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Abstract. As climate change increasingly impacts natural
systems and living conditions all over the world, it be-
comes even more important that members of the public
understand the probable course of climate change, its im-
pact on world-wide and local ecology and living condi-
tions, and the extent to which mitigation measures can al-
leviate that impact. Researchers can contribute to this by
developing simulation models of the course and impacts
of climate change, and make them available to the general
public, packaged with a user-friendly interface and pro-
gressively detailed information.

This paper introduces MyWorld, a simulation-based game
that enables the player to experience the course and im-
pact of climate change and to experiment with potential
mitigation measures. The freely available game aims at fa-
cilitating a better understanding of the probable progres-
sion of climate change and its impact on living conditions
in the world in general and specific countries in detail.

Introduction

Climate change increasingly impacts all areas of human
existence, including such diverse fields as urban infra-
structure systems and housing [1], century-old cultural
heritage assets [2][3], medicine and human health [4],
and agriculture [5]. With the range and velocity of cli-
mate change increasing, it becomes even more important
that the general public understandsitsimpacts and poten-
tial remedies.

Here, simulation can help. Wrapped in a user-
friendly game-like environment, a (simplified) simula-
tion model of global climate change and its impacts on

living conditions, broken down to auser’slocal environ-
ment and extended by estimates of the effectivness of
mitigation measures, can increase the awareness of
changes ahead and improve decision quality regarding
potential changes in economy, societal organization, and
persona lifestyle. To reach those goals, amodel does not
have to be as precise as an analytical simulation for the
validation of real-world decisions and strategies. In re-
turn, players have no patience to wait for hours for the
conclusion of asimulation run—an underyling simulation
model has to be fast, even at the cost of precision.

This paper presents the MyWorld simulation-based
game [6] aimed at facilitating a better understanding of
the probable progression of climate change and itsimpact
on living conditions in the world in general and specific
countries in detail, as well as the effect of potential miti-
gation measures on those living conditions. The game
presents the players with a visualisation of the course of
climate change in any specific country, gives them the
opportunity to experiment with mitigation measures, and
simulates the impact of those measures on the CO2 bal-
ance and the further course of climate changeitself. Play-
ing the game thereby raises awareness of climate change
impacts, potential mitigation measures and their effects
and interdependencies.

Literature describes a number of serious gamesin the
area of climate change and sustainability (for an over-
view, see Stanitsas et al. [7] or Gerber et al. [8]). Only a
minority of approx. 10 % of those primarily aim at raising
awareness [8], many of the others are more oriented to-
wards strategy design [9], collecting data [10][11], or di-
rect behavioral change [12]. Some are table-top games
without computer support [9][13][14][15], while others
are at least partially computer-supported [10][12][16]
[17]1[18][19][20]. Many of those examine specific (sub-)
systems, like water management [17][19], household en-
ergy efficiency [12], and cultural heritage protection
[20].
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A few of these serious games warrant a closer exam-
ination: Van Pelt, et a. [17] describe a simulation-based
game aimed at conveying the inherent uncertainties of
climate changein the area of water management to expert
stakeholders; their experimental setup includes ex ante
and ex post surveys and control groups. They conclude
that simulation-based games can be valuable in support-
ing the communication of climate change uncertainties.

The game proposed by Gangollels, et a. [12] aims at
facilitating behaviora change in the area of household
energy conservation, specificaly at affordable housing
communities. Based on their observations, they identify a
significant potential for greenhouse gas savings that could
be realised by individual behavior change. They propose
to facilitate that behavior change by exposing members of
the general public to a simulation-based game.

Bontchev, et al. [20] examine, based on the example
of their own computer-based game, what factors robustly
contribute to the awareness of climate resilience, espe-
cialy inthe areaof built heritage sustainability. They find
that learnability factors, e.g., ease of understanding the me-
chanics and gameplay, consistency in its mechanics, and
direct feedback to a player’ s actions, contribute strongly.

De Kraker, et a. [19] propose the usage of a multi-
player game to foster social learning, based on an exam-
ple of river water management. They find that the game
facilitates a convergence of perspective in stakeholders
from various backgrounds especialy if the simulation
model’s mechanics and intermediate computational re-
sults — and therefore, by extension, the underlying inter-
dependencies of the real-world system —are clearly com-
municated and not hid as a black box.

Based on that — admittedly, non-comprehensive — lit-
eraturereview, there seemsto be aresearch gap regarding
an awareness-raising game that covers the whole climate
system and allows players to experiment with the impact
of mitigation measures as they are discussed in palitics
and media. The review also showed that a smulation-
based game should be clear about the underlying model’s
mechanics, should contain information on any sub-sys-
tem and parameter that can be accessed by aplayer if they
desire so, and should expose the player to direct feedback
regarding every decision they make. The MyWorld game
aimsto fill that gap.

The paper continues with a short introduction to the
MyWorld game as seen by the user (Section 1), followed
by adescription of the underlying simulation model (Sec-
tion 2). It concludes with some thoughts on the context
the game can be used in and an outlook on further re-
search (Section 3).
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1 The MyWorld Game

MyWorld offers anumber of main views on the develop-
ments and dependencies of the underlying climate
change model; it tries to convey to the user a sense of
what those developments might actually mean to them
and their local context. The main views are aworld map
and country information, a local and global ‘climate
press’, the CO2 balance of the world or specific coun-
tries, and the mitigation measures selected by the user.
While aimed at being easily understood by novice users,
MyWorld aso puts a focus on offering detailed infor-
mation on all aspects of climate change.

The game can be downloaded freely fromitsweb site [6].

1.1 World Map and Country Information

The first major view depicts a world map on which the
player can select a country. Detailed data on that country
will be shown in the country data area on the right of the
map (see Figure 1). A date dlider enables the player to
select a year — between 1960 and 2100 — for that they
would like to examine data. Beneath the data slider an
info area depicts in what years, given the current set of
parameters and mitigation measures, the model estimates
that global temperature will break the 2 °C, 3 °C, 4 °C,
and 6 °C thresholds.

The country data area provides a wide range of both
world-wide and country-specific data for a selected year,
including population data, CO2 emitters, energy produc-
tion, societal and humanitarian factors, climate- and
weather-related data, ecologic and economic data. Each of
these items provides an information button revesling pro-
gressively more detailed information of the parameter and
the underlying interdependencies, and a thumbnail-sized
graph that depicts its development over time. The graphs
can be expanded for each variable for closer examination.

1.2 Climate Press

To increase the degree of immersion and to give a better
understanding of course and impact of climate change as
well as the effect of mitigation measure, MyWorld in-
cludesa‘simulation’ of both local and regional press ar-
ticles. These*articles’, for any combination of simulation
time, selected country, and selected mitigation measures,
give asummary of current developments world-wide or.
Technicaly, these ‘articles’ are composed out of simple
boilerplate text modules based on the current develop-
ment of the simulated climate and living conditions at
any point in simulation time.
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Figure 1: A screenshot of MyWorld showing a world map with the active country (left, Austria), a date slider (right at the top) and a
number of world-wide and country-specific data points (right, bottom) regarding the active country at the specified point in time.

Thisisasignificantly shortened example of the ‘ news ar-
ticle' localized for Germany for the year 2030 with some
activated mitigation measures:

“Germany wants to be climate neutral by 2045 — By
2039, a 75 % reduction is targeted. Food and tabacco
industry, chemical industries, agriculture and livestock,
and cement manufacturing will be equipped with filters
for carbon capture and storage of 75% of all emissions.
Power generationwill be CO2eq-free by 75%, with at least
901 TWh CO2eg-free energy generated. For this purpose,
at least 128,742 wind turbines or 64 nuclear power plants
arerequired. The purchasing power of the population will
be reduced by 5.8%.”
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1.3 CO2 Balance

For each point in simulation time, as indicated with the
date dlider, the game depicts the CO2 balance resulting
from the currently simulated climate system, including
the mitigation measures selected by the user (see Figure
3). MyWorld distinguishes between al major carbon
sources and sinks, including oceanic CO2 uptake, hu-
man-caused emissions and carbon capture and storage
(CC9), photosynthesis, freshwater, weathering, vulcanic
eruptions, aswell as other natural sources. The game also
summarizes whether the CO2 level in the atmosphere un-
der the given conditions is growing or shrinking, i.e.,
whether the mitigation measures selected by the user are
sufficient to stop climate change in the long run.
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Figure 2: MyWorld offers both word-wide and local ‘news articles’ regarding the course and impact of climate change and

the effect of user-selected mitigation measures.
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Figure 3: A screenshot of MyWorld showing the flow of CO2 equivalents for a selected country and point in time as a sum
of the flows to and from, among others, the oceans, human activities, freshwater, photosynthesis, and CCS activities.

1.4 Mitigation Measures

MyWorld offers its users the opportunity to define and
implement mitigation measuresat any point in simulation
time and enables them to investigate how these measures
might influence the further course of the earth’s climate.
As a starting point for tinkering, the model presets the
measures that various nations agreed upon as part of their
Nationally Determined Contributions (NDCs). To be eas-
ily understood, measures form English sentences, e.g.,
“For Australia, phase out CO2e down to 0.1 times the
value of 1990 by the year 2040, starting in 2025.”

2 The MyWorld Simulation Model

To be of use in a near real-time game environment, the
simulation model has to be executed fast, therefore put-
ting limits on its complexity and preciseness. Simplifica-
tions are justifiable, as the model is not aiming at evalu-
ating real-world decisions and strategies for their effec-
tivenessand efficiency, but to give the user animpression
on what impact climate change might haveon their living
conditions, and what effect mitigation measures might
have on the further course of climate change.
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Figure 4: A user can define mitigation measure by selecting a country (or the world) and composing the elements of an
English sentence from text elements. An example would be: “For Australia, phase out CO2e down to 0.1 times the

value of 1990 by the year 2040, starting in 2025.”
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The following sections first describe the sources of
the utilized data, then the basic simulation model based
on a set of difference equations [21][22], and finally de-
tails the way potential mitigation measures selected by
the user are integrated with the calculations.

2.1 Data and Constant Sources

For the MyWorld climate model, only data and constants
from reputable data sources such as the UN, IPCC,
WorldBank, or Our World in Data, are used. A separate
view enumerates the sources of al data, including where
to find them on the internet (see Figure 5). As with most
complex models, experts disagree on some of the con-
stants, such as certain demographic indicators. These
constants can be adjusted by the player to suit their needs.
The following paragraphs exemplarily describe some of
the most important data series, their sources, and the way
of integration with the MyWorld model.

The COZ2e-level in the atmosphere is continuously
measured by NOAA [23]. CO2e stands for “CO2 equiv-
alents” and contains the greenhouse gases listed by the
International Panel on Climate Change (IPCC) [24], pri-
marily water vapour (H20), carbon dioxide (CO2), me-
thane (CH4), nitrous oxide (N20) and ozone (O3) aswell
as entirely human-made greenhouse gases, such as halo-
carbons and other chlorine- and bromine-containing sub-
stances, like sulphur hexafluoride (SF6), hydrofluorocar-
bons (HFCs), and perfluorocarbons (PFCs).

Data on the ener gy mix per world region is collected
by Our World in Data[25], albeit incompletely. Some of
the data series show erratic trends, which is due to the
fact that the data sets are incomplete. MyWorld estimates
the future energy demand of anation based on the current
energy consumption per inhabitant. This method isinher-
ently inaccurate as it does not take into account whether
energy consumption per capitawill increase or decrease.
The current trends are diverging for different nations, so
that an exact prediction seems hardly possible.

Current and future population numbers and birth
rates per region are estimated by the UN Department of
Economic and Social Affairs [26]. While the estimates
by principle cannot be exact, the UN data collection is
generally seen asthe most reliable available.

Types of landscapes, especially percentage of tree
cover, are monitored by the OECD [27]. MyWorld mod-
els changes in land cover as a simple function of devia-
tion of temperature to the historical mean. This approach
isvery simplistic becauseit does not consider geography,
global flow systems, or peculiarities of different nations.
Predictions on local levels can therefore be inaccurate.

2.2 Basic Model

Climate change will have a significant — potentially dev-
astating — impact on future living conditions. That said,
the authors of the game want to avoid MyWorld present-
ing an overly pessimistic view of the future.

& Earth

File Info

Infarmation World Map World Climate Press Loeal Press Netflow Made
b g T © Amount of green energy
Climate
COze-lovel 1CO2e

tC02e

tCO2e

tCO2e

tCO2e

tCO2e

CO2e uptake forest

tC02e

© CO2e uptake by forests

natural overall CO2e uptake tCO2e natural COZe uptal

unavoidable rest emission  1CO2e

cluding forests

B Unavoidable rest emission

Measures

2040 4°C2046 6°C2057 @

2260667 B tCO2e
negative Emissions 0tCD2e

€O2e upta

4010593 B 1CO2e

overall COZe uptake 629,126 B 1CO2e B
unavoidable rest emission  1.7625 B tCO2e
¥ Ecology

Trea cover 403233 M sgqkm

35

Grassland 14,1688 M sqkm

Wetland 18501 M sgkm

Shrubland 129006 M sqkm

Sparse vegetation 10.5626 M sqkm

Cropland 24,9852 M sqkm

Constructed area 7845 K sqkm

Arid area 21.3832 M sgkm
Calculate

Inland water 3.4264 M sgkm

NENAREE

Figure 5: MyWorld informs the user on data used in the underlying climate model, including data sources.
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The game therefore estimates the impact of climate
change on natural systems and living conditions on the
conservative side, turning optimistic when modelling the
capacity of nature and society to mitigate the impact and
to adapt to it.

The underyling simulation model employs an itera-
tive difference equation system [28]. The system calcu-
lates the values of approx. 60 variables with an increment
of one year from 1960 up to 2100. The variables come
from the fields of population, climate, energy, CO2 emit-
ters, society, ecology, and economy, and are explained to
the player in detail. An individual difference equation is
defined for each variable, which alows the most proba-
ble extrapolation of the value curve. Some eguations use
heuristics and constants taken from publications of the
highest available quality, as described above. The histor-
ical variables collected from the data sources arein some
cases used to adjust the parameters of the heuristics as
well as possible, given the goals stated above regarding
erring on the positive side.

All equations and heuristics can be controlled and
partially changed in the ‘“Model’ view (again, see Figure
5) by the user. That view also indicates for each equation
whether it is based on historical data, is generated by a
reliable approximation method, or consists of a plausible
but basically uncertain estimation.

The predictive significance of iterrated differential
equations decreases with increasing t [29]. Therefore, as
already described, the MyWorld simulation model used
does not produce exact predictions of the future. Rather,
it isaimed at creating plausible scenarios and develop-
ments that give the player an understanding of dependen-
cies in the world climate system and the general impact
of climate change on their future living conditions.

2.3 Mitigation Measures

Asits main gaming element, MyWorld allows the player
to define their mitigation and adaptation strategy by de-
fining countermeasuresin the ‘Measures’ view.

For this purpose, the player can switch on and off the
default measures committed by individual countries or
change their parameters, such as percentages or time tar-
gets. In additional information boxes, the player can find
out how binding the commitments of the nations are, e.qg.,
whether they are anchored in law or merely non-binding
declarations of intent.

TN sne 33(2) - 6/2023

In addition to those default measures, the player can
define their own measures by influencing the course of
certain variables. For example, they can stipulate that a
particular nation will reduce certain emissions by afixed
factor by a certain date. Depending on the adjustment of
the mitigation measures, the simulation engine cal cul ates
a new course for al variables and adjusts all views ac-
cordingly. As aresult, the player can develop an under-
standing of which measureswork how well, and how am-
bitious the world's mitigation measures have to be to
avoid negative impacts on living conditions and natural
systems. That didactic effect includes al so an understand-
ing of the timeframe in which certain measures have to
be implemented in order for the entire ecological and so-
cietal system to thrivein the upcoming decades.

The following model variables can be modified by
user-defined measures:

Birth rate: MyWorld assumes that human-induced
climate changeisdirectly related to the number of people
living on earth. If the user does not modify this variable,
the model assumes the UN-predicted birth rates [26].

Death rate: The death rate, along with the birth rate,
is also an important factor for the size of the world pop-
ulation. Unmodified by the user, MyWorld assumes that
the death rate stays at the level of 2020.

State Fragility: The Fragile State Index [31] is a
measure of a nation's internal security. By default, this
factor assumes changes in fragility dependent on the de-
velopment of the nation's gross domestic product.

Gross Domestic Product: The gross domestic prod-
uct isameasure of anation's productivity and thus of the
standard of living of its citizens. By default, MyWorld
adapts the gross domestic product dependent on the mean
annual temperature of a nation.

Forestation: Forested areas are an important factor
influencing the removal of CO2 from the atmosphere. If
a user changes this factor by planning (de-)forestation
campaigns, MyWorld automatically adjusts the land use
of the nation. This means that the other landscape types
(i.e., grasdand, wetlands, shrubland, desert, sparse vege-
tation, and cropland) are adjusted so that the total area
remains unchanged. Without specific measures present,
thisfactor isderived from the temperature-dependent uti-
lization model.

CO2e per capita: In MyWorld, thisfactor is the cen-
tral control variable for influencing the CO2e balance of
anation. More detailed factors, such as the energy mix or
the mix of emitters, cannot be influenced directly by the
user, as only insufficient models exist describing how
changes in more detailled factors affect a nation.
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Negative Emissions: Thisfactor indicates how much
CO2e is removed from the atmosphere by human activi-
ties. For such a carbon capture and storage strategy, var-
ious methods are potentially feasible. However, currently
there are no significant capacities of negative emissions
[32][33], so they are assumed to be zero by default. Since
it is aso currently unclear whether and when such pro-
cesses could be used on aglobal scale, MyWorld does not
make any pre-assumptions but leaves them to the player
to schedule.

MyWorld does not prescribe in detail how targets set
by mitigation measures are achieved, or why the targets
might be feasible or unfeasible to reach. For many of the
mentioned variables (e.g., forestation, negative emis-
sions, and state fragility) no detailed understanding of
their feasibility of implementation or impact on the
course of climate change exist yet.

However, to get a better understanding of the course
and impact of climate change, it is sufficient to show to a
user what might happen if certain targets are reached or
not reached — independent of the means of their imple-
mentation.

3 Conclusion

This paper presented MyWorld, a simulation-based com-
puter game that aims at facilitating a better understanding
of the progression of climate change and its impact on a
user’s regional living conditions, as well as the effect of
potential mitigation measures on climate change and
those living conditions. The paper described the game
both from the user’ s point of view aswell asthe underly-
ing simulation model.

The simulation model has been developed, imple-
mented, and verified. A user-friendly graphical interface
has been developed, giving users access to the model pa-
rameters and results. The game now is ready for exten-
sive evaluation with stakeholders. In further research
steps, the game will therefore be co-evaluated with uni-
versity students from the earth sciences, municipa cli-
mate protection managers, other stakeholders, and the
genera public.
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