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Introduction

Inflation became a global phenomenon in 2022. For the first time since the 1970s, the world econ-
omy faced high inflation rates. However, the growth of inflation was not unexpected, given the 
large amount of monetary base initially created by leading central banks to combat the global fi-
nancial crisis and then the COVID-19 pandemic.

Economic disorders affected by the pandemic, which caused the reduction of supply and distur-
bances in global supply chains, have led to inflation growth generated primarily by the growth 
in energy and food prices. On the other hand, after one of the largest economic contractions and 
GDP decline in 2020 induced by strong responses of economic policies, there was an abrupt re-
covery of aggregate demand and economic growth in 2021, which also affected inflation growth. 
The 2021 GDP growth rate in Montenegro reached 13%, while the annual inflation rate trended 
upward from January (-0.7%) to December 2021 (4.6%).

The revival and growth of economic activities and the growth of employment would positive-
ly affect the supply growth in the upcoming period, and thus the improvement of medium-
term inflation outlook, both at the national and international level. However, the outbreak of 
the Russian-Ukrainian war has completely changed the inflation perspective as the expected 
short-term factors of the broken market mechanism which encourage inflation, are now further 
enhanced. As a result, price growth in Montenegro continued during 2022, ranging from 5.7% in 
January to 17.2% in December.

In general, inflation can be generated by one-time supply shocks, which affect the productive ca-
pacity of the economy, and the growth of aggregate demand. The events we have witnessed in the 
last two years, the COVID-19 pandemic and the war in Ukraine are examples of negative supply 
shocks that reduce the availability of goods and services and make them more expensive. The 
health shock of the pandemic affected reduced employment, international mobility and created 
problems in supply chains that were reflected in rising prices. The war in Ukraine was an addi-
tional shock, having in mind that the countries involved in the war have significant roles in the 
international market of energy and raw materials. Namely, Russia and Ukraine are producers and 
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exporters of wheat, barley, corn, oil and gas (energy), as well as artificial fertilizers, which are key 
inputs for the production of numerous food products. The reduced supply of these inputs, due to 
the war, significantly increased the prices of food raw materials and products on the world mar-
ket. The rise in the prices of raw materials on the world market reflected on overall inflation, both 
in Montenegro and in other countries in the region and the world, especially having in mind the 
fact that Montenegro is a highly import-dependent economy with a very low level of domestic 
production, so the price growth on the global market, as a rule, directly spills over to inflation in 
the country.

Aggregate demand is another source of inflation. Its growth is determined by fiscal and monetary 
policy measures, but it can occasionally be affected by other shocks. By applying the reference in-
terest rate, monetary policy can effectively deal with demand-driven shocks. Namely, higher in-
terest rates moderate demand and prevent overheating of the economy.

An important factor of inflation from the domestic market is the so-called built-in inflation, 
which most often occurs as a result of existing cost inflation and rising aggregate demand. At a 
certain point, inflation is fuelled by inflationary expectations of economic operators. Inflation-
ary expectations are often used to explain the puzzling behaviour of inflation after crisis periods. 
For example, Coibion and Gorodnichenko (2015) and Friedrich (2016) argued that households' 
explicit inflationary expectations fuelled a surprising development of inflationary pressures after 
the global financial crisis.

The aim of this paper is to examine to what extent inflation in Montenegro depends on global fac-
tors and inflation in the euro area, and how much factors from the domestic market affect infla-
tion.

The paper is divided into five sections. Section 1 presents a descriptive statistical analysis of infla-
tion in Montenegro and inflation in the euro area. Then, using a special statistical technique and 
the method of principal components, Section 2 shows the separate contributions of global and 
domestic factors to inflation in Montenegro, using patterns of correlation between inflation in a 
large number of countries. Section 3, by applying an adequate econometric model, analyses the 
relationship, i.e. interdependence of time series of inflation in Montenegro and inflation in the 
euro area. Section 4 examines the dynamic relationships of factors from the global and domestic 
markets on the development of inflation in this year. Section 5 presents the concluding remarks 
of the paper.
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1. Descriptive analysis of inflation in Montenegro 

As there has been a constant trend of price growth in Montenegro in the last year and a half, the 
goal of this section is to diagnose the sources of inflation and describe their impact on inflation 
dynamics.

In September 2022, Montenegro recorded the highest inflation rate since gaining independence. 
The annual CPI inflation amounted 16% in September. The biggest contribution to the infla-
tion rate was made by prices in the category of food and non-alcoholic beverages (9.5 percentage 
points).

Comparing the prices in September of this year with the same period of the previous year, we can 
see that the prices of food and non-alcoholic beverages increased by 26.9%; prices of housing, wa-
ter, electricity, gas and other fuels rose 14.4%, and transport prices increased by 14.2%. Prices in 
these three categories made up 60.7% of the consumer price index, which indicates that changes 
in these categories have a dominant effect on the overall inflation rate.

Graph 1 − Contribution of individual categories to the annual inflation rate in 
September 2022

Source: MONSTAT

Having in mind that the prices of food, transport, and housing, water, electricity, gas and other 
fuels determine the rate of inflation, we will begin the analysis with an overview of how price in-
creases in these categories have historically spilled over to the rate of total inflation. Graph 2 shows 
that from 2011 until September 2022, with the exception of 2017 and 2018, the largest contribu-
tion to overall inflation was made by prices in the category of food and non-alcoholic beverages. 
In the period 2017-2018, the biggest contribution to the inflation rate was made by prices in the 
transport category, under the influence of the increase in oil prices on the international market.
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Graph 2 − Contribution of key categories to the annual inflation rate in the period 
2011-2022

Source: MONSTAT

Graphs 3a and 3b show the evolution of the price level in the categories of goods and services, 
which is made possible by using the Harmonized Index of Consumer Prices (HICP). The current 
weights of these two main components in the total HICP in Montenegro are 73.16% for goods and 
26.84% for services.

Based on these graphs, we can conclude that the basic trend of overall inflation is closely related to 
the trend of goods inflation, whereby large fluctuations in energy and food prices led to the vola-
tility of overall inflation (Graph 3b). In 2020, all observed price growth rates (goods and services, 
food and energy) were low, with a significant negative energy inflation rate. During the period 
2021-2022, the increase in the total inflation rate was a combination of a very sharp increase in 
energy (oil) prices and a significant increase in food prices.
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Graph 3a – HICP components for goods and services

Graph 3b – HICP for food, non-alcoholic beverages and energy

Source: MONSTAT

Observing Graph 3a, we see a faster increase in the prices of goods over the prices of services. 
There has been much discussions in the current empirical literature about the role of the pandem-
ic in changes in the prices of goods and services. Public health policies aimed at tackling the pan-
demic around the world have limited international mobility and created problems related to glob-
al production capacity and the functioning of global supply chains. The mismatch between supply 
and demand in the goods sector was particularly strong in the period 2020-2021. The pandemic 
also caused a change in consumer spending patterns. Namely, the possibility of e-commerce has, 
understandably, directed consumer preferences towards the goods sector.
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The interaction of a strong global recovery in goods demand in 2021 and disruptions in global 
supply chains have led to goods prices rising. The war in Ukraine intensively increased product 
shortages and additional costs in the intermediate stages of production, which had a strong im-
pact on the further increase in the prices of final goods. It is important to emphasize that the cat-
egory of goods has a larger share of internationally exchangeable inputs and products than the 
category of services. This means that global factors play a greater role in determining prices in the 
goods category, which includes predominantly food products and oil, while domestic factors play 
a greater role in price movements in the services category. Consequently, the increase in inflation 
in the service sector has been less pronounced and its growth has manifested later in relation to 
the goods sector.

Graph 4 shows the dynamics of the global movement of oil and food prices, which are important 
considering their direct impact on consumer prices and their indirect impact through food prod-
ucts and intermediate inputs used in food production.

Graph 4 − Food and energy prices on the international market 

The increase in inflation was also affected by increase in the costs of domestic food production, 
which is predominantly caused by the increase in import prices. In the third quarter of 2022, 
compared to the same period in 2021, the prices of imported manufactured products recorded a 
growth of 14.3%, and the growth of prices in the manufacturing sector was 19.6%. The growth of 
prices in the manufacturing industry sector was fuelled by a 34% increase in the prices of food 
products.

Graph 5 provides a comparison of import and export prices with goods' prices in Montenegro. 
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Graph 5 – Import and export prices

Source: MONSTAT

Table 1 – Correlation between import prices, export prices and domestic goods prices 

Goods inflation Export prices Import prices 
Goods inflation 1 0.668 0.786

Export prices 0.668 1 0.799

Import prices 0.786 0.799 1

Source: Author's calculations

The high correlation between export, import and domestic prices of goods indicates the prevail-
ing role of global factors in determining the prices of goods. The growth rates of goods prices and 
the prices of imported goods largely followed each other. These price movements are expected, 
having in mind that the prices of domestic products sold on the domestic market are also affected 
by global factors. However, since June this year, we have noticed opposite trends. Namely, import 
prices have shown a downward trend, while goods prices continue to show an upward trend. Pric-
es of exported goods show higher fluctuations, which can be partly explained by exchange rate 
fluctuations, especially during the last two years.

A good indicator of the long-term trend of inflation is core inflation, bearing in mind that, as a 
rule, it tracks the components of inflation that are stable over a long period of time. The categories 
of products that are most often excluded from the calculation of core inflation are those in which 
the formation of prices is not affected by the usual economic trends, but the prices are primarily 
a result of certain one-off and/or seasonal shocks. Thus, agricultural and food products are most 
often excluded from the calculation (their movement is largely the result of climate change), en-
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ergy (under the influence of shocks on the supply side), administratively controlled prices (result 
of changes in the decisions of economic policymakers) and the like1. 

According to the latest estimates of the Central Bank of Montenegro, core inflation is above the 
total inflation rate, which indicates the persistence of inflationary pressures (Graph 6). Namely, 
the high core inflation rate shows that, in recent months, inflation has been widespread in many 
components of the index used to measure inflation. This reflects the widespread impact of rising 
prices of raw materials, food and energy on rising costs in the goods and services sectors, thus 
representing a common factor exerting inflationary pressure on the overall economy.

Furthermore, it should be emphasized that the increase in core inflation above the level of total 
inflation also indicates a certain degree of inflationary pressure that can be generated by domes-
tic demand. In addition, the persistence of core inflation, evident in the third quarter of 2022, 
indicates the presence of built-in inflationary expectations, which represents a special challenge. 
Recent researches suggests that the longer inflation remains high, the more embedded it is likely 
to become. Also, researches point to the growing awareness of the public that inflation is at a re-
cord level. Namely, surveys of the Global Enterprise Risk Survey conducted by Oxford Economics 
(2022) show that short-term inflationary pressures are increasing to the level of inflation that is 
expected further.

Graph 6 – Total and core inflation

Source: CBCG

1	 More details about core inflation in the Working Paper of the Central Bank "Calculation of core inflation rate in Montenegro - methodological and 
practical considerations" (2008)
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A special dimension of looking at the sources of inflation is the analysis of aggregate demand. 
Changes in aggregate demand are conditioned by changes in monetary policy (that is, in the mon-
ey supply) and changes in fiscal policy (state spending and tax policies), and generally changes in 
the consumption of companies and households that may be affected by other shocks.

After one of the biggest economic contractions and a drop in GDP in 2020, due to a strong and co-
ordinated response by economic policy makers, there was a sudden recovery of aggregate demand 
and economic growth in 2021, which also reflected on the growth of inflation. The GDP growth 
rate in Montenegro was 13% in 2021, while in 2022 the growth is estimated to be over 7%.  Accord-
ing to the latest estimates of the Central Bank, the aggregate demand in the third quarter of 2022 
recorded the year-over-year increase of some 36%, while compared to the last quarter of 2021 it 
was higher around 34% higher.

Graph 7 – Aggregate demand in Montenegro

Source: CBCG

Observed historically, household demand is a key determinant of aggregate demand. Looking 
at the structure of total demand, there has been a sharp increase in the share of household de-
mand in the first quarter of 2022 (by 23.4 pp). In the household demand structure, the prevailing 
share refers to paid earnings (about 67%). The growth in household demand is the result of the 
implementation of a tax reform under the "Europe Now!" programme. The reform was based on 
major fiscal cuts: the health insurance contribution was abolished and the minimum wage was 
increased to 450 euros. A non-taxable part of the gross salary up to 700 euros is introduced as 
well as a progressive taxation over that amount. As a result of the implemented reform, there was 
an increase in net earnings of around 32% already in the first month of 2022, i.e. by 33% for nine 
months of the current year, compared to the end of 2021.



14

DIAGNOSTIC INFLATION ANALYSIS IN MONTENEGRO

Graph 8 − Annual growth rates of households' demand (lhs) and inflation (rhs)

Source: CBCG

If we analyse the series of household demand and inflation (Graph 8), we can conclude that since 
2009, these series had different trends. However, from the third quarter of 2021 to the second 
quarter of 2022, these series had the same upward trend. From the second quarter of 2022, aggre-
gate demand growth rates have slowed down, while inflation rates have continued rising.

Finally, the descriptive analysis of inflation clearly indicates that the high inflation rate is fuelled 
by rising food and energy prices, together with the impact of the pandemic cycle and the war in 
Ukraine on supply and demand dynamics.

1.1. Comparison of inflation in Montenegro with inflation 
in the euro area countries

Since the introduction of the euro as the official legal tender, and with the limited instruments of 
monetary policy that cannot directly affect the money supply, the inflation rate in Montenegro is, 
understandably, linked to inflation trends in the euro area.

Graph 9 shows that since 2011, inflation in Montenegro has followed the inflation trend in the 
euro area, excluding pronounced cyclical changes (higher growth and/or decline) in certain pe-
riods. In comparison with the euro area, since 2011, the HICP inflation in Montenegro has been 
0.46 percentage points higher on average than the inflation registered in the euro area. If we ana-
lyse the range of inflationary differences (differentials) of Montenegro in relation to the euro area, 
the extreme values are within the limits of a minimum of -1.96 percentage points and a maximum 
of 4.81 percentage points. These extreme deviations in the inflation rate have been recorded in the 
last two years. Namely, the largest negative value of the differential had been recorded in July 2020 
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when a negative inflation rate was recorded in Montenegro, while the largest positive value of the 
differential was recorded in July 2022.

Graph 9 – Inflation trends in Montenegro and the euro area

Source: MONSTAT, Eurostat

* Note: Since January 2011, MONSTAT has started publishing the harmonized index of consumer 
prices (HICP), which measures inflation in the countries of the European Union and enables 
comparative measurement of inflation in Europe.

The biggest deviations in inflation were recorded in 2012, 2015 and 2018. Thus, for example, in 
2012, due to the late price adjustment of certain categories of imported products, the increase in 
excise duties and the introduction of new taxes, and the increase in controlled prices, there was an 
increase in inflation in Montenegro and larger inflation differentials compared to the euro area. 
In 2015, the growth of the differential was conditioned by the low inflation rate in the euro area, 
due to weaker aggregate demand. Also, in 2018, the higher inflation rate in Montenegro, com-
pared to the euro area, refers to the increase in VAT and the increase in excise duties as part of the 
then fiscal consolidation measures, as well as to the increase in electricity prices.



16

DIAGNOSTIC INFLATION ANALYSIS IN MONTENEGRO

Graph 10 − A special overview of inflation trends for the period 2020 - 2022

Source: MONSTAT, Eurostat

Differences in the structure of the index used to measure inflation, i.e. the participation of sub-
categories in the HICP, additionally encourage differences in inflation. Data on inflation depend 
on the way in which the representation of products and services in the consumer basket is deter-
mined, i.e. from their weights. The relative representation of individual products and services in 
the consumer price index is based on data on the average consumption of individual products or 
services obtained from the Household Budget Survey. If we compare Montenegro with the euro 
area member countries, we can conclude that the categories food and energy dominantly deter-
mine inflation in Montenegro and that these categories are represented more in the consumer 
basket in Montenegro than in the euro area.

Table 2 – Special inflation aggregates2

  MNE EURO AREA

  Share
‰

Annual rates in 
September 2022

Share
‰

Annual rates in 
September 2022

Products 731.6 16.4 583.3 14.0

Services 268.4 10.6 416.7 4.3

Food, alcoholic beverages, tobacco 314.3 26.4 208.9 11.8
HICP, excluding food, alcoholic 
beverages, tobacco

630.1 9.7 681.8 4.8

Energy 121.8 13.1 109.3 40.7

Administrative inflation2 101.2 2.0 125.2 10.4

Source: MONSTAT, Eurostat

2	 Inflation, which measures the movement of administratively formed prices and includes the prices of water supply, sewage, garbage removal, electricity, 
energy, maintenance fees in residential buildings, co-payments for health services, technical inspection of passenger vehicles, parking services, driving 
test costs, tolls for passenger vehicles, postal services, entrance fees for national parks, school textbooks, preschool education, state kindergarten, 
mandatory vehicle insurance and issuance of administrative documents such as birth certificate.
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Namely, in Montenegro, the "products" category, which dominantly refers to the subcategories 
"food, non-alcoholic beverages" and "alcoholic beverages and tobacco", has a larger share in the 
HICP basket compared to the euro area. On the other hand, the share of "services" category is 
lower than in the euro area. In the euro area, services are the largest component, accounting for 
around 41.7% of the consumer basket. Also, the subcategory related to administrative inflation 
has a smaller share in the Montenegrin HICP.

These data are not surprising, having in mind that a larger share of total income of Montenegrin 
households goes to the purchase of essential products and services for basic life needs, such as 
food and energy. The largest share in the total personal consumption of households in Montene-
gro is made up of expenses for food and non-alcoholic beverages (37.1%), and for housing, water, 
electricity (15.1%). This is followed by the expenses for clothing and footwear (9.8%); transport 
(9.1%); communications (6.1%); healthcare (4.9%); other products and services (4.5%); furnish-
ing, household equipment and routine household maintenance (4.4%); alcoholic beverages and 
tobacco (3.4%); restaurants and hotels (2.6%); recreation and culture (1.7%) and education (1.3%).

This is also visible from the comparison of the representation of individual food products in the 
overall consumer price index in Montenegro, in relation to the euro area. 

Table 3 − Subcategories of Food and non-alcoholic beverages category

MNE euro area

Share ‰ Share ‰
01 FOOD AND NON-ALCOHOLIC BEVERAGES 314.3 166.2
 011 Food 288.5 151.4
 0111 Bread and cereals 46.2 27.7

 0112 Meat 69.8 36.0

 0113 Fish 9.2 10.7

 0114 Milk, cheese and eggs 57.6 22.2

 0115 Oil and fats 9.9 4.7

 0116 Fruits 24.4 14.4

 0117 Vegetables 45.9 19.3

 0118 Sugar, jam, honey, chocolate and confectionery 17.5 9.9

 0119 Other food products 8.0 6.5

 012 Non-alcoholic beverages 25.8 14.8
 0121 Coffee, tea and cocoa 7.6 5.2

 0122 Mineral water, non-alcoholic beverages, fruit and vegetable juices 18.2 9.6

02 ALCOHOLIC BEVERAGES AND TOBACCO 55.7 42.7

 021 Alcoholic beverages 27.5 18.49

 022 Tobacco 28.2 24.2

Source: MONSTAT, Eurostat
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The representation of all subcategories of food and beverages, except for fish prices, in the total 
consumer basket in Montenegro is higher than in the euro area, which is in accordance with the 
results shown at the aggregate level. The same was observed in other countries of the European 
Union with a lower level of income, which confirms that the weights in the index, which measure 
inflation, reflect the real structure of consumption.

Differences in inflation exist within the monetary union itself. On the one hand, differences in 
inflation imply convergence factors, primarily price level convergence, as well as income conver-
gence. According to Eurostat's final data, as part of the purchasing power parity project, the price 
level of consumer products and services in Montenegro was 60% of the EU average in 2021. The 
price levels for consumer products and services varied significantly among the euro area member 
countries in 2021. Ireland and Luxembourg recorded the highest price levels (140% and 132% of 
the EU average, respectively), while the lowest price levels are recorded in Latvia and Lithuania 
(79%), and Poland (72%). On the other hand, structural differences, such as different levels of ri-
gidity in wage and price determination or different exposure to external shocks, also generate dif-
ferences in inflation.

Inflation in the euro area in September 2022 was 9.9%, with inflation reaching two-digit levels in 
some euro area members. In this month, ten euro area countries recorded higher than average in-
flation. The range of measured inflation in the euro area ranged from 6.2%, as recorded in France, 
to 24.1% in Estonia.

Graph 11 − Comparison of inflation rates with countries in the region and the euro area 

Source: MONSTAT, Eurostat, Statistical offices of the countries in the region
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We can conclude that higher inflation than that in the euro area was recorded by all countries 
from the region, except Albania. In most countries, inflation is largely driven by rising food and 
energy prices. The war in Ukraine caused significant inflationary risks, mostly in the prices of en-
ergy, raw materials and food. Their growth is the main reason for the growth of inflation because 
it encourages price growth in many other sectors.

2. Assessment of impact of global, regional and domestic 
factors on inflation in Montenegro

For the fact that Montenegrin market is import-dependent and that any change in the prices 
of certain products on the international market affects the creation of the final inflation rate in 
Montenegro, we hereby examine the relevance of the impact of global, regional and domestic fac-
tors on inflation. We will analyse these influences using the Principal components analysis - PCA 
method. The mentioned analysis represents a statistical technique of data analysis that allows re-
ducing the dimensionality of large data sets, thus increasing the possibility of their interpretabil-
ity, while minimizing the loss of information contained in each variable at the same time. 

The following explanation of the principal component method is based on the working paper 
by Jolliffe (2002): Principal Components Analysis – Second Edition. The central idea of ​​princi-
pal components analysis (PCA) is to reduce the dimensionality of a data set consisting of a large 
number of interrelated variables, while retaining as much variations from the data set as possible. 
This method achieves this by transforming the existing variables into a new set of variables, the 
principal components (PC), which are uncorrelated and ordered so that the first few retain most 
of the variance from the original variables. Therefore, the first component, as a rule, includes the 
largest part of the variance of the original data series, and each subsequent component includes 
the largest remaining part of the variance. 

Written in formulae: 

x is a p-dimensional vector of random variables

 is the covariance matrix of x (if the unknown is replaced by the sample covariance matrix S)

for k = 1; ...; p k-th PC is given with , where αk eigenvector corresponds to its k-th larg-
est eigenvalue λk.

Furthermore, if it is chosen to have unit length ( ) then Var(zk) = λk.

The PCA issue involves constrained maximization. Let's start by performing the first PCA:
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Using the Lagrange multipliers method: L = 

, where Ip (p x p) is the identity matrix. Hence, λ is the eigenvalue of  and α1 
is the corresponding eigenvector.

We emphasize that the quantity that should be maximized is

 

Therefore, it is necessary that λ be as large as possible. Thus α1 is the corresponding eigenvector to 
the largest eigenvector of .

In general, k-th PC of x is  and  λk, where λk is k-th 

the largest eigenvalue of  and  is the corresponding eigenvector.

The performance of the second PC  is the same, but in addition the maximatization of   
is performed without correlation with a . 

Once we have our own values, we have to choose how many PCs we want to keep.

Each PC represents a certain variance corresponding to the size of its eigenvalue.

That is:

the proportion of variance explained by the k-th 

After determining the number of PCs to be used (j) the resulting PCs can be calculated as follows:

where  is a data matrix with n observations and k variables, and  is a matrix whose col-
umns represent certain eigenvectors. 

The number of principal components depends on the number of data series used in the analysis, 
and the key task of this analysis is to choose the optimal number of principal components. As we 
mentioned above, components whose variance is greater than the variance of the source variable 
should be included. Beck et al. (2006) suggest that components which together explain at least 
75% of the total variance should be included. 

In order to examine the impact of global, regional and domestic factors on the inflation rate in 
Montenegro, we used the approach applied by Krusper (2012) and Miletić et al. (2022), using the 
Stock–Watson (2002) methodology, which implies the decomposition of the inflation rate in two 
steps. 
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In the first step, we used the annual rates of 37 countries from which we extracted and created a 
new "global factor" variable, using the method of principal components analysis. The global factor 
is the variable that best explains the annual inflation rate in 37 countries.

In the second step, the annual inflation of the regional countries (Croatia, Serbia, Bosnia and 
Herzegovina, and the Republic of North Macedonia) is evaluated using the principal components 
analysis. The residuals obtained from the estimated relationship between the annual rate of the 
region and the global factor represent the regional factor. Finally, the annual inflation rate in 
Montenegro is regressed on global and regional factors, and the residuals obtained from this re-
gression represent the contribution of domicile factors.

To analyse the contribution of global, regional and domicile factors to annual inflation rates in 
Montenegro, we used annual changes in the inflation rate by months from 2011 to September 
2022, for 37 global countries. The sample of countries that we included in the analysis covers the 
European Union countries, Great Britain, the United States of America, regional countries and 
Türkiye (detailed description of the countries is given in Annex I). As a measure of the annual in-
flation rate, we used the harmonised index of consumer prices, and the data source was provided 
from the Eurostat and MONSTAT databases.

The results of the obtained analysis indicate that the first principal component explains about 83% 
of the total variance (results can be found in Annex II). The vector values ​​for the first component 
are relatively similar for all observed countries, except for Great Britain, Iceland, Norway, and Ser-
bia where they are higher in the case of the third main component. These findings indicate that 
the majority of observed countries were included in the calculation of the first main component, 
with similar weights.

Graph 12 − Values ​​of the first principal component for the observed countries

Source: Author's calculations
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The weights which these components are included with in the calculation of the global factor are 
the individual percentages that explain the total variance. The rated global factor is shown in the 
graph 13. Since oil and food prices are most often mentioned as the global factors that have impact 
on inflation growth, we compared the price developments of these products with the global fac-
tor trend. What we can conclude by observing graph 13 is that the global factor follows the price 
developments of these products.

Graph 13 – The global factor and oil and food prices trend

Source: Author's calculations

After calculating the global factor, a regression was made of the annual inflation rate for countries 
in our region (Croatia, Serbia, North Macedonia, and Bosnia and Herzegovina), including Mon-
tenegro, on the estimated global factor. We then applied the principal components analysis to the 
series of rated residuals, in order to calculate the contribution of the regional factor. The results 
of the application of principal components analysis are shown in the table. We again retained the 
first principal component as it explains close to 70% of the total variance. 

In the final step, we regressed the annual inflation rate in Montenegro on estimated global and 
regional factors and obtained the contribution of dommicile factors. 

The obtained results indicate that inflation in Montenegro is under the prevailing influence of 
global factors related to the prices trend, primarily of raw materials, food and oil, which are pre-
sented in graph 13. Our analysis shows that the global factor is higher than the average for some 
45% in 2022, which is understandable as it “drags” inflation to Montenegro. Furthermore, the 
analysis indicates that the impact of the regional factor is small, which is understandable because 
it is “absorbed” by the global factor. What is a special challenge for economic policy makers is the 
assessment of impact of the domicile factor. The analysis shows that in times of increased fiscal 
burdens, the domicile factor had a significant impact on price developments, and the level of in-
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flation in Montenegro was above the average inflation in the euro area, which was explained in 
section 1.1. 

Graph 14 − Presentation of global, regional and domicile impact on the inflation rate 

Source: Author's calculations

The analysis shows that in the first quarter the domicile factor passes from a negative to a positive 
zone, which indicates the impact of the fiscal reform at the beginning of the year (“Europe Now!” 
programme). However, the global factors development further dampened that impact. 

It is also interesting to point out developments in the second and third quarters of 2022. Namely, 
fiscal burdens were reduced in June in order to protect the living standard of the population. A 
number of measures were adopted with the aim of temporarily lowering the price of fuel, reduc-
ing the rate of value added tax on basic groceries and other inputs in production3. However, the 
impact of the domicile factor was not reduced but rather increased. Based on this, it can be con-
cluded that the effect of inflationary expectations appears in the creation of prices, especially in 
the service sector (graph 3a, the later reaction of the service sector is noticeable). 

Finally, it is important to note that the impact, dynamics and intensity of the influence of global, 
regional and domicile factors on inflation in Montenegro, based on the principal components 

3	 Due to the rise in the prices of basic groceries, the Amended Law on Value Added Tax adopted in May reduced the VAT rate on flour and sunflower oil 
(from 7% to 0%) and salt (from 21% to 7%), and then additional amendments to that Law in June, which implied a reduction of VAT on bread from the 
then 7% to 0%. During the third quarter, the prices of flour and other cereals decreased by 1.8%, and the prices of oils and fats by 4.1%.

	 In order to maintain the conditions for preserving stability of the prices of oil derivatives, validity of the Decision amending the Decision on reducing the 
amount of excise duties for the sale of unleaded gasoline and gas oils was extended until 3 January 2023. The reduction of the mentioned excise duties 
went up to 50% from June to November.

	 The Decision supplementing the Decisions on temporary measures to limit the prices of products of special importance for people's life and health and the 
list of products, which limits the price of pellets, was adopted in August.
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analysis, cannot be clearly determined. In order to identify which factors, global and domestic, 
determine inflation in Montenegro, we will expand the analysis with the models presented in the 
following chapters. In the next chapter, we will examine the econometric assessment of the link 
between inflation in the euro area and the one in Montenegro, and once this being done, we will 
econometrically quantify the impact of global and domestic factors that determine the inflation 
rate in Montenegro. 

3. Model analysis of the impact of euro area inflation on 
inflation in Montenegro

In this part of the working paper, we opted for the ARDL (AutoRegressive Distributed Lag) model 
approach for estimating the impact of inflation in the euro area on inflation in Montenegro. We 
will use the available data on the annual inflation rate in Montenegro and the euro area from 
January 2009 to September 2022 in this analysis. The source of data for inflation in Montenegro 
is MONSTAT, while data on inflation in the euro area are downloaded from the Eurostat website.

The ARDL model is used to analyse cointegrating time series to examine long-term and short-
term dynamics, when the observed variables may be stationary I(0), integrated of order I(1) or 
even only partially integrated. Pesaran (1997), Pesaran, Smith and Shin (2001) and Pesaran et 
al. (2001) proposed approaches to testing the ARDL model limits, where the variables include a 
mix of stationary and non-stationary time series. This methodological approach has a number of 
features that many researchers believe give it some advantages over conventional cointegration 
testing. 

In order to apply the ARDL approach, we will first use the Augmented Dickey-Fuller (1979, 1981) 
tests to check the stationarity of the time series we plan to include in the model. If the tests show 
that the time series is stationary, the values ​​of its distribution (expected value and variance) do not 
change, that is, they are constant during the analysed period. The given series arbitrates around 
a certain value and does not have a defined development trend. Otherwise, the series is non-sta-
tionary, and has a certain defined development trend. 

The Augmented Dickey-Fuller (ADF) stationarity test indicates that the INF_EU series is a non-
stationary one. Namely, the null hypothesis of the ADF test is that the series INF_EU has a unit 
root, that is, it is non-stationary. The impossibility of rejecting this hypothesis (p value>0.05) con-
firms that the series is non-stationary. Also, the result of the ADF test when it comes to the INF_
MNE series shows the same, that is, the INF_MNE series is also non-stationary. We will solve the 
issue of non-stationarity by differentiating these two series. 
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Table 4 − Stationarity tests

Time series I(0) I(1)

INF_EU P= 1.0000 P= 0.0000

INF_MNE P=0.9959 P= 0.0000

Bearing in mind the results of the ADF test, which shows that both variables INF_MNE and INF_
EU are non-stationary, i.e. integrated of the first order (I (1)), we opt for the ARDL model, which 
allows the use of time series of the I(1) order of integration, in order to examine long-term rela-
tionship between these variables.

The basic form of the ARDL regression model is:

or

	 Yt = β0 + β1Yt-1 + ...+ βpYt-p + α0Xt + α1Xt-1 + α2Xt-2 + ... + αqXt-q + εt  		  (1)

From the form of the generic ARDL model given in equation (1) above, we can see that these mod-
els are characterised by the lag of the dependent variable as well as the lag (and possibly the in-
stantaneous value) of the independent variables.

In our example, there are two variables that we are interested in modelling: the dependent varia-
ble and the other variable that explains it, so the abbreviated form of this model will look like this

	 Δyt = β0 + Σ βiΔyt-i + ΣγjΔx1t-j + φzt-1 + et    			   (2)

Here z, "error correction term" (ECM), represents a series of OLS residuals from a long-term "coin-
tegration regression",

	 yt = α0 + α1x1t  + vt		  (3)

The ECM links the long-term equilibrium implied by cointegration with a short-term dynamic 
adjustment mechanism that describes how variables react when they are moved from long-term 
equilibrium.

In order to determine the long-term relationship between inflation in Montenegro and inflation 
in the euro area using the ARDL model, we first calculated the F-statistic of the Bound test and 
compared it with the critical values ​​given in the table below. 
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Table 5 − Bound test results

F-Bounds Test Null hypothesis: No levels relationship

Test Statistic Value

F-statistic 6.370070

10% 5% 1%

Sample Size I(0) I(1) I(0) I(1) I(0) I(1)

Asymptotic  3.020  3.510  3.620  4.160  4.940  5.580

* I(0) and I(1) are respectively the stationary and non-stationary bounds.

The results of the F-test of 6.37 indicate a stable long-term relationship between the dependent 
and independent variables, i.e. the inflation rate in Montenegro and inflation in the euro area, 
having in mind that the obtained value of the F-test is significantly higher than the lower and up-
per limit values ​​of 5 percent. Therefore, we can conclude that there is a cointegration relationship 
between these two series.

The results of the short-term relationship between inflation in Montenegro and inflation in the 
euro area are shown in the table 6:

Table 6 − ECM Regression 
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Looking at the results from the ECM model, we can notice that the results of these cointegrated 
series suggest that a short-term increase in inflation in the euro area of 1 percent will lead to an 
increase in inflation in Montenegro by some 0.77 percentage points. The key coefficient for this 
analysis, the Error correction term - CointEQ(-1), shows us the speed of adaptation to the equilib-
rium (i.e. the pace of adjustment from the short-term to the long-term). The value of this coeffi-
cient, as a rule, must be negative and less than zero, in order to correct deviations from the long-
term equilibrium. This coefficient simply represents the proportion of error in the adjustment of 
these rates that is corrected each month. 

The error correction coefficient, CointEQ (-1), which is a measure of the average speed of conver-
gence to long-term equilibrium, is -0.10 and is statistically significant at all conventional levels. It 
has the expected negative sign, which implies that the deviation from the long-term equilibrium 
exerts pressure on inflation in Montenegro by adjusting 10 percent of the resulting imbalance in 
each observed period (month).

Diagnostic tests of the model (Annex III) indicate that the model is well specified, that the residu-
als are normally distributed and that there is no heteroscedasticity in the model (Breusch-Pagan-
Godfrey test). Also, tests show that the model has no problems with serial correlation (Breusch-
Godfrey Serial Correlation LM Test), with the stability of coefficients (Cusum Test), or functional 
form (Ramsey Reset test).
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4. Impact of global and domestic factors 
on inflation – SVAR model

In recent empirical literature, the global nature of inflation has increasingly been pointed out (Bo-
rio and Filardo, 2007; Mumtaz and Surico, 2012; Henriksen, Kidland and Sustek, 2013, Kamber 
and Wong, 2018). Laseen and Sanjani (2016), using a large number of variables, also show that ex-
ternal variables provide the best conditional forecast of the U.S. inflation in the Great Recession. 
Peneva and Rudd (2017) find little evidence of labour cost passing to price inflation in the U.S. 
Using the example of Asian countries, Kamber and Wong (2018) show that the prices of primary 
products on the global market have a greater influence on the deviation of inflation from the trend 
than on the inflation trend itself. However, Conti et al. (2015) find that the joint contribution of 
monetary shocks and demand shocks in euro area countries is as important as the contribution 
of oil price trend to the deviation of inflation from the trend line. The results of the research by 
Bobeica and Jarocinski (2019) indicate that during the period of the great recession, inflationary 
trends in the euro area were not fully explained by the oil and other goods price developments, 
and global trends in real activity. These authors show that it were the domestic factors that signifi-
cantly had impact on inflationary trends in that period. Analysing inflation in developing coun-
tries, Ha et al. (2019) pointed to the dominant influence of domestic factors on inflation in devel-
oping countries, while global factors are more significant in developed countries. 

In the second year of the pandemic, the ECB professional forecasters, as well as U.S. forecasters 
(Meier et al., 2021), were surprised by the extent of inflationary pressures created by supply-side 
bottlenecks and rising input costs. Analysing supply and demand factors in the U.S. over the past 
five decades, Eickmeier and Hoffman (2022) show that the rise in inflation since mid-2021 was 
driven by a combination of extremely expansive demand conditions and tight supply. The same 
authors, conducting the same analysis for the euro area, pointed to a somewhat greater role of the 
supply factor, i.e. of global energy price shocks on inflation in the euro area relative to the U.S., 
given the greater exposure to these costs of the euro area. However, Goncalves and Koester (2022) 
decomposed the euro area HICP inflation, suggesting that the increase in inflation was initially 
largely supply-driven, but that the importance of demand factors gradually increased over time. 
Namely, their analysis shows that, supply and demand factors have played a largely similar role in 
the HICP inflation index since June 2022. 

In this section, we want to examine the dynamics of influence of the selected factors from the 
global and domestic market on the development of inflation in Montenegro. In order to examine 
the dynamics of these factors, we will apply the SVAR model, which is commonly used to analyse 
the dynamic impact of random disturbances on a system of variables. In our model, we will use 
six variables to look into the role of different factors in the movement of inflation.

As mentioned earlier, developments and changes in price levels in the Montenegrin economy are 
greatly influenced by developments from the external environment. There are numerous reasons 
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for the aforementioned tendencies: the size and openness of the Montenegrin economy, high im-
port dependence, and the use of the euro as the legal tender. To examine the external environ-
ment impact, we will use the following variables: inflation rates in the euro area (HICP index), oil 
prices (IMF spot crude price) and food prices (IMF food price index) on the international market. 

Also, price changes are influenced by factors from the domestic market. Bearing in mind the sig-
nificant changes in the time series of wages caused by the new tax reform programme and the 
impossibility of separating this impact, we decided to use the variable “household demand”. This 
variable was created using the Central Bank's methodology for estimating total aggregate de-
mand. Houdehold demand is obtained as the sum of paid wages, paid pensions, payment of frozen 
foreign currency deposits, net compensation to the population minus net savings of the popula-
tion (savings - approved loans). Also, when analysing the influence of factors from the domestic 
market, we will also analyse the "public spending" variable. We obtain this variable by deducting 
paid pensions, wages paid from the budget and net government savings from public spending 
(Deposits - Loans – Treasury bills). 

Before proceeding to the evaluation of the VAR model, we will check the stationarity of the series. 
In general, it is known that the concept of stationarity is of fundamental importance in the analy-
sis of time series, and that if this principle is violated, consistent evaluations of the model cannot 
be expected. The results of the unit root test for the consumer price index in Montenegro (CPI) 
and most of the other variables that we use in the model show that the mentioned series are non-
stationary. In other words, the p-values ​​of these tests point to the conclusion that the null hypoth-
esis of the existence of a unit root can be rejected. However, by differentiating the series, we solved 
this issue and obtained stable stationary series (p-value = 0.00). 

Considering the results of previously conducted tests on stationarity, it is possible to assess the 
VAR model, in which the six previously analysed variables are endogenous, and the exogenous 
variables are: a constant and a time artificial (dummy) variable. Namely, by observing and analys-
ing the series, certain deviations from the dynamics were noticed, with a particularly character-
istic deviation in the first quarter of 2022. We decided to introduce an artificial variable in order 
to remove obvious extraordinary deviations, thereby contributing to a more precise assessment 
of the controlled factors.

A structural view of the VAR model is provided by Lutkepohl (2011):

	 (1)

Where A and A*
p are structural coefficients. A is the instantaneous influ-

ence matrix between the variables,  is the (n×1) vector of endogenous variables 
. The variables are the following: food 

prices on the international market, oil prices on the international market, inflation in the euro 
area, public spending, household demand and inflation in Montenegro, measured by the con-
sumer price index.  je (n×n) the delay lenght matrix, which represents the impulse response 
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of the shock function to the element  , B is (n×n) matrix that measures the linear relationships 
between structural shocks and those in reduced form,  is a (n×1) vector of structural shocks. 

The specification of the starting model is given in the Annex. The optimal number of events in the 
VAR model was chosen based on the criteria of the Akaike and Schwartz tests, which suggest the 
use of one lag in the model. By analysing the residuals, through normality, autocorrelation and 
heteroskedasticity tests, the obtained results are satisfactory from the econometric point of view 
(model results in the Annex). 

For the purposes of the SVAR model, we will use the following reduced form:

	 (2)

Where  and the reduced form of the error structure . The vector  is 
(n×1) vector of shocks in a reduced form, which are simultaneously interconnected. The relation-
ship between structural shocks and reduced form shocks is also the reduced form of the error 
structure given as: 

 		 (3)

Where  and where 		  (4)

SVAR assessment uses  estimates obtained from the reduced form of the VAR model, short-
term covariance relationship and all restrictions in equation (4), and long-term restrictions on 
accumulated impulse reactions.

The structural VAR models are estimated using different methods that depend on the model set-
ting and the type of structural (identification) constraints (Lutkepoh, 2017). One of the reasons 
why we opted for the SVAR model is precisely the possibility of setting restrictions on the struc-
tural matrix, which allows us to better identify, evaluate and interpret shocks. A key assumption 
is that domestic factors do not have impact on global factors. Therefore, a restriction was set ac-
cording to which the first variable in the model has impact on all other variables, while the other 
variables have no influence on this variable. Using this recursive form of the SVAR model, the as-
sumption is that inflation in Montenegro reacts to changes in all variables in the model. 
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By analysing the decomposition of variances, we should see the most important determinants of 
the variability of the endogenous variables that we analysed in the SVAR model. 

Graph 15 − Variance Decomposition Analysis

Note: Shock 1 - Oil prices, Shock 2 – Food prices, Shock 3 – Inflation in the euro area, Shock 4 - Pu-
blic spending, Shock 5- Household demand and Shock 6 – Inflation in Montenegro
Source: Author's calculations

As we expected, based on the previously conducted analysis in the first section and pointing to 
widespread inflation in all sectors, variance decomposition estimates show that large price index 
fluctuations are a result of shocks in that variable alone (about 50%), while shocks in other vari-
ables together explain price volatility to the same extent. It can be noted that in the short term, 
prices increase mostly autoregressively. This is also confirmed by the inflation projections of the 
Central Bank of Montenegro, which indicate that inflation in the short term is predicted more ac-
curately by autoregressive models, with the use of external factors as supplementary factors. Nev-
ertheless, as time goes by, the percentage influence of other factors increases, and to the greatest 
extent the influence of food prices on the international market, then the oil prices, and factors that 
stimulate the household demand. 
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Graph 16 − Global and domestic inflation factors according to variance decomposition

Source: Author's calculations

Based on the results of the variance decomposition, if we observe factors collectively, we could 
conclude that the inflation trend in Montenegro is largely explained by variations in global fac-
tors, especially after the third quarter. Domestic shocks modelled in our SVAR have a smaller im-
pact on inflation variations and it is interesting to note that this impact gradually decreases as of 
the third quarter. 

Based on the SVAR model estimated parameters, reactions of the variable of interest (consumer 
price index) to shocks (impulses) of other variables of one standard deviation were calculated. 
More precisely, we analyse the size of the accumulated impact of shock factors from the domes-
tic and external environment, their significance, as well as the assessment of the duration of ab-
sorption of these shocks and the impact of individual shocks on variables, based on the impulse 
response function. The CPI response function to impulses in the other variables also indicates in-
teresting conclusions about the relationships between the variables in the model. 
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Graph 17 − CPI response function to impulses

Note: Shock 1 - Oil prices, Shock 2 – Food prices, Shock 3 – Inflation in the euro area, Shock 4 - Pu-
blic spending, Shock 5- Household demand and Shock 6 – Inflation in Montenegro
Source: Author's calculations

The direction of the consumer price index reaction to shocks at the beginning of the period is in 
accordance with the expected signs of the relationship between individual variables. For instance, 
the increase and jump in food and oil prices on the international market is reflected in the positive 
and significant reaction of the consumer price index in Montenegro. Inflation in the euro area has 
a positive but not that significant impact because the assumption is that the impact is “muffled” 
by global factors such as food and energy prices. Also, household demand had a positive impact 
on inflation in the first three quarters, and after that period the impact of this variable has gradu-
ally decreased.
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Conclusion

Looking at the separate impact of supply and demand factors on inflation is a large challenge for 
monetary policymakers. The COVID-19 pandemic and subsequent economic recovery, increased 
geopolitical tensions, and the war in Ukraine fuelled the strong impact of both supply-side and 
demand-side factors, further complicating the authorities' response in the fight against inflation. 

Differentiating these types of inflationary pressures in real time when making economic deci-
sions is difficult for both businesses and the public. For instance, households, if they believe their 
earnings will increase because the economy is in an expansion phase as a result of the strong 
growth in aggregate demand, will not reduce their consumption. Also, for example, if oil prices 
rise due to an increase in aggregate demand, then the costs of production itself could rise, which 
would affect decisions of oil production companies. 

In this working paper, we analysed in detail the components of inflation in Montenegro. Also, us-
ing various statistical and econometric techniques, we examined to what extent inflation in Mon-
tenegro depends on global factors and inflation in the euro area, and how much of an influence 
on inflation is exerted by the domestic market factors. 

To analyse the contribution of global, regional and domestic factors to annual inflation rates in 
Montenegro, we used annual changes in the inflation rate by month from 2011 to September 
2022 for 37 global countries, including Montenegro. The obtained results indicate that inflation 
in Montenegro is under the dominant influence of global factors, concerning price developments, 
primarily of raw materials, food and oil. Also, the analysis indicates that the influence of the re-
gional factor is small, which is expected, because its influence is “absorbed” by the global factor. 
When it comes to the influence of domicile factors, the Principal components analysis shows that 
in times of increase or decrease of tax and excise duties, the domicile factor has a significant im-
pact on price developments. 

Similar to the euro area countries, as of the second quarter of 2021, inflation growth was driven 
by global factors, which are linked to rising raw material prices, limited supply capacity, disrup-
tions and interruptions in the supply chain. In the first quarter of 2022, there is a sharp increase 
in household demand, predominantly stimulated by the earnings paid as a result of the “Europe 
Now!” tax reform implementation. However, to what extent the growth in demand, caused by the 
new tax reform implementation, influenced the growth of inflation is difficult to separate and as-
sess based on the available data. Namely, we can note that the increase in wages was a continua-
tion of the already growing inflationary pressures from the external environment, which started 
from the second quarter of 2021, and they were stimulated, as previously stated, by disruptions in 
global supply chains and the growth of aggregate demand due to the opening of economies and 
recovery from the COVID-19 crisis. Therefore, we can conclude that the effect of this reform pro-
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gramme on inflation is present but limited as other factors have absorbed this effect at the level 
of the economy. 

Furthermore, the paper examines the persistence of a long-term relationship between the infla-
tion rate in Montenegro and inflation in the euro area. The results of the ARDL model confirmed 
that there is a cointegration relationship between these two series, and that in the short-term a 1 
percent increase in inflation in the euro area leads to an increase in inflation in Montenegro by 
some 0.77 percentage points.

Finally, in the third empirical analysis, the impulse response function and variance decomposi-
tion of the SVAR model showed how inflation reacts to different shocks in the development of 
global and domestic factors. The obtained results of the SVAR model, used to assess the dynam-
ics of the influence of various factors on inflation, are similar to the results obtained based on the 
Principal components analysis method. Inflation in Montenegro reacts more to global shocks 
than to domestic ones. Particularly, the conducted econometric analysis of the reaction direc-
tion of the consumer price index to shocks confirmed that the increase and jump in food and oil 
prices on the international market is reflected in the positive and significant reaction of this index 
in Montenegro, while the impact of the household demand on the inflation index was positive in 
the first two quarters, and the effects of this variable gradually decreased later on. When it comes 
to the impact of the inflation factor in the euro area, it was assessed that it has a positive impact, 
however, not so significant in this model because the assumption is that the impact is “muffled” 
by factors such as food and energy prices. Also, an interesting conclusion of the SVAR model re-
fers to the fact that in the short term prices grow mostly autoregressively, while over time the per-
centage impact of other factors increases, notably the price of food on the international market, 
then the price of oil, and factors that stimulate the household demand. Finally, the results show 
that the household demand shocks are more pronounced than government spending shocks. 

The results of this paper indicate certain implications for economic policy makers. First of all, 
fiscal policy measures should be specifically targeted in order to mitigate inflationary pressures 
from the global environment, that is, to mitigate the transmission of international food and oil 
prices to other prices. Furthermore, dealing with inflation presumes the implementation of struc-
tural reforms in the domain of the public sector and the system of social benefits. Structural re-
forms are the right way to amortize the negative effects of inflation. The implementation of struc-
tural reforms in the public sector opens up space for the implementation of a flexible fiscal policy 
in dealing with the negative effects of inflation and protecting the living standards of the popula-
tion. On the contrary, increased spending on wages and social benefits in order to amortize infla-
tionary shocks would only mean further fuelling of inflation. 
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Annex

Annex I

List of countries used for Principal Components Analysis (PCA):

1.	 Austria
2.	 Belgium
3.	 Bosnia and Herzegovina
4.	 Bulgaria
5.	 Czech Republic 
6.	 Montenegro
7.	 Denmark
8.	 Estonia
9.	 Finland
10.	 France
11.	 Greece
12.	 Croatia
13.	 Ireland
14.	 Iceland
15.	 Italy
16.	 Cyprus
17.	 Latvia
18.	 Lithuania
19.	 Luxembourg
20.	 Hungary
21.	 Malta
22.	 Germany 
23.	 Nederland
24.	 Norway
25.	 Poland 
26.	 Portugal
27.	 Romania
28.	 The Republic of North Macedonia 
29.	 USA
30.	 Slovakia
31.	 Slovenia
32.	 Spain
33.	 Serbia
34.	 Switzerland
35.	 Sweden
36.	 Türkiye
37.	 Great Britain
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Annex II
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Annex III

ARDL Model diagnostic tests

1 Test: Normality of residuals

2 Test: Serial correlations 
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3 Test: Heteroscedasticity
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4 Test: functional forms of the model
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5 Test coefficient stability
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Annex IV

The stability of the model is a condition for conducting further tests, so it is first checked whether 
the VAR model is stable.

Figure 1 - Unit circle with polynomial roots

As the roots of the polynomial lie within the unit circle, it is concluded that the VAR model is sta-
ble.

The residuals are not auto correlated, which is confirmed by the LM autocorrelation test from the 
table below.

Table - Autocorrelation test in the VAR model
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The normality test of the residuals shows that the residuals are normal for each component indi-
vidually, as well as jointly:

The heteroscedasticity test of the residuals shows that we cannot reject the null hypothesis of the 
homoscedasticity of the residuals, thus satisfying another important assumption of the econo-
metric model.


