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Abstract: Despite ample warning and significant lead time, global society has not acted sufficiently to combat
climate change, and global carbon dioxide emissions are now about 60% higher today than in 1990 [1]. This
paper uses marine fisheries as an analog model to compare with the many similar management issues faced
with global climate change. Both marine fisheries and global climate change are complex systems that have
similar properties that make management very difficult. A simple fishery prototype model is used to educate
citizens about similar issues of dynamic complexity found in climate change models. We highlight how our
slow reaction time to global climate change can be thought of as a mismatch between our cognitive abilities
and the nature of global collective problems. Understanding the history and system structure of marine
fisheries can provide insight into managing global climate change. We suggest ways to improve
communication between science and citizens for updating mental models and changing climate policy.
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systems; sustainability

1. Introduction

The Paris Agreement was adopted by 196 Parties (participating countries) at the United Nations
(UN) Climate Change Conference (COP21). The major goal of the Paris Agreement is to hold “the
increase in the global average temperature to well below 2°C above pre-industrial levels” [2].
However, the Intergovernmental Panel on Climate Change (IPCC) now indicates that the 1.5° C
threshold cannot be crossed without triggering far more severe climate impacts [3]. Achieving the
goals of The Paris Climate Agreement requires a dramatic transformation of the global economy to
carbon-neutral societies [4]. This change can be best conceptualized by computing a budget for CO:
emissions indicating the maximum amount that can be added to the atmosphere while still limiting
the global temperature increase to 1.5 degrees Centigrade [5]. This computed budget indicates that
striking reductions in CO: output are required to keep the global climate within a more livable range
and avoid crossing dangerous tipping points in the Earth system.

Despite the strong urging of the scientific community and three decades of political effort, global
emissions have continued to rise and are now 58% higher today than they were in 1990 [6]. Recently,
researchers have identified the leading role of power and influence, which is discernable in many
forms, as a universal force that is fundamental to thwarting progress on climate change mitigation
[1]. The influence of power from status quo fossil fuel companies and other vested interests has been
termed the “new climate war” [7]. A central tactic used by vested interests is the spread of
disinformation through various means to influence citizens and interfere with the political process
[8].

Figure 1 shows a high-level view of the various system components involved with information
flow, citizen involvement and government policy-making that is fundamental to solving the climate
change problem. Implicit within this model are three major factors: (1) citizens” actions (primarily
voting in democratic societies) determine the nature and type of policy enacted by government, (2)
the central importance of citizens’ thinking and mental models and how they are influenced by
information flows from science and through vested interests, and (3) to fully understand the
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interactions and long-run dynamics between the human system and the Earth (or environmental)
system one needs to use systems thinking and computer modeling with system dynamics.
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Figure 1. High-level climate change system components (bold lines indicate strong connections,
dotted line box indicates proposed addition).

1.1. High-level Climate Change Problem-Solving: How the system should properly work

All good systems require checks and balances. In Figure 1, feedback on the Earth System health
is obtained and used by the science community to obtain knowledge. Knowledge should then be
communicated properly back to the citizens who can then understand the situation (updating their
mental models). Citizens (decision makers, voters) can then responsibly vote for public officials who
can design effective policies (e.g. environmental regulations or carbon taxes or incentives to use
renewable energy, etc.).

Citizens (box 3) occupy a central position and fundamental leverage point in the system.
Unfortunately, this problem-solving system falls short because many citizens listen to incorrect
sources of information as depicted in box 5 of Figure 1. Mental models are influenced by various
information flows. Propaganda from fossil fuel companies and vested interests have kept a steady
flow of disinformation to citizens.

2. Mental Models, Lock-in, World Views and Votes

A mental model is a cognitive representation of how the world is structured and organized. The
concept of a mental model was initially developed by the psychologist Kenneth Craik [9] who
advanced the idea that people carry in their minds a small-scale, simplified model of how the world
basically works. Mental models are used for anticipation, prediction, reasoning and to provide
explanatory narratives that describe past events [10].

Since there is widespread support for the view that a government’s major role is to provide
support for job creation and help with economic development, a large percentage of citizens have
adopted a mindset or mental model based on the neoliberal ideology [11]. Neoliberalism is an
ideology that stresses economic growth as the single most important objective while also depicting
government as an obstructive force impeding the free market [8,12]. This ideology supports policy to
promote the free market, massive tax cuts (especially for businesses and high-income earners),
reductions in social services, and the creation of new political institutions and think tanks designed
to promote the neoliberal, pro-growth paradigm [12].
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The neoliberal mindset in citizens has been strongly reinforced by corporate influence and
propaganda, especially the large fossil fuel companies and their associated vested interests [11]. In
addition, political leaders who get financial support from large corporations often become locked-in
with this way of thinking and must enact policies consistent with this viewpoint or face the risk of
losing their political power [11].

Many citizens are already predisposed to this type of information, because it fits their current
thinking and because it keeps them attached to their social or tribal groups. This also forms a type of
mental lock-in and is based on the neoliberal assumption that government regulation, taxes, and
policies designed to combat climate change are harmful to economic growth. Thus, their belief that
government restrictions and interference in the market are harmful, keeps this group opposed to
climate change action. This closed-minded orientation is known as solution aversion [13]. Cultural
cognition theory posits that individuals can be expected to form perceptions of risk that mirror and
reinforce values that they share with others in their cultural group [14]. Interestingly, the pull of one’s
own social group is so strong that people will actually reject rationality at the collective level that
would otherwise promote their common welfare and instead use their intellect and rationality to
maintain their cultural commitments at the individual level. This is seen as a form of short-termism.
Individuals in this cultural group will bear the immediate harm of social group rejection if their
beliefs are not consistent with their tribe. However, the benefits to the common good are in the future
and not entirely certain [15]. Therefore, these future benefits are discounted.

Two world views are of particular interest in this context [15]. Cultural cognition theory
speculates that people who hold a “hierarchical, individualistic” worldview will be skeptical of
environmental and technological risks that would lead to restrictions on industry and economic
activity. In contrast, people who hold a “egalitarian, communitarian” worldview that places greater
weight on collective actions to securing individual needs, will tend to be more skeptical of commerce
and industry. This worldview distrusts business as they see it as the source of unjust disparities in
wealth and power [15]. Importantly, Kahan et al. [15] found that greater scientific literacy and
numeracy were associated with greater polarization on the issue of climate change. This finding
would suggest that simply giving more scientific literacy information on climate change will not
likely move citizens to form a different and contrasting opinion from their particular worldview.

The neoliberal ideology can be thought of as consistent with the “hierarchical, individualistic”
worldview that values business and industry. Meanwhile the “egalitarian, communitarian”
worldview aligns more with progressive, democratic, and socialist political orientations. Neither
worldview is complete. We contend that a more balanced, open view of our ecological and economic
systems must be adopted if we are to make progress on climate change. This is necessary because of
the many interdependencies in these tightly coupled systems and because citizen majorities
determine policy.

3. Expanding our Mental Models with Systems Thinking and Stock and Flow Modeling

The mental models of many citizens are overly focused on the human system (an
Anthropocentric view), Box 6 of Figure 1. Of course, our human socio-economic systems are
completely dependent on our natural world, Box 7 of Figure 1. A more complete mental model that
encompasses the important variables involved needs to be expanded to include both our human
socio-economic system and the natural world or the Earth Climate System [11]. However, large
complex systems are difficult to understand and often result in suboptimal performance by decision
makers.

Many dysfunctions in dynamically complex systems are the result of misperceptions in feedback. The
mental models people use to guide their decisions are dynamically deficient. Specifically, people
generally adopt an event-based, open-loop view of causality, ignore feedback processes, fail to
appreciate time delays between action and response and in the reporting of information, do not
understand stocks and flows, and are insensitive to nonlinearities that may alter the strengths of
different feedback loops as a system evolves [16] (p. 305).(
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Understanding the principles of stock and flow modeling allows one to appreciate the operation
of complex systems. Systems can be conceived of and modeled as interconnections of stocks and
flows. Stocks can be used to represent many abstract concepts such as inventory, natural populations,
or accumulations of various amounts. For example, inventory stocks increase through production
(inflows) and decrease through sales (outflows). Underlying equations represent the flows and
determine how the stocks change through time [17]. Figure 2 shows two examples of stock and flow.
In the Population stock example, the Population increases when the births (inflow) exceed the deaths
(outflow). Similarly, if deaths exceed the births the Population stock decreases. If births equal deaths,
then the Population remains in equilibrium. Separate equations typically govern various inflows and
outflows because each is a separate process with their own causes. For example, in the case of the
Global Average Temperature, melting ice sheets would cause more radiation to be absorbed and
would increase the inflow of heat to Earth. Increasing the amount of carbon dioxide in the atmosphere
would cause less heat loss, and thus less outflow. Global average temperatures have continued to
increase because the inflow of heat is greater than the outflow.

» < > Global Average Temp. % »)
inflow, heat outflow, heat
. x > Population Z -
births deaths

Figure 2. Stock and Flow Examples.

3.1. The Climate System, Tipping Points, and Other Complexities

In Figure 1 the connection between the human system and the Earth system is a tightly coupled
ecological and socio-economic system. This means of course that actions in our socio-economic
system affect our Earth system. Energy used by our socioeconomic system that is based on fossil fuels
will add CO:zto the atmosphere. Not visible in this diagram, however, are the many interconnected
and interdependent components or subsystems within the Earth System. These interconnected links
influence each other and beyond some threshold or tipping point will trigger strong reinforcing
feedback leading to nonlinear, rapid change. Several of the most critical tipping points are: (1) melting
perma-frost; (2) loss of Arctic and Antarctic sea ice, (3) water vapor increases, and (4) loss of forest
cover

3.2. Climate Reinforcing Feedbacks

As the Earth system heats, perma-frost areas begin to melt. Once this occurs Methane gas is
released which is a very potent greenhouse gas. This further causes heat trapping in the atmosphere
leading to more permafrost melting and continuing the cycle. Similarly, as ice is lost at the poles, less
ice cover leads to less albedo effect causing more solar heat to be absorbed by the Earth System. This
causes more melting, and the cycle continues. Finally, as tropical forest cover is lost due to higher
temperatures there is less reabsorption of CO2 leading to higher levels in the atmosphere and more
heat trapping.

Reinforcing feedback in the system means that small, global temperature increases can lead to
dramatic changes in the Earth System [18]. Reinforcing feedback and other aspects of complex
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systems such as stock and flow dynamics, nonlinear relationships and time delays make it
exceedingly difficult for people to understand the full consequences of our actions [16]. Figure 3
highlights two important reinforcing feedbacks that can trigger runaway climate change. The ‘+
symbol on the connections indicates the same direction of change, so an increase in global average
temperature leads to an increase in water vapor inflow. As global water vapor increases this leads to
less heat outflow (the ‘- symbol here means opposite direction of change). Alternatively, if global
average temperature were to decrease this would lead to a decrease in water vapor inflow (again the
‘+" symbol indicates same direction of change in the connection).

7 -
Q Global Water Vapor

water vapor

inflow
R, Water Vapor,
Temp -

(:. iy Global Average Temperature

R, Ice Cover,
Temp

- Global Ice Cover > )

R

Heat Inflow heat outflow

+

ice outflow

Figure 3. Stock and Flow Example of Reinforcing Feedback with Climate System.

So, with climate change, as global temperatures increase more water vapor is added to the
atmosphere. Since water vapor is a heat trapping gas, this leads to less heat outflow from the Earth
system. Less heat outflow leads to higher temperatures given the same heat inflow and then of course
more water vapor being added back to the atmosphere in a reinforcing loop.

4. Looking Backward to See Ahead: Learning with a Smaller System Analog, A Fishery Prototype
Model

Since climate change is a global problem affecting the entire planet, there is little opportunity to
experiment with global systems and try different possibilities. Fortunately, we do have historical
results of the many experiences with resource systems that can shed light on potential difficulties that
management may encounter with climate change. Both climate change and fisheries are common
pool resources (CPR). In addition, both climate change, with atmospheric CO:z as a stock, and a
fishery, with ocean fish stocks, can be modeled as a renewable resource where inflows and outflows
need to be managed for long-term sustainability.

The advantages of examining a smaller, tightly coupled ecological, socio-economic system are:
(1) it is easier to understand and communicate the essential decision-making and system structure;
(2) we can examine some of the system dynamics that have made human decision-making
problematic; and lastly, (3) we can examine the current state of global fisheries to inform global
climate change management. In most cases, it is advantageous to examine similar situations and look
at base rates of success so that we can have realistic expectations from the general cases to our specific
problem area [19] (pp. 146-155).
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4.1. A Stock and Flow Model: A Simple Fishery Prototype

A marine fishery is a managed geographic area that is essentially a tightly coupled ecological
and socio-economic system. Economic systems are primarily focused on growth in order to achieve
the best outcomes for society. However, ecological systems are inherently designed for balance,
stability, and long-term sustainability. Since economic systems interface with natural systems to
extract resources and to dispose of waste, there are many interdependencies between these systems
and how the systems interact to ultimately determine long-term behavior.

A stock and flow model based on [20] was used to examine some of the complexities of fishery
management and to identify similarities with and to provide insights for climate change actions.
Appendix A shows the stock and flow model and the interrelationships that drive the long-term
behavior of the system. Appendix B lists the equations behind the simulation.

The first two views of the model, the Ecological view, and the Economics view, are strongly
interlinked with one another and this interconnection gives rise to interesting dynamics. There are
only two stocks involved, the “ships at sea” and the “fish stock.” Renewable resource systems such
as timber or fish harvesting are sustainable if harvesting (outflow) does not exceed regeneration
(inflow). In the Economics view of the simulation, fishers must decide when to add ships. Adding
ships can be justified if it is efficient and profitable (i.e., revenue > expenses). Efficiency, measured as
“catch per ship,” depends on the fish density. The variable “effect of fish density on catch per ship”
has a nonlinear effect on catch efficiency (see Appendix B, equation 11 with graph). Essentially, if the
fish stock level is sufficiently high then fish density is high and thus catch efficiency is high (catch per
ship). When catch efficiency is high, fishing is profitable and there is incentive for fishers to add more
ships. In the short term, profitability, output (catch), and implicitly, employment, all increase,
meaning a positive effect.

The ability to maintain the fish stock at a reasonable level can ensure the long run sustainability
of the fishery. The fishery prototype simulation used here assumes no competition. However, the
actors in economic systems have incentives to maximize profits. The only major decision variable is
the growth rate, how much the decision maker should push for business growth by adding ships.

5. Computer Simulation Results

5.1. Scenario 1: A Profitable Fishery with Low Growth Rates

An overly aggressive business or economic sector can send a renewable resources system to
collapse if harvest rates (outflow) exceed the ability to regenerate the resource (inflow). However, we
address the question of the impact of low growth rates on the fishery system. We run the fishery
model with two scenarios to see how the model responds to a two percent (2%) growth incentive
versus a three percent (3%) growth incentive.

Since business actors make decisions using metrics that take the time value of money into
account, Figure 4 displays accumulated discounted profit over a 30-year time horizon. Additionally,
Figure 5 shows yearly profit over 30 years.
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Long run Accumulated Discounted Profit
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Figure 4. Comparing 2% versus 3% growth on Accumulated Discounted Profit over 30 years.

Fishery Profit Over Time, 30 yrs, Comparing Growth Scenarios

60000

40000

SiYear
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Time (Year)
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Figure 5. Comparing 2% versus 3% growth on Yearly Profit over 30 years.

As shown in the two graphs of profit, more aggressive actions to add capacity (ships) to the
fishery result in greater profits and fishers are thus incentivized to seek higher growth. However, the
short-term profits generated are deceiving because actions by fishers to generate profits can also lead
to overharvesting of the resource. If the boats in the simulation were to mirror multiple fishing
groups, each trying to maximize profits, then this is a typical tragedy of the commons result because
of unconstrained growth against limits [21]. Regardless, even with no additional competition (all
boats are operated by one fishing organization), a single fishing entity can still easily overharvest. In
Figure 5, there is no evidence of overharvesting from feedback on profit for the 30-year period. This
is what makes the renewable resource system (fishery) so difficult to manage. Catch rates and profits
remain high and the status of the fish stock is hard to determine.

5.2. Scenario 2: Longer Timeframes, Profits and Resources

Figure 6 provides a clearer picture of long-term profit for these scenarios. Using the longer time
frame a different and disastrous pattern emerges. Figure 7 shows the underlying impact and
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degradation of the fish stock under the three percent (3%) growth scenario. Unfortunately, this
pattern of overharvesting a renewable resource (the fish stock) happens so often throughout history,
that some researchers have concluded that resources are inevitably overexploited, often to the point
of collapse or extinction [22].

The degradation of the resource happens quietly in the background because there is inadequate
feedback on the status of the Fish Stock. Interestingly, in year 38, profits remain fairly high while the
stock has declined to a dangerous level. This is further described in Appendix B, in equation 11 for
the variable "effect of fish density on catch per ship, NL,” and in equation 19 that shows the important
nonlinear relationship between fish density and fish regeneration (variable = “growth, regeneration
rate, NL”). The full effects of a stock crash from aggressive growth showing all of the important
variables is detailed in Scenario 3 (see Appendix C).

Overall, fishers mainly rely on first-hand knowledge of catch rates (or catch per ship). Since catch
per ship remains high even when the Fish Stock level is below optimal (below 0.5 density), fishers
have no idea the Fish Stock is entering a phase of rapid decline (see Appendix B again, in particular
equations 11 and 19 and graphs). In a managed fishery, convincing fishers to reduce fishing effort is
difficult for fishery managers because fishers have visceral feedback (i.e., they can see the catch on
their ship) and they must weigh that information against fishery scientists’ (abstract) information on
Fish Stock status [20,23]. In decision environments where fishers can appeal to political powers,
political officials are often reluctant to impose strict catch limits or other restrictions on a fishery due
to economic harm to the community and loss of goodwill among voters.

Fishery Profit Over Time, Comparing Growth Scenarios
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Figure 6. Comparing 2% versus 3% growth on Yearly Profit over a Longer Timeframe, 40 years.
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Figure 7. Comparing 2% versus 3% growth on Fish Stock Level over a Longer Timeframe, 40 years.

5.3. Scenario 3: Growth in a Renewable Resource System Inevitably Generates a Crash

In the previous example, fishers were compelled to seek higher profits but the more aggressive
growth at three percent (3%) generated a crash. However, even if a more cautious investment strategy
is employed a crash is still inevitable when there is growth against a resource limit. Figure 8 shows
the result of the more cautious investment at a 2% growth that still generates a resource crash when
the timeframe is extended to sixty (60) years. A similar graph could be generated for 1% growth as
well, with just a longer timeframe until the resource crashes.

Fishery Profit Over Time, Comparing Growth Scenarios, at 60 yrs
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Figure 8. Comparing 2% versus 1% growth on Yearly Profit Level over a Longer Timeframe, 60
years.
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6. From Fishery Prototypes to Global Climate Change Decisions

It is generally a wise strategy to examine the general class of problems to which the specific case
belongs. The basic problem of global climate change refers to actions that harm a common pool
resource. Climate change is caused by too much inflow of heat trapping gases to the atmosphere
(stock) whereas a fishery is harmed by too much outflow (extraction) from the fishery (stock).

The prototype fishery simulation should serve as a cautionary analog or prototype for global
climate change. In both cases, scientists need to convince the decision makers of the dangerous
situation. In both cases, there is delayed information feedback. For example, adding CO: into the
atmosphere does not change the temperature or climate immediately because there are numerous
buffers and delays in the global system. Decision delay in both cases can cause the underlying
problem to worsen and eventually, as tipping points are crossed, lead to reinforcing feedback and to
potential rapid declines and disasters. Table 1 overviews several selected fishery collapses. Typical
problems that contributed to collapse include high natural system complexity and variability, over
capitalized fisheries assisted by state subsidies, management delay and slow political decision-
making, technology used as a tool to accelerate overfishing and harm to the ecosystem rather than
solving the problem [24,25], and poor information feedback on the status of the environment to the
decision makers.

Table 1. Selected Fishery Collapses.

Fishery Collapse Major Causes Sources
Peruvian anchoveta, early High natural stock variability
[26,27]
1970s
Atlanto-Scandian Herring, Numerous issues, state [26]
early 1970s subsidies
North Sea Herring, late  Delay, slow political decisions, [27.28]
1970s difficult stock assessment ’
Atlantic Northwest Cod, Over.ﬁshmg, technol(?gy
stuffing, poor ecological [25]
1992
knowledge

6.1. Initiating Corrections and Rebuilding Fisheries: Lessons for Climate Change

The fact that a number of fisheries have completely collapsed draws attention to the numerous
difficulties with managing a common pool resource. In particular, management and political delay
combined with poor information feedback have led to disaster in some fisheries and these same
conditions are found in the management of global climate change.

In terms of risk assessment, we have additional concerns with climate change. Most notably is
the fact that we have continued to increase carbon dioxide emissions and global society must now
make tremendous reductions in order to get in line with the Paris Agreement. Thus, the current status
of global climate change more closely reflects the current need for rebuilding global fisheries. In a
2009 global assessment of marine fisheries, a study found that 63% of assessed fish stocks required
rebuilding. Since then, a 2012 study reassessed and updated this to 68% of stocks have slipped below
biomass targets for maximum sustainable yield and now require rebuilding [29]. This figure cannot
be ignored. It represents the clearest picture of base rate success (32%) from a large sample of CPR
systems.

Rebuilding fisheries requires sharp reductions in exploitation rates [30] and of course this means
that there will be negative economic impacts in the short term, especially to local communities.
Although significant short-term costs or reduced incomes are associated with rebuilding fisheries,
there is the possibility of success with a proper strategy. A computer simulation of fishery rebuilding
has demonstrated that both long term profitability and sustainability of the resource can be obtained
by following a strict, precautionary policy [31]. The case of rebuilding a fishery follows a “worse
before better” dynamic that is a common principle of complex systems [32].
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Getting citizens to vote for political leaders who will promote policies that require some short-
term sacrifice is a difficult task, especially in cultures dominated by a neoliberalism ideology.
However, it is a necessary precondition to achieve good, long-term results.

6.2. Theory Blindness, Human Cognition, and Risk

The closed-minded orientation of those citizens who embrace a neoliberal ideology, results in
solution aversion where individuals reject actions and new thinking because the solutions run
counter to their fixed ideology [13]. Although proponents of environmental economics insist that we
can implement environmental regulations, carbon pricing and other incentives to reduce our climate
change impacts, the reality is that a significant proportion of citizens will resist any short-term costs
despite evidence for potential long-term benefits.

Currently, a majority of citizens have been conditioned to hold a short termism thinking mode
that has been reinforced in our culture through excessive consumerism, corporate propaganda, and
political campaigning. Meanwhile climate scientists and the scientific community have urged global
citizens to act on climate mitigation. What makes the scientific community assign a higher level of
risk than the general public or business community? The answer to this question may be found in
how humans reason and assess risk.

Our cognitive processes can be thought of as two kinds of reasoning: (1) system 1 is automatic
thinking that takes place subconsciously and very quickly. This type of cognition uses associative
memory and connects related concepts, images, and feelings. An interesting feature of system 1
cognition is that it is always available, and we are not aware of its influence on our thinking; (2) system
2 is our slow, deliberate thinking where we use logic, scientific reasoning, and where we consciously
evaluate information and events, and can encode reality in abstract symbols, words, and numbers.
An interesting feature of system 2 cognition is that it is lazy, and it is not always invoked in our
thinking [19,33].

When decisions must be made quickly, our system 1 cognition makes use of heuristics, or mental
short-cuts. Experts in a particular field often use heuristics effectively. Expert heuristics are
developed based on many years of experience in a relatively narrow, non-random information
feedback area, where they can match cues in the environment to reach good decisions [19] (p. 243).
However, humans also arrive at decisions, often incorrectly, using heuristics (system 1 cognition) in
domains where they have little expertise.

An additional type of mental lock-in centers on affective risk perception [23]. People not only
make risk assessments based on what they think about a situation but also on how they feel about it
[34]. In essence, people often make greater use of intuitive and automatic judgments (system 1
cognitive processing). Specifically, when individuals must make decisions where outcomes are
visceral in nature, they produce strong feelings in the present moment, but those feelings are difficult,
if not impossible, to recall or anticipate (Slovic et al. 2004). Thus, currently experienced visceral factors
have a disproportionate impact on behavior. However, delayed visceral factors tend to be ignored or
severely under-weighted in decision making [35] (p. 240).

In terms of climate change, use of intuitive, automatic modes of thinking would bias people to
weigh immediate, short-term factors, such as economic survival and monetary rewards greater than
longer-term rewards or costs. Climate change impacts are distant in time and space and would be
weighted less or discounted in decision making. This is unfortunate because better economic
outcomes result from both protecting renewable resources in general [31] and also from protecting
our global common pool resources (oceans and atmosphere) from climate change [36]. Indeed, Stern
[36] estimates that a failure to address climate change could cost up to 20% of global GDP.

Ultimately, climate change mitigation is not a politically partisan issue. It is important to all
humans as it affects everyone. A strong business case can be made for stricter regulations that can
appeal to all citizens including those with an individual/hierarchical worldview. A key factor is
changing mental models of citizens to understand long-run dynamics and the win-win nature of a
more balanced and precautionary approach to business through appropriate public policy [37].
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7. Summary and Conclusions: Changing Mental Models

Lessons from history reveal that resources are relentlessly overexploited and often times result
in complete collapse. Researchers have identified two major sources for this behavior: (1) wealth and
its pursuit generates social and political support for its overdevelopment or mismanagement, and (2)
an ability to optimize resource use is simply not achievable due to the overwhelming complexity and
randomness of our complex biological and physical systems [22].

In this paper we first examine the basic structure of the interface between our business and
economic environment and the natural world. The goals of our business world necessitate a drive for
profitability, but our natural or ecological world demands a state of balance. Keeping a long-term
interrelationship between these two systems requires strict limits placed on business activity.
Fisheries management provides an analog and prototype model for the larger issue of global climate
change mitigation. Historical data from fishery management further reveals a basic benchmark or
base rate of success along with a number of cautionary examples of outright collapse. Ignoring base
rates is a sign of optimistic bias and thinking inside your limited mental model [19].

Precaution is clearly needed in resource systems. The need to make dramatic reductions in CO:
output from our socio-economic activity is analogous to our current state of global overfishing.

Incremental changes made by the business sector will not allow global society to meet the goals
of the Paris agreement. Changes to government policy are necessary to nudge business on a path to
more substantial change. Such policies require the support and votes of citizens. Expecting
meaningful progress without these fundamental changes is just wishful thinking.

Proper citizen mental models are integral for understanding the climate change problem and for
taking swift action to reduce further global warming. Many citizen” mental models exhibit two crucial
shortcomings: (1) lack of understanding of complex system behavior and long-run dynamics, and (2)
belief in the neoliberal ideology that views business regulations as harmful to their short-term
financial interests (short-termism).

Changing mental models first requires adding information and education on system dynamics
and system principles along with education on cognitive processing and decision making. This type
of important information should be addressed in both our public-school systems and in higher
education (Figure 1, box 2). Second, we need to address the improper communication of
misinformation and propaganda that is distorting citizens’ thinking. Just as government regulation
required the use of warnings on tobacco products because of harm to the public, a similar warning
should accompany all advertisement and information from fossil fuel companies (Figure 1, box 5).
Third, the use of public service media can be used to communicate the proper direction of  our
economy away from fossil fuel dependence and toward renewable energy (Figure 1, box 8).

Climate change involves a very large set of interacting complex systems with many decision
points and a few potential high leverage points for intervention [4]. One avenue to understand this
complexity is to prototype the climate system and interact with a computer simulation or gaming
environment. Recent research evidence involving over 2,000 participants shows that the World
Climate simulation, C-ROADS, is able to influence participants’ attitudes toward their sense of
urgency about the problem and their intent to act. In fact, those participants who value the
“individualism, hierarchical” world view made the greatest gains in changing their world view
toward more support for climate action [38].

This paper has proposed a second avenue to help convince citizens of the urgency of taking
action to reduce climate change impacts. Use of simple system dynamic models and fundamentals of
cognitive processing can be used directly to educate the public about the need to incorporate effective
information feedback on our natural world and climate system, and the need to nudge our
socioeconomic system onto the proper path.
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Appendix A

Stock and Flow Model of a Simple Fishery (adapted from [20])
Ecological View

TIME STEP
initial fish stock
B
biomass add. new fish
effect of fish density on
catch per ship, NL total catch

growth, regeneration

rate, NL
\ fish density / \ /
catch per ship
max fishery size / / <Ships at Sea>

normal catch per ship

Economics (business) View

b?;f:ifad?e <catch per ship= \

effect of catch per ship on
desire to grow, NL
\ normal desire to grow

growth rate

time to adjust fleet size

inclination to expand fleet

N 58

purchase or retire ships

initial ships at sea

Ships at Sea

goal: desired fleet size t

\. gap (fleet size)
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Appendix A. continued (Profit & Price)

total profit

<8hips at / ‘\std. expense/ship

Sea>

total revenue

Current Mkt Price = G

price changes

initial mkt price \_—/ \
time to adjust
prices
adjusted price
time to avg
catch
<total catch>
smoothed max price

catch info supply(Q)

effect on
p price

Long term Proft View

<Time>
discount rate std. time
Accumulated
Discounted
discounted Fishery Profit
fishery profit
inflow

<total profit>

O — Accumulated
h Fishery Profit

total fishery

profit inflow

Appendix B

Stock & Flow Equations
(01)  Accumulated Discounted Fishery Profit= INTEG (
discounted fishery profit inflow,
0)
Units: $

(02)  Accumulated Fishery Profit= INTEG (
total fishery profit inflow,
0)
Units: $

(03)  adjusted price=
MIN(Current Mkt Price * "supply(Q) effect on price", max price)
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Units: $/fish

Max price keeps the adjustment within a restricted zone of
reasonable prices. Due to competition and substitute products,
prices can only adjust so high. Outside market forces and
competition will drive down the market price, especially with

competition from Aquaculture.

(04)  Dbase case switch=
1
Units: Dmnl
base case =1, and we start the simulation with several vessels
and then allow the investment to start at year 10. other cases =
0, when the switch is set to off, we allow investment from the

start.

(05) "biomass add, new fish"=
"growth, regeneration rate, NL"
Units: fish/Year

(06)  catch per ship=

normal catch per ship * "

Units: fish / ship / Year

effect of fish density on catch per ship, NL"

(07)  Current Mkt Price= INTEG (
price changes,
initial mkt price)
Units: $/fish

(08)  discount rate=
0.1
Units: Dmnl

10% cost of capital, or discount rate.

(09)  discounted fishery profit inflow=
total profit/(1+ discount rate)"(Time/"std. time")
Units: $/Year

(10)  "effect of catch per ship on desire to grow, NL" = WITH LOOKUP (
catch per ship,
([(0,-0.6)-(25,1)],(0,-0.48),(2.5,-0.45),(5,-0.37),(7.5,-0.27),(10,0),(12.5
,0.64),(15,0.9),(17.5,0.995),(20,0.995),(22.5
1),(251)))
Units: Dmnl
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Variable Information Edit a Different Variable
{ame  "affect of catch per ship on desire to grow, NL" All ~ [Accumul
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fype  Auxiliary ~ Sub-Type with Lookup ~ As Graph Search Model adjuste
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Inits |Dmn1 v| Check Units [ Supplementary =" — S
sToup | Lookup: ® €h |
reni
Equat: E | _r-jr_ = 2 ‘ é m‘ : e ‘ Subscripts: \.
= WIT|
LOOKUP| ] G
0 -0.48 T
2.5 -0.45
ook u| 3 A 5.,0.
| |75 -0.27 |
10 0
125 0.64
Funt s s |
17.5 0,995
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JELAY 225 1 L2
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. D 2 4 —_—
.~ |¥-min -0.600000
ommen{ [Y-max  |1.000000 catch per ship
Description:
JExpat a
ITO0TS|
0
—[|:'| | OK Cancel p'_—
(11)  "effect of fish density on catch per ship, NL" = WITH LOOKUP (
fish density,

([(0,0)-(1,1)]1,(0,0),(0.1,0.4),(0.2,0.68),(0.3,0.8),(0.4,0.88),(0.5,0.96
),(0.6,1),(0.7,1),(0.8,1),(0.9,1),(1,1) ))
Units: Dmnl

“... and shown below in graphic mode”
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i
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Inpast | Chutpurt: |
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0.3 04 )
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/f
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Bounds Cilock /
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26000 0
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Y-min |000000
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Description

Even at low density, catch/ship remains high; reflecting gear technology, fish
schooling behavior, and fishers’ skill (in essence the result is delayed
information feedback to decision makers (fishers; See[20]). The break-even
point for ship profitability is 0.1 fish density.

ar it LT

(12) FINAL TIME =40
Units: Year

The final time for the simulation.

(13)  fish density=
Fish Stock / max fishery size
Units: Dmnl

(14)  fish harvest=
MIN(total catch, Fish Stock/TIME STEP)

Units: fish/Year

The fish harvest is equal to the computed catch. However, as the
stock dwindles the biomass is reduced in a smoothed fashion.
Similar to or based on, "all outflows require first order
control," [17] (pp. 545-546). Generically, outflow =
min (desired outflow, maximum outflow), where, maximum outflow =

stock / minimum residence time.

(15)  Fish Stock=INTEG (
"biomass add, new fish"-fish harvest,
initial fish stock)
Units: fish
(16)  "gap (fleet size)"=
"goal: desired fleet size" - Ships at Sea
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Units: ships

(17)  "goal: desired fleet size"=
Ships at Sea * (1 + inclination to expand fleet)

Units: ships

(18)  growth rate=
0.1
Units: fraction
base rate = 10% rate of growth' ... can be used for sensitivity

analysis.

(19) "growth, regeneration rate, NL" = WITH LOOKUP (
fish density,
([(0,0)-(1,600)],(0,0),(0.1,50),(0.2,100),(0.3,200),(0.4,320),(0.5,500),
(0.6,550),(0.7,480),(0.8,300),(0.9,180),(1,0) ))
Units: fish/Year
“... and shown below in graphic mode.” Note: this also corresponds with the expected
relationship between surplus production and biomass for the simple Schaefer biomass dynamic

model [27] (p. 300).

Variable Information Edit a Different Wariable

lame "growth Lookup: X lery Pm
lype ffllla E | "-i = o | é’r m ‘ Subscripts: -
Inits [fish/ve,
. e ol Input | Output
iroup | fisheri [0 [ e 400
- =) 0
Equations i |01 B
= WITH e 1o 500
O0KUP | 02 200
0.4 320
0.5 500
L 0.6 550 400 L
ook up (o (e 430 2
a0 300 =
09 180 Z 200
7 0 = | -
Functions
\BS z
JELAY FIXED .
JELAY1
JELAYI1I 100
JELAY3 Bounds [JLock
fi:‘“”l XMin |0.000000
= 000000 1}
[F THEN ELSE :M?x :)DDDDDD 0 0.1 02 03 04 0.3 0.6 0T 08 09 1
-min .
[:TEGER Yomax £00.000000 fish density
MAX | Description:
omment
J Expand _ -
0K Cancel |

rrors: Eguatic

(20)  inclination to expand fleet=
normal desire to grow * "effect of catch per ship on desire to grow, NL"
Units: Dmnl
(21)  initial fish stock=
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3750
Units: fish

(22)  initial mkt price=
200
Units: $/fish

(23) initial ships at sea=
10
Units: ships

(24) INITIAL TIME =0
Units: Year

The initial time for the simulation.

(25)  max fishery size=
4000
Units: fish

(26)  max price=
400
Units: $/fish

(27)  normal catch per ship=
25
Units: fish/ship/Year

(28)  normal desire to grow=
IF THEN ELSE(base case switch, 0+STEP(growth rate, 11), growth rate)
Units: fraction

growth rate = 0.10 or 10% in the base case.

(29)  price changes=
(adjusted price - Current Mkt Price)/time to adjust prices
Units: $/fish/Year

(30)  purchase or retire ships=
"gap (fleet size)" / time to adjust fleet size

Units: ships / Year

(31) SAVEPER =
TIME STEP
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Units: Year [0,?]
The frequency with which output is stored.

(32)  Ships at Sea= INTEG (
purchase or retire ships,
initial ships at sea)

Units: ships

(33)  smoothed catch info=
SMOOTHI(total catch, time to avg catch, total catch)
Units: fish/Year

(34)  "std. expense/ship"=
2500
Units: $/Year/ship

(35)  "std. time"=
1

Units: Year

(36)  "supply(Q) effect on price" = WITH LOOKUP (
total catch/smoothed catch info,
([(0.8,0.8)-(5,2)],(0.0366748,1.1),(0.268949,1.05),(0.525672,1.02),(1,1
),(1.50367,0.968421),(2.01711,0.947368),(2.02934,0.940351),(2.31051,0.933333
),(3,0.9),(4,0.89),(5,0.89) ))
Units: Dmnl
The supply effect on price is moderate. The market for fish is
constrained by outside forces, substitutability, and other

regional markets. \!Dmnl

(37) TIMESTEP =1
Units: Year [0,?]

The time step for the simulation.

(38)  time to adjust fleet size=
1

Units: Year
(39)  time to adjust prices=
1

Units: Year

(40)  time to avg catch=
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2

Units: years

(41)  total catch=
catch per ship * Ships at Sea
Units: fish / Year

(42)  total fishery profit inflow=
total profit
Units: $/Year

(43)  total profit=
total revenue - ("std. expense/ship" * Ships at Sea)

Units: $/Year
(44)  total revenue=

total catch * Current Mkt Price
Units: $/Year

Appendix C. A Fishery Collapse from Aggressive Growth, 15% growth

1. Fish harvest g Fish
",l / 2. Biomass, add new 4. Ships
/
\ / / An Uregulated Fishery Collapse: growth at 15% /
4000 1200
]'| 1000
3000
800
5 2000 600 =
. g
400
]
- 200
-
0
0 2z 16 18 20
Time (¥ear)
Rish Stock (fish) - growth Spercent —— Ships ar Sea(ships) : growthiSpercent *
—— "biomass add, new fish® (fish/¥ear) : growth1Spercent catch per ship (fish/{¥ear*ship)) - growth15percent®
Tish harvest {Tishrvear) ; growih 15percent

Appendix C, Figure C1: An Unregulated Fishery Collapse, Aggressive Growth Rate, 15%.

Additional Behavior Mode: An Aggressive Growth Rate, 15%

Once the stock level declines to a point where the fish density is below 0.5 (in Appendix B,
equation 19), this leads to a lower inflow to the Fish Stock. If the inflow to the Fish Stock falls below
the outflow (fish harvest) then this leads to a further decrease in Fish Stock and fish density, which


https://doi.org/10.20944/preprints202402.0592.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 February 2024 doi:10.20944/preprints202402.0592.v1

22

then leads back to a lower Fish Stock. Once the tipping point is reached and the reinforcing feedback
loop is triggered, the stock decline can happen very quickly.

Additional Details: This simulation run begins with ten (10) ships. In year 6, the fishery grew to
twenty-three (23) ships and in year 12 there were fifty-three (53) ships. An aggressive growth strategy
adds ships (capacity) too quickly and it results in too high of a fish harvest. The fish harvest (outflow
from the Fish Stock) exceeds the addition of new fish (inflow to the Fish Stock). Since outflow exceeds
inflow, the Fish Stock declines and then collapses. (this scenario closely mirrors Morecroft’s [20] base
case crash). Ships are added even as the collapse is evident. This is due to a delay in feedback on stock
status and delay in implementation.
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