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Deposit benchmark interest rates are a policy implemented by banking regulators to calculate the
interest rates offered to depositors, maintaining equitable and competitive rates within the financial
industry. It functions as a benchmark for determining the pricing of different banking products,
expenses, and financial choices. The benchmark rate will have a direct impact on the amount of money
deposited, which in turn will determine the amount of money available for lending. We are motivated to
analyze the influence of deposit benchmark interest rates on the dynamics of banking loans. This study
examines the issue using a difference equation of banking loans. In this process, the decision on the
loan amount in the next period is influenced by both the present loan volume and the information on its
marginal profit. An analysis is made of the loan equilibrium point and its stability. We also analyze the
bifurcations that arise in the model. To ensure a stable banking loan, it is necessary to set the benchmark
rate higher than the flip value and lower than the transcritical bifurcation values. The confirmation of
this result is supported by the bifurcation diagram and its associated Lyapunov exponent. Insufficient
deposit benchmark interest rates might lead to chaotic dynamics in banking lending. Additionally,
a bifurcation diagram with two parameters is also shown. We do numerical sensitivity analysis by
examining contour plots of the stability requirements, which vary with the deposit benchmark interest
rate and other parameters. In addition, we examine a nonstandard difference approach for the previous
model, assess its stability, and make a comparison with the standard model. The outcome of our study
can provide valuable insights to the banking regulator in making informed decisions regarding deposit
benchmark interest rates, taking into account several other banking factors.
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Introduction

Deposit benchmark interest rates serve as a reference point for pricing various financial products,
determine the cost of funds for banks, and impact monetary policy decisions. These rates, also referred
to as base rates or reference rates, represent the minimum return offered by financial institutions on
deposit accounts and serve as a key indicator of the current interest rate environment. The establishment
of deposit benchmark interest rates provides financial market transparency and stability. These rates
serve as a benchmark for pricing a vast array of financial products, including loans, mortgages, and
bonds, influencing the cost of financing for individuals and businesses. These rates are used by
financial institutions to compute the interest paid to depositors, ensuring fair and competitive rates
across the industry. Further empirical evidence regarding factors that may influence deposit interest
rate arrangement is more notable because it is commonly assumed that alterations in reference rates
are spread relatively quickly to retail interest rates and then into the real economy [Anderson, Ashton,
Hudson, 2014].

The study of the role of deposit interest rates on several aspects of the banking industry has
been done by various approaches. The impact of market structure changes and bank-specific factors
on the deposit interest rates that a bank offers in a particular local market are studied using an
empirical model [Rosen, 2007]. Three different models of deposit rate determination are estimated
by employing deposit interest rate quantification that is built from accounting data at the bank level
for an extensive cross-sectional sample of banks for each of three different years [Hannan, Prager,
2006]. A determination of whether the Japanese bank deposit markets exhibit geographic segmentation
is estimated by extending to which changes in market interest rates are reflected in deposit interest
rates [Uchino, 2014]. Historical bank-level data is used to investigate the impact of deposit rate ceilings
on the expansion of loans in commercial banks [Koch, 2015]. A logit model is used to link aloft deposit
interest rates to bank bankruptcy, where aloft a deposit interest rate is a dependable indicator of risk-
taking [Kraft, Galac, 2007].

The benchmark rate will affect the deposit inflows directly, and this cash will affect how much
money can be turned into a loan. This motivates us to assess the impact of deposit benchmark interest
rates on lending dynamics. Several ways to address the industrial banking problem are possible by
using mathematical models. For example, a constrained optimization portfolio of the bank balance
sheet to analyze the impact of a macroprudential policy on the bank’s decision-making [Gunadi,
Harun, 2011; Satria, Harun, Taruna, 2016], a dynamical system of bank balance sheet to study the
dynamics of banking variables such as deposits, loans, equity, and reserve requirements by employing
banking data [Sumarti et al., 2018; Ansori, Sidarto, Sumarti, 2019b; Ansori, Sidarto, Sumarti, 2019a;
Ansori et al., 2021c], a network approach to study a macroprudential instrument and its impact on the
banking system stability [Ansori et al., 2021a], and a single difference equation or a system of two
difference equations of banking loan variables to survey the banking policies such as capital adequacy
ratio, reserve requirements, and macroprudential policy [Fanti, 2014; Ansori et al., 2021a; Brianzoni,
Campisi, 2021; Brianzoni, Campisi, Colasante, 2022; Ansori et al., 2021b; Ansori, Theotista, Winson,
2023; Ansori, Ashar, 2023; Ansori, Theotista, Febe, 2023; Ashar, Ansori, Fata, 2023]. For this purpose,
we follow the latter model to investigate the role of deposit benchmark interest rates.

Model formulation
Suppose a bank balance sheet identity is given below:
L+R=D+E, M
where L is loan, R is reserve requirement, D is deposit, and E is equity.
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The reserve requirement is a monetary policy implemented by the central bank to mandate that
each bank holds a specific proportion of its deposits at the central bank. This policy is formulated as
an integral component of both monetary policy and macro-prudential policy. Thus, we have

R=pD, O<p<]l. 2)

Equity is required to adhere to the capital adequacy ratio regulation, which mandates that its ratio
with risk-weighted assets must exceed a specific percentage. Given that this article only considers two
asset variables, namely, loan and reserve requirement, it follows that the risk-weighted asset is solely
the loan. In order to further simplify the model, we make the assumption that the equity is equivalent to

E=«xL, 0<k<]l. (3)

In this model, the deposit is assumed to be calculated after all variables are determined. Thus,

1_
p=-—_X
l-p

L. “4)

The loan follows a gradient adjustment procedure [Bischi et al., 2010], where the following
period’s loan amount is determined based on the present loan and its marginal profit. It forms
a difference equation as follows [Fanti, 2014]:

Lo =L +ar1 2% (5)
t+1 t L™t ) L[ ’
where @, is an adjustment rate, and 7, is the bank’s profit which is calculated below:
n=rp,Ly—rp D —rgE, - C, (6)
where Fpp=ap - b, L, is the inverse linear loan interest rate, rp, =dp+ b,D, is the inverse linear

deposit interest rate [Klein, 1971; Monti, 1972], r, is constant equity cost, and C, = ¢,,D, + ¢, L, is the
linear operational cost. All parameters are positive.

Next, we assume that the parameter of the deposit interest rate is defined as aj, = a,, — ap,,
where a,, is the deposit benchmark interest rate set by the central bank. Usually, the banking industry
establishes its deposit interest rate at a level below the benchmark set by the central bank. The
parameter a,, is the focal point of our investigation since we aim to examine its influence on the
dynamics of banking loans.

By those assumptions, the bank’s profit becomes

2
1 -«

1-«
rgk +cp +(apy —ap, +cp) (IT)])L’ —

m,=\a; -
= ;

Thus, the banking loan model in (5) becomes

Lyy=L+al (aL -

1 -
rgk+cp 4+ (apg —ap; + CD)(ﬁ)] -2
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Local stability and bifurcations analysis
Model (8) has two equilibria: a zero equilibrium Lfo) =0 and a positive equilibrium
1-
a, - [rEK +cp +(apy—ap, +cp) (ﬁ)]
1—k 2
2 [b L+ bp (1) ]

The positive equilibrium will have a positive value if it fulfills the following criterion:

Ly =

1 -«
ay > rgk +cp +(apy —ap, +cD)(1 —p). )

The subsequent theorem asserts the local stability of the equilibria.

Theorem 1. The zero equilibrium is unstable. Furthermore, the positive equilibrium is
considered to be locally asymptotically stable if

2 1-
apy > (aL—(a—+rEK+cL))(1—_IZ)+aD1 —-cp. (10)
L

Proof.  To begin with, let us consider the loan model expressed in equation (8) and
rephrase it as L, = f(L,). The function f is differentiated once to obtain f'(L,) = 1 +

2
+a, (aL —rgk—c, +(ap, —ap, - CD)(%)) —da, (bL +bp, (%) )Lt. Based on [Alligood, Sauer,

Yorke, 1996], equilibrium L* is locally asymptotically stable if [f” (L*)| < 1. In the case of LE‘O), we

have f’ (Lfo)) =l+a, (aL - [}"EK tep +(apy—ap, + CD)(}_;;)]) > 1, because we have the positivity

condition in (9). Thus, the zero equilibrium is not stable. In the case of positive equilibrium, it is
/ * _ 1- / *

clear that f (L(l)) =l-aqa (aL - [}"EK+ ¢, +(apy—ap, + CD)(IT;)]) < 1. However, f (L(l)) > -1

ifaDO > (aL—(C% +rEK+cL))(i_Ti)+aDl —cp- O
L
Bifurcations occur in the loan model (8) when the absolute value of the derivative of f with
respect to L at L* is equal to 1. The transcritical bifurcation occurs when f” (L") is equal to 1, while
the flip (doubling-period) bifurcation occurs when f”(L*) is equal to —1. The subsequent theorem
establishes the significance of those bifurcations.

Theorem 2. The positive equilibrium’s stability is compromised by transcritical and flip
bifurcations when the deposit benchmark interest rate is equal to ap, = azT)o where ago =

=(a, - I=p - =aF Fo— g (2 (I;P) -
= (aL (rEK + CL)) ( 1_K)-HID1 cp and Apg = Apyg where apg = (aL ((IL +rgk+ CL)) =) Tap1 —<p
respectively. In addition, the positive equilibrium is stable and exists when ago <ap, < alT)O.

Proof. The values of the bifurcations can be quickly found by solving the equation |f” (L*)| = 1.
The inequality af,) < a,,, < aj,, may be deduced from Theorem 1, which states that a,,, > a},, and

F T
the fact that a 0 < 4po- m]

The deposit benchmark interest rate ranges from O to 1. Therefore, for economic significance,

both the flip and transcritical bifurcation values must likewise fall within the range of O and I.

If0 < ago <1, then ¢, - (aL - (rEK + cL)) (;p) <ap <l+cp- (aL - (rEK + cL)) (}%f) Meanwhile,
2

1-«

the condition 0 < al. < 1 implies — <a, < — .
. DO_ ) aL_[(_CD_aDl)(;T/J)+rEK+CL] L “L‘[(lff‘b_“m)(;Tp)TrE"”L]. )

An additional interesting analysis can be conducted by examining the partial derivative of the
transcritical and flip bifurcations with respect to the model’s parameters. This allows us to assess the

extent to which the parameters influence the values of the bifurcations.
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For the transcritical bifurcation, we have,

dary, — 10 Ga;[)(): 1-p aazT)oz_K(l—P)<0
day, " da, 1-x" 7 Oy 1 -« ’
dal’ a, —(rpk+c,) dal’ (1-p)
DO _ L E L DO _ 1%
e =— - <0, Frale (ap — (rgk + cL))—(1 ~o? > 0,
dajy, <0 dajy, 1-p <0
dc;, T 0, 1-«
In the case of the flip bifurcation, we have,
F F F
dapy s dapg _ 1=r aaDo__K(l—P)<0
day, " Oa, 1-x T Org 1 -« ’
2
dak, ~ “L_(Z +rEK+CL) dak, ~ 2 (1-p)
= - <0, ——=|a; - +rgk+cp || ———= >0,
op 1—« Ok a, (1 —x)?
oal, dal 1 —
DO - _1<o, DO:——p<O,
dc, dc, 1-«
Dapy - i(l—p)>0
da; a/% 1-« '

In order to ensure the stability of the loan, the regulator or bank can adjust the other parameters
accordingly. If the partial derivative of ago is negative, they may set the other parameters to have
higher values. Conversely, if the partial derivative of ago is positive, they may set the other parameters
to have lower values.

Numerical simulations

To validate the analytical findings, we conduct a series of simulations including the bifurcation
diagram, the Lyapunov exponent associated with the bifurcation diagram, a two-parameter bifurcation
diagram, and sensitivity analysis. All simulations utilize the parameter values specified in Table 1.
These values are selected for simulation purposes only, yet they still fulfill all the requirements stated
in the previous section.

Table 1. Parameters’ value

Parameter Description Value
Apy Deposit benchmark interest rate Vary
ap, Bank’s deposit interest rate adjustment 0.01
b, Bank’s deposit interest rate adjustment to the deposit volumes | 0.05
a, Loan interest rate adjustment 0.2
b, Loan interest rate adjustment to the loan volumes 0.05
g Rate of return of equity 0.05
o Reserve requirement 0.12

K Capital adequacy ratio 0.08

< Deposit’s operating cost 0.05
c Loan’s operating cost 0.05
o, Speed of adjustment rate 5
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The graph in Fig. 1, a illustrates the bifurcation of the deposit benchmark interest rate a,,,. We
discover that reducing the value of @, leads to an increase in the loan equilibrium. Insufficient a
will result in complex dynamics behavior of loan expansion. The presence of chaos in this intricate
dynamics can be demonstrated by a positive Lyapunov exponent, as indicated by the red dots in
Fig. 1, b. To ensure the stability of the banking loan, it is necessary to fix the value of a,,, between the
flip and transcritical bifurcation values.

0.5
0 |

ab, = 0.035884

*

Lyapunov exponent

0.3 E‘é afy = 0.099652. 1.5} o o0ssead)
0.2 2 L by = 0.099652"
0.1% 2.5
ol . L . . . -3 : . i . : . .
0.02 0.04 0.06 0.08 0.1 0.02 0.04  0.06 0.08 0.1
4po po
(a) (b)

Figure 1. (a) Bifurcation diagram of a,,, and (b) the related Lyapunov exponent

Figure 2 displays a two-parameter bifurcation diagram of a,,, and a,,, as well as a,, and b,
illustrating the joint impact of these parameters on the banking loan equilibrium’s stability. The
simulation is conducted using an algorithm suggested in [Ansori, Ashar, Fata, 2024]. The algorithm
represents the parameter points that are coupled in blue, green, or red markers, depending on whether
the banking loans are steady, periodic, or chaotic. The simulation allows us to view the specific location,
represented by the blue region, where stable banking loans may be ensured.

0.05 0.1
0.04 0.08
_0.03 0.06
GQ &Q
0.02 0.04
0.01 0.02
00 0.02 0.04 0.06 0.08 0.1 00 0.02 0.04 0.06 0.08 0.1
ap, apo
(a) (b)

Figure 2. Two-parameter bifurcation diagram of (a) a,, — ap,, and (b) ap,, - b,

The stability condition of the positive equilibrium LE*I) in (10) is rewritten as S =

(2 ﬂ) _
(aL (aL+rEK+CL))(l—K +ap —¢p N

< 1. Therefore, we can conclude that Ly, is locally asymptotically stable

’ 4po
for § < 1. Now, we see S as a function with two variables, and our focus is on creating a contour plot

of this function. In Fig. 3, we provide the contour plot of § for combinations of a,,, with the remaining
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Figure 3. Contour plot of sensitivity function S as a function of two parameters: a,,, and (a) a,,, (b) a;, (¢) rp,
(d) p, (e) k, (f) ¢}y, and (g) ¢, . The area with a heat color value of less than 1 means that the loan equilibrium is
stable if the parameters’ value is in there

parameters. Through analysis, we can identify the region in the contour plot where the spectrum has
a value below 1, indicating the presence of stable banking loans.

Model with a nonstandard difference scheme
We modify the model (8) by using a nonstandard difference scheme [Mickens, 1994; Shabbir et
al., 2019; Khan et al., 2022]. First, let us simplify the writing of the model (8) into
Ly=L+aL(A-QL), (11)
where A = a; - [rEK+ ¢, +(apy—ap, + cD)( )] and Q = Z[b +b ( ) ] From (10) we know
that A > 0, and since all parameters are positive, it follows that Q > 0.

The modification of the nonstandard difference scheme is by letting the term on the right-hand
side of (11) that has a negative sign, i.e., —aLQL,Z, be changed into —a; QL L, ,. From this we have

t+1°
(1+a,AL,

=& ° 7 12
#1114 ,QL, (12)
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The difference equation (12) has the same equilibrium points of the difference equation (8), that is,

. . N
L(O) =0 and L(1) = o

Suppose the right-hand side of (12) is denoted by g(L,), then we have

1+a/LA

)= — L7
g (L) (1 +a,QL)

If we substitute LE‘O)

stable. For the case of L}, = % we have |g’ (%)| =

= 0 into g’(L,), we have g’(0) = 1 +a, A > 1. Thus, the equilibrium LE“O) = 0 is not

T A ﬂlYL AI < 1. Thus, the equilibrium L}, = % is locally

@~
asymptotically stable. Thus, according to this modified model, there is no bifurcation, since g’ (%) is
never equal to —1 or 1.

In Fig. 4, a, we illustrate the changes in banking loans by employing the model (8) and the
nonstandard difference model (12) with varying values of «,. It is important to remember that
represents a parameter that determines the speed of adjustment. The time series of the standard model
is affected by the value of «,, whereas the nonstandard difference model is not modified. However,
Fig. 4, b demonstrates that an increase in the value of a,, in the nonstandard model leads to a decrease

in its equilibrium of banking loans.

a, =5 a, =35
0.25 ——=— 0.3 =
¢ M 04
02l / 0.25 04
5 ~ 02
0.35}
0.15 0.15
0.3t
0. 10 20 40 60 0. 10 20 40 60
Time ¢ Time ¢ -
@, =40 @, =50 ~0.251
0.3 03
T 0.2 T ' apy = 0.03
=0 ~ 02 0.15} ap, = 0.04
0.15 0.15 ap, = 0.05
0.1 ‘ : : : :
0. 10 20 40 60 0. 10 20 40 60 0 10 20 30 40 50 60
Time ¢ Time ¢ Time ¢
(a) (b)

Figure 4. (a) Time series comparison between the standard difference model (blue line) and the nonstandard
difference model (red dashed line) for different values of @, . (b) The impact of different values of @, on the
nonstandard difference model

Conclusions

According to the analytical and numerical findings, we discover that the deposit benchmark
interest rate has a significant impact on the dynamics of banking loans. Initially, the regulator should
contemplate establishing the benchmark rate at a level that is neither excessively elevated (as indicated
by the transcritical bifurcation value) nor excessively low (as indicated by the flip bifurcation value).
This outcome is consistent with the findings reported in [Ansori, Ashar, Fata, 2024]. Furthermore, an
elevated benchmark rate will result in a decrease in the growth of banking loans. The regulator can
utilize sensitivity analysis to adjust the regulation of the benchmark rate in response to fluctuations in
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other factors within the banking industry. The change aims to ensure the stability of banking loans.
The scientific potential of our proposed model can be enhanced by incorporating nonlinear, stochastic,
or fractional interest rates, as recommended in other academic works [Brianzoni, Campisi, Colasante,
2022; Huang, Jiang, Wang, 2020; Zhu, 2015].
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