odeling
MATHEMATICAL MODELING AND COMPUTING, Vol. 12, No. 1, pp.212-220 (2025) M @puting

athematical

Modeling short term interest rates using
the Vasicek and Cox—Ingersoll-Ross models

Md Sa’at A. S.%, Shair S. N.1'2, Md Lazam N.2, Yusof A. Y.}, Mohd Amin M. N.12, Tbrahim R. 1.3,
Mohd Ghani N. A1

1School of Mathematical Sciences, College of Computing, Informatics and Mathematics,
Universiti Teknologi MARA (UiTM), 40450, Shah Alam, Selangor
2 Research Interest Group of Actuarial Risk, Analytics and Takaful,
Universiti Teknologi MARA (UiTM), 40450, Shah Alam, Selangor
3 Faculty of Science and Technology, Universiti Sains Islam Malaysia,
Bandar Baru Nilai, 71800 Nilai, Negeri Sembilan, Malaysia

(Received 19 November 2024; Revised 17 February 2025; Accepted 19 February 2025)

In modeling future uncertainties, the time value of money effect is often minimally ad-
dressed. Many models assume constant rates, leading to potential errors in financial
instrument pricing. This study explores continuous-time interest rate models to capture
future uncertainties of interest rates. Two stochastic interest rate models, the Vasicek
and Cox—Ingersoll-Ross (CIR), will be adopted, and their forecast performance will be
evaluated. Using the Maximum Likelihood Estimation (MLE), the models are fitted to
Kuala Lumpur Interbank Offered Rate (KLIBOR) data (1-month, 3-month, and 12-month
rates). Subsequently, the goodness-of-fit and forecast accuracies of both models were anal-
ysed. Results show that the Vasicek model is superior based on AIC, BIC, MSE, RMSE,
and MAPE measures. The Vasicek model outperforms CIR overall, especially for 12-
month rates. Finally, this study estimates zero-coupon bond prices and develops the term
structure of interest rates, revealing an inverted yield curve.

Keywords: stochastic modeling; interest rate risk; Vasicek model; Cox—Ingersoll-Ross
model.
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1. Introduction

Modeling interest rate risk is crucial for accurate actuarial valuations of financial instruments. In recent
years, there have been extensions of interest rate models, which include shifting from a deterministic to
a non-deterministic approach. The shift is deemed necessary since the deterministic approach fails to
capture future uncertainties and changes, that could result in errors in pricing and reserve estimation
of financial products. Some actuarial valuations involve insurance products that are offered for a long
period of time, such as whole life insurance or an annuity product. Thus, failing to account for fluctua-
tions in interest rates in the long term could also cause financial problems for the company. According
to [1], any unexpected change in interest rate movements could lead to asset-liability mismatching that
will affect the available funds or surplus in a portfolio.

There are a few methods that could account for long-term interest rate changes. Traditionally,
interest rate risk is measured using deterministic approaches. For instance, interest rates were hedged
via immunization or optimal matching of the assets and liabilities of a company, an approach proposed
by [2| through the Redington’s theory of immunization. References [3-5] extended this method further
to include a non-flat yield curve and immunization for multiple liabilities. These deterministic models
however fail to account for future changes or uncertainties, thereby constraining the relevance and ro-
bustness of the future measures and limiting its overall effectiveness in dynamic financial environments.
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Modeling interest rates using a stochastic approach has the advantage to capture the changes
in interest rates that evolve through time. Applying such models is important, especially in long-
term actuarial valuations as government bonds. Due to high security and their nature of having a
longer maturity time, interest rates are commonly used as discount factors when it comes to valuing
government bonds. One of the earliest stochastic models that consider the movement in interest rates
is the continuous-time stochastic process model known as the generalized Wiener process or Brownian
motion, as explained in [6]. The model consists of two fixed parameters that represent drift and
volatility. The Brownian motion is extended to geometric Brownian motion (GBM) assuming that
a variable follows the lognormal distribution [6]. More commonly, the extension is known as an Ito6
process, where two parameters are set to be functions dependent on the value of an underlying variable
and time [7]. This model is extensively used in modeling stock prices and indices. ItB’s assumed
that continuously compounded rates of return are normally distributed, which in turn makes stock
prices to be lognormally distributed. This assumption works well for stock prices as the lognormality
assumption means that stock prices will not have negative values. However, the process has some
limitations, because the normality assumption for rates of return means that interest rates can be
negative, which is not ideal.

The Itd process is extended to three one-factor equilibrium models where economic variables are
used to form a process for short rates [8]. This means that one factor considered is that the price of a
zero-coupon bond price is determined by short-term interest rates only over the maturities [9,10]. The
equilibrium models include the Rendleman—Bartter, the Vasicek and the Cox-Ingersoll-Ross (CIR).
The latter model is the most sophisticated as it can eliminate four main concerns when it comes to using
continuous-time stochastic model: (a) the drift parameter might not be applicable for use in longer
periods, (b) the result of the model could lead to negative force of interest, (¢) constant volatility
is assumed for large or small force of interest and (d) where the force of interest does not possess
mean reversion property. The Rendleman—Bartter model succeeds in eliminating only (b) and (c)
and the Vasicek model can eliminate only (a) and (d). Most stochastic interest rate models are
specific instances of the affine term structure model (ATSM) and can provide analytical approaches
for pricing zero-coupon bonds [11]. The Vasicek model for example, gives protection against interest
rate movement. Although the Vasicek model assumes constant volatility for the force of interest rate
and allows for a negative force of interest, it is important to highlight its mean reversion property
and tractability. The CIR model is limitedly used in previous literature, probably because it is more
complicated. The Rendleman—Bartter model assumes interest rates follow geometric Brownian motion
which is more suitable for stock prices rather than interest rates. This is less ideal as stock prices do
not behave like interest rates, where rates seem to revert to a long-term average level over time.

The application of stochastic interest rate models has been growing over the years. For example,
Reference [12] apply the Vasicek model to the European Interbank Offered Rate (EURIBOR), Tallinn
Interbank Offered rate (TALIBOR), and Canadian zero-coupon bond yields to estimate short rates
and observe that the accuracy of the model is high. Reference [13| utilize three short rate models,
specifically, the Vasicek, the CIR, and the 3/2 model to the one-year US deposit rates. The paper
concludes that, although all three models are able to fit into the data, the Vasicek model is the least
complex and easily fitted. Reference [14] apply multiple short rate models, including the Vasicek and
CIR, to the Vietnamese Treasury bill rates and conclude that other models are superior to both the
Vasicek and CIR. Reference [1| apply the CIR model to the Australian zero-coupon bond yield rates
with maturities ranging from three to 120 months using the General Method of Moments approach
to estimate the prices of longevity bonds for the purpose of immunizing and hedging post-retirement
income annuities. The implementation of the Vasicek model can also be referred to in the research
by [11] where the Australian zero-coupon bond discount factors with maturities spanning from three
months to 30 years are used to estimate short rates for value-based longevity index estimation. Ad-
ditionally, [15] apply both the Vasicek and CIR models to the Indonesian monthly rates to compare
the Projected Unit Credit and the Entry Age Normal approaches for pension fund valuation. The
paper concludes that entry age normal using the Vasicek model gives a lower normal cost value but
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the projected unit credit with the CIR model generates more profit for pension funds. Reference [16]
applies the Vasicek model to the one-year Shanghai Interbank Offered Rate (SHIBOR) and observes
some negative interest rates, which displays a disadvantage of the model.

The adoption using Malaysian data, however, is centered on the application of the geometric Brow-
nian motion to forecast stock prices. For example, [17] applies four different methods, including the
Vasicek, to estimate the systematic risk or the beta coefficients of Malaysian securities and conclude
that the Vasicek model is the best method to forecast systematic risk for the overall Malaysian mar-
ket. Reference [18| compares the Vasicek model with the Autoregressive Integrated Moving Average
(ARIMA) and GBM to forecast the weekly stock prices using data from Bursa Malaysia. The study
observes that all three forecast methods give high accuracy but concludes that the ARIMA method
is the best to forecast stock prices. One specific usage of the equilibrium model can be seen in [19]
which applies the Vasicek and CIR models to 1-year Malaysian Government Securities (MGS) to es-
timate annuity prices using stochastic interest rates. The study concludes that the pricing model has
no significant difference between the Vasicek and CIR models. However, it is found that the Vasicek
model is more sensitive towards changes. As the application of the stochastic model is minimal in the
Malaysian context, it is highly important to further explore and adopt these models to ensure that the
risks affecting future valuations are properly measured.

This paper aims to extend the applications of two commonly used stochastic models, the Vasicek
and CIR using the Kuala Lumpur Interbank Offered Rate (KLIBOR) data. Three KLIBOR datasets
consist of 1-month, 6-month, and 12-month interest rates are selected. The calibrated parameters for
each data set are used to simulate interest rate paths. The model that gives the highest out-sample
forecast accuracy is then identified. Using the projected short rates, the study then estimates the prices
of zero-coupon bonds across maturities of 1,2, 5, 10, 20, and 30 years. A term structure of interest rates,
often referred to as a yield curve, is then formed using the best-fitting model to further analyse the
impact of the interest rates estimation. The subsequent sections of this article are structured as follows.
Section 2 outlines the data collection process, the short rate models, the log-likelihood functions, the
measures of errors and out-sample forecast accuracies, and the estimation of zero-coupon bond prices
and their yields. Section 3 discusses detailed findings, parameter fittings, and further calculations.
Finally, Section 4 concludes the research with some suggestions for future work.

2. Methodology

2.1. Data collection

KLIBOR (2007 - 2024) This study collects KLIBOR daily

historical time series data focusing on

36 - the 1-month, 6-month, and 12-month

short rates, considering the shortest,

o 11 longest, and the average duration in

§ b6 - between. The interest rates from 5™

' January 2007 to 12" August 2024

21 4 ll were extracted from the Financial
——— 12-month

Markets Investor Portal (FMIP) [20].
1.6 This data is reliable and of high qual-

N~ 00 O O ~ N O ¥ 10 © N~ 0 O O «— N O <
O O O ™ ™ ™ ™ ™ v ™ v« v« « &N &N &N &N . . . . . ﬁll d _
SSRSRSR8RR8888388R¢8¢R ity, with any missing entries filled us
S55555555555555s555 ing linear interpolation. There are
Date 4,537 interest rates recorded for each
Fig.1. The daily historical KLIBOR trends for the period of 5®®  period resulting totally of 13 611 daily
January 2007 to 12*" August 2024. historical interest rates. From Fig-

ure 1 below, it is observed that interest rates are at their lowest circa 2009 to 2010 (the Great Recession)
and 2020 to 2023 (the COVID-19 pandemic). However, interest rates have gradually increased during
post-recession and post-pandemic periods and showed a stable fluctuation from 2011 to 2020 and from
2023 until the present time.
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The collected datasets were separated into training sets (5™ January 2007 to 23'¢ March 2020)
and validation sets (24" March 2020 to 12" August 2024) with a ratio of 70:30 for each of the time
periods, respectively. The training sets calibrate the model parameters of Vasicek and CIR, and the
validation sets are used to compare the actual and estimated interest rates. Once the data has been
finalized, the analysis will be performed using the methodologies below and Microsoft FExcel for data
analysis and R programming for modelling and projections of interest rates using both models.

2.2. Modeling the short term interest rates
2.2.1. The Vasicek model

The one-factor Vasicek model for interest rates is described by the following stochastic differential
equation:
dr(t) =a(b—r(t))dt + o dZ(t), (1)
where 7(t) is the short rate at time ¢, a is the constant mean reversion speed, b is the constant long-term
average rate, o is the constant volatility and Z(t) is a standard Brownian motion.
The mean-reversion factor can be seen where 7(t) is drawn towards a level b at a rate a. The
stochastic integral equation for r(t) gives

t
r(t) = r(s)e =) 4+ b(1— e_“(t_s)) + 0/ e W qz(u), s <t (2)

This result shows that the interest rates may not be positive, limiting the model using. The short rate
assumes the normal distribution with mean and variance respectively as follows:

E[r(t)|r(s)] = r(s) e =) 4+ b(1 — e2(=9), (3)
J2
var[r (£)|r(s)] = o~ (1 = e 2at=9)), (4)

2.2.2. The Cox-Ingersoll-Ross (CIR) model
On the other hand, one-factor Cox—Ingersoll-Ross (CIR) model for interest rates is described by the
following stochastic differential equation:

dr(t) =a(b—r(t))dt +o/r(t)dZ(t). (5)
The model maintains its mean-reverting property as the Vasicek model but assumes that the volatility
of the change in the short rate is proportional to \/r(t), indicatiing that as the short rate increases,
the standard deviation will increase. This property ensures that interest rates will not be negative.
The stochastic integral equation for Z“(t) gives

T(t):r(s)+/ a(b—r(u))du—i—a/ Vr(s)dZ(u), s<t. (6)

S
The short rate assumes the normal distribution with mean and variance formula is as follows

E[r(t)|r(s)] = r(s)e” %) 4 p(1 — e72t=2)), (7)
T(S)O—z —a(t—s) —2a(t—s) bo’ —a(t—s))2
var[r(t)|r(s)] = ——(e —e )+ 5 (1 )% (8)

respectively.

2.3. The log-likelihood functions

Following [13] the maximum likelihood estimates of the parameters for the both models are found by
maximizing the log-likelihood functions of both models. The training sets of KLIBOR will be applied
to the Maximum Likelihood Estimation (MLE) method. The log-likelihood function for the Vasicek
model is defined as

n—1
n 1 o? ot (r(t) —r(s)e”® — b (1 — e—adt)2
l(a,b,o) = ) In(27) — 3 ; [ln (%(1 —e )|+ %(1 Ry . (9
A simplified log-likelihood function, as proposed in [13] for the CIR model is adopted to speed up the

calibration process, given in Eq. (10),
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- —7r(s) —alb—r1r(s 2
E(a,b,a):; _%m@mzr(s) ) - (r(t) (Q)UQT(.(Sl;dt () dt)

The convention of 252 trading days in a year is assumed, that sets a time difference of dt = 25% for
the time series data. The selected initial values are a = 0.01, b is the mean of interest rates from the
training data sets, and o is the volatility of interest rates from the training data sets are fixed for the
calibration. In total, there are six sets of parameters (three for the Vasicek model and three for the
CIR model) for each type of data set (1-month, 6-month, and 12-month). The estimated parameters,
along with 1000 random numbers drawn from the standard normal distribution, produce 1000 interest
rate paths. Using the simulated error terms and the estimated parameters, r(t) will be estimated using
Eq. (2) and Eq. (6) above. The means from the simulations are then compared to the actual rates from
the validation sets.

(10)

2.4. Estimating the model errors and out-sample forecast accuracies

The goodness-of-fit of two models is tested directly from the value of the maximum likelihood function
following the results from [13] as well as the Akaike Information Criterion (AIC) and Bayesian Infor-
mation Criterion (BIC) scores according to [14]. Equations (11) and (12) are the formulas to calculate
AIC and BIC, for each data set, where k is the number of estimated parameters and L is the maximized
value of each model’s log-likelihood function,

AIC = 2k — 21In(L), (11)
BIC = kIn(n) — 21In(L). (12)

Additionally, the forecast performance of both models is calculated based on residuals between the
actual rates, r;, and the average of the calculated rates, E(7;), obtained from two models for a total
of n = 1134 observations for each data set. Following [21|, we divide datasets into two parts: the
in-sample data sets where the models will be fit into, and out-sample data sets where the forecast
errors will be evaluated. The measures of errors chosen are the mean squared error (MSE), root mean
squared error (RMSE), and mean absolute percentage error (MAPE). The errors for each data set are
measured as follows:

MSE = - (ri — B(7:))?, (13)
=1
RMSE = vMSE, (14)
1 n T — E(fl)
MAPE = — VY w100, 1
- Z; - x 100 (15)

The model with the lowest errors indicates the most accurate model for future projections of interest
rates.

2.5. Estimating the zero-coupon bond prices and yield curve

Results from Section 2.4 will determine which model is the best fit and accurate for estimating future
interest rates. This model, along with the best data set, will be adopted to price zero-coupon bonds
with maturities of 1,2,5,10,20 and 30 years and a face value of 100. This would produce a set of
discount factors that can be used in valuations and estimations where the uncertainty in the movement
of interest rates has been accounted for. Generally, the pricing of a zero-coupon bond at time ¢ that
pays 100 at time 7" where the continuously compounded interest rate at time ¢ is R(¢,T") can be defined
as P(t,T) = 100 e #¢&T) (T=8) " Extending this to the Vasicek and CIR models, the bond price formula
can be defined as:

P(t,T) = 100 A(t, T) e P& (), (16)
Depending on the chosen model, the values of A(¢,T") and B(¢,T") can be calculated as Eq. (17) and
Eq. (18) for the Vasicek model or Eq. (19), Eq. (20) and Eq. (21) for the CIR model,

—a(T—t

B(t,T) = 1_67()7 (17)

a
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AT = exp (B(t,T)—T +at2) (a®b —0.50°) J2Bii, T)? | 18)
BT =17 ;((Z(;—tj) - 11)) + 2y (19)
2ab
[ 3®
v=Va?+202 (21)

From P(t,T) = 100e &I (T and the calculated A(t,T) and B(t,T) values, the entire term
structure of interest rate at time ¢ can be determined as:

RUET) = ——— W A(t,T) + ﬁ B(,T)r(t)

T4 (22)

where R(t,T) represents the yield rate of a zero-coupon bond for a given maturity.

3. Results

3.1. Actual against estimated interest rates

The parameters for each model and data set from Table 1 are adopted into Eq. (2) and Eq. (6) to
simulate interest rate paths for the Vasicek and CIR models. The averages from the simulated paths
are then compared to the actual rates. The nature of time series models that capture the average of
the data seems to over-estimate in the first half of the period and under-estimate in the second half
(blue line for the Vasicek model and red line for the CIR model). Table 1 below shows each data
set’s calibrated parameters of two interest rate models. The graphs of actual against estimated rates
are presented in Figure 2 below for two models using three data sets applied to the Vasicek and CIR
models.

Table 1. Summary of parameter estimates for the Vasicek and CIR models.

Parameter Vasicek CIR

l-month | 6-month | 12-month | 1-month | 6-month | 12-month
a 0.3022 0.1709 0.1685 0.2952 0.1862 0.0345
b 2.9204 3.0466 3.1305 2.9127 3.0752 1.5105
o 0.2990 0.2769 0.2760 1.0024 0.9107 0.9025

Actual vs Estimated Rates (1-Month KLIBOR)
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Fig. 2. The comparison of actual and estimated interest rates of 1-, 6-,
and 12-month KLIBOR using the Vasicek and CIR models.
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3.2. Measures of Goodness-of-Fit and Out-Sample forecast accuracies

The maximized log-likelihood (Log-L) values, along with the AIC and BIC scores for each data, set
are calculated to test the goodness-of-fit of the models further. It is found that the Vasicek model
consistently surpasses the CIR model, showing higher log-likelihood values and lower AIC and BIC
values. Particularly, the Vasicek model using 12-month KLIBOR gives the largest log-likelihood value
and the lowest AIC and BIC among the six data sets. The summary of log-likelihood values and AIC
and BIC scores is tabulated in Table 2.

Table 2. Summary of goodness-of-fit test for the Vasicek and CIR models.

Vasicek CIR
Parameter 1-month | 6-month | 12-month S 1-month | 6-month | 12-month Overall
average average
Log-L 8688 8948 8960 8865 8641 8829 8815 8762
AIC —17370 | —17890 —17913 —17724 | —17276 | —17652 —17625 —17518
BIC —17355 | —17875 —17898 —17709 | —17261 | —17637 —17609 —17503

The performance of the models is further analysed based on three measures of errors. The Vasicek
model generally provides lower error values and gives lower average values for the three errors. Similarly,
the Vasicek model using 12-month KLIBOR again gives the lowest error values compared to the other
five data sets. Therefore, the Vasicek model and 12-month KLIBOR are the best samples for pricing
zero coupon-bonds and developing a yield curve. These findings support the conclusion from [13].
It is also observed that the main drawback of the Vasicek model did not affect the valuation results
when applied to the chosen data. However, it is inconsistent with [14] who concludes that the CIR
model is superior to the Vasicek. This is probably due to applying the models to different data sets or
validating the models’ goodness-of-fit using different methods. In Malaysia, the study by [19] compares
the two models using MGS data and concludes that there is no significant difference between them.
The summary of the error measures for both models is presented in Table 3 below.

Table 3. Summary of forecast errors for the Vasicek and CIR models.

Vasicek CIR
Measure l-month | 6-month | 12-month Overall 1-month | 6-month | 12-month Overall
average average
MSE 0.3408 0.5046 0.2598 0.3684 0.3481 0.4969 0.3429 0.3960
RMSE 0.5838 0.7103 0.5097 0.6013 0.5900 0.7049 0.5856 0.6268

MAPE | 24.5571 | 26.0594 18.6643 | 23.0936 | 24.8128 | 26.1544 20.6084 | 23.8585

3.3. Pricing zero-coupon bonds and estimating the yield curve

Table 4. Average prices and yields of The estimated rates from the best sample are used
zero-coupon bonds with 100 Face Value. to simulate the prices of zero-coupon bonds for
Maturity | Average Price | Average Yield (%) multiple paths using Eq. (17) and Eq. (18). The
1 97.0627 2.9837 yield rates of each simulated path are obtained us-
2 94.2487 2.9657 ing Eq. (22). Maturities of 1,2,5,10,20 and 30

5 86.7284 2.8542

years are chosen to reflect the commonly long pe-
10 76.9204 2.6305 . . C et .1

riod of actuarial liabilities. Results indicate that
20 62.9726 2.3169 h . £ sh bond d th 1
30 59.4394 92.1549 the prices of short-term bonds exceed those o. ong-
term bonds. These prices are also reflected in the
yield-to-maturity for these bonds, where short-term bonds yield more than long-term bonds. Table 4
below displays the average prices and average yields of zero-coupon bonds according to maturity.
The average yield rates are used to develop the term structure of interest rates or the yield curve of
the zero-coupon bonds. The graph is downward-sloping which indicates an inverted yield curve. This
inverted curve confirms that long-term bond yields are lower than short-term bond yields and suggests
a possible economic downturn in future years. The same trend is observed for 6-month KLIBOR,
however, the yield curve observed using 1-month KLIBOR is flatter. This suggests that the yields
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for short-term bonds are comparable to those for long-term bonds, making long-term investments less
attractive. Figure 3 below shows the respective yield curves based on the average yields from each
maturity.

4. Conclusion

This research extended the applications of

two continuous-time stochastic interest models, 3
namely the Vasick and CIR models, using KLI-
BOR data for 1-month, 6-month, and 12-month
time frames. Findings suggest that although CIR
is the most complex model that considers all four 12-month Se-oll
concerns, the Vasicek model is the best model 24 — — = 6month
in terms of goodness-of-fit and out-sample fore- - = 1-month
cast accuracies, and particularly worked best for 2.2 1
the 12-month rates. In fitting continuous-time )
interest rate models, the 1-month and 6-month 1 2 5 10 20 30
periods might be too short to capture the long- Maturity

term pattern of interest rates, which makes the Fig.3. The Estimated Yield Curves using 1-
12-month period data the best fitting. The esti- month, 6-month and 12-month KLIBOR.
mated rates from the best model are then used to calculate prices of zero-coupon bonds with
maturities of 1,2,5,10,20 and 30 years by incorporating uncertainties of future interest rate
movements. This step is essential to obtain risk-adjusted discount factors that can be used in
valuing long-term actuarial liabilities. The inverted yield curve suggests that long-term bonds
do not offer higher yields, that is the opposite fact of what is expected in a normal economy.
Further analysis is required to identify whether similar results would be obtained or whether
this scenario conforms to four stages of an economic cycle. An extension could include split-
ting and treating the historical data of KLIBOR during normal and booming economies and
recessions separately to understand the impacts of the economic cycle on the models to identify
whether it would increase the accuracy of the model.

Estimated Yield Curves Using the Vasicek Model

2.8
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MO,EI,eJ'II'OBaHHﬂ KOPOTKOCTPOKOBUX NMPOUEHTHUX CTABOK 3a AOMNMOMOrIor

mopaeneii Baciyeka ta Kokca-lirepconna-Pocca

Mg Caar A. C., Ilaip C. H.Y2, Mz Jlasam H.12, FOcod A. I1.1,
Mox Amin M. H.52, I6parim P. 1.3, Mox Tami H. Al

ITkona mamemamunnuz mayk, Konedsc 064uca106a10H0T MeTHiRY, iHGOPMAMUKY MA MAMEMAMUKY,

Texnonozivnuts ynisepcumem MARA (UiTM), 40450, Hlax Axaam, Ceaarzop
2I'pyna docaiOnuubkuT tHmMepecis aKmyaprozo puduky, GHAAIMUKG MG MaKaPy.a,
Ynisepcumem mexnonozittc MARA (UiTM), 40450, Ilax Aaam, Ceaaneop
3 Paxysvmem nayru i mexnoaoeiti, Ieramecvruti nayrosuti ynisepcumem Manatiai,
Bandap Bapy Hinati, 71800 Hinati, Heeepi-Cembinan, Manatizin

IIpu mopesmroBanui MaitbyTHIX HeBH3HAaYeHOCTEN eeKT YacOBOI BAPTOCTI TPOIIEl 9acTo
BPaxXOBYEThCA MiHiMabHO. BaraTo mozeseil mepeabadaoTh MOCTiiHI cTaBKH, MO TPU3BO-
JUTDH JI0 MOTEHIIHHNX TOMUJIOK y IIHOYTBOPEHHI (DiHAHCOBUX IHCTPYMEHTIB. ¥ CTaTTi HO-
CJIJIKYIOThCS HEIIEPEPBHI y Yaci MOJieJii IIPOIEHTHUX CTABOK JIJIsi BpaXyBaHHsI MaiOyTHIX
HEBU3HAYEHOCTEN IPOIEHTHUX CTaBOK. lIpuitHsTo 1BI CTOXACTHYHI MOJE/i MPOIEHTHUX
cTaBoK, Baciueka ta Kokca—Tnrepcosuia—Pocca (CIR), 1 oniHeHO IXHIO IPOrHO30BaHy edbex-
TuBHiCTh. BukopucroByoun oninky makcuMaiabHol fimosiprocri (MLE), mogeni migirnani
zo nanux Mix6ankiBebkol craBku npono3urii Kyana—JIymnypa (KLIBOR) (1-micsuni, 3-
micsani Ta 12-micauni craBku). 3rogom Oysio MPOaHAi30BAHO CTYIIHL BiIIIOBIAHOCTI Ta
TOYHICTBH MPOTHO3Y 000X Mojiesieil. Pe3ynbraru moka3yoTh, 1o Mojiesib Bacideka € Kparomo
na ocuosi nokazuukis AIC, BIC, MSE, RMSE ra MAPE. Mogens Baciueka mepesepiirye
CIR, ocobuBo jist 12-micsanux craBok. Hakinerb, omiHeHoO IiHU OOJrariit 3 HyJIbOBUM
KYIIOHOM i pO3POOJIEHO CTPOKOBY CTPYKTYPY MPOIEHTHAX CTABOK, BUSBJISIIOYN iIHBEPTOBAHY
KPUBY TPHOYTKOBOCTI.

Kntouosi cnosa: cmozacmuure mModeaosarha; npouenmuut pusuk; modeav Bacivera;
Mmodeav Koxca—Ineepcora—Pocca.

Mathematical Modeling and Computing, Vol.12, No. 1, pp.212-220 (2025)



