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ABSTRACT

This paper uses the system dynamics approach to model the changes in oil price prospects in the framework of the
shared socio-economic pathways (SSP) climate scenarios proposed by the Intergovernmental Panel on Climate
Change (IPCC) until 2100. This theoretical structure connects the primary feedback mechanisms: supply, demand,
and price. The determining factors of most tremendous significance in the supply sector are the Organisation of
Petroleum Exporting Countries (OPEC) and non-OPEC production levels. The production targets set by OPEC
are indicative of its market management policies and are significantly influenced by the actions of its key members.
The oil price indicates a cyclical relationship with the oil supply of significant players. The determination of global
oil demand in the demand section is based on various climate scenarios presented in the IPCC report. The
fluctuation of Brent oil prices over time can be linked to the disparity between supply and demand. According to
the model outcomes, the price of oil will be projected to decline to $20 per barrel by the year 2100 if the
sustainability policies outlined in the SSP1 framework are implemented. However, in the alternative scenarios of
SSP3, characterized by regional competition, and SSP4, characterized by heightened inequality and competition,
oil prices are anticipated to rise to $100 per barrel. In the context of the SSP5 scenario, which posits a path of
economic and social development reliant on the consumption of fossil fuels, the price of oil displays a declining
pattern after a period of relatively higher prices. The peak oil prices within the Intergovernmental Panel on Climate
Change (IPCC) scenarios exhibit significant variation based on their Representative Concentration Pathways
(RCPs).
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1. Introduction

Due to the concern of the world community about global warming, the efforts to adopt policies
to manage the demand for fossil fuels, especially oil, have been expanded as one of the main
factors of the aggravation of climate change (Meinshausen et al., 2009). A decrease in oil
demand can cause a decrease in oil prices in a short time (Jaccard, 2005). As the prices of oil
rise, the quantity of oil exploration operations leads to higher levels of greenhouse gas emissions
(Harstad, 2012). Low oil prices are a barrier to production (Aghion et al., 2016). Many studies
show that the transition from fossil fuel consumption to renewable energy is critical to reducing
the impacts of climate change (Portner et al., 2022). The energy transition is predicted to lead
to a long-term decline in oil demand, putting downward pressure on prices (Mercure et al.,
2018).

The competitiveness and speed of adoption of alternative sustainable energy sources, such as
electric vehicles, can be affected by oil prices. Rising costs associated with oil contribute to the
increasing attractiveness of other clean energy sources. On the other hand, the decrease in the
price of oil increases the continuous use of conventional fuels dependent on oil (Linn et al.,
2014). If it has not happened yet, the peak of oil consumption may happen in the next two
decades, subject to implementing policies to deal with climate change and sustainable energy
developments (IEA, 2022). Finally, the relationship between oil prices and climate change
influences the dynamics of supply, demand, and other oil market variables. (Portner et al.,
2022).

In the international oil market, supply and demand are connected to determine the price while
maintaining a state of equilibrium. Economic growth and development are the most influential
forces behind increased demand for crude oil worldwide. According to studies, oil demand
significantly correlates with GDP growth (Hamilton, 2014). Oil demand is more sensitive to oil
price changes in the long run than in the short run because consumers need more time to react
to changes in oil demand (Csereklyei et al., 2016). On the supply side, OPEC and key non-
OPEC producers, such as Russia, have the market power to moderate global production and
influence prices (Behar & Ritz, 2017). Finally, the imbalance between supply and demand
causes oil price fluctuations. Faster demand growth than supply increases the price (Fagan,
2020). Overall, the interplay between changing supply and demand dynamics is a key
determinant of global oil price changes, and understanding these fundamental market forces
provides insight into the outlook for oil price changes (Baumeister and Kilian, 2016). This

article uses the system dynamics approach to analyze the possibility of oil price changes in the
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IPCC climate scenarios. System dynamics is a method for modeling and simulating complex
systems and problems over time. It was developed in the 1950s by Jay Forster at the
Massachusetts Institute of Technology. The key concept of this method is that systems can be
modeled using feedback loops, state, and flow, which represent the non-linear dynamics of
system (Forrester, 1968).

Because of the complexity of system dynamics models because of interdependencies,
interactions, information feedback, and nonlinearity, testing different scenarios, policies, and
decisions, the possibility of learning about complex systems through interactive simulations can
be useful (Sterman, 2002). In system dynamics, a problem, such as oil price forecasting, is
modeled as a system with state variables, flow, feedback loops, and nonlinearities. System
dynamics is important for understanding oil price dynamics and making useful predictions.

Oil price changes under IPCC climate scenarios have been studied in this research. The
Intergovernmental Panel on Climate Change published updated scenarios in the 2022 Sixth
Assessment Report, Shared Socio-Economic Pathways. These scenarios provide frameworks
for modeling different climate change mitigation pathways in this century (Portner et al., 2022).

Climate scenarios are divided into five categories in common social and economic path
scenarios. In SSP1, sustainability policies support renewable energy, thus reducing oil demand.
It puts pressure on the oil price. SSP2 reflects the middle path toward implementing climate
policies and means a gradual reduction in oil consumption and relatively stable prices. SSP3
represents the spread of regional conflicts and nationalism, followed by increased oil demand
and price. SSP4 shows high inequality within and between countries. Oil prices may fluctuate
depending on economic instability. Under SSP5, oil consumption remains high due to fossil
fuel development policies, keeping prices high (Behar and Ritz, 2017; Kikstra et al., 2022).
However, the IPCC scenarios have limitations. These scenarios do not consider the short-term
cycles, shocks, and structural failures that shape oil prices. In this research, according to the
changes in oil demand in different climate scenarios, the outlook for oil changes has been

evaluated as a system dynamics model (Riahi et al., 2017).

2. Literature review

Oil is one of the most essential commodities in the world, and fluctuations in oil prices have
wide-ranging economic, geopolitical, and environmental effects. Therefore, predicting the
prospect of accurate changes in oil prices is very important (IEA, 2022). However, due to the

high dependence of oil prices on geopolitical events and the behavior of significant market
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players, it is tough to accurately predict oil changes in the long term. Of course, this has not
caused different mathematical tools not to be used to model the behavior of oil prices. These
models can be useful in many cases despite the simplifications considered. The literature review
section attempts to provide a comprehensive literature review of modeling approaches to predict
oil prices, especially climate policy scenarios.

Various quantitative and qualitative methods have been used to model and predict oil prices.
These methods include system dynamics models, econometrics, computational simulation,
statistics, machine learning, or multiple techniques. Each approach has relative strengths and
weaknesses based on the representation of market structures, predictor variables, and basic
assumptions. In the literature review section, the features and applications of these modeling
approaches are evaluated with a focus on dynamic systems models.

System dynamics modeling is a method to understand the dynamic behavior of complex
systems over time and provides nonlinear feedback relationships between variables in a system
in the form of state, flow, and auxiliary variables (Sterman, 2002). System dynamics models
are widely used to model the dynamics of the oil market and predict its price by using feedback
loops between the key variables of supply, demand, inventory, capacity, and geopolitics to
endogenously model the oil price (Mashayekhi, 2001; Rafiq et al., 2016; Samii and Teekasap,
2010). Greenman et al. (1994) integrated physical and economic factors affecting oil markets,
such as resources, cost, technology, economic growth, and geopolitical issues. Hosseini et al.
(2016) showed structural complexity in oil price dynamics using systemic models in his article.
Rafieisakhai et al. (2016) evaluated the impact of different variables on market mechanisms by
modeling the oil supply sector, including actors such as OPEC, non-OPEC, and American Shell
Oil, and the demand, including sectors such as transportation and industry. Various studies have
demonstrated the ability of system dynamics models to reproduce historical price, supply, and
demand trends (De la Fe Lopez-Dominguez et al., 2011; Rafieisakhaei et al., 2017). Hosseini
et al. (2021) and Samii et al. (2010) argue that the integrated structure of system dynamics
models can well represent the complex interactions between economic policies, technological
changes, and market geopolitics. However, limitations, such as not considering some aspects
of the real world, the need for computational resources in accurate and large models, and real-
world simplifications in system dynamics models, make it difficult to accurately predict real oil
price changes.

Econometric models estimate economic relationships and predict results using statistical

methods. Many econometric techniques have been used to analyze and forecast oil prices, such
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as time series models, autoregression, sequential autoregression of random variables, and
GARCH!. Econometric models use statistical methods of statistical estimation in a large set of
data, mostly used for short-term price prediction in financial markets (Bashiri Behmiri and Pires
Manso, 2013). However, econometric models are limited in representing structural
complexities, feedback effects, and irregular events compared to simulation approaches and are
highly dependent on the quality of input data.

Considering the limitations of system dynamics and econometric models, some models have
developed hybrid models by combining system dynamics and econometric methods to predict
oil prices. The main goal of developing these models is the simultaneous use of feedback loops
and statistical estimation of econometric models and data analysis (Rafieisakhaei et al., 2017).
These hybrid models increase the accuracy of predictive analysis compared to pure system
dynamics or econometric approaches. The basis of system dynamics provides a strong
theoretical framework that shows the interdependencies and dynamics inherent in the oil
market. Econometric analysis strengthens the validity of the model using statistical methods.
However, challenges in effectively integrating different approaches and their potential
incompatibility still need to be addressed.

Large-scale computational simulation models have also been widely used by organizations
such as the Energy Information Administration, the International Energy Agency, and OPEC
to model global energy markets for policy forecasting and analysis. These models simulate the
oil market and estimate prices based on accurate physics, technological, economic, and
geological data with high computing power (Huntington et al., 2013). As an example, the global
energy model of the International Energy Agency shows the economic interactions between
demand, supply, prices, and other macro variables under various assumptions and limitations
(Lee, 2021). These large computational models incorporate extensive data detail and represent
multiple market actors and constraints. Their scale makes it possible to assess the precise effects
of events and policies on sectors, regions, and stakeholder groups. However, their complexity
can reduce model dynamics, make calibration challenging, and require extensive computational
resources.

Beyond the dominant models, some studies have used alternative techniques to analyze and
forecast oil prices, such as machine learning, gray, and factor-based models. Machine learning

approaches such as artificial neural networks have been applied to detect nonlinear patterns in

! The generalized autoregressive conditional heteroskedasticity
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oil price data (Bashiri Behmiri and Pires Manso, 2013; Xiong et al., 2013). While providing
good complementary capabilities, these alternative methods have a weaker economic basis than
other modeling methods.

In addition to quantitative modeling approaches, qualitative methods and experts' opinions
have also been investigated in oil price forecasting processes. These approaches help to account
for irregular factors such as geopolitical risks, technological innovations, consumer preferences,
and environmental policies that are limited in quantitative modeling despite influencing the oil
market (Huntington et al., 2013). However, quantitative models and historical data analysis are
the primary inputs to forecasting prices. Qualitative inputs complement scenarios and
uncertainties, and their unstructured nature makes integration into formal forecasting processes
challenging.

A relatively comprehensive review of various modeling approaches for oil price forecasting
and analysis has been presented. Different techniques have relative advantages and limitations,
and no single model can fully represent the multifaceted complexities of oil market dynamics

in the literature review section (Huntington et al., 2013).

3. Methodology

This study uses the system dynamics approach to determine and analyze the reaction of the
global oil price to changes in its demand according to the scenarios of the International Panel
on Climate Change, which was introduced in the sixth assessment report under the title of
common socio-economic paths (Kikstra et al., 2022), provides a perspective of Brent oil price
changes as one of the important indicators of the oil market. System dynamics provide a useful
and practical framework for integrating the complex and non-linear relationships between key

supply and demand factors and oil prices.

3.1. General model

The oil price outlook model is based on the fundamental analysis model developed in 2015 to
check the balance of Brent oil prices as one of the main indicators of the oil market (Li, 2015).
This model, developed and implemented in Vansim software, evaluates the equilibrium
behavior of oil prices over time based on the balance between the oil supply and demand sectors
according to the behavior of the main players in each sector. Figure 1 shows the causal loop

diagram of the oil price analytical model.
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Figure 1. Causal loop diagram of oil price analysis model

As shown in Figure 1, this model models the main dynamics of the oil market in the form of
nonlinear relationships by providing the structure of feedback loops, including demand, supply,
and price. Key segments in the demand side include demand from China, the United States, and
the rest of the world. In the supply sector, the amount of OPEC and non-OPEC oil supply has
been introduced as determining variables in oil prices. In this model, the balance of supply and
demand determines the price of oil, which affects the supply and demand of the main market
players in a feedback loop. After developing the initial model, parameters are adjusted using

historical data on oil production, demand, prices, and GDP from 2013 to 2022.

3.2. Demand subsection

The demand part of the model includes the demand of the United States of America and China
as the largest oil consumers, and the demand of other countries in the world. The demand for
oil in the United States of America is highly dependent on the price of oil due to unconventional
oil production technology. Unconventional oil production technology requires higher oil prices
so that the production process is economically justified. According to the oil price, the United
States determines its demand based on the consumption and production rate of conventional
and unconventional oil. The oil demand of China and other countries is increasingly correlated
with the growth rate of their GDP. Other factors can also be effective in this model. Considering
the demand parameters for the main players that are determined with the help of historical data,
the impact of these factors has been simulated in the model. In this article, the oil demand
section is determined based on the scenarios of the sixth assessment report of the IPCC, and the

effect of the change in oil demand in climate scenarios on the oil price is evaluated.
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3.3. Supply subsection
The supply part of the model includes the oil demand of OPEC, non-OPEC, and other world

countries. The mutual relationship between the oil supply of each of the main players and the
oil price is implemented in the model according to the historical data that determine the
relationship between the oil price and the amount of production. In the supply sector, the model
models the effect of these factors on the price of oil by considering a parameter that determines
the impact of other factors affecting oil supply, which is obtained by calibrating the model with

historical data.

3.4. Oil price

Finally, the price of Brent oil is modeled based on excess demand or supply in the entire global
oil market. Excess demand puts pressure on prices. Meanwhile, excess supply pushes prices
down. OPEC's behavior affects this balance by reducing or increasing production targets. The
model uses econometric estimates of the historical relationship between oil inventory levels and

prices to capture price dynamics.

3.5. Stock — flow diagram of the model

Figure 2 demonstrates that the oil market model contains several stock and flow diagrams
affected by feedback loops of other variables. Oil Supply-Demand Disbalance represents the
quantity of oil in surplus or deficit in the market. It is a critical stock in the system, directly
affecting the Brent price level. OPEC Production Rate controls the amount of oil entering the
system from OPEC countries. The non-OPEC Oil Production Rate represents the oil production
from countries not part of OPEC. ROW Production Rate Stands for the Rest of the World and
represents the oil production from the remaining global regions. Oil consumption is the outflow
of oil consumed, determined by IPCC climate scenarios (Riahi et al., 2017).

Inventory Coverage is an auxiliary variable that affects Brent's price. It could represent how
many days of consumption the current inventory levels can cover. Change in Brent Price is a
variable influenced by the effect of inventory coverage on the price. It shows the directional
change in Brent oil prices based on inventory levels.

A feedback loop connected the Change in Brent Price back to Inventory Coverage. which
suggests that changes in the Brent price affect inventory coverage levels, further affecting the
Brent price, showing a potential balancing feedback loop where the system tries to stabilize

itself. Adjustment time represents the delay in the system before the effects of inventory
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coverage are seen on the Brent price. This variable can introduce a time lag in the price response
to changes in inventory levels.

Table of Effect of Inventory Coverage on Brent Price as a table function determines how
changes in inventory coverage affect Brent's price. It likely contains a set of values that define
this relationship, which are used to calculate the effect on the Brent price based on the current
level of inventory coverage. In order to create the table functions, the authors relied on data
from the 2014 annual report of BP (Li, 2015).

The stock and flow diagram is a simplified representation of the oil market dynamics,
focusing on the production side and its immediate effects on price levels. The central stock, Oil
Supply-Demand Disbalance, is increased by OPEC, non-OPEC, and ROW production rates. It
is decreased by consumption, representing the demand side. The Change in Brent Price is
influenced by the Oil Supply-Demand Disbalance, which affects the Brent Price Level through
the "Inventory Coverage. According to the model, the Brent price level is significantly
determined by inventory coverage, which serves as a proxy for supply robustness. Including
Adjustment time shows that the effect of inventory coverage on price does not occur

instantaneously but after some time, reflecting real-world delays in market response.
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Figure 2. Stock - flow diagram of oil price model
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4. Results and discussion

The model results predict a significant difference in the outlook for oil prices in different [IPCC

socio-economic pathways from 2013 to 2100. Figure 3 shows the assessment results of oil price

changes under the SSP1 scenario and in different radiative forcing (RCP) scenarios.
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Figure 3. The assessment results of oil price change prospects under the SSP1 scenario and in different radiative
force (RCP) scenarios from 2013 to 2100

Figure 3 shows that under the SSP1 sustainability scenario, the average oil price in different

forcing scenarios will steadily decline from around $100/bbl in 2020 to around $25-40/bbl by

2100. It indicates a significant decrease in demand for oil. Energy demand is shifting towards

alternative fuels, and oil demand is decreasing. Of course, in different RCPs, this price reduction

has different intensities. For example, in RCP equal to 1.9 watts per square meter, the intensity

of oil price reduction is higher than in other scenarios.

Figure 4 shows the results of assessing

oil price changes under the SSP2 scenario and in different radiative forcing (RCP) scenarios.
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Figure 4. The assessment results of oil price change prospects under the SSP2 scenario and in different radiative
force (RCP) scenarios from 2013 to 2100

According to Figure 4, in the SSP2 scenario, which represents the middle path in climate
scenarios, the reduction of oil prices depending on different RCPs can be different. In RCPs
1.9, 2.6, 3.4, and 4.5, since there is less strictness than in the SSP1 scenario, the amount of oil
demand will peak after several years, and then the price of oil will start a downward trend after
an upward period. Of course, the time to reach the peak of oil prices will differ in different
RCPs. Figure 4 shows the results of assessing the outlook for oil price changes under the SSP1
scenario and in different radiative force (RCP) scenarios. Figure 5 shows the results of assessing

oil price changes under the SSP3 scenario and in different radiative force (RCP) scenarios.
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Figure 5. The assessment results of oil price change prospects under the SSP3 scenario and in different radiative
force (RCP) scenarios from 2013 to 2100
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As shown in Figure 5, regional competition scenarios of SSP3 lead to sustained high oil
demand and prices above $100 per barrel by 2100 in some RCPs. This scenario, defined based
on regional competition, has fewer strictures to reduce oil consumption than the SSP2 scenario,
which has caused the peak years of oil demand to have higher prices, which can have different
rates in different RCPs. Figure 6 shows the assessment results of oil price changes under the

SSP4 scenario and in different radiative force (RCP) scenarios.
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Figure 6. The assessment results of oil price change prospects under the SSP4 scenario and in different radiative
force (RCP) scenarios from 2013 to 2100

According to Figure 6, the SSP4 inequality scenario leads to oil price volatility with a
generally increasing trend in some RCPs, which reaches about $80 per barrel by 2100. In this
scenario, because of the formation of inequality and more intense competition compared to the
SSP3 scenario, economic instability causes the progress in climate policies to be pursued in a
more limited way. The amount of oil price changes in different RCPs can be decreasing,
constant, or even increasing. Finally, Figure 7 shows the results of the assessment of oil price

changes under the SSP5 scenario in different radiative forcing (RCP) scenarios.

ghY Ebtekar et al., JSTINP 2024; Vol. 3. No. 1 DOI: 10.22067/JSTINP.2024.85841.1085


https://doi.org/10.22067/jstinp.2024.85841.1085

Forecasting Oil Price Changes in [IPCC Climate Scenarios JSTINP

Brent Price Level

500

375

250

Dollar/Barrel

125 |

0
2013 2028 2042 2057 2071 2086 2100
Time (Year)

Brent Price Level : Oil Price (SSP5_1,9).vdf —1 1 1 1 1 1 —
Brent Price Level : Oil Price (SSP5_2,6).vdf 2 —
Brent Price Level : Oil Price (SSP5_3,4).vdf 3 —
Brent Price Level : Oil Price (SSP5_4,5).vdf
Brent Price Level : Oil Price (SSPS5_6).vdf —5
Brent Price Level : Oil Price (SSP5_baseline).vdf —_—

Figure 7. The assessment results of oil price change prospects under the SSP5 scenario and in different radiative
force (RCP) scenarios from 2013 to 2100

As shown in Figure 7, the SSP5 scenario, which is based on the growth and socio-economic
development based on fossil fuel, predicts the growth of prices in the early years of modeling.
Of course, this rate of increase in oil prices, following the reduction of supply compared to
demand, after passing its peak, a trend will decrease sharply. This modeling highlights the risk
of reducing the ratio of demand to supply in sustainability scenarios, in contrast to reducing
supply and increasing prices under regional competition scenarios or scenarios based on
economic growth with the priority of fossil fuel consumption. The timing of peak demand for
oil varies significantly across scenarios, occurring around 2020 in SSP1 versus after 2100 in
SSP3 and SSPS. It has profound consequences on the revenues and budget stability in oil-
exporting countries and can directly or indirectly affect the economy of these countries in

different sectors.

4.1. Model validation

To validate the model, the authors examine the Brent oil price prediction results in the IPCC
climate scenarios with the oil price prediction in the International Energy Agency outlook
report. The International Energy Agency has developed forecasts and scenarios to provide better
insight into the adoption of policies related to the energy sector, and according to these
scenarios, it has provided a forecast of oil price changes in the World Energy Outlook report.
A scenario of announced commitments shows that all climate commitments made by
governments worldwide will be fully and on time. Under this scenario, global greenhouse gas

emissions peaked in the mid-2030s, but there is still a significant gap compared to what is
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needed to reach net zero emissions by 2050. The stated policy scenarios consider only the
implementation of specific policies supported by law and have a high chance of
implementation. Carbon dioxide emissions do not peak in this scenario but are inconsistent with
achieving net zero emissions by 2050. The 2050 net-zero emissions scenario provides a tough
but achievable path to net-zero emissions by 2050 for the energy sector. It requires the
immediate and widespread deployment of all available clean and efficient energy technologies.
By 2050, nearly 90 percent of electricity will come from renewables, with wind and solar
accounting for roughly 70 percent. This scenario also depends on significant lifestyle changes
based on reducing energy demand. Figure 8 compares oil price change prospects in IEA and

IPCC climate scenarios until 2050.
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Figure 8. Comparison of prospects for oil price changes in the scenarios of the international energy agency and
the climate scenarios of the IPCC

As shown in Figure 8, oil price changes in some IPCC climate scenarios are close to each
other in different RCPs and IEA scenarios. Of course, since the International Energy Agency
has evaluated the oil price based on the average price of oil importers, and also due to the very
different definitions of scenarios, approaches, and the starting year of modeling in the
International Energy Agency model, differences between the oil price forecast by the agency
and there are research modeling results. However, a similar trend is observed in many scenarios.
For example, the net zero emissions scenario follows a trend similar to the SSP1-1.9 scenario,
which is a very strict scenario to reduce the consumption of fossil fuels, and the price of oil in
2050 is very close to each other in these two models. Also, the STEPS scenario indicates

countries not meeting all their climate commitments and reports prices similar to the SSP4-2.6
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scenario in 2050. Of course, as mentioned, due to the different nature of defining these scenarios
and modeling methods, the results of price changes also differ.

The oil price model developed in this research reproduces the equilibrium price behavior
based on oil supply and demand. The real price of oil can experience various fluctuations due
to zeolitic events. In this model, parameters are considered to evaluate and determine the effects
of these events. By calibrating the model and adjusting these parameters, the model can produce
past behavior. Figure 9 shows the comparison between model results and historical oil price

data.

Brent Price Level
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1 =1 =5 \/1
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2013 2016 2019 2022
Time (Year)
Brent Price Level : Oil Market Model.vdf —1 ——1 -
Brent Price Level : Historical Data.vdf —3 ——3 —

Figure 9. Comparison between model results and historical oil price data

As shown in Figure 9, the model has successfully reproduced the historical behavior of oil
prices. The price of oil must change due to various factors. For example, after 2014, due to
reasons such as the growth of American shale oil production, OPEC's policy change from price
maintenance to market share maintenance, and economic growth slowdown, the price of oil
decreased greatly due to excess supply (Prest, 2018). In this research, the main question is to

examine oil price changes, focusing on the effects of climate scenarios on it.

5. Conclusions and suggestions

This system dynamics modeling approach integrates the complex interrelationships between
drivers of oil supply and demand, geopolitics, climate policies, and economic growth. This
model provides a useful framework for drawing oil futures contracts under various assumptions.
Simulation analysis can inform industry strategies, investment decisions, and energy policy
debates by mapping the outlook for uncertainties surrounding oil price forecasts. Further model
development could include alternatives such as natural gas and electric vehicles, regional

disaggregation, and game-theoretic aspects of OPEC's behavior.
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The results emphasize the necessity of diversifying the economy and government revenues
for oil-dependent countries. Excessive reliance on oil exposes countries to fluctuations in oil
revenues. Strategic economic planning should pressure a wide range of oil price futures.

This modeling demonstrates the complex interplay between economic growth, climate
policies, energy technologies, and geopolitics in shaping oil market trajectories. Short-term
prices provide limited guidance on long-term trends. System dynamics models such as these

can help inform robust, risk-informed strategies by public and private oil market players.

Disclosure statement
No potential conflict of interest was reported by the author(s).

References

Aghion, P., Dechezleprétre, A., Hemous, D., Martin, R. and Van Reenen, J., 2016. Carbon taxes, path
dependency, and directed technical change: Evidence from the auto industry. Journal of Political
Economy, 124(1), pp.1-51. https://doi/abs/10.1086/684581.

Bashiri Behmiri, N. and Pires Manso, J.R., 2013. Crude oil price forecasting techniques: a
comprehensive review of literature. Available at SSRN 2275428.

Baumeister, C. and Kilian, L., 2016. Forty years of oil price fluctuations: Why the price of oil may still
surprise us. Journal of Economic Perspectives, 30(1), pp.139-160.
https://doi.org/10.1257/jep.30.1.139.

Behar, A. and Ritz, R.A., 2017. OPEC vs US shale: Analyzing the shift to a market-share strategy.
Energy Economics, 63, pp.185-198. https://doi.org/10.1016/j.enec0.2016.12.021.

Csereklyei, Z., Rubio-Varas, M.D.M. and Stern, D.I., 2016. Energy and economic growth: the stylized
facts. The Energy Journal, 37(2), pp.223-256. http://doi/abs/10.5547/01956574.37.2.zcse.

De la Fe Lopez-Dominguez, M., Levy-Carciente, S., Contreras, J. and Paiva-Mata, P.C., 2011.
BEHAVIOR OF THE GLOBAL OIL MARKET (1995-2008) AS DESCRIBED BY A SYSTEM
DYNAMICS MODEL. 4ndlise Econémica, 29(56). https://doi.org/10.22456/2176-5456.18272 .

Fagan, M., 2020. Up the Down Staircase: What History Teaches Us about Oil Demand after a Crisis.
Available at SSRN 3592443. http://dx.doi.org/10.2139/ssrn.3592443.

Forrester, J.W., 1968. Industrial dynamics—after the first decade. Management science, 14(7), pp.398-
415. https://doi.org/10.1287/mnsc.14.7.398.

Greenman, J.V., 1994. The price of oil: A system dynamic approach. In /2th International System
Dynamics Conference. Sterling, Scotland: System Dynamics Society.

Hamilton, J.D., 2014. The changing face of world oil markets (No. w20355). Cambridge, MA, USA:
National Bureau of Economic Research. http://dx.doi.org/10.3386/w20355.

Harstad, B., 2012. Climate contracts: A game of emissions, investments, negotiations, and
renegotiations. Review of Economic Studies, 79(4), pp-1527-1557.
https://doi.org/10.1093/restud/rds011.

g3 Ebtekar et al., JSTINP 2024; Vol. 3. No. 1 DOI: 10.22067/JSTINP.2024.85841.1085


https://doi.org/10.22067/jstinp.2024.85841.1085
https://doi.org/10.1016/j.eneco.2016.12.021
https://doi.org/10.22456/2176-5456.18272
https://doi.org/10.1287/mnsc.14.7.398
https://doi.org/10.1093/restud/rds011

Forecasting Oil Price Changes in [IPCC Climate Scenarios JSTINP

Hosseini, S.H., Shakouri G, H. and Peighami, A., 2016. A conceptual framework for the oil market
dynamics: A systems approach. Energy Exploration & Exploitation, 34(2), pp.171-198.
https://doi.org/10.1177/0144598716631656.

Hosseini, S.H., Shakouri, H. and Kazemi, A., 2021. Oil price future regarding unconventional oil
production and its near-term deployment: A system dynamics approach. Energy, 222, p.119878.
https://doi.org/10.1016/j.energy.2021.119878.

Huntington, H., Al-Fattah, S., Huang, Z., Gucwa, M. and Nouri, A., 2013. Oil markets and price
movements: A survey of models.

IEA, 2022. World energy outlook 2022. Paris, France: IEA. Available at:
https://www.iea.org/reports/world-energy-outlook-2022.

Jaccard, M., 2005. Hybrid energy-economy models and endogenous technological change. In Energy
and environment (pp. 81-109). Boston, MA: Springer US. https://doi.org/10.1007/0-387-25352-1 4.

Kikstra, J.S., Nicholls, Z.R., Smith, C.J., Lewis, J., Lamboll, R.D., Byers, E., Sandstad, M.,
Meinshausen, M., Gidden, M.J., Rogelj, J. and Kriegler, E., 2022. The IPCC Sixth Assessment Report
WGIII climate assessment of mitigation pathways: from emissions to global temperatures.
Geoscientific Model Development, 15(24), pp.9075-9109.URL: https://pure.iiasa.ac.at/18523.

Lee, J.U,, 2021. IEA, World Energy Outlook 2020. KEPCO Journal on Electric Power and Energy,
7(1), pp.25-30. https://doi.org/10.18770/KEPCO0.2021.07.01.025.

Li, Q., 2015. Analysis of oil market fundamental using a system dynamics approach (Doctoral
dissertation, Massachusetts Institute of Technology).URL: http://hdl.handle.net/1721.1/105312.

Linn, J., Muehlenbachs, L. and Wang, Y., 2014. How do natural gas prices affect electricity consumers
and the environment?. Resources for the Future Discussion paper, (14-19).
http://dx.doi.org/10.2139/ssrn.2537833.

Mashayekhi, A., 2001, July. Dynamics of oil price in the world market. In 79th International System
Dynamics Conference.

Meinshausen, M., Meinshausen, N., Hare, W., Raper, S.C., Frieler, K., Knutti, R., Frame, D.J. and Allen,
M.R., 2009. Greenhouse-gas emission targets for limiting global warming to 2 C. Nature, 458(7242),
pp-1158-1162. https://doi.org/10.1038/nature08017.

Mercure, J.F., Pollitt, H., Vifwales, J.E., Edwards, N.R., Holden, P.B., Chewpreecha, U., Salas, P.,
Sognnaes, 1., Lam, A. and Knobloch, F., 2018. Macroeconomic impact of stranded fossil fuel assets.
Nature Climate Change, 8(7), pp.588-593. https://doi.org/10.1038/s41558-018-0182-1.

Portner, H.O., Roberts, D.C., Poloczanska, E.S., Mintenbeck, K., Tignor, M., Alegria, A., Craig, M.,
Langsdorf, S., Loschke, S., Méller, V. and Okem, A., 2022. IPCC, 2022: Summary for policymakers.
https://doi.org/10.1017/9781009325844.001.

Rafieisakhaei, M., Barazandeh, B. and Afra, S., 2017, March. A system dynamics approach on oil
market modeling with statistical data analysis. In SPE Middle East Oil & Gas Show and Conference.
OnePetro. https://doi.org/10.2118/184040-MS.

Rafiq, S., Sgro, P. and Apergis, N., 2016. Asymmetric oil shocks and external balances of major oil
exporting and importing countries. Energy Economics, 56, pp-42-50.
https://doi.org/10.1016/j.enec0.2016.02.019.

Ebtekar et al., JSTINP 2024; Vol. 3. No. 1 DOI: 10.22067/JSTINP.2024.85841.1085


https://doi.org/10.22067/jstinp.2024.85841.1085
https://doi.org/10.1177/0144598716631656
https://doi.org/10.1016/j.energy.2021.119878
https://pure.iiasa.ac.at/18523
http://hdl.handle.net/1721.1/105312
http://dx.doi.org/10.2139/ssrn.2537833
http://dx.doi.org/10.1017/9781009325844.001
https://doi.org/10.2118/184040-MS
https://doi.org/10.1016/j.eneco.2016.02.019

JOURNAL OF SYSTEMS THINKING IN PRACTICE RESEARCH ARTICLE

Riahi, K., Van Vuuren, D.P., Kriegler, E., Edmonds, J., O’neill, B.C., Fujimori, S., Bauer, N., Calvin,
K., Dellink, R., Fricko, O. and Lutz, W., 2017. The Shared Socioeconomic Pathways and their energy,
land use, and greenhouse gas emissions implications: An overview. Global environmental change, 42,
pp.153-168. https://doi.org/10.1016/j.gloenvcha.2016.05.009.

Samii, M. and Teekasap, P., 2010. Energy policy and oil prices: system dynamics approach to modeling
oil market. Global Commerce Forum.URL: https://hdl.handle.net/10474/1313.

Sterman, J., 2002. System Dynamics: systems thinking and modeling for a complex world. URI:
http://hdl.handle.net/1721.1/102741

Xiong, T., Bao, Y. and Hu, Z., 2013. Beyond one-step-ahead forecasting: evaluation of alternative multi-
step-ahead forecasting models for crude oil prices. Energy Economics, 40, pp.405-415.
https://doi.org/10.1016/j.eneco.2013.07.028.

Attachment

Mathematical equations of the basic model for the evaluation of oil change prospects

Brent Price Adjustment time= 0.5
Units: Year

Brent Price Level= INTEG (Change on Brent Price, 108)
Units: Dollar/Barrel

Change on Brent Price= Brent Price Level*(Effect of Inventory Coverage on Brent Price-1)/Brent Price
Adjustment time
Units: Dollar/(Barrel*Y ear)

China Demand= China Initial Demand*Effect of GDP Growth on China Demand*Effect of Brent Price on China
Demand *China Demand Factor
Units: Barrel/Year

China Demand Factor= 1
Units: Dmnl

China GDP Growth= 7.7
Units: Dmnl

China Initial Demand= 3.92594e+09
Units: Barrel/Year

Consumption= "Oil Supply-Demand Disbalance"/Demand Adjustment Time+Total Demand
Units: Barrel/Year

Demand Adjustment Time= 1
Units: Year

Effect of Brent Price on China Demand= Table of Effect of Brent Price on China Demand(Brent Price Level)
Units: Dmnl

Effect of Brent Price on US Conventional Oil Production= IF THEN ELSE(Brent Price Level/US Conventional
Oil Breakeven Price<1, 0, Table of Effect of Brent Price on US Conventional Oil Production(Brent Price
Level /US Conventional Oil Breakeven Price) )

Units: Dmnl
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Effect of Brent Price on US Unconventional Oil Production= IF THEN ELSE(Brent Price Level/US
Unconventional Oil Breakeven Price<1, 0 , Table of Effect of Brent Price on US Unconventional Oil
Production(Brent Price Level /US Unconventional Oil Breakeven Price) )

Units: Dmnl

Effect of GDP Growth on China Demand= Table of Effect of GDP Growth on China Demand(China GDP
Growth)
Units: Dmnl

Effect of Inventory Coverage on Brent Price= Table of Effect of Inventory Coverage on Brent Price(Inventory
Coverage)
Units: Dmnl

FINAL TIME = 2022
Units: Year
The final time for the simulation.

initial stock point for oil supply=0
Units: Barrel

INITIAL TIME = 2013
Units: Year
The initial time for the simulation.

Initial US Conventional Oil Production Rate= 1.825e+09
Units: Barrel/Year

Initial US Oil Consumption Rate= 6.89375e+09
Units: Barrel/Year

Inventory Coverage= "Oil Supply-Demand Disbalance"/Consumption
Units: Year

"Non-OPEC Oil Production Rate"= "Table of Effect of Brent of Price on Non-OPEC Production Rate"(Brent
Price Level)*"Non-OPEC Initial Production Rate"*"Non-OPEC Production Factor"
Units: Barrel/Year

"0Oil Supply-Demand Disbalance"= INTEG ("Non-OPEC Oil Production Rate"+OPEC Production Rate+tROW
Production Rate-Consumption, initial stock point for oil supply)
Units: Barrel/Year

Effect of Brent Price on ROW Demand= Table of Effect of Brent Price on ROW Demand(Brent Price Level)
Units: Dmnl

Effect of GDP Growth on ROW Demand= Table of Effect of GDP Growth on ROW Demand(ROW GDP
Growth)
Units: Dmnl

Initial US Unconventional Oil Production= 1.82609¢+09
Units: Barrel/Year

"Non-OPEC Initial Production Rate"= 9.51153e+09
Units: Barrel/Year

"Non-OPEC Production Factor"= 1
Units: Dmnl

OPEC Initial Production Rate=1.34426e+10
Units: Barrel/Year
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OPEC Production Factor= 1
Units: Dmnl

OPEC Production Rate= Table of Effect of Brent Price on OPEC Production(Brent Price Level)*OPEC Initial
Production Rate *OPEC Production Factor
Units: Barrel/Year

ROW Demand= ROW Initial Demand*Effect of Brent Price on ROW Demand*Effect of GDP Growth on ROW
Demand*ROW Demand Factor
Units: Barrel/Year

ROW Demand Factor= 1
Units: Dmnl

ROW GDP Growth= 2
Units: Dmnl

ROW Initial Demand= 57111*365*1000
Units: Barrel/Year

ROW Initial Production Rate= 13863*365*1000
Units: Barrel/Year

ROW Production Factor= 1
Units: Dmnl

ROW Production Rate= Table of Effect of Brent Price on ROW Production Rate(Brent Price Level)* ROW
Initial Production Rate*ROW Production Factor
Units: Barrel/Year

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

Table of Effect of Brent Price on OPEC Production( [(10,0)-(250,1.1)], (10,0.1), (20,0.43), (30,0.7), (50,0.85),
(60,0.92), (80,0.95),(108,1),(120,1.03),(130,1.05),(150,1.08),(250,1.1))
Units: Dmnl

"Table of Effect of Brent of Price on Non-OPEC Production Rate"([(10,0)-(250,1.01)], (10,0.2), (20,0.6),
(30,0.93), (50,0.97), (60,0.98), (80,0.99),(108,1),(120,1.005),(130,1.01),(150,1.01),(250,1.01))
Units: Dmnl

Table of Effect of Brent Price on China Demand( [(20,0.49)-(200,3.64)],(20,3.64),(40,2.02), (60,1.48), (80,1.21),
(90,1.12),(108,1),(120,0.94),(140,0.82),(160,0.71),(180,0.6),(200,0.49))
Units: Dmnl

Table of Effect of Brent Price on ROW Demand([(20,0.49)-(200,3.64)],(20,3.64),(40,2.02), (60,1.48), (80,1.21),
(90,1.12),(108,1),(120,0.94),(140,0.82),(160,0.71),(180,0.6),(200,0.49))
Units: Dmnl

Table of Effect of Brent Price on ROW Production Rate( [(10,0.2)-(250,1.05)],(10,0.2),(20,0.5),(30,0.77),
(50,0.87), (60,0.93),(80,0.98),(108,1),(120,1.01),(130,1.02),(150,1.03),(250,1.05))
Units: Dmnl

Table of Effect of Brent Price on US Conventional Oil Production([(1,0.5)-(10,4.5)],(1,0.5),(1.1,0.55), (1.2,0.6),
(1.3,0.7), (1.5,0.8),(1.9,0.95),(2.16,1),(3,1.3),(5,2),(8,3.5),(10,4.5))
Units: Dmnl

Table of Effect of Brent Price on US Unconventional Oil Production([(1,0)-(10,6)], (1,0.3), (1.1,0.4), (1.2,0.5),
(1.3,0.6),(1.5,0.75),(1.9,0.95),(2.16,1),(3,1.3),(5,2.5),(8,4.5),(10,6))
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Units: Dmnl

Table of Effect of GDP Growth on China Demand([(0,0)-(20,2.6)],(0,0),(1,0.13),(2,0.26), (3,0.39), (4,0.52),
(5,0.65), (6,0.78),(7.7,1),(8,1.04),(10,1.3),(20,2.6))
Units: Dmnl

Table of Effect of GDP Growth on ROW Demand([(0,0)-(10,5)],(0,0),(0.1,0.05),(0.2,0.1), (0.5,0.25), (0.8,0.4),
(1,0.5),(1.5,0.78),(2,1),(4,2),(6,3),(10,5))
Units: Dmnl

Table of Effect of Inventory Coverage on Brent Price( [(-50,0)-(50,30)], (-50,30), (-35.336,25.8571), (-
23.3198,21.1429), (-14.1548,15.1429),(-10.2851,11),(-6.41548,7.71428),(-2.74949,3.71428),(-1,1.8),(0,1),
(1,0.2),(5,0.15),(10,0.1),(15,0.05),(20,0.01),(50,0))

Units: Dmnl

TIME STEP =1
Units: Year [0,?]
The time step for the simulation.

Total Demand= (US Demand+China Demand+ROW Demand)
Units: Barrel/Year

Total Production Rate= "Non-OPEC Oil Production Rate"+OPEC Production Rate+ROW Production Rate
Units: Barrel/Year

US Conventional Oil Breakeven Price= 50
Units: Dollar/Barrel

US Conventional Oil Production Rate= Initial US Conventional Oil Production Rate*Effect of Brent Price on US
Conventional Oil Production*US Conventional Production Factor
Units: Barrel/Year

US Conventional Production Factor= 1
Units: Dmnl

US Demand= IF THEN ELSE(US Unconventional Oil Production rate+US Conventional Oil Production Rate -
US Oil consumption Rate<0, ABS(US Unconventional Oil Production rate+US Conventional Oil Production
Rate -US Oil consumption Rate), 0 )

Units: Barrel/Year

US Oil Consumption Factor= 1
Units: Dmnl

US Oil consumption Rate= US Oil Consumption Factor*Initial US Oil Consumption Rate
Units: Barrel/Year

US Oil Inventory= INTEG (US Conventional Oil Production Rate+US Unconventional Oil Production Rate-US
Oil consumption Rate,0)
Units: Barrel

US Unconventional Oil Breakeven Price=50
Units: Dollar/Barrel

US Unconventional Oil Production rate= Initial US Unconventional Oil Production*Effect of Brent Price on US
Unconventional Oil Production *US Unconventional Production Factor
Units: Barrel/Year

US Unconventional Production Factor=1
Units: Dmnl
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