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Currently, some time series models are
formed to accommodate several aspects:
the reciprocal relationship  between
vatiables, the influence of exogenous
vatiables, spatial  relationships, and
nonlinear relationships between variables.
Threshold vector autoregressive with
exogenous variables (E-TVAR) is formed
to overcome the reciprocal relationship
between variables, the influence of
exogenous variables, and the nonlinear
relationship between variables (Tsagkanos
et al. 2018). Spatial vector autoregressive
(SpVAR) of Beenstock—Felsenstein (2019)
can capture the phenomenon of the
relationship between endogenous variables
and spatial influence. However, these
models cannot consider all four aspects
simultaneously. Some economic variables,
such as inflation and money outflow, are
reciprocally related, influenced by metric
exogenous variables, interrelated between
regions, and have a nonlinear relationship
(Islam—Ahmed 2023, Hendayanti et al.
2017, Yuhan—Sohibien 2018, Suhartono et
al. 2018).

Therefore, this study aims to propose the
TSpVARX that can contain all four of
these simultaneously. We conduct a
theoretical study to prove the consistent
and asymptotically normal properties of
the maximum likelihood estimation (MLE)
estimator in the g-th regime of the
TSpVARX model. In addition, we also
conduct a simulation study with some
scenarios to evaluate the performance of
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the MLE estimator in the TSpVARX

model. After we conduct theoretical

studies and simulations, the TSpVARX

model is applied to predict the inflation and

money outflow of Yogyakarta, Solo, and

Keywords: Semarang. Our study shows that
spatiotemporal, TSpVARX is better than SpVARX in
nonlinear time series, predicting the inflation of those three cities
forecasting, and the money outflow of Semarang based

money outflow, on the root mean square error (RMSE) and

SpVAR, and symmetric mean absolute percentage
threshold error (SMAPE).

Introduction

We often use time series modeling for predicting economic data. autoregressive
integrated moving average (ARIMA), developed by Box and Jenkins in 1976, is a
univariate model in which the prediction of endogenous variables depends on the
value of endogenous variables in previous periods (dan Hibon 1997). This model was
developed into ARIMAX to catch the impact of exogenous variables (Liu 1980, Wei
2006, Cryer—Chan 2008). ARIMAX cannot involve the second, third, and fourth
facets.

Sims (1977) states that all economic variables move together. It triggers the
development of vector autoregressive (VAR) (Sims 1977, Hannan 1970). In VAR,
predicting an endogenous variable depends on the movement of the variable itself
and other variables in previous periods. VAR develops into VARX that can consider
the impact of exogenous variables (Sukono et al. 2023, Prastuti et al. 2022, Apriliadara
etal. 2016, Sohibien et al. 2022). Granger—Terasvirta (1993) state that the relationship
between economic variables is usually nonlinear. Enders (2004) states that many
economic variables show nonlinear behaviour. This aspect triggered the development
of the threshold autoregressive (TAR) model introduced by Tong (1983) and Tsay
(1989). TAR considers nonlinear relationships between variables by dividing the
autoregressive model into separate regimes. The TAR model is modified into TVAR
to involve the reciprocal relationship between variables and the nonlinear relationship
between variables (Zhou—Chen 2023, Yuhan—Sohibien 2018). Furthermore, TVAR is
altered into E-TVAR to take into account the influence of exogenous variables
(T'sagkanos et al. 2018).

Tobler (1979) in Anselin (1988) state that everything is related to everything else,
but near things are more connected than distant things. Generalized space-time
autoregressive (GSTAR) is a model that can capture spatial relationships for one type
of time series variable (Imro’ah 2023, Ruchjana et al. 2012). GSTAR transforms into
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GSTARX to involve the influence of exogenous variables (Suhartono et al. 2018,
Monica et al. 2021). However, GSTARX has the weakness of being unable to adjust
the reciprocal relationship between variables. Therefore, it becomes an idea for spatial
vector autoregressive (SpVAR) development. This model can catch spatial
relationships for multiple time series variables (Beenstock—Felsenstein 2019). SpVAR
is updated again to SpVAR with calendar variation (Sumarminingsih et al. 2018).
However, SpVAR cannot catch the nonlinear relationship between variables and the
influence of metric exogenous variables.

Based on the previous explanation, we can see that all previous studies have
developed models to involve the aspects needed in time series modeling. However,
based on the search results, we have not found a time series model that can
simultaneously capture the aspects of the reciprocal relationship between variables,
the influence of exogenous variables, the spatial aspects, and the nonlinearity of the
relationship between variables. Therefore, we propose TSpVARX, which can adjust
those facets simultaneously. We will estimate the TSpVARX's coefficient using MLE.
We use TSpVARX to predict inflation and money outflow of Yogyakarta, Solo, and
Semarang.

We apply TSpVARX to predict inflation and money outflow in Semarang, Solo,
and Yogyakarta. We use money outflow as an approximation of the local money
supply because the local money supply is unavailable. There are some reasons why
we apply TSpVARX to inflation and money outflow predictions. Inflation as a price-
raising indicator is vital. It can harm other macroeconomic variables if not controlled.
Thus, local governments need inflation prediction as an early warning tool for future
inflation. In addition, inflation and money outflow modeling allows the involvement
of the previously described aspects, namely the interrelationship between variables,
the impact of exogenous variables, the spatial aspect, and the nonlinear relationship
between endogenous variables.

Some studies have found a two-way causality relationship between inflation and
money outflow (Sumarminingsih et al. 2018, Denbel et al. 2016, Islam—Ahmed 2023).
From the side of exogenous variables impact, Bank Indonesia's benchmark interest
rate and the rupiah exchange rate against the dollar impact inflation and money
outflow. When inflation is high enough, Bank Indonesia will raise interest rates to
reduce inflation (Abdullah—Wahjusaputri 2018). Meanwhile, the effect of the rupiah
exchange rate on the money outflow was explained by Hendayanti et al. (2017). When
the rupiah weakens, people will be triggered to exchange dollars, thus increasing
money outflow.

In terms of the relationship between locations, the movement of inflation in one
location can also be related to other locations, which is called a spatial relationship.
Commodities used to fulfill community demand do not only come from regional
production but some goods are supplied from surrounding areas. Some studies that
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involve spatial aspects in modeling inflation and money outflow include
Sumarminingsih et al. (2018), Suhartono et al. (2018), and Suhartono et al. (2016).

The next aspect that needs to be considered in modeling inflation and money
outflow (as a local money supply approximation) is the possibility of a nonlinear
relationship between variables. Many researchers have modeled inflation and money
supply in Indonesia by incorporating aspects of nonlinearity. Yuhan—Sohibien (2018)
examined the relationship between inflation, exchange rates, and money supply in
Indonesia using TVAR and found that these variables can be modeled into two model
regimes. Christopoulos et al. (2023) examined the impact of interest rate shocks on
output and inflation using TVAR. They found that interest rates affect output and
inflation when 'expected’ inflation is more than 3.6%.

Based on the descriptions above, some objectives of our study are to develop a
model and coefficient estimation of TSpVARX, to evaluate TSpVARX's performance
compared to SpVARX, to predict inflation and money outflow of Semarang, Solo,
and Yogyakarta from March—-December 2023. We use Bank Indonesia's benchmark
interest rate and the rupiah exchange rate against the US dollar as exogenous metric
variables. The research areas we use are Yogyakarta, Solo, and Semarang. These three
cities are used as loci because these three cities are geographically proximity and have
easy access to interconnect. Besides that, Bank Indonesia representative office of
these three cities can assist each other in the money supply. In addition, these three
cities are known as the golden triangle area because they are the centre of economic
development in Central Java, both from the tourism and industrial sectors (Kppip
2021). It allows for linkages in terms of economic activity between these three cities.

Method
Model and coefficient estimation of SpVARX

SpVARX is SpVAR that involves the impact of exogenous metric variables on
endogenous variables. We can write SpVAR with a spatial lag order of one and a
temporal lag order of p as SpVAR(1,p). The general form of SpVAR (1,p) can be
written as follows (Di Giacinto 2010):
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where: N is the number of locations; K is several endogenous variables; / is the
notation for the lag of endogenous variables that is from 1 until p; ¥;" is the £-th

endogenous variable in the 7-th location at the #th period; ¥?,_is the predetermined

variable in the form of the r~th endogenous variable with the lag of / and location of
#; a, 1s the SpVAR intercept coefficient for the #-th location equation and the &-th

ny(j,0)

endogenous variable; y,” i autoregressive coefficients of predetermined vatiables

. . n (a) . . .
Yr”tf ; in  equation Y, ; 7/;(1) is the space-time coefficient for

k,(ml)fr T W) Y +Wb(w)¥,’f I +WMWZ]Z - in equation Yy ; Wi(un) is the spatial

weight between Y/ and Y, ,[ ,withj=1,2, ..., p; e, is an error model of SpVARX

for the equation of #-th location and the £-th endogenous variable.
We can form SpVARX by combining exogenous metric variables as
predetermined variables into the SpVAR. The #-th exogenous variable with the

(#=7)-th period and the #-th location is denoted by F,:,,,,- with ﬂ,;’l([) as the coefficient.

The SpVARX with spatial lag order of one, temporal lag order of p, and exogenous
variable lag order of ¢ can be written as SpVARX (1, p, ¢). The general form of the
SpVARX (7, p, ¢) model is as follows:
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where: F  is M-th exogenous variable in 7-th location at the (#¢)-th period; ﬂ;;’l(q)

is the exogenous variable coefficient of F}, .-y 0 equation Y, ; M is the number of

exogenous variables; 7is the lag order notation of the exogenous variable, where 7 is
from 1 until 4.
We can also write equations (2a), (2b), (2c), and (2d) in the followlng form:
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b=|:b} b12 bz bz:l ; E=|:ei 612 e: ez:l ,and
€ =[eZ,h+1 Cipr2 eZI:I then if the number of observations used for the

model is T'and A/=max(p,q), the form of SpVARX in equation (3) can be described in
equation (4) as follows:

Vec(Y)=Fb+ Vec(E) (4)
where: Vec is the operator that stacks a matrix as a column vector; Vec(Y) is a vector
of size NK (T-h) x 1 obtained from stacking Y; Vec(E) is a vector of size NK (T-5)
x 1 obtained from stacking E; F is a matrix of size NK(T-4) x NK(1+Mg+2Kp); b is a
vector of size NK(1+Mg+2Kp) x 1.

Some stages in estimating the coefficients of the SpVARX model are:

1. Forming Vec(Y), F, and, b, as in equation 4,

2. Estimating the coefficients of the SpVARX model with Ordinary Least Square
(OLS) using the following formula:

n ’ -! ’
Boss.spraer = (FF) FVee(Y) 5)

3. Finding the residual of the SpVARX model obtained with OLS in step 2 with
the following formula:

Vec(E), s = Vec (Y) - FbOLS,SpVARX (6)
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4. Finding the covariance matrix estimator of the SpVARX model with the
following formula:

I Var(e}) Cov(e:,ef) Cov(e},eZ) Cov(e},eg)—
Cov(ef,e}) Var(ef) Cov(ef,eﬁ) Cov(ef,e,ﬁ')
8 _ : : - : ' :
ORI Cov(ef,e}() Cov(ez,ez) Var(e,:) Cov(ez,e,’;’)
_Cov(e'k’,ei) Cov(e;’,ei) Cov(eZ,eL) Var(ej}') |
where:

n 1 n ! n
Var(ek) = ﬂ(ek ) .(ek)
n N \_ l n ! N
Cov(ek,e,(,) =T (ek) .(eK)
5. Perform coefficient estimation of the SpVARX model coefficients with
Maximum Likelihood Estimation (MLE) using the following formula:

-1

n s & -1
bMZE,SpVARX :(F (ZOLS,SpVARX ®I)F) F (ZOLS,SpVARX ®I) VCC(Y) (7)

where: I is an identity matrix with size (1-4) x (T-).

Model development and coefficient estimation of TSpVARX

TSpVARX is developed by dividing time series data into some regimes based on the
selected threshold variable and the threshold value. Each regime has a SpVAR model
with metric exogenous variables (SpVARX). The division of the model into these
regimes is based on the threshold value (¢) obtained from the threshold variable.

The lag of the threshold variable named delay (4) can be interpreted as the length of
time series data to switch regimes. The threshold variable with the delay of 4 in

TSpVARX is denoted by Y,-; . TSpVARX consists of s regimes with a delay order

of d, spatial order of one, the temporal lag order of p, and exogenous variable lag
order of ¢ can be written as TSpVARX (s, 1, p, ¢, 4). By using the SpVARX form of
equation (4), we can write TSpVARX with two regimes as follows:

F'p" + Vec(E) when ¥\, <¢,

Vee(Y) = ) o ) (8)
F%b +VeC(E) , when Y, ,>¢,

(¢))
2

where: ¢ is a threshold value.
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By adopting Hansen (1999), Lo—Zivot (2001), and Sohibien et al. (2024), there
are several steps to estimate the TSpVARX coefficient with a threshold variable

(%)
1. We set an endogenous lag variable which will be the threshold variable (Y,:,,d) .

2. We specity the order p you want to use based on the smallest Akaike information
criterion (AIC) of the SpVAR model. The formula of AIC can be found in Wei
(20006). In this study, the maximum p is limited to 4.

3. We specify the order ¢ orders to be used based on the smallest AIC of the
SpVARX model. In this study, the maximum ¢ is limited to 4.

4. We set the largest delay limit (d) of the candidate threshold variable equal to order

p so that the candidate threshold variable is Yy, y Yiyay eony Yoy .

5. For each candidate threshold variable (Y,f:,_d ford =1, 2, ..., P) , we specify Sq =

10-th percentile and  Say = 90-th percentile of Yeia .

6. We specify S <6 =6 .
7. We perform all possible data divided into two regimes based on all possible
combinations (d,¢) . The data is divided using the following ways:

o If K: 2 <6 then the observation on the £th period will fall into the first regime,
e If 1! ,>¢ thenobservation on the ~th period will fall into the second regime.

8. We estimate the first and second regime coefficients of TSpVARX with two
regimes using MLE for each possible data division. The estimation method is the
same as the SpVARX estimation step described in the previous section.

9. We Calculate the value of the log-likelihood function in the first regime

(B sprane (:6) 1985 g ) and the second regime /(B (4:6) | Qsgrume ) for

each possible data division by the following formula:

- NKT® 1
l(ngZL)E,SpVARX (d, g) ‘ gl(OiL‘,SpVARX) == In27 *5 In| %ﬁ,SpVARX |

-1

1 (&) : ’ @] N
- 2 ‘:( VeC(Y) “-F (g)bSSL)E,SpMRX ) (()Y()ﬁ.SpVA.RX ) (Vec ( Y) ¢ —F (g)b(J(ZL)E,SpVW )

where: ! (BgL)E,smex (d N ) | gzéil’,SpVARX) is the the log-likelihood function value in

g-th regimes of TSpVARX with two regimes; Qéi)s,spyARX is the error covariance
matrix in the g-th regime that is gotten from the OLS method with size KIN(1-4)

x KIN(T-h). We can get Q(()i.)S‘,SpVARX bY using Q'(()i)s,SpVARX = ZOLS,SpVARX QI
10. We calculate the total value of the log-likelihood function (l,o,,,, (d Na )) for each

combination Z/and ¢ by the following formula:
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lmm/ (d, g) = I(BS\?LE,S;;VARX (d, g) | QgL)S,SpVARX ) + I(BS\/Q,E,S;;VARX (d, g) | QézL)s,spVARX)
where: /,,(d.¢) is the total value of the log-likelihood
11.We get the delay estimation (C2 ) and threshold value estimation (<) by selecting

d and ¢ that can maximize Z,,, (d Na ) . We can write it in mathematical form as

follows:

(3,5) = {(d,g),maxlmml (d,g)} .
12. We get the coefficient estimation of the TSpVARX with two regimes in the g-th

regime by using d and ¢ . We can write it in mathematical form as follows:

b'e —p¥

MLE,TSpVARX  2rezim — PMLE,SpVARY (d 6 ) )

We create two flow charts to make it easier to understand the flow in estimating
TSpVARX with two regimes. The first flow chart in Figure 1 illustrates the flow for
determining the estimation of the temporal lag order (5) and the exogenous variables'

lag order (7). The second flow chart in Figure 2 shows the flow for estimating the

coefficients of TSpVARX with two regimes.
Figure 1

The flow chart of determination of temporal lag order (/) and
exogenous variables lag order () estimation for TSpVARX model

v

| Estimating estimator of SpVAR (1, p), for p=1,2,3 4 |
v
| Calculating AIC of SpVAR (1, p) forp=1,2,3 4 |
Determining p order estimation (p) based on the smallest Akaike Information
Criterion (AIC) of the SpVAR model
v

Estimating coefficient of SpVARX (1, p, ¢), for ¢ = 1,2, 3, 4

Determining ¢ order estimation () based on the smallest Akaike Information
Criterion (AIC) of the SpVARX model

/ Getting p and ¢ /
v
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Figure 2
The flow chart of the coefficient estimation of TSpVARX with two regimes

v

/ Data of endogenous and exogeous variables /

Selecting one of the lag endogenous variable as threshold variable (YA" ,,) ‘

v

‘ Specifying max(d)=p, so thatd= 1,2, ..., p ‘

v

Specifying ¢, =10th percentileof ¥'_, and ¢, = 90th percentileof V', ,

¥

SuS6<6w
I

the data is included

regime one

the data is included
regime two

v

v

the data is included
regime one

the data is included
regime two

)

v

Calculate

I(B(IBLE.SPVARX(d’gdL)Idl))
I

Calculate
(B g (d:6.) 1947

Calculate

[(B%E,S[IVARX (d, QIL') ‘ﬂm)

Calculate

l(ﬁgl?u,.-iwmo( (d’ Sav ) | dz])

v

v

Calculating

o (456.) =1 (B0 grane (4619

+1(B5) s vy (4,6.)1Q7)

(5

m/ul (d gdu) ( MLE SpVARX (d gdl. ) ‘ dl )

MLE, 3,;;,410( d gdu)|d2 )

Calculating
Determining (c?,g:) = {(a’,g),max Lo (oS, )}
v
Bf’lfL)E,TSpVARX,Zmzim = ﬁf’jLE SpVARX (d’ é)

bl

MLE TSpVARX ,2rezim

v

Some of the properties of the coefficient estimators that are proven are consistent
and asymptotically normal.
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Theorem 1

If bﬁ),gmmx is the coefficient estimator of the TSpVARX in the g-th regime using the
MLE method, then bﬁL)EJSpVARX is a consistent estimator.
Theorem 2

If f’ﬁ(’}iE,TspVARX is the coefficient estimation of the TSpVARX model in the g-th regime

obtained using assumptions & ~ Ny (0, Q(g)) and Q0 =3® o1, b5 rmumy will be

asymptotically normally distributed.
The proof of theorem 1 and 2 can be seen in the Appendix.

Simulation study to evaluate the performance of the estimator

We conducted a simulation study to evaluate the performance of the MLE estimator
on the TSpVARX model. The simulation is conducted using two endogenous
variables, one metric exogenous variable, and three locations. This simulation is done
by combining the error covariance conditions and the sample size conditions. Because
there are two error covariance conditions and three sample size conditions used, there
are six scenarios that will be used in this simulation. The conditions of the etror
covariance and sample size that will be used in this simulation are as follows:
1. There are two conditions of the error covariance matrix used to generate data,
namely:
a) the first condition of the covariance matrix is when the error correlation
between equations is 0.1 (error covariance between endogenous variables
is 0.01),
b) the second condition of the covariance matrix is when the error correlation
between equations is 0.9 (covariance error between endogenous variables
is 0.09).
2. There are three sample size conditions used, namely 120, 240, and 360 samples.
There are some steps taken in conducting a simulation study of the TSpVARX
model.
1. We generate normally distributed errors (e,) with zero mean and 0.2 variance

for as many simulation periods as possible to form simulated data of the
exogenous variables.

2. We generate the exogenous variable data by using the following equation:
X,=0,5X,+¢, with €,~ N (0,0,2),

3. We generate multivariate normally distributed errors (8~N (y,(Z@I,))) to

form data simulations of endogenous variables in each regime for as many
simulation periods as possible.
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4. We generate endogenous variable data by using the following model:

The 15t regime (whenY,,,<0)

Yy =04X,,,+0.25Y, , +0.3(0.5%2, +0.5Y; ,)+0.2%), , +0.5(0.5Y;,, +0.5%,, ) +e]
Y? =0.55X,,,+0.2Y] , +0.12(0.5Y) , +0.5Y; ) +0.3Y;,, +0.25(0.5Y,, , +0.5Y,, ) +¢] |
Y2 =0.2X,,, +0.3Y,, +0.3(0.5Y,, +0.5%] )+0.35Y,  +0.4(0.5Y,, , + 0.5 )+¢ |

Y, =0.5X,,, +0.15Y, +0.05(0.5%> , +0.5Y;

1,1 1,e-1 1,01 1,t-1

)+0.125Y), , +0.2(0.5Y), , +0.5Y;, ) +¢;
Y7 =03X,,, +025Y, +03(0.5Y, , +0.5Y, ) +0.3Y;,, +0.05(0.5Y), , +0.5,, )+ &

>

>

+0.27°

) =04X,, 5 +03(0.5Y] , +0.5Y7 ) +0.25Y;, , +0.02(0.5Y;, , +0.5Y;, ) +e3 |

The 2rd regime (when Y:H >0)

+0.5Y;

2,t-1

+0.2Y"

Y =0.2X L +0.24(0.57]

1,t-1

+0.5Y;, ) +0.16Y,

2,t-1

+ 0.4(0.51/2

2,t-1 te

1
1

>
3

Y7 =025X,,, +0.16Y} , +0.096(0.5%, , +0.5Y] ) +0.24Y,. , +0.2(0.5Y;, , +0.5Y;, ) +¢

1,t-1

Y =0.1X,, , +0.24%} , +0.24(0.5Y),, +0.5% ) +0.28Y;, , +0.32(0.5Y;,, + 0.5, )+¢ |
Y, =025X,,, +0.12%,, , +0.04(0.5% , +0.5Y] ) +0.171;, , +0.016(0.5Y. , +0.5Y;, ) +¢] |
Y7 =0.1X,,, +0.2%2 +0.24(0.5Y, , +0.57 )+ 0.24Y, , +0.04(0.5Y, , +0.5Y;, )+ |
Y, =0.15X,,, +0.16Y} , +0.24(0.5Y. , +0.5Y ) +0.2Y}, , +0.016(0.5Y;, , +0.5Y;, ) +&;

5. We perform simulations with 100 repetitions (each repetition is performed as
in steps 1 to 5).

6. We calculate the percentage of the sign of the coefficient estimators that are
the same as the sign of the true coefficients of TSpVARX. The larger the
percentage, the better the estimation of the model coefficients in terms of sign.

7. We calculate the percentage of TSpVARX parameter coefficients with MLE
that are significant in the model. The larger the percentage, the better the
estimated model coefficients are in terms of sign.

Dataset and variables for application

The data we used in this study are as follows:
1. Semarang’s inflation, Solo’s inflation, and Yogyakarta’s inflation for the period
January 2006-May 2023 (in percent),
2. Semarang’s money outflow, Solo’s money outflow, and Yogyakarta’s money
outflow for the period January 2006—December 2021 (in billion rupiahs),
3. The rupiah exchange rate against the dollar and Bank Indonesia’s benchmark
interest rate for January 2006—May 2023.
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We get inflation data from Statistics Indonesia. Meanwhile, money outflow data,
the rupiah exchange rate, and Bank Indonesia's benchmark interest rate are obtained

from Bank Indonesia. Our endogenous variables are inflation of Semarang
(Inf _Se) , inflation of Solo (Inf _So) , inflation of Yogyakarta (Inf _Yo) ,

money outflow of Semarang (Outr _ Se) , money outflow of Solo (Out _So), and

money outflow of Yogyakarta (Out _Yo) . Our exogenous metric vatiables are

exchange rate depreciation (Dep) and Bank Indonesia's benchmark interest rate
( BI 7rate) .

Formation stages of SpVARX and TSpVARX

There are some stages for getting the SpVARX and TSpVARX.

1.

8.
9.

We test of data stationary using the Phillips—Perron (PP) test (Phillips—Perron
1988).

. W identify the presence of spatial relationships between endogenous variables

using cross-correlation values.

. We find uniform spatial weight. We use it because Semarang, Solo, and

Yogyakarta have equally easy access to connect in terms of transportation and

economy. We can get uniform spatial weight by using the following formula:
w, (myu) :Fn ;

where: w,, (n,u) is the weights of the £-th endogenous vatiable of the #-th

location with the r~th endogenous variable of the #-th location; N, is many
locations that neighbour the #-th location; We find p order based on the
minimum AIC of the SpVAR.

We find g order based on the minimum AIC of the SpVARX model with order
p obtained from step 3.

We get the coefficient estimators of SpVARX (p,g).

We test the nonlinearity of the relationship between variables using Ramsey's

reset test (see Gujarati 2003).

. We can process TSpVARX modeling if there is a nonlinear relationship

between endogenous variables and predetermined variables.
We specify the delay order (d) and threshold variable based on the generated AIC.
We estimate TSpVARX coefficients with selected orders p, ¢, and d.

Stages to evaluate predictive ability of SpVARX and TSpVARX

Some steps to evaluate the predictive ability of SpVARX and TSpVARX are:

1.

Dividing data into two parts, namely in-sample data (January 2006—December
2020) and out-of-sample data (January—December 2021).

Regional Statistics, Vol. 14. No. 5. 2024: 862-897; DOI: 10.15196/RS140503



876 Gama Putra Danu Sohibien-Setiawan Setiawan -Dedy Dwi Prastyo

2. Modeling SpVARX and TSpVARX using in-sample data.

3. Predicting inflation and money outflow in the period of out-of-sample data
using the SpVARX and TSpVARX obtained in the second stages.

4. Choosing the best model based on the smallest RMSE (Wei 2006).

Predicting procedure using TSpVARX in g-th regime

By adopting the predicting process on the ARIMA model described by Wei (2006),
we predict endogenous variable values for future periods using the TSpVARX in the

g-th regime recursively.

The prediction procedures for endogenous variables using TSpVARX in the g-th

regime for the upcoming period are as follows:

1. Predicting procedure for one period ahead (/=1)

};n

_(X‘)(g)_
1
()"
r _ 1
[ (fll,wl), (y},m)' 0 0 0 0 0 0 (;\‘i‘g)(é’)
i+l
Yli+l 0 0 (fl?wl) (y12,1+1) 0 0 0 0 (y]z)(g)
_ : : - : : : : : : ,
sl o0 0 0 e (1) (ha) 0 o ()T
,» : : : : : : : : (Yf)m
T Lo e e o000 e (@) R
(7»';\(,)(2)
('YN)(g)
K
where:
’
(fIZH—I) :|:1 E'; E:;—l—q F,:;H_,. F/C[,t F}|'/Ii,t+1_q:| with size 1 X(l‘l‘Mq),

’
_ * .
(Yz,m) —I:Y;; Kfr Yrr,’t+1—j Z‘;,Hl—j YKn,Hl—p Y/d'im—p:' with size 1 x ZKP,
N
n* _ u
Y;cr,Hl—j - Z Wkr (n’u)Yr,Hl—j N
u=1

(A-Z)(g):[(w:o)(g) ( ,1](1))(g) ( nl(q))(g) ( ,I(Zl-))(g) (w))(g) (W))(g):[ with size
(1+Mg)x1

( YZ)(g) :|:( }//:i(l’()))(g) ( }//:i(l’l))(g) ( }/,;U’O))(g) ( }/;(j’l))(g) ( Hﬁp’o))(g) ( }/,;ﬁp’l))(g):l/ with size
2KPx 1,
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2. Predicting procedure for two petiods ahead (/=2
gp P
_ ) ' A
Fer (fll,/+z) (57:,1+z) 0 0 0 0 0 0 yiz
YI.HZ R ' , 7L,
);I,ZHZ 0 0 (flz,HZ) (ylz,wz) 0 0 0 0 ,le
~ = >
el o 0 00 0 e (i) (Bha) -0 o M
: . . . . . . . . . . Yk
Y’;KNHZ A ! ! :'V
0 0 0 o 0 0 0 (Bn) (8a) ||
- - N
LYk J

WhCl’C ( J+2) |:1 Fl';+1 1:13*’2‘(] Fr:,HZﬂ‘ F;LHI FAY/},t+2ﬂ:| Wlth size 1 X (1+Mq),

5 S 5 S 5 S . .
Ykz+z [K o Yo o Yoo Yoo, o Yoo, )/;fln(,t+2—pj| with size 1 x 2KP,
R N
n* _
Yk”*z*j - Wi (7’1 u) rat2-j
u=1

Do the next forecasting until the next L. period forecast.
3. Predicting procedure for L period ahead (/=L)

- , __X:_
() )0 0 . 0 o o o 1y
}/lllﬁ»L R , , xlz
YA121+L 0 0 (ffuL) (S’IZ.HL) 0 0 0 0 712
Yk.HL 0 0 0 0 (f/\"HL) (yZHL) 0 0 ‘YE
Rrm , A

o0 00000 (fe) (30) |
7 "Ly

’

WhCl’CZ (f‘IZ/+L) :|:1 ﬁlTZJrLfl }?lji’ll‘([ ﬁr:I,HLﬂ' Etj[ﬁ];l 13;1‘¢+Lﬁ:| Wlth size 1 x
(1+Mg),

’ A A~
n _ n n* n ¥ n n* : :
(yk,t+L) _|:Yl,t+L—1 Yklt+L1 YrHL j Ym+L i YK,HL—p YAKHL p] with size 1 x ZKP,

O n¥ u u
Yer+L, Zwkr n,u )]rt+L] S krt+Lj Zwkr n,u )]rt+L] .

In forecasting two to L periods ahead, the estimated value of the »-th exogenous

variable in the /th lag (F,,’,',+2 1,13";,",&,.,...,13“,,’]',%,,.) is obtained from the forecast results with

the ARIMA. ARIMA's forecasting procedure can be seen in Wei (2000).
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Stages to predict inflation and money outflow of Yogyakarta, Solo, and
Semarang from June-December 2023

In our study, we create two TSpVARX models for predicting the inflation and money
outflow of Yogyakarta, Solo, and Semarang. The first TSpVARX is for predicting
money outflow data from January 2002 until February 2023. The Second TSpVARX
is for predicting inflation and money outflow from June until December 2023. We
are taking several stages to do it.
1. We create the first TSpVARX using data from January 2006—December 2021.
2. We predict money outflow data from January 2022—May 2023 using the first
TSpVARX obtained from the first step. We do it because money outflow data
is unavailable for January 2022—-May 2023.
3. We create the second TSpVARX using data from January 2006-May 2023. We
use the predicting results of the second step to complete money outflow data
from January 2022—May 2023.
4. We predict the inflation and money outflow from June—December 2023 using
the second TSpVARX from the third step.
Figure 3 shows us the flow chart of inflation and money outflow prediction in this
study.
Figure 3
Flow chart of predicting application by using TSpVARX

[ Start ]

e Data from January 2006—December 2021: The rupiah exchange rate against the dollar
and BI rate, inflation and money outflow of Semarang, Solo, and Yogyakarta.

e Data from January 2006-May 2023: The rupiah exchange rate against the dollar and

BI rate, inflation of Semarang, Solo, and Yogyakarta.

v
Create the first TSpVARX model by using data from January 2006—December 2021.

v

Predict money outflow data from January 2022—May 2023.

v

Create the second TSpVARX model by using data from January 2006-May 2023.
Because the money outflow from January 2022—-May 2023 is not yet available, it is
replaced with the predicted data obtained in the previous step.

Predict inflation and money outflow of Semarang, Solo, and Yogyakarta
from June—December 2023.

Data prediction of inflation and money outflow of Semarang,
Solo, and Yogyakarta from June—December 2023.

v
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The result of the simulation study

Evaluation of the sign precision of the TSpVARX model coefficient estimates

In this simulation, each repetition will produce 60 model coefficient estimators.
Because there are 100 repetitions, there will be 6000 TSpVARX model coefficient
estimators. Of the 6000 estimated model coefficients in each scenario, it will be
calculated what percentage of the estimated coefficients already have the same sign
as the true parameter. The greater the percentage produced, the better MLE is in
producing coefficient estimators of TSpVARX in terms of sign accuracy. Table 1
shows the percentage of coefficient estimators of the TSpVARX that is equal to the
true parameters according to the sample size and error covariance between
endogenous variables. Table 1 shows that the overall percentage of sign similarity
between the coefficient estimators and the true coefficient parameters is above 74%
for all conditions of sample size and error covariance. If we look according to the
sample size used, we can conclude that the percentage of sign similarity increases as

the sample size increases.
Table 1

The percentage similarity of the sign of the estimated TSpVARX coefficients
with the true parameters

Error covariance

Sample size
Cov(ee;) = 0.01 Cov(ee;) = 0.09
7n=120 75.315 74.900
n =240 76.335 76.385
7n =360 77.915 77.465

Note: Cov(ee,) is error covariance between /~th and j-th endogenous variables.

Evaluation of the accuracy of the model coefficient estimation based on the results
of the significance of the model parameter coefficients

The number of significant parameter coefficients in the model for all conditions is
above 65% at the 5% significance level and above 69% at the 10% significance level.
The number of significant model parameter coefficients when the error covariance
between models is 0.01 is higher than when the error covariance between models is
high. In addition, the larger the sample size used, the more significant the parameter
coefficients. This shows that the MLE method is better used when the covariance
error between equations is low and the sample size is large. However, the use of a
sample size of 120 has also resulted in a percentage of significant parameter
coefficients above 50%.
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Table 2
The percentage of the number of significant parameter coefficients in the model
Significance level Sample size When Cov(ee;) = 0.01 | When Cov(ee;) =0.09
120 65.52 65.25
5% 240 66.85 65.52
360 68.10 68.12
120 70.42 69.12
10% 240 71.07 69.83
360 71.93 72.93

The evaluation of the accuracy of the estimated values of the TSpVARX parameter
coefficients

The accuracy of the coefficient estimators in terms of the closeness of values will be
evaluated by calculating the percentage of true parameters that fall into the 95%
interval of the parameters coefficient model. We calculate the average estimator,
lower bound, and upper bound of the interval resulting from 100 repetitions for each
scenario. We calculate the percentage of true parameters that fall into the 95% interval
for each scenario. The higher the percentage, the better the estimation results. Table
3 presents the percentage of true parameters that fall into the 95% interval for each
scenario. In Table 3, we can see that the percentage of true parameters that have
entered into the confidence interval formed is above 80% for each scenario
performed. It indicates that empirically the MLE estimator is unbiased in estimating

the TSpVARX model coefficients.
Table 3

Percentage of true parameters that fall within the 95% for each scenario

Error covariance

Sample size

Cov(ee;) = 0.01

Cov(ee;) = 0.09

n=120
n =240
7 =360

88.33
81.67
85.00

88.33
83.33
83.33

The result of TSpVARX application

The initial stage in time series modeling is to test the data stationary. If the data is not
stationary at the level, then the data needs to be transformed into Ist or 2nd
difference. We can see in Table 4 that the probability value (PV) produced in the
stationary test on all variables is 0.000. At a significance level of 5%, we obtain that
all PV is less than the significance level. Thus, we can conclude that all variables in
this study are stationary.
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Table 4
Stationary test output
Variable PV Conclusion
Inf _Se 0.0000 stationary
Inf _So 0.0000 stationary
Inf Yo 0.0000 stationary
Out _Se 0.0000 stationary
Out _So 0.0000 stationary
Out Yo 0.0000 stationary
Dep 0.0000 stationary
BI _rate 0.0000 stationary

Once we test data stationery, we identify the presence of spatial relationships
between endogenous variables. We do it by looking at the significance of cross-
correlation values. There is a spatial relationship if there is a significant correlation
between one region's endogenous variable and another region's endogenous lag
variable. The calculating result of the cross-correlation between endogenous variables
in lag one can be seen in Table 5. Suppose the PV of the cross-correlation between
variables is less than 5%. In that case, the cross-correlation between these variables is
significant at the significance level of 5%. Table 5 shows that the PV of the cross-
cotrelation between each region's inflation and other regions' inflation in lag one is
less than 5%. It indicates that inflation in Semarang, Solo, and Yogyakarta is
interrelated. Likewise, the PV of the cross-correlation between each region's money
outflow and other regions' money outflow is less than 5%, so the money outflow of
Semarang, Solo, and Yogyakarta is also interrelated. The spatial relationship also
occurs between money outflow and inflation. It can be seen from the PV of the cross-
correlation between Semarang’s money outflow and Yogyakarta’s inflation and the
PV of the correlation between Solo's money outflow and Yogyakarta's inflation,
which are less than 5%.

Table 5
Significance test of cross correlation based on endogenous variables
Inf _S Inf _S Inf _Y.
Endogenous nf e nf 50 nf Yo
variable cross- cross- cross-
correlation PV correlation PV correlation PV
Inf _Se 0.3035%* 0.000 0.3664* 0.000 0.3652* 0.000
Inf _So 0.1939* 0.000 0.2900%* 0.000 0.2610* 0.000
Inf Yo 0.3211* 0.000 0.3518* 0.000 0.4189* 0.000
Out _ Se —0.1520* 0.044 —0.0941 0.2140 —0.2312* 0.002
Out _So -0.1141 0.131 —0.0568 0.454 —0.1886* 0.012
Out _Yo —0.1309 0.083 —0.0881 0.245 -0.2077* 0.006

(Table continues on the next page.)
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(Continned.)
Out _Se, , Out _So,, Out _Yo,,
Endogenous
variable cross- PV cross- PV cross- PV
cotrelation correlation correlation

Inf _Se -0.0524 0.490 0.0257 0.735 -0.0222 0.770
Inf _So —0.0096 0.900 0.0038 0.960 0.0200 0.792
Inf Yo —0.0866 0.253 —0.0588 0.438 —0.0606 0.424
Out _Se 0.2846* 0.000 0.2735% 0.000 0.2946* 0.000*
Out _So 0.2678* 0.000 0.2884* 0.000 0.2782 0.000*
Out Yo 0.2328%* 0.002 0.2331* 0.002 0.2808 0.000*

* Significant with a significance level of 5%.

After we get the results of the inter-regional linkages in the previous section, the
next step is calculating the spatial weighting used in the modeling. We use uniform
spatial weighting because Semarang, Solo, and Semarang are easily interconnected.
Here are the spatial weight values in this study:

w (Semarang,Solo) =W

infin infinf (Semarang, Yogyakarta) = Witint (Solo, Yogyakarta)

= W, 0u (Semarang,Solo) = .o (Semarang, Yogyakarta) = w,,... (Solo, Yogyakarta )

W, e (Semarang, Solo) = w,, ., (Semarang, Yogyakarta ) = w,,, ., (Solo, Yogyakarta )

— "out, Inf

= Wou ou (Semarang, Solo) = Wou, out (Semarang, Yogyakarta) = W ouou (Solo, Yogyakarta) =

N | —

1
We give an example of W intou (S eémarang, Yogyakarta) =3 for interpreting the

symbol of the spatial weight that we write above. It means the spatial weight for the

relationship between Semarang’s inflation and Yogyakarta’s money outflow is %

Once we have determined the spatial weight, the next step is determining the
autoregressive order (p). We determine it by selecting the p order that produces the
smallest AIC on the SpVAR(1,p) model. We present the AIC of the SpVAR(1,p)
model with and without constant in Table 6. Table 6 shows that the smallest AIC is
obtained from the SpVAR(1,p) with p=1. It means that SpVARX and TSpVARX

modeling will use a p-order of 1.
Table 6

AIC model SpVAR(1,p) according to order p

SpVAR(1,) AIC

5353.772

5360.290

With constant 5421.603

5493.338

5423.061

5418.331

Without constant 5459.231

5522.384

AN~ AN~

Regional Statistics, Vol. 14. No. 5. 2024: 862-897; DOI: 10.15196/RS140503



Threshold Spatial Vector Autoregressive with Metric Exogenous Variables 883
(TSpVARKX) for regional inflation and money outflow prediction

The next stage is to find the ¢ order used in SpVARX and TSpVARX modeling.
We choose ¢ that results the smallest AIC of SpVARX. The results can be seen in
Table 7. We get the smallest AIC when ¢g=4. Therefore, the g order to be used is 4.

Table 7
The AIC of SpVARX(1,1,4) according to order ¢
SpVARX (1,1,9) with constant AIC
SPVARX (1,1,1) 5338.874
SPVARX (1,1,2) 5319.166
SpVARX (1,1,3) 5300.985
SpVARX (1,1,4) 5290.619

After we get orders p=1 and g=4, the next step is to do SpVARX(1,1,4) modeling.
Here is the model obtained:
Inf _Se, =0.017-9.170¢* Dep,_, +5.304¢" BI _rate_, +4.216¢* Dep, , —0.6225BI _rate, ,~1,268¢ ™ Dep,
~1.821¢™'BI _rate, , ~2.653¢” Dep,_, +3.08¢BI _rate,_, +0.0559Inf _Se, , (92)
+0.271(0.5Inf _So,_, +0.5Inf _Yo,,)—=3.511¢” Out _Se, , +5.27¢7(0.50ut _So,_, +0.50ut _Yo, )

1an "_S0,=0.047-1.132¢*Dep, , +4.530e™'BI _rate, , +1.6331¢”* Dep, , —0.545BI _rate, , —5.875¢" Dep, ,
~1.8326¢'BI _rate,_, +1.109¢” Dep,_, +3.053¢ ' BI _rate,_, +0.226Inf _So, , (9b)
+9.387¢”(0.5Inf _Se, , +0.5Inf _Yo, ) —1.160¢™ Out _So,., +7.616¢” (0.50ut _Se, , +0.50ut_Yo, ,)

lnf' _Yo, =-0.122-7.375¢" Dep, , +0.4702BI _rate, , —3.122¢” Dep, , —0.4034BI _rate, , —9.144Dep, ,
~0.2093BI _ rate, ,—1.067¢™* Dep,_, +0.209BI _rate,_, +0.172Inf _Yo, , %0
+0.1083(0.5nf _Se,, +0.5Inf _So,,)~3.117¢”* Out _Yo, , +2.250¢”(0.50ut _Se, , +0.50ut _So,,)

Ouf _Se, =3250.683+0.649Dep, , +265.721e”' BI _rate, ,—0.100Dep, , —1004.684BI _rate, , +0.196Dep,,
+655.062B1 _rate, ,—0.336Dep, , —203.249BI _rate, , —204.070Inf _Se,, 9d)
~110.409(0.5Inf _So, , +0.5Inf _Yo, ,)+0.087Out _Se, , +0.121(0.50ut_So,, +0.50ut _Yo, )

Ouf _So, =1406.509 +0.319Dep, , +207.229BI _rate, , —0.042Dep, , —515.656BI _rate, , +0.114Dep,
+288.940B1 _rate, , —0.193Dep, , —94.002BI _rate, , +0.220Inf _So, (%e)
—156.216(0.5Inf _Se, , +0.5Inf _Yo,,)+0.5610ut _So, , —0.254(0.50ut _Se, ; +0.50ut _Yo, ,)

Out _Yo, =1797.218+0.245Dep, , +176.237BI _rate, , —0.074Dep, , —292.911BI _rate, , +0.115Dep, ,
+161.984BI _rate, , —0.241Dep, , —178.757BI _rate, , —105.952Inf _Yo, , (99)
—89.840(0.5Inf _Se,, +0.5Inf _So,_)+0.278 Out _Yo,, —0.114(0.50ut _Se,_, +0.50ut _So,,)

To proceed with TSpVARX modeling, we first need to test whether there is a
nonlinear relationship between endogenous variables. We used Ramsey’s reset test to
test whether inflation and money outflow variables in Semarang, Solo, and Yogyakarta
can be modelled nonlinearly. The null hypothesis of Ramsey’s reset test is that the
relationship between endogenous variables and predetermined is linear, while the
alternative hypothesis is that the relationship between endogenous variables and
predetermined variables is not linear. Suppose the Ramsey reset test produces a PV
less than the significance level. In that case, we reject the null hypothesis, meaning
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that the relationship between endogenous and predetermined variables is not linear.
The results of nonlinearity testing using Ramsey’s reset test can be seen in Table 8.
We use a significance level of 5%. We can see that Inf_Se,, Inf _So,, Oui _Se,, Ou _So,
,and Oui _Yo, gets a PV of less than 5% on Ramsey’s reset test. Thus, we can conclude
that the relationship between those five endogenous variables and the predetermined
variable is not linear. Since most endogenous variables have a nonlinear relationship
with predetermined variables, we will proceed to TSpVARX modeling.

Table 8
Linearity testing results using Ramsey’s reset test

Endogenous variable PV Decision
Inf _Se 0.01866 nonlinear
Inf _So 0.01985 nonlinear
Inf Yo 0.1803 linear
Out _Se 0.004965 nonlinear
Out _So 0.01035 nonlinear
Out _Yo 0.007942 nonlinear

We will use the orders p=1 and ¢=4 as previously obtained to create
TSpVARX(1,1,4). Because the order p=1, the maximum delay value (d) is one. We
first set an endogenous lag variable as a threshold variable. We select it based on the
smallest AIC value TSpVARX generates for each possible threshold variable. The
AIC of the TSpVARX model according to order 4 can be seen in Table 9. Based on
Table 9, TSpVARX (1,1,4) produces the smallest AIC when used Out_So,, as the
threshold variable.

Table 9
AIC of TSpVARX (1,1,4) with constant according to a variable threshold
AIC
Threshold variable | TSpVARX (1,1,1) | TSpVARX (1,12) | TSpVARX (1,1,3) | TSpVARX (1,14
with constant
Inf _Se,, 5327.245 5322.36 5301.526 5199.983
Inf _So,_, 5294.394 5337.618 5301.165 5080.299
Inf _Yo,, 5322.574 5323.217 5318.226 5210.329
Out _Se,, 5197.598 5193.354 5175.769 5174.832
Out _So,_, 5236.664 5204.610 5151.338 5046.560
Out _Yo,, 5208.774 5192.622 5154.233 5083.241
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The next step is to model the inflation and money outflow of Semarang, Solo, and
Yogyakarta using TSpVARX(1,1,4) Out _So, ; as the threshold variable. We get the
estimated threshold value (&) of Out_So,, is 12 billion rupiahs. The TSpVARX
(1,1,4) model formed is as follows:
when Out _So, ; <12billion rupiahs |

Inf _Se, =—1.429-1.02¢> Dep,_, +1.842BI _rate,_, +7.189%¢ Dep,_, —4.794BI _rate,_, —3.202¢™ Dep,_,
+4.545BI _rate, , +1.561¢ " Dep, , —1.355BI _rate, , +1.127¢” Out _Se, , (102)
—4.606¢ (0.50ut _So,_, +0.50ut _Yo,_,)-9.27¢Inf _Se,, —6.272¢™ (0.5Inf _So,_, +0.5Inf _Yo,_,)
lnf _So,=-0.653—6.133¢"* Dep, , +1.283BI _rate, , +2.717¢" Dep, , —3.792BI _rate,_, —5.557¢" Dep, ,
+4358BI _rate, ,+1.170¢ ™ Dep, , ~1.724BI _rate, ,—6.89%4¢" Out _So, (10b)
+6.710¢™ (0.50uz _Se, , +0.50ut Yo, ,)~0307Inf _So, , +0.122(05Inf _Se,, +0.50nf _Yo, )

Iry} _Yo,=-0396-4.032¢"Dep, , —2.375BI _rate, , +3.118¢ " Dep, , +3.46BI _rate, , —3.76¢™* Dep, ,
—0.648BI _rate, , —2.522¢ Dep, , —0.382BI _rate_, +8.845¢* Out _Yo,, (10¢)
—9.447¢” (0.50ut _Se, , +0.50ut _So,.,)+0.843Inf _Yo,, —0.285(0.5Inf _Se, ,+0.5Inf _So,.,)

Out_Se =41.543+0.504Dep, , +2556.422BI _rate, , —0.653Dep, , —2903.201B! _rate, , +0.615Dep,
—943.984B] _rate, , +0.088Dep, , +1293.163BI _rate, , +2.882¢™ Out _Se, , (10d)
—2.076(0.50ut _So,, +0.50ut _Yo, ) —58.074Inf _Se,_, ~183.043(0.5Inf _So,_, +0.5Inf _Yo,.,)

Out_So =262.782+0.186Dep, , +221.518BI _rate,, —0.0397Dep, , —238.301BI _rate, , +0.120Dep,
—361.201BI _rate, ,+0.0373Dep, , +336.560B! _rate, , +5.996¢™* Out _So, , (10¢)
+0.417(0.50ut _Se,_, +0.50ut _Yo, ,)+33.008Inf _So,, —25.883(0.5/nf _Se_, +0.5Inf _Yo,.,)

Out_Yo =755.110+0.489Dep, , +2323.844BI _rate, , —0.504Dep, , —3052.534BI _rate, , +0.568Dep,
—475.913BI _rate, , +0.179Dep, , +1099.791BI _rate, , —0.6060ut _Yo, , (101)
+4.590(0.50ur _Se, , +0.50ut _So, ,)—58.767Inf _Yo,, +29.122(0.5Inf _Se, , +0.5If _So,,)

when Out _So, , >12billion rupiahs |

Inf _Se, =0.113=3.016¢°Dep, , +0.562BI _rate,, +1.298¢ *Dep, , —0.518BI _rate, , —9.985¢* Dep,
—0.286B1 _rate, , —1.606¢* Dep, , +0.275BI _rate,_,—6.133¢” Out _Se,, (10g)
+8.792¢°(0.50ut _So,_, +0.50ut _Yo,_,)+0.0796Inf _Se, , +0.218(0.5Inf _So,.,+0.5Inf _Yo,,)

Inf S0, =0.0430—-6.615¢" Dep, , +0.539BI _rate, , +6.874¢" Dep, , —0.501BI _rate, , —1.534¢*Dep, ,
—0462BI _rate, , +3.345¢* Dep, , +0.461BI _rate_, —1.385¢" Out _So, , (10h)
+6.7550¢* (0.50ut _Se,_, +0.50ut _Yo,,)+0.205Inf _So,, +0.057(0.5Inf _Se_, +0.5Inf _Yo,,)

Inj} _Yo,=-0.114-1.521¢” Dep, , +0.538BI _rate, , —4.056¢ *Dep, , —0.383BI _rate, , —1.155¢*Dep, ,
—0.356BI _rate, ,—1.064¢" Dep, , +0.275BI _rate,_, —6.49¢™ Out _Yo, , (10i)
+2.371e” (0.50ut _Se, ,+0.50ut _So, ,)+0.184Inf _Yo,,+0.1(0.5Inf _Se, , +0.5Inf _So,.,)
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Out_Se =3417.830+0.735Dep, , +419.148BI _rate, , —0.204Dep, , —1075.496BI _rate, , +0.225Dep, ,

+550.124BI _rate, ,—0.398Dep, , —176.963BI _rate, , +0.04290ut _Se, , (10j)
+0.097(0.50ut _So,, +0.50ut _Yo, ) ~241.192Inf _Se,, —117.030(0.5Inf _So,_, +0.5Inf _Yo,,)

Out_So =1463.658+0.428Dep, , +290.523BI _rate, , —0.114Dep, , —528.851BI _rate, ,+0.181Dep, ,
+211.221BI _rate, , —0.243Dep, , —77.526BI _rate, , +0.5640ut _So, , (10k)
—0.298(0.50ut _Se, , +0.50ut _Yo,_,)+14.728Inf _So,, —201.292(0.5Inf _Se,_, +0.5Inf _Yo,_,)

Out_Yo =1880.905+0.267Dep, , +279.944BI _rate, , —0.169Dep, , —284.393BI _rate, , +0.169Dep,

+85.722BI _rate, ,—0.353Dep, , —204.742BI _rate, , +0.2390ut _Yo, , (101

—0.138(0.50ut _Se, , +0.50ut _So, ,)—~183.772Inf _Yo, , —56.003(0.5Inf _Se,, +0.5Inf _So,.,)

We will compare the predicting performance between SpVARX(1,1,4) and
TSpVARX(1,1,4). We perform predicting for the data testing period using equations
(9a) to (91) for predicting based on SpVARX (1,1,4) and equations (10a) to (10l) for
predicting based on TSpVARX (1,1,4). There are 12 months of testing data (January—
December 2021), which will be used to evaluate the predicting performance of the
TSPVARX model compared to SpVARX in forecasting inflation and money outflow
for Semarang, Solo, and Yogyakarta.

After that, we calculate the RMSE and SMAPE of SpVARX and TSpVARX based
on the prediction results for the testing data period. RMSE and SMAPE calculation
results can be seen in Table 10. Four of the six endogenous variables get the smallest
RMSE from TSpVARX, which ate Inf _Se, Inf _So | Inf _Yo, and Out_Se . Three
of the six endogenous variables get the smallest SMAPE value from TSpVARX,
which are Inf _Se, Inf _So ,and Inf _Yo.Itindicates that most inflation predictions
are better with TSpVARX than SpVARX.

Table 10
Predicting performance of SpVARX and TSpVARX according to
the endogenous variable and RMSE

Endogenous variable SPVAR (1,1,4) \ SPVARX (1,1,4) \ TSPVARX (1,1,4)
RMSE
Inf_Se 0.109 0.177 0.062
Inf_So 0.07 0.098 0.069
Inf_Yo 0.103 0.1 0.065
Out_Se 2662536.024 1963363.586 1954042.647
Out_So 598927.125 351958.168 394884.645
Out_Yo 650487322 624390.481 736891.300
SMAPE
Inf_Se 116.315 122.137 67.218
Inf_So 92.893 98.672 66.243
Inf_Yo 111.275 111.412 61.657
Out_Se 53.545 51.083 61.981
Out_So 60.062 44.485 62.619
Out_Yo 68.202 66.245 82.308
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In addition to calculating the RMSE and SMAPE for each forecasting variable, we
also display the Akaike information criterion (AIC), the average of RMSE, and the
average of SMAPE. This aims to make it easier to see what is the best model in general
for predicting inflation and money outflow in Semarang, Solo, and Yogyakarta.
Because there is a considerable difference between the RMSE values of inflation and
money outflow, we find the average of the logarithm of RMSE. Table 11 shows the
comparison of AIC, average log RMSE, and average SMAPE between TSpVARX
and SpVARX models. Based on Table 11, we can see that TSpVARX gets the smallest
value for AIC, average log RMSE, and average SMAPE. It indicates that the
TSpVARX model is the best compared to SpVAR and SpVARX to predict inflation
and money outflow in Semarang, Solo, and Yogyakarta.

Table 11
The comparison of AIC, average log RMSE, and average SMAPE
between SpVARX and TSpVARX models

Model AIC Average log RMSE Average SMAPE
SpVAR(1,1,4) 5353.772 5.737 83.715
SpVARX(1,1,4) 5290.619 5.709 82.339
TSpVARX(1,1,4) 5046.56 5.447 67.004

In the introduction, it has been explained that inflation and money outflow have
a reciprocal relationship, get influenced by metric exogenous variables such as interest
rates and exchange rates, have inter-regional linkages, and have a nonlinear
relationship with predetermined variables. This is then confirmed by modeling
performance measurement which concludes that TSpVARX modeling performance
is better than SpVAR and SpVARX. Therefore, it makes us understand that the
phenomena of inflation and money outflow are suitable to be modeled with
TSpVARX.

Next, we will predict inflation and money outflow of Yogyakarta, Solo, and
Semarang from June until December 2023 using TSpVARX. We get the forecast
result in Table 12. Based on Table 12, we get some information. From June until
December 2023, the highest inflation prediction in Solo and Yogyakarta will be in
December. It can be triggered because of the price increase that usually occurs a few
days before Christmas and New Year’s holidays (Nairobi—Caroline 2021, Farandy
2020). In line with this, money outflow is also predicted to be the highest in
December. It can occur due to increased community needs before Christmas and
New Year, triggering an increase in bank money withdrawals so that the money
outflow also increases (Monica et al. 2021, Prastyo et al. 2018).
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Table 12
Prediction of Semarang’s inflation (n/ _se), Solo’s inflation (/_so0),
Yogyakarta’s inflation (7 _Yo), Semarang’s money outflow (Our_se),
Solo’s money outflow (0ur_so), and Yogyakarta’s money outflow (0ur_vo)
from March until December 2023

Month Inf _Se Inf _So Inf _Yo Out _Se Out _So Out_Yo
June 0.384 0.300 0.236 2181.37 955.91 1196.104
July -0.301 -0.920 —0.031 17.00 2.00 7
September 0.301 0.056 0.119 1082.93 458.09 585.876
October 0.382 0.329 0.998 2897.73 1339.36 363.349
November 0.286 0.306 0.262 2495.48 1694.17 282.177
December 0.232 0.376 0.413 3088.31 1896.98 1657.115

Based on the prediction results, the government needs to take policies to avoid
high inflation rates in December, when there are Christmas celebrations and the time
before the turn of the year. Some things that can be done include increasing Bank
Indonesia's benchmark interest rate, which triggers an increase in savings and deposit
rates. It attracts people to invest their funds in banks (Rahman et al. 2022, Katmas—
Indarningsih 2022, Amanda et al. 2023). Thus, the desire to do excessive consumptive
things that trigger inflation before Christmas and New Year can be reduced. The next
policy is to ensure that the needs related to Christmas and New Year celebrations are
available and easily accessible to the public. It is useful to avoid scarcity of goods that
can trigger inflation (Ubide 2022, Priwiningsih—Abidin 2022, Nugraha et al. 2023).
Supervision of the distribution of goods is tightened, starting from the production
center area to the destination of the area where the goods will be sold. It can avoid
the existence of the mafia that can hoard goods so that the price of goods becomes
expensive (Huda—Sidiq 2023, Camila et al. 2022).

Visually, a comparison between real and prediction data results using TSpVARX
can be seen in Figure 4. The black line depicts the movement of real data, while the
dotted grey line depicts the movement of prediction data. From Figure 4, we can see
that some data predictions are far from the original data. It indicates that other
vatiables must still be involved in the modelling to make the prediction results closer
to real data. Other variables that can affect inflation and money outflow movements
in Indonesia include rising fuel and electricity prices and seasonal influences such as
the new school year, Ramadan, Fid al-Fitr, etc. (Sohibien 2018, Anugrah—Pratama
2018, Sumarminingsih et al. 2021). However, some fluctuation patterns of prediction
data are already the same as the real data.
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Figure 4
Comparison between real and prediction data
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In this research, we proposed the TSpVARX to predict inflation and money outflow
in Semarang, Solo, and Yogyakarta. We found that spatial aspects must be included
in inflation and money outflow modeling in Semarang, Solo, and Yogyakarta. It is
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shown by the significant cross-correlation between inflation and lag inflation; money
outflow and lag money outflow; and money outflow and lag inflation.

Based on the smallest AIC of SpVAR and SpVARX, the maximum temporal lag
order is one, and the maximum lag of the exogenous variable is four. It indicates that
the rise and fall of Bank Indonesia's benchmark interest rate and exchange rate
depreciation have a more prolonged impact on inflation and money outflow than
fluctuations in inflation and money outflow in the previous period. From the results
of Ramsey's reset test, we find that aspects of nonlinearity need to be considered in
inflation and money outflow modeling. It is critical to be able to continue modeling
using TSpVARX.

We find that TSpVARX performs better than SpVARX in predicting inflation in
Semarang, Solo, Yogyakarta, and money outflow in Semarang. In the predicting
section, we get insight that during the June—December 2023 period, the highest
inflation in Solo and Yogyakarta is predicted to occur in December 2023. Meanwhile,
the highest money outflow in Semarang, Solo, and Yogyakarta are also predicted to
occur in December 2023.

This reseatch still has limitations that can be an idea for future research. Although
empirically, in this study, TSpVARX is better than SpVARX in forecasting inflation
and money outflow, future research can be carried out in simulation studies to
strengthen the results that when there is a nonlinear relationship between variables,
TSpVARX is better than SpVARX. Accommodating nonmetric variables such as the
global crisis of 2008, Covid-19 pandemic, seasonal patterns, etc. in modeling inflation
and money supply is interesting. In addition, if possible, future research should
increase the amount of data so that TSpVARX models can be formed in more than
two regimes.
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Appendix

The proof of theorem 1

Based on equation (7), b;ﬁzE,TSpVARX can be found with the following formula:

-1
f’gL)EJSpVARX = [(Vec(Fb)(g)) (igi)s,s,;mx ®I)Vec(Fb)(g)J (VeC(Fb)(g)) (i((i)s,spmx ®I)71 Vec(Y)(g) (11)

Equation (11) can be further decomposed into the following equation:

-1
B AWE - ® @Y
I ((Vec(Fb) ) (25 sane ®1) Vee(Fb)* j (Vee(Fb)*©)
$(2) - ® D e) ® 42
x (zogLS,SpVARX ®I ) (Vec(Fb) bﬁLE,TSpVARX +u ¢ )’
where:
bﬁL)E,TSpVARX is the vector of the coefficient estimator of the model in the g-th regime,

u(.&')

b(g)

TSpVARX .

is the error of the model in the g-th regime when we use the true parameter

Pawitan (2001) stated that the coefficient estimators obtained from MLE will be
consistent if the estimators converge in probability to their parameters. Convergence

. L (2) .
testing of bMLE,TSp VARX can be done by showing that
: N _h® _ f o h() _h©@
NKlTl(rger P (‘b ML, Tspvarx — Prsprarx | > E) =0 or plim biie rspvarx = Prsprarx

(Litkepohl 2005). Equation (12) can be decomposed into:

-1
~ @Y (o -1 ®
T +[(Vec(Fb)g ) (252 sppany ®1) Veo(Fb)* j

@) (& -1 (13)
x(Vee(Fb)? ) (£6 gany ©1) 0.
Based on equation (13), the consistency proof of bgsz,TSpVARX is as follows:
-1
@) (% - @®
o " ] (Vee(FB)®) (862 gpann ®1) " Veo(Fb)
plim bMLE,TSpVARX = bTSpVARX +plim NKT®
@)\ (% () 14
. (Vec(Fb) ) (Z(OgL)S,SpVARX ®I) u’
x plim

NKT(g)
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@)\ (& - @
Due to the fixed assumption of (Vec(Fb) ) ) (Zgi)s,s,;mxx ®I) Vec(Fb) * and

the random assumption of u® , the equation (14) can be decomposed into:
-1

(Vee(Fb)*® ) (B2 gpanx ®1) Vee(Fb)®

plim b;!;I),E,TSpVARX = b(Ti‘LVARX +plim NKT@® 0
fh(®) _nhie
plim b ;- 7y = b(TSLVARX (15)

Thus theorem 1 is proved. U

The proof of theorem 2

Estimation of the TSpVARX model coefficients in the g-th regime with MLE is
sought by maximizing the log-likelihood function in the g-th regime. We can write as
follows:

(b Q)

S(BﬁL)E,TSpVARX) - a4 ~ 0 . (16)
d (b%;zVARX )
R ()
S (bAfLE,TSpVARX ) can be approximated by the following Taylor series:
dS (b )siex )
A TSpVARX | (A
S (bjli;,L)E,TSpVARX) =S (bffT)'SpVARX ) + () (bELZE,TSpVARX - bifT)SpVARX ) =0 , (17
db TSpVARX

where:

b(g) . b(g)
o.7spr4rx 18 parameter value of Prgpparx ,

b8 . . . b(g)
MLE,Tspv4Rx 1s parameter estimation of Prspyarx .

Equation (17) can be translated into the following:

Nl (©) _ ) ! )
(bAfL)E,TSpVARX - bO%,TSpVARX) =-H (bg,zTSpVARX) S (bgTSpVARX) , (18)
where:
@ ds (bEfT)SPVARX )
H (bO,TSpVARX ) I P
db TSpVARX
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By multiplying the left and right sides of equation (18) by VNK () , we get the

following equations:
. T L —
VKT (B3 e ~Diyrane) == — SEF | INKTES (b3

NKT(g) 0,7SpVARX )’ (1 9)

where:

g) . . . . . .
T is the number of observations used in the g-th regime in each location and
endogenous variables.

Based on the equation (106), S(bﬁL)E,rsmex):O . It has several consequences,

namely:

-1
H (bf)g;SpVARX) a
> (2) (2) _
’ [ )| NS (e ) -0 20

and

H(p® - . H(p® -l
Var[—l: NI({;(g)):| NKT®3S (bzl?SPVARX )] = [{W} ].(_NKIT@)E(H (bzfr)spVARX ))j

-1
«| — H (btfr)s,)mkx)
NKT(g) :

When NKT (&) — 0 | we can get —ﬁH( gf’;ww)%—@E(H( f)gT)SPVARX)) .

(1)

Because of that, equation (21) can be written as follows:

H(B EfT)WARX ) ’ () G (pe 1 (2) ) 1 (2)
Var| - — - NKT®'S (b, ) |= E[_NKT(”’) H(bEy ) || E o (b8 e )

-1
! (g)
X(E(_WH(b(fTSpVARX )jj .

Based on the Lidenberg-Levy  central limit theorem  (CLT),

(22)

. d
NKT'®) (bﬁfL’E,rsmex ~bE i )—> N(0,%,) , when NKT® =0 (Liitkepohl, 2005).
According to the equation (20) and (22), we can get:

9 o 0 0 | i 1) 10|

(BS\Z)E,TSPVARX - bEfT)SpVARX ) ~ N(O’(_E(H (bgT)SpVARX )))l) , when NKT(g) —>© . (23)

. (2) . (g) . .
Since Bofgrary is the true value of Bigyiex , we can write equation (23) as the

following equation:
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(AE&LE,TSI’VARX _ﬁ(Tiz)rVARX) ~ N(O,(—E(H(B‘Ti,’,ym )))qj , when NKT® - oo
Let (1 (ﬁzspmx))il = (fE (H ( ‘T’;’],,ARX)))il , we get the following result:
(AS&LE»TSPVARX _BffS)pVARX) ~ N(O’(I(BTS,;VARX))%) S when NKT(g) —> 0 |

ﬁ(QE;l/)[LE,TSpVARX ~ N(B(Ti;);VARX’(I (ﬁ))il)

Thus theorem 2 is proved.
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