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Abstract 

Previous efforts on banking regulations fail to stop the emergence of financial tsunami in 

2008. To reduce risk of financial systems, US regulators decide to apply Volcker Rule which 

prohibits commercial banks from proprietary trading and hedge fund investment.  The rule 

goes into effect on April 1, 2014, with a small number of exceptions extended. The rule 

forces US banks to restructure their business and divest their investment. However, whether 

the rule is effective remains to be controversial. This paper attempts to answer this question 

by applying the methodology of System Dynamic Modeling (SDM). With SDM, the paper 

develops a Banking Crisis Dynamic (BCD) and investigates the profitability of commercial 

banks under stress. With simulations on US macroeconomic data, the paper finds that both 

proprietary trading and hedge fund investment help the banks generate good profit under less 

severe stress but huge loss under more severe stress. This seems to support that Volcker Rule 

can mitigate systemic risk under severe financial stress. 

1. Introduction 

The financial tsunami in 2008 shows deficiency of banking regulations on controlling 

systemic problems of the entire banking system [1]. To respond to such regulatory deficiency, 

US regulatory bodies pass new reform acts, including Dodd-Frank Act, Consumer Protection 

Act and Volcker Rule, to strengthen risk management of the banking system.  Volcker Rule 

is controversial, restricting commercial banks from specified high-risk activities, such as 

proprietary trading and hedge fund (and private equity) investment [2]. Many argue that 

Volcker Rule will eventually make US banks less competitive in global financial services but 

its effectiveness remains to be unknown.  This paper aims to investigate the effectiveness of 

Volcker Rule via complex system simulations.  

Policy analysis on banking regulation is prevalently dominated by simple analytical methods, 

such as linear models and nonlinear models with several variables [11]. These models fail to 

analyze interactions and feedback effects among players in a banking system.  One possible 

solution to fill the gap between the intended outcome of a decision and reality is complex 

system simulation. After examining major approaches in complex system simulation, we find 

that System Dynamics Modeling (SDM) is most appropriate to build an analytical model for 

banking regulation.  The reasons include: (1) SDM is suitable to describe a system with 

interactive feedback loops; and (2) SDM has the capability to handle non-linearity in a 

complex system. Therefore, it makes sense for us to employ SDM to analyze booms and 

busts in the financial market and to develop a decision model for banking policy analysis. 

In this study, we focus on analyzing extreme risk conditions in a banking system. We propose 

Banking Crisis Dynamics (BCD) model, a paradigm with specified parameters and 

components under SDM to address the issue of bank crisis management. With this BCD 

model, we evaluate the effectiveness of Volcker Rule. 

2. Literature Review 

2.1 The Volcker Rule Debate 



On December 11, 2013, US regulatory bodies vote to ratify the Volcker Rule. The Volcker 

Rule aims to end the need for the government to rescue firms that are “Too Big to Fail”, to 

limit systemic risk in banking, to mitigate conflicts of interest between banks and their clients, 

and to promote the stability of the economy as a whole [3]. Since Volcker Rule restricts high-

profit (usually high-risk) trading activities of commercial banks, Wall Street giants always 

question the effectiveness of this rule [4]. Opponents argue that the restrictions under Volcker 

Rule may undermine the banks’ income diversification and ability to compete with foreign 

institutions and asset markets’ liquidity.  Furthermore, they argue that Volcker Rule may not 

prevent banking crises. Paul Volcker, the architect of this rule, responds to these critics [5] by 

stating that the rule will promote overall economic stability.  

2.2 System dynamics and financial risk management 

SDM provides an alternative explanation of organizational phenomenon from the perspective 

of internal structure instead of considering external factors. Some researchers apply SDM to 

analyze risk management decisions, causes of financial risk, and effects of partial changes to 

the entire system. A research paper conducts a case study on liquidity risk of Northern Rock 

in 2007 [6].  That paper develops a model under SDM to evaluate how Northern Rock was 

engulfed by the combined effects of several events, providing important insights on how to 

cooperate with the central bank to actively manage the bank. In addition, SDM is applied to 

risk management of pension funds [7].  Risk-oriented asset and liability management is 

achieved by providing long-term liquidity prognoses for investment decisions under different 

scenarios. Moreover, SDM offers an alternative to model risks in financial systems for 

individual banks and for the entire financial market. Some propose a decision model based on 

SDM [8] to support liquidity risk management in banks under the Basel III framework [9]. As 

an advanced approach to manage liquidity risk, the proposed model is advantageous in 

capturing dynamic factors, enhancing logic visibility, and embracing rare but fatal events. For 

risk management of a financial system, Anderson et al. [10] studies systemic risk from the 

viewpoints of central banks. By emphasizing interactions among economic subsystems, SDM 

helps policy reform, emergency liquidity assistance planning, and loss quantification.  

3. Banking Crisis Dynamics 

Banking Crisis Dynamics (BCD) is developed as a specific form of System Dynamics (SD) 

that arises when a bank or the banking system is under stress of different levels of severity. 

BCD inherits the advantages of SD in diagnosing performance problems, experiencing 

dynamic complexity and visualizing through simulation. This paper focuses on BCD from the 

perspective of macro-prudential regulation because our objective is to examine banking 

system regulations under Volcker rule. In essence, the BCD has the potential to compensate 

deficiencies in a mental model for banking system management by focusing on internal 

structural problems of a banking system, taking a holistic view to regulate the performance of 

the banking system, visualizing dynamic relationships among financial variables, and 

highlighting the behavior of the banking system continuously. Table 1 shows definitions of 

the BCD. Details of the BCD method are exhibited in Table 2.  

Table 1. Hierarchy of concepts in BCD 

Component Content 

Paradigm  BCD 

Context  Extreme conditions in financial risks in banking systems 

Foundation  Fundamentals of SD 

 Principles of banking crisis management and financial statement analysis  

Theory  Systems theory, control theory, micro- and  macro-prudential regulations 

Methodology  Problem structuring 

 Causal loop modeling 

 Scenario planning and modeling 



 Dynamic modeling  Implementation and organizational learning 

Method  BCD method (details are shown in Table 2) 

Technique  Stock-flow diagram and numerical simulation 

Tool  Vensim, Stella, AnyLogic, etc. 

Objectives  Dynamic and complex relationships between financial variables which jointly lead to 

bank crises  

Table 2. The BCD method 
Phases Steps Macro-prudential 

Problem structuring Identify risk management 

problems 

The regulatory objectives of a banking system 

Collect preliminary 

information 

Regulatory and policy documents, media reports, historical 

reports of the bank system, etc. 

Causal Loop 

modeling 

Identify main variables Decision variables in bank system regulation and other key 

variables on the banking system’s situation 

Develop causal loop 

diagrams 

Connect the variables into a network based on their relationships 

(Detailed information of the causal loop diagrams can be found 

in [8].) 

Evaluate the causal loop 

diagrams 

Conduct interviews with domain experts in banking system 

regulation to ensure the validity of the causal loop diagram 

Dynamic modeling Construct stock-flow 

diagrams  

Map the developed causal loop diagram to a stock-flow diagram 

using development tools (Detailed information of the stock-flow 

diagrams can be found in [8].) 

Collect detailed information 

and data 

Extract data from collected regulatory and policy documents, 

media reports, and historical reports of the bank system 

according to the stock-flow diagram 

Develop a simulation model Initialize stocks and parameter values for the relationships using 

detailed data, and define the relationships 

Simulate steady-state 

conditions 

Define time horizon, units, and simulation interval according to 

regulatory objectives 

Reproduce reference mode 

behavior 

Produce outputs of the base case simulation and compare these 

with the reference modes 

Validate the model Validate equations, parameters, boundaries, and bank system 

behavior over time 

Perform sensitivity analysis 

on important decision and 

other variables 

Select important decision variables on regulatory policies to 

conduct sensitivity analysis 

Design and analyze 

decisions or policies 

Design decisions to address regulatory concerns in banking 

system risk regulation   

Scenario planning 

and modeling 

Design scenarios for the 

simulations 

Design scenarios according to the stress levels of the 

environment 

Perform simulations under 

different scenarios  

Evaluate the banking system performances of different policies 

under each scenario 

Implementation and 

organizational 

learning 

Implement simulation 

results to risk management  

Communicate results and insights on banking system regulation 

to policy designer or banking system regulators 

4. The Model 

4.1 The Causal Loop Diagram 

This section introduces a high-level causal loop diagram of the proposed BCD model. In the 

model, there are two major decision parameters for banking system regulation, i.e., cap ratio 

and proprietary trading regulation decisions. According to the Volcker Rule, a 3% cap is put 

on a bank’s ownership in hedge funds and private equity funds. Volcker Rule also bans 

proprietary trading by commercial banks. Due to the space limits, we simply show the causal 

loop diagram and omit the details of the stock-and-flow diagram and the simulation.  



 
Figure 1. Causal loop diagram of the analyzing model 

4.2 Preliminary Results 

 
Figure 2. Revenue contribution from PT and PE under stresses with different levels of severity 

The percentage of revenue generated by proprietary trading (PT) and hedge fund investment 

(PE) is simulated in Figure 2. The blue, red, purple, and green lines represent the revenue 

contributions from PT and PE under moderate, medium, severe, and very severe risks. The 

simulation aims to capture the impact of market situations on revenue contribution of risky 

investments to US commercial banks. The result suggests higher instability of revenue 

generated from risk investments compared with other traditional banking revenues. This 

result also shows the destructive power of risk investments in banks especially for stressed 

markets.  

  

(a) Revenue contribution before and after the Volcker 

rule (moderate stress) 

(b) Revenue contribution before and after the Volcker 

rule (medium stress) 

  
(c) Revenue contribution before and after the Volcker 

rule (severe stress) 

(d) Revenue contribution before and after the Volcker 

rule (very severe stress) 

Figure 3. Revenue contribution after the Volcker rule 
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Figure 3 shows the percentage of revenue generated by PT and PE before (blue curve) and 

after (red curve) the Volcker Rule under different levels of stress. For less stressed markets, 

risky investments’ revenue contribution without the Volcker Rule performs better than 

revenue contribution with the Volcker Rule. This illustrates why banks are willing to get 

involved in risky investments and why they are opposed to the rule. Volcker Rule limits the 

profitability of banks in markets without severe stress. However, Figures 3(c) and 3(d) 

support the proposal of Volcker Rule. When the market situation turns to be as undesirable as 

the financial tsunami or even worse, the rule is able to control losses of the banks and 

maintain the stability of their revenue. Our results conclude that risky investments generate 

slight revenues in better markets but trigger off huge loss in worse markets. The effects of the 

Volcker Rule on the four simulated markets have been analyzed after comparing the 

difference between the revenue contribution of risky investments before and after the Volcker 

Rule. The effect of the Volcker Rule on reducing loss is obvious in markets with greater 

stress.  

Our simulation results provide the following three findings: (1) Proprietary trading and hedge 

fund investment generate good revenue under less severe stress. (2) Proprietary trading and 

hedge fund investment lead to huge loss under more severe stress. (3) The Volcker Rule is 

more effective under more severe stress.  

5. Conclusion and Future Work 

The paper has developed a BCD model to evaluate the effectiveness of Volcker Rule, a 

controversial regulation after the financial tsunami.  The model considers two major 

provisions of the rule, namely proprietary trading (PT) and hedge fund investment (PE). Our 

simulation results have shown that Volcker Rule is more effective under more severe stress. 

Future research can be conducted to evaluate the proposed BCD model on its validity, to 

derive additional insights on banking system management, to study impact of the Volcker 

Rule on different of financial institutions, and to build models for bubblenomics. 
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