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Abstract- Inflation is a condition of general and continuous
increases in the prices of goods and services over a certain
period of time. High and fluctuating inflation rates are a sign
of economic instability. This fluctuating nature is due to
factors that influence it, causing the relationship patterns in
the data to not form a certain pattern and are also used for
predictions. This research applies a semiparametric
regression model, which combines parametric and
nonparametric model, using a local polynomial estimator for
inflation data with 2 factors that influence inflation, namely
the Bank Indonesia (BI) interest rate in one previous month
and the change rate of Money Supply (JUB) in one previous
month. The local polynomial method estimates
nonparametric functions by considering the local polynomial
order and the optimum bandwidth value based on the lowest
GCV value. In this research, a semiparametric regression
model was obtained with an optimum bandwidth value of
order 1, with high accuracy (MAPE 9.61%). The inflation
predictions for September 2024, where the value is not yet
known, with the BI interset rate and the change rate of JUB
values in one previous month, using the model resulted in this
research, the predicted value is 2.12%.
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I. INTRODUCTION

Many studies and research have been carried out on
parametric regression for time series data. Inpartic ular, the
ARIMA (Autoregressive Integrated Moving Average) model
developed by [1], [2], [3], [4], [5], [6]. The ARIMA Box-
Jenkins and ARIMAX (Autoregressive Integrated Moving
Average with Exogenous Variables) models were also
carried out by [7]. The ARIMA model can be used for further
data forecasting. Forecasting is the process of predicting
future variables based on consideration of past data.
Predictions Don't have to be able to provide exact answers
certain about an event, but try to find an answer that is as
close to the event as possible. The ARIMA model is applied
for time series analysis, forecasting, and control. This

technique is a projection technique that combines
smoothing, regression and decomposition techniques.
Because the ARIMA model is a combination of the AR and
MA models, in this model the independent variables are the
previous value (lag) of the dependent variable and the
residual value of the previous period. Time series
regression requires error assumptions to validate the
model. A good error is the smallest possible error that is
normally distributed and satisfies the properties of
randomness. The ARIMA model is a parametric regression
that takes into account error assumptions. Nonparametric
regression is regression that does not use assumptions and
rules like parametric regression. So, it can be said that
nonparametric regression is more flexible than parametric
regression.

Nonparametric regression has been widely used by
several researchers with various estimator methods.
Among them are [8], [9], [10], [11], [12], [13], [14] which
use a single response nonparametric model with a local
polynomial estimator. A more complex regression model,
namely semiparametric, which combines parametric and
non-parametric models, has been carried out by several
researchers. Among them are adalah [23], [24], and [25]
using local polynomial estimators in a single response
semiparametric model. Local polynomials have several
advantages, such as reducing asymptotic bias and
producing good estimates [18]. Local polynomial
estimators can be utilized by minimizing Weighted Least
Squares (WLS). In local polynomial regression, the
bandwidth determines how smooth the function is. The
Generalized Cross Validation (GCV) method can be used to
determine optimum bandwidth, which can be determined
from the minimum GCV value. This can be seen from the
work of [19].

2. MATERIAL AND METHODS

The bi-predictor semiparametric regression model,
namely inflation as a response variable with two predictor
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variables, namely change rate of BI interest rate in the
previous period as a parametric component with a linear
function and change rate of JUB in the previous period as a
nonparametric component, can be modeled with a
semiparametric model as follows:

Y :ﬂl Z,+ f (Xt—1)+€t (1)
Bi-predictor semiparametric regression estimation
cannot be carried out simultaneously, but one by one
continuously. Starting from estimating parametric
component parameters, then nonparametric functions
based on local polynomial estimators which are solved
using WLS with kernel function weighting. The function on
the nonparametric component can be approximated via a
Taylor series of order k, assuming the parameter values (3)
on the parametric component are known:

) ,
() :ZO%(XH—XO)J "

k .
= Zﬂj(xt—l _Xo)J
=0

So the equation (1) for all t can be written in the matrix
equation form, namely,
Y=Zp+XA+¢ (3)
The parameter A in equation (3) depends on a point
called a local point which is the data value for each
observation sequentially, so that the first starting point will
eliminate the first data, and so on. Assuming the estimator
parameter 3 is known, parameter A is estimated using
Weighted Least Square (WLS) with a weighting kernel
function K as diagonal matrix of Gaussian kernel function
with bandwidth h,

1 1% —x Y
Kh(xt_l—xo)=hmexp —i%} (4)

by minimizing the weighted sum of squared error
function,

S=(Y"=x2) K(Y"=X2)

(5)
=(Y") KY =22"XTKY + AT XK X2

with

N -1
Y'=Y-ZB=Y-Z(2'Z) Z'Y=Y-BY (6
and

B=2(2'2) 2" )
which is the hat matrix in the parametric regression

approachtoY.
The solution of equation (5) is,

2=(XTKX) T XTKY )

So we get a function approach to nonparametric
components,

*

_l * *
f(X)=X2=X(X"KX) X'KY =AY 9)
with,
* 71

A =X(XTKX) XK (10)
which is the hat matrix in the nonparametric regression
approach to Y*. Suppose ly is a diagonal matrix of size (n-1)
x (n-1), so by substituting equation (6) to equation (9) the
final form of nonparametric component parameter
estimation is obtained:

2=(XTKX) XK (Y -BY)
4 (11)
=(XTKX) " XTK(l, -B)Y
So we get a function approach to nonparametric
components,

f(X)=XA1=AY (12)

with,
A=X(XTKX) XTK(l,-B)  (13)

which is the hat matrix in the nonparametric regression
approach toY.

From obtaining the form of estimation of the two
parameters above, (7) and (15), a semiparametric model
regression estimation form is obtained,

Y=Zp+XA=BY+AY =CY (14)
with,
C=A+B (15)
which is the hat matrix in the semiparametric regression
approach toY.

In the local polynomial estimator, the initial value (x0)
will be used as an estimation point which will create a local
polynomial regression for surrounding data values with a
bandwidth h. So the row value x0 in matrix C will become
the hat matrix for a local polynomial around x0. This means
that there will be as many local polynomials as the initial
values used by matrix C which will become elements of each
row in matrix C as a hat matrix for all local polynomials
formed, namely M.

Apart from depending on the bandwidth value h, the
parameter A also depends on the polynomial order k. So that
many estimated values of the parameter A are obtained
from repetition for a combination of the two (polynomial
order k and bandwidth h). Therefore, to determine the
optimum bandwidth value with a certain polynomial order,
cross validation criteria are needed by selecting the
minimum GCV value,
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Furthermore, by obtaining the predicted Y values
from equation (16) the GCV and MAPE values can be
calculated for each repetition process of the combination
above. So that an optimum combination (polynomial order
and bandwidth value) can be obtained based on the
smallest MAPE value. In this optimum combination,
estimated parameter values are obtained which will form
a semiparametric regression model.

III. RESULT

A. Correlation Analysis

Implementation of a semiparametric regression
model based on a local polynomial estimator to Inflation
data, Bl interest rate in previous period (lag-1), and change
rate of JUB in previous period (lag-1), require the help of
statistical program applications. In this research, tools in
the form of Open-Source Software R (OSS-R) were used. The
following is a scatter plot image of the correlation matrix to
determine the relationship pattern along with the
correlation coefficient values between the three variables,

namely:
Y : Observation data (factual) of Inflation
X1t-1 : Observation data (factual) of Bl rate (lag-1)

dX2t-1 : Transformation data (differencing) of JUB
(lag-1)
with
— X 2t71 -X 2t—2

dX2, ==
t-2

(17)

Jedede

v 0.71

Figure 1. Scatter Plot of the correlation matrix for paired
data on inflation, previous Bl rate and previous change
rate of JUB.

From Figure 1 it can be seen that the correlation
coefficient value between the inflation variable in a period
(Y) and the Bl interest rate in the previous period (X1t-1) is
0.71 which is significant with an alpha of 0.1% (signed with
thress stars) so that it can be said that there is a positive and
quite strong relationship with an ascending linear
relationship pattern. Meanwhile, the correlation coefficient
value between the inflation variable in one period (Y) and

change rate of JUB in the previous period (dX2t-1) is 0.075
which is not significant, so it can be said that there is no
linear relationship. Meanwhile, the correlation coefficient
value between BI interest rate in the previous period (X1t-
1) and change rate of JUB in the previous period (dX2t-1) is
0.039 which is also not significant, so it can be said that
there is no linear relationship between both variables. From
the results of this correlation analysis, because two
variables that is inflation and BI interest rate in previous
period (Y and X1t-1) have a significant linear relationship
and the two variables and two variables that is inflation and
change rate of JUB in the previous period (Y and dX2t-1) do
not have a linear relationship, they can be modeled
semiparametrically, with Y is the response variable, X1t-1 is
the predictor variable in the parametric component (here in
after symbolized as Z), and dX2t-1 is the predictor variable
in the nonparametric component (here in after symbolized
as X). And there is no significant multicollinearity in both
predictor variables (Z and X).

B. Implementation of Local Polynomial

Estimator Implementation of local polynomial
estimator of polynomial order 1, 2, and 3 with many
simulations bandwidth values on 100 training data (March
2013 to June 2021), produce bandwidth value 0.0001 with
the smallest GCV 7.915212 on polynomial order 1. The
parametric parameter estimator () that resulted is
0.75144 and every local point (x0) on data has nonpametric
parameter estimator (1) resulted. Take any period of data
namely with X = -0.01453 as local point, nonpametric
parameter estimator (A) that resulted by local polynomial
order 1 estimator is -0.75634 and 0.00003. So the
semiparametric model with the local point of local
polynomial order 1 estimator can be writen as:

y, =0.751447,_, -0.75634+0.00003 ( x_, —(-0.01453))
=0.75144z,_, —0.75634 +0.00003 (X, , +0.01453) (18)

=0.751447, , —0.75634+0.00003 X, , +0.0000004359

=-0.7563404359+0.75144 7, , +0.00003x,,

If resigned to the observation data and substitute equation
(17), equation (18) become:

y, =—0.7563404359 +0.75144 x1, , +0.00003dx2, , (19)
19
=-0.7563404359+0.75144 x1, , + O.OOOOS{MJ
t-2
The results of nonparametric and semiparametric
regression on local polynomial time-ordered data of order
1 with each data value as local point are shown in Figure 2

and 3.
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Figure 2. Comparison of time-ordered data with
nonparametric regression.
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Figure 3. Comparison of time-ordered data with
semiparametric regression.

C. Prediction of inflation

The optimum bandwidth value obtained from
estimating semiparametric regression parameters can be
used to estimate semiparametric model to the testing data
(July 2021 to August 2024). With the bandwidth optimum
value 0.0001 on polynomial order 1 on the testing data, the
MAPE value resulted 9.61%, so it can be said that the model
is high accuracy because less than 10%. The parametric
parameter estimator () thatresulted is 0.64853 and every
local point (x0) on data has nonpametric parameter
estimator (A) resulted. Take the last period of data (August
2024) with X = -0.00614 as local point, nonpametric
parameter estimator (A) that resulted by local polynomial
order 1 estimator is -1.93242 and 0. So the semiparametric
model with the local point of local polynomial order 1
estimator can be writen as:

y, =0.648537,_, —1.93242+0(x,_, —(—0.00614))
=0.648537, , —1.93242

The results of nonparametric and semiparametric
regression on local polynomial time-ordered data of order
1 with each data as local point are shown in Figure 4 and 5.

dingan Data Testing dan Regres!

(20)

Figure 4. Comparison of time-ordered data with
nonparametric regression.

Perbandingan Data Testing dan Regresi Semiparametrik

Figure 5. Comparison of time-ordered data with
semiparametric regression.

The prediction for inflation value on September 2024,
where the inflation value data is not yet known, the Bl rate
for August 2024 is 6.25%. Using the semiparametric
regression model in equation (20) the inflation prediction
value is obtained in July 2024:

Y, = 0.64853(6.25) ~1.93242 = 2.12 21)

IV. CONCLUSION

Implementation of the bi-predictor semiparametric
model using a local polynomial estimator approach to the
inflation rate in Indonesia with two predictors, BI interest
rate in previous period and change rate of JUB in previous
period month, resulted in a semiparametric regression
model with an optimum bandwidth value is 0.00001 of
polynomial order 1 with high accuracy. Predictions for
September 2024, where the inflation value data is not yet
known, using semparametric based on local polynomial
order 1 estimator, the obtained value is 2.12%.
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