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The Resource Modeling Association is an international association of scientists working at the intersection of 
mathematical modeling, environmental sciences, sustainability sciences, and resource management. We formulate and 

analyze models to understand the dynamics of natural resources and promote their sustainable management.
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Being a biologist, I am 
fascinated by the world in 

which we live, which is full of 
mysteries. For example, 
how can so many different 
species evolve that all have 
their seemingly unique 
adaptations to the ever-
changing environment? 
When taking a closer look, 
each species seems to tell 

its story why it exists. Examples of these stories are 
adaptations to extreme weather conditions (hot or 
cold), to escape predators or, for other species, to catch 
prey, or to care for offspring. The Resource Modelling 
Association (RMA) can help to protect this rich 
biodiversity and natural resources. The objective of the 
RMA is to foster research and teaching at the interface 
of ecology, economics, mathematics and computer 
sciences and devote to the sustainable management 
of natural resources and ecosystems. As members of 
the RMA we have the possibility to promote the global 
interest in sustainability and environmental issues 
such as biodiversity loss and climate change. 

In June 2022, the annual World Conference on 
Natural Resource Modeling was organized in Leipzig, 

Germany. Its theme was “Modelling natural resource 
management in a changing world”. The conference 
was hybrid and perfectly organized by the local 
team combining in-person and online presentations. 
The conference was very successful with many 
presentations from all around the world, including 
three keynote lectures. Scientists from different 
disciplines were present and a mix of senior and junior 
scientists came together. The journal Natural Resource 
Modeling prepares a special issue resulting from the 
conference, so I would like to invite all participants 
to submit their paper. The deadline for submission is 
March 1 2023.

The next World Conference on Natural Resource 
Modeling will be organized in Amsterdam. I hope 

to meet all of you in person again. Amsterdam is an 
old city with many attractions. In the 12th century, 

Amsterdam was founded at the mouth of the Amstel 
River that was dammed to control flooding; the city's 
name derives from the Amsterdam. Amsterdam's 
main attractions include its historic canals, the 
Rijksmuseum, the state museum with a vast collection 
Dutch Gold Age art, the Van Gogh Museum. The 
theme of the conference will be “Biodiversity loss and 
climate change as challenges for natural resource 
management” and four keynote speakers will give their 
view on this topic. We are honoured to have four well-
known scientists: Anne-Sophie Crépin (Beijer Institute, 
Sweden), Robert Holt (University of Florida, USA), 
Martin Quaas (Universität Leipzig, Germany) and Max 
Rietkerk (Utrecht University, The Netherlands). These 
keynote speakers will set the stage for our thinking 
about modelling natural resources that are heavily 
exploited. I am looking forward to meet you all again 
and enjoy a wonderful conference. 

Let’s use communication of the RMA through social 
media such as ResearchGate, LinkedIn and Twitter, 

which are open for your input. We can use these media 
to circulate information in line with the objective of the 
RMA, such as new academic positions, conferences, 
workshops, books, papers. It would be great if these 
media can also be used for topics related to the focus 
of the RMA to be discussed among the members and 
others. 

I want to send my very best wishes to everyone in the 
RMA community!

Frank van Langevelde, President RMA
Professor Wildlife Ecology and Conservation
Wageningen University & Research, The Netherlands

PRESIDENT’S COLUMN 
by Frank VAN LANGEVELDE 
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Best student presentation prize WCNRM 2O22 Leipzig
Risk aversion in renewable resource harvesting

by C. Kelsalla,b, M. F. Quaasa, N. Quéroub

a German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig, Germany
 b CEE-M, Univ. Montpellier, CNRS, INRAe, Institut Agro, Montpellier, France. 

Renewable natural resources are inherently volatile 
assets, exemplified by forests affected by fires and 

pest outbreaks (Patto and Rosa, 2022), freshwater res-
ervoirs subject to fluctuating rainfall, and the growth 
of fish stocks depending on environmental conditions 
(Möllmann et al., 2021). In many cases, climate change 
amplifies volatility. The riskiness of incomes derived 
from natural resource use is therefore of high and in-
creasing concern both for risk-averse individual re-
source users and for policies regulating resource use. 
A key problem thus is to characterize optimal manage-
ment of a dynamic renewable natural resource if the 
resource users are risk averse.

We consider the stock xt of a renewable resource in 
discrete time (index t). Resource harvest ht dimin-

ishes the stock down to the ‘escapement’ st := xt − ht. 
The dynamics of the resource stock are described by 
the following stochastic Markovian transition equation

where zt+1 is a series of independently and identically 
distributed random shocks with unit expectation. There 
is a single resource user with risk averse preferences 
who is a price taker in the market and facing a constant 
unit price p of the stock. Unit harvesting costs c(y) 
are assumed to be (weakly) decreasing and (weakly) 
convex in the current stock size y, namely c'(y) ≤ 0 and 
c''(y) ≥ 0. Net revenues of resource harvesting in period 
t are obtained by integrating the flow of profit over the 
harvesting season,

In order to simplify notation, the stem function C(y) is 
used to denote total costs such that C'(y) = c(y).

In the analysis, we consider two cases. Firstly, we con-
sider a resource where unit harvesting costs are inde-

pendent of stock size, i.e. C(y) = cy. Secondly we con-
sider the case where unit costs are strictly decreasing 
and strictly convex in current stock size, c'(y) < 0 and 

c''(y) > 0.

The risk-averse user aims to maximise the present 
value of current and expected future utility over 

time subject to the growth constraints of the resource 
stock. Risk aversion is characterized using the recursive 
preference structure of Traeger (2009), represented by 
the affine aggregator function

where π(xt,st) represents the current period net rev-
enues, whilst μ (·) := f −1 E[ f (·)] is the certainty equiva-
lent operator, where the curvature of the function f (·) 
represents risk preferences in the Arrow-Pratt sense 
(Traeger, 2009), and E[·] is the expectation over the sto-
chastic shock zt+1. β  is the discount factor.

Using V (xt) to represent the value function, the user’s 
stochastic optimisation problem can be represent-

ed by the following Bellman equation that describes 
how the user maximises the expected present value of 
income, i.e. net revenues of resource harvesting, over 
an infinite horizon by choosing escapement in every 
period

We show that a unique solution to the Bellman 
equation exists, and a constant escapement poli-

cy is optimal. For constant marginal costs, the optimal-
ity conditions for escapement is implicitly defined as

for a constant b. We can decompose the manager’s 
escape ment decision into two effects depending on 
the type of risk preferences. The wealth effect is pres-
ent if absolute risk aversion is non-constant, and then 
typically tends to increase optimal escapement with 
risk. The effect depends on the degree of absolute pru-
dence (in the sense of Kimball (1990)) and represents 
the manager’s desire to increase escapement under
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Figure 1 – Optimal escapement for risk preferences with 
constant absolute risk aversion (CARA) and constant 
relative risk aversion (CRRA) for three different levels of 
environmental risk.

uncertainty to protect against low levels of future 
wealth. The substitution effect is always negative and 
tends to decrease optimal escapement with risk, due to 
the manager’s dislike of risk and desire to divest away 
from the risk asset. We show that if prudence is low 
enough, the net result of the substitution effect and the 
wealth effect is that optimal escapement decreases with 
risk. The effect is always negative and decreases optimal 
escapement with risk due to the manager’s dislike of risk 
and desire to divest away from the risk asset. We show 
that if prudence is low enough, the net result of the 
investment effect and the wealth effect is that optimal 
escapement decreases with risk. 

The case of convex marginal costs is more complex 
due to an additional stock effect which interacts 

with the manager’s risk preference, and hence the 
wealth and investment effect. This means the direction 
of comparative statics for an increase in the degree of 
risk aversion and magnitude of risk are ambiguous and 
may not be the same. The impact on escapement of an 
increase in the degree of risk aversion only depends on 
the net wealth and investment effect, while the impact 
on escapement of an increase in the magnitude of risk 
is more complex, and also depends on the curvature 
of the marginal cost function which creates a stock 
effect. Kapaun and Quaas (2013) call this stock effect 
the ‘gambling effect’ as managers tend to bet on good 
environmental conditions, increasing optimal escape-
ment under risk.

To quantify our theoretical results we apply our mod-
el to the Eastern Baltic Sea cod fishery and high-

light that risk aversion can have a sizeable impact on 
the user’s management decision. Figure 1 shows the 
results for the optimal escapement for three different 

levels of risk and for varying the coefficients of risk aver-
sion over the range that is generally deemed sensible 
in the literature (Gollier, 2001). The more risk-averse 
the user, the lower the optimal escapement level, sup-
porting our theoretical results. This result differs from 
that of a risk-neutral user, who increases escapement 
under increased risk. Previous empirical work focusing 
on risk neutral agents (Sethi et al. 2005, Kapaun and 
Quaas 2013, Tahvonen et al. 2018) find that biological 
uncertainty only has a small effect on the escapement 
level, suggesting that using models with deterministic 
recruitment may not be detrimental to policy-making. 
Our paper shows this may not be the case when the user 
is risk-averse. Depending on the degree of risk aversion, 
and magnitude of risk, the optimal escapement policy 
may differ considerably and this in turn may have sig-
nificant implications for management.

We thank Mickael Beaud, Mabel Tidball, Rudi Voss, and Marc Willinger for help-
ful comments. The au- thors acknowledge the ANR-DFG project CRaMoRes 

(Grant ANR-19-FRAL-0010-01 and DFG QU 357/14-1). C. Kelsall acknowledges the 
support of labEx CeMEB, an ANR "Investissements d’avenir" program (ANR-10- 
LABX-04-01). M. Quaas acknowledges funding by BMBF under grant 03F0876B.
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The focus of the 2021 World Conference on 
Natural Resource Modeling (WCNRM 2021) was 

ecological-economic system dynamics and long-term 
sustainability. Due to the pandemic, the conference 
was completely virtual, which facilitated a wide range 
of topics and speakers from around the world.

The current issue of Natural Resource Modeling 
(NRM), the journal of the Resource Modeling 

Association, is a special issue dedicated to WCNRM 
2021 entitled Tipping ecological-economic systems 
toward sustainability (Volume 35, Issue 4). I greatly 
appreciate the work of Hanna Schenk, Felix Meier, and 
Martin Quaas, the editors of this special issue.

All contents of NRM are open access. An editorial 
written by Felix Meier and Hanna Schenk is 

followed by three papers dedicated to the conference.

- Joint management of marine mammals and a fish 
species: The case of cod and grey seals in the Nordic-
Baltic Sea countries, by Johan Blomquist, Frank Jensen, 
Staffan Waldo, Ola Flaaten, and Maija K. Holma, analyzes 
a predator-prey model for the joint management of 
marine mammals and a fish species. The authors apply 
this to grey seals and cod.

- A stylized model of stochastic ecosystems with 
alternative stable states, by Michael Stecher and 
Stefan Baumgärtner, introduces a generic ecosystem 
model featuring multiple stable states and two types 
of stochasticity. The authors use a mean-reverting 
jump-diffusion process to model the evolution of the 
ecosystem state over time.

- To tip or not to tip: The Window of Tipping Point Analysis 
for social-ecological systems, by Marie-Catherine 
Riekhof, Lotta Clara Kluger, Renato Salvatteci, Lotta 
Siebert, and Rudi Voss, introduces a six-step “window 

of tipping point analysis.”  The authors illustrate their 
approach with a mathematical model and two case 
studies addressing the Baltic Sea and the Humboldt 
Current Upwelling system.

Also in this issue are:

- Mesopelagic–epipelagic fish nexus in viability and 
feasibility of commercial-scale mesopelagic fisheries, 
by Melina Kourantidou and Di Jin.

- Optimal contract arrangements for conservation on 
working forests, by Changyou Sun, Bin Mei, and Yanshu 
Li.

- Modeling and propagating inventory-based sampling 
uncertainty in the large-scale forest demographic 
model “MARGOT”, by Timothée Audinot, Holger 
Wernsdörfer, Gilles Le Moguédec, and Jean-Daniel 
Bontemps.

In closing, let me remind you that NRM is now Open 
Access. Papers published in NRM  are immediately 
freely available to read, download and share, which will 
increase the visibility of your research, leading to more 
downloads and citations.

I look forward to receiving your submissions to the 
Journal. Also, if you are interested in guest editing a 
special issue, please contact me.

Peace,

Shandelle M. Henson
Editor-in-Chief
Natural Resource Modeling

henson@andrews.edu.

NRM Special Issue

Tipping Ecological-Economic SySTEmS Toward SuSTainabiliTy

https://onlinelibrary.wiley.com/toc/19397445/2021/34/4


6 RMA | Fall 2022

RMA New Officer
New Treasury: Julie Blackwood

Associate Professor in the Department of Mathematics and Statistics at Williams College, USA

The RMA Board welcomes its newest member, Julie Blackwood, who is 
serving as the society’s treasurer. Julie is an Associate Professor in the 

Department of Mathematics and Statistics at Williams College in the USA 
and holds a PhD in Applied Mathematics from the University of California, 
Davis. Julie has also been a member of the Editorial Board of Natural Re-
source Modeling since 2016. 

Julie’s research is in mathematical ecology and their work focuses pri-
marily on population-level processes. Their research has spanned 

several topics in ecology including invasive insect management, disease 
ecology in both humans and wildlife, coral reef conservation and other 
coupled human-environment systems.

For more details see:  Website Julie C Blackwood; 

Google Scholar

 

`
Editor in chief:

Luc Doyen
Senior Scientist 

CNRS - CEEM

The RMA, and in particular Luc 
Doyen, are very grateful to 

Anne-Sophie Masure, Sébastien 
Lavaud and Julie Vissaguet at the 
University of Bordeaux for their key 
role and threir outstanding work to 
edit and publish the RMA newslet-
ter  during the years 2017-2022. 
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