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FORECASTING THE INFLATION IN THE REPUBLIC OF
NORTH MACEDONIA BY USING ARIMA MODEL

ANA JOSIMOVSKA NIKOLOV ! AND SONJA GEGOVSKA-ZAJKOVA 2

Abstract. Modeling and forecasting inflation play a critical role in the economic
management of all countries, particularly developing ones. This paper is fo-
cused on predicting inflation in the Republic of North Macedonia. The selected
method for econometric inflation modeling is the Box-Jenkins approach, utilizing
an ARIMA model. The analyzed time series focuses on the consumer price in-
dex (CPI), based on 2010 as the reference year. It encompasses 249 observations,
with a monthly frequency, spanning from January 2002 to September 2022. The
analysis demonstrates that the model accurately forecasts inflation for the initial
two months beyond the sample period, with a mere 0.1 and 0.5 percentage point
disparity between the actual and predicted inflation rates, respectively. Conse-
quently, it can be affirmed that the Box-Jenkins methodology provides highly pre-
cise inflation forecasts for the Republic of North Macedonia, particularly within
the first two months beyond the sample period of the time series.

1. INTRODUCTION

Inflation refers to the sustained increase in the general level of prices for goods
and services in an economy over a period of time. The inflation rate is an impor-
tant economic indicator that affects the purchasing power of citizens, the value of
savings and investments, the exchange rate of the country, as well as the overall
economic stability.

Controlling inflation represents one of the most significant economic challen-
ges faced by all countries, particularly developing nations in the process of re-
structuring their economies. This transformation involves promoting market
mechanisms, enhancing trade opportunities, facilitating technology transfers, and
attracting foreign direct investments. To achieve this, monetary authorities must
employ various tools and policies to monitor and control undesirable high or
volatile inflation when necessary. The negative consequences of inflation on eco-
nomies are well-known. Inflation can erode the purchasing power of the national
currency, resulting in deteriorating social conditions and living standards within
the country. Elevated prices can also lead to uncertainty and discourage both
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domestic and foreign investors from investing in the economy, negatively im-
pacting investment and economic growth while increasing poverty. Furthermore,
excessive price increases worsen a country’s conditions for international trade, as
domestic products become more expensive and less competitive in regional and
global markets.

Over the past couple of years, inflation has risen significantly in most countries
worldwide, largely due to the CoVid crisis, and the Republic of North Macedonia
is no exception.

The Consumer Price Index (CPI) represents a key and frequently used indica-
tor of the price level in an economy. It measures the overall change in consumer
prices based on a representative basket of goods and services over time.

Main topic of this paper is forecasting and modeling the inflation in the Re-
public of North Macedonia. These predictions are made by ARIMA modeling
technique, more specifically the model relies on the approach by Box-Jenkins
methodology. Econometric modeling for this study was carried out using the
EViews 8 software package.

The insights derived from this study will contribute to a better understanding
of inflation dynamics within the domestic economy, shedding light on potential
future price movements. Moreover, a deeper comprehension of the country’s
inflation situation and expectations for future inflation can assist monetary poli-
cymakers in formulating appropriate policies and measures to address the chal-
lenges posed by adverse economic trends.

2. METHODOLOGY AND FINDINGS

The time series that is the subject of analysis in this paper represents the Con-
sumer Price Index, with a base year of 2010. The time series has a monthly fre-
quency and covers the period from January 2002 to September 2022, resulting in
a total of 249 observations. At the time of data acquisition and model develop-
ment, the latest available data point was for September 2022, making it the last
data point in the time series. However, at the time of writing the paper, the latest
available data on inflation was the data for February 2023. This allows a direct
assessment of the forecasting capabilities of the model. The data was obtained
from the State Statistical Office. Figure 1 provides a graphical representation of
the time series. The data allows us to see how the living costs in North Mace-
donia has evolved from the beginning of 2002 to September 2022. As expected,
throughout the entire period, an upward trend is observed, indicating a contin-
uous increase in the consumer price index. However, it generally represents a
gradual and stable rising in the consumer price index, particularly until the be-
ginning of 2022. However, in the last few months of the analyzed period, there
is a noticeable sharp increase, which was not only the case in the domestic econ-
omy but also everywhere in the world. For comparison, during 2020 and 2021,
the average annual inflation rate in the domestic economy was 1.2% and 3.2%,
respectively, while in the period from January to September 2022, the average
annual inflation rate stood at 12.4%, indicating a significant acceleration in the
inflation rate during this period.
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FIGURE 1. Consumer price index with base year 2010

High inflation rates in 2022 were observed almost worldwide, and the main
reasons for such occurrences are attributed to economic shifts related to the CoVid-
19 pandemic. Nearly all economies adopted stimulative fiscal and monetary poli-
cies during 2020 and 2021 to address the economic crisis caused by the pandemic.
Another reason is the unexpectedly rapid recovery of demand in 2021, which led
to supply shortages for certain products. Additionally, the conflict in Ukraine
had a further impact, causing price shocks in energy and food. North Macedo-
nia, as a relatively small and open economy, did not remain immune to such
events. Therefore, during 2022, relatively high inflation rates were observed in
the domestic economy. From the available data, looking solely within the frame-
work of 2022, it can be concluded that inflation is consistently accelerating. In
January, the annual inflation rate was 6.7%, while in September, it reached 18.7%.
Within the scope of this paper, the goal is to conduct econometric modeling of
the time series of the consumer price index. Subsequently, based on the model,
predictions of the index in the future, or predictions of the inflation rate in the up-
coming period in the domestic economy, will be generated. Considering that the
latest available inflation data is from February 2023, a comparison can be made
between the obtained predicted inflation rates for the period from October 2022
to February 2023 and the actual inflation values. This will serve as a check of the
model’s forecasting performance.

3. IDENTIFICATION AND SELECTION OF THE MODEL

The graphical representation of the time series (Figure 1) indicates that it is a
non-stationary time series. A non-stationary time series exhibit trends, seasonal
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patterns, or other structural changes that affect their statistical characteristics. Us-
ing non-stationary time series data in financial models generates unreliable and
misleading outcomes, resulting in inadequate comprehension and forecasting.
The series of the Consumer Price Index clearly indicates that there is an upward
trend throughout the analyzed period. In order to confirm the non-stationarity
of the series, an appropriate correlogram has been obtained. The null hypothesis
being tested states that the series has a unit root and is non-stationary, as opposed
to the alternative hypothesis which asserts that the series is stationary.
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FIGURE 2. Correlogram of the time series consumer price index

Figure 2 displays the correlogram of the time series of the Consumer Price In-
dex, depicting autocorrelation and partial autocorrelation functions with 36 lags.
The null hypothesis being tested states that the correlation between observations
at a certain lag is equal to zero, while the alternative hypothesis states that the
correlation is different from zero. As one can observe from the correlogram in
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Figure 2, the autocorrelation function is characterized by statistically significant
coefficients at all 36 lags, whereas the partial autocorrelation function is charac-
terized by a statistically significant coefficient only at the first lag. In other words,
the correlation between observations at time points t and ¢ — 1 is so strong that,
when looking at the autocorrelation function, it extends through the other pe-
riods. Therefore, in the autocorrelation function, the coefficients for all 36 lags
are statistically significant. This correlogram, where the autocorrelation function
shows a slow decline until the very end, is a typical example of a non-stationary
time series. However, to confirm the non-stationarity of the time series with cer-
tainty, it’s best to conduct the Augmented Dickey-Fuller (ADF) unit root test ([5]).
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FIGURE 3. ADF unit root test with constant and time trend on
the time series consumer price index

In Figure 3, the results of the ADF unit root test with a constant and trend are
observed. In a similar way, an ADF unit root test with a time series constant on
the time series consumer price index has been conducted, but without a trend, as
well as an ADF test for a unit root without a constant and without a trend on the
time series consumer price index. The results of the ADF unit root test with three
different specifications indicate that the series of the Consumer Price Index has a
unit root and is non-stationary. Specifically, the t-statistics in the three different
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specifications are characterized by p-values that are very high (above 0.99, i.e.,
greater than the three levels of statistical significance of 0.01, 0.05, and 0.1). This
suggests that we do not reject the null hypothesis, which states that the series
has a unit root and is non-stationary. Considering that the time series is non-
stationary, the next step is to transform the series into a stationary one, and for
this purpose the finite differences (y; — y;_1) have been calculated. The graphical
representation of the differenced series is provided in Figure 4.
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FIGURE 4. Finite differences of the consumer price index with
base year 2010

As one can observe from the graphical representation in Figure 4, the differ-
enced series is characterized by values oscillating around a mean value, resem-
bling a stationary series. Towards the end of the series, slightly higher values are
noticed, which deviate from the rest of the series.

The correlogram of the differenced series, as shown in Figure 5, is character-
ized by different autocorrelation and partial correlation functions compared to
the original series. The autocorrelation function exhibits a much faster decline
compared to the original series, which could indicate that the differenced series
is stationary.

Figure 6 displays the ADF unit root test with a constant and trend on the dif-
ferenced time series of the consumer price index. Furthermore, an ADF unit root
test with a time series constant on the time series consumer price index has been
conducted, but without a trend, as well as an ADF unit root test without a con-
stant and without a trend on the time series consumer price index. The ADF unit
root test conducted on the differenced series (Figure 6) suggests rejecting the null
hypothesis, which states that the series has a unit root and is non-stationary (the
p-value for the t-statistic in all three different specifications is 0, i.e., lower than
the three levels of statistical significance of 0.01, 0.05, and 0.1). This means that
the differenced series does not have a unit root and is stationary, characterized by
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FIGURE 5. Correlogram of the differenced time series consumer
price index

a constant mean and variance. Due to this, modeling will be conducted on the
differenced series. Given that differencing the original time series once achieved
stationarity, we can say that the series is integrated of the first order ([6]). Ac-
cording to the correlogram in Figure 5, statistically significant coefficients in the
autocorrelation function are found at lags 1, 2, 3, 4, 5, 11, 12, 13, 24, and 25, while
in the partial autocorrelation function, statistically significant coefficients are ob-
served at lags 1, 2, 11, 15, 24, and 26. Based on this, it is necessary to create
various combinations of AR and MA processes, resulting in different ARIMA
models. Among all these models, the one with the best performance needs to be
selected. Typically, the most suitable model is chosen based on criteria such as all
coefficients being statistically significant, having the highest adjusted coefficient
of determination (Adjusted R-squared), and having the lowest values for infor-
mation criteria (Akaike, Schwarz, Hannan-Quinn). In this research, based on the
statistically significant coefficients in the autocorrelation and partial autocorre-
lation functions of the differenced series, several different ARIMA models have
been constructed. To maintain the focus on the main research question, this pa-
per will not present all possible combinations of AR and MA processes. Instead,
only a few ARIMA models will be presented, and one of them will be selected
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FIGURE 6. ADF unit root test with constant and trend on the dif-
ferenced time series consumer price index

as the best. During the modeling process, other possible combinations of AR
and MA processes were considered for additional validation, but they will not be
presented in the paper.

4. ESTIMATION OF THE MODEL PARAMETERS

According to the statistically significant coefficients of the autocorrelation func-
tion and partial autocorrelation function in the correlogram of the differenced
time series, five ARIMA models have been constructed, and they are as follows:

ARIMA(l, 1, 1) Yt=@ot P1Yi—1 t 91€t_1 + €4,

ARIMA(l, 1,2) Yr=@ot P1Yr—1 t 9161‘—1 + 926,3,2 + €4,

ARIMA(L 1, 3) Ytr=@ot P1Yr—1 t 0161+ 0r6r_p + 03613+ €4,
ARIMAQ,1,3) 1yt = @o+ @1yr—1 + 0161 + 02612 + 03613 + 04614 + €1,
ARIMA(11,1,1) 1 yr = Qo + ¢1¥t—1 + @11ye—11 + 01611 + €,

SRS

Below is the result of conducting the regression ARIMA (11, 1, 1) (see Figure
7). This analysis has been applied to the other four models as well. The null
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hypothesis is individually set for each of the parameters included in the model
and states that the coefficient is equal to 0 and is statistically insignificant (8 = 0).
The alternative hypothesis states that the coefficient is different from 0 (3 # 0)
and is statistically significant.
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FIGURE 7. Results from the ARIMA (11, 1, 1) model

The regression results indicate that in the ARIMA (1, 1, 3) model, the coeffi-
cients 6, and 63 are statistically insignificant at all three levels of statistical sig-
nificance. Similarly, in the ARIMA (1, 1, 4) model, the coefficients 6;, 63, and 6,
are statistically insignificant (the p-values for the respective t-statistics are greater
than the three levels of statistical significance, 0.01, 0.05, and 0.1). Therefore, these
two models can be eliminated. Three models remain from which the most appro-
priate model needs to be chosen, namely ARIMA (1, 1, 1), ARIMA (1, 1, 2), and
ARIMA (11,1, 1). In these three models, all coefficients included in the models are
statistically significant, except for the constant, which is statistically insignificant
in the ARIMA (1, 1, 2) and ARIMA (11, 1, 1) models, but we will disregard this.
Moreover, in all three models, the coefficients are statistically significant at all
three levels of statistical significance, except for the coefficient 6, in the ARIMA
(1, 1, 2) model, which is statistically significant only at a level of 0.1 (the p-value
for the corresponding t-statistic is greater than 0.05 but less than 0.1). From these
three models, the best one would be the one with the highest adjusted coefficient
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of determination and the lowest information criteria (Akaike, Schwarz, Hannan-
Quinn). Among the ARIMA (1, 1, 1), ARIMA (1, 1, 2), and ARIMA (11, 1, 1)
models, the ARIMA (11, 1, 1) model has the highest adjusted coefficient of deter-
mination and simultaneously has the lowest information criteria compared to the
other two models. Therefore, it can be concluded that the best model to choose is
the ARIMA (11, 1, 1) model, whose mathematical representation is:

Yt = Qo+ Q1yi—1 + puiyi—11 + 0161 + €.

This means that the value of the differenced time series of the consumer price
index in period t depends on its value in the previous period (t — 1), its value
from 11 periods ago (t — 11), as well as the error from one period ago (t — 1).

5. TESTING THE IDENTIFIED MODEL

In the final stage of the Box-Jenkins methodology, a model verification is per-
formed ([8]).
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FIGURE 8. Correlogram of the residuals of the ARIMA (11, 1, 1) model
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The residuals in the identified ARIMA model should follow a white noise pro-
cess. To verify whether the residuals of the model follow a white noise process, it
is necessary to analyze their correlogram.

In our case, the p-value for the Ljung-Box Q-statistic lags up to 36 periods is
0.351, which is greater than the three levels of statistical significance (see Figure
8). Therefore, in this case, the null hypothesis that there is no autocorrelation
among the residuals up to 36 lags is accepted, meaning that the residuals of the
model up to 36 lags follow a white noise process and are not serially correlated.
Thus, it can be said that the residuals in the ARIMA (11, 1, 1) model follow a
white noise process, confirming that the model is good, and predictions can be
made using it.

6. PREDICTING INFLATION USING THE MODEL

In this section the forecasts of the consumer price index based on the ARIMA
(11, 1, 1) model are presented, as shown in Figure 9. Since the latest available data
was for September 2022, the forecasting is done for the next 12 months, i.e., for the
period from October 2022 to September 2023. Based on the obtained forecasted
values for the consumer price index, annual inflation rates are derived for each
month in the period from October 2022 to September 2023.

150
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FIGURE 9. Forecast of the Cost of Living Index using the ARIMA
(11,1, 1) model

A direct comparison can be made between the realized values and the fore-
casted values of inflation for the period from October 2022 to February 2023,
which is shown in Figure 10.

The results of forecasting the consumer price index shown in a Table 1 suggest
continued growth in the index from October 2022 to September 2023.

According to the model’s forecast, the annual inflation rate in October 2022
would be 19.6%, while the realized inflation rate for that month was 19.8%. There-
fore, the difference between the two values is extremely small, just 0.1 percent-
age points. For the month of November, the model predicted an inflation rate
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FIGURE 10. Realized and forecasted values of the consumer
price index with the ARIMA (11, 1, 1) model

of 20%, while the realized inflation rate was 19.5%, representing a small devia-
tion of only 0.5 percentage points. For the remaining three months, the model
forecasts inflation rates of 20.9%, 20.5%, and 20.7%, while the realized inflation
rates were 18.7%, 17.1%, and 16.7%, respectively. This means that the difference
between the two series, in absolute terms, was 2.2 percentage points, 3.4 per-
centage points, and 4.1 percentage points, respectively. The results indicate that
the model accurately predicted inflation in October and November 2022 with ex-
ceptional precision. However, in each subsequent month, its accuracy slightly
declined.

’ Period ‘ Realized inflation rate (%) | Predicted inflation rate (%) | Difference
10.2022 19.8 19.6 0.1
11.2022 19.5 20.0 -0.5
12.2022 18.7 20.9 2.2

1.2023 17.1 20.5 -34
2.2023 16.7 20.7 -4.1
3.2023 20.5
4.2023 19.6
5.2023 19.3
6.2023 18.1
7.2023 17.8
8.2023 18.2
9.2023 18.2

TABLE 1. Comparison of realized and forecasted inflation rates
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7. CONCLUSION

As suggested by the theory of forecasting with ARIMA models, the chosen
model for inflation in the Republic of North Macedonia demonstrates exception-
ally accurate predictions, especially for the first two months, with discrepancies
of 0.1 percentage points and 0.5 percentage points, respectively ([7]). The dis-
crepancies between the actual inflation and the model’s predictions increase over
the next three months, reaching 2.2 percentage points, 3.4 percentage points, and
4.1 percentage points, respectively. From the results of the empirical research, it
can be concluded that the Box-Jenkins methodology provides exceptionally good
results in predicting inflation in North Macedonia in the first three months out-
side the sample range for the time series. This is in line with previous findings
from the application of the same methodology for predicting inflation in other
countries.
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