Department of Bioengineering, United 
Kingdom 

Abstract: A fundamental question across several life sciences is how biological communities 
are shaped by ecological interactions. A clinically relevant example is the onset and 
progression of within-host infections. Disease trajectories emerge from gradual 
reconfigurations of communities of different cell types within the affected tissue in response to 
pathological challenges. These reconfigurations are a consequence of slow adaptations of 
cellular-level phenotypic decisions to a dynamically changing microenvironment. An 
ecologically relevant example is the assembly of stable pant-herbivore communities. Here, the 
dynamic interplay between plants and herbivores is shaped by plant defence mechanisms, 
which in turn can be modulated by ontogenetic and evolutionary adaptations of the plant to the 
herbivores. In this talk, I will show how we use hybrid mathematical models to shed light on the 
multi-scale dynamical processes that affect the community assembly both in pathological and 
in ecological systems. Specifically, I will discuss recent results on two empirically-validates 
mathematical models. The first one represents the dynamical processes underlying epidermal 
diseases triggered by Straphilococcus aureus, and coherently reproduces several different 
pathogenic trajectories that can affect the skin. The second one represents the interactions 
between the shrub Turnera velutiana and the fritillary butterfly Euptoieta hegesia that are 
shaped by ontogenetic changes in the plan defence system, and reproduces possible 
evolutionary trajectories that converge the into the observed community structure. Finally, I will 
show how these multi-scale mathematical models can be generalized into a network motif that 
reproduces the slow adaptations biological communities to environmental and evolutionary 
pressures.


15:00 – 15:30 · Emergent behaviors in multi-cellular tumor progression 

system including micro-environmental effects 

Speaker:  Karina Vilches, Universidad Católica del Maule, Chile 
Co-authors: Carlos Conca, Universidad de Chile, Chile / Felipe Millar, Pontificia 
Universidad Católica de Valparaíso, Chile / Matthias Piesche, Universidad Católica del 
Maule, Chile / Sergio Rojas, Perth University, Australia  

Abstract: We present a mathematical approach that captures and explores a wide range of 
mechanisms and biological variability in tumor progression to better understand the 
orchestrate multiple phenomena in cancer dynamics. In this respect, Mathematical Biology is 
needed to promote the realization of modeling platforms that facilitate the discovery of novel 
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biological phenomena, rules, and theories. Therefore, the main goal of this presentation 
corresponds to discuss the analysis of a mathematical model that represents a multi-cellular 
chemotaxis-haptotaxis interaction in Cancer progression. The main novelty consists in to apply 
the non-linear analysis of parabolic-elliptic system and numerical approximation to describe 
the micro-environment effects over tumor progression.
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PS4.2: Modeling in fishery and aquaculture management II 
Thursday January 9 (14:00 – 15:30) · Room P-313 
Chair: Victor Riquelme, Universidad Técnica Federico Santa María, Chile  

14:00 – 14:30 · Modelling harvest, effort and escapement with different 

production functions and asymmetric costs 

Speaker: Nils-Arne Ekerhovd, SNF Centre for Applied Research at Norwegian School of 
Economics (NHH), Norway 
Co-author: Stein Ivar Steinshamm, Department of Business and Management Science, 
Norwegian School of Economics (NHH), Norway 

Abstract: A model is set up to analyze an open-access fishery with asymmetry in costs and 
prices. All participants start at the same time, that is the beginning of each season, with the 
same initial stock. But, as the stock is harvested down during the season, they withdraw from 
the fishery at different times when their individual target escapement is reached. Their 
individual target escapement levels are characterized by the level where their individual 
marginal revenue is equal to their marginal cost. A result, so far, is that seemingly similar 
production functions produce quite different results regarding the role played by the initial 
stock for determining optimal behavior. The model is also illustrated with numerical examples.


14:30 – 15:00 · Economic management of fish populations under fisheries-

induced evolution 

Speaker: Hanna Schenk, German Centre for Integrative Biodiversity Research (iDiv) 
Halle-Jena-Leipzig, Germany 
Co-author: Martin Quaas, German Centre for Integrative Biodiversity Research (iDiv) 
Halle-Jena-Leipzig, Germany 

Abstract: A side effect of targeting large fish is a strong selection pressure on a smaller size at 
maturation. This has resulted in fisheries-induced evolution of earlier maturation in several fish 
species. Due to life-history trade-offs fish that mature at a younger age also grow more slowly. 
The fisheries-induced evolution thus reduces the economic benefits for fisheries, especially as 
large fish are proportionally more valuable than small fish. We include these processes in an 
economic-ecological-evolutionary demographic fishery model to study economic implications 
of fisheries-induced evolution and to derive optimised fishing management strategies. 
Economic benefits of fishing depend on the size structure of catches, as prices depend on the 
size of the fish caught. Economic costs of fishing depend on the size of the fish population, 
and increasing gear selectivity is costly. We apply the model to the North Sea cod fishery and 
find that the optimal fishing strategy is sensitive to discounting. Whereas for a low discount 
rate the optimal strategy is to rebuild a population structure with late maturation and strong 
growth the optimal strategy for a high discount rate would not attempt to reverse the fisheries-
induced evolution and rather continue to fish on the evolved population.


30



WCNRM2020

15:00 – 15:30 · Linear quadratic modelling of exploitation of interrelated 

renewable resources with inherent constraints - Dynamic optimization vs 

dynamic games 

Speaker: Agnieszka Wiszniewska-Matyszkiel, University of Warsaw, Poland 
Co-author: Rajani Singh, University of Warsaw, Poland 

Abstract: In this paper, we analyze a problem of extraction of a common renewable 
resource---fishery---by many players with inherent state dependent constraints for exploitation 
and infinite time horizon: both as a multistage game and as a dynamic optimization problem. 
We analyze social optimum and Nash equilibrium for feedback information structure and 
compare the results obtained in both. For Nash equilibria, we obtain a value function that is 
contrary to intuitions from standard linear quadratic games. In our problem, for discount being 
as in the golden rule, social optimum always results in sustainability, while Nash equilibrium 
leads to depletion of the fishery in finite time for realistic levels of initial biomass of fish. 
Therefore, we also study introduction of a tax in order to enforce socially optimal behavior of 
the players.
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PS5.1: Dynamical models in population  
and disease ecology II 
Thursday January 9 (16:00 – 18:00) · Room P-301 
Chair: Pablo Aguirre, Universidad Técnica Federico Santa María, Chile  

16:00 – 16:30 · Codimension-1 and -2 bifurcations in a simple model of 

CBB and coffee 

Speaker: Gerard Olivar Tost, Universidad de Aysén, Chile 
Co-author: Carlos Andrés Trujillo Salazar, Universidad del Quindío, Colombia 

Abstract: The coffee industry is very influential in the global economy, being one of the 
commodities with more transactions in the World. Unfortunately, this agricultural product is 
affected by different pests, being the most critical worldwide a beetle which is popularly known 
as coffee berry borer (CBB), and whose control is necessary due to the significant damage it 
causes. The coffee industry has developed different strategies to counteract its effects, among 
which social control and biological control stand out. An important predator of coffee borer is 
the ant Hymenoptera: Formicidae because unlike other species, they inhabit naturally in coffee 
plantations and some of them can enter coffee beans, where they find availability of drill in all 
its stages. Thus, a mathematical model based on ordinary differential equations is proposed to 
describe a prey-predator interaction where the ants consume the coffee bit. We performed a 
bifurcation analysis of a Filippov model with closed-form solutions for the bifurcation curves. 
We illustrate the results with numerical simulations, in addition to accompanying the respective 
biological interpretations.


16:30 – 17:00 · Proper models for studying diversity-stability relationship 

in multipatch systems with adaptivity 

Speaker: Pablo Moisset de Espanés, CeBiB, Universidad de Chile, Chile 
Co-authors: Rodrigo Ramos-Jiliberto, GEMA, Universidad Mayor, Chile / José Soto, 
Universidad de Chile, Chile  

Abstract: Few questions in ecology have received such great attention over decades and have 
been so fertile in promoting research, as the one about the relation between complexity and 
stability of communities. Early beliefs pointed towards a positive relation between richness of 
species and interaction within communities and their ability to endure. However, this view was 
challenged by theoreticians, who showed that stability of model communities decreased with 
number of species and interactions. Much of the research in the frame of the complexity-
stability debate has been conducted by means of the construction and analysis of 
mathematical models. For evaluating the complexity-stability relation, an essential property of 
dynamic models is that they must not force the stability to change as a consequence of varying 
the ecological network size. In other words, the dynamical system should be scale-invariant. 
Since the pioneer work of A. Lotka and V. Volterra, ODEs have been used extensively to model 
population dynamics. In this talk, as an introduction, we will show an ODE based model for 
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single species that inhabits two connected terrain patches and how assumptions on the 
movement between patches can affect the scale invariance. Then we will move to the more 
difficult case of multi-species networks and we will discuss the case of models that represent 
adaptive behavior. Finally, we will discuss the difficulties that arise from models in which 
populations are described by more than one state-variable. We will also describe how desirable 
scalability conditions are not present in most models described in present literature.


17:00 – 17:30 · Model results point to a possible link between viable 

ecosystems (species coexistence and biodiversity) and the extent of 

disease 

Speaker:  Kevin Duffy, Durban University of Technology, South Africa 
Co-author: Obiora Collins, Institute of Systems Science, Durban University of Technology, 
South Africa 

Abstract: Understanding the processes and benefits of viable ecosystems can be important 
for conservation efforts. We formulate consumer-resources models for a terrestrial setting to 
explore how ecosystem viability might influence infectious diseases in the system. Important 
mathematical features of the model are discussed using the basic reproduction number and 
the consumption number (defined by us). Species coexistence is considered using a simple 
one consumer and one resource model. Diversity is included in the form of multiple species of 
resources (for example different species of trees, grasses or both) and the consumers of those 
resources. The results of the analyses and numerical simulations suggest that viable 
ecosystems can result in a decrease in infectious diseases.


17:30 – 18:00 · A two-patch epidemic model with state-dependent 

dispersal behaviors and optimal preventive strategies 

Speaker:  Luis Melara, Shippensburg University, United States 
Co-authors: Sunmi Lee, Kyung Hee University, South Korea / Okbun Bae, Kyung Hee 
University, South Korea 

Abstract: We present a two-patch epidemic model is considered to assess the impact of 
virtual dispersal on disease transmission dynamics. The two-patch system models the 
movement of individuals between the two-patches using a residence-time matrix P. Recently, a 
two-group epidemic framework was developed where P depends on both residence times and 
state variables. This approach generalizes the traditional two-group epidemic models with 
heterogeneous mixing. In this work, we employ this approach to a general two-patch SIR 
model in order to investigate the effect of state dependent dispersal behaviors on the disease 
dynamics. Optimal control theory is employed to identify and evaluate patch-specific control 
measures aimed at reducing disease prevalence at a minimal cost. Optimal policies are 
computed under various dispersal scenarios (depending on the different residence-time matrix 
configurations). Our results suggest there is a reduction of the outbreak and the proportion of 
time spent by individuals in a patch exhibits less fluctuations in the presence of patch-specific 
optimal controls. 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PS5.2: Optimal management of natural resources II 
Thursday January 9 (16:00 – 18:00) · Room P-313 
Chair: Felix Meier, German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, 
Germany  

16:00 – 16:30 · Optimal scheduling for hazard reduction in fire-prone 

landscapes - implementation issues 

Speaker: John Hearne, RMIT University, Australia 

Abstract: Decreasing the fuel load in a landscape is a common strategy for reducing fire 
hazard. This can be achieved by mechanical means or through prescribed burns. For maximum 
effectiveness, it is important that fuel reduction programs consider both spatial and temporal 
aspects. Moreover, each vegetation type has specific requirements regarding fire-return 
intervals. Constraints relating to habitat availability for particular fauna also need to be 
considered. Various deterministic models have been developed to solve this multi-period, 
spatially-explicit optimisation, mixed integer programming problem. 

During the implementation of these models some short-comings soon become apparent. 
These include issues such as the following: (1) the number of sites that can be treated in any 
one season is subject to some uncertainty due to factors such as local weather conditions; (2) 
There are sometimes delays of up to two years in attending to an area identified for treatment; 
(3)  Only a proportion of an area identified for treatment is actually completed. These issues will 
be discussed together with a mathematical way to deal with the uncertainty. The new model 
will be demonstrated with simulated or actual landscapes.


16:30 – 17:00 · Irreversibility and the economics of forest conservation 

Speaker: Adriana Piazza, Universidad Adolfo Ibañez, Chile 
Co-author: Santanu Roy, Southern Methodist University, United States 

Abstract: Regenerating forest on land used for non-forest economic activities can be difficult; 
this introduces some irreversibility in the process of deforestation. We analyze the effect of 
such irreversibility (reforestation cost) on the efficiency of forest conservation in a general 
model of optimal forest management where trees are classified in age classes and land has 
alternative economic use. Irreversibility may lead to a continuum of optimal steady states that 
differ in the area under forest cover; increase in irreversibility can only add steady states with 
smaller forest cover. High irreversibility discourages expansion of forests but at the same time, 
makes it optimal to conserve a minimal forested area in the long run; in particular, it is optimal 
to maintain a forested area above a critical size if the initial forest cover lies above it, while 
forests that are initially smaller than the critical level are optimally managed at constant size. 
We characterize the exact condition under which it is optimal to avoid total deforestation; the 
extent of irreversibility does not matter for this. Weak irreversibility may be associated with 
cyclical fluctuations in optimal forest cover; we characterize upper and lower bounds on the 
forest cover along an optimal path.
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17:00 – 17:30 · Optimizing Inspection resources: Slowing the spread of 

invasive species 

Speaker: Steven McKelvey, St. Olaf College, United States 

Abstract: Government and other agencies responsible for preventing or slowing the spread of 
invasive species often work in an environment of limited resources. In this abstract stochastic 
model we offer a framework for recommending allocation of limited inspection resources. We 
consider the case of a recently discovered invasive species that is endemic in some areas of 
concern but which has not yet infected susceptible areas in the same general region. We 
assume the possibility of transfer of the species to the currently uninfected areas. We also 
assume that the invasive species can be eradicated from an area during the earliest stages of 
infection. The model assigns probabilities of infection to each of the currently pristine areas 
based on the risk of transmission from an infected area. Transmission risk is informed by both 
an a priori evaluation of transmission risk based entirely on biological and human activity risks 
and an analysis of patterns of new infections, giving inspectors insights into which previously 
infected areas are acting as sources for new infections. An example of a potential application 
of this model, the case of sudden oak death in the United States, will be presented. The 
invasive fungus-like Phytophthora ramorum is currently endemic only in the western coastal 
areas of the United States. However, significant eastern forests are susceptible to infection by 
P. ramorum. The transmission mechanism is likely to be the shipment of commercial nursery 
plants from the west coast to areas in the east.  


17:30 – 18:00 · A framework for resources management for sustainable 

agriculture 

Speaker: Geraldo Silva, UNESP, Brazil 
Co-authors: Fernando Lobo Pereira, Porto University, Portugal 

Abstract: This talk concerns an optimal control architecture to support the management of 
resources in agriculture conciliating the short term profit maximization of production units with 
long-term environmental sustainability. The proposed decision making structure involves two 
layers: the lower one -- typically distributed -- management of each production unit subject to 
constraints on the "controls" at their disposal, and the higher lower coordinating the various 
production units by using a Model Predictive Control (MPC) like structure in order to define a 
"fair" and economically feasible specification of strategies ensuring the environment 
sustainability. The problem formulation differs in a number of ways, notably the 
competitiveness among the various producers, relatively from the one considered previously. 
For this new context, we show the convergence and stability of the overall MPC based control 
scheme.
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PS6.1: Viability theory in natural resources management 
Friday January 10 (9:30 – 10:00) · Room P-301 
Chair: Agnieszka Wiszniewska-Matyszkiel, University of Warsaw, Poland 

9:30 – 10:00 · Stochastic viability of ecological and economic systems, 

application to farming activities in the Caribbean hurricane zone 

Speaker: Patrick Saint-Pierre, LASTRE, France 
Co-authors: Anya Désilles, LASTRE, France / Aïchouche Oubraham, GERAD, Canada 

Abstract: Since many years, it has been possible to give relevant answers to problems whose 
complexity reflects a reality that is delicate to apprehend. Through the lens of an agro-
ecological problem presented in the paper: "Agroecological transition: A viability model to 
assess soil restoration" and published in the Natural Resource Modeling journal in 2017, we 
rely on the mathematical viability theory to study the sustainability of agricultural systems 
subject to climate uncertainty. Our objective is to determine farming practices in the Caribbean 
and activity sequences that allow to restore soil quality and valuate the natural capital and the 
services provided by this ecosystem in the presence of risk of major climatic disasters that are 
hurricanes. The frequency and intensity of hurricanes are introduced into the model as a 
stochastic control variable, with known discrete probability law. The mathematical problem is 
then reformulated in terms of a capture problem under probability target constraints. This 
problem can be solved numerically using a probabilistic variant of the viability kernel algorithm. 
Some numerical examples will be presented, showing the possible farm management 
strategies that allow to restore the soil quality with some level of probability while satisfying 
some budget constraints on the accumulated income of the farm.


10:00 – 10:30 · Comparison of viabilty kernels via conic orders 

Speaker: Michel de Lara, Ecole de Ponts ParisTech, France 
Co-authors: Pedro Gajardo, Universidad Técnica Federico Santa María, Chile/ Diego 
Vicencio, Universidad Técnica Federico Santa María, Chile 

Abstract: In natural resource management, one often aims at maintaining the state of the 
system within a viable set for all times: spawning stock biomass over a critical threshold in 
fishery management, number of infected individuals below a critical threshold in epidemics 
control, etc. This is possible when the initial state belongs to the so-called viability kernel. 
However, an exact characterization of such a kernel is generally out of reach. We show how we 
can compare two viability kernels corresponding to two control systems, using 
quasimonotonicity under proper conic order. We illustrate the method in the field of epidemics 
control.
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10:30 – 11:00 · Pareto fronts of the set of sustainable thresholds for 

constrained control systems 

Speaker: Cristopher Hermosilla, Universidad Técnica Federico Santa María, Chile 
Co-author: Pedro Gajardo, Universidad Técnica Federico Santa María, Chile  

Abstract: This talk is concerned with a dual object of the so-called viability kernel of a control 
system with mixed (state-control) constraints. This object, called the set of sustainable 
thresholds, describes the possible thresholds for which a given initial condition is viable. In this 
talk, we are concerned with characterizing the weak and strong Pareto fronts of the set of 
sustainable thresholds and providing a practical method for computing such objects based on 
optimal control theory and a level-set approach. A numerical example, relying on renewable 
resource management, is shown to demonstrate the proposed method.
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PS6.2: Spatial structure in natural resource dynamics 
Friday January 10 (9:30 – 10:00) · Room P-313 
Chair: Krishna Paudel, Lousiana State University, United States 

9:30 – 10:00 · Quantifying the contribution of habitats and pathways to 

spatially structured populations  

Speaker: Christine Sample, Emmanuel College, United States 
Co-author: Joanna Bieri, University of Redlands, United States 

Abstract: Environmental disturbance and management differentially affect population 
dynamics. Such differential outcomes are particularly difficult to quantify for spatially structured 
populations because the consequences carry through to other locations due to species 
movement. Yet the ability to assess the importance of habitats and movement pathways is an 
essential part of making management decisions. We develop two metrics that measure the 
contribution of habitats and pathways, which can be applied broadly to both metapopulations 
and migratory species. Both approaches allow for any number of age and sex classes, 
unlimited number of seasons or time intervals within the annual cycle, and for density-
dependent parameters. The first is a generalized per-capita contribution metric, the C-metric, 
for quantifying habitats and pathways as sources or sinks. The second, the G-metric, estimates 
the demographic contribution of a habitat or pathway to network-wide population growth in the 
face of environmental change. The G-metric quantifies effects of modifying vital rates for 
habitats and pathways in perturbation experiments, which may range from small perturbations 
to complete habitat or pathway removal. We demonstrate the C and G metrics using a simple 
metapopulation example and case studies of eastern monarch butterflies, northern pintail 
ducks in North America, and elk of the Greater Yellowstone Ecosystem. We will also present an 
interactive web app developed for ecologists and managers to calculate habitat and pathway 
metrics for their own spatially structured population.


10:00 – 10:30 · Modelling long term changes of forest site productivity for 

making strategic decisions in forest management 

Speaker: Jaroslaw Socha, University of Agriculture in Krakow, Department of Forest 
Resources Management, Poland 
Co-author: Luiza Tyminska-Czabanska, University of Agriculture in Krakow, Department 
of Forest Resources Management, Poland 

Abstract: Predicting the most likely changes in forest ecosystems, resulting from the changing 
growth conditions, may be the basis for activities aimed at reducing risk and negative effect of 
climate change on the forest environment. The processes of eutrophication of forest sites 
resulted mainly from changes in climatic conditions, nitrogen deposition and increased CO2 
concentration is considered as the reason both the increasing site productivity and decreasing 
the stability of forest ecosystems. Field measurements of forest growth at any spatial scale are, 
however, both times consuming and expensive, especially in the case of large forested areas. 
Change detection using remote sensing becomes a new source of data for forest growth and 
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site productivity estimation. Multitemporal Airborne LiDAR Scanning (ALS) observations could 
be used as a substitute for permanent sample plot data traditionally used to date for the TH 
growth modelling. In the presented research, we developed a new approach that allows for the 
practical application of repeated LIDAR data for the site productivity estimation. We 
demonstrated how wall-to-wall ALS data could also be used for the detailed mapping of the 
forest site productivity and its changes both in local, regional and country scales. Long term 
simulations of site productivity changes allow indicating sites and species particularly exposed 
to the negative effects of observed trends in changing climate and site conditions. This 
knowledge is fundamental for making strategic decisions in forest management. 


10:30 – 11:00 · Modeling the effective sample size for georeferenced 

datasets 

Speaker: Ronny Vallejos, Universidad Técnica Federico Santa María, Chile 

Abstract: This work focuses on the reduction of sample sizes due to the effect of 
autocorrelation for spatial/time models. This type of problem is quite common in several 
disciplines where the goal is to reduce the number of georeferenced observations to be 
sampled. In the literature the effective sample size (ESS) is defined as the number of 
independent and identically distributed observations of a spatial process. Recent research 
extended that definition to more complex models with more general conditions for the 
theoretical developments. In this talk, we motivate the study of ESS with several practical 
problems illustrated with real-world datasets. Then an overview of the main proposals will be 
presented. Examples of different patterned correlation structures are explored in order to 
establish theoretical properties that hold for the ESS in the original case (constant mean). We 
study the asymptotic properties of the ML estimates of the ESS for an increasing domain 
framework. The consistency and asymptotic normality are established under very precise 
conditions. Monte Carlo simulations are carry out to gain more insight into the asymptotic 
properties for finite sample sizes. A hypothesis testing is developed to test whether a reduction 
of the sample size is adequate. In addition, a model-free definition of the ESS is provided in 
order to estimate the number of observations that are necessary to plot the codispersion map 
(a new tool to visualize the spatial correlation) on the plane, without excessively increasing the 
computational time.
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