Journal of Intelligent & Fuzzy Systems 45 (2023) 9053-9067 9053
DOI:10.3233/JIFS-221244
10S Press

A study on the Dynamic Issuance
Mechanism based on Central Bank Digital
Currency’

Aobo Lyu?, Jingjing Jiang®* and Liang Zhou®

AMcKelvey School of Engineering, Washington University in St. Louis, USA
SManagement College, Beijing Union University, China

€School of Public Administration, Sichuan University, China

Abstract. Central Bank Digital Currency (CBDC) pledges to realize a vast array of new functionalities, such as frictionless
consumer payment and money-transfer systems, as well as precise supervision of money circulation, thereby enabling a
number of new financial instruments and monetary policy levers. This study proposes, from a system feedback loop and
cybernetics perspective, a Dynamic Issuance Mechanism (DIM) for CBDC that can theoretically enhance the vitality of
economic operations. In accordance with this mechanism, the central bank implements dynamic issuance by monitoring cash
leakage in real-time, so as to maintain the stability of the amount of money circulating on the market, thereby boosting the
currency turnover rate and financial vitality. To demonstrate the efficacy of the DIM, we employ the Agent-Based Modeling
(ABM) tool to develop a macroeconomic simulation model for qualitative analysis that includes four entities: Central Bank,
households, firms, and commercial banks. The multi-cycle operation process of the model includes a variety of economic
indicators demonstrating that DIM has the potential to boost economic vitality and social production efficiency without
exerting an adverse effect on citizens’ incomes, commodity prices, or the stability of the macroeconomic system. Finally, the
function principle and potential risks of DIM are explained from a systems perspective, which offers a novel perspective for
the functional design of CBDC and highlights that the hierarchical structure is a meaningful domain as the developmental
direction.

Keywords: Central bank digital currency, agent-based modeling, dynamic issuance mechanism, system feedback, macroe-
conomic

1. Introduction

The proliferation of digital currency was made
possible by the development of encryption and dis-
tributed ledger technologies. Although private release
currencies such as Bitcoin and Ethereum served as
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a precursor to the introduction of these currencies
[1], policymakers in a number of nations have begun
to cautiously evaluate the prospect of releasing their
own Central Bank Digital Currency (CBDC) [2]. The
term “CBDC” refers to a virtual digital currency that
is based on digital technology, issued, and adminis-
tered by the central bank of a country or region [3].
According to an analysis of various countries’ plans
conducted by the Bank for International Settlements
[4], more than one-fifth of the world’s population has
begun the process of issuing its own CBDC. China
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is one of the pioneers in this field and is currently
in the lead. Many experts were flabbergasted by the
CBDC’s rapid growth, but it also raised some con-
cerns in economics, finance, and other fields [5, 6].
To fully appreciate CBDC’s potential and ensure its
benign development, a considerable measure of its
aspects such as function, technology, monetary pol-
icy, and potential risks necessitate further exploration.

Currently, the overwhelming majority of relevant
literature focuses on the potential micro benefits of
deploying CBDC, such as cost reductions [7], con-
venient payment [8], and crime prevention [9]. In
contrast, while researchers are aware that CBDC
can provide new monetary policy tools [10], there
is insufficient research on the specific macro poli-
cies and their interaction with the macroeconomy.
While some experts argue that implementation risk
is modest since CBDC cannot be used to replace
paper currency in the near future [11], others remain
cautious and believe that the generation of low-risk
CBDC revenues should satisfy strict criteria. In spe-
cific, some academics asserted that in the case of
quantitative data, the income of CBDC is dependent
on factors such as the acceptability of various pay-
ment methods and the degree of competition in the
deposit market [12]. However, some believe that the
CBDC must be properly established to promote bank
lending, increase deposit funds, and reduce finan-
cial instability [13]. CBDC is not a specific single
behavior or policy, but rather a complex multi-level
system including the underlying technology, applica-
tion mode, monetary policy, use scenarios, etc., which
has led to the emergence of numerous contradictory
opinions. Therefore, it is only possible to draw pre-
cise and reliable conclusions that can be expanded
upon by concentrating on the specific operation mode
of CDBC. And this is the research content of this
paper.

The focus of this research is on the viable applica-
tion mode and its implications for the macroeconomy
and individuals, including benefits and risks, which
have not yet been thoroughly studied as CBDC
research is still in its infancy. Firstly, this study
proposes a Dynamic Issuance Mechanism (DIM)
based on CBDC from the perspective of the sys-
tem feedback loop and cybernetic theory, which can
theoretically eliminate cash leakage in the economic
system and boost currency circulation efficiency
and economic vitality. Secondly, there is a lack of
empirical evidence to support the CBDC theoretical
investigation because the typical CDBC has not been
utilized in a wide variety of settings for an extended

period of time. In order to provide more compre-
hensive recommendations to the Central Bank and
monetary policy-making departments, we utilized
the experimental simulation method to simulate and
observe the application of CBDC under various con-
ditions in order to conduct a comprehensive analysis
of the feasible policies, potential benefits, and asso-
ciated risks associated with CBDC. Specifically, to
qualitatively simulate how macroeconomics works,
we utilized Agent-Based Modeling (ABM) tools. The
DIM’s efficiency is assessed in depth by comparing
key economic indicators before and after its appli-
cation, such as total goods output, price changes,
savings rate, and technological level. Consequently,
this study incorporated the system feedback principle
to investigate the causes of DIM’s remarkable effect
and assess its potential risks. Finally, we discussed
the potential evolution of CBDC toward a hierarchi-
cal structure by integrating the effectiveness of the
mechanism and its inclusiveness to the underlying
technology.

Our research is intended to contribute to research
and practice in various aspects: First, we review the
existing research field on digital currency and CBDC,
and propose a viable DIM based on system feed-
back loops and cybernetic theory and demonstrate
its efficacy, which explores the CDBC'’s application
potential from the perspective of monetary policy
and policy-making institutions. Secondly, this study
extends the ABM tool to the CBDC domain. ABM
can observe the law of system operation by simulat-
ing entity (agent) behavior and interaction between
entities, thereby expanding the research tool in CBDC
from the system perspective and allowing researchers
to focus more directly on the potential macroeco-
nomic impact of CBDC in the absence of empirical
evidence. Thirdly, the economic model we present
under the operation of DIM also addresses the lack of
macroeconomic dynamic modeling and conclusion
in the context of CBDC application, thus contribut-
ing to the CBDC literature. In conclusion, based on
the results of the DIM application, we explore the
evolution of CBDC toward a hierarchical structure.

The remaining sections of the paper are struc-
tured as follows. Section 2 explains the specific DIM
based on the CBDC. Section 3 describes the techni-
cal aspects of ABM pertinent to the study. Section 4
discusses the macroeconomic simulation model and
operating conditions for DIM. The operation results
of the simulation model are presented in Section 5
and discussed in Section 6. The entire body of the
work for the study is concluded in Section 7.
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2. A Dynamic Issuance Mechanism

According to the description of system control
in cybernetics, as people obtain more information
from the system, their comprehension of the system
improves, which paves the way for the possibility
of more precise control methods [14]. The CBDC
application enables the monitoring of previously
unmeasured cash flows, such as household consump-
tion. Along with the numerous widely discussed
micro benefits of CBDC, including effective alloca-
tions [15], prevention of economic crimes, payment
methods [16], exchange efficiency [17], and tax eva-
sion [18], some researchers have started to discuss the
efficient and controllable monetary policy based on
CBDC from its technical characteristics [19]. How-
ever, it is still insufficient to explore control methods
from a system perspective that studies the inter-
active relationship and dynamic operation process
between the application of CBDC and various eco-
nomic agents [20]. In light of the pervasive issue of
cash leakage in today’s paper money (currency), we,
therefore, propose a DIM based on the effective infor-
mation tracking properties of CBDC. In addition to
increasing the effectiveness and vitality of the cur-
rency cycle, the mechanism aims to avert cash leakage
through currency issuance process.

Cash leakage has long been a concern in the
traditional monetary policy issuing process, as it com-
promises the accuracy of money issuance and the
operational efficiency of the economy [21]. In the
field of macroeconomics, it is widely held that the
cash leakage rate is inevitable under the current con-
ditions, and that the impact can only be mitigated by
a suitable monetary issuance policy [21]. From a sys-
tematic standpoint, however, the issue of cash leakage
that traditional currencies face cannot be resolved
since the currency issuers are unable to accurately
monitor the leakage and, as a result, cannot carry out
an accurate currency supply. Thus, the application of
CDBC offers economic management departments a
more effective and streamlined method of systematic
monitoring, which may contribute to the innovation
of money issuance and regulation policy [22], which
is the prime objective of the DIM.

In the study, we propose the DIM, which enables
the Central Bank to monitor the amount of money
held by households (cash leakage) in the economic
system in real-time via CBDC and dynamically allo-
cate the same volume of money to commercial banks.
This system achieves its objective of precisely man-
aging and ensuring the market’s cash supply remains

constant. In addition, the Central Bank will issue
money in adynamic manner in response to the amount
of cash that households have on hand (cash leak-
age). The dynamic issuance can be expressed by
Formula 1:

ZBl- - ij 1)
i=0 j=0

In Formula 1, B; represents the amount of money
issued by the Central Bank to commercial bank i,
X is the amount of money owned by household j
but not used for economic activities. The number of
commercial banks in the economy is # and the number
of households is m. Based on the above conditions,
the Central Bank’s issuance rules in each cycle ¢ are
as Formula 2:

m m n

B = ki(z X1 j— ZXt—l,j - Z B> 1)
j=0 j=0 i=0
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In Formula 2 B;; represents the amount of money
transmitted by the Central Bank to commercial bank i
iperiod #, X; j represents the amount of money owned
by household j but not used for economic activities
in cycle ¢ k; represents the proportion at which the
Central Bank allocates all manipulated currencies to
commercial banks i, which satisfies Formula 3:

zn: k=1 3)
i=0

Theoretically, on the basis of the DIM, the Central
Bank can directly regulate the quantity of currency
(money) in circulation and maintain a constant level
to prevent fluctuations caused by cash leakage. This
mnism satisfies both the demand for money storage
and does not hinder the efficiency of money circu-
lation, compared to the conventional system. In the
section on system model operation, the consequences
of the DIM will be discussed in depth.

3. Agent-based modeling method

Agent-based modeling and simulation (ABMS) is
a novel modeling technique for systems composed
of autonomous, interacting agents [23]. The ABM
approach is extensively utilized to study complex
systems that have not been mathematically formal-
ized, including fields of the social sciences such as
economics, communication, psychology, and others
[24, 25]. Equations are able to be applied to formally
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describe the behavior of each entity as well as their
interactions since the agents in the model can rep-
resent entities such as organizations, corporations,
firms, or countries and their interactions. Therefore,
it is easier to evaluate the influence of entity behav-
ior differences (“heterogeneity”), random effects, or
changes (“randomness”) under rules [26].

Currently, the majority of CBDC research focuses
on its function and characteristics, while the rela-
tionship between CBDC and the economic system
receives less attention. The systematic feedback of
CDBC caused by the change of time dimension and
its impact on the entity level should be included in the
CBDC research scope. This study thereby adopts the
ABM tool to simulate the macroeconomic scenario
with CBDC so that the researchers can gain a better
understanding of the potential effects that the imple-
mentation of CBDC could have on the functioning
of the economy. The details of the macroeconomic
simulation model will be shown in Section 4.

4. Agent-based modeling method
4.1. Model synopsis

4.1.1. Base model: Model conceptualization
According to Samuelson’s theory, the functioning
of the macroeconomy can be reduced to the inter-
active relationship between the government, firms,
and households [27]. In addition, some scholars
have demonstrated that the financial sector should be
regarded as the fourth main entity in economic oper-
ation since its role in the macroeconomic operation is
distinct from that of general firms and organizations
[28]. Some researchers in the field of CBDC have
also attempted to establish a DSGE interaction model
among households, central banks, and commercial
banks [29], while others have focused on the (static)
economy with banks, firms, and households [30], or
households, financial investors, unions, banks, and
a government [31]. This study analyzed the various
division methods of economic entities in the macroe-
conomic field and selected four types of economic
entities in the macroeconomic operations from which
to construct the economic operation model. Finan-
cial institutions represented by Commercial Banks,
natural-person households, firms producing general
goods, and the Central Bank, which regulates the
money supply and monetary policy on behalf of the
government, are the four types of entities. Figure 1

/. - .
N\

Central Commercial
Bank Bank

A 4

Household

Fig. 1. Interaction pattern between entities in the model.

and Table 1 illustrate the interacting link among the
four types of entities.

4.1.2. Macro economy model: Model
conceptualization.

In addition to the attributes of the entities (agents),
the modeling approach emphasizes the interaction
between them. The interaction between agents alters
the state of the agents and the system’s operation.
In this study, interactions in the simplified macroe-
conomic system can roughly be divided into three
categories: Money Interactions, which include the
flow of currency issued by the Central Bank to
commercial banks or payment behavior when trad-
ing commodities; Commodity Interactions, which
include the supply of goods to households and other
firms; and Information Interactions, which include
the Central Bank’s detection of household cash leak-
age and the households’ issuance of goods. It should
be noted that the model is a system operation model
for qualitative analysis to verify the effectiveness of
the DIM, rather than a quantitative economic model.
Therefore, the design of model details is only uti-
lized to fulfill the description of available qualitative
economic theories and carried out to investigate the
qualitative differences that existed prior to and sub-
sequent to the implementation of the DIM.

The interaction between the four entities can be
classified in the following manner. Consumption
between households and firms is the largest con-
tributor to GDP. Since the 1950s, a succession of
models of consumer behavior have been proposed
[32]. In this study, consumption is viewed as a func-
tion of available household cash (personal income),
the price level, and the personal demand coefficient.
Sales correspond to purchases and are influenced
by numerous factors. A concise perspective is that
price-reduction activities are positioned based on
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Table 1

Introduction of the entities in the model

Type

Definition

Behavior

Interaction

Central Bank

A government-controlled
institution responsible for
regulating the money supply
and monetary policy.

Monitoring the amount of cash
leakage in the economic system
through CBDC, and conducting
DIM in every cycle.

Realize the DIM through short-term
monetary transactions with commercial
banks (Policy).

Commercial
Bank

A financial institution that
engages in for-profit credit
mediation.

Receive savings from households
and pay interest in every cycle,
issue loans to the firm, and
collect principal and interest
within the time frame specified.

Deposit, loan, and savings business; to
absorb the savings of households and issue
loans to firms. The Central Bank also
engages in currency issuance and recovery
transactions. The money flow consists of
household deposits to commercial banks and
loan repayments by firms. The mechanism of
money outflow is lending to firms and
paying interest to households.

Firm Various organizations that Utilizing existing capital and The firms’ sources of cash inflow include
produce general goods employed labor to manufacture commercial bank banks and sales proceeds
(commodities). general goods. It should be noted from the sale of goods. The mechanism of
that although there is only one money outflow includes the repayment of
commodity type in the model, it commercial bank loans and the payment of
represents all types of employees’ salaries.
commodities in the real scenario,
including services, goods,
research, etc.
Household Households are natural Obtain compensation by working The means of consumption is the purchase of

persons who exchange their
productivity for

for firms, and engaging in
consumption and savings.

goods from firms, and the means of obtaining
money is through the employee’s salary and

compensation, consumption,
and savings.

the interest on savings in a commercial bank.

the duration and proportion of the retail assortment
involved [33]. In this study, the sales price is deter-
mined using the sales price and surplus from the
previous period. If there is a surplus of goods, the
firm will reduce prices to maximize profits, and vice
versa. (There is only one general commodity that is
used to denote all types of goods.) It is important
to note that the purchasing behavior of firms is dis-
cussed separately. The purchasing behavior of firms
is highlighted individually to illustrate the investment
and growth of firms, despite being nearly identical to
that of households [27]. Salary payments are made
to employees after labor and production activities
have been performed by employees, when the firm
employs laborers from households. This model ran-
domly assigns each household to a firm at the start
of the procedure to simulate the employment rela-
tionship in the real world. (In order to focus more
on the feedback loop, this model does not address
household layoffs and rehiring, as well as corporate
insolvency and registration.) The salary paid by firms
is influenced by the average salary on the market and
the firm’s current cash flow [34]. The personal tal-
ents of the employed households, the firm’s capital
status, and the firm’s technical level influence the

output efficiency of the firm [35]. In this scenario,
in addition to the interaction between households
and firms, commercial banks serve as the market’s
financial institutions. They provide households with
interest on deposits that are obtained from the house-
holds [36]. In addition, they charge periodic interest
on the controlled cash they lend to firms [37]. The
interest rate on households is fixed. The interest rate
charged to firms is influenced by the funds held by
banks and the firm loan market situation. The rate of
interest on a business loan cannot be lower than the
rate of interest on a family deposit. The interactions
between entities are depicted in detail in Fig. 2 and
Table 2.

4.2. Model simulation

4.2.1. Simulation scenarios

The model simulates economic activity using the
natural month under the real-world scenario as a
cycle and tracks each index at the conclusion of each
cycle. The paper then discusses the effect of the DIM
on the macroeconomic operation by examining var-
ious indexes during the 120-week operations of the
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Fig. 2. Interaction between the entities in the model.

economic model before and after the DIM implemen-
tation.

In addition, it is worth pointing out that we sim-
plified several macroeconomic operation details in
this model to better account for the impact of the
CBDC application on the macroeconomic operation.
The first is the excessive issuance of currency by the
Central Bank. Due to the short observation times-
pan of only ten years, this research model does not
consider the excess currency. On the one hand, it can
simplify the model to observe the constant state of the
total amount of currency and the amount of money
in circulation prior to and after the adoption of DIM.
On the other hand, it can obviate the need to evaluate
the precise proportion of benign policy for money
issuance. Secondly, the amount of money that can
be utilized as a measurement of the model’s mone-
tary value is applied as the monetary measurement of
the model rather than the concept of the money mul-
tiplier, which is not introduced in this research. It,
therefore, avoids analyzing how the deposit reserve
ratio of the Central Bank influences the money mul-
tiplier but has no effect on the cash leakage rate. The
model selected the final currency circulation with-
out considering the currency multiplier as its own
currency.

4.2.2. Model building and observation

The ABM tool is used to assist in the process of
developing the simulation model [39, 40]. NetLogo,
a multi-agent programming language and modeling

environment for simulating natural and social phe-
nomena, was used to run the simulation [41]. It
features a graphical user interface and a correspond-
ing coding interface, allowing researchers to easily
develop the behavioral logic of numerous agents, sim-
ulate them, and observe the consequences of their
behavior [42]. Since its inception in the complex
system community, NetLogo has been successfully
utilized in a vast array of organizational research [41,
43]. Software version 6.2 of Netlogo is implemented
to complete this research model. The model is avail-
able for download at github.com/LvAobo/ABM.

To construct the model, this study uses a variety
of widely used indices derived from actual eco-
nomic operations to evaluate model performance and
compare policy effects: the Distribution of Currency
(Money) Among Entities, a healthy economic soci-
ety should have a stable or periodic distribution of
currency (money) among different entities. Conse-
quently, determining whether DIM would result in
changes to the wealth structure should be our lead-
ing priority. The Total Amount of Goods Production,
which is the amount of consumption in the model for
each unit cycle, corresponds to the Gross Domes-
tic Product (GDP) in the actual world; The Price
Index measures the variation in the average price of
goods during each model cycle. Average Scientific
and Technological level, reflects the average level of
scientific and technological development in a society;
The savings rate of households and the loan volume
of firms are indicators of the operation of financial
institutions.



A. Lyu et al. / Digital currency based Dynamic Issuing Mechanism

9059

Table 2
Model entities, interactions and details
Type Name Definition Formula\ Value Resource
Entity (1) Central Bank Same as table 1. Quantity 1; Initial money -. [27]
(2) Commercial Bank Same as table 1. Quantity 4; Initial money [28]
1000
(3) Firm Same as table 1. Quantity 17; Initial money [27]
100
(4) Household Same as table 1. Quantity 74; Initial money [27]
100
Interaction (5) Consumption Households purchase goods from a Price * purchase quantity; [32, 36]
firm based on their own The purchase quantity is
price-demand function and personal determined by the
savings. The behavior occurs once a price-demand function and
day. the money held.
(6) Sale Profitability is the only way for firms Price function, change [32, 33, 36]
to make money. The sales results will  according to inventory. Once
influence the pricing strategies of a week.
firms.
(7) Employment Execute at the set-up stage of the Each individual (household) [34]
model. can only be employed by one
firm.
(8) Salary Once per week, which is affected by Funds held * 2/3/average [34]
the firm’s cash on hand, the number number of employees in the
of employees, and market conditions.  industry
(9) Production Conducted once a week. Affected K * (capital * 0.75+0.1) * [35]
jointly by the firm’s capital, the ((total employee skills+1) *
current state of technology, and the 0.25) * (scientific and
number of employees. technological level+1))
(10) Saving Positions/withdrawals are made once Personal funds/3 [36]
a day, and the amount is affected by
the amount of cash held by
households.
(11) Interest Once a day, it will be returned 0.005 * deposit [36]
according to the household savings
amount and interest rate.
(12) Loan In the absence of delinquent Sum of bank funds/number of [371
accounts, obtain a substantial amount firms
of cash from the bank for commodity
production and equipment upgrading.
(13) Repayment The repayment is due 12 months 1.1 * loans [37]
following the loan. If the firm’s funds
are insufficient to cover the
repayment, the repayment shall
continue after two cycles until the
debt is repaid (without compound
interest).
(14) Purchase Once a week, the purchasing Funds held/10 [36]
behavior between firms is analyzed
in order to increase the equipment
level of firms.
(15) Sale (to firms) Same as (6) Price function [32, 33, 36]
(16) Expansion Convert the proportion of general Technology increment =k * [27]
goods purchased in (14) into the general commodities
firm’s scientific and technological purchased.
growth (equipment improvement).
(17) Supervision In each cycle, real-time monitoring Households’ cash leakage DIM

(18) Dynamic Issuance

of cash held by each household (cash
leakage).

Through currency exchanges with
commercial banks, the total amount
of money in circulation in the market
will remain unchanged.

volume.

As [17] Supervision.

[38] and DIM




9060 A. Lyu et al. / Digital currency based Dynamic Issuing Mechanism

20000

15000 [

10000

5000 L\’/V‘/«-’/\_, I\ R W\M/V-A\

1 11 21 31 41 51

Total Currency

Firms Holdings

Currency in circulation

61 71 81 91 101 111 121

Households Holdings

Commercial Banks Holdings

Fig. 3. Currency distribution under the normal situation.

5. Result

With the original parameters of the model intact, it
is run over 120 cycles with and without DIM appli-
cation. Due to the stability of model results under the
same conditions, this article will present the two sets
of results listed below. The following table provides a
summary of the changes in various observation indi-
cators throughout the operation of the model.

Figures 3 and 4 depict the variations in currency
(money) held by each entity throughout the operation
of the model. Figure 3 depicts the money distribution
under normal circumstances. It can be observed that
the total amount of currency in the economic sys-
tem has not changed during 120 cycles (the model
does not consider the problem of over-issuance of
money). In this period, the model only considered the
money circulation relationship between commercial
banks, firms, and households, and the sum of money
held by commercial banks and firms, which is the
amount of money circulating in the economy fluctu-
ates greatly at this time. Its changing trend is inversely
proportional to the amount of money held by house-
holds (leakage cash). Figure 4 depicts the distribution
of funds under the DIM. In this scenario, the initial

values are typical of typical conditions. Throughout
the operation, it is evident that the Central Bank first
provided a significant amount of cash to commercial
banks in proportion to the volume of cash leakage and
maintained the total amount of money in circulation
in the economic system for 120 cycles at the initial
total amount. The changing trend in the amount of
cash held by households (leakage cash) corresponds
to the changing trend in the total amount of money,
whereas the changing trend in the amount of cash held
by commercial banks and firms exhibits mirror sym-
metry. Within 120 cycles, the proportion of money
held by households, firms, and banks remained rel-
atively stable, with no discernible capital flow to a
specific entity.

Figure 5 depicts the changes in the total quantity
of goods produced by the economic system during
the operation of the model, also referred to as gross
national product (GDP). The blue line represents the
change in total production volumes under normal
conditions. Within 120 cycles, 36,277 items of goods
were produced by the economic system. As a result of
the DIM, the red line depicts the change in total pro-
duction quantities. Within 120 cycles, the economy
produced 41,729 items, which is 15% more than if
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Fig. 4. Currency distribution under the Dynamic Issuance Mechanism.
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Fig. 5. Total goods production volume.

the DIM had not been implemented. In addition, the
DIM economic system causes the slope of the com-
modity production curve to increase uniformly when
compared to a conventional economic system.
Figure 6 depicts the varying average price of goods
in the economy over the course of the model’s oper-
ation, which is referred to as consumer pricing. The
blue line represents the variation in the average com-
modity price under normal circumstances. The price
of goods frequently fluctuated over a period of 120
cycles (the fluctuation interval is 25), with a small
fluctuation range and an average price of 9.16. The

12

11

10

1 11 21 31 41 51 61 71 81 91 101 111 121

= Normal - Dynamic Issuance

Fig. 6. Average goods price fluctuation.

red line represents the fluctuation in the average price
of products subject to the DIM. The fluctuation range
was comparable to the average one even though the
average price stayed at 9.57, which is 5% higher than
usual. Additionally, under the DIM, the goods price
fluctuation interval decreased significantly while the
average fluctuation interval increased to 30 cycles,
showing that the mechanism has, to some extent,
lengthened the cycle of economic fluctuations. Fig-
ures 3 and 4 illustrate that when the total amount of
money in the economy and the amount of cash held
by households both increase substantially, the aver-
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Fig. 7. Firm technological level changes.

age price remains relatively stable. Despite the fact
that the total volume of currency increased (45%)
in comparison to the change in the total volume of
goods (15%), the average price did not fluctuate sig-
nificantly (5%).

Figure 7 depicts the evolution of the average tech-
nological level (equipment level) of the economic
system during the operation of the model. The blue
line depicts the typical change in the technological
level of a firm under normal conditions. After 120
cycles of economic system operation, the average
enterprise technology level is 1.12, a 13% increase
from its initial value. The red line represents the
average scientific and technological level of firms
after 120 cycles of operation with the DIM, which is
1.35, a 35% increase over the initial value and 191%
faster than under normal circumstances, demonstrat-
ing that the DIM encourages firm reinvestment and
explains why the economic system’s production of
goods increased.

Figures 8 and 9 depict the changes in the average
amount of household savings and the average amount
of firm loans in the economic system during the oper-
ation of the model. The blue lines represent changes
that occur under normal conditions, while the red
lines represent conditions that occur under the DIM.
While an increase in household income resulted in
a slight increase in average household savings, from
34.2 to 39.7 on average over the entire cycle (a 16%
increase), the number of corporate loans increased
significantly, from 203.9 to 371.9 on average over the
entire cycle (an 82% increase), due to the amount of
currency dynamically paid to commercial banks by
the Central Bank, thus explains why firms are able to
achieve accelerated technological advancements.
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Fig. 10. Analysis of system feedback loop changes.

6. Discussion
6.1. Cause analysis

The results of the model simulation indicate that
the DIM augments economic production efficiency
without affecting prices by preventing cash leakage
throughout the application process. The use of DIM
will have a positive impact on the economic system,
notwithstanding the fact that the qualitative analy-
sis model’s results cannot be used to draw rigorous
quantitative conclusions. We believe that increase
operational efficiency is contingent upon minimizing
cash leakage, which ensures that money is always
circulated at the optimal multiplier [27]. Moreover,
the variation in efficiency caused by the total amount
of currency in circulation is eliminated. Systemati-
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cally, macro currency (money) circulation creates a
positive feedback loop between the household and
the market, in which a change in one direction causes
another change in the same direction [44]. However,
since money is retained in the family for a protracted
period and is not included in the feedback loop, cash
leakage contributes several delayed inputs to the pos-
itive feedback loop. The DIM precisely reduces cash
leakage through the dynamic money supply regu-
lation carried out by the bank. By eliminating the
delayed feedback cycle present in the traditional cur-
rency scenario, it achieves real-time stability and the
most efficient positive feedback flow between mar-
ket households. This is followed by optimizing the
system’s operational efficiency.

It is crucial to recognize that there is a distinction
between the DIM and the interest-bearing CBDC.
Since the CBDCs currently under consideration are
predominantly of the non-interest-bearing variety
[30], DIM can better adapt to the current CDBC mode
and achieve economic operation efficiency. More-
over, the policy of directly issuing interest to any
CDBC does not involve direct currency issuance.
For the entire macroeconomy, the total amount of
money with higher interest rates may continue to
exist as “cash leakage,” or it may enter the com-
mercial banking system as deposits and contribute to
“money creation.” If the central bank puts this fraction
of money into commercial banks while monitoring
CBDC data, it will participate in “money creation”
as a whole, and create the total amount of money
for the entire society with a money multiplier of
approximately 1/ legal deposit reserve ratio, thereby
achieving the effects of a loose monetary policy, such
as stimulating investment and consumption.

6.2. Risk analysis

Despite the fact that the DIM offers the aforemen-
tioned benefits, there are risks associated with its
operation. In essence, the way to reduce cash leakage
is to allow the central bank to temporarily trans-
fer household cash to commercial banks for savings.
This method transfers the risk associated with house-
hold capital investment to the Central Bank. This
transformation necessitates that the Central Bank, a
risk-averse organization, assume the potential risks
associated with households leaking cash for invest-
ment and then release the circulation vitality of this
portion of funds. However, since commercial banks
have acquired more liquidity funds, they will focus
on investment objects with a higher risk profile than

their traditional business scope, thereby increasing
the risk of commercial banks. This change may be
viewed as a prudent step toward encouraging innova-
tion and reviving entrepreneurial vitality within the
context of a thriving and expanding economy. Never-
theless, given the deteriorating economic conditions,
it will also increase the investment risk of commer-
cial banks, thereby increasing the risk to the economic
system.

However, it is important to note that this high risk
corresponds to high yields in similar interest-bearing
CBDC models. Moreover, according to a number of
studies, the implementation of CDBC carries the risk
of reducing the amount of bank savings, and even a
modest loss of deposits is sufficient to generate signif-
icant funding gaps for the banking sector, which will
trigger repercussions throughout the financial net-
work [45]. However, compared to the interest-bearing
CBDC model, DIM will not directly influence the
behavior and preferences of families and individuals,
thereby minimizing the likelihood of such risks.

6.3. Central bank digital currency development
outlook

The implementation of CBDC has led to signif-
icant shifts in a variety of spheres, ranging from
the underlying levels of technology to the top lev-
els of monetary policy (such as DIM). The CBDC
application framework has not yet been developed;
however, we anticipate that its operation style will
be hierarchical, similar to that of the Internet, with
little interaction between the various encapsulation
layers and layers supporting the upper layer [46].
The technical feasibility of a CBDC design with
a two-tier or multi-tier ledger is currently being
researched by some researchers [47]. Nevertheless,
we reckon that the multi-level architecture design
should extend beyond the technical level, as focusing
too much of the conversation on technologies, such as
blockchain—will limit our capacity to innovate in the
development of CBDC. This paper, for instance, ana-
lyzes the potential for policy flexibility enabled by the
traceable characteristics of CDBC and simulates the
policy’s effectiveness at the level of monetary policy
(CDBC policy). This study glosses over the technical
details of the bottom layer of CDBC, demonstrates
the changes that CBDC can bring through an exam-
ination of innovative monetary policy applications,
such as DIM, and examines the viability of explor-
ing the development of CDBC on multiple levels.
Thereby, in order to fully explore the potential advan-
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tages and changes of CDBC based on the premise of
resolving the compatibility issues in the bottom layer,
the author proposes that scholars in the field of CDBC
research should deem CDBC as a multi-level appli-
cation system, establish a unified CDBC hierarchy,
and analyze the mechanism of each layer.

7. Conclusion

This paper offers a synopsis of the previous
research on CBDC and, in conjunction with the tech-
nical aspects of digital currency, renders a proposal
for a DIM based on CBDC from the perspective of
system feedback loop theory and cybernetics. The
mechanism seeks to resolve the issue of currency
issuance cash leakage while enhancing the liquid-
ity efficiency and vitality of currency. Whereupon,
based on the findings of concluded macroeconomic
research, we utilized ABM tools to simulate the
operation of macroeconomics. By comparing several
economic indicators before and after the imple-
mentation of DIM, such as total production, price
fluctuations, savings rate, and technological level, the
effectiveness of the mechanism is evaluated in depth.
To further explore the rationale behind the remark-
able results of DIM and weigh the associated risks,
this study applied the principle of system feedback.
Finally, we covered the prospect of CBDC devel-
opment in a hierarchical framework by fusing the
effectiveness of the mechanism and the inclusiveness
of the underlying technology.

7.1. Contributions

This study has made contributions to the field of
macroeconomy and CDBC in four aspects:

1. Firstly, this study presents a pioneering dis-
cussion on the subject of CDBC regulation
(monetary policy), and proposes an innovative
DIM from the perspective of cybernetic and sys-
tem feedback. The DIM raises public awareness
of CDBC monetary policy and offers sugges-
tions to the CDBC regulatory departments by
promoting economic benefits and enhancing the
quality of life for residents.

2. Second, in contrast to previous empirical or
theoretical research models on the subject, our
simulation analysis of the potential effects of
CDBC is novel. By introducing ABM tools and
focusing on the system’s perspective, this study

provides a unique contribution to the field of
CDBC research. As CBDC has not yet been
widely adopted in any region, system-level anal-
ysis and methods such as ABM can partially
compensate for the absence of empirical evi-
dence, providing a more thorough and sensible
approach to CBDC utilization.

3. Thirdly, this study illustrates the practical utility
of CBDC and increases public awareness of it.
By confirming and analyzing the effectiveness
of the DIM model based on CBDC, this study
reaches a number of intriguing conclusions,
such as the vitality of economic operation,
stable prices, and the level of social scientific-
technological advancement. When the findings
of previous studies are compared [12, 48], it is
evident that the CDBC with DIM has produced
more significant results in those indices. In addi-
tion, the findings of this study challenge several
preconceived notions regarding CBDC. For
instance, some studies argue that while CBDC
implementation generally improves welfare, it
also squeezes bank deposits, increases bank
financing costs, and reduces investment [49].
This study, on the other hand, demonstrates how
CDBC policy (DIM) can be utilized to increase
investment and enhance welfare. These findings
will contribute to and broaden public awareness
of CDBC as a new monetary medium, in addi-
tion to shedding light on the study of ’its other
application effects.

4. Fourth, in light of the impact of CDBC pol-
icy, we examine the development orientation for
CBDC. The remarkable effect of the DIM and
its independence from underlying technology
lends credence to the viability of advanc-
ing CBDC toward a hierarchical framework
design. In contrast to the existing framework
for CBDC evaluation [50] and project man-
agement, the proposed hierarchical structure
regards the CBDC as a multi-independent level
application [51].

7.2. Limitations of this paper and future
directions for research

It should be acknowledged that there are still some
limitations in our research:

1. The first relates to the simplification of the
model. The research model reduces economic
entities, market circulation commodities, and
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the interaction between domestic and inter-
national markets in order to provide a more
straightforward and succinct simulation of eco-
nomic operation. While this model highlights
the emphasis of the study and the qualitative
conclusion has not been compromised, it has to
be recognized that the simplification leaves out
some potential effects of DIM, which should be
accounted for in subsequent research.

2. Second, the theory will have a direct impact
on the operation results since the model is
founded on macroeconomic conclusions. In the
field of macroeconomics, numerous details of
macroeconomic operation are still the subject
of contention. Consequently, whilst the model
of this study is based on widely-accepted eco-
nomic theories, future research must address the
robustness of conclusions drawn from different
theories.

3. Finally, the results of this study cannot be sup-
ported by empirical evidence. Itis impossible to
obtain empirical data to support the conclusions
as CBDC has not been widely implemented in
any region and the DIM is an original concept
of this study. This, however, does not hinder the
pioneering discussion and theoretical contribu-
tion that the qualitative analysis model in this
study provides.

Based on the aforementioned limitations, the sub-
sequent stage of this study will simulate more
complex macroeconomic activities in order to
strengthen the conclusions of the study. In the mean-
time, additional economic operation data will be used
to assess the validity of the quantitative operation
model that will be developed in the future. One of the
research’s further areas of inquiry shall encompass
the examination of the CBDC hierarchy. Clarifying
the CDBC hierarchical structure will facilitate our
projections for its long-term growth.

In brief, the ultimate objective of this study is to
propose the DIM based on CBDC, demonstrate its
efficacy through simulation experiments, and intro-
duce ABM to the field of digital currency and CBDC
from a system perspective. Thereby, we have con-
tributed to the migration of ABM to the field of
CBDC, while also advancing CDBC policy and
demonstrating its potential. We invite additional
researchers to look into the interactive relationship
and dynamic changes between CBDC and various
economic entities throughout the macroeconomic
operation, to examine and expand existing theories

in the field, and to develop new theories in the field
from a hierarchical (system-level) perspective. It is
our hope that the findings of this study will contribute
to the advancement of CBDC.
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