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Implementation of the banking
dynamics model using a system
of deterministic differential
equations
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Teknologi Bandung, Bandung, Indonesia, ?Industrial and Financial Mathematics Research Group,
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Introduction: This study discusses modeling the interaction among components
of a bank’s balance sheet, consisting of deposit, loan, and equity, as a useful tool
for analyzing risk conditions arising from factors such as non-performing loans
(NPSLs) and deposit withdrawals.

Methods: The model utilizes a deterministic differential equation system based
on a modified logistic growth model.

Results: When applied to data of selected banks in Indonesia under certain
assumptions, the model effectively describes the growth of their balance sheets.

Discussion: Our findings indicate that banks with higher core capital do not
necessarily exhibit more stable equilibrium than those with lower core capital.
Additionally, the equity equilibrium does not show a consistent pattern among
banks with varying levels of core capital.

KEYWORDS

bank’s balance sheet dynamics, differential equation system, sensitivity analysis,
equilibrium stability, non-performing loans

1 Introduction

Banks are important institutions for maintaining the stability of a nation’s economy. Their
main function is to collect funds as deposits and redistribute them in the form of credit,
commonly referred to as loans, often interchangeably. In carrying out these operational
activities, banks profit from the difference between loan interest and deposit interest, taking
risks into consideration. Increases in loans distributed by banks lead to higher profits, but the
risk of loss from non-performing loans (NPLs), which are loans that fail to be paid back by
borrowers, also increases. A high proportion of NPL reduces the amount of the bank’s assets,
meaning that these assets, originally deposits held by the banks customers, cannot
be withdrawn by them. This creates a solvency risk, where the bank’s assets become less
valuable than its liabilities. If customers are unable to withdraw their own money; it can alert
customers at other banks, prompting them to withdraw all their funds as a precaution. This
phenomenon is called systemic risk, causing people to lose trust in banking, leading to a
reluctance to deposit their funds. Consequently, those in need of investment funds may find
it challenging to borrow from banks, resulting in slower economic growth.

When banks fail to assess risk properly and experience losses, customers who lose trust
tend to withdraw their savings. This can result in liquidity risk, which can lead to banks going
bankrupt. This loss of trust can quickly extend to customers of other banks. When too many
banks go bankrupt, the economic stability of a nation is severely affected. For example, one of
the causes of the 2008 global financial crisis was the distribution of high-risk housing loans in
excessive amounts without adequate regulation. This distribution caused an increase in the
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average portion of non-performing loans (NPLs). When the value of
housing loans fell, coupled with a large portion of NPLs, many banks
incurred significant losses. In the USA, the bankruptcy of Lehman
Brothers triggered a financial crisis and a loss of confidence, which
subsequently led to a liquidity crisis. During the 2007-2008 economic
crisis, 465 banks were declared bankrupt. When public confidence in
the Rupiah currency fell in Indonesia, it led to massive withdrawals
and contributed to the 1997-1998 Indonesian Monetary Crisis (1). In
this incident, 16 Indonesian banks went bankrupt, triggering massive
inflation that caused economic and political instability.

Binding policies are essential to ensure that banking activities
operate smoothly within a nation. To establish the right policy,
research and data analysis are necessary for modeling the dynamics of
banking. One study that has been conducted involves the mathematical
modeling of bank balance sheets, known as banking models. These
banking models can be expressed using dynamic models that track
changes in the values of bank balance sheet components over a specific
period. Factors that affect the values of bank balance sheet components
are represented as variables in a differential equation.

The use of a system of differential equations allows researchers to
determine the growth of observed objects over extended periods and
the conditions under which they reach equilibrium. The dynamic
model presented in this study, structured as a system of differential
equations, is based on the predator-prey model, which has
applications in various fields, including banking, as demonstrated by
Caravaggio and Sodini (2), Blyuss et al. (3), Fakhry et al. (4), McLean
etal. (5), and Saini et al. (6). The development of the dynamic model
for creating a banking framework is discussed in Sumarti et al. (7, 8)
and Ansori et al. (9-13) as well as in Ansori (14), Atangana and Khan
(15), Ananth et al. (16), and Aqsha (17). Previously, the bank balance
sheet model consisted solely of deposits and loans. In Sumarti et al.
(8), it was expanded to include additional components from the bank’s
financial statements. Modifications to the model to incorporate
interbank interactions were implemented by Ansori et al. (9, 10), with
the introduction of additional operators by Atangana and Khan (15)
and Ananth et al. (16). The application of a metaheuristic method to
address model optimization problems was initially introduced by
Ansori et al. (9). Utilizing the method outlined by Ansori et al. (11),
researchers can assess the stability of the bank’s component equilibria
and perform sensitivity analyses to predict banking health and extend
the stability of the banking system. One advantage of employing a
dynamic model is its modular nature, which facilitates the addition or
removal of variables. For example, the incorporation of a stochastic
component into the dynamic model for representing a bank’s balance
sheet is explored by Ansori et al. (12). A similar dynamic model is
applied by Ansori et al. (13) to simulate a banking network system and
analyze macroprudential policy.

This study discusses a model for modeling the bank’s balance sheet
and its implementation. As our new contribution to the existing
research, real data from banks in Indonesia and the latest banking
regulations in Indonesia that significantly improved the model are
used. Using a metaheuristic optimization method, the model’s
parameters can be obtained, which are then used to calculate each bank
component’s equilibrium and stability. Selected parameter values are
then changed to observe the change in equilibrium value and stability.
The results from the model can suggest the bank balance’s trend and its
sensitivity to some significant factors, which could predict the risks of
liquidity and solvency of the bank. The model can be used by the
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regulator to analyze the impact of proposed regulations related to
banks to maintain the stability of the banking and financial industries.

2 Methodology and data
2.1 Construction of model

Modeling bank balance sheets using a system of deterministic
differential equations is presented in Ansori (14) and further expanded
in Agsha (17). Using real data from commercial banks, this study
demonstrates the model’s implementation, as discussed in Aqsha (17),
along with some modifications to better describe the bank’s reverse
operations. The model uses a simplified bank balance sheet, which
liabilities, and equity, along with the

includes assets,

following simplifications:

A Assets consist of loans distributed by the bank, securities
owned by the bank, reserves at the central bank, and liquid
assets consisting of assets that are easily converted into cash.
Liquid assets serve as the balance sheet balancer in this
simplified version of the banking balance sheet.

B Deposit made up the entire liabilities.

C Itis assumed that there is no interaction between banks.

The model predicts the value of bank components based on their
changes in value over a specified time interval. The chosen components
are deposits, loans, and equity. The equations for deposit and loan
growth are assumed to follow a logistic model with the
following descriptions:

o The deposit growth follows a logistic model that is influenced by
deposit D() and decreases when there is withdrawal @D () with
a value proportional to the deposit value.

o The loan growth follows a logistic model that is influenced by the
value of loan L(t), liquid asset A(t), and reserve R(t). Loan
values decrease when there is NPL nL(t) or
returned loan §(1—-n)L(1).

« The equity growth is influenced by the equity value () and

decreases by the portion of NPL.

Deposit, loan, and equity growths can be expressed by a system of
differential equations as follows:

ap(r) _ aDD(t)[l —D(t)j—wD(fl

Kp
dL(t)

a0 152 an)-s0-me(). @

‘”‘; E’) — apP(t)-nL (1),

A(t)=D(t)+E(t)-L(t)- R (¢). )

It is important to note that the bank’s reserve R* (¢) regulated by
the central bank gives no interest or return. The bank usually allocates
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its assets into financial securities, which is called a part of the
secondary reserve that gives a return as the bank’s income. We define
the financial securities, which are allocated from some portion of the
deposit or S(t) = cBD(t), so Equation 2 becomes

A(t)=D(t)+E(t)—L(1)—R(¢)-S(¢). ©)

Bank profits are obtained from the loan interest, excluding NPL,
the interest on liquid assets that are commonly loaned to other banks
overnight, and the securities yield. Factors that cause profits to
decrease are the savings interest rate excluding withdrawals, the equity
yield, and the operational cost. The bank’s profit is expressed as follows:

P(t) = (t)(l - n)L(t) + rAA(t) —rp (t)(l - w)

D(t)—rgE(t)+rsS(t)-C(1) (4)

The term rgS (t), which is the return from the financial securities,
is an addition to the original model (17). The bank’s operational cost
is simplified using the linear model as stated in Equation 5.

C(t)=cpD(t)+crL(t) (5)

The growth rates of deposits and loans depend on the interest rate
based on the Monti-Klein model. The growth rate of deposits is also
influenced by the condition of the equity. When the equity value
declines, the deposit growth rate will also decline. Parameter formulas
for deposit and loan growth rates are stated in the following equations.

_ mDVD(t)"’bD
“b= 1+exp(—vDE(t))’ (©)
ap =—mpry, (t)+bL (7)

As in Ansori (14) and Agsha (17), the bank reserve R (t) used in
this model consists of the primary reserve, a portion of the deposit,
and the Loan to Deposit (LDR) Reserve. The central bank also requires
the bank to keep the ratio of its LDR far away from a potentially high
risk, in which the ratio is below or above the regulated interval value.
As a control tool, an additional penalty amount that conditionally
depends on the LDR ratio should be imposed on the bank’s reserve
value. Equation 8 below expresses parameters utilized to model
reserve value R(t). In the right-hand side of Equation 8, the first term
is the primary reserve, and the second one is the additional
LDR reserve.

R(t)=(pp+ps)D(t)+ Reor 1)
v (4D (t) - L(t)) ,w < i,
0 <3010

(t)
0 < Aup> (8)

ralt()=Aup(0) 2Lz,

Ripr(t)=
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The conditions in Equation 8 are originally only the loan-to-
deposit ratio. Now, we put the securities variable into the ratio,
which is required by the new regulation in Bank Indonesia
(18-23).

The central bank can exempt a bank from paying the penalty on
the third condition of the second term of Equation 8, where the ratio
is higher than a regulated value 4,5, if the bank is considered very
healthy. Note that the higher the amount of loan and securities, the
larger the potential profit for the bank from their returns. If the bank
has capital (or equity) satisfying a certain minimum ratio to the risk-
weighted assets, and even if this ratio is higher than a threshold above
the minimum requirement, the bank does not need to pay the penalty.
The ratio formula is as follows.

t)
(¢

=

2 K > Ko, 9

&~

~—

where ko is the minimum requirement value, and &
is the threshold for exemption from the penalty of condition 3 in
Equation 8.

Using Equation 8, Equation 3 can be rewritten as follows

A(t)=apD(1)+ E(t)—arL(t), (10)

where
PP+ Ps + Vipp ,W < b,
ap =1=cp =1 pp+ps = Yublub ’S(tl))zs(t) Aub, 11
pp+pPs 5 Aib Swﬁﬂub.
~7ib ,S(tl);zg(t) <ip,
a =1+ 7up ’S(ES(I) > . (12)
0 Al < S(tl);gt (1) < Aub

One of the advantages of this model is the ease of simplifying the
bank balance sheet, and the parameters contained in the model can
be easily changed, added, or reduced if the real situation requires it.
Other approaches of the model stated in Equations 1-11 are defined
stochastically and using the difference equations system recommended
by Ansori (14) and Sumarti and Ansori (24).

Equation 1 shows the connection for each main component
growth. Through « 4p, the equity value affects deposit growth, which
decreases when equity value decreases. The value of deposits and
equity affected the liquid assets that determine the loan growth.
Through the bank’s operating profit, the value of deposits and loans
affects equity growth.
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The description of all variables is stated in Tables 1-3. Variable
descriptions related to the Macroprudential Intermediation Ratio
(Rasio Intermediasi Makroprudensial/RIM), which is a regulation in
Indonesia regarding reserve value, are stated in Table 4. Parameters @
and w have the same value and can be considered as the same
parameter even though they have different dimensions. The same
assumption is applied to variables 77 and n.

2.2 Mathematical methods of root finding
and approximation

Due to interdependence among variables and quite a large
number of parameters being observed, numerical methods for the
equilibrium analysis and the estimation of parameters are inevitable.
Define a vector X containing variables D, L, and £, and ¥ containing
parameters in Table 2. Equation 1 can be rewritten as follows:

dx
S F(8X,Y),
o = Fsx.y)

(13)

where F' is a non-linear equation in R The equilibrium points
of system (Equation 13) are defined by finding X such that
F(;X,Y)=0 . Due to interdependence among variables, analytics
solutions are impossible to obtain. As explained in Nocedal and
Wright (25) or Burden and Faires (26), the Broyden method, a quasi-
Newton technique for locating the roots of a system of non-linear
equations, is utilized. The Jacobian matrix (or its inverse) is
approximated using the following iterative technique. Let X}, and
G (X, ) respectively be the values of X and F at the nth-iteration.

Xn+1 = X}‘l + BnG(Xn)an = OaL'"akmaX’

where B, approximates the inverse Jacobian matrix derived from
Equation 11.

(Pn _ann)pr{’

Byi1=By+ T
Dn fn

which p, = X;41 — X, and f, = G(X,,+1)— G(X,, )
Based on observations on data over a long time period, the
interest rates of deposits and loans have fluctuated behavior and seem

TABLE 1 Bank balance sheet component variables.

Variable Description

D(t) Deposit value at time ¢
L(t) Loan value at time ¢

E(t) Equity value at time ¢

A(t) Liquid asset value at time ¢
R(;) Reserve value at time ¢

S( t) Securities value at time ¢
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TABLE 2 Description and dimension of banking model parameters.

Parameter = Description Dimension
Kp Deposit carrying capacity IDR
ap Deposit growth per unit of time time™
o Average withdrawal portion per unit time™

of time
w Average withdrawal portion Dimensionless
KL Loan carrying capacity IDR
ar Loan growth per unit of time (timeIDR)™!
n Average NPL portion per unit of time time™"
n Average NPL portion Dimensionless
S Average loan returned per unit of time | time™
ap Equity growth from profits time™
D Average deposit interest rate Dimensionless
i Average loan interest rate Dimensionless
4 Liquid asset yield Dimensionless
5 Equity yield Dimensionless
rs Securities yield Dimensionless
D Marginal operational cost of deposit Dimensionless
e Marginal operational cost of loan Dimensionless
vD Deposit rate of decline to 0 at negative | IDR™!

equity value
mp Deposit growth rate function slope time™

against deposit interest rate
oD Deposit growth rate at zero deposit time™

interest rate
mr, Loan growth rate function slope time™

against loan interest rate
by Loan growth rate at zero loan interest time™

rate

to follow a sinusoidal function. One of the series containing sinusoidal
functions is the Fourier series. Define N; the number of terms being
used for interest rate-i, where i = 1for deposit and i = 2 for loan. 7; are
the time lengths of data being used. In this research, we define for all
i,N; =2,T; =10 vyears. The formula for the Fourier series is

2nmt i . [ 2nmt
+ gy sin| —— |.
T; T;

We find parameters pf, and qz that suit the data using the curve

the following.

N
1i(t)=po+ . ph cos(

n=1

fitting method. In the equilibrium analysis, the interest rate values
need to be constant, so we use the average value of the interest rate in
the observed time period.

A different approach is employed in the estimation of Y, due to
quite a large number of parameters being estimated. We use an
optimization approach that applies metaheuristic numerical method
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TABLE 3 Description and dimension of RIM parameters.

Description Dimension Value
P Primary reserve-to-deposit ratio | Dimensionless 0.08
pS Secondary reserve-to-deposit Dimensionless 0.025
ratio
b Loan-to-deposit ratio lower Dimensionless 0.82
limit
b Loan to deposit ratio upper Dimensionless 0.9
limit
b Lower disincentive parameter Dimensionless Depend on
equity to loan
ratio
Yub Upper disincentive parameter Dimensionless 0

TABLE 4 Lower disincentive parameter value.

Equity to loan ratio 7lb
<0.14 0

0.14-0.19 0.1
>0.19 0.15

called Spiral Optimization Algorithm (SOA), which is a population-
based algorithm that explores the search space using spiral trajectories.

Let X, ,’ be the real data of a particular bank at time 7, X, tl,/\_’ ,2 ,and
X} are deposit, loan, and equity data. We define the optimization
problem, which is derived from the Mean Absolute Percentage
Error (MAPE).

13 N()?}—X})
s yE

— (14)
NS X

In the SOA method, first, we define the initial search points
Y,i=12,...
of the population. We generate these points using the Sobol Sequence

,M, where M is a previously defined number for the size

that gives uniform partitions of each point. Set the center point Y¢ of
the centroid of the initial population. At each iteration, update the
search points using a spiral trajectory as follows.

Yoi1 =Sk (r,0)Y,

(Sk(r,e)—lk)Yc, (15)

where r is the convergence rate, 0 < r <1, and @ is the rotation
angle, 0 <@ <27x. Matrix [} in Equation (15) is an k x k identity
$(.0)=rRY) (612.015....0c1.6,)  with
6‘1 2, 916 ( '9k—1,19k) is the multiplication among all rotation

matrlx, and
matrices Rj ) for all i# j,1<i,j<k. We commonly have
constant rotatlon angle 6 = 6 for all i # j. A detailed algorithm of
SOA can be found in Tamura and Yasuda (27) and Sidarto et al. (28).

The obtained value of the MAPE formula in Equation 14 is set as
the measure of prediction accuracy for the estimation results. If the
value is less than 10%, it is considered excellent forecasting accuracy.
If it is between 10% and 20%, it is considered a good forecasting
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accuracy. We ran the algorithm and adjusted some algorithm
parameters, such as 7 and 6, so we obtained at least the good one.

2.3 Data implementation

In this study, data were obtained from the financial statements of
banks in Indonesia, which are classified based on bank groups based
on their core capital, which is called KBMI (Kelompok Bank
Berdasarkan Modal Inti). Commercial banks are classified into four
groups: KBMI 1 is banks with core capital of less than IDR 6 trillion;
KBMI 2 is banks with core capital between IDR 6 trillion and IDR 14
trillion; KBMI 3 is banks with core capital between IDR 14 trillion and
IDR 70 trillion; and KBMI 4 is banks with core capital of more than
IDR 70 trillion.

Real data banks are selected from each KBMI; a private bank,
Bank Victoria (KBMI 1); a regional development bank, BPD East Java
(KBMI 2); a private bank, Bank Mega (KBMI 3); and a state-owned
bank, Bank Rakyat Indonesia (KBMI 4). The selection of banks being
considered is only one of each KBMI because we show the
implementation of the system for the observation of individual banks.

The data provided by financial statements is presented in 10°
IDR. This value is then divided by a chosen number to facilitate
optimization. Each data point from KBMI 1 data is divided by 107,
KBMI 2 and KBMI 3 data is divided by 108, and KBMI 4 data is
divided by 10°. The relevant regulations from the central bank for
determining the portion of bank reserve are taken from Bank
Indonesia (18, 19, 21-23, 29).

The source of bank balance sheet component data was obtained
from each banKs quarterly financial reports with a time period
between January 2014 and December 2023. Actual deposit and loan
interest rates are obtained from Bank Indonesia and the Financial
Services Authority (Otoritas Jasa Keuangan/OJK). Data on deposit
interest rates was determined based on the type of bank, and data on
loan interest rates is taken from each bank’s financial report.

Before solving the system of Equation 1 using the 4™-order
Runge-Kutta method, or specifically ODE45 in MATLAB,
we estimated the values of all parameters by applying the SOA method
to the optimization problem (Equation 14). The obtained parameter
values were then used to determine the equilibrium of the model. In
determining the equilibrium, the operational costs were approximated
by alinear function according to Equation 5, and the deposit and loan
interest rates were taken from the average value in one period. The
equilibrium D*, L*, E* were obtained based on the following equation:

*

D
0=apD" [1——]—5013(:),
Kp
OZOZLL*((ZADD* +E —aALL*)

(1 —Ié—*]—(n +5(1-n))L",

L

(16)

0=apP" —nL(t),

where P* is the profit value when the deposit, loan, and equity are
in the equilibrium points. This system of equations is difficult to solve
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analytically because it contains exponential and polynomial
components, so we use numerical methods described in Section 2.2.
There are a few things to consider in finding solutions:

« In the Broyden method, a fairly good guess of the starting point
is needed so that the solution can converge. The guess value can
be obtained by substituting D” to create a graph of the L value
against £ * based on Equation 16, so that two curves are obtained.
The intersection of the two curves indicates the values of L* and
E*, which can be substituted to obtain the D*value.
o Parameter values of a 4p and a4 in Equations 11, 12 have 9
different variations due to
o Three conditions of the values of the mandatory minimum
capital-loan ratio and the higher threshold as in Equation 9,
where the ratio can be less than x(, between xq and xj, and
larger than xj.

o Three conditions of the values of the deposit-to-loan ratio with
respect to their LDR ratio in Equation 8.

In the calculation, values of & 4p and & 47, are set according to
certain conditions. When the obtained solution does not meet
the conditions used to obtain a 4p and a4z, then the solution
is discarded.

The stability analysis of obtained equilibrium points is carried out
using the Routh-Hurwitz stability criteria. These point values are also
used as an initial value in performing sensitivity analysis, which is
performed by changing a parameter value and recomputing the
equilibrium stability analysis based on the new parameter value. This
study uses 77 and w as the sensitivity analysis parameters because these
parameters are significant factors of the liquidity and solvency risks.

The steps of sensitivity analysis are as follows:

1 Start by establishing equilibrium at a specific value of
either 77 or @.

2 In the first iteration, the parameters 77 or @ are obtained from
the SOA results.

3 Parameter values are added or subtracted from the preceding
value to change the value of 77 or @.

4 With the new parameters 77 or o, the equilibrium is determined
by the Broyden method with an initial guess from the previous
iteration equilibrium.

5 The stability of the new equilibrium is determined by the
Routh-Hurwitz stability criterion.

6 The process is repeated until the parameter value of 77 or @
reaches the upper limit (maximum 1) and lower limit
(minimum 0) that have been set.

7 An equilibrium graph is made against the parameter value by
including stability indicators.

3 Results and discussion

In this section, we show the solutions to the system in
Equations 1-12 for appointed banks, the equilibrium points of the
system, and the sensitivity analysis using the NPL factor 77 and the
withdrawal factor @. Figure 1 shows the value of each component in
IDR, as stated in the balance sheet. The parameter optimization using
SOA results in an MAPE value for each component from each bank,
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as stated in Table 5. See Appendix A for the obtained parameter
values. Simulation for the bank’s components value fitness is indicated
with the average MAPE value from each component, with the average
MARPE value attributed to each bank below 10%, indicating a good fit
for simulation.

Figure 1 and Table 5 show the following:

« In the case of Bank Victoria, the model cannot capture big
changes in value. While some parameter values can make the
model adapt to small changes, the model is still based on the
exponential growth model, which is better suited to observing
changes in the trend’s values. As the average MAPE is used as the
objective function, even though the deposit fit is not good, this is
still considered the best fit by the spiral optimization algorithm,
and the average MAPE value is less than 10%.

o The average MAPE value for BPD East Java and BRI are better
than that of Bank Victoria and Bank Mega. These results can
be attributed to the type of banks. Bank Victoria and Bank Mega
are private banks, while BPD East Java and BRI are state-owned.
More stable data leads to a better fit, and from the data chosen for
this analysis, the state-owned banks are more stable than the
private banks. This stability may result from an economically
stable region in the case of BPD East Java or from the large core
capital held by BRI. Further studies are required to compare the
stability of state-owned banks with privately owned banks.

Based on the original data in Figure 2, the deposit values of all
banks are always larger than the loan values. However, later, in
Table 6, the loan equilibrium points of Bank Victoria and BRI
overshoot the deposit equilibrium points. The position of deposit
and loan equilibrium points of BPD East Java are almost the
same. The equilibrium points’ position for Bank Mega is almost
the same as their initial solution.

From the system, we identified more than one equilibrium point.
Here, we only consider the equilibrium point to be positive and stable,
as shown in Table 6. In the sensitivity analysis, the results are
categorized as stable equilibrium or unstable equilibrium. A stable
equilibrium indicates that the bank’s component value is almost
certain to reach the equilibrium value. An unstable equilibrium has a
lower probability of reaching the equilibrium value, or the solution
could blow up to infinity or fall to minus infinity, impacting the bank’s
ability to operate normally. Banks that have at least one component
with a stable negative equilibrium value have a higher likelihood of
going bankrupt than those that have at least one component with an
unstable negative equilibrium value.

The results of the sensitivity analysis of the NPL value to
equilibrium points in Figure 2 show that the obtained equilibrium
points are all in blue color. It means that they are all stable. The
behavior of the equilibrium points for each component is described
in the following paragraphs.

When the NPL value rises, the loan equilibrium depicted in the
center graph of all banks in Figure 2 declines rapidly. When the loan
equilibrium reaches zero, the pace of decline slows. Long-term high
non-performing loan (NPL) values make it more likely for banks to
lose their loan balances.

The left and right graphs of all banks in Figure 2 show very similar
behaviors for the deposit and equity equilibrium points, respectively.
For low NPL levels, they are declining, but then they start to rise again.
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TABLE 5 MAPE values for each bank.

Bank Victoria BPD East Java Bank Mega BRI
MAPEp 9.65% 13.56% 9.91% 3.86%
MAPE], 6.96% 6.29% 11.01% 10.41%
MAPEE 8.62% 2.9% 6.36% 8.4%
MAPEAvrg 8.41% 7.58% 9.11% 7.55%
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Sensitivity analysis for 5 variation. (a) Bank Victoria (KBMI 1). (b) BPD East Java (KBMI 2). (c) Bank Mega (KBMI 3). (d) BRI (KBMI 4).

According to Equation 8, the growth rate of the deposit ap is
influenced by the equity value, and it appears that the behavior of the

deposit equilibrium mimics that of the equity equilibrium.
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The equity equilibrium decreases until a certain 77 then increases,
which is the reflection of the behavior of the equity value. According
to Equation 1, the equity growth rate depends on the difference
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TABLE 6 Banks equilibrium points.

Bank Victoria (107) BPD East Java (108) Bank Mega (109) BRI (10°)
= 25336 1.0177 1.2877 40527
o 40920 1.0529 0.9565 42551
£ 24922 0.2536 023221 20.5268

between the portion of profit value and the portion of loan value. For
the low value of NPL, the increase in profit cannot withstand the
increase of the loan, so the equity decreases. For a large value of NPL,
even though the profits decrease, the value of the loan is much smaller,
so the equity will increase.

The equity equilibrium for high NPL value is negative for Bank
Victoria, suggesting that if the manager does nothing to control the
non-performing loan, there may be an insolvency condition. The
situation is different with BPD East Java, where the negative value is
only for certain values of NPL.

As the NPL value rises, so do the equity equilibriums of Bank
Mega and BPD East Java. The rising NPL does not appear to be an
issue. The behavior of the original related solution in Figure 2 is
consistent with the original equilibrium points of the deposit for BPD
East Java and Bank Mega in Table 6, where they are almost identical
or larger than those of the loan. It indicates that deposit growth is
outpacing loan growth. Strong deposit growth influences the rise in
liquid assets, which ultimately leads to a profit and an increase in
quantity. It could be the cause of the NPL growth’s seeming lack of
issues for both banks.

However, in this sensitivity analysis, the values of other parameters
remain constant, as shown in Appendices A, B. Their values cannot
remain constant with these outcomes, particularly for the parameters
of deposit and equity growth, if the situation is changing. There may
be a psychological impact of putting the banks in serious danger of
going bankrupt, which causes customers and bank owners to lose faith
in the bank’s management in the handling of their funds.

Now, we discuss the results of the sensitivity analysis for the
withdrawal parameter @. With the exception of BRI, Figure 3
illustrates that if the bank’s withdrawal parameter is more than 50%,
even than 40% for BPD East Java, the bank will become bankrupt
since the equilibrium points of equity, loans, and deposits are zero.
Because loan value is reliant on reserves and liquid assets, it will go to
zero as deposit value does. Zero loan value results in zero equity value
since the bank’s profit is linked to loans. However, the unstable status,
highlighted in red in Figure 3, for some equilibrium points means the
values could just not be permanent. They can increase to positive
values or decrease to negative values for equity values.

The deposit equilibrium in Figure 3d for BRI decreases but does
not approach zero if the withdrawal parameter value increases. The
loan equilibrium remains constant at its carrying capacity K, for all
values of the withdrawal parameter @. It appears that the strong
growth of loans has already separated from the growth of deposits.
Conversely, for small values of @ up to around 40%, deposit growth
has little effect on the equity equilibrium; after that, a high value of @
causes it to deteriorate.

Based on the data used, the conditions of each bank determine the
sensitivity analysis of parameter . It is not necessarily the case that

Frontiers in Applied Mathematics and Statistics

banks in a higher KBMI category have a stable equilibrium than those
in a lower KBMI. Furthermore, when banks from different KBMI
groups are analyzed, no specific pattern has emerged from the
movement of equity equilibrium. Therefore, more investigation is
required to ascertain how KBMI groups affect a bank’s ability to
withstand changes in the @ parameter.

4 Conclusion

Using data from Indonesian banks, the process of optimizing and
simulating the value of bank balance sheet components produces good
simulation results, with the average MAPE below 10% for each bank
observed. Based on the simulation results, the following conclusions
can be drawn:

« Anincrease in the average proportion of NPLs results in a lower
equilibrium value of the loan. Under the same conditions, the
equity value decreases to a certain level before rising again. When
the equilibrium equity increases with an average proportion of
NPLs greater than a specific threshold, the deposit value also
rises. However, changes in deposit value are significantly smaller
than those in loan or equity value.

« An increase in the average portion of deposit withdrawals leads
to a decrease in the deposit and loan equilibrium value. Under
the same conditions, the equity equilibrium value can rise to a
certain average portion of deposit withdrawals before declining,
or it can decrease continuously.

» While the model is good for observing trends, it can produce a
bad fit when the value fluctuations are too high. This result is
caused by the base model, which is the exponential growth.
Changes in some parameters’ values over time give a better fit for
small fluctuations.

« The unstable status of equilibrium points suggests the possibility
of other stable equilibrium points emerging from the system.
This could become a research problem for further study.

Based on the model’s performance, several conclusions can
be drawn:

« While the model can be used to predict a bank component’s value
at a specific time, it focuses on long-term trends, so short-term
fluctuations are usually not captured accurately.

o Because the exponential growth model is not suited to
handle data fluctuation, there are some model limitations,
including
o Itis not advisable to apply the model to banks that are known

for instability or are too involved in some internal problems.
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o A significant amount of actual data is required for modeling,
so the model is not suited for a new bank that does not have a
proper number of financial reports. It may still not be stable
enough in its operation.

o If the bank is or was a subsidiary of a larger bank,
further care must be taken because this could lead to
distorted data.

« High error data or outliers can create problems for the MAPE
formula as an error metric. Therefore, it may be more beneficial
to use another error metric, such as RMSE, which has the
drawback of requiring more computation.

Based on the study, we could propose several recommendations
for the regulator:

o Setting an upper limit on the average portion of NPL is suggested.
This regulation needs to be accompanied by a better assessment
of bank loan products and data collection on loan risk
in Indonesia.

« The average portion of deposit withdrawals has different effects
on each bank; therefore, the regulator needs to see the trend of
the bank’s component value. Based on the analysis of the bank’s
profile, the regulator can also set policies by adjusting regional
conditions. The average portion of deposit withdrawals is
regulated indirectly by using other financial instruments, such as
bonds, or by adjusting savings and/or loan interest rates at
certain banks.

For further research, we can consider modeling operational
costs and securities that fluctuate with respect to time or as a
function of time. This approach requires more data on these
variables and aims to approximate the parameters of the function
quite accurately. Another suggestion is to modify the existing
model so that the deposit is more sensitive to the bank’s condition
when the loan and equity values are zero or negative. This
adjustment could reflect the immediate cause of customer
dissatisfaction with the bank’s condition, which can be contagious
in real life.
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