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PREFACE

Inflation is one of the central and foundational macroeconomic indicators, and it is in­

depth examined by both macroprudential policymakers and macroeconomic researchers. 

Government authorities have a great interest in reliable inflation forecasts. Forecasting 

inflation is challenging research. A significant number of researchers have estimated and 

forecasted the time-series properties of inflation. The general agreement from these 

studious examinations is that the fundamental trend and volatility of inflation have altered 

significantly over time; however, there is still no consensus on the best way to forecast 

inflation dynamics. Inflation forecasts that are free from errors are essential for other 

agents in the economy. Economic agents will decide about wages and prices based on 

inflation expectations formed and relied on accurate inflation forecasts.

On the other hand, the dependency level of a small and open economy, such as 

Montenegro, and the dynamics of its macroeconomic indicators, have gone through 

significant development changes over recent decades. Some of these changes are featured 

in the regaining of Montenegro's independence, while others tend to be attributed to the 

European Union's economic and political orientation. These significant changes brought 

a substantial reduction in the volatility of the macroeconomic environment in 

Montenegro: inflation is a key indicator. Hence, the government and macroprudential 

policymakers of Montenegro have taken the duty and obligation to design sounder 

macroeconomic policies, intending to stabilize and anchor inflation. The European 

Commission explicitly reports the convergence criteria where the price-performance must 

be sustainable and average inflation not more than 1.5 percentage points above the rate 

of the three best performing Member States.

This dissertation employs a wide range of econometric models, each carrying robust time 

series, and estimates and evaluates their forecasting performance across time and models. 

Various studies have conducted forecast comparisons on one particular model. However, 

we focus on aggregating key external and internal factors of inflation and performing 

forecast combination puzzles of the same event: no single "best" model exists. Regardless 

of the existence of many highly sophisticated combination methods, forecast accuracy is 

the best when merely averaging is applied across the set of models. We employ equal and
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relative performance weights (inverse MSE weights) approach. It is the first time that a 

combined prediction has been obtained for the economy of Montenegro, suggesting high 

-  dimensional dynamic models.

Ceteris paribus, our main objective is to reveal external and internal inflation 

determinants in Montenegro. We explain a significantly broader and deeper knowledge 

gap: first, theoretical specification, based on which empirical examinations of inflation 

determinants are investigated, combining theory and empirical analysis, still is not 

prevailing; second, we identify recursively three structural VAR models and combine 

them with an equal and inverse MSE weighting approach. This approach has not been 

applied in previous research to Montenegrin inflation data.

This dissertation's empirical findings are published in the scientific journal "Engineering 

Economics" (SSCI) titled Forecasting Inflation: A Combination Approach.
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PREDGOVOR

Inflacija je jedan od centralnih odnosno osnovnih makroekonomskih pokazatelja koji se 

temeljno ispituje od strane kreatora makroprudencijalne politike i makroekonomskih 

istrazivaca. Vlada je veoma zainteresovana za pouzdane prognoze inflacije. Prognoza 

inflacije je izazovno istrazivanje. Znacajan broj istrazivaca procijenio je i predvidio 

svojstva vremenskih serija inflacije. Opsta saglasnost ovih studioznih ispitivanja je da se 

osnovni trend i volatilnost inflacije tokom vremena znatno mijenjaju; medutim, jos uvijek 

ne postoji konsenzus o najboljem nacinu predvidanja dinamike inflacije. Prognoze 

inflacije bez gresaka od znacaja su i za ostale subjekte u ekonomiji. Ekonomski akteri ce 

donijeti svoje odluke o platama i cijenama na osnovu inflacionih ocekivanja koje se 

formiraju i oslanjaju na tacnost prognoze inflacije.

Sa druge strane, nivo zavisnosti jedne male i otvorene ekonomije, poput Crne Gore, kao 

i dinamika njenih makroekonomskih indikatora, prosli su kroz znacajne razvojne 

promjene poslednjih decenija. Neke od ovih promjena se ogledaju u obnovi nezavisnosti 

Crne Gore, dok se druge pripisuju ekonomskoj i politickoj orijentaciji ka Evropskoj uniji. 

Ove velike promjene donijele su znacajno smanjenje volatilnosti makroekonomskog 

okruzenja u Crnoj Gori: inflacija je kljucni pokazatelj. Dakle, Vlada i makroprudencijalni 

kreatori politike Crne Gore preuzeli su duznost i obavezu da kreiraju jasne 

makroekonomske politike sa namjerom da stabilizuju i ucvrste inflaciju. Evropska 

komisija eksplicitno izvjestava o kriterijumima konvergencije u kojima performanse 

cijena moraju biti odrzive i prosjecna stopa inflacije ne visa od 1,5 procentnih poena iznad 

stope inflacije tri drzave clanice sa najboljim rezultatima.

Ova disertacija koristi sirok spektar ekonometrijskih modela, od kojih svaki nosi robustne 

vremenske serije, i procenjuje i ocijenjuje njihove prognozne performanse kroz vrijeme i 

modele. Razlicite studije su vrsile poredenja predvidanja na jednom odredenom modelu. 

Medutim, ova disertacija fokusira se na objedinjavanje kljucnih internih i eksternih 

faktora inflacije i izvodenje kombinacije predvidanja za isti dogadaj: buduci da nema 

pojedinacno “najboljeg” modela. Bez obzira na postojanje mnogih visoko rafiniranih 

kombinacionih metoda, tacnost predvidanja je cesto najbolja kada se primijenjuje 

jednostavno prosijecno koriscenje na svim modelima. Mi koristimo pristup jednakih i
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relativnih tezina performansi (inverzni MSE). Ovo je prvi put da je za ekonomiju Crne 

Gore dobijeno kombinovano predvidanje, sugerisuci visedimenzionalne dinamicke 

modele.

Ceteris paribus, nas glavni cilj je otkrivanje eksternih i internih determinanti inflacije u 

Crnoj Gori. Otkrivamo znacajno siri jaz znanja: prvo, teorijska specifikacija, na osnovu 

koje se analiziraju empirijski determinante inflacije, koja kombinuje teoriju i empirijsku 

analizu, jos uvijek nije opsteprihvacena; drugo, izvodenjem identifikujemo tri strukturna 

VAR modela i kombinujemo ih sa jednakim i inverznim MSE pristupom ponderisanja. 

Ovaj pristup u dosadasnjim istrazivanjima nije primijenjen na podatke o inflaciji u Crnoj 

Gori.

Empirijska istrazivanja ove disertacije objavljena su u naucnom casopisu „Engineering 

Economics“ (SSCI), pod nazivom Forecasting Inflation: A Combination Approach 

(Predvidanje inflacije: kombinovani pristup).
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ABSTRACT

The determinants of inflation are an essential question that macroeconomic policymakers 
in Montenegro have faced continually over the past decade, especially since 2002, 
following the euro's adoption as Montenegro's formal currency. This doctoral dissertation 
aims to theoretically and analytically research and then examine and forecast 
Montenegrin's inflation determinants empirically, using the forecast combination 
approach: from January 2006 to December 2016. Out-of-sample 12-month horizon 
forecasting is performed from January 2017 to December 2017.

The central research problem is that given the struggle macroprudential policymakers 
have had to define proper criteria to identify and diagnose the onset of inflation indicators, 
we felt compelled to identify an approach and methodology that the government of 
Montenegro can use in maintaining price stability within the accession process towards 
the European Union. We research three individual-predictor SVAR models to forecast 
inflation.

Combining three VAR and three Bayesian VAR (BVAR) models, we disclose four more 
VAR RMSEs: (i) two VAR equal and inverse MSE weights, and (ii) two more BVAR 
RMSEs. We find predicting sustainable performances: average inflation not higher than 
1.5 p.p. above the three best performing Member states' average rate. The standard VAR 
combination performs the best forecasting for the quarter I and II of 2017, while the 
BVAR combination shows the best forecasting performance for quarters III and IV of 
2017.

Our results allow the policymakers of Montenegro to understand the factors involved in 
identifying the onset of inflation dynamics and inflation expectations better and develop 
more effective state regulations and measures. In so doing, the findings advance and 
recommend the methodological tools needed, combining forecasts, to more efficiently 
combat the challenges of maintaining price stability by macroprudential policymakers in 
Montenegro.

Keywords: macroeconometric forecasting, inflation; BVAR combinations, Montenegro 

Scientific area: Macroeconomics 

Scientific field: Applied econometrics
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REZIME

Determinante inflacije su kriticno pitanje sa kojim su se makroekonomske politike u 
Crnoj Gori suocavale kontinuirano tokom protekle decenije, a posebno od 2002. godine, 
nakon usvajanja eura kao zvanicne valute Crne Gore. Cilj ove doktorske disertacije je da 
se teorijski i analiticki, a zatim i empirijski istraze i predvide determinante crnogorske 
inflacije, koristeci pristup kombinacija prognoza, od januara 2006. do decembra 2016. 
godine i van-uzorka 12-mjesecno predvidanje horizonta od januara 2017. do decembra 
2017. godine.

S obzirom na veliki napor kreatora politika da definisu odgovarajuce kriterijume za 
dijagnostikovanje nastanka inflacionih indikatora, osjecali smo se obaveznim da, kao 
glavni problem istrazivanja, identifikujemo pristup i metodologiju koje Vlada Crne Gore 
moze koristiti za odrzavanje stabilnosti cijena, a u okviru procesa pristupanja Evropskoj 
uniji. Istrazujemo tri individualna-prediktora SVAR modela da bismo prognozirali 
inflaciju.

Kombinujuci navedena tri VAR i tri Bayesian VAR (BVAR) modela, otkrivamo jos cetri 
RMSE-a: (i) dvije VAR jednake i inverzne MSE tezine, i (ii) jos dva BVAR RMSE-a. 
Oni pokazuju performanse prognoziranja koja su odrziva: prosjecna inflacija ne visa od 
1,5 p.p. iznad prosjecne stope tri drzave clanice sa najboljim performansama. Standardna 
VAR kombinacija daje najbolje predvidanje za I i II kvartal 2017. godine, dok Bayesian 
VAR kombinacija pokazuje najbolje performanse predvidanja za III i IV kvartal za 2017.

Nasi rezultati omogucavaju kreatorima politika Crne Gore da bolje razumiju faktore koji 
su ukljuceni u prepoznavanje dinamike inflacije i inflacionih ocekivanja i razviju 
efikasnije regualtivu i mjere. Na navedeni nacin, ovo istrazivanje unaprjeduje i 
preporucuje potrebne metodoloske alate, kombinujuci prognoze, kako bi se kreatori 
markoprudencijalnih politika u Crnoj Gori efikasnije borili sa izazovima odrzavanja 
stabilnosti cijena.

Kljucne rijeci: makroekonomsko prognoziranje, inflacija, BVAR kombinacije, Crna 

Gora

Naucna oblast: Makroekonomija

Uza naucna oblast: Primijenjena ekonometrija

Maintaining price stability in Montenegro through governance o f external and internal _ factors
o f inflation
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1. Introduction

The price volatility is one of the significant sources of concern of contemporary economic 

systems since the 1970s. The issue is of a more serious and complex nature in countries 

where inflation is known as "imported inflation," making domestic policies to control 

inflation ineffective. Similarly, in Montenegro, the domestic price level seems to be 

predominantly "imported" based on the impact of external inflation factors. Moreover, 

the shadow economy's size is associated with a higher inflation rate, public debt, and 

unemployment, hence becoming a crucial problem to mitigate the inflation level, 

especially in developing countries. Remembering all the multifaceted nature and 

complexity of inflation factors, within other policies and instruments, composite factors, 

as estimation of the level of economic freedom and progress of the electronic government 

services (or e-government), can contribute to controlling at least that part of the inflation, 

which is based on the impact of internal factors.

Inflation is the critical question that macroeconomic policymakers in Montenegro have 

faced continuously over the past three decades, particularly since 2002, following the 

adoption of the euro as Montenegro's official currency1. Montenegrin authorities, in 

exceptional circumstances, adopted the euro as its official currency, which is entirely 

distinct from euro area membership and its Maastricht criteria of the accession (the 

convergence criteria). Montenegro started formal negotiations with the EU in June 

201223.

A large number of factors influence the maintenance of price stability in Montenegro, and 

the focus of this research will be the study of key (selected) external and internal factors

1 Fabris, N., “The monetary policy framework of the central bank of Montenegro: is financial stability a 
feasible central bank goal?”, in book ‘The Challenge of Economic Rebalancing in Europe’, Edward Elgar, 
2015, 222-233.

2 Djurovic, G., “Potential of the EU pre-accession assistance in financing of local economic and 
infrastructure development: experiences of Montenegro in MFF 2007-2013.” In: Conference proceedings, 
Local Economic and Infrastructure Development of SEE in the Context of EU. Academy o f  Sciences and 
Arts o f  Bosnia and Herzegovina, Sarajevo, September 2013, 318-321.

3 Djurovic, G., and B. Bulatovic., “Proposal for the EU CAP compliant agricultural budgeting model in 
Montenegro,” Agricultural Economics, 2014, 60(10), 479-487.
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of inflation, with a focus on governing these instruments in the meantime. Furthermore, 

the focus of research attention will be on the analysis of factors such as selected imported 

or exported products that affect the price stability in the country, as well as the movement 

of key macroeconomic indicators such as GDP growth and employment, and the 

efficiency of public administration and its intermediate but significant impact on the level 

of the informal sector and the quality of economic governance in the country.

An essential factor determining the country's price stability is the price of energy, the 

constant oil price fluctuations on the international market. Oil is a worldwide commodity 

traded globally. Since oil is a profoundly requested product from huge economies and 

with a limited supply, oil prices are extraordinarily impacted by a few economic, 

financial, and geopolitical factors. These factors significantly impact the equilibrium of 

oil products, increasing oil prices. Large price fluctuations disrupt the market: 

consequently, having a non-negligible impact on the Montenegrin inflation, economy. In 

the Energy Balance of Montenegro, out of the total final energy consumption, oil and gas 

account for 36% and 37% in 2018 and 2019, respectively. The most significant oil and 

oil derivatives consumption is expected to take place in the transport sector, about 70% 

of total consumption, followed by the industry sector. The share of the agriculture, trade, 

and household sectors in oil and gas consumption is at a much lower level. Given that 

there is no production of petroleum products or gas in Montenegro, the Montenegrin 

market's total quantities are imported. In other words, oil and gas consumption is a 

significant imported category, which derives from the Energy Balance and significantly 

affects the country's overall trade balance4.

The Aluminum Plant Podgorica (KAP) is a significant representative of the non-ferrous 

metals industry in Montenegro. The products of the KAP are sold in US dollars at the 

London Metal Exchange. Till 2006, KAP covered 60%-80% of the overall commodities 

exports of Montenegro in different periods. Consequently, the London Metal Exchange 

(LME) stock price disparities and changes in the external demand caused by the global

4 Energetski bilans za 2020 .godinu (“Sl.list CG”, br. 76/19). Energy Balance, Official Gazette of 
Montenegro, no. 76/19.
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economic and financial crisis, from 2006 to 2014, covered 36% of commodities exports 

on average. In case KAP would work in its full capacity (which is expected following the 

dynamic flow of projected investments, especially after 2020), it will reach the production 

of about 120,000 tons of aluminum annually, fulfilling environmental standards by 

applying the best available technologies (BAT), which would lead to a reduction in GHG 

emissions5 to the target level, as well as the inclusion of some semi-products in their offer. 

With adequate investment, it is estimated that aluminum and all its components could 

restore the leading position in Montenegrin industrial exports and thus be one of the 

critical factors for governing imported inflation. In line with the above, the fluctuation of 

aluminum shares' prices on LME will remain one of the key factors that will affect the 

level of inflation in Montenegro.

In addition to the above mentioned, the shadow economy is one of the internal inflation 

factors to be considered in Montenegro. The shadow economy reduces Government 

revenues and, in this way, forces it to find new, additional budget revenues. An effective 

response to the informal sector of the economy is to increase public administration work 

efficiency, particularly by strengthening e-government and providing various public 

services to citizens and businesses, and reducing administrative barriers. The European 

Union categorized 20 basic e-services as a set of key eGovernment services, and today in 

Montenegro, there are as many as 564 electronic services provided by more than 50 

institutions. As these services increase efficiency, it is reasonable to expect that by further 

strengthening electronic services, citizens will be more satisfied with the offered e- 

services, the economy will be more efficient, the growth of Montenegrin GDP will 

achieve better dynamics, and therefore, the control of price stability in Montenegro will 

be tighter.

5 Djurovic, G., J. Cetkovic, V. Djurovic, N. Jablan., “Paris Agreement and Montenegro’s INDC: assessing 
the environmental, social and economic impacts of selected investment,” Polish Journal o f  Environmental 
Studies, 2018, 27(3), 1019-1032.
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l.l.Objectives and hypothesis

Montenegro is a transitional economy, with the euro as unilaterally introduced currency, 

well advanced in the EU accession talks6. Montenegro represents an illustrative example 

of a small euroized economy with aluminum as the main industrial export product with 

the potential for significant export growth (currently 40% of total commodity export with 

perspective to reach 60-70% in the medium term), where the domestic price level seems 

to be "imported" through aluminum stock price. Hence, the objective o f the thesis studies 

the effects, inter alia, oil prices, aluminum stock price, unemployment, GDP, economic 

freedom, e-Government, capital stock, human capital, employment, exchange rate, broad 

money (M2), wages, and productivity index on inflation in Montenegro for the period 

from 2006:1 to 2017:12. Moreover, econometrically, the model will analyze external and 

internal factors determining the level of inflation in Montenegro, such as the dynamic 

movements of oil prices and the direction of GDP as a synthetic indicator of the dynamics 

of our economy. The results will be obtained using the recursive and non-recursive 

structural vector autoregression (SVAR) identification, Bayesian VAR, average and 

inverse MSE combinations, and panel econometric analysis providing empirical evidence 

of relations between internal and external factors of inflation, i.e., the impact of variables 

to inflation in Montenegro. This research is essential for policymakers in transitional 

economies and central banking authorities in economic policy planning, with a particular 

focus on maintaining price stability.

Bearing in mind all of the above, one of the key research questions in this thesis is the 

analysis and determination of the optimal inflation rate, in fact, the analysis of the 

determinants that influence the achievement and maintenance of price stability in the 

country. Moreover, the next research question is analyzing the main factors o f inflation 

in Montenegro and what instruments policymakers need to govern the inflation. Since

6 Zugic, R. and Fabris N., “Framework for Preserving Financial Stability in Montenegro,” Journal of Central 
Banking Theory and Practice, 2014, 3(1), 27 -  41.
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prices are not arbitrary figures but reveal how markets value things marginally, it is one 

of the most principal and significant economic ideas7.

Critical research assumptions and hypotheses made to draw out and test its logical and 

empirical results are structured as follows:

H1: Achieving and maintaining price stability in Montenegro, as one of the goals of the 

central monetary authority in the country (and its instruments) on its path to the European 

Union and the European Monetary Union, is significantly contributed by the 

measurement of the impact of critical factors that determine the level of inflation in the 

country.

It is important to emphasize that this is one of main Montenegro's goals in 

fulfilling the criterion of being a functioning market economy, which is precisely 

defined in the set of closing benchmarks for the EU negotiation chapter 17, 

European and monetary union (opened on June 26, 2018). Montenegro is also 

obliged to adopt the required constitutional change to ensure that the primary 

objective of price stability is defined in accordance with Articles 127(1) and 

282(2) of the Treaty on the Functioning of the European Union.

H2: Factors of inflation in the area of external demand crucial to maintaining price 

stability in the country, such as the Montenegrin economy and in the proposed model, are 

the price of energy and aluminum prices. In other words, the changes in the price of oil 

in the international market, expressed by the level of energy prices on the domestic 

market, as one of the key inputs for economic activities in the country, significantly 

determine the level of inflation. Montenegro's forward-looking and knowing the oil 

markets allows estimating the oil supply distribution, considering worldwide 

geographical and political events, and thus its consequences. Simultaneously, the price of 

aluminum affects the Montenegrin economy, which is also a stock market product. The

7 Varian, H.R., Intermediate Microeconomics: A Modern Approach, 9th ed. New York: W. W. Norton & 
Company, 2014.
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more advancement of technological sophistication of KAP and its product diversification 

of aluminum (as the principal industrial export growth engine) -  the greater assistance to 

policymakers to stabilize the trade balance, debt/GDP ratio, productivity growth, 

unemployment reduction, output gap, and consequently, limit external shocks to inflation 

in Montenegro, fixing price disparities and qualifying for the membership into the 

EU/EMU. In other words, this research will be focused on the measurement of the impact 

of oil prices and aluminum export growth on the average inflation rate in Montenegro.

H3: Strengthening of the measures and state administration policies towards the 

development of e-services contributes to more efficient and efficient provision of public 

services, which affects GDP, productivity growth, unemployment, production gap and 

therefore stabilizes internal inflation shocks in Montenegro. Namely, one of the internal 

factors determining the inflation rate in Montenegro, in this survey, will be the level of 

developed e-services, included in the VAR and Bayesian VAR models, such as the EGDI 

index. Another critical factor in the VAR and BVAR models will be economic freedom 

since it is fundamental to what is regarded as economic progress. By testing the 

hypothesis in the models, the correlation between the selected variables will be evaluated.

1.2. Methods and research plan

The main impacting factors of the inflation rate in Montenegro could be categorized as 

internal and external. Internal shocks predominantly come from the volume of public 

revenues collected, especially indirect taxes generated through trade on food and food 

processing products, alcohol, tobacco, and accommodation services. The external shocks 

come mostly from pass-through increases in oil prices and aluminum LME prices.

We examine three individual-predictive recursive and non-recursive structural vector 

autoregressive (SVAR) and Bayesian VAR models to investigate and forecast inflation 

determinants of Montenegro. We continue employing the average and inverse MSE 

combinations approach, and the data are examined from January 2006 to December 2016. 

Additionally, out-of-sample 12-month horizon forecasting is performed from January 

2017 to December 2017. Model 1 examines external determinants. Model 2 examines the 

internal determinants of inflation. Model 3 relates to demand-pull and cost-push
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variables. Combining the above three forecasts, using an equal and inverse MSE 

weighting approach, we disclose four more RMSEs: two VAR equal and inverse MSE 

weights and two Bayesian VAR equal and inverse MSE weights. Besides, we use impulse 

responses to trace the effects of structural shocks on the endogenous variables and 

forecast error variance decomposition of shocks to variables.

Moreover, we use the panel vector error correction model (VECM) approach to forecast 

inflation dynamics and inflation expectations in Montenegro, Serbia, Croatia, and 

Slovenia from January 2006 to December 2015 out-of-sample 24-month horizon 

forecasting from January 2016 to December 2017. The objective of the panel 

cointegration approach is not only to compare two subgroups: i) Montenegro (ME) and 

Serbia (SR) as candidate countries for the EU membership and ii) Croatia (CR) and 

Slovenia (SI), already in EU, but to highlight the Montenegrin case. We employ 

alternative forecasting scenarios since the Central Bank of Montenegro wants to 

hypothetically have a forward-looking forecasting reaction of inflation in different 

sensitive scenarios, such as an increase in the oil price (external innovations) and 

economic freedom index-internal innovations.

The oil price and aluminum LME price variables are used as the core factors in 

Montenegro to measure its economy's strength to absorb the external shocks, especially 

considering the aluminum as the primary potential productivity growth engine based on 

the revealed competitive advantage. The aluminum LME price and oil price variables are 

related to GDP, unemployment rate, and inflation. These factors will be included in model 

1, using the recursive and non-recursive SVAR identification and Bayesian VAR analysis 

to measure the controlling strength of external shocks into inflation in Montenegro.

The economic freedom and e-government development index8 (EGDI) will be used as 

critical internal factors contributing to anchor inflation in model 2. Human capital, 

telecommunication infrastructure, and online services are the three components that build

8 United Nations, E-Government Knowledgebase, https://publicadministration.un.org, accessed, March 13, 
2020.
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the EGDI. Per capita growth rate, in the long run, settles down to the speed of 

technological change. Model 2 will include capital stock, human capital, employment, 

GDP, and inflation as well.

Other variables, such as GDP, unemployment rate, nominal exchange rate, wages, 

industrial production growth, and money in circulation (broad money M2, the estimate of 

CBCG), are also included in another model, model 3. These variables incorporate both 

demand-pull and cost-push ingredients, starting from a balance between aggregate 

demand and aggregate supply.

The recursive and non-recursive SVAR identification, Bayesian VAR, panel data 

analysis, and forecast combination puzzles of inflation will be applied, using an equal and 

inverse MSE weights approach. The variables in this research study are oil price, 

aluminum price, GDP, unemployment rate, exchange rate, industrial productivity growth, 

wages and money in circulation (broad money M2), economic freedom, EGDI, capital 

stock, human capital, employment, and inflation. The monthly data are observed from 

January 1, 2006, to December 31, 2017.

The following equations represent the three models estimated:

nt = P  o + Pilog(Oil)t +  ^ log  (Alu) t +  fi3Unt +  p4GDP_GAPt +  ut (1)

nt = P  o + Pilog(EF) t +  ^ log  (EDGI) t +  p3CStockt +  p4log(H)t +  psEmpt
+  peGDP_GAPt +  Uf (2)

nt =  Po+ Pilog(EX) t +  p2log(M2) t +  p3log(W)t +  p4Prodt +  ut (3)

Some of the variables were found in the Montenegrin national publications while some 

in the international ones. The variables of inflation (Inf) and unemployment (Un) are 

collected from tradingeconomics.com9. The GDP variable time series is collected from 

statista.com10 11. The exchange rate variable time series (Exch) is obtained from 

oanda.com11, while aluminum price time series (Alu) and oil price (Oil) are collected from

9 Trading Economics , https://tradingeconomics.com/, accessed, October 17, 2019.

10 Statista , https://www.statista.com/, accessed, October 17, 2019.

11 Oanda , https://www.oanda.com/rw-en/, accessed, October 17, 2019.
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indexmundi.com12. The broad Money M2 is collected from the CBCG13. The EGDI time 

series is drawn from UN eGov surveys14. The economic freedom (EcoFree) variable is 

collected from the Heritage Foundation15. Capital stock (investments/GDP) variable 

comes from data.worldbank.org16 and employment (Employ) from Fred economic data17. 

Human capital (HumCap), wages (W), and industrial productivity (IndG) growth time 

series are collected from monstat.org18.

In addition to the above mentioned, the following research methods will be used: 

descriptive method, historical method, comparative analysis, case studies, content 

analysis, statistical (econometric) method, and combination methods. Regarding 

additional quantitative research methods, the Product Space Metrics methodology will 

also be applied.

1.3. Scientific contribution

Since the primary objective of the monetary policy of Montenegro, on its path towards 

the EU and the European Monetary Union, should be achieving and maintaining price 

stability, (which is one of the key criteria for closing chapter 17, Economic and Monetary 

Policy), the above could be enhanced by the study, i.e., by measuring internal and external 

variables that determine the level of inflation in Montenegro. The research on maintaining 

price stability by governing the external and internal factors of inflation will contribute to

12 Index Mundi , https://www.indexmundi.com/, accessed, October 17, 2019.

13 Central Bank of Montenegro, https://www.cbcg.me/, accessed, October 17, 2019.

14 United Nations, E-Government Knowledgebase, https://publicadministration.un.org, accessed, March 
13, 2020.

15 The Heritage Foundation, https://www.heritage.org, accessed, October 31, 2019.

16 World Bank Open Data, https://data.worldbank.org/, accessed, October 31, 2019.

17 Fred Economic Data, https://fred.stlouisfed.org/, accessed, October 31, 2019.

18 Monstat, https://www.monstat.me, accessed, October 25, 2019.
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an in-depth understanding of the complexity of the economic governance mechanism. 

The research center is price stability.

Montenegro is obliged to gradually harmonize its economic and monetary policy with the 

EU and Eurozone. Research like this one is essential for scientists and the business 

community to understand the final phase of the accession process and key changes in the 

decision-making process within the economic governance mechanism (supranational 

economic policy coordination mechanism of the EU Member States).

Applying the above-mentioned scientific research methods, we will analyze and measure 

the impact of the variables on Montenegro's inflation level in current and alternative 

sensitivity scenarios. The analysis will consequently help macroprudential policymakers 

stabilize the trade balance, reduce debt/GDP ratio, enhance productivity growth, lower 

unemployment, run-down output gap, and govern external and internal shocks to inflation 

in Montenegro. At the same time, with this research, the necessary conditions that 

Montenegro achieves through effective economic policy implementation will be 

analyzed, and these are the conditions that qualify Montenegro for future membership in 

the EU, i.e., to the European Monetary Union.

Summarizing, our findings help policymakers understand in-depth the factors involved in 

detecting the commencement of inflation dynamics and its expectations in Montenegro 

better and set forth more effective government regulations. In so doing, this research 

enhances and suggests the approach and methodology needed to fight the worries of many 

macroprudential policymakers in Montenegro, especially the Central Bank of 

Montenegro.
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2. Governance of External and Internal Factors of Inflation

Macroeconomic stabilization and structural reforms follow the transition of the Western 

Balkans and their convergence towards the European Union. Macroeconomic 

stabilization implies external and internal macroeconomic equilibrium, whereby the 

internal macroeconomic equilibrium mirrors, among other things, a low and stable 

inflation rate. Besides, structural reforms inevitably carry with themselves waves of 

layoffs and affect the unemployment rate. Since Montenegro is at the threshold of 

entering the EU, we are motivated to theoretically and empirically examine and predict 

external and internal inflation determinants in Montenegro.

Many factors influence the maintenance of price stability in Montenegro, and the focus 

of this research will be the study of key (selected) external and internal factors of inflation, 

with a focus on governing these instruments in the meantime. Furthermore, the research 

attention will analyze factors such as selected imported or exported products that affect 

the country's price stability. The movement of key macroeconomic indicators such as 

GDP growth, employment, public administration efficiency, and its intermediate but 

significant impact on the informal sector's level and the quality of economic governance 

in the country will have an in-depth analysis.

The objective is to reveal the internal and external determinant factors of inflation in the 

specified period and forecast the inflation dynamics, using VAR, Bayesian VAR, and 

combination puzzle approach. To achieve that objective, we estimate recursively and non­

recursively three structural VAR and three BVAR identified inflation models to develop 

a complementary toolset to forecast inflation1920. 19 20

19 Mejia, J. D. Ch., and C. Ch. Morales., “Forecasting Inflation by Bayesian Techniques,” Banco Central 
De Costa Rica, Economic Research Department, 2015.

20 Lindholm, U., M. Mossfeldt., and P. Stockhammar., “Forecasting inflation in Sweden,” Economia 
Politica, 2020, 37, 39-68.
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Montenegro gave up the independent monetary policy and adopted a unilateral and 

official euroization in 200221. Historically, Montenegro used foreign currencies mostly22 23 24. 

A monetary union in Europe is a vital intermediate move toward political union2324. 

Countries with "good" institutions display fear o f floating: they float less than 

announced25. A type of government with the most substantial incentive to give up its 

currency is a small country with high inflation history26 27 28 29 30 31 32. Montenegro, since 

independence, decided de jure and de facto toward building and strengthening the core 

institutions. A government's decision to enhance institutions depends on the conflict of 

institutions and the government's goodwill272829303132. Based on an IMF empirical 

analysis, de jure and de facto exchange rate regime classifications for 146 EMDCs over 

1980-2010 (Emerging Markets and Developing Countries), they find that inflation is

21 Djurovic, G., The European Union and Montenegro: The Accession Process. Podgorica: EU Info centar, 
2017.

22 Fabris, N., “The History of Money in Montenegro from 1906-1918,” Conference The Economic Causes 
and Consequences o f  the First World War, Belgrade University, Faculty o f  Economics, 2014.

23 Alesina, A., and V. Grilli., The European Central Bank: Reshaping Monetary Policy in Europe. National 
Bureau of Economic Research, Working Paper 7927, 2000.

24 Djurovic, G., “Montenegro’s Strategic Priorities on the Path of Euro-Atlantic Integration,” Political 
Science, 2009, 93-112.

25 Alesina, A., and A. Wagner., “Choosing (and Reneging on) Exchange Rate Regimes,” Journal o f  the 
European Economic Association, 2006, 4(4), 770-799.

26 Alesina, A., and R. J. Barro., “Currency Unions,” The Quarterly Journal o f  Economics, 2002, 117(2),
409-36.

27 Galli, A., G. Djurovic., L. Hanscom., and J. Knezevic., “Think globally, act locally: Implementing the 
sustainable development goals in Montenegro,” Environmental Science & Policy, 2018, 84, 159-169.

28 Jaksic, M., and A. Prascevic., Makroekonomija: analiza ipolitika. Beograd: Cugura, 2014.

29 Acemoglu, D., and J. A. Robinson., Economic Origins o f  Dictatorship and Democracy. Cambridge, UK: 
Cambridge University Press, 2005.

30 Acemoglu, D., S. Naidu, P. Restrepo, and J. A. Robinson., Democracy, Redistribution and Inequality. 
National Bureau of Economic Research Working Paper 19746, 2013.

31 Acemoglu, D., Introduction to Modern Economic Growth, New Jersey: Princeton University Press, 2009.

32 Djurovic, G., M. Bigovic., and N. Milovic., “Support for Further Enlargement of the EU: Statistical 
Analysis of Regional Differences,” Journal o f  Balkan and Near Eastern Studies, 2017, 19(3), 243-258.
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indeed lower — especially in emerging markets — by some 4%33343536. Meanwhile, 

Reinhart and Rogoff (2003) find the opposite when an official categorization is a form of 

the peg; roughly half the time, their classification reveals the real underlying monetary 

regime to be radically different, often a variant of float33 34 35 36 37. Euroized countries should have 

a very low pass-through inflation as their currencies are anchored to that of their principal 

trade partner38. On the other hand, Fabris and Acimovic (2010) propose a two-nominal- 

anchor regime: inflation and the exchange rate39.

33 Ghosh, A. R., M. S. Qureshi, and Ch. G. Tsangarides., “On the Value of Words: Inflation and Fixed 
Exchange Rate Regimes,” IMF Economic Review, 2014, 62(2), 261-287.

34 Giavazzi, F., and M. Pagano., “The Advantage of Tying One's Hands: EMS Discipline and Central Bank 
Credibility,” European Economic Review, 1988, 32(5), 1055-1075.

35 Hashem, E. A., “Inflation Targeting in Emerging Economies and its Applicability to the Egyptian 
Economy,” Arab Journal o f  Administration, 2015, 36(2), 421-436.

36 Hossain, A. A., “Monetary Policy for Maintaining Low, Stable Inflation in Malaysia,” The Journal o f  
Developing Areas, 2017, 51(2), 381-404.

37 Reinhart, C., and K. Rogoff. ’ “The Modern History of Exchange Rate Arrangements: A reinterpretation,”
Quarterly Journal o f  Economics, 2003, 119(1), 1-48.

38 Del Cristo, L.M.M., and Gomez-Puig, M., “Pass-through in Dollarized Countries: Should Ecuador 
Abandon the U.S. Dollar, Universitat de Barcelona,” Research Institute o f  Applied Economics Working 
Paper, No.2012/16, 2012.

39 Fabris, N., and S. Acimovic., “Exchange Rate Policy in Serbia,” South East European Issues:Transit 
Stud Rev, 2010, 17, 170-180.
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Investigating and determining empirical inflation determinants is vital. Determining 

inflation factors in well-advanced and transitional countries has been a research topic of 

many empirical and theoretical studies404142434445.

Researches that investigate Montenegrin inflation are narrow, and the examined works 

highlight that only the SVAR models would accurately predict inflation in 

Montenegro4647. Lipovina -  Bozovic et al. (2015) highlighted that ARIMA forecasting 

models could not appropriately predict inflation since many external factors influence 

Montenegro's price movement. Mitrovic -  Mijatovic and Ivanovic (2017) highlight that 

Montenegrin openness increased house prices. In the meantime, openness brought more 

money, and external shocks have a positive impact on inflation. International Monetary 

Fund, Montenegro-Article IV Consultation, (2018) reports that a 2 p.p. VAT and excise 

increase adds 1 p.p. to inflation on average40 41 42 43 44 45 46 47 48.

40Golinelli, R., and R. Orsi., “Modeling Inflation in EU Accession Countries: The Case of the Czech 
Republic, Hungary, and Poland,” Ezoneplus, Working Paper, 2011, No.9.

41Egert, B., “Real Convergence, Price Level Convergence, and Inflation Differentials in Europe,” CESifo 
Working Paper, 2007, No. 2127.

42Blanchard, O., G. Dell’Ariccia, and P. Mauro., “Rethinking Macroeconomic Policy,” Journal o f  Money, 
Credit and Banking, 2010, 42(1), 199-215.

43Koop, G., and D. Korobilis., “Forecasting inflation using dynamic model averaging,” International 
Economic Review, 2012, 530(3), 867-886.

44Apostolov, M., and D. Josevski., “Aggregate Demand-Inflation Adjustment Model Applied to Southeast 
European Economies,” Journal o f  Central Banking Theory and Practice, 2016, 5(1), 141-157.

45Obradovic, S., S. Sapic, S. Furtula, and N. Lojanica., “Linkage between Inflation and Economic Growth 
in Serbia: An ARDL Bounds Testing Approach,” Inzinerine Ekonomika-Engineering Economics, 2017, 
28(4): 401-410.

46Lipovina-Bozovic, M., J. Cerovic, and S. Vujosevic., “Forecasting inflation in Montenegro using 
univariate time series models,” BEH -  Business and Economic Horizons, 2015, 11, 51-63.

47Mitrovic-Mijatovic, M., and M. Ivanovic., “Inflation in a Fully-Euroised Economy: Could Inflation 
Differentials Threaten Competitiveness?,” Journal o f  Central Banking Theory and Practice, 2017, 2, 101­
124.

48International Monetary Fund, (IMF)., “Montenegro: 2018 Article IV Consultation,” IMF Country Report, 
2018, No 18/121, Washington, D.
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Having only a few research papers that examine Montenegrin inflation, we have 

examined and investigated a broad number of empirical studies on inflation determinants. 

Different methodological approaches and indicators are suggested to explore and forecast 

inflation determinants. Cecchetti et al. (2000), among other factors, emphasize the 

economy's impulse response innovations to inflation49. Using a panel VAR approach, 

Dees and Guntner (2016) untwist the role of unit labor costs and profit margins as the 

essential determinants of price dynamics across euro area countries50.

On the other hand, Yi and Choi (2005) examined 207 countries from 1991-2007 and 

found: an internet penetration rate increase of 1% decreases inflation from 0.04%- 

0.13%51. Czernich et al., (2011) examined OECD from 1996-2007 and found a positive 

and essential relationship between broadband nexus and growth52.

Acemoglu (2009) argues that economic institutions cause dissimilarities in GDP53. The 

Heritage Foundation (2019) highlights that free societies drive people to work, create, 

and invest: being protected by the government.54 55 56" The nexus between economic freedom 

and the endogenous growth model have shown several studies5556. Using panel data

49Cecchetti, S.G., R. S. Chu, and Ch. Steindel., “The unreliability of inflation indicators,” Current Issues 
in Economics and Finance, 2000, 6, 1-6.

50Dees, S., and J. Guntner., “Forecasting Inflation Across Euro Area Countries and Sectors: A Panel VAR 
Approach,” Journal o f  Forecasting, 2016, 36, 431-453.

51Yi, M. H., and Ch. Choi., “The Effect of the Internet on Inflation: Panel Data Evidence,” Journal o f  Policy 
Modeling, 2005, 27(7), 885-89.

52Czernich, N., O. Falck, T. Kretschmer, and L. Woessmann., “Broadband Infrastructure and Economic 
Growth,” The Economic Journal, 2011, 121(552) 505-532.

53 Acemoglu, D., Introduction to Modern Economic Growth. New Jersey: Princeton University Press, 2009.

54The Heritage Foundation, https://www.heritage.org, accessed, October 31, 2019.

55Berggren, N., “The Benefits of Economic Freedom: A Survey,” The Independent Review, 2003, 8(2), 
193-211.

56Gwartney, J. D., R. G. Holcombe, and R. A. Lawson., “Economic Freedom, Institutional Quality, and 
Cross-Country Differences in Income and Growth,” Cato Journal, 2004, 24(3), 205-233.
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econometrics, Cebula (2011) finds a positive relationship between EF and EGM57. Based 

on 19-panel transition economies, Hammermann and Flanagan (2007) highlight that 

greater liberalization would reduce higher inflation incentives 58.

The speed of technological progress speed (Ae) and the dynamics of expectations that 

workers form is essential upon the shaping of price expectations (Pe) as well59. New and 

innovative technological progress changes the market's structural contour, making old 

technology no longer used60.

Broad money enters short-term inflation determinants61. Bobeica et al., (2019) conclude 

that demand shocks, through labor costs, are passed on to inflation more likely than 

supply shocks62.

Kilian (2009), Wei et al., (2010), Peersman and Van Robays (2012), and Baumeister and 

Peersman (2013) is another coastline that examines the literature of time-varying effects

57Cebula, R.J., “Economic Growth, Ten Forms of Economic Freedom, and Political Stability,” Journal o f  
Private Enterprise, 2011, 26(2), 61:82.

58Hammermann, F., and M. Flanagan., “What Explains Persistent Inflation Differentials Across Transition 
Economies?,” Kiel Institute for the World Economy, Working Paper 1373, 2007.

59 Blanchard, O., Macroeconomics, 7th ed. Harlow, UK: Pearson, 2017.

60 Aghion, Ph. And P. Howitt., The Economics o f  Growth. Cambridge, MA: MIT Press, 2008.

61Lissovolik, B., “Determinants of Inflation in a Transition Economy: The Case of Ukraine,” International 
Monetary Fund, 2003, WP/03/126.

62Bobeica, E., M. Ciccarelli, and I. Vansteenkiste., “The link between labor cost and price inflation in the 
euro area,” European Central Bank, 2019, WP 2235.
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of oil price innovations on the inflation dynamics63646566. They conclude that the 

fundamentals of oil prices are important determinant factors of inflation. Choi et al., 

(2017) conclude that domestic inflation increases on average by 0.4% when global oil 

prices rise 10%. The results are similar between advanced and transitional countries63 64 65 66 67.

To extend the range of instruments available for the Central Bank of Montenegro, we 

have developed a set of models that make it possible for us to have a complementary 

toolset to forecast inflation: i) external variables, ii) internal variables, and iii) demand- 

pull and cost-push variables.

2.1. Approach to the analysis of inflation

What is the optimal inflation rate in Montenegro? What determines the inflation 

equilibrium in Montenegro? What is the structure of inflation in Montenegro, and what 

instruments policymakers need to govern inflation? As long as prices are not 

unreasonable figures but reveal how people value things precisely, it is one of economics' 

most fundamental ideas68.

In a competitive market, where each wage setter and firm are a small part of the market, 

real wage price-setting relation determines the market price and the unemployment rate.

63Kilian, L., “Not All Oil Price Shocks Are Alike: Disentangling Demand and Supply Shocks in the Crude
Oil Market,” American Economic Review, 2009, 99(3), 1053-1069.

64 Wei, Y., Y. Wang., and D. Huang., "Forecasting crude oil market volatility: Further evidence using 
GARCH-class models," Energy Economics, 2010, 32(6), 1477-1484.

65Peersman, G., & Van Robays, I., Cross-country differences in the effects of oil shocks,” Energy 
Economics, 2012, 34(5), 1532-1547.

66Baumeister, Ch., and G. Peersman., “Time-Varying Effects of Oil Supply Shocks on the US Economy,”
American Economic Journal: Macroeconomics, 2013, 5(4), 1-28.

67Choi, S., D. Furceri, P. Loungani, S. Mishra, and M. Poplawski-Ribeiro., “Oil Prices and Inflation 
Dynamics: Evidence from Advanced and Developing Economies,” International Monetary Fund, 2017, 
WP/17/196.

68 Varian, H.R., Intermediate Microeconomics: A Modern Approach, 9th ed. New York: W. W. Norton & 
Company, 2014.
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In turn, wages are determined by the expected price level, unemployment rate, and 

positively correlated other factors. On the other hand, firms determine prices depending 

on wages and markups69 70 71. The expected inflation comprises of two variables: a constant 

(1 — a) and a last year's inflation coefficient a.

nf = (1 — a)n +  ant-1 (4)

At a constant inflation rate, firms and wage-setters' behavior is compatible, indicating a 

natural unemployment rate and output equal to potential. For output levels above 

potential, change in inflation increases. The positive change shows how the price and 

wage adjustment, in turn, affects production.

Euroization in Montenegro anchored expectations. Since independence, 2006, economic 

reforms have been undertaken, and economic growth emerged in the market. Demand 

increased and led to growth, shifting inflation, consumption, and foreign direct 
investments (FDI) up. Since the Montenegrin economy is predominantly oriented in 

imports, it is of significant interest to see whether inflation is determined by core inflation 

(long term) or external shocks7071. Dimitrijevic et al. (2016) emphasize that: (i) 
administrative products (medicines, flour, electricity, fixed telephony), (ii) agricultural 
products, and (iii) oil products should be excluded as potential group products from core 

inflation. Oscillation of the above three groups are innovations that determine structural 

breaks, long term fluctuations, and seasonal inconsistency of inflation in Montenegro.

The wave of FDI in 2007 and 2008 impacted, in 2012 and 2013, inflation by 37.2% and 

129,4%, respectively, in the housing market in Montenegro72. In 2014, communication

69 Blanchard, O., Macroeconomics, 7th ed. Harlow, UK: Pearson, 2017.

70 Fabris, N., and I. Pejovic., Ekonomija. Savremena administracija: Beograd, 2015.

71 Dimitrijevic, B., N. Fabris, Lj. Vladusic, M. Radovic, and M. Jadric., Economic Policy-Regional Aspects. 
Belgrade: Cugura, 2016.

72 Mijatovic-Mitrovic, M., and M. Ivanovic. Inflation in a Fully-Euroised Economy: Could Inflation 
Differentials Threaten Competitiveness? De Gruyter. Journal o f  Central Banking Theory and Practice, 
2017, 2, 101-124.
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Table 1: CPI structure percentage by categories

% to CPI Av. 2011 Av.
2012 Av. 2013 Av. 2014 Av.

2015
Av.
2016

Av.
2017

FOOD AND NON-ALCOHOLIC BEVERAGES 42.0% 32.7% -34.8% -358.7% 84.3% 38.4% 24.6%
ALCOHOLIC BEVERAGES AND TOBACCO 22.4% 18.0% 110.5% -84.2% 7.5% 3.5% 14.2%
CLOTHING AND FOOTWEAR -4.9% -0.8% -7.4% -17.6% 27.1% -1.8% 8.8%
HOUSING, WATER, ELEC., GAS & OTHER FUELS -4.9% 37.2% 129.4% 24.2% 25.2% 18.1% 10.5%
FURNISHINGS, HOUS. EQ. & MAINTENANCE -1.2% 0.0% -12.2% 92.4% -1.8% 1.4% -2.0%
HEALTH 17.0% 3.8% 24.3% -209.8% 11.5% 2.0% 4.7%
TRANSPORT 28.7% 7.1% -107.6% 303.6% -69.3% 25.2% 31.7%
COMMUNICATION 0.8% 2.5% -7.9% 265.7% 0.4% -0.4% 0.4%
RECREATION AND CULTURE -4.8% 1.5% -31.9% 1.2% 5.7% 0.7% -0.6%
EDUCATION -0.2% -0.1% 1.3% -0.2% 0.0% 0.0% 0.0%
RESTAURANTS AND HOTELS 5.8% 4.0% -1.0% 26.1% 5.2% 6.7% 9.1%
MISCELLANEOUS GOODS AND SER. 1.3% 0.0% 48.6% 44.6% -1.4% 2.6% 2.7%

Source: Monstat, author’s calculations, 2019.
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and transport impacted inflation by 265.7% and 303.6%, respectively, which was 

counterbalanced by the negative shock of food and non-alcoholic beverages by -358.7%. 

Still, in 2016 and 2017: (i) import of food, tobacco and non-alcoholic beverages, (ii) 

housing, electricity and oil, (iii) and tourism industry and transport institute the cardinal 

impact on inflation in Montenegro. The CPI structure percentage by categories is 

represented in Table 1. The structure of Montenegrin inflation remains vulnerable to 

external shocks (imports of fuel especially), fiscal policy (excise tax on tobacco and 

accommodation services), and energy (tax and uncompetitive products), which harm 

Montenegro's economic stability and sustainable growth. Table 1 shows that in the pre­

crisis period, food, alcoholic beverages and tobacco, and health and transport determined 

the inflation predominantly.

Table 2: The impact of predominant internal and external factors on inflation

Year Internal impact External impact

2017 Higher excise tax in Tobacco & 
Accom.

Pass-through of oil and food in the 
world market

2016 Tobacco and Accom. services Deflation pass-through impact of oil and 
food

2015

Food & non-alc. beverages 
The deflationary impact of 
transport (decrease of the world oil 
market). An introductory tax of 
7cents/lit for highway Bar-Bolare 
increased the oil price

The inflationary effect of food price 
Decrease of world market oil price, and 
stagnation of Electricity price

2014 Weak growth of available income The deflationary trend of food prices and 
weak growth of effects income.

2013

Excise taxes on tobacco, VAT 
from 17% to 19%, deflationary of 
transport, electricity prices, 
medicine taxes, and accom. 
services

The decrease in the cost of oil/transport

2012

Electricity, the excise tax on 
tobacco, alcohol, soft drinks, and 
coffee, tax on electricity counters 
and SIM cards

Increase of world market price of oil

2011

Electricity, the excise tax on 
tobacco, alcohol, soft drinks and 
coffee, medecine taxes. Increase 
of Transport.

Pass-through increase of oil and food 
prices

Source: Economic Reform Programme for Montenegro, 2011-2018, pp. 17-26.
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The output gap in Montenegro is below potential. Bogetic et al. (2013) highlight that 

Montenegro is not using the principal growth engine -  exports -  that has transformed 

many small countries, especially locations with significant geographical advantages. The 

ratio of exports-to-GDP averaged only 39% in Montenegro for 2007-2011, while in 

Slovenia 68%, Estonia 78%, and Malta 85%73.

Figure 1: Import, export, and trade balance in Montenegro 2005-2016
Source: Monstat, author's calculations, 2019.

Montenegro runs a trade deficit since 2005, implying that it accumulates debt, vis-a-vis 

the rest of the world, paying interest rates steadily. Increases in foreign demand, which 

would improve the trade balance, is a proper path. An increase in domestic demand, 

especially since the independence of Montenegro, has mostly increased imports, resulting 

in the trade deficit. To contribute to removing or reducing these obstacles, the ERP 2018

73 Edgardo, F., Small states, Smart Solutions: Increasing Connectivity and Effectiveness o f  Public Services, 
World Bank, Washington D.C., 2008.
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designed the reform processes in each of the significant reform areas in line with the 

European Commission's Guidance7475.

The planned growth of the economic activity, in the time frame 2017-2030, is based on 

the priority development projects in the field of (i) energy production (hydropower plant 

- HPP, small HPPs, wind power plants, photovoltaic power stations, TPP Pljevlja II 

(changed to the ecological revitalization of TPP I) and energy efficiency programs; (ii) 

transportation (highway and other projects); (iii) industry (especially metal industry); (iv) 

tourism (tourist complexes and hotels); (v) and agriculture74 75 76.

Exports are a fundamental economic problem in Montenegro. As Figure 2 shows, there 

is a too high concentration in aluminum, iron, and steel. It shows that this category 

accounts for 50% of exports on average from 2005-2016. It is planned to invest in the 

aluminum industry (KAP), BAT technology of 50 million euros until 2030, reducing the 

GHG by 82.76% and diversifying aluminum products 77 The technological sophistication 

of KAP would have multiplicative effects on the economic growth episodes. In 2013, 

Montenegro's technological export structure was mostly concentrated in semi-products 

73.6%, primary products 16.3%, consumer goods 5.2%, capital equipment 4.7%, and high 

technology products 1.3%, implying low export sophistication, relatively little income 

potential78.

74 Djurovic, G., M. Muhadinovic, V. Djurovic,and M. M. Bojaj., “Agenda 2030: measuring progress in 
the Montenegro’s national strategy for sustainable development,” chapter 5 in the Book “Statistics, 
Growing data Sets and Growing Demand for Statistics,” edited by Turkment Goksel, IntechOpen, UK, 
2018.

75 Galli A., G. Djurovic, L. Hanscom, and J. Knezevic., “Think Globally, Act Locally: implementing the 
Sustainable Development Goals in Montenegro,” Environmental Science and Policy, 2018, 84, 159-169.

76 Government of Montenegro, Economic Reform Programme for Montenegro, 2018-2020.

77 Djurovic, G., M. Bojaj., and M. Muhadinovic., Greenhouse Gas Emissions and Sustainable Growth in 
Montenegro; A SVAR Approach,” Research, Faculty of Economics, 2020.

78 Halilbasic, M., S. Brkic., and V. Bosic., “Comparative Analysis of Export”, EA, 2015, 48(1-2), 108­
129.
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■ Commodities and transactions not classified elsewhere in the SITC
■ Miscellaneous manufactured articles
■ Machinery and transport equipment
■ Manufactured goods (aluminium, iron, and steel)
■ Chemicals
■ Animal oils and fats
■ Mineral fuels, lubricants and related materials
■ Crude materials, inedible, except fuels
■ Beverages and tobacco
■ Food and live animals

Figure 2: Montenegro export concentration 2005-2016
Source: author's calculations.

Halilbasic et al. 2015 highlight that the number of export products, greater than 100,000$ 

USD, for Montenegro ranges from 201-198, respectively, during 2006-2013. The 

Herfindahl - Hirschmann index of geographic export concentration (HHI) ranges from 

0.24-0.16, indicating a low export basket dispersion. Bogetic et al. (2013) find that 

exported products for which Montenegro has revealed comparative advantage (RCA79>1) 

are sparse in the product space (PS) methodology and often located in the difficult-to- 

reach periphery of the PS. Three income potential groups are aluminum and iron, 

agriculture, and tourism. An increase in exports (mostly aluminum, iron, and steel) and 

its structural diversification helps stabilize the trade balance, debt/GDP, productivity 

growth, unemployment, output gap and consequently, limits external shocks to inflation 

in Montenegro, fixing price disparities and qualifying for the membership into European 

monetary union.

Since there are many factors, we estimate three structural VAR and three BVAR 

identified inflation models. The first model identifies the fundamental external and

79 Revealed competitive advantage.
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independent determinants of the supply shocks (oil and London Metal Exchange 

aluminum prices). The second model examines primary internal and independent 

determinants of inflation, focusing on economic freedom and e-government. Model 3 

incorporates cost-push and demand-pull variables.

2.2.External determinants of inflation in Montenegro

It is vital for Montenegrin policymakers to examine and econometrically measure the 

external factors' impact on determining inflation. Thus, the Central Government of 

Montenegro is interested in seeing the dependency of inflation to changes in external 

factors. In the meantime, forecasting and causality are two other dimensions of high 

interest.

Oil prices play a prominent role in the build-up of persistent inflationary pressures in 

advanced and transitional countries. Oscillations in oil prices are worldwide phenomena. 

The impact of oil prices in emerging economies that are not financially stable and not 

strong to absorb external shocks is highly influential in determining these economies. The 

inflation rate is the first to get impacted by oil price changes. Consequently, fluctuation 

in inflation further leads to economic changes80.

Several research papers have examined the impact of oil prices on inflation since oil is a 

direct production input. Hooker (2002) examined the relationship between inflation and 

oil prices from 1962-1980 and 1981-2000: the results showed that the impact of oil prices 

was noticed only in the first sample81. A great number of studies report a significant effect

80 Kozaric, K., and N. Fabris., ^Monetary Policy at Crises Time,” Journal o f  Central Banking Theory and 
Practice, 2012, 1, 5- 25.

81 Hooker, M., “Are oil price shocks inflationary? Asymmetric and nonlinear specifications versus changes 
in regime,” Journal o f  Money, Credit and Banking, 2002, 34(2), 540-561.
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of oil prices on inflation828384. Blanchard and Gali (2007) explain the strong relationship 

between oil prices and inflation in two episodes: (i) low growth and high unemployment 

before 1970, and (ii) high growth and low unemployment after 198082 83 84 85.

Table 3: Energy consumption in TJ energy units

Energy 2018 % 2019 % 2020 %
Electrical energy 12,492 20.13% 12,723 32.46% 13,015 30.88%
Biomass 8,317 13.40% 8,089 20.64% 8,409 19.95%
Coal 1,236 1.99% 1,289 3.29% 1,305 3.10%
Oil and gas 35,984 57.98% 13,053 33.31% 15,372 36.48%
Total 62065 100.00% 39192 100.00% 42141 100.00%

Source: Decision o f  Energy Balance o f  Montenegro for 2020.

Shocks coming from oil prices can be viewed from three factors: (i) the source of shocks, 

(ii) the pass-through transmission mechanism of oil shocks, and (iii) the structure of 

energy86.

Table 3 shows energy consumption in terajoules (TJ) energy units of Montenegro. As 

seen from the table, oil consumption as an energy source is crucial for realizing planned 

economic and social activities in Montenegro. In 2018, oil was used 57.98% as an energy 

resource. Even though the percentage of oil consumption compared to the total energy 

sector is declining, oil usage increased from 330t, 347t, and 361t, respectively, from 2018­
202087.

82 Kiptui, M., “Oil price pass-through into inflation in Kenya,” Kenya School of Monetary Studies 
Research Centre, 2009.

83 Misati, R. N., E. M. Nyamongo, and I. Mwangi., “Commodity price shocks and inflation in a net oil­
importing economy,” OPEC Energy Review, 2013, 37(2), 125-148.

84 Kargi, B., “The effects of oil prices on inflation and growth: time series analysis in Turkish economy 
for 1988:01 -  2013:04 period,” MPRA paper, 2014, no. 55704.

85 Blanchard, O. J. and J. Gali., “The macroeconomic effects of oil price shocks: why are the 2000s so 
different from the 1970s?,” National Bureau o f  Economic Research, Working Paper, 2007, no. 13368.
86 Lamazoshvili, B., “Effects of il price shocks on oil-importing developing economies: the case of Georgia 
and Armenia,” Economics Education and Research Consortium, 2014, Working Paper no. E14/06.

87 Government of Montenegro, 2020., Decision o f  Energy Balance o f  Montenegro for 2020.

43



Maintaining price stability in Montenegro through governance o f external and internal _ factors
o f inflation

The highway Bar-Boljare is expected to increase oil consumption usage, which is in the 

final stage of Section 1 construction. Thus, oil prices are an essential and dominant source 

of inflation, implying that supply-side and demand-side innovations originated by 

external oil shocks are a source of variations in output and inflation in Montenegro.
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Figure 3: Empirical relationship between inflation and oil prices
Source: Author’s calculations in EViews 11.

Let us start by looking at the empirical relationship between oil prices and inflation in 

Figure 3. The blue line represents inflation, while the orange line shows the seasonally 

adjusted logarithmic of oil. It is noticeable that up to the end of 2008, the variables were 

co-moving together. The gap has widened just around the global financial crisis. While 

the world oil market price was still increasing, the inflation in Montenegro was declining 

until the middle of 2010. After 2010, they comove closely together till the end of 2014. 

The relationship between the two variables seems to have changed in the middle of 2014.

Export potential is the primary productivity growth engine of Montenegro, based on the 

revealed competitive advantage 88. Policy misalignment (through debt, low investments, 

and bank guarantees) of KAP caused the leading Montenegrin exporter to shadow. 

Bogetic et al. (2013) highlight that countries with ensured cheap energy, BAT technology, 

and the traditional background of merchandise exports of aluminum, according to Product

88 Bogetic, Z., I. Pejovic, and I. Osorio Roddarte., ^Expanding and Diversifying Montenegro's Exports: A 
Product Space Analysis,” Journal of Central Banking Theory and Practice, 2013, 2, 19-34.
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Space (PS) metrics methodology, could be large potential exporters with tourism and 

agricultural products. Aluminum application in cars, consumer goods, rail wagons, buses, 

aircraft, etc., has increased the demand for aluminum since aluminum is being used to 

reduce weight and fuel consumption.

International Trade Center (ITC), World Trade Organization (WTO), and the United 

Nations (UN) are joint agencies89. The UN has set global goals of sustainable 

development, and the mission of ITC is to nurture them. The Government of Montenegro 

nationalized the 2030 Agenda on Sustainable Development by adopting the National 

Strategy for Sustainable Development (NSSD) in 2016 and a corresponding Action Plan 

for its implementation90. Restructuring of the industrial sector in Montenegro, greening 

economy, and export promotion are parts of that process.

This section focuses on export potential and product diversification since central 

policymakers are interested in designing proper measures to maintain stable and low 

inflation. What are the top products, sectors, and targeted markets that could potentially 

increase the exports of Montenegro, and how will they impact inflation? To answer these 

questions, we will focus on developing two measurable indicators: export potential and 

product diversification. There exists a necessity to know what Montenegro exports and 

what its potential is. Many sources can cause the gap. One of them can be a lack of 

knowledge of Montenegrin exporting companies about market regulations in the targeted 

markets. Another reason might be identifying potential partners in the targeted markets. 

Also, the economic freedom of Montenegro might be an internal factor. There exists a 

comprehensive list that assists in creating the gap between actual and potential exports in 

Montenegro. Therefore, economic experts need to identify this gray area and find which 

products have the highest chance to succeed in the targeted markets. Thus, this is where 

the export potential estimation methodology gets into action. First, we will find which 

products Montenegro can export. Second, we will identify markets that can bring the best 

for Montenegro and bring great results. The potential export assessment methodology

89 International Trade Centre (ITC), http://www.intracen.org/itc/about/, accessed, March 13, 2020.

90 Djurovic, G., Muhadinovic, M., Djurovic, V., and Bojaj, M., “Agenda 2030: measuring progress in the 
Montenegro’s national strategy for sustainable development,” chapter 5 in the Book “Statistics, Growing 
data Sets and Growing Demand for Statistics,” edited by Turkment Goksel, IntechOpen, UK, 2018.
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points out profitable products, sectors, and target markets for trade development 

activities91.

2.2.1. Export potential indicator

The first indicator that the methodology points out is Export Potential Indicator (EPI). Its 

purpose is to support already-established sectors and identify the products and industries 

that Montenegro has the highest potential to sell outside the country in specific target 

markets. Thus, EPI tries to find the products and sectors that Montenegro already 

succeeded in the past from the supply side. On the other hand, the indicator searches the 

countries on demand for such a product or sector with the best chance of success.

The second indicator we will use is the Product Diversification Indicator (PDI). It aims 

to identify new products for export diversification. For Montenegrin policymakers, it 

would be exciting to know what products can be diversified further to the already 

established export sectors. We put together the supply and demand and the market access 

condition of the targeted markets to estimate how targeted markets the new diversified 

products would have the best potential for export success. These products are not yet 

exported, but we predict the potential success in targeted markets.

EPI is composed of two sub-factors. The first one is the potential export value92. It 

measures the expected supply of a particular product from the exporter, the demand, and 

the exporter's accessibility. The second element of EPI is the difference between what is 

realized and what could have been realized. The margin is called the unrealized potential. 

Decreux and Spies (2016) show the following model:

eijk = aikPijYjk (5)

and etjk measures the exports of country i, product k, and market j. For example, this 

would correspond to the Montenegrin exports of a product. While parameter aik, in this 

panel data, would measure the performance of Montenegro in exporting the product, Yjk

91 Decreux, Y., and J. Spies., Export Potential Assessments, A methodology to identify export 
opportunities for developing countries, ITC, 2016.

92 Ibid.
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shows the demand of the country (j) for our product, and faj corresponds to market access 

conditions from Montenegro to the country. Panel data econometrics could not give the 

expected results93, and therefore a different approach is given:

eijk = aikPijeJk = eJk (6)

As Montenegro exports certain products, it reveals its sectors which make the country 

competitive, and this phenomenon in economics is known as Revealed Competitive 

Advantage (RCA), popularized by Balassa94:

XRCA = x u & ^  *  RCAik • ^
Xi lK m (7)

The ITC believes that a country's share of a product to its total exports can be written as 

its RCA times the percentage of the world demand (DShare). The ITC shares the 

following expression as the potential share of a product in a country's exports to a given 

market j:

Xjjk

x u .

RCAik m jk

* k ( RCAik•
m j (8)

Expression (7) changes from (8); in fact, that expression (8) considers the demand of a 

market (MA) instead of the demand for the wealth. Thus, at the RCA ratio, we see the 

portion of a product's supply and the demand for that product by a specific country. 

Moreover, the final EPI is as follows:

EPIijk = CAiik
Exp Xij

Y,kCAikDSharejkMAijk
DSharejkMAijk (9)

The first constituent on the right-hand side is the supply side. The supply side consists of 

RCA, RCA growth, X/M ratio, and global tariff conditions the export country faces. The 

second component is the demand indicator. The first part of the demand indicator deals 

with the proportion of a country's imports and the growth of that share. For example, this

93 Egger, P., An Econometric View of the Estimation of Gravity Models and the Calculation of Trade 
Potentials, World Economy, 2002, 25(2), 297-312.

94 Balassa, B., Trade Liberalization and Revealed Comparative Advantage, The Manchester School, 1965, 
33, 99-123.
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part would be the share of the country's imports from Montenegro and its growth. The 

second part of the demand would be the tariffs that the country applies to our products 

and the distance from Montenegro to the country.

2.3.2. The supply of Montenegrin products

It is of valuable interest for policymakers of Montenegro to know the ingredients of the 

supply side and quantitatively reach a conclusion about the basket of exports of 

Montenegro. The ITC shows several sub-indicators of the supply side:

CAik — RCAik • m i n  ( 1> 5 1 L )  • (  1+ a v . ta r i f f k \ ~ ° ' k 
..RCA- 1 1 )  V m ikJ \ 1 + a v . t a n f f ikJ (10)

By exporting products, Montenegro reveals its competitive products, the RCA. On the 

right-hand side, the first one, is RCA, where i stands for Montenegro (exporter) and k for 

aluminum (product). The next in line is the dynamic factor, the growth of RCA. It is 

followed by the trade surplus, —'—, and the global tariff disadvantages of Montenegro
m ik

faced in the world market. The RCA of a product such as aluminum in Montenegro 

represents the share of aluminum in Montenegro's exports to the share of aluminum in 

world exports. In the meantime, it can be interpreted in another way as the share of KAP 

in the aluminum's exports to the share of Montenegro in world exports:

KAP export
n r  a _ Aluminum export Dr'A

ExportofMontenegro  ,
World export

KAP export 
Export o f  Montenegro 
ExportofAluminum  , 

World export
RCAik = 0.2%

0.18%
1,11 (11)

From this viewpoint, we can see the share of KAP in aluminum exports to the share of 

exports of Montenegro in world exports. In case the share of exports of KAP in 

Montenegro's exports is higher than the share of aluminum in world exports, we reveal 

that Montenegro has a comparative advantage in exporting aluminum. For example, the 

illustrative example in expression (11) shows that Montenegro is specialized in 

aluminum.

RCA's growth is also remarkable to measure because we would like to know the RCA 

dynamics, how the share of aluminum in Montenegro's exports has evolved to the change 

of the share of aluminum in the world exports. The ITC has done some econometric work 

about RCAs' dynamics, and the empirical results indicate that there is a continual progress
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of RCA. Based on the results, after five years of RCA growth, the growth discontinues 

its dynamics, but within five years, econometric work is reliable to predict the RCA 

growth range from 0.73% to 165%95.

The third component of the supply side is the trade balance, export to import ratio of 

Montenegro. Why this component is included in the supply side of the expression. There 

are some products that, for example, Montenegro imports and re-exports the same to 

neighboring countries with almost no change at all and these products should not be 

considered in the expression whenever the imports are higher than exports. In this case, 

the RCA should be corrected, and usually, in recent years, the imports exceed exports in 

Montenegro. Thus, the RCA needs to be adjusted for cases when the export-to-import 

ratio is <1; otherwise, there is no need for correction. For example, if  Montenegro imports 

bananas in value of 8.9 million euros and exports 8.3 million euros of bananas, then the 

ratio is 8 .3 /8 .9  = 0.9325, and the RCA should be multiplied in this case by 0.9325.

The last component of the supply side is the global tariff disadvantage. This part of the 

expression compares the average tariff applied by the world to Montenegro of aluminum 

with the world's average tariff to all-aluminum suppliers. In case the ratio is <1, then RCA 

has to be downgraded, and for ratio >1, RCA should be upgraded. Why? Consider 

Montenegro. In case Montenegro faces higher average global tariffs than the average 

world and manages to export aluminum successfully, this implies that in a market with 

better tariff conditions, the RCA of Montenegro for aluminum would score higher. 

Therefore, an upgrade is necessary to balance the market access conditions.

2.3.2. The demand for Montenegrin products

The demand for aluminum is a component of the EPI, and Montenegro needs to find out 

what is the demand for our products and who is in demand for them. The construction of 

the expression of the demand side of the EPI is as follows96:

95 Egger, P., An Econometric View of the Estimation of Gravity Models and the Calculation of Trade 
Potentials, World Economy, 2002, 25(2), 297-312.

96 Decreux, Y., and J. Spies., Export Potential Assessments, A methodology to identify export 
opportunities for developing countries, ITC, 2016.
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DSharejk MAijk = m jk
m j

e av.log d is tance jk - lo g  d istanceij

Share in dem and t3t S
jk

Share in dem and t - i
jk

t i
( 1 + a v . ta r i f fJ k V Tk 
\ l + a v . t a r i f f ijk)

(12)

The first component of expression (12) shows the share in market demand. For example, 

it shows the demand share of LME to the overall market demand for aluminum. It 

continues to show the growth of this share in demand over some period. For example, it 

would be interesting to know the growth rate of the share in demand of LME for 2008­

2010 and 2012-2014. Thus, it compares the demand share in 2012-2014 to the demand 

share in 2008-2010 while accounting for the pass-through of growth rates between two 

periods of time (within a specified interval). In case it is >1, then we have an increase in 

demand share, and for <1, we have a reduction in demand share.

Next, we have an access indicator of the market, LME. This part of the expression shows 

the LME conditions of tariffs for Aluminum Plant Podgorica. This indicator compares 

the average tariff the LME applies to all-aluminum suppliers with the tariff the LME 

applies to Montenegro’s exports of aluminum while accounting for the product’s price 

sensitivity. In case the ratio is >1, then there is a tariff advantage for the Montenegrin 

market since the average tariff the LME applies to all suppliers of aluminum comparing 

to the tariff the LME applies to Montenegro is greater than >1. Thus, this would be 

advantageous for Montenegro; otherwise, it would be at a disadvantage compared to the 

other countries.

Finally, we have a distance factor that captures the logarithmic distance of LME to the 

logarithmic range of KAP. In case the suppliers of aluminum to LME are located further 

than Montenegro, then Montenegro is located ideally, and no correction of the demand 

share is needed. It depends on the nature of the product because importing milk and 

aluminum changes the demand share drastically.

2.3.2. The bilateral trade relations

The bilateral trade is based upon some expected trade between Montenegro and LME. 

The first component of expression (10) is the current, actual, easiness of trade x tj . The 

growth rate of economic activities of the exporter and the importer to the growth rate of
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the world is further considered as part of the expected bilateral trade of i  and j ,  

respectively KAP and LME:

E x p  x i j  =  x i j  •
AGDP*s t l0 AGDPjStl°

AGDpfjtl0 '
B i l a t e r a l ^  =

Exp X{j
DSharejkMAijk (13)

In expression (13), we have the denominator that corrects complementarities in the trade 

structure between Montenegro and the United Kingdom. This part makes sure that 

easiness of business, for example, for aluminum between the two countries might be 

different for other products. Expression (13) helps us find the expected potential export 

value of aluminum from KAP to LME. The difference between actual and potential is 

unrealized or missed expected potential export value of aluminum between KAP and 

LME. The elaborate expression is as follows:

E P h j k  =  E A ik B i l a t e r a l ^  D S h a r e j k M A ijk

D e g r e e  o f  u n u s e d  p o t e n t i a l i j k  =  1 —
m in ( x iJk,EPIiJk)

EPIijk

(14)

(15)

Thus, expressions (14) and (15) give us an expected value of trade that could happen. The 

difference between the realized and the potential will provide us with the unrealized, 

which is essential to find the reasons and policies that should be considered to get to 

Montenegro's full potential realization. The EPI for exporting aluminum not only to LME 

but to a region would be.

EPIijk =  Z i-Gij-Gj.k-GKE P hjk
n  f  i . . ■ ;  *  ^i€l,j€j,k€K m in ( x ijk’EPhjk)
D e g r e e  o f  u n u s e d  p o t e n t i a l IIK =  1 ---------- --------------------- --------- —•̂i€l,j€J,k-£K EPIijk

E P I i j k  =  E x p . M S h a r e ik Y,kMShareikD em and jkMAijk
E x p .  D e m a n d j k M A i j k

XIJ

(16)

(17)

(18)

The market share is based on the current market share, while the growth of the exporter 

is explained relative to the world exports, and global tariff conditions are added as 

previously:

E x p . M S h a r e ik =  f  ( — , ( A R C A ik) ,  ( AGDpi ) , iL r a t i o , g l o b a l  t a r i f f  c o n d i t i o n s )\x k \AGDPWJ J
(19)

As far as the demand, we have total imports of a product, followed by the growth of the 

share and the importer's GDP growth. Tariff conditions remain unchanged from the 

previous representation:
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Exp. Dem.jk MAtjk =  /(my, (ADShareijk), (AGDPj), ta r i f f  con., dis. f a c ) (20)

Graph 1: Export potential from Montenegro to the world
Source: ITC, author’s simulations, 2020.

Graph 1 shows that aluminum not alloyed-unwrought, electrical energy, and wine of fresh 

grapes are the products with the most significant export potential from Montenegro to the 

World.

Despite the utmost efforts to carefully check and process data through this methodology, 
the Montenegrin economy and country experts' in-depth knowledge remains to be further 

examined. Whole raw hides follow it, then split raw hides & skins, coniferous wood, 
housing for machinery, swine meat, whole raw hides and skins of bovine, bars and rods 
of alloyed steel, medicaments containing antibiotics, beech sawn, and beer made from 

malt.

As we see from Table 4, the untapped potential (UP) of electrical energy in absolute terms 
is 91.4$ million. The supply capacity remains to be further developed, and the main 

demanders are Serbia, Bosnia and Hercegovina, and Hungary. The closest export links 
for electrical links are with Albania, while Italy remains the market with the highest 
demand potential for electrical energy.
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Figure 4: Montenegro export potential, actual export, and untapped potential
Source: Author’s calculations.

Based on the expected calculations, Montenegro has an export potential of electrical 

energy towards Serbia of 39.5$ million, Bosnia and Herzegovina 13.1$, and Hungary 

9.8$. We have included only 12 products in our representative study, Table 3, summing 

an untapped export potential of 186.9$ million.
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Graph 2: Sub-regional export potential of aluminum for Montenegro
Source: ITC, author’s simulations, 2020.

This unused export potential should be considered by policymakers to analyze further 

what can be done to improve the trade balance of Montenegro, hence better control 

inflation. On average, the percentage of unused potential reaches 59.78%, and it is
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confirmed in Figure 4 as well that the UP (the purple line) is around 60%. East Europe 

and Asia's participation in the UP is 48.61% on average, while the unused export potential 

towards EU & West Europe reaches 77.70%. The percentage goes further for the Middle 

East, reaching 84.83% on average. We see, from Figure 4, that the highest EP products 

are the first couple of products. Aluminum is the product with the best combination of the 

supply and demand out of Montenegro's products. Thus, aluminum is a product that has 

the best production line to get offered to the world. In the meantime, the world is asking 

for aluminum. Germany is one of the most significant export potential destinations of 

aluminum for Montenegro (as seen from Graph 2), with an unused potential of 10.4$ 

million, followed by Turkey, with untapped potential for Montenegro of 4.9$ million. 

We can notice that from Graph 2, the sub-regions have an enormous potential to export 

aluminum for Montenegro.

EU & west Europe is the most significant regional potential, followed by East Europe and 

Central Asia. Montenegro has closest export links with Bosnia and Herzegovina, Albania, 

and Serbia. The Middle East could be further used with 4.9$ million. The total unused 

export potential of aluminum is 35.6$ million, as seen in Table 4. Towards Belgium 

remains an unused export potential of aluminum of 2.2$ million. The total export potential 

for EU & West Europe of aluminum, not alloyed-unwrought sums up to 19.6$ million. 

As seen from Table 4, fresh grapes wine has a tremendous unused potential to be exported 

to neighboring countries such as Serbia, Bosnia and Herzegovina, and the United 

Kingdom. It is East Europe & Central Asia with a possibility of 2.8$ million, and EU and 

West Europe of 5.7$ million.

Whole raw hides, split raw hides & skins of bovine or equine animals have an unused 

export potential of 14.4$ million. Just towards Serbia, there is an unused export potential 

worth 5 million dollars, Bosnia and Herzegovina 2.2, and Italy 4.8. the closest export 

links are with Bosnia & Herzegovina. Coniferous wood sawn sums a total of 9$ million 

of unused export potential toward the world, specifically 4.6$ million toward EU & West 

Europe, and 1.6$ with an untapped export potential toward East Europe & Central Asia. 

Housings for machinery also have a high export potential for Montenegro, totaling 7.6$ 

million, out of which 2.5 would be possible towards Hungary and 982,000$ to Germany.
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Table 4: Export potential from Montenegro to the world

Prod. Code Product description

World EE &  Central Asia E U  &  W est Europe M idd le  East

EP AE UP % o f UP EP AE UP % o f UP EP AE UP % o f UP EP AE UP % o f UP

271600 Electrical energy 116 26.7 91.4 78.79% 88.4 23.2 65.3 73.87% 25.7 3.5 24.2 94.16% 1.5 0 1.5 100.00%
760110 Alum inum , not alloyed 92.8 84.1 35.6 38.36% 15.1 20.1 4.2 27.81% 56.2 54.4 19.6 34.88% 14.5 9.6 4.9 33.79%
220421 W ine o f  fresh grapes 21.1 15.2 9 42.65% 13 12.2 2.8 21.54% 6.6 1 5.7 86.36% 0.06 0 0.06 100.00%
4101XX W hole raw  hides 17.2 2.8 14.4 83.72% 10.1 2.8 7.3 72.28% 6.2 0.05 6.2 100.00% 0.19 0 0.19 100.00%
4407Xa Coniferous w ood  saw n 13.7 6.8 9.1 66.42% 6.1 6.6 1.6 26.23% 4.7 0.12 4.6 97.87% 0.64 0 0.62 97.14%
848330 H ousings fo r  machinery 9.9 10.4 7.6 76.77% 1.8 0.2 1.6 88.89% 6.7 7.6 4.8 71.64% 0.46 0 0.42 89.71%

21019 Sw ine meat, cured 7.2 3.9 3.4 47.22% 5.1 3.9 1.3 25.49% 2 0 2 100.00% 0 0 0 100.00%
410150 W holeraw  hides 6.7 1.7 5 74.63% 3.3 1.6 1.6 48.48% 2.9 0.11 2.8 96.55% 0.08 0 0.08 100.00%
722840 Bars &  rods 6.4 7.8 2.7 42.19% 0.9804 0.16 0.82 83.67% 3.6 6.5 1.2 33.33% 1.2 1.2 0.03 2.22%
300420 M edicam ents 5.5 4.9 4.4 80.00% 1.6 4 0.71 44.68% 3.1 0.92 2.9 93.55% 0.09 0 0.09 100.00%
440792 Beech 5.3 5.3 2.4 45.28% 1.7 1.3 0.65 37.99% 1.1 2.6 0.44 39.73% 0.14 0 0.13 95.07%
220300 Beer m ade from  malt 4.6 3.3 1.9 41.30% 3.7 2.7 1.2 32.43% 0.7 0.46 0.59 84.27% 0.01 0 0.01 100.00%

Source: ITC, author’s calculations, 2020.
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In Figure 4, we can visually observe the gap between actual and unused export, potentially 

actualized. The purple line is close to the first two products, while for the rest of the 

products, the gap is rather broad.

2.2.2. Product diversification index in Montenegro

What other products could Montenegro produce? How many products Montenegro 

currently produces, or what is its export basket? This section will deal with potential 

products or rank of a new product in a given target market. Since we deal with potential 

futuristic products, we rank them based on the Product Space (PS) methodology, invented 

by Hidalgo et al. (2007)97. They studied the network of relatedness between products, or 

‘product space,’ finding that higher-income products are densely connected, while lower- 

income products occupy a less connected periphery. Hidalgo et al. (2007) show that 

nations tend to move to items similar to those they are already specialized, allowing 

countries located in more connected parts of the product space to upgrade their export 

basket more quickly.

The demand and market access conditions variables will be calculated in the same manner 

as in the EPI. The supply-side changes from EPI, based on the PS methodology, establish 

connectivity between exported products by all countries worldwide. The identified 

potential products, based on PS, are filtered against the availability of natural resources 

in the countries under analysis. Furthermore, two filters are applied. The first filter 

identifies the relevant climatic zones to produce and export certain goods. In case the 

climatic zone is not available as a natural resource, the product(s) stops being analyzed 

further. The second filter deals with the status of a landlocked country. If a country is 

suggested to diversify into sea-related products, it is then taken off because no other 

landlocked country has successfully exported such products.

Xijk _  RCAik m jk

Vx u  Zk (RCAik-M!p m j
(21)

97 Hidalgo, C.A., B. Klinger, A.-L. Barabasi, and R. Hausmann., The Product Space Conditions the 
Development of Nations, Science, 2007, 317(5837), 482-487.
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As far as the identification of the opportunities for diversification of new products, the 

linkage between the current export products to new potential products is analyzed. The 

linkage is the new supply measure to indicate supply capacities of Montenegro:

2.3.2. Product space methodology

This section will show the product space methodology on which we base our supply 

capacity measure in product diversification. Productive factors, such as capital, labor, 

human capital, and institutions, and on the other hand, the technological differences create 

externalities that further lead to accelerated growth.98 Developed countries have shown 

that they have a continuum in production, advancing with a product slightly different or 

just a different one that moves countries forward. Countries that specialize in producing, 

for example, aluminum, such as Montenegro, have already invested in the broad sense in 

this industry and specialized in manufacturing aluminum. The underlying productive 

factors are relatively specific to producing aluminum. For example, making shoes would 

require a different set of environments. In common sense, providing an aluminum 

chocolate foil for a company from Switzerland might be more related between aluminum 

and aluminum foil then specializing in another product as making shoes for Gucci in 

France. We will study this pattern to show this relatedness and how countries diversify to 

a related or approximate good.

Each country has some predetermined dispositions that can potentially bring into 

existence some products. For example, Montenegro's capabilities to produce aluminum 

are different from Serbia, for a straightforward fact of natural resources. Thus, these 

capabilities refer to anything needed to export aluminum, such as the infrastructure, soil, 

climatic conditions, experts, specialists, human resources, legislation, institutions, 

chamber of commerce, and anything that the country possesses to export a given product. 

Coming back to our example of aluminum and aluminum foil for chocolates, it becomes 

common sense that if Montenegro specialized in exporting aluminum, the set of 

capabilities it possesses overlaps intensely with the onset of skills needed to export 

aluminum foil. Therefore, it already has many things to export and aluminum or other

98 Klenow, P. J., and A. Rodriguez-Clare., Externalities and Growth, National Bureau o f Economic 
Research, Working Paper 11009, 2004.
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types of aluminum products. Thus, Montenegro is much more likely to diversify into 

aluminum chocolate foil or wheel’s rim than into shoes, for example. So, from aluminum, 

Montenegro can start exporting aerospace, medical, transportation, automotive, and 

marine industries. It is more likely to continue to do that than to begin shipping 

manufactured shoes, fish, or other unrelated products to aluminum. So, we can say that 

Montenegro has a high density around aluminum and has already developed a 

comparative advantage in exporting aluminum.

Conditional probabilities measure density. Thus, conditional probabilities between each 

set of commodities estimate the probability to export product k with CA, knowing that 

product l is already exported with CA.

^ ‘ = p ( r f )- & Density *  = Iji t r  (22)

Density measure puts together conditional probabilities. That is a weighted average of the 

CA. Thus, the density measures a country’s supply capacities as the average 

approximation to a country's new potential export product.

Nevertheless, a country might be in very close proximity to a given good. The PS would 

suggest that the country has excellent ease of diversifying into this new product. Still, 

these exports might never happen in real life because a) it is not possible to physically 

export the good, because as we have noticed earlier it is based only on trade statistics and 

there might be specific problems related to trade statistics, b) insufficient demand, and c) 

severe market access conditions. Even though the supply capacity for a new potential 

export product and the demand for such products is high, it is not enough to realize this 

new product because of the low accessibility of market conditions. Thus, all components 

must be considered to implement a new potential diversified product to a target market.

2.3.2. Supply-side of the product diversification index

The supply side, the density, is the first component of the PDI. The density measures the 

average proximity of a product of Montenegro to a new export product. The average 

proximity shows the linkages between products based on how often they are jointly 

exported by countries, with corrected and RCA dynamic. We normalize the density 

measure because it has a different range than the comparative advantages used as the EPI
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supply indicator. That is why we normalize the density measure to ensure that the scope 

of densities between the first and the diversified product is in conformity between the first 

and the last product in the EPI:

iogCAikl - iogCAikN

Density; ,  =  Density™  - ™ (23)

D ensi ty[k CA,k
to ensure that-----:—y-  = ------- wherel,.. are product ranks.

DensltyikN CAikN

Even though the density measure for a feasible diversified product is passed through two 

filters, it is not enough unless we demand such a product and the market access conditions.

PDIijk = Density'ik • DShareJk • MAtjk • Bilateraltj (24)

In this case, instead of supply, we use densities that are not equivalent to CAs, and that is 

why we need to rescale these densities to ensure that the PDI reveals the capacity of the 

total export capacity and the aggregate demand of the product. The process is necessary 

because the PDI is initially computed for all products (exported and non-exported). 

Eventually, only new products or products with marginal export potential (< 200,000$ 

and < top 95% cumulative EPI share) are kept in the PDI. The scaling is done in two 

steps:

Density'ik = DensityL •Sj k Exv XlJ k , So that PDI[ = Exp x t
sj kPDk jk

Density-k = Density'ik •Zj kExp xrlJ k , So that PDIk = Exp xk
sj k PDhjk

(25)

(26)

where x-exports, w-imports, /-exporter, j-market, ^-product for diversification, and l- 

exported product. Equation (25) shows how we rescale our initial densities so that the 

total PDI of Montenegro would correspond to the total export capacity. Moreover, we 

rescale the densities so that the PDI corresponds to the aggregate demand, the projected 

demand for this product. Thus, the final PDI is calculated by the given current exports of 

this anticipated product into the GDP growth. Therefore, our final PDI ranks are assigned 

by an equation that uses these rescale densities combined with the demand side:

PDI”jk = Density'ik • DShareJk • MAtjk • Bilateralij (27)
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The PDI as EPI is always computed at the final level of aggregation, so we calculate it by 

the exporting country, product, and target market. But from here, we can aggregate to 

identify, for instance, diversification opportunities in a particular region.

The total demand indicator in Graph 3 corresponds to the side of the bubble. The easiness 

to trade between country i and j, is represented by the width of the line in the analytical 

graph, and the length of the line shows the supply side (the growth and the expected 

growth of the exporter comparative to the world). Montenegro’s best options for export 

diversification in the world are crude sunflower-seed or safflower oil, oilcake of 

sunflower seeds, and sheep cuts bone-in frozen, as it can be noticed in Graph 3 by the 

length of the line of the first three potential diversified products.

frozen

M ontenegro  in 

World

. Crude sunflower-seed
safflower oil

25. A lum inium  alloys
2. Oilcake of sunflower

24. Beet-pulp
3. Sheep cuts bone in

23. Grains of hides &
skins of bovine o r . 4. Live sheep

22. Am m onium  nitrate

5. Sheep cuts boneless,

21. Sunflower-seed or
safflower oil (exd

6. Wheat (excl durum) &
mes in

20. Live bovine amma s

7. Potassium chloride
for use as fertiliser

19. Crude soya-bean oil

8. Cucum bers &
gherkins, fresh

18. Bran, sharps & other
residues of maize 9. Sk ins of sheeo or

lambs, in the west state

17. Oak, sawn/chipped
lengthwise,... 10. S u n flo w e r seeds

16. Sem ifin ished
11. Prepared meat orproducts of iron or steel
offal of bovine animals

15. Meat or offal . Bars & rods of iron
fowls of the species or non-alloy steel

14. Trout, frozen 13. Parts of seats

Graph 3: Product Diversification Rank of Montenegro to World
Source: ITC, author’s calculations, 2020.

Montenegro finds crude sunflower-seed or safflower oil easiest to reach as the line length

reaches the outer circle. Wheat and meslin seed (excl. durum) is the product that faces the

most energetic demand potential globally, confirmed by the size of the light-green bubble.

The world’s import value in US dollars reaches 35.5$ billion. Bosnia and Herzegovina
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imports 74$ million dollars of wheat and meslin, and the applied tariff to wheat & meslin 

from Montenegro is 0%. While Indonesia imports wheat & meslin 2.2$ billion, and the 

applied tariff from Montenegro is 2%.

Table 5: Product diversification rank of Montenegro

P
ro

co
de P roduct description

P rod u ct’s divers. potential rank in M N E  

W orld  E urope A sia  A m ericas Pacific

151211 Crude sunflower-seed/oil 1 1 1 1 1
230630 Oilcake of sunflower seeds 2 2 2 8 28

20442 Sheep cuts bone in, frozen 3 4 3 2 7
10410 Live sheep 4 3 7 11 40
20443 Sheep cuts boneless, frozen 5 5 6 4 20

1001Xb Wheat (excl durum) & meslin 6 6 5 7 5
310420 Potass chloride for use as fertil. 7 12 4 3 2

70700 Cucumbers & gherkins, fresh 8 7 8 5
420510 Skins of sheep or lambs 9 8 14 22
120600 Sunflower seeds 10 9 11 27 14
160250 Prepared meat 11 10 21 9 3
721420 Bars of iron or non-alloy st 12 11 23 10 10
940190 Parts of seats 13 13 13 6 6

30314 Trout frozen 14 15 12 16 30
160232 Meat or offal of fowls 15 14 19 21 9
720711 Semi-finished p. of iron or st. 16 28 9 36 45
440791 Oak, sawn/chipped lengthwise 17 17 15 14 11
230210 Bran, sharps & res. of maize 18 16 25 44 41
150710 Crude soya-bean oil 19 27 10 17 22

102 Live bovine animals 20 20 16 18
151219 Sunflower-seed or sunfl. oil 21 19 22 21
310230 Ammonium nitrate 22 18 27 13 8
410411 Grains of hides & skins of bo. 23 21 18 25 47
230220 Beet-pulp 24 22 30 43 29
760120 Aluminum alloys, unwrought 25 24 29 26 23

2204XX Wine of fresh grapes 28 25 49 23 15

Source: ITC, author’s calculations, 2020.

Turkey also is in high demand for wheat, amounting to 886.1$ million, but the tariff is 

65% from Montenegro for this product. Greece, Albania, and North Macedonia are in 

high demand, 192.1$, 43.5$, and 15.3$ million, respectively, for this product, and the 

applied tariff is 0%. The policymakers of Montenegro might consider this fact for further 

analysis.
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As we can notice from Graph 3, aluminum is in high demand from the world (the green 

bubble, product number 25), but the readiness for potential export diversification from 

Montenegro is not high estimated by the length of the line. The total value that the world 

imports aluminum is 27.5$ billion (bn). Germany imports 3.7$ bn, and the applied tariffs 

are 0%, while the United States imports 4.4$ bn with the applied tariff of 1%. Great 

potential for the diversified aluminum alloys-unwrought is imports from Hungary, Serbia, 

and Slovenia with 385.8$ million, 41.6$ million, and 146.2$ million, respectively.

Potassium chloride for use as fertilizer faces quite strong demand potential in the world, 

confirmed by the size of the purple bubble (product number 7 in the above Graph), 

reaching 12.4$ billion, and the length of the line is half-way, meaning the potential of 

potassium chloride supply to diversify further the product is quite ready. China, Brazil, 

and Indonesia are in high demand importing for potassium chloride, amounting to 1.8$ 

bn, 2.1$ bn, and 734.7% million, respectively.

Product diversification rank of Montenegro to the world, Europe, Asia, America, and 

Pacific is shown in Table 5. Crude sunflower-seed or oil remains product number 1 ranked 

for all regions and the world, while the other products change ranks for different regions.

The EPI and PDI both consider the aluminum products as a potential that policymakers 

might take for further in-depth analysis. Thus, the question is: what if aluminum is 

processed further by Montenegro, and how it would impact its economy.

2.3. Internal determinants of inflation in Montenegro

The efficiency and effectiveness of monetary policy under the convergence criteria as the 

one proposed by the CBCG is based on appropriate forecasting performance and impulse 

responses (causality) of internal variables of inflation, assisting central policymakers in 

designing correct macroprudential actions.

Technological progress is a variable affecting shadow economies and, consequently, the 

labor market. Shadow economies induce developing countries to present a broader set of 

tax basket, increasing the prices set by firms and wage setters, thus higher inflation. In 

the meantime, the structural change of technological progress affects the labor market's
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expectations and, consequently, inflation. Therefore, economic freedom is an essential 

variable in our further analysis and its impact on Montenegro's inflation.

The economic freedom, e-government development index99 (EGDI), capital stock, human 

capital, employment, and GDP will be used as critical internal factors contributing to 

anchor inflation in model 2.

There are many different services that citizens and businesses seek from their 

governments, and it appears as though the number of functions available online grows 

annually. However, the most recent survey of those services deemed by the European 

Commission (EC), as the 20 basic services of e-government (eGov), had not been 

conducted since 2011.100

Table 6: 20 eGov services for citizens and businesses

20 Basic eGov services
Services for Citizens Services for Businesses
Income Taxes Social Contribution for Employees
Job Search Corporate Tax
Social Security Benefits VAT
Personal Documents Registration of a New Company
Car Registration Submission of Data to the Statistical Office
Application for Building Permission Custom Declaration
Declaration to the Police Environment-related Permits
Public Libraries 
Birth and Marriage Certificates 
Enrollment in Higher Education 
Announcement of Moving 
Health-related Services

Public Procurement

Source: Blinn, 2014, pp. 2-3.

Therefore, it was the primary goal to assess the current status of these basic services 

provided via the web portal www.euprava.me in Montenegro, because it was stated in the 

2010 action plan that: “Electronic administration portal is a tool for government

99 United Nations, E-Government Knowledgebase, https://publicadministration.un.org, accessed, March
13, 2020.

100 European Commission, Digitizing Public Services in Europe: Putting ambition into action, eBook, 28, 
2011
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institutions and represents a single point where electronic public services offered by state 

administration authorities can be found.”101

2.3.1. EGov benchmarking methodology

One of the most often encountered issues when utilizing a benchmarking study is 

developing the scoring criteria and determining each question's weighting.102 The scoring 

metric of Blinn et al. (2008) was used to evaluate government to business (G2B) and 

government to citizens (G2C) services provided in Montenegro.

2.3.2. Rating Criteria

This section analyzes the 20 basic eGov services across 17 criteria, sub-divided into four 

categories for investigation. Each measure was then assigned an associated weight 

depending on its perceived economic importance103 (Appendix 1 at the end of the 

dissertation gives elaborate scoring criteria, categories, and weighting).

2.3.3. Maturity of eGov services in Montenegro

West (2004) developed a four-stage maturity model of eGov and included 1,813 United 

States (US) government web sites in 2000, and a follow-up study of 1,680 government 

web sites in 2001104 This maturity model can be graphically portrayed as in Figure 5 

below.

Figure 5: EGov maturity model
Source: Author’s calculations.

101 Montenegro, Montenegro Action Plan: Open Government Partnership, 2104.

102 Blinn, N., F. Hogrebe, R. Lange, M. Nuttgens., “Benchmarking study on municipal portals: A Survey 
of G2B-Services in European capitals and large cities,” Universitat Hamburg, Arbeitsberichte zur 
Wirtschaftsinformatik, 2008, 4, 6.

103 Appendix 1: Evaluation Criteria o f eGov services.

104 West, D. M., “E-Government and the Transformation of Service Delivery and Citizen Attitudes,” 
Public Administration Review, 2004, 64(1), 15-27.
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In  F ig u re  5, w e  see th a t a w eb  p o rta l is  m a in ly  used fo r  p o s tin g  in fo rm a tio n  d u r in g  the  

f ir s t  stage o f  m a tu ra tio n . T he  “ one -s to p -sh op ”  stage m arks  f u l l  o n lin e  a v a ila b il i ty  and is 

cha rac te rized  b y  the  user's a b il ity  to  a cco m p lish  tasks at a s ing le  lo c a tio n . T he  fo u r th  and 

f in a l stage is  “ in te ra c tiv e  d em ocracy .”  N o t if ic a t io n s  are pushed to  the  user based u po n  

persona l tim e lin e s , and fe ed ba ck  fo rm s  are u t i liz e d  to  co n tin u e  to  ta i lo r  the  s ite  to  s u it the  

user's needs. A c c o rd in g  to  F a th -A lla h  et a l., (20 14 ), in  th e ir  s tudy  on  e G o v  m a tu r ity  

m ode ls , “ m an y  g o ve rn m e n t agencies have m aste red  the  f ir s t  and second stage, w h ile  fe w  

g o ve rn m e n t w eb  sites have ach ieved  the  3 rd  and 4 th  stage” 105.

2.3.3.1. EGov portal of Montenegro

T he  M in is t r y  fo r  In fo rm a tio n  S o c ie ty  and T e le c o m m u n ic a tio n s  has opened one w o r ld  

w id e  w eb  page, w w w .e u p ra v a .m e 106. T he  w eb  page c le a r ly  show s the  » In d iv id u a l« , 

»B usiness« , and » P u b lic  A d m in is tra t io n «  serv ices and sub-serv ices fo r  each ca tegory .

2.3.3.2. Calculation of values per basic service

W ith  a v a lid  m o d e l in  hand, the  research eva lua tes the  w eb  p o rta l u t i l iz in g  the  M y s te ry  

S hopper a pp ro ach .107 E ach  se rv ice  represented  a task  the  researcher needed to  

accom p lish . T he  e G o ve rn m e n t w eb  p o rta l w as u t i liz e d  as i f  the  researcher w e re  an 

average user a tte m p tin g  to  co m p le te  th e ir  assigned task. T h is  exerc ise  resu lted  in  the 

ass ignm ent o f  p o in ts  based on  the  above c r ite r ia  to  an e v a lu a tio n  m a tr ix . These p o in ts  

w ere  th en  m u lt ip l ie d  b y  the  w e ig h t fa c to r  to  ach ieve  the  f in a l score fo r  each o f  the  bas ic  

services. F o llo w in g  the  c a lc u la tio n  o f  in d iv id u a l scores, the  average score fo r  G 2 C  and 

G 2 B  serv ices w as ca lcu la ted .

105 Fath-Allah, A., L. Chikhi, R.E. Al-Qutaish, and A. Indri., “E-Government Maturity Models: A 
Comparative Study,” International Journal o f  Software Engineering & Applications, 2014, 5(3), 71-91.

106 Government of Montenegro, Ministry for Information Society and Telecommunications, 2019.

107 Mystery Shopper note.
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2.3.3.3. Maturity of G2C and G2B services in Montenegro

In  F ig u re  6 , i t  is  n o tic e d  th a t G 2C  se rv ices in  M o n te n e g ro  are less m a tu re  th an  G 2 B . 

F u rth e rm o re , the  d is tr ib u t io n  o f  G 2 C  serv ices is  n o t e qu itab le  across the  spectrum  o f  

services. T he  standard  d e v ia t io n  am ong  the  g ro u p  o f  G 2C  serv ices is  21 ,53% . C le a rly , 

th is  n u m b e r is  m o s tly  a ffe c ted  b y  those areas w h ic h  re m a in  e n t ire ly  und eve lo p ed , such 

as the  announcem en t o f  m o v in g . W h ile  severa l serv ices have  ach ieved  a degree o f  

m a tu r ity  th a t enables o n lin e  a c t iv ity ,  and i t  ra ises the  q ues tion  o f  w h y  o th e r services 

re m a in  e ithe r s ig n if ic a n t ly  u n d e r-d e ve lo p e d  o r c o m p le te ly  u ndeve loped . I t  shou ld  be 

no ted  th a t the re  e x is t areas w h e re  scores re fle c t substan tia l in v e s tm e n t on  the  p a rt o f  the  

g o v e rn m e n t to  reach  consum ers. T he  m o re  apparen t reg io n s  are In co m e  Taxes and Job 

Search.

Maintaining price stability in Montenegro through governance o f external and internal _ factors
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Income Taxes

Figure 6: M a tu r ity  le v e l o f  G 2 B  and G 2 C  e G o v  serv ices in  M o n te n e g ro , 2017
Source: Author’s calculations.

L o o k in g  at G 2 B  services, w e  aga in  see a w id e  d is p a r ity  be tw een  the  m a tu r it ie s  o f  

services. D e sp ite  the  consp icuous  absence o f  an u n d e ve lo p e d  ca tegory , the  standard  

d e v ia tio n  fo r  the  data is  20 ,29% . O nce aga in , se rv ices ex is t, such as V A T  and C orpo ra te  

Taxes, w h ic h  have ach ieved  m a tu r ity  le ve ls  th a t suggest fu l l  in te ra c tio n  and the  a b il ity  to  

co m p le te  a tra n sa c tio n  o n lin e . H o w e v e r, o th e r serv ices such as S o c ia l C o n tr ib u tio n  and
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C ustom s D e c la ra tio n s  m ake  m a tu r ity  le ve ls  th a t in d ic a te  th e y  are s t i l l  v e ry  m u ch  in  the  

“ re a d -o n ly ”  phase. These fac ts  m ig h t be ta ken  e la bo ra te ly  in to  co n s id e ra tio n  b y  

p o lic y m a k e rs  in  re la tedness w ith  e co n o m ic  free do m , w h ic h  w i l l  be one o f  the  c r it ic a l 

va ria b le s  d o w n  the  lin e s  s ince e co n o m ic  fre e d o m  v a ria b le  is  m easured based on  12 

q u a n tita tiv e  fa c to rs : a) R u le  o f  L a w  (p ro p e rty  r ig h ts , g o ve rn m e n t in te g r ity ,  ju d ic ia l 

e ffe c tiven ess), b )  G o v e rn m e n t S ize  (g o v e rn m e n t spend ing , ta x  bu rden , f is c a l hea lth ), c ) 

R e g u la to ry  E f f ic ie n c y  (bus iness free do m , la b o r  free do m , m o n e ta ry  fre e d o m ), and d ) 

O pen  M a rk e ts  (trade  free do m , in v e s tm e n t free do m , fin a n c ia l fre e d o m )108. W e  w i l l  see 

the  in te rc o n n e c tiv ity  am ong  e G o v , e c o n o m ic  f r e e d o m ,  and in f l a t io n  la ter. I t  is  in te re s tin g  

to  note  th a t those areas w h e re  the  se rv ice  in v o lv e s  f in a n c ia l transac tions  appear to  be m os t 

deve loped .

2.3.4. Comparison of G2C and G2B services in Montenegro

O b se rv in g  the  m a tu r ity  o f  eG o v  serv ices w ith in  the  co n fin es  o f  G 2 B  and G 2 C , i t  is  no  

im p e ra tiv e  to  com pare  the  f in d in g s  o f  the  research re g a rd in g  the  s o p h is tic a tio n  o f  these 

ca tegories o f  se rv ices aga ins t each o ther. T he  s tudy in d ic a te d  th a t G 2 C  serv ices have  a 

4 0 %  m a tu r ity  le v e l, w h ile  G 2 B  serv ices dem onstra ted  a 6 5%  m a tu r ity  le ve l. T he  m a tu r ity  

le v e l show s apparen t fa v o r it is m  to w a rd s  the  d e ve lo p m e n t o f  G 2 B  services. T he  ana lys is  

in c lu d e s  a d d it io n a l data fro m  D ju r ic k o v ic  (2 0 1 3 ) s tudy fo r  co m p a ra tive  pu rposes .109 I t  is  

essentia l to  em phasize  th a t these stud ies w ere  conducted  u t i l iz in g  d if fe re n t e va lu a tio n  

c r ite r ia  and a d if fe re n t m a tu r ity  m od e l. T he  resu lts  sh ou ld  n o t be used to  d ra w  q u a n tita tiv e  

co nc lus ions . Instead, these resu lts  are to  be used to  com pare  th a t regard less o f  the 

e va lu a tio n  m o d e l u tiliz e d , the  data s t i l l  ind ica te s  th a t G 2 B  and G 2 C  serv ices are in  the  

same le v e l o f  m a tu r ity  and the  d iffe re n c e  in  the  m a tu r ity  le ve ls  b e tw een  G 2 B  and G 2C  

are re la t iv e ly  constant. H o w e v e r, th is  in fo rm a tio n  runs  co n tra ry  to  the  m o s t recen t U n ite d  

N a tio n s  e G o ve rn m e n t S u rvey  2 0 1 8 110, w he re  M o n te n e g ro  is  ranked  58th and w ith  a h ig h

108 The Heritage Foundation, www.heritage.org. accessed, September 25, 2019.

109 Djurickovic, T., "Analyis of EGovernment Services as a Tool for Measuring the Digital Development 
of Montenegro," Facta Universitatis - Series: Economics and Organization, 2013, 10(1), 65-76.

110 United Nations Department of Economic and Social Affairs, United Nations E-Government Survey 
2018 Survey, Accessed Sep 25, 2019, 33-34.
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le v e l o f  e le c tro n ic  g o v e rn m e n t d e ve lo p m e n t in d e x  (E G D I) . F u rth e r re v ie w  o f  th is  same 

su rvey  e x p l ic it ly  notes th a t the  im p ro v e m e n t in  the  E G D I o f  M o n te n e g ro  p r im a r ily  

resu lted  fro m  inve s tm en ts  m ade in  G 2 B  se rv ices .111 T he  d iffe re n c e  b e tw een  the  resu lts  o f  

the  tw o  f in d in g s  can m o s t l ik e ly  be a ttr ib u te d  to  the  d iffe re n c e  in  the  e v a lu a tio n  c rite r ia . 

W h ile  b o th  the  research o f  th is  s tudy and the  D ju r ic k o v ic  (2 0 1 3 ) s tudy  fo cuse d  on 

p ro v id in g  the  20  b as ic  e G ov  services, the  U n ite d  N a tio n s  su rvey  in co rp o ra te s  m any  

a d d it io n a l c r ite r ia  in  e v a lu a tin g  eG o v  m a tu r ity , in c lu d in g  m u lt ip le  approaches based on 

in fra s tru c tu re . L e g a l p ro d u c tio n  o f  goods and se rv ices are h id d e n  fro m  g ove rn m e n t 

a u th o ritie s  to  a v o id  p a ym e n t o f  taxes, soc ia l se cu rity  c o n tr ib u tio n s , m in im u m  w ages 

(sa fe ty  standards), etc.

T he  E G D I is  a w e ig h te d  average on  th ree  m o s t im p o rta n t d im en s ion s  o f  e -g ove rn m en t, 

n a m e ly : a) o n lin e  se rv ices scope and q u a lity  (O n lin e  S e rv ice  In d e x , O S I), (2 ) 

te le c o m m u n ic a tio n  in fra s tru c tu re  d e ve lo p m e n t status (T e le c o m m u n ic a tio n  In fra s tru c tu re  

In d e x , T I I ) ,  and (3 )  in h e re n t h um an  ca p ita l (H u m a n  C a p ita l In d e x , H C I) :

EGDI — (OSInormauzed + THn0fmanzed + HCInormanzed) (28)

P ro d u c tiv ity  g ro w th  has n o t increased  in  l in e  w ith  the  e xpec ta tions  o f  f irm s . T he  w o rk e rs  

in  M o n te n e g ro  ask fo r  la rg e r w ages (h ig h  expec ta tions). S t il l,  the  p roducers  canno t a ffo rd  

i t  (p ro d u c t iv ity  g ro w th  n o t in  lin e  w ith  w o rk e rs ' e xpe c ta tio n s), in c re a s in g  u n e m p lo ym e n t, 

and as a re s u lt a ffe c tin g  in f la t io n . T e c h n o lo g ic a l p rogress is  neg lec ted  so fa r, and its  

s truc tu ra l e co n o m ic  change shou ld  be cons ide red  to  fo re cas t and g o ve rn  in f la t io n  th ro u g h  

e co n o m ic  shadow s and e q u ilib r iu m  in  the  la b o r  m arke t.

2.3.2. Economic freedom

T he  H e rita g e  F o u n d a tio n  (2 0 1 9 ) m easures e co n o m ic  fre e d o m  based on  12 q u a n tita tiv e  

and q u a lita t iv e  fa c to rs , g rouped  in to  fo u r  b ro ad  ca tegories, o r  p illa rs , o f  e co n o m ic

fre e d o m 111 112:

1. Rule of Law (p ro p e rty  r ig h ts , g o ve rn m e n t in te g r ity ,  ju d ic ia l e ffe c tiven ess)

2. Government Size (g o v e rn m e n t spend ing , f is c a l hea lth , ta x  b u rde n )

111 Ibid.

112 The Heritage Foundation, www.heritage.org. accessed, November 4, 2019.
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3. Regulatory Efficiency ( la b o r free do m , business free do m , m o n e ta ry  fre e d o m )

4. Open Markets ( in v e s tm e n t free do m , trade  free do m , fin a n c ia l fre e d o m )

P ro te c tio n  o f  p ro p e rty  r ig h ts , f in a n c ia l free do m , ju d ic ia l e ffec tiveness, f is c a l hea lth , and 

g o ve rn m e n t spend ing  rem a ins  the  n e x t in s t itu t io n a l c o m m itm e n t step. M a s s iv e  

inve s tm en ts  in  in fra s tru c tu re  have created gaps in  b ud ge ta ry  su s ta in a b ility .
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Figure 7: T w e lv e  q u a n tita tiv e  and q u a lita t iv e  fa c to rs  o f  e co n o m ic  free do m , 2 00 9 -20 17
Source: Author’s calculations in EViews 11.

A s  w e  can observe  fro m  F ig u re  7, business free do m , g o v e rn m e n t in te g r ity ,  in ve s tm e n t 

freedom , la b o r free do m , m o n e ta ry  free do m , ta x  bu rden , and trade  fre e d o m  vs. o v e ra ll 

e co n o m ic  fre e d o m  in d e x  have p rospe red  since  2009. F o r  instance, c o m p a rin g  business 

fre e d o m  vs. to ta l e co n o m ic  free do m , s ig n if ic a n t p rogress can be observed.

A rn a so n  (1 9 9 9 ) says: “ p ro p e rty  r ig h ts  are fu n d a m e n ta l to  w h a t is  g e n e ra lly  regarded  as 

e co n o m ic  progress, and w ith  w e ll-d e f in e d  and e n fo rce d  p ro p e rty  r ig h ts  su rp lus 

p ro d u c tio n  becom es p o s s ib le .113”  T he  h ig h e r q u a lity  o f  the  p ro p e rty  r ig h ts  are, the  m o re

113 Arnason, R., “Property Rights as a Means of Economic Organization,” Conference Use of Property 
Rights in Fisheries Management, 1999.
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e ffe c tiv e  and e ff ic ie n t th e  e con om y w i l l  be. In  a g lo b a liz e d  w o r ld , trade  can be a lm o s t 

u n im a g in a b le  w ith o u t  the  w e ll-d e f in e d  p ro p e rty  r ig h ts  o f  tra n s fe ra b le  goods and 

se rv ices114 115 116. F o r  exam p le , b u y in g  o n lin e  shares o f  K A P  sh ou ld  be w e ll-d e f in e d  fo r  and b y  

the  K A P . W ith o u t  c le a r ly  stated p o lic ie s , e co n o m ic  a c t iv ity  is  v e ry  lim ite d . A  free  m a rk e t 

w i l l  generate fu l l  e co n o m ic  e ff ic ie n c y  and o p tim a l e co n o m ic  g ro w th 115116. A  free  m a rke t 

w ith o u t  c le a r ly  d e fin e d  p ro p e rty  r ig h ts  canno t fu n c t io n , m a k in g  the  p ro p e rty  r ig h ts  the  

core  o f  a free  m a rk e t117 118 119 120. T he  ch a rac te ris tics  o f  p ro p e rty  r ig h ts  are e labo ra ted  in  S c o tt’ s 

a rtic le  (19 96 ), w h ic h  presents the  fo l lo w in g  fo u r  a ttr ib u te s  o f  p ro p e rty  r ig h ts 118119120:

• Exclusivity -  T he  r ig h t to  u t i l iz e  and a resource  w ith o u t  in te rfe rence .

• Duration -  T he  le n g th  o f  t im e  the  o w n e r can use the  resource.

• Security -  T he  s trength  o f  the  e n title m e n t.

• Transferability -  T he  e x te n t o f  the  e n title m e n t.

T he  c o m b in a tio n  o f  the  ch a rac te ris tics  o f  p ro p e rty  r ig h ts  is  m u lt id im e n s io n a l121. The 

re la tio n  o f  se cu rity  and d u ra tio n  m ig h t be h ig h , e .g., 1, b u t the  re la tio n s h ip  be tw een  

se cu rity  and tra n s fe ra b ility  m ig h t be lo w e r  th an  1. S c o tt (1 9 8 8 ) cons truc ted  an aggregate 

n u m e ric a l m easure o f  the  q u a lity  o f  p ro p e rty  r ig h ts 122. In  o u r case, i t  can he lp

114 Scott, A.D. Introducing Property in Fisheries Management. A paper submitted at FishRights99, Mini 
course. Fremantle, 1999.

115 Debreu, G. Theory o f Value: An Axiomatic Analysis o f Economic Equilibrium. New Haven and London: 
Yale University Press, 1959.

116Varian, H.R., Intermediate Microeconomics: A Modern Approach, 9th ed. New York: W. W. Norton & 
Company, 2014.

117 Uzawa, H. Note on the Existence o f  an Equilibrium for a Competitive Economy. Mimeographed, 
Department of Economics, Stanford University, 1956.

118 Scott, A.D. The ITQ as a Property Right: Where it Came From, How it Works and Where it is Going. 
In B.L. Crowley (ed.) Taking Ownership: Property Rights and Fisheries Management on the Atlantic 
Coast. Atlantic Institute for Market Studies, Halifax, 1996.

119 Daniel E. Lane, D. E., “Property rights and governance in Canadian fisheries,” Optimum, The Journal 
o f  Public Sector Management, 1999, 29(1), 1-8.

120 Barro, R. X. Sala-i-Martin. Economic Growth. New York: McGraw-Hill, 1995.

121 Smith, A. An Inquiry into the Nature and Causes o f  the Wealth o f  Nations. Edition by E. Cannan 1977. 
Chicago: University of Chicago Press, 1776.

122 Scott, A.D. Conceptual Origins of Rights Based Fishing. In Neher et al. (eds.) Rights Based Fishing. 
Kluwer Academic Publishers, Dordrecht, 1988.
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p o lic y m a k e rs  ju d g e  th e  e co n o m ic  e ff ic ie n c y  o f  an in s t itu t io n a l fra m e w o rk  o f  

M o n te n e g ro 's  a c tiv ity . S co tt (1 9 8 8 ) cam e up  w ith  the  fo l lo w in g  q u a lity  m easure (Q ):

Q =  ( n f = 1 * (a i)  • (W ± +  Y !j= N + 1 ^ 2 ,j  • r f )  (2 9 )

L e t us say, fo r  e xam p le , th a t the  se cu rity  p ro p e rty  r ig h t  ch a ra c te ris tic  score fo r  

M o n te n e g ro  is  0 .95 , e x c lu s iv ity  0 .95 , d u ra tio n  0.9, and tra n s fe ra b il ity  scores 0.1. W e ig h ts  

are as fo l lo w in g :  w 1 =  0 .5  a n d  w 2 =  0 .5 . W h a t ’ s the  Q:

Q =  S a  • E P  • D Y ( w 1 +  w 2 • T s )  =  0 .5 1 3 0  (30 )

E ve n  th o u g h  the  se cu rity , e x c lu s iv ity , and d u ra tio n  score v e ry  h ig h , the  Q -v a lu e  o f  the  

p ro p e rty  r ig h ts  scores o n ly  51 .3%  o f  the  100%  p o te n tia l because o f  the  lo w  tra n s fe ra b ility .

2.3.6. Capital stock, human capital, and em ploym ent

C a p ita l s to ck  denotes the  gross f ix e d  ca p ita l fo rm a tio n  (%  o f  G D P ). T he  gross f ix e d  

ca p ita l fo rm a tio n , lin k e d  to  the  F D I  d r iv e  m o d e l o f  e co n o m ic  g ro w th , sum m arizes  the  

dem and side 's im pacts . T he  to u r is m , house sales, b a n k in g  sector, and s tru c tu ra l re fo rm s  

m ir ro r  la rge  F D I  in f lo w s  in  M o n te n e g ro . T he  ju s t  m e n tio n e d  fa c to rs  boosted  dom estic  

dem and and increased b a n k  deposits.

H u m a n  cap ita l t im e  series com prises  h ig h e r e du ca tio n  e m p lo ye d , c r it ic a l fo r  ke ep in g  

susta inab le  g ro w th , w h ile  the  e m p lo y m e n t to  the  la b o r  fo rc e  (v ita l fo r  in c lu s iv e  and 

susta inab le  d e ve lo pm e n t). In  contrast, h um an  c a p ita l and e m p lo y m e n t are re la ted  to  

e ffec ts  on  M o n te n e g ro ’ s econom y 's  su p p ly  s id e 123. W e  co ns ide r e m p lo y m e n t and hum an 

ca p ita l on  the  su p p ly  side. O n  the  o the r hand, w e  use ca p ita l s tock  to  m easure the  dem and 

side. L e t ’ s e xam ine  the  h um an  ca p ita l and e m p lo y m e n t/u n e m p lo y m e n t in te rc o n n e c tiv ity .

2.3.6.1. Unemployment and wage inequality in Montenegro

T e c h n o lo g ic a l p rogress is  a p o te n tia l cost o f  u n e m p lo y m e n t fo r  w o rk e rs  w ith  inadequa te  

s k ills , w h ile  i t  represents p o te n tia l p rogress fo r  those w ith  the  r ig h t  s k ills . I t  leads to  the

123 Fabris, N., “Impact of the Global Financial Crisis on the Labour Market and Citizens Social Status in 
Montenegro”, in the book The Social Consequences of the Global Economic Crisis in South East Europe, 
London School of Economics, 2013, 131 -  143.
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in e q u a lity  o f  w ages. L e t ’ s see w h a t happened in  M o n te n e g ro 's  m a rk e t s ince  2012 , s ince 

th a t ’ s the  o n ly  a va ila b le  data fo r  d if fe re n t sectors re la t iv e  to  education .
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Figure 8: A c c o m m o d a tio n  and fo o d  serv ices ne t in c o m e  to  graduates, spec ia lis ts ,
m asters, and d octo rs  o f  science.

Source: Author’s calculations in EViews 11.

F ig u re  8 show s the  e v o lu t io n  o f  ne t in c o m e  fo r  d if fe re n t e du ca tio n  le v e ls  f ro m  2012  to  

2017. E ach  o f  the  reg ress ion  lin e s  show s the  e v o lu t io n  o f  A c c o m m o d a tio n  and fo o d  

se rv ice  a c t iv it ie s ’ ne t in c o m e  fo r  a g iv e n  le v e l o f  educa tion : graduates, spec ia lis ts , 

m asters o f  science, and d oc to rs  o f  science. W e  can n o tic e  th a t the  average ne t in co m e  

w ith o u t taxes and the  a c co m m o d a tio n  and fo o d  se rv ice  a c tiv it ie s  sector's c o n tr ib u tio n s  is  

a round  385€  fro m  2012  to  2017. F o r  the  f ir s t  th ree  le ve ls  o f  educa tion , the  reg ress ion  lin e  

show s a d o w n w a rd  s lope, w h ile  o n ly  d oc to rs  o f  science fo r  th is  sector show  an u p w a rd  

trend. T h e  dem and fo r  g raduates, spec ia lis ts , M a s te r o f  S c ience  has s te a d ily  fa lle n  o ve r 

t im e  fo r  th is  sector, w hereas d oc to rs  o f  science have  seen th e ir  n e t in c o m e  rise  

co ns is te n tly .
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Figure 9: A d m in is tra t iv e  and su pp o rt se rv ice  a c tiv it ie s  ne t in c o m e  to  graduates, 
spec ia lis ts , m asters, and d oc to rs  o f  science.

Source: Author’s calculations in EViews 11.

T h is  s p e c ific  sector's o v e ra ll co n c lu s io n  seems th a t M o n te n e g ro 's  dem and re la tiv e  to  the  

edu ca tio n  le v e l is  n o t u p w a rd . I t  im p lie s  th a t the  sector o f  a c co m m o d a tio n  and fo o d  

se rv ice  a c tiv it ie s  does n o t have a h ig h  dem and fo r  e du ca tio n  and th a t th is  sector is  n o t 

re la ted  to  ne t in c o m e  in e q u a lity .
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I f  w e  tu rn  to  F ig u re  9, the  o n ly  m aste r o f  science has seen th e ir  w ages rise  s tead ily . The 

n u m b e r o f  g raduates, students w h o  fin is h e d  fa c u lty , increased  s lo w ly  fro m  2012  to  2017, 

a ve rag ing  to  3000  graduates, w hereas th e ir  dem and in  the  m a rk e t show s a n ega tive  

re la tio n  to  ne t w ages. T he  la b o r  m a rk e t w as in  dem and fo r  m asters o f  science, and the  

dem and w as h ig h e r  than  the  su pp ly , thus  in c re a s in g  the  ne t wages.

Graduates

480 

460 

440 

420 

400 

380

1,300 1,500 1,700 1,900

Specialists

I

480 

460 

440 

420 

400 

380

160 200 240 280 320

masters o f science Doctors of science

Figure 10: C o n s tru c tio n  ne t in c o m e  to  g raduates, spec ia lis ts , m asters, and d oc to rs  o f
science.

Source: Author’s calculations in EViews 11.

N e t in c o m e  fo r  c o n s tru c tio n  graduates, spec ia lis ts , and P h .D .’ s increased  sm o o th ly , b u t 

fo r  m asters o f  science, w e  see a sm oo th  decrease in  F ig u re  10. T he  h ig h e s t p ro p o rt io n  o f  

increase b e lon gs  to  graduates s ince la rge  g o ve rn m e n ta l p ro je c ts  w e re  g o in g  on  in  

M o n te n e g ro  s ince  2012 .
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Figure 11: F in a n c ia l and insu rance  ne t in c o m e  to  graduates, spec ia lis ts , m asters, and
d octo rs  o f  science.

Source: Author’s calculations in EViews 11.

T he  f in a n c ia l and insu rance  sector has seen an increase  fo r  spec ia lis ts  and P h .D .’ s and a 

sm oo th  increase fo r  graduates, w h ile  m asters o f  science show  a decrease in  ne t wages.
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Figure 12: T o ta l ne t in c o m e  to  graduates, spec ia lis ts , m asters, and d oc to rs  o f  science.
Source: Author’s calculations in EViews 11.

A  lo t  o f  banks and insu rance  com pan ies  en tered  in to  the  m a rk e t o f  M o n te n e g ro , 

in c rea s ing  the  dem and fo r  spec ia lis ts  and P h .D .’ s a ve rag ing  fro m  860€  to  920€.

F ig u re  12 represents a ll sectors' to ta l ne t in c o m e  re la tiv e  to  graduates, spec ia lis ts , m asters, 

and P hD s. O n ly  m asters la c k  in  the  increase o f  dem and in  the  la b o r  m a rke t, s ig n a liz in g  

the  p o lic y m a k e rs  th a t th is  h ig h -s k il le d  g ro u p  shou ld  be d r iv e n  fu r th e r  in  the  m a rke t 

because the  o v e ra ll e con om y o f  M o n te n e g ro  does n o t u t i l iz e  th e ir  p o te n tia l.

2.4. Demand-pull and cost-push ingredients of inflation

O ne o f  the  m od e ls  th a t ana lyzes in f la t io n  de te rm ina n ts  in  th is  research w i l l  in co rp o ra te  

aggregate  dem and and aggregate  su p p ly  fa c to rs : exchange rate, b ro ad  m o n e y  (M 2 ) , 

w ages, and p ro d u c t iv ity  in d e x 124.

T he  n o m in a l exchange ra te  o f  euro  m ove m e n ts  can in f lu e n c e  M o n te n e g ro  d o m e s tic  p rices 

th ro u g h  d ire c t and in d ire c t channels. In  the  d ire c t channe l, exchange  ra te  m ove m e n ts  can 

a ffe c t d om es tic  p rices  th ro u g h  changes in  the  p rice  o f  im p o rte d  fin is h e d  goods and 

im p o rte d  inp u ts . In  the  in d ire c t e ffe c t, the  exchange  ra te  d ep re c ia tio n  a ffec ts  th e  ne t 

expo rts , w h ic h  in  tu rn  in flu e n c e s  the  d o m e s tic  p rices  th ro u g h  th e  change in  aggregate 

dem and, p u tt in g  u p w a rd  pressure on  d o m e s tic  p rices. F o r  exam p le , Ik e c h u k w u  K e lik u m e  

et a l., (2 0 1 7 ) f in d  th a t in  N ig e ria , the  e ffe c t o f  in n o v a tio n  to  the  exchange rate in  12- 

m o n th  d yn a m ics  is: a) increases p ric e  le v e l b y  50% , b )  d e p re c ia tio n  increases the  p rice

124 Bruno, M., Crises, Stabilisation, and Economic Reform: Therapy by Consensus. Oxford: Clarendon 
Press, 1993.
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le v e l b y  41% , and c) a pp re c ia tio n  im p a c ts  the  p rice  le v e l b y  1 4 % 125. H o o p e r and L o w e ry  

(1 9 7 9 ) re p o rt th a t the  v a r io u s  m od e ls  th e y  e xam in e d  in d ic a te  th a t a 10%  d ep re c ia tio n  in  

the  d o lla r , o the r th in g s  constant, p roduces a lo n g -ru n  increase  in  consum er p rices  in  the  

o rd e r o f  0 .8 %  to  1 .5 % 126. W h it t ,  K o c h , and R ose nsw e ig  (1 9 8 6 ) f in d  th a t a 10%  

d e p re c ia tio n  o f  the  d o lla r  p roduces a 1.6%  increase  in  the  p ric e  le v e l a fte r one ye a r and a 

4 .6 %  increase a fte r fo u r  ye a rs127 128 129 130 131 132. R ea l a pp re c ia tio n  a dve rse ly  a ffec ts  e xpo rts128129130131132.

T he  f is c a l p o lic y  o f  M o n te n e g ro  and p ro d u c tiv ity  g ro w th  are h ig h ly  re la ted  to  

u n e m p lo y m e n t and in f la t io n . L a b o r  p ro d u c t iv ity  de te rm ines the  re la t iv e  p rices: the  

gen e ros ity  o f  u n e m p lo y m e n t and a n titru s t le g is la tio n , on  the  o the r hand, re fe rs  to  real 

w ages and, consequen tly , to  u n e m p lo y m e n t and in f la t io n 133. D iffe re n c e s  b e tw een  o u tp u t 

and p o te n tia l o u tp u t are re la ted  to  the  d e v ia tio n  o f  u n e m p lo y m e n t f ro m  its  n a tu ra l rate 

and in f la t io n  change. In  an en la rged  E u rope , besides the  ca tch in g -u p  process, the  c y c lic a l 

c o n d it io n s  and regu la ted  p rices  are im p o rta n t de te rm ina n ts  o f  the  in f la t io n  ra te 134.

125 Ikechukwu, K., F. Alabi, and A. Friday., “Nigeria Consumption Function -  An Empirical Test of the 
Permanent Income Hypothesis,” Journal o f  Global Economics, Management and Business Research,
2017, 9(1), 17-24.

126 Hooper, P., and B. Lowrey., Impact of the dollar depreciation on the U.S. price level: an analytical 
survey of empirical estimates, Washington Board of Governors of the Federal Reserve System, 
International Finance Discussion Papers 128, 1979.

127 Whitt, J. A., P. D. Koch and J. A. Rosensweig., “The dollar and Prices: An Empirical Analysis,” 
Economic Review, 1986, 71, 4-18.

128 Chen, R., G. M. Milesi-Ferretti, and T. Tressel., “External Imbalances in the Euro Area,” IMF Working 
Paper, 2/236, 2012.

129 Easterly, W., National Policies and Economic Growth: A Reappraisal. In Handbook o f  Economic 
Growth, ed. P. Aghion andS. Durlauf Amsterdam: Elsevier, 1015- 56, 2005.

130 Coudert, V., C. Couharde, and V. Mignon., “On Currency Misalignments within the Euro Area,” Review 
o f  International Economics, 2013, 21(1), 35-48.

131 Egert, B. and A. Morales-Zumaquero., Exchange rate regimes, foreign exchange volatility and export 
performance in Central and Eastern Europe: Just another blur project?, BOFITDiscussion Papers, No. 8., 
2005.

132 McKenzie, M. D., “The Impact of Exchange Rate Volatility in International Trade Flows,” Journal o f  
Economic Surveys, 1999, 13(1), 71-106.

133 Blanchard, O., Macroeconomics, 7th ed. Harlow, UK: Pearson, 2017.

134 Egert, B., Real Convergence, Price Level Convergence and Inflation Differentials in Europe, CESIFO 
Working Paper, No. 2127, 2007.

75



Maintaining price stability in Montenegro through governance o f external and internal _ factors
o f inflation

Im p o rte d  in f la t io n  th ro u g h  fo o d  and o il  p rices, the  in te rn a l exc ise  ta x  on  a lc o h o lic  

beverages and tobacco , and a c co m m o d a tio n  serv ices ' costs im p a c te d  in f la t io n  the  m o s t in  

2 0 1 7 135.

O u r research w i l l  use the  depos its  to  p riv a te  sector and dem and depos its  to  m easure b road  

m o n e y  (M 2 ), as d e fin e d  b y  the  I M F 136. T he  m o n e y  su p p ly  (M 2 )  is  an exogenous v a ria b le , 

in  th is  case, b e in g  fo rm e d  th ro u g h  ca p ita l and cu rre n t account. S ince  M o n te n e g ro  is  an 

open econom y, i t  can im p a c t in f la t io n . L o w -in te re s t rates change the  m o n e y  supp ly , 

a ffe c tin g  the  consum ers, inve s tm en ts , and aggregate  dem and: ou tpu t. T he  im p lic a t io n  is 

th a t i t  increases e co n o m ic  a c t iv ity  and in f la t io n .

M o re o v e r, w e  w i l l  use w ages to  m easure th e ir  im p a c t on  in f la t io n . F irs t, i f  w ages are 

m o re  than  p ro d u c t iv ity  g ro w th , th e y  im p a c t in f la t io n : cos t-push  fa c to r. S econd ly , the  

pu rcha s ing  p o w e r o f  c lie n ts  a ffec ts  aggregate  dem and th ro u g h  m o n e y  expans ion : 

d e m a n d -p u ll fa c to r.

2.5. Maintaining price stability in Montenegro

R e ce n tly , the re  has been a d ire c t io n  b y  researchers to  co n s id e r f in a n c ia l s ta b il ity  as a 

cen tra l b a n k  ta rge t. A t  the  t im e  be ing , o n ly  the  C en tra l B a n k  o f  M o n te n e g ro  has e x p l ic it ly  

stated f in a n c ia l s ta b ility  as its  p r im a ry  goa l, w h ile  m an y  cen tra l banks have fin a n c ia l 

s ta b il ity  as a secondary goa l. T he re fo re , w e  can state th a t M o n te n e g ro  is  ranked  as a leade r 

in  im p le m e n tin g  m od e rn  m on e ta ry  p o lic y  s o lu tio n s .137

In  2010 , M o n te n e g ro  ach ieved  the  E U  cand ida te  status, and since  June 2012 , has been in  

the  process o f  n eg o tia tion s . In  the  f in a l phase o f  th e  n e g o tia tio n s , M o n te n e g ro ’ s p resent 

use o f  the  euro  w i l l  be addressed. F ro m  accession  as a M e m b e r State, M o n te n e g ro  w i l l  

p a rtic ip a te  in  the  e co n o m ic  and m on e ta ry  u n io n  w ith  a d e rog a tio n . F o llo w in g  an

135 Government of Montenegro, Economic Reform Programme for Montenegro, 2018-2020.

136 International Monetary Fund (IMF)., Monetary and Financial Statistics Manual, 2010.

137 Zugic, R., and N. Fabris., “Financial Stability as the Goal of Central Banks, ” Current issues o f  the 
Montenegrin economy, 11-30.
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e va lu a tio n  o f  its  fu l f i l lm e n t  o f  the  necessary c o n d it io n s  and the  C o u n c il d e c is io n  to  th is  

e ffe c t, M o n te n e g ro  sha ll jo in  the  euro  area138.

A c c o rd in g  to  the  M a a s tr ic h t conve rgence  c r ite r ia  req u irem en ts  fo r  e n te rin g  the  E U  

(E u ropean  C o m m iss io n , C onve rgence  R ep o rt, 2 01 8 ), the  in f la t io n  rate m u s t be stable  and 

lo w  as a p re re q u is ite  to  jo in in g .  A r t ic le  8 7 v  o f  the  L a w  o f  the  C en tra l B a n k  o f  M o n te n e g ro  

says:”  T he  p r im a ry  goa l o f  the  C en tra l B a n k  o f  M o n te n e g ro  is  to  m a in ta in  p ric e  s ta b ility , 

and th a t w ith o u t  p re ju d ic e  to  the  a ch ieve m en t o f  the  o b je c t iv e  re fe rre d  to  parag raph  1 o f  

A r t ic le  87v, the  C en tra l B a n k  sha ll su p p o rt the  genera l e co n o m ic  o b je c tive s  p o lic y  o f  the  

E u ropean  U n io n , to  c o n tr ib u te  to  the  ach ieve m en t o f  the  E u ropean  U n io n  o b je c tive s  set 

o u t in  A r t ic le  3 o f  the  T re a ty  on  E u ropean  U n io n .139”  B y  o pe n in g  C hap te r 17 -  E c o n o m ic  

and m on e ta ry  p o lic y  n e g o tia tio n s , the  E u ropean  U n io n  c a u tio u s ly  m o n ito rs  the  

advancem ent and im p le m e n ta tio n  fo l lo w in g  the  a c q u i s  th ro u g h o u t the  n e g o tia tin g  

p rocess140. T he  b e n ch m a rk  fo r  the  chap te r is: M o n te n e g ro  has em braced  th e  req u ire d  

c o n s titu tio n a l change. I t  has to  ensure th a t the  m a in  o b je c tiv e  o f  p rice  s ta b il ity  is  d e fin e d  

in  co m p lia n ce  w ith :  ( i)  A r t ic le s  127 (1 ) and ( i i )  A r t ic le  282  (2 )  o f  the  T re a ty  on  the  

F u n c tio n in g  o f  the  E u rop ea n  U n io n 141. M o n te n e g ro  has to  f i t  its  n a tio n a l le g is la tio n  in  

l in e  w ith  the  E U  la w  to  adop t the  euro: m ee t p r ic e  s ta b ility  and ensure the  co un try 's  

e co n o m ic  convergence. C onvergence  c r ite r ia  re p o rt th a t the  g o ve rn m e n t has to  have a 

p rice -p e rfo rm a n ce  th a t is  susta inab le , and the  average in f la t io n  ra te  shou ld  n o t be h ig h e r 

th an  1 .5%  o f  the  th ree  best p e r fo rm in g  M e m b e r S tates142” .

W e  f in d  the re  is  s t i l l  s u ff ic ie n t ro o m  fo r  in f la t io n  e xa m in a tio n , even th o u g h  in f la t io n  has 

been ana lyzed  to  a g rea t exten t. T he  C B C G  used the  au to reg ress ive  in te g ra te d  m o v in g

138European Union, “General EU Position adopted by the Council,” 2012, AD 23/12, CONF-ME-2, 13-14.

139 Central Bank of Montenegro, “Law of the Central Bank of Montenegro,” Official Gazette o f  
Montenegro, 2017, N o. 40/10, 46/10, 6/13, 70/17.

140 European Commission, “Convergence Report. Institutional Paper 078,” European Economy, 2018, ISSN 
2443-8014.

141European Union, “Consolidated version of the Treaty on the functioning of the European Union,” Official 
Journal o f  the European Union, 2012, C 326/47.

142European Commission, “Convergence Report. Institutional Paper 078,” European Economy, 2018, ISSN 
2443-8014.
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average ( A R IM A )  m o d e l (2 ,1 ,2 ), in  2018 , fo r  fo re c a s tin g  in f la t io n  in  M o n te n e g ro 143 144 145. T h is  

d isse rta tion 's  n o v e lty  uses a c o m b in e d  p re d ic t io n  ( V A R  and B a yes ia n  V A R )  fo r  the  

M o n te n e g r in  econom y. T h is  s tudy e m p lo ys  h ig h  -  d im e n s io n a l d y n a m ic  m ode ls . I t  

exam ines tim e -se rie s  data fro m  2006 :1  -  2017 :12 . I t  exam ines and com pares the  

p e rfo rm a n ce  o f  d if fe re n t fo re ca s tin g  c o m b in a tio n  puzz les  o f  in f la t io n 144145.

S ince  m an y  fa c to rs  a ffe c t M o n te n e g ro 's  in f la t io n a ry  pressures, w e  es tim a te  re c u rs iv e ly  

th ree  V A R  and th ree  B a yes ia n  V A R  m ode ls . T he  B a yes ia n  V A R  m od e ls  g iv e  a u se fu l 

s o lu tio n  to  the  concerns o f  p ro life ra t io n  w o rr ie s . T hen, w e  co m b in e  the  V A R s  and ge t 

tw o  m ore  R M S E s . W e  p roceed  to  co m b in e  B a ye s ia n  V A R s  and ge t tw o  m ore  R M S E s . 

M o re o v e r, w e  com pare  the  co m b in a tio n s , u s in g  equal and M S E  w e ig h ts , and ge t the  best 

R M S E s . In  the  m ean tim e , w e  f in d  ca u sa lity  am ong  v a ria b le s  u s in g  im p u ls e  responses and 

va ria n ce  d eco m p o s itio n . A t  the  end o f  D e ce m b e r 2017 , the  B V A R  M S E  c o m b in a tio n  

in f la t io n  fo re ca s tin g  fig u re s  2 .66 1% , w h ile  the  B V A R  average c o m b in a tio n  in f la t io n  

fig u re s  2 .822% . T he  average w e ig h ts  approach  o f  s tandard V A R  fig u re s  1 .537% , and the  

inve rse  o f  s tandard  V A R  M S E  fig u re s  1 .516% . S tandard V A R  c o m b in a tio n  m ode ls , 

average and re la tiv e  p e rfo rm an ce , show  fo re c a s tin g  p e rfo rm ances  th a t are susta inab le  and 

f u l f i l l  the  conve rgence  c r ite r ia .

T he  average ra te  o f  th re e  best p e r fo rm in g  M e m b e r states is  0 .4  percen tage  p o in ts  and, 

add in g  1.5 percentage p o in ts , the  re fe rence  is  1.9 p .p. E ve n  th o u g h  B V A R  c o m b in a tio n  

m ode ls , average and re la t iv e  p e rfo rm an ce , end up  w a y  o f f  com pared  to  the  conve rgence  

E U  c r ite r ia , in c o rp o ra tio n  o f  these B a yes ia n  c o m b in a tio n  m od e ls  is  s ig n if ic a n t fo r  the  

C B C G 146. T he  above resu lts  enable  fo recasters  to  address, eva lua te , com pare , and e x p lo it  

the  s treng th  o f  u s in g  th e  h ig h -d im e n s io n a l d y n a m ic  co m p os ite  fo recas t m ode ls .

143 Central Bank of Montenegro, “Price Stability Report,” Working Paper 2018.

144 Hendry, D. F., and M. P. Clements., “Pooling of Forecasts,” Econometrics Journal, 2002, 5, 1-26.

145 Jore, A.S., J. Mitchell., and S. P. Vahey., “Combining forecast densities from VARs with uncertain 
instabilities, ”Journal o f  Applied Econometrics, 2010, 250(4), 621-634.

146 Diebold, F. X. and P. Pauly., “The use of prior information in forecast combination,” International 
Journal o f  Forecasting, 1990, 6, 503-508.
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3. Data Methodology

T he  re cu rs ive  and n o n -re c u rs iv e  S V A R  id e n t if ic a t io n , pane l data ana lys is , and fo recast 

c o m b in a tio n  p uzz le  o f  in f la t io n  w i l l  be app lie d , u s in g  an equal and in ve rse  M S E  w e ig h ts  

approach. G e o rg ie v  et a l., (2 0 1 7 )147 h ig h lig h t  c h a ra c te r is t ic a lly  th a t tests fo r  s tochastic  

trends o r pers is tence  have been based on  o rd in a ry  least squares (O L S ) e s tim a tio n , 

a c h ie v in g  o p tim a l p o w e r p ro pe rtie s  u n d e r n o rm a lity . K o u ts o y ia n n is 148 (1 9 9 7 ) m a rks  ou t 

th a t O L S  is  one o f  the  m o s t c o m m o n ly  used m ethods in  e s tim a tin g  re la tio n s h ip s  in  

e co n o m e tric  m ode ls , and i t  p roduces the  best, lin e a r, unb iased  estim ates (B L U E ). T h is  

need stem s fro m  the  fa c t th a t i f  data fro m  a t im e  series is  n on  -s ta tio n a ry , the  O L S  

reg ress ion  p e rfo rm e d  on v a ria b le s  w ith  u n it  ro o t w o u ld  be “ sp u rio u s” 149 o r  “ d u b io u s .”  A  

series is s ta tion a ry  i f :  i )  its  m ean and va ria n ce  are constan t o v e r t im e , and i i )  the  va lu e  o f  

co va ria n ce  b e tw een  the  tw o  t im e  p e rio d s  depends o n ly  on  the  d is tance  o r la g  b e tw een  the  

tw o  p e rio d s  and n o t the  actua l t im e , w he re  the  co va ria n ce  is  c o m p u te d 150. Severa l tests 

can be used to  test s ta tio n a r ity  151. K o v a c ic 152 (1 9 9 5 ) accents th a t once the  t im e  series are 

id e n t if ie d  as n o n -s ta tio n a ry  series, th e y  shou ld  be  tested  w h e th e r th e y  are co -in teg ra ted . 

M o re o v e r, M a d d a la  and K im 153 (1 9 9 8 ) punctua te  th a t the  v a ria b le s  are co -in te g ra te d  i f  

th e y  sa tis fy  the  c o n d it io n  th a t there  are at least ( k - 1) c o - in te g ra tin g  equations, i.e ., 

s ta tion a ry  lin e a r  c o m b in a tio n s  o f  in d iv id u a l ly  n o n -s ta tio n a ry  va riab les . Several 

d ia g n o s tic  tests have to  be  p e rfo rm e d  a fte r the  m o d e l is  es tim a ted  so th a t a ll needed

147 Georgiev, I., P.M.M. Rodrigues, and R.A.M. Taylor., “Unit Root Tests and Heavy-Tailed Innovations,”
Journal o f  Time Series Analysis, 2017, 38(5), 733-768.

148 Koutsoyiannis, A., Theory o f  Econometrics: Introductory to Exposition o f  Econometric Methods. 
London: Macmillan Publishers, 1997.

149 Granger, C.S.W.J. and P. Newbold., “Spurious Regression in Econometrics,” International Journal o f  
Social Science, 1974, 5(1), 111-120.

150 Gujarati, D., Basic Econometrics. New York: The McGraw-Hill, 2004.

151 Mladenovic, Z., and A. Nojkovic., Primenjena analiza vremenskih serija. Beograd: Ekonomski fakultet, 
CID, 2012.

152 Kovacic, Z. J., Analiza vremenskih serija. Beograd: Ekonomski fakultet, 1995.

153 Maddala, G. S., and I-M. Kim., Unit Root, Cointegration, and Structural Change. New York: 
Cambridge University Press, 1998.
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corrections or even different estimators can be employed if necessary154. Many factors 

impact the internal and external shocks of inflation in Montenegro, and we will include 

variables with a significant impact on inflation in Montenegro.

First, we will analyze three different SVAR models:

a. I N F  = L O G E C O F R E E D O M  + L O G E G D I  + C A P S T O C K  + 
L O G H U M A N _ C A P I T A L  + E M P L O Y M E N T

b. I N F  = L O G E X C H  + L O G M L O G W  + P R O D I N D G R W T H
c. I N F  = L O G O I L  + L O G A L E U R  + U N  + G D P G A P

We proceed with a combination puzzle of inflation, using equal and inverse MSE weights:

d. 1. L S I N F  C  I N F ( - 1 )  I N F ( - 2 )  L O G E C O F R E E D O M _ S A ( - 1 )
L O G E C O F R E E D O M _ S A ( - 2 )  L O G E G D I ( - 1 )  L O G E G D I ( - 2 )  C A P S T O C K _ S A ( -
1) C A P S T O C K _ S A ( - 2 )  L O G H U M A N C A P I T A L S A ( - 1 )  
L O G H U M A N C A P I T A L S A ( - 2 )  E M P L O Y M E N T _ S A ( - 1 )  E M P L O Y M E N T _ S A ( -
2 )  G D P _ G A P ( - 1 )  G D P _ G A P ( - 2 )  D U M 2 0 0 9  D U M 2 0 1 4

2. L S  I N F  C  I N F ( - 1 )  I N F ( - 2 )  I N F ( - 3 )  L O G E X C H ( - 1 )  L O G E X C H ( - 2 )  
L O G E X C H ( - 3 )  L O G M ( - 1 )  L O G M ( - 2 )  L O G M ( - 3 )  L O G W ( - 1 )  L O G W ( - 2 )  
L O G W ( - 3 )  P R O D  I N D  G R W T H ( -1) P R O D _ I N D _ G R W T H ( - 2 )  
P R O D _ I N D _ G R W T H ( - 3 )  D U M 2 0 0 8  D U M  2 0 0 9 M 0 6  D U M 2 0 1 1 M 0 3  
D U M 2 0 1 3 M 1 0

3. L S  I N F  C  I N F ( - 1 )  I N F ( - 2 )  I N F ( - 3 )  L O G O I L _ S A ( - 1 )  L O G O I L _ S A ( - 2 )  
L O G O I L _ S A ( - 3 )  L O G A L E U R _ S A ( - 1 )  L O G A L E U R _ S A ( - 2 )  L O G A L E U R _ S A ( - 3 )  
U N _ S A ( -1 )  U N _ S A ( -2 )  U N _ S A ( -3 )  G D P _ G A P ( - 1 )  G D P _ G A P ( - 2 )  G D P _ G A P ( -
3 ) D U M  2 0 0 9 M 0 6  A L  D U M  2 0 1 1 M 0 3  A L  D U M  2 0 1 3 M 0 7  A L  
D U M 2 0 1 3 M 1 0 A L

The final step is panel data analysis of Montenegro, Serbia, Croatia and Slovenia:

e. D ( I N F )  = I N F ( - 1 )  + C A P I T A L _ S T O C K ( - 1 )  + E M P L O Y ( - 1 )  + L O G E F ( - 1 )  + 
L O G E G D I ( - 1 )  + G D P ( - 1 )  + D ( I N F ( - 1 ) )  + D ( I N F ( - 2 ) )  + D ( I N F ( - 3 ) )  + D ( I N F ( -
4 ))  + D ( I N F ( - 5 ) )  + D ( I N F ( - 6 ) )  + D ( I N F ( - 7 ) )  + D ( C A P I T A L _ S T O C K ( - 1 ) )  + 
D ( C A P I T A L _ S T O C K ( - 2 ) )  + D ( C A P I T A L _ S T O C K ( - 3 ) )  + 
D ( C A P I T A L _ S T O C K ( - 4 ) )  + D ( C A P I T A L _ S T O C K ( - 5 ) )  + 
D ( C A P I T A L _ S T O C K ( - 6 ) )  + D ( C A P I T A L _ S T O C K ( - 7 ) )  + D ( E M P L O Y ( - 1 ) )  + 
D ( E M P L O Y ( - 2 ) )  + D ( E M P L O Y ( - 3 ) )  + D ( E M P L O Y ( - 4 ) )  + D ( E M P L O Y ( - 5 ) )  + 
D ( E M P L O Y ( - 6 ) )  + D ( E M P L O Y ( - 7 ) )  + D ( L O G E F ( - 1 ) )  + D ( L O G E F ( - 2 ) )  + 
D ( L O G E F ( - 3 ) )  + D ( L O G E F ( - 4 ) )  + D ( L O G E F ( - 5 ) )  + D ( L O G E F ( - 6 ) )  + 
D ( L O G E F ( - 7 ) )  + D ( L O G E G D I ( - 1 ) )  + D ( L O G E G D I ( - 2 ) )  + D ( L O G E G D I ( - 3 ) )  +

154 Jovicic, M., Ekonometrijski metodi. Beograd: CID, Ekonomski fakultet, 2002.
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D ( L O G E G D I ( - 4 ) )  + D ( L O G E G D I ( - 5 ) )  + D ( L O G E G D I ( - 6 ) )  + D ( L O G E G D I ( -  
7)) + D ( G D P ( - 1 ) )  + D ( G D P ( - 2 ) )  + D ( G D P ( - 3 ) )  + D ( G D P ( - 4 ) )  + D ( G D P ( - 5 ) )
+ D ( G D P ( - 6 ) )  + D ( G D P ( - 7 ) )

3.1. Empirical time series analysis

We will look at the time series and analyze them. Asteriou and Hall155 (2007) point out 

that the starting point is to exploit the information we can get from a variable in the time 

series econometrics framework. Analyzing one variable at a time will give us a better 

understanding of the original time series properties. A systematized econometric 

knowledge will be used as a deductive way of understanding the time series's behavior. 

Moreover, intuition will be needed to compete for the scientific comprehension of the 

time series's behavior.

The time series are actual data used to analyze the general -  stochastic -  process of the 

facts drawn from a specific period. We can think of the stochastic process as a distribution 

of all possible outcomes that can occur over time156. As we move across time, we collect 

the data, and that constitutes observations. Each observation, for example Yt , Yt +1, Yt +2, 

etc., has its probability density function, and it is usually represented as bell curves. As 

we move across time, for example, from Yt ... Yt +k , what happens to the probability 

distribution function is very important. In case the probability distribution function 

changes over time, the time series is not stationary. The whole distribution does not 

change across time for a stationary process, but we will concentrate on the covariance­

stationary process. A stochastic process {x t : t=1, 2, ...} with a finite second moment 

[E ( x ^)  < k ] is c o v a r ia n c e -s ta t io n a ry  if: i) E ( x t )  is constant; ii) V a r ( x t )  is constant, and 

iii) for any t ,  h >  1, C o v ( x t x t +h )  depends on h  and not on t157. The covariance is only 

dependent on the distance between two observations, and it is the distance that matters. 

The mean and variance are constant and time-independent. Therefore, at time t  and time 

t  +  h ,  the mean and variance should hold constant:

155 Asteriou, D., and S. G. Hall., Applied econometrics, 3rd ed. Basingstoke, United Kingdom: Palgrave 
MacMillan, 2015.

156 International Monetary Fund (IMF), https://www.imf.org/en/Data, accessed, October 3, 2019.

157 Wooldridge, J. M., Introductory Econometrics: A Modern Approach. Ohio: South-Western, 2013.
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E ( Y t ) = E ( Y t + h ) = V  V a r ( Y t )  =  V a r ( Y t+ h ) ,  C o v ( Y t , Y t+ h )  =  C o v ( Y z ,Y z+ h )  (3 4 )

U n d e rs ta n d in g  the  b e h a v io r  o f  the  va ria b le s  w i l l  be o f  h ig h  im p o rta n ce  fo r  fo re ca s tin g  

the  va riab les .

3.1.1. Identification of covariance-stationarity of the time series

“ Y o u  can observe  a lo t  s im p ly  ju s t  b y  w a tc h in g ,”  says L a w re n c e  P e te r "Y o g i"  B e rra 158. 

T he  v e ry  f ir s t  th in g  w e  w i l l  do  is  g raph  the  data and observe  th e ir  m ove m e n t. Seeing the  

g ra p h ica l b e h a v io r  o f  the  m ean, va rian ce , and co va ria n ce  w i l l  fa m ilia r iz e  us w ith  the  data 

and th e ir  p o te n tia l breaks. In  case the  m ean, va riance , o r  co va ria n ce  do  n o t h o ld , the  

v a ria b le  is  n on s ta tio n a ry . F ro m  an e co n o m ic  perspective , i f  the  d e v ia tio n  does n o t tu rn  

b ack  to  its  lo n g -ru n  e q u ilib r iu m , the  v a r ia b le  is  n on s ta tio n a ry . T he  e q u ilib r iu m  c o n d it io n  

w o u ld  ge t the  v a ria b le  to  its  m ean in  the  lo n g -ru n  in  case o f  s ta tio n a r ity  ( in  case i t  d ive rges 

fo r  a ce rta in  p e rio d ). T he  va ria n ce  o f  the  t im e  series depends on  tim e . A s  t im e  expands, 

the  va rian ce  increases. I f  t im e  series are n o n s ta tio n a ry , the  p a tte rn  o f  res idua l 

a u to co rre la tio n s  does n o t d eca y159. In  s ta tio n a r ity  cases, the  tre n d  o f  res idua l 

a u to co rre la tio n s  (the  au to reg ress ive  - A R ) , m o v in g  average (M A ) ,  o r  auto reg ress ive  

m o v in g  average ( A R M A ) ,  m od e ls  d is p la y  a sharp c u to f f  in  p a rtia l a u to c o rre la tio n  

fu n c t io n  (P A C F ) and the  g radua l decay in  A C F . T he  r ig h t h in t  o f  n o n -s ta tio n a rity  w o u ld  

be a s lo w  decay o f  A C F  in  the  case o f  an A R  m o d e l160. N o n s ta tio n a ry  t im e  series have a 

s ta tis tic a lly  de tectab le  change o v e r t im e  -  trend . T he  tre n d  can be d e te rm in is tic  (a 

n o n ra nd om  fu n c t io n  o f  t im e ) and s tochastic  (ra n d o m  tren d  -  ran do m  w a lk  and ran do m  

w a lk  w ith  a d r i f t ) 161:

Yt = ^  +  p * t  +  u t (3 5 )

158 Lawrence Peter "Yogi" Berra (May 12, 1925 -  September 22, 2015) was an American professional 
baseball catcher, who later took on the roles of  manager and coach.

159 Ouliaris, S., A. Pagan and J. Restrepo., Quantitative Macroeconomic Modeling with Structural Vector 
Autoregressions -  An EViews Implementation. Institute for Capacity Development, 2018. E-book, 
available at https://www.eviews.com/StructVAR/structvar.html.

160 Stock, J.H., and M. W. Watson., Introduction to Econometrics, 4th ed. Boston: Pearson, 2019.

161 Greene, W. H., Econometric Analysis. Upper Saddle River, NJ: Pearson Prentice Hall, 2012.
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Yt — ^ t -1  +  u t  (36 )
Yt  =  M +  Yt - i  +  u t  (3 7 )

In  E q u a tio n  35, the  d e te rm in is tic  tre n d  is  a fu n c t io n  o f  a constan t a cons tan t o f  t im e

va lu e  f i ,  and in n o v a tio n s  u  (assum ed to  be in d e p e n d e n tly , id e n t ic a lly  d is tr ib u te d -w h ite

n o is e - iid ) . E q u a tio n  36 is  a p a r t ic u la r  A R  case w ith  an au to reg ress ive  c o e ff ic ie n t 1, so-

ca lle d  ran do m  w a lk , w h ic h  va ries  o v e r tim e . B esides, e qu a tio n  37 has a d r i f t  added to

e qu a tio n  36, d epend ing  on  b o th  on  its  o w n  lagged  va lu e  Yt - 1 .

In  e s tim a tin g  a s ta tio n a ry  m o d e l, such as A R M A ,  on  a n o n s ta tio n a ry  v a ria b le , the  

consequences are th a t th e  d is tr ib u t io n  is  n o n -n o rm a l, shocks do  n o t d ie  ou t, and test 

s ta tis tics  are f la w e d  (b iasedness in  c o e ff ic ie n ts  w i l l  be present), and co n fid e n ce  in te rv a ls  

are n o t v a l id 162.

A n  A R (1 )  m o d e l can be represen ted  as an M A ( q ) 163:

Yt =  P i Y t - i  +  u t

Yt =  f i i ( f i i Y t - 2  +  u t - 1 +  u t
Yt =  P l ( f i i Y t - 3 +  u t - 2 )+  f i iU t - i  +  u t

Yt =  P i Y 0 + u t + f i i  u t - i  +  f i ^ u t - 2  +  F l u - +  ... +  1U i

(38 )
(3 9 )
(4 0 )

(4 1 )

Yt  is  a fu n c t io n  o f  in n o v a tio n s  u t , u t - 1 , u t - 2 , u t - 3 , . . . , u 1 and the  im p a c t o f  shocks w i l l  

depend on  the  va lues  o f  f i 1. F o r  va lues  o f  f i 1 < 1  the  e ffe c t o f  shocks phases ou t, and the  

v a ria b le  is  s ta tion a ry , w h ile  fo r  va lues  f i 1 =  1  the  im p a c t o f  these in n o v a tio n s  

p e rm a n e n tly  do  n o t d im in is h  and have equal w e ig h t Yt =  Y0 +  % tiZ0)Ut - 1 . T he re fo re , 

the  v a ria b le  has a s tochastic  tren d , su m m in g  up  a ll shocks. Thus, th e  va ria n ce  o f  the  

v a ria b le  Yt  equals t  * S 2 , w h ic h  is  n o t cons tan t b u t depends on  t im e  t .  A s  a consequence 

o f  n o t d im in is h in g  the  shocks, i t  m akes the  v a ria b le  n on s ta tio n a ry . The re  is  one m ore  case 

w h e n  f i 1 >  1 , w h e n  the  e ffec ts  o f  shocks keep inc rea s ing , b u t th is  case in  rea l l i fe  does 

n o t happen.

T he  ra tio n a l roo ts  theo rem  states th a t i t  has a p o ly n o m ia l w ith  ra tio n a l ro o ts 164. W e  keep 

lo o k in g  at the  fa c to rs  o f  the  constant, the  le a d in g  c o e ff ic ie n t, and a ll p o s s ib ilit ie s . T a k in g

162 IMFx, Institute for Capacity Development, Macroeconometric Forecasting, 2018.

163 Mladenovic, Z., and P. Petrovic., Uvod u Ekonometriju. Beograd: Ekonomski Fakultet, 2011.

164 King, J. D., "Integer roots of polynomials," Mathematical Gazette, 2006, 90(519), 455-456.
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all possible combinations of the elements of the constant dividing by the leading 

coefficient factors gives all possible rational roots of the polynomial165. A root is a 

number, and if we plug into the polynomial equation, it should equal zero at the end. We 

check one by one if there are any of the factors that would bring the polynomial to zero166. 

If we have the polynomial roots, we can factor them in the opposite sign and multiply all 

of it, giving us the original polynomial back. Therefore, having a factor (root) equaling 

the polynomial to zero, we say the time series is nonstationary167.

In our case, we can test the hypothesis of non-stationarity by f t 1 =  1 , or equivalently take 

the differences A Y t =  y Y t - 1  +  u t , w h e re  y  =  f t  — 1 =  0. Therefore, we test for the 

significance of the coefficient y , but we have to keep in mind that the t-test does not 

follow the standard distribution. The most successful tests of the unit-roots are the 

Dickey-Fuller test (DF) and the Augmented-Dickey-Fuller (ADF) test168. Adding a 

constant (intercept) and a constant and time trend, ^  +  a  * t  (intercept and trend), we 

get an extended DF test169. In case the y  =  0 , we have a non-stationary economic time 

series. On the opposite, the series is stationary. As the error term is not likely to be white 

noise, Dickey and Fuller extended their test procedure by suggesting an augmented 

version (augmented Dickey-Fuller ADF) of the test that includes additional lagged terms 

of the dependent variable to remove autocorrelation170:

A Y t =  y Y t - i  +  Z f=i & A F t- i  +  u t  (42)
A Y t =  a 0 +  y Y t - i  +  I f^ A ^ - i  +  u t  (43) 165 166 167 168 169 170

165 Barrs, Sh., J. Braselton and L. Braselton, “A Rational Root Theorem for Imaginary Roots,” The 
College Mathematics Journal, 2003, 34(5), 380-382.

166 De Pillis, L. G., “Determinants and polynomial root structure,” International Journal o f  Mathematical 
Education in Science and Technology, 2005, 36(5), 469-481.

167 Dickey, D., W. Bell, and R. Miller., “Unit Roots in Time Series Models: Tests and Implications,” The 
American Statistician, 1986, 40(1), 12-26.

168 Mladenovic, Z., and A. Nojkovic., Primenjena analiza vremenskih serija. Beograd: Ekonomski 
fakultet, CID, 2012.

169 Guiley, D. K., and P. Schmidt., “Extended tabulations for Dickey-Fuller tests,” Economic Letters, 
1989, 31(4), 355-357.

170 Asteriou, D., and S. G. Hall., Applied econometrics, 3rd ed. Basingstoke, United Kingdom: Palgrave 
MacMillan, 2015.
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A Y t =  a o +  Y ^ t - i  +  <*2 1 +  l 1i=1 P i ^ Y t - 1 +  u t  (4 4 )

T he  same as w ith  the  s im p le  D F  test, the  d iffe re n c e  be tw een  th e  above th ree  regressions 

is  the  in te rc e p t a 0 and in te rc e p t and tre n d  a 0 +  a 2 t .

A s  fa r  as h o w  m a n y  lags shou ld  be in c lu d e d  in  the  A D F  test, the  A k a ik e 171 in fo rm a tio n  

c r ite r io n  (A IC ) ,  S chw arz  B a yes ia n  c r ite r io n 172 (S B C ), and g e n e ra l- to -s p e c ific  c r ite r ia  can 

be used. T he  n u ll h ypo the s is  fo r  b o th  tests, D F  and A D F , is  th a t 7  =  0 .

Because D F  and A D F  la c k  som e q u a lit ie s , w e  are g o in g  to  use a d d it io n a l tests. F o r 

exam p le , the  D F  and A D F  have lo w  p o w e r to  re je c t in  case o f  near u n it  roo ts , such as 

be tw een  the  s ta tio n a ry  process ( f l i  =  0 .9 5 )  and n o n s ta tio n a ry  p rocess ( f l i  =  1 ). The 

co n c lu s io n  c o u ld  be th a t the  t im e  series is  n o n s ta tio n a ry  w h e n  the  t im e  series t r u ly  is  

s ta tiona ry . T re n d  s ta tion a ry  processes can b a re ly  be d is tin g u is h e d  b y  D F  and A D F  

tes ts173. P e te r C. B . P h ill ip s  and P ie rre  P e rro n 174 (1 9 8 8 ) g iv e  a n o n p a ra m e tric  approach 

co n ce rn in g  nu isance  param eters and th e re b y  a llo w in g  fo r  an ex ten s ive  class o f  w e a k ly  

dependent and p o s s ib ly  h e te rogeneous ly  d is tr ib u te d  data: i t  is  the  A R (1 )  process A Y t =  

+  S t  +  M Yt - i  + u t . I t  has an in te rc e p t f . ,  t im e  tre n d  S t ,  and c o e ff ic ie n t m co n s id e rin g  

fo r  h e te ro sce da s tic ity  and se ria l c o rre la tio n  o f  u t . I t  is  a lso  a u n it  ro o t, te s tin g  fo r  m =  0. 

T he re fo re , the  PP test n eu tra lizes  the  in n o v a tio n s  u t  fo r  any a u to c o rre la tio n  o r 

h e te roscedastic ity .

D e n is  K w ia tk o w s k i,  P e te r C .B . P h ill ip s , P e te r S ch m id t, and Y o n g c h e o l S h in 175 (K P S S ) 

suggest a n u ll hypo the s is  tes t th a t an obse rvab le  series is  s ta tion a ry  a round  a d e te rm in is tic

171 Akaike, H., “A New Look at the Statistical Model Identification,” IEEE Transactions on Automatic 
Control, 1974, 19, 716-723.

172 Schwarz, G. E., “Estimating the dimension of a model,” Annals o f  Statistics, 1978, 6(2), 461-464.

173 Arltova, M., and D. Fedorova., “Selection of Unit Root Test on the Basis of Length of the Time Series 
and Value of AR(1),” Statistika - Statistics and Economics Journal, 2016, 96(3), 47-64.

174 Phillips, P. C. B. and P. Perron., “Testing for a Unit Root in Time Series Regression,” Biometrika, 
1988, 5(2), 335-346.

175 Kwiatkowski, D., P. C. B. Phillips, P. Schmidt, and Y. Shin., “Testing the null hypothesis of 
stationarity against the alternative of a unit root : How sure are we that economic time series have a unit 
root?,” Journal of Econometrics, 1992, 54(1-3), 159-178.
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trend : the  series is  rep resen ted  as the  sum  o f  the  d e te rm in is tic  tren d , ran do m  w a lk , and 

s ta tion a ry  e rro r. T he  tes t is  a L ag ra ng e  M u lt ip l ie r  ( L M ) 176 tes t o f  the  h ypo the s is  th a t the  

ran do m  w a lk  has ze ro  va riance . K w ia tk o w s k i et a l., (1 9 9 2 ) assum e to  decom pose  the  

series in to  the  sum  o f  a d e te rm in is tic  trend , a ran do m  w a lk , and a s ta tion a ry  e rro r:

Yt =  d t + r t +  u t  (4 5 )

H ere  r t , is  a ran do m  w a lk :

r t =  r t -1  +  e t  (4 6 )

w he re  the  e t , is  i id  (0 ,5% ). T he  d t  con ta ins  d e te rm in is tic  com ponen ts , g ro u p in g  the  

in te rc e p t and t im e  trends. W hereas, the  r t  denotes a ran do m  w a lk , and the  h ypo the s is  tests 

w h e th e r the  va ria n ce  equals zero, e t =  0. In  case the  e t =  0, th en  r t  is  m e re ly  a constan t 

because, w ith  m ean zero , there  is  no  va riance . T he re fo re , Yt  w i l l  have a tre n d  and 

in te rcep t, and i t  w i l l  be s ta tion a ry  since the  in n o v a tio n s , e t , is  w h ite  noise. T he  a lterna te  

hypo the s is  is  th a t there  is  som e va rian ce  in  the  d is tu rbance  te rm , in  the  r t , m a k in g  the  Yt 

n on s ta tio n a ry . A  s im p le  u n if ie d  approach  to  te s tin g  in  n o n -s ta tio n a rity  t im e  series, aga in  

u s in g  the  L M  p r in c ip le  y ie ld in g  tes t s ta tis tics , w h ic h  a lso  have C ra m e r-v o n  M ise s  

d is tr ib u tio n s  u nd e r the  n u ll h ypo thes is , m ay  be extended  to  m u lt iv a r ia te  m od e ls  and 

m od e ls  w ith  s truc tu ra l b re a ks177. B h a rg a va  (1 9 8 6 ) co n tinues  th a t fo l lo w in g  A lo k  

B h a rg a v a 178 (19 86 ), S e iji N a b e ya  and K a ts u to  T a n a ka 179 (1 9 9 0 ) and P e te r S c h m id t and 

P e te r C. B . P h i l l ip s 180 (1 9 9 2 ) and se tting  up  the  u n it  tes t o f  H 0 : 6  =  1  aga ins t H 0 : 6  <  1, 

a u n if ie d  express ion  can be represented:

Yt =  a + 0 t +  p t ; f c  =  9 ^ t - i  +  y t , t  =  1 , . . . , T ,  (4 7 )

176 Silvey, S. D., “The Lagrangian Multiplier Test,” Annals o f Mathematical Statistics, 1959, 30, 389-407.

177 Busetti, F., and A. Harvey., “Testing for the Presence of a Random Walk in Series with Structural 

Breaks,” Journal o f  Time Series Analysis, 2001, 22(2), 127-150.

178 Bhargava, A., “On the Theory of Testing for Unit Roots in Observed Time Series,” Review of 
Economic Studies, 1986, 53(3), 369-384.

179 Nabeya, S., and K. Tanaka., “Limiting power of unit-root tests in time-series regression,” Journal of 
Econometrics, 1990, 46(3), 247-271.

180 Schmidt, P., and P. C. B. Phillips., “LM Tests for a Unit Root in the Presence of Deterministic 
Trends,” Oxford Bulletin o f  Economics and Statistics, 1992, 54(3), 257-287.
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Figure 13: In f la t io n , a lu m in u m , o il,  G D P _ G A P , and u n e m p lo y m e n t
Source: Author’s calculations in EViews 11.

In  case n o n -s ta tio n a rity  appears in  Yt , th en  i t  shou ld  com e fro m  . T he re fo re , w e  can test 

the  au to reg ress ive  c o e ff ic ie n t 6  on  . F o r  6  =  1, the  t im e  series is  n o n s ta tio n a ry  and has 

a u n it  roo t. O th e rw ise , fo r  6  <  1, the  t im e  series does n o t have a u n it  ro o t, and the  

p o ly n o m ia l does n o t equa l zero. B e h a v io r  o f  the  , in  express ion  (4 7 ), w i l l  de te rm ine  

w h e th e r to  use D F  ( in  case is  w h ite  no ise ) o r  A D F  and PP ( in  case is  A R M A p q )

tests. In  p ra c tice , the  above approach  is  a p p lie d  b y  E V ie w s 181 te s tin g  fo r  the  

au to reg ress ive  c o e ff ic ie n t o f  the  res idu a l. L e t  us g raph  and observe  the  e co n o m ic  tim e  

series and t r y  to  assess s ta tio n a r ity  o r  n o n -s ta tio n a rity .

181 Statistical Software System
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Table 7: T he  su m m ary  o f  u n it  ro o t and s ta tion a ry  tests

Unit Root & Stationarity Tests

H 0: Series has a u n it  ro o t H 0: Series is  s ta tion a ry

Test ADF Tests PP Tests KPSS
Variables N o n e I I  &  t I I  &  t I I  &  t

Inflation
F u ll sam ple 0.25 0 .52 0.00 0.28 0 .34 0 .0 1 < p < 0 .05 p >  0.10
P ost c r is is 0.22 0 .07 0.05 0.39 0 .49 0 .0 1 < p < 0 .05 0 .0 1 < p < 0 .05
GDP_gap
F u ll sam ple 0.00 0.00 0.00 0.03 0.12 p >  0.10 p >  0.10
P ost c r is is 0.00 0.00 0.00 0.04 0 .14 p >  0.10 p >  0.10
Logalu_sa
F u ll sam ple 0.21 0.02 0.10 0.10 0 .37 0 .0 5 < p < 0 .1 0 0 .0 5 < p < 0 .1 0
P os t c r is is 0.53 0 .24 0.65 0.39 0.81 p >  0.10 p < 0.01
Logoil_sa
F u ll sam ple 0.65 0 .04 0.43 0.27 0.58 p >  0.10 p < 0.01
P ost c r is is 0.53 0.05 0.58 0.71 0.66 p < 0.01 0 .0 1 < p < 0 .05
Unemployment
F u ll sam ple 0.70 0 .70 0 .16 0.90 0 .39 p <  0.01 p <  0.01
P ost c r is is 0 .89 0 .82 0.15 0.92 0 .39 p <  0.01 p <  0.01

*Full sample: 2006:1 
**Post-crisis sample:

■2017:12
2011:1-2017:12

Source: Author’s calculations in EViews 11.

W e  w i l l  use the  o u tp u t  g a p  ins tead  o f  the  o u tp u t  l e v e l  s ince i t  reduces the  p riz e  puzz le , 

and the  c o e ff ic ie n t is  m o re  l ik e ly  to  be co n s ta n t182. T he  t im e  series o f  in f la t io n , a lu m in u m , 

o il,  G D P _ G A P , and u n e m p lo y m e n t have sharp f lu c tu a tio n s , e sp e c ia lly  a round  2008 , 

co rresp on d in g  to  the  g lo b a l c ris is . These in tense  steps can lead  us to  th in k  th a t there  m ig h t 

be a s tru c tu ra l b reak. N o t  a cco u n tin g  fo r  s tru c tu ra l b reaks w o u ld  cause w o rse  fo re ca s tin g  

p e rfo rm a n ce  in  te rm s o f  the  m ean fo recast, in c o rre c t ly  es tim a ted  co n fid e n ce  bounds, and 

fo recas t u n c e rta in ty 183. T he  t im e  series appear v is u a lly  to  be s ta tion a ry  excep t fo r  these 

p re c ip ito u s  drops, and w e  are g o in g  to  a p p ly  the  u n it  ro o t ( A D F  and P P ) and K P S S  tests. 

F irs t, w e  w i l l  te s t the  w h o le  sam ple  fro m  January 2006  t i l l  D ece m b e r 2017 , the  p o s t-c r is is

182 Giordani, P., “An Alternative Explanation of the Price Puzzle,” Journal of Monetary Economics, 2004, 
51, 1271-1296.
183 De Gaetano, D., “Forecast Combinations for Structural Breaks in Volatility: Evidence from BRICS 
Countries,” Journal o f  Risk and Financial Management, MDPI, Open Access Journal, 2018, 11(4), 1-13.
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p e rio d  fro m  January 2011 to  D ece m b e r 2017 , excep t fo r  u n e m p lo y m e n t f ro m  January 

2012  to  D e ce m b e r 2017.

O b se rv in g  F ig u re  14 and a n a ly z in g  the  test resu lts  w i l l  he lp  us id e n t ify  the  s tudy 's  t im e  

series' b e h a v io r. F ro m  the  c o rre lo g ra m  in  F ig u re  14, w e  see fro m  the  a u to c o rre la tio n  (A C )  

c o lu m n  th a t shocks' im p a c t d im in is h e s  q u ic k ly , re m in d in g  us th a t the  tim e  series o f  

in f la t io n  is  m o s t p ro b a b ly  s ta tiona ry .

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

1------------ 1 i 0.964 0.964 136.68 0.000
( 1 2 0.927 -0.043 263.80 0.000
( 1 ■ 3 0.876 -0.202 378.26 0.000
( 1 4 0.822 -0.078 479.67 0.000
( 1 a 5 0.759 -0.128 566.71 0.000
( 1 6 0.691 -0.089 639.42 0.000
( 1 a 7 0.615 -0.132 697.41 0.000
(____ 1 ' 0 8 0.545 0.075 743.34 0.000
n ■ 9 0.466 -0.141 777.20 0.000
m a 10 0.384 -0.130 800.33 0.000
m ' 0 11 0.307 0.066 815.21 0.000
■ ■ 12 0.220 -0.201 822.92 0.000
■ ■ (=□ 13 0.160 0.355 827.02 0.000
P' , p, 14 0.110 0.154 828.97 0.000

Figure 14: T he  c o rre lo g ra m  o f  in f la t io n
Source: Author’s calculations in EViews 11.

H a v in g  sp e c ifie d  the  A D F  test a t 11 lags fo r  the  fu l l  sam ple, the  in f la t io n  series becom es 

s ta tion a ry , re je c tin g  the  n u ll hypo the s is  o f  the  u n it  roo t. B o th  tre n d  and in te rc e p t are 

essentia l, h a v in g  a t-s ta tis tic  o f  -3 .6 54  and 4 .329 , re sp e c tive ly . W h ile  the  PP in  the  fu l l  

sam ple  fa ils  to  re je c t the  u n it  ro o t test, and K P S S  re jects  s ta tio n a r ity  at the  in te rce p t, at 

5%  s ig n ific a n c e  le v e l, b u t fa ils  to  re je c t the  n u ll h ypo the s is  o f  s ta tio n a r ity  at in te rc e p t and 

tre n d  because o f  h a v in g  a s ta tis tic  co rre sp o n d in g  p  >  0 .1 0 .

T he  A D F  and K P S S  tes t c o n c lu s io n  is  th a t the  series o f  in f la t io n  is  s ta tion a ry , w h ile  PP 

n o t s ta tiona ry . T he  p o s t-c r is is  p e r io d  fro m  January 2011 t i l l  D e ce m b e r 2017  g ive s  us 

p re tty  m u ch  the  same resu lts , excep t the  K P S S  at in te rc e p t and trend . In  the  case o f  K P S S , 

E V ie w s  11 does n o t p ro v id e  us the  p  v a lu e  d ire c t ly , b u t i t  p ro v id e s  us w ith  test s ta tis tics , 

and w e  com pare  i t  w ith  the  th ree  c r it ic a l va lu es  at 1%, 5% , and 10% . T he  sam p le  size and
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co rre c t s p e c ific a tio n  is  the  ke y  to  te s tin g  fo r  the  u n it- ro o ts  even th o u g h  the re  is  no 

guarantee  th a t w e  m ay  n o t end up  w ith  the  w ro n g  a nsw e r.184

Autocorrelation Partial Correlation AC PAC Q-Stat Prob

1------- 1 i i i i 0.948 0.948 132.11 0.000
( 1 ■ 2 0.873 -0.252 244.95 0.000
( 1 d 3 0.785 -0.134 336.74 0.000
(— 1 d 4 0.687 -0.107 407.54 0.000
( 1 i 5 0.586 -0.049 459.49 0.000
» P 6 0.498 0.085 497.23 0.000

P 7 0.427 0.086 525.17 0.000
m a 8 0.364 -0.044 545.63 0.000
m ■ 9 0.302 -0.104 559.82 0.000
m ■ 10 0.239 -0.095 568.81 0.000
P i 11 0.186 0.067 574.30 0.000
P 0 12 0.142 0.057 577.52 0.000
P I 13 0.104 0.010 579.24 0.000

Figure 15: T he  co rre lo g ra m  o f  a lu m in u m
Source: Author’s calculations in EViews 11.

H a v in g  lo g g e d  and ad justed  the  a lu m in u m  tim e  series's seasona lity , w e  w i l l  co n d u c t the  

u n it  ro o t and the  s ta tio n a r ity  tests. O b se rv in g  F ig u re  15, the  series has a constan t m ean 

(app rox . 0 .4 ) a round  w h ic h  i t  o sc illa te s  excep t the  p e rio d  o f  c r is is  in  2008. C o n d u c tin g  

the  A D F  u n it  ro o t test, the  series is  s ta tion a ry  at the  in te rce p t, re je c tin g  the  n u ll h ypo thes is  

o f  h a v in g  a u n it  roo t. W e  can in fe r  th a t the  in te rc e p t is  s ig n if ic a n t s ince  i t  has a t-s ta tis tic  

o f  2 .985  (u s in g  A k a ik e  In fo  C r ite r io n )  and p  =  0 .0 0 3 . T he  tre n d  s ta tis tic  o f  p  =  0 .6 3 0  

p roves i t  as n o t s ig n ific a n t. In  the  p o s t-c r is is  sam ple , the  K P S S  test fa ils  to  re je c t the  n u ll 

hypo the s is  o f  s ta tio n a r ity  h a v in g  a v a lu e  o f  0 .232  at the  in te rce p t, co rre sp o n d in g  a p  >  

0 .1 0 .

A t  la g  le n g th  35 and in te rc e p t s p e c ific a tio n , the  A D F  test o f  o il  t im e  series re jec ts  the  n u ll 

hypo the s is  o f  u n it  ro o t, co rre sp o n d in g  a p  =  0 .0 4 4 . T he  K P S S  test fa ils  to  re je c t the  n u ll 

hypo the s is  at in te rc e p t w ith  a tes t s ta tis tic  o f  0 .247 , co rre sp o n d in g  p  >  0 .1 0 . A t  the  

in te rc e p t and la g  le n g th  22, the  A D F  has p  =  0 .0 4 5  fo r  the  p o s t-c r is is  p e rio d , thus 

re je c tin g  the  u n it  ro o t tes t o f  n o n -s ta tio n a rity . T he  t-s ta tis tic  fo r  the  cons tan t has a 

p ro b a b ility  o f  p  =  0 .0 0 4 . T he  A D F  and K P S S  tests p ro v id e  enough  p ro o f  re je c tin g  the

184 Libanio, G. A. “Unit roots in macroeconomic time series: theory, implications, and evidence,” Nova 
Economia, 2004, 15(3), 145-176.
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u n it  ro o t and fa i l in g  to  rej ect s ta tio n a r ity  fo r  the  fu l l  sam ple . W e  can p roceed  and co nc lud e  

th a t the  series o f  o il  is  s ta tiona ry .

A s  observed  in  F ig u re  16, a ll tests c o n firm  s ta tio n a r ity  and re je c t the  n u ll o f  u n it  ro o t fo r  

the  tim e  series o f  the  o u tp u t  g a p .  T he  sp e c ifie d  A D F  at 3 lags, in te rc e p t and tre n d  

s p e c ific a tio n , the  t im e  series o f  u n e m p lo y m e n t show s a p  =  0 .1 0 5 . C o n d u c tin g  a p os t­

c r is is  A D F  test, a sub-sam p le  fro m  January 2011 t i l l  Jun  2015 , at 1 la g  and in c lu d in g  

in te rc e p t and tren d , w e  ge t a t-s ta tis tic  o f  -3 .4 36  w ith  p  =  0 .0 5 7 1 , thus  re je c tin g  the  n u ll 

o f  u n it  ro o t at 10%  s ign ifican ce .

6

-8 -6 -4 -2 0 2 4

Figure 16: Q u a n tile  G D P _ G A P
Source: Author’s calculations in EViews 11.

T he  same is  c o n firm e d  fro m  the  PP test re s u lt in g  in  p  =  0 .0 7 1  and s ig n if ic a n t tre n d  and 

constant. T he  K P S S , sp e c ifie d  at tren d  and in te rcep t, fa ils  to  re je c t s ta tio n a r ity  at 5%  

s ig n ifica n ce . T he  p ro p e rtie s  o f  th e  t im e  series in c lu d e d  in  o u r s tudy re je c t u n it  ro o t and 

fa i l  to  re je c t s ta tio n a rity .

3.1.2. Identifying structural breaks

A s  w e  can observe  fro m  the  fig u re s  o f  (  a l u _ s a t , o i l _ s a t , i n f t , g d p _ g a p t , u n _ s a t ) ,  there  

is  a p o te n tia l s tru c tu ra l change, e sp e c ia lly  a round  the  g lo b a l c ris is . O u r  e co n o m ic  tim e  

series behaved  in  a p re d ic ta b le , o rd in a ry  fa s h io n  in  th e  p o s t-c r is is  p e rio d , b u t v e ry  v o la t i le  

d u r in g  2008  -  2009. In  s p e c ify in g  a reg ress ion  m o d e l, w e  assum e th a t its  assum ptions
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a p p ly  to  a ll sam p le  obse rva tion s  185. T he  h ypo the s is  th a t w e  p u t here  is  w h e th e r the  same 

reg ress ion  m o d e l a pp lies  to  the  p r io r  and p o s t-c r is is  p e rio d . T he  w o r ld  o il  p rices, 

a lu m in u m , and in f la t io n  have n o t been stable  o ve r the  w h o le  sam ple  fro m  January 2006  

t i l l  D e ce m b e r 2017. In te rc e p t o r  s lope param eters m ay  change b y  S ,  and w e  n o tic e  a b rup t 

changes in  the  se tting  param eters.

Instead  o f  h a v in g  th e  fo l lo w in g  in f la t io n  m o d e l:

n t =  F ( X t ; m ) +  e t t  =  l , . . . , T  (48 )

W e  have  an a b ru p t change in  pa ram ete rs :

n t =  F ( X t ; « i ) +  £ t f o r  t  =  1 , . . . , t  
and n t =  F ( X t ; m 2)  +  e t  f o r  t  =  t  +  1 , . . . , T  (4 9 )

M is s p e c if ic a t io n  and n o t a cco u n tin g  fo r  s tru c tu ra l b reaks w o u ld  lead  us to  w ro n g  

co nc lus io ns , and consequen tly , the  C e n tra l B a n k  o f  M o n te n e g ro  w o u ld  n o t be co rre c t 

w ith  p o lic y  dec is ions. T he  c r it ic a l q u e s tio n  here is  w h e th e r the  in f la t io n  m od e l's  actua l 

param eters in  M o n te n e g ro  have changed d u r in g  the  e s tim a tio n  p e r io d !

{ y t  =  M 0,( 1,T) +  ^1 ,(1 ,T )X 1 + .......................................................................+  M m ,(1,T)x m  +  £ t

{ y t  =  1,t 0 + 1) +  M 1,( 1,t0 + 1)x 1 + . . .  +  M m ,(1,t0 +1 ) x m  +  £ t

{ y t  =  M 0,( 1,to) +  M 1 ,( l , t0)X 1 +  ■. . +  M m ,(1,t0)x m  +  £ t

+  ir it
------------------------------------------------------------------------------------------------------------- ►

[ 1 ...................................... ( t o ) .........................................................( t o  +  1 ) ................................T]

I f  w e  es tim a te  c o e ff ic ie n ts  re c u rs iv e ly , in  sm a ll sub-sam ples, and the re  is  no  b re a k  in  tru e  

param eters, w e  do  n o t have s tru c tu ra l breaks. T he re fo re , w e  s ta rt b y  a p p ly in g  recu rs ive  

e s tim a tio n 186, e xpa nd in g  one m o re  o b se rva tio n  to  the  sm a ll sam ple. F o r  each estim a ted  

sam ple , w e  ge t co rre sp o n d in g  c o e ff ic ie n ts  subsequen tly , as w e  expand  the  sam p le  to  tim e

185 Greene, W. H., Econometric Analysis. Upper Saddle River, NJ: Pearson Prentice Hall, 2012.

is6 Bergman, N., “Recursive Bayesian Estimation: Navigation and Tracking Applications,” 1999, 
Linkoping Studies in Science and Technology. Dissertations No. 579.
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T.  W e  p roceed  w ith  C h o w  (1 9 6 0 ) te s t187, w h ic h  e ssen tia lly  b reaks the  sam p le  in to  a 

re s tr ic te d  equa tion , a llo w in g  no  breaks, and the  u n re s tr ic te d  m o d e l w ith  breaks:

G 1

G21 =  lX i  m  +  G 1

IX . 0

[ o X 2
[ X i l

=  l
[ x j

a + G 1
(5 0 )

(5 1 )

In  case the  SSR  o f  d if fe re n t estim a ted  equa tions  f i t  the  data w e ll,  th en  the re  is  no  s truc tu ra l 

break. T he  n u ll assum ption  is  th a t the re  is  no  break. G reene (2 0 1 2 ) e xp la in s  th a t the  

u n re s tr ic te d  leas t squares e s tim a to r is:

=  ( X ' X T ' X ' y  =  [ £ ]
x i X i

l 0

0
- i

X l y i i
i i = [ £ '

X 2X 2. l X 2 f 2 ] [e 2  ̂ 1̂ 2 -
(52 )

c o n tin u in g  th a t the  to ta l sum  o f  squared res idua ls  f ro m  th is  reg ress ion  w i l l  be the  sum  o f  

the  tw o  res idu a l sum s o f  squares fro m  the  tw o  separate reg re ss ion s188:

e ' e  =  e'i e i  +  e'2 e 2

I ^ 2r ^ 2r

(5 3 )

(54 )

E q u a tio n  (5 4 ) represents the  re s tr ic te d  reg ress ion  o f  the  res idu a l sum  o f  squares. G reene 

(2 0 1 2 ) com putes  the  F  s ta tis tic  as fo l lo w s 189 190 191:

F [ n 2 , n 1 K  ]
( e ’r er -  e^e-i ) /n 2 

e[e1/ (n 1- K )
(5 5 )

In  case e'r e r  << e 'e , m a k in g  the  F  s ta tis tic  la rg e r th an  the  c r it ic a l va lu e , then  the  re s tr ic te d  

m o d e l accounts fo r  b reaks, and the  n u ll h ypo the s is  o f  no  b reaks is  re jec ted . A n o th e r  

b re a k p o in t tes t is  the  Q u a n d t-A n d re w s  te s t190191, w he re  the  sam p le  is  tr im m e d  at the

187 Chow, G. C., “Tests of Equality Between Sets of Coefficients in Two Linear Regressions,” 
Econometrica, 1960, 28(3), 591-605.

188 Spellman, F. R., and Nancy E. Whiting., Handbook o f  Mathematics and Statistics for the Environment. 
Boca Raton: Taylor & Francis Group, 2014.

189 Greene, W. H., Econometric Analysis. Upper Saddle River, NJ: Pearson Prentice Hall, 2012.

190 Quandt, R. E., “The estimation of the parameters of a linear regression system obeying two separate 
regimes,” Journal o f  the American Statistical Association, 1958, 53, 873-880.

191 Andrews, D. W. K., (1993) “Tests for parameter instability and structural change with unknown 
change point,” Econometrica, 1993, 71, 395-397.
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b e g in n in g  and the  end. A s  in  the  C h o w  test, w e  ca lcu la te  F  s ta tis tics  se qu en tia lly . 

Q u a n d t192 (1 9 5 8 ) f in d s  th a t the  s w itc h in g  p o in t can be es tim a ted  m o s t e ffe c t iv e ly  b y  

e x a m in in g  the  a pp ro p ria te  l ik e lih o o d  fu n c t io n  based on  the  F  d is tr ib u tio n , w h ic h  is  

p roposed  fo r  te s tin g  the  h ypo the s is  th a t no  s w itc h  o ccu rre d  aga inst the  s in g le  a lte rn a tive  

o f  one sw itch .

F ( t { ) F ( t 2)

7 .5  % 7 .5 %

[1  t !  t 2 T ]

L e t ’ s p roceed  to  test fo r  m u lt ip le  b reaks in  in te rc e p t and c o e ff ic ie n ts  u s in g  B a i-P e rro n 193 

(2 0 0 3 ) to  tes t se q u e n tia lly  the  h ypo the s is  o f  L + 1  vs. L  de te rm ine d  b reaks se qu en tia lly . 

T he  Q u a n d t-A n d re w s  test needs to  be p ro v id e d  a s u ff ic ie n t n u m b e r o f  obse rva tions  a fte r 

the  b re a k  o ccu rs ; th is  is  w h y  w e  t r im  the  e s tim a tio n  sam ple. F o r  exam p le , o u r b re a k  takes 

p lace  in  200 8m 07 , and w e  canno t de tect i t  im m e d ia te ly . Instead, d epend ing  on  a m o d e l 

s p e c ific a tio n  and t r im m in g  param eters, w e  need several m on ths  a fte r the  b re a k  to  pass 

and appear in  o u r e s tim a tio n  sam ple. Such a scenario  is  d i f f ic u l t  to  a v o id  i f  w e  are e n tire ly  

re lia n t on  the  s ta tis tica l tests and do  n o t use any p r io r  in fo rm a tio n  o r ju d g m e n t reg a rd in g  

a b reak. W e  m ay  keep u s in g  a “ b ro k e n ”  m o d e l (e .g ., fo re c a s tin g ) fo r  som e t im e  w ith o u t 

re a liz in g  i t  is  b roken .

C o m p a rin g  the  fo re c a s tin g  p e rfo rm a n ce  o f, fo r  exam p le , tw o  m od e ls  -  one th a t accounts 

fo r  a s tru c tu ra l b re a k  and one th a t does n o t, c le a r ly  show s th a t the  m o d e l th a t does n o t 

accoun t fo r  the  b re a k  p e rfo rm s  w o rse  in  te rm s  o f  ro o t m ean squared e rro rs  (R M S E ) th an  

the  one th a t accounts fo r  the  b reak, a llo w in g  to  reduce  the  fo re ca s t b ias  s u b s ta n t ia lly 194.

192 Ibid.

193 Bai, J., and P. Perron., “Critical values for multiple structural change tests,” The Econometrics 
Journal, 2003, 6(1), 72-78.

194 Casing A., and P. Perron., “Structural Breaks in Time Series,” Boston University - Department of 
Economics - Working Papers Series, 2018, WP2019-02.
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3.1.3. Modeling dichotomous variables

I f  an o b se rva tio n  be lon gs  to  a ca tegory  o r  has an a ttr ib u te , i t  can be represen ted  b y  a 

b in a ry  va lu e  0 o r  1 as a u se fu l dev ice  in  a reg ress ion  a n a ly s is 195. A  b in a ry  v a ria b le  m ay 

represen t s ig n if ic a n t s tr ikes  o r  p o lic y  happen ings  as 1 o n ly  fo r  a s p e c ifie d  p e r io d 196. T hey  

are a lso k n o w n  as in d ic a to r  va riab les , as th e y  w i l l  g e n e ra lly  have  a v a lu e  o f  1 to  in d ic a te  

i f  an o b se rva tio n  be longs  to  a ca tegory  and a 0 to  no te  i f  not.

Table 8: M u lt iv a r ia te  reg ress ion  o f  in f la t io n

D ep en de n t V a r ia b le : IN F  
M e th o d : Lea s t Squares 
Sam ple: 2 0 0 6 M 0 1  2 0 1 7 M 1 2  
In c lu d e d  obse rva tions : 144

V a r i able C o e ff ic ie n t Std. E r ro r  t-S ta tis t ic P rob.

L O G A L E U R  S A 8.271636 1.003785 8 .240446 0 .0000
L O G O IL  S A -0 .161515 0.583851  -0 .2 76 6 37 0.7825

U N  S A -0 .385255 0 .054475  -7 .072198 0.0000
G D P  G A P -0 .779853 0 .089415  -8 .721705 0.0000

C 5.048492 2 .70 49 2 7  1 .866406 0.0641

R -squa red 0.5 18349 M e a n  dependent v  ar 2 .684028
A d ju s te d  R -squa red 0 .50 44 8 9 S.D . dependent v a r 2 .586562
S.E. o f  reg ress ion 1.820747 A k a ik e  in fo  c r ite r io n 4 .070476
Sum  squared res id 4 60 .8019 S chw arz  c r ite r io n 4 .173595
L o g  l ik e lih o o d -288 .0743 H a n n a n -Q u in n  c rite r. 4 .112378
F -s ta tis tic 37 .39768 D u rb in -W a ts o n  stat 0 .185680
P ro b (F -s ta tis tic ) 0.000000

Source: Author’s calculations in EViews 11.

B in a ry  v a ria b le s  are a lso ca lle d  d u m m y  v a ria b le s  since th e y  are n o t rea l, and w e  create 

th em  to  rep resen t so m e th in g  e lse197. T he re fo re , q u a n tify in g  q u a lita t iv e  in fo rm a tio n  in  a 

reg ress ion  m o d e l is  v e ry  im p o rta n t.

195 Suits, D., “Use of Dummy Variables in Regression Equations,” Journal o f  the American Statistical 
Association, 1957, 52(280), 548-551.

196 Gujarati, D., Basic Econometrics. New York: The McGraw-Hill, 2004.

197 Asparoukhov, O. K., and A. Stam., “Mathematical programming formulations for two-group 
classification with binary variables,” Annals o f  Operations Research, 1997, 74, 89-112.
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E ith e r  i t  is  sh ifted , o r  the  u n d e r ly in g  e la s tic itie s  have m o ve d  a round. F ro m  a round  the  

second h a l f  o f  2014  onw ards , the  u p w a rd  tre n d  in  in f la t io n  re fle c ts  the  increase in  fo o d , 

a lc o h o lic  and n o n -a lc o h o lic  beverages and to ba cco  p rices  in  M o n te n e g ro . A f te r  the  crash 

in  the  U n ite d  States' h o u s in g  m a rk e t in  2015 , the  e con om y recovered , and o il  p rices  

decreased. T h e  d ire c t io n  w e  are fo l lo w in g  here is  th a t the  re la tio n s h ip  be tw een  in f la t io n  

and o il changed a round  2008  and 2014 , in d ic a tin g  th a t w e  need to  co n s id e r b r in g in g  in  

m u lt ip le  s truc tu ra l b reaks a round  these periods.

06 07 08 09 10 11 12 13 14 15 16 17

------  Residual ------ Actual ----- Fitted

Figure 17: A c tu a l, f it te d , and res idua ls
Source: Author’s calculations in EViews 11.
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C o n firm in g  w h e th e r th is  is  necessary, w e  are g o in g  to  ru n  a s im p le  reg ress ion  m od e l 

be tw een  in f la t io n , constant, and lo g a r ith m ic  o il  p rices, an e la s tic ity  express ion . In c lu d in g  

a ll v a ria b le s  in f la t io n , o il,  a lu m in u m , u n e m p lo ym e n t, and G D P  gap in to  a m u lt iv a r ia te  

reg ress ion  m o d e l, w e  ge t T ab le  8 . T he  f ir s t  n o ta b le  th in g  is  the  R -squa red  ( R 2 ) 198 o f  

51 .8 3%  b u t in  the  m ea n tim e  lo w  D u rb in -W a ts o n  o f  0 .18 in d ic a tin g  p o s itiv e  

a u to co rre la tio n . T he  a u to c o rre la tio n  is  c o n firm e d  in  F ig u re  17. O nce  aga in , the  g lo b a l 

f in a n c ia l c r is is  p e r io d  show s p o s it iv e  res idua ls  pass ing  the  u p p e r b o rd e r 2 and reach ing

198 Wooldridge, J. M., Introductory econometrics: a modern approach. Ohio: South-Western, 2009.
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even the  le v e l o f  4 and above. A ro u n d  2011 , w e  n o tic e  n eg a tive  res idua ls  c ross ing  the  - 

2, and in  2013 soaring  to  a round  3.

-8 0
0 6  0 7  0 8  0 9  1 0  1 1  1 2  13  1 4  1 5  1 6  17

Recursive C(1) Estimates 

------ ± 2 S.E.

2 0

0 6  0 7  0 8  0 9  1 0  1 1  1 2  13  1 4  1 5  1 6  17

Recursive C(3) Estimates 

------ ± 2 S.E.

1 .5

1 .0

0 6  0 7  0 8  0 9  1 0  1 1  1 2  13  1 4  1 5  1 6  17

Recursive C(5) Estimates 

± 2 S.E.

i

Recursive C(4) Estimates 

------ ± 2 S.E.

F ig u re  18: R e cu rs ive  c o e ff ic ie n t estim ates o f  in f la t io n  
S o u r c e :  A u t h o r ’s  c a l c u l a t i o n s  i n  E V i e w s  11

I t  can be e xp la in e d  fro m  the  increase in  h ou s in g , w a te r, e le c tr ic ity , gas, and o the r fu e l 

ca tegory  p rices  in  M o n te n e g ro , im p a c tin g  the  in f la t io n  in  2012  b y  3 7 .2 %  and in  2013 b y  

129.4% . A ls o , a lc o h o lic  beverages and to ba cco  im p a c te d  in f la t io n  b y  110, 5%  in  2013. 

W e  see n eg a tive  a u to c o rre la tio n  in  2014 , w h ic h  com es fro m  a) c o m m u n ic a tio n  w ith  a 

shock  o f  2 6 5 .7 %  in to  in f la t io n , b )  hea lth  ca tego ry  o f  -2 0 9 .8 %  and c) fu rn is h in g s  - house 

e q u ip m e n t and m a in tenance  o f  92 .4% . F oo d  and n o n -a lc o h o lic  beverages im p ac ted  

o s c illa t io n s  o f  in f la t io n  b y  3 8 .4 %  and 2 4 .6 %  in  2016  and 2017 , re sp e c tive ly . F ig u re  17 

show s the  p o s itiv e  a u to co rre la tio n .
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P ro cee d ing  w ith  the  re cu rs ive  o rd e rin g  s ta b il ity  test, the  resu lts  o f  F ig u re  18 p u t to  

c o n s id e ra tio n  b reaks in  c o e ff ic ie n ts  c 1, c 2, c 3, c4, a n d  c 5 . M u lt ip le  b reaks appear to  be in  

each c o e ff ic ie n t, c o n firm e d  b y  B a i-P e rro n  m u lt ip le  b re a k p o in t test, as seen in  T ab le  9. 

In te rc e p t and s lope  c o e ff ic ie n ts  p ropose  b reaks in  June 2009 , M a rc h  2011 , O c to b e r 2013, 

and M a rc h  2016. Q u a n d t-A n d re w s  b re a k p o in t tes t suggests Jun 2009  as a b re a k in g  p o in t.

T a b le  9 : M u lt ip le  B a i-P e rro n  test

S equentia l F -s ta tis tic  d e te rm ine d  breaks: 4

Scaled C r it ic a l
B re a k  Test F -s ta tis tic F -s ta tis tic V a lu e * *

0 vs. 1 * 29 .8 86 1 7 149.4308 18.23
1 vs. 2 * 26 .6 74 2 7 133.3713 19.91
2 vs. 3 * 9 .725133 48 .6 25 6 6 20 .99
3 vs. 4 * 9 .194913 45 .9 74 5 6 21.71
4 vs. 5 0.000000 0.000000 22 .37

* Significant at the 0.05 level. 
B re a k  dates:

Sequentia l R e p a rtit io n
1 2 0 0 9 M 0 6 2 0 0 8 M 1 1
2 2 0 1 3 M 1 0 2 0 1 1 M 0 3
3 2 0 1 1 M 0 3 2 0 1 4 M 0 1
4 2 0 1 6 M 0 3 2 0 1 6 M 0 3

Source: Author’s calculations in EViews 11.

W e  need to  co n s id e r the  sp ec ifics  o f  the  above res idu a ls  described  above to  m od e l 

d ich o to m o u s  va riab les :

•  D u m _ 2 0 0 8 m 0 6  -  takes accoun t o f  the  p re -c r is is  p e riod .
•  D u m _ 2 0 0 9 m 0 6  -  takes accoun t o f  the  g lo b a l f in a n c ia l c ris is . I t  has v a lu e  1 fro m  

June 2009  t i l l  F e b ru a ry  2011.
•  D u m _ 2 0 1 1 m 0 3  -  represents an increase  in  p rices  o f  a lc o h o lic  beverages and 

tobacco , and i t  has a v a lu e  o f  1 f ro m  M a rc h  2011 t i l l  M a y  2013.
•  D u m _ 2 0 1 3 m 0 7  -  takes in to  accoun t the  increase o f  V A T  fro m  17%  to  19%  in  

J u ly  2013 . I t  takes the  va lu e  o f  1 f ro m  J u ly  2013 t i l l  S eptem ber 2013.
•  D u m _ 2 0 1 3 m 1 0  -  re fle c ts  an increase  in  p rices  o f  h ou s in g , w a te r, e le c tr ic ity , gas, 

and o the r fue ls . I t  takes th e  v a lu e  o f  1 f ro m  O c to b e r 2013 t i l l  F e b ru a ry  2016.
•  D u m _ 2 0 1 6 m 0 3  -  accounts fo r  the  increase  in  p rices  o f  fo o d  &  n o n -a lc o h o lic  

beverages. I t  takes the  va lu e  o f  1 f ro m  M a rc h  2016  t i l l  D ece m b e r 2017.
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T he  ro le  o f  fo o d  p rices  and o il  are v e ry  d e te rm in is tic  in  in f la t io n 199. A  la rge  p a rt o f  

s h if t in g  in  in f la t io n  appears to  com e fro m  fo o d , im p o rte d  m o s tly  and to  som e degree fro m  

d om es tic  a g r ic u ltu ra l p ro du c ts , and p ro du c ts  sub jec t to  h ig h  excise  ta x  such as to ba cco  

and o il. In  the  p re -c r is is  p e rio d , the  e con om y w as overheated  due to  increased  fo re ig n  

d ire c t in ve s tm en ts  (F D I) ,  im p a c tin g  h o u s in g  prices.

T a b le  10: In f la t io n  m o d e l w ith  d u m m y  va ria b le s

D ep en de n t V a r ia b le : IN F  
Sam ple: 2 0 0 6 M 0 1  2 0 1 7 M 1 2  
In c lu d e d  obse rva tions : 144

C o e ff ic ie
V a r ia b le n t Std. E r ro r t-S ta tis t ic P rob.

C 4 .1 7 70 9 3 3 .085924 1.353596 0.1781
L O G A L E U R  S A 2 .996166 1.330477 2 .251948 0 .0260

L O G O IL  S A 1.163165 0 .692608 1.679398 0 .0954
U N  S A -0 .4 16 5 24 0 .106706 -3 .9 03 4 82 0.0001

G D P  G A P -0 .3 98 9 06 0 .092200 -4 .3 26 5 46 0.0000
D U M  2 0 0 9 M 0 6  A L -3 .3 76 3 20 0 .530496 -6 .3 64 4 58 0.0000
D U M  2 0 1 1 M 0 3  A L -1 .745908 0.540293 -3 .2 31 4 09 0 .0016
D U M  2 0 1 3 M 0 7  A L -1 .9 17 6 39 1.109249 -1 .728773 0 .0862
D U M  2 0 1 3 M 1 0  A L -3 .4 39 2 19 0 .585772 -5 .871263 0.0000

D U M _ 2 0 1 6 M 0 3 -0 .3 73 5 96 0.917691 -0 .4 07 1 04 0 .6846

R -squa red 0 .690179 M e a n  dependent v a r 2 .6  84028
A d ju s te d  R -squa red 0.669371 S.D . d e p e n d e n tv a r 2 .58 65 6 2
S.E. o f  reg ress ion 1.487283 A k a ik e  in fo  c r ite r io n 3 .698695
Sum  squared res id 296 .4095 S chw arz  c r ite r io n 3 .904932
L o g  lik e lih o o d -25 6 .3 0 60 H a n n a n -Q u in n  c rite r. 3 .782498
F -s ta tis tic 33 .16759 D u rb in -W a ts o n  stat 0 .269650
P ro b (F -s ta tis tic ) 0.000000

Source: Author’s calculations in EViews 11.

Thus, the  e q u ilib r iu m  o f  w a g e -se ttin g  and p ric e -s e ttin g  decreased the  la b o r m arke t's  

u n e m p lo y m e n t rate, co rresp on d in g  to  A p r i l  2009. T he  im p a c t o f  in c re a s in g  V A T ,  fro m  

17%  to  19% , pushed p rices  up , in c re a s in g  the  m a rkup s  in  the  p ric e -s e ttin g  re la tio n  and 

lo w e r in g  the  e m p lo y m e n t rate: the  m a rk u p  is  associated w ith  the  shadow  econom y.

199 Mohanty, M. S., and M. Klau, “What determines inflation in emerging market economies?,” BIS 
Papers chapters,in: Bank for International Settlements (ed.), Modelling aspects of the inflation process 
and the monetary transmission mechanism in emerging market countries, 2001, 8, 1-38.
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In c lu d in g  the  d u m m y  v a ria b le s  in  the  in f la t io n  m o d e l, the  R 2 increases s ig n if ic a n t ly ,  and 

the  F  s ta tis tic  rem a ins  stable. In  the  m ean tim e , the  D u rb in  -  W a tso n  s ta tis tic  s t i l l  is  v e ry  

lo w  0.27 , in d ic a tin g  res idu a l a u to co rre la tio n , w h ic h  can and w i l l  be co rrec ted  b y  

in c o rp o ra tin g  the  lagged  va lues. W e  n e ve r k n o w  the  tru e  s lope  faj instead, w e  ca lcu la te  

the  sam ple  s lopes fa  and m ake  in fe ren ces  abou t the  fa j. W e  es tim a ted  fo u r  s lope 

c o e ff ic ie n ts  and f iv e  d ic h o to m o u s  va riab les . E a ch  tim e  w e  w i l l  m ake  in fe ren ces  abou t 

p o p u la tio n  s lope va lues , w e  can n eve r k n o w  w h a t th e y  are200. O u r  sam p le  s lope va lues 

w i l l  a llo w  us to  m ake  in fe ren ces  fo r  the  p o p u la t io n  va lues. A re  o u r sam p le  c o e ff ic ie n ts  

fa r  aw ay enough  fro m  ze ro  th a t w e  can suggest th a t the  p o p u la tio n  c o e ff ic ie n ts  are 

n on ze ro 201? A n d , h o w  m u c h  v a r ia t io n  is  the re  on  in f la t io n  in  M o n te n e g ro ?  H o w  m uch  

e x p la in in g  is  th is  m o d e l do ing?  T he  sum  o f  squares S S  =  £  (X j — x ) 2 ca lcu la tes  the  

w h o le  d e v ia tio n  fro m  the  m ean202. W e  sub trac t a ll obse rva tions  fro m  the  m ean and square, 

each g e tt in g  the  a m o u n t the  v a r ia t io n  in  in f la t io n 203. T he  R 2 te lls  th a t 6 9 .0 1%  o f  the 

v a r ia t io n  in  in f la t io n  is  b e in g  e xp la in e d  b y  x i va riab les . S t il l,  the re  are res idu a ls  o f  3 0 .9 9%  

g o in g  u n e x p la in e d  (ke e p in g  in  m in d  th a t w e  d id  n o t in co rp o ra te  the  lagged  va lues  y e t to  

f i x  the  p o s itiv e  a u to co rre la tio n ). Is  th is  m o d e l w ith  the  above e xp la n a to ry  v a ria b le s  b e tte r 

th an  a m o d e l w ith  0 e xp la n a to ry  va riab les?  T he  jo in t  h yp o th e s is  is  th a t a ll fai  =  fa2 =  

f a  =  fat =  fas =  fae =  fa7 =  fas =  fa) =  fai0  =  0 204. I f  w e  can n o t re je c t th is , th en  o u r 

m o d e l is  useless. R e m in d in g  the  s ta tis tics , i f  the  p -v a lu e  is  less th an  the  le v e l o f  

s ig n ific a n c e  5% , w e  re je c t the  H 0 . E ve n  i f  w e  use a 1%  le v e l o f  s ig n ifica n ce , w e  w i l l  

re je c t the  n u ll hypo thes is . In  o u r case, the  F -s ta t is t ic  (3 3 .1 6 7 ) is  less than  the  c r it ic a l va lu e  

( P r o b [ F  — s t a t i s t i c  =  0 .0 0 0 } ) .  I t  ind ica te s  th a t i t  is  in  the  re je c tio n  reg ion .

200 Kim, J. H., and A. P. Robinson., “Interval-Based Hypothesis Testing and Its Applications to 
Economics and Finance,” Econometrics, 2019, 7(21).

201 Gauss, C. F., “Bestimmung der Genauigkeit der Beobachtungen,” Zeitschrift fur Astronomie und 
Verwandte Wissenschaften, 1816, 1, 187-197.

202 Pearson, K., “On the dissection of asymmetrical frequency curves,” Philosophical Transactions o f  the 
Royal Society A., 1894, 185, 71-110.

203 Ghahramani, S., Fundamentals o f  Probability, 2nd ed. New Jersey: Prentice Hall, 2000.

204 Barreto, H., and F. M. Howland., Introductory Econometrics: Using Monte Carlo Simulation with 
Microsoft Excel. Cambridge, England: Cambridge University Press, 2010.
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I f  w e  w e re  to  w r ite  th e  es tim a ted  reg ress ion  equa tion , i t  w o u ld  be l ik e  the  one fo l lo w in g  

e qu a tio n  56. F o r  exam p le , its  in te rp re ta tio n  w o u ld  be fo r  eve ry  a d d it io n a l percentage o f  

the  a lu m in u m  p ric e  at th e  L M E , the  expected  percen tage  o f  in f la t io n  increases b y  2 .99 6%  

on average, h o ld in g  a ll o th e r v a ria b le s  constant. T he  same lo g ic  o f  in te rp re ta tio n  fo l lo w s  

fo r  the  o the r va riab les .

I n f  =  4 .1 7 7  +  2 .9 9 6  *  L o g A l e u r s a  +  1 .1 6 3  *  L o g O i l s a  — 0 .3 9 8  *  GDPg a p  — 0 .4 1 6  

U n _ s a  — 3 . 3 7 6  * D u m _ 2 0 0 9 m 0 6  — 1 .7 4 5  *  D u m _ 2 0 1 1 m 0 3  — 1 .9 1 7  *
D u m _ 2 0 1 3 m 0 3  — 3 . 4 3 9  * D u m _ 2 0 1 3 m 1 0  — 0 . 3 7 3  * D u m _ 2 0 1 6 m 0 3  (5 6 )

In  a d d it io n  to  u s in g  the  c o e ff ic ie n ts  fo r  in te rp re ta tio n , w e  can a lso p re d ic t in f la t io n  fo r  a 

m on th . F o r  exam p le , fo r  January 2011 , the  va lues  o f  the  m o d e l v a ria b le s  are 

lo g a le u r_sa = 0 .5 9 8 2 , lo g o il_ s a = 4 .3 3 1 1 , g dp _ga p= 2 .6 37 6 , un_sa = 13 .7 29 9 , and

d u m _ 2 0 0 9 m 0 6  is  1. S u b s titu tin g  the  above va lues  to  the  m o d e l, w e  g e t:

l n f =  4 . 1 7 7  +  2 . 9 9 6  * ( 0 .5 9 8 2 )  +  1 . 1 6 3  * ( 4 . 3 3 1 1 )  — 0 .3 9 8  *  ( 2 . 6 3 7 6 )  — 0 . 4 1 6  *

( 1 3 . 7 2 9 9 ) — 3 3 7 6 *  ( 1 )  =  — 2 . 7 1 5 5  (57 )

T he  actua l in f la t io n , fo r  January, is  1 .1% , and the  e rro r is  (1.1 -  (-2 .7 1 5 5 ))  =  +  3.81.

2 .25 19  0 2 .2519

F ig u re  19: T h e o re tica l t-d is tr ib u t io n  o f  lo g a le u r_sa
Source: Author’s simulations.

S tandard  d e v ia tio n  g ive s  us a ty p ic a l v a r ia t io n  o f  a c o e ff ic ie n t, average expected  e rro r 

te rm  fro m  the  sam ple  v a lu e 205. D iv id in g  the  c o e ff ic ie n t w ith  the  standard e rro r, w e  get 

the  t-  s ta tis tic , and the  h ig h e r the  t-s ta tis tic 206 in  m ag n itu de , the  m o re  s ig n if ic a n t the

205 Gurland, J., and T. Ram C. “A Simple Approximation for Unbiased Estimation of the Standard 
Deviation,” The American Statistician, 1971, 25(4), 30-32.

206 Gosset, W. S., “On the error of counting with haemacytometer,” Biometrika, 1907, 5(3), 351-360.
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v a ria b le  is. W e  ra re ly  o r  ever co n d u c t in fe re n ce  in  the  cons tan t te rm . T he  p -v a lu e  w i l l  

he lp  us de te rm ine  w h e th e r the  c o e ff ic ie n t is  s ig n if ic a n t o r  not.

So, the  t 1 =  2 .9 9 6 1 6 6 /1 .3 3 0 4 7 7  =  2 .2 5 1 9  is  the  s tandard ized  c o e ff ic ie n t, and the  p -  

va lu e  ind ica te s  h o w  e x trem e  th is  c o e ff ic ie n t is  i f  indeed  the  p o p u la tio n  c o e ff ic ie n t w as 

zero. T he  in i t ia l  h ypo the s is  is  th a t each o f  these c o e ff ic ie n ts  at the  p o p u la t io n  le v e l is  

ze ro 207. W e  s ta rt w ith  the  a ssum ption  th a t the re  is  no  e ffe c t o f  these v a ria b le s  in to  

in f la t io n , and on  the  o th e r side, w e  ge t the  sam p le  va lues. T he  p -v a lu e  te lls  us 

a p p ro x im a te ly  h o w  l ik e ly  i t  is  to  be ze ro 208. L e t ’ s have a lo o k  at a s im p le  th e o re tica l 

d ia g ra m  in  F ig u re  19. I f  th e  n u ll hypo the s is  w e re  zero , w e  w o u ld  expect a t-s ta tis tic  zero, 

b u t i t  c o u ld  be any a round  ze ro  due to  the  ran do m  se lec tion . T he  t-d is tr ib u t io n  show s us 

the  d is tr ib u tio n  o f  p o te n tia l t  v a lu e 209. T he  s tandard ized  t  va lu e  fo r  the  lo g a r ith m ic  va lu e  

o f  seasona lly  ad justed  a lu m in u m  expressed in  euros is  2 .2519 , w h ile  the  p -v a lu e  te lls  us 

the  v a lu e  b e yo n d  the  curves. T he  tw o - ta ile d  areas equal to  0 .0 2 6 = 2 .6 % . I f  the  n u ll 

hypo the s is  is  =  0, the  chance o f  g e tt in g  a sam ple  as e x trem e  as w e  d id , =  2 .9 9 6 1  

is  2 .6% . W e  are happy  to  in fe r  th a t h j js  n o t zero, and m o re  th an  9 5%  o f  is  u n d e r the 

b e ll cu rve  in  F ig u re  19. In  o th e r w o rd s , the  lo g a r ith m ic  va lu e  o f  a lu m in u m  is  re la ted  to  

in f la t io n  in  M o n te n e g ro . T h is  m e th o d o lo g y  w o u ld  a p p ly  to  o th e r v a ria b le s  in  the  m ode l.

M o re  e x a m in a tio n  shou ld  be done in  the  s p e c ific a tio n , b u t a llo w in g  s tru c tu ra l b reaks and 

in c lu d in g  app ro p ria te  d ich o to m o u s  v a ria b le s  so lved  som e fu n d a m e n ta l res idua l 

p rob lem s. T he re fo re , th is  is  a reasonab le  s ta rtin g  p o in t  to  deve lo p  a fo re ca s tin g  m ode l.

3.2. Vector autoregressive model of inflation in Montenegro

C h ris to p h e r S im s (1 9 8 0 ) says: “ La rge -sca le  do  p e rfo rm  u se fu l fo re ca s tin g  and p o lic y -  

ana lys is  fu n c t io n s  desp ite  th e ir  in c re d ib le  id e n t if ic a t io n ; the  re s tr ic tio n s  im p ose d  in  the  

usua l s ty le  o f  id e n t if ic a t io n  are n e ith e r essentia l to  c o n s tru c tin g  a m o d e l w h ic h  can

207 Johnson N. L., K. Samuel. N. Balakrishnan., Continuous Univariate Distributions, Volume 1, 2nd ed. 
United Kingdom: John Wiley & Sons, 1994.

208 Luroth, J., “Vergleichung von zwei Werten des wahrscheinlichen Fehlers,” Astron. Nachr., 1876, 
87(14), 209-20.

209 Helmert, F. R., “Uber die Berechnung des wahrscheinlichen Fehlers aus einer endlichen Anzahl 
wahrer Beobachtungsfehler,” Z. Math. U. Physik, 1875, 20, 300-3.
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p e rfo rm  these fu n c t io n s  n o r  in n o cu o u s ; an a lte rn a tiv e  s ty le  o f  id e n t if ic a t io n  is  a va ila b le  

and p ra c tic a l.”210 M o d e ls  b e in g  used fro m  the  1960s, because the  la tte r  im p o se d  m any 

re s tr ic tio n s , w e re  m o s tly  n o t co ns is te n t w ith  the  n o tio n  th a t to d a y ’ s cho ices  ta ke  in to  

accoun t the  e ffe c t o f  to m o r ro w ’ s u t i l i t y  b y  e co n o m ic  agents211. S im s (1 9 8 0 ) con tinues 

a rg u in g  th a t the  id e n t if ic a t io n  o f  the  p re v io u s  m o d e ls  is  in a p p ro p ria te  and ca nn o t be taken  

se riou s ly , w h ic h  becam e k n o w n  as S im ’ s C r it iq u e 212. S ince then , V A R s  have been used 

fo r  m a c ro e co n o m ic  fo re c a s tin g  and p o lic y  ana lys is  to  in ve s tig a te  the  sources o f  bus iness- 

c yc le  flu c tu a tio n s  and p ro v id e  a b e n c h m a rk  aga inst w h ic h  m o d e rn  d y n a m ic  

m a c ro e co n o m ic  th eo rie s  can be e va lua te d 213. T he  V A R s  are lin e a r  t im e -se rie s  m ode ls  

designed  to  captu re  the  jo in t  d yn a m ics  o f  m u lt ip le  t im e  series214.

S ince  no  v a r ia b le  can be deem ed as exogenous fro m  fo rw a rd - lo o k in g  agents, a ll 

endogenous v a ria b le s  in  the  system  are trea ted  as a fu n c t io n  o f  lagged  va lues  o f  a ll 

endogenous v a ria b le s .215 A c c o rd in g  to  S im s, m a c ro e co n o m ic  m od e ls  c o u ld  be designed  

w ith o u t im p o s in g  s trong  re s tr ic tio n s  and p re te n d in g  to  have a p r io r i  th e o ry 216. T he  V A R s  

m ake  th e o re tica l id e n t ify in g  re s tr ic tio n s  m u ch  m o re  p rec ise  th an  m od e ls  th a t w ere  

p re va le n t u n t i l  the  ’ 60s217. T he  goa l o f  the  V A R s  is  fo re ca s tin g  and p o lic y  p ro je c tio n s 218.

210 Sims, C. A., “Macroeconomics and Reality,” Econometrica, 1980, 48(4), 1-48.

211 Pecican, E. St., Forecasting Based on Open VAR Model,” Romanian journal o f  economic forecasting, 
2010, 13(1), 59-69.

212 Christiano, L. J., “Christopher A. Sims and Vector Autoregressions,” Scand. J. o f  Economics, 2012, 
114(4), 1082-1104.

213 Del Negro, M. and F. Schorfheide., “Priors from Equilibrium Models for VARs,” International 
Economic Review 2004, 45, 643-673.

214 Del Negro, M. and F. Schorfheide., “Monetary Policy with Potentially Misspecified Models," 
American Economic Review, 2009, 99(4), 1415-1450.

215 Sims, C. A., “Comparison of Interwar and Postwar Business Cycles: Monetarism Reconsidered,”
American Economic Review, 1980, 70(2), 250-257.

216 Sims, C. A., “Are Forecasting Models Usable for Policy Analysis?,” Federal Reserve Bank o f  
Minneapolis Quarterly Review, 1986, 10 (1), 2-16.

217 Sims, C. A., “Models and Their Uses,” American Journal o f Agricultural Economics, 1989, 71, 489­
494.

218 Stock, J. and M. Watson., “Vector Autoregressions,” Journal o f  Economic Perspectives, 2001, 15, 
101-115.
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Forecasts o b ta ine d  fro m  V A R  m od e ls  are, in  m o s t cases, b e tte r th an  those o b ta ine d  fro m  

the  fa r  m o re  c o m p le x  s im u ltaneous  e qu a tio n  m o d e ls219. A s te r io u  and H a ll (2 0 1 6 )220 take  

tw o  s ta tion a ry  s im u ltaneous  t im e  series, y t  and x t , a ffe c ted  b y  cu rre n t and past va lues  

and respec tive  w h ite  no ise  e rro r  te rm s u y t  and u x t :

y t  =  P 10 -  P 12M  +  Y i i y t - 1  +  Y 12M - 1  +  u y t  (5 8 )

x t =  P 20  -  P 21 y t  +  Y n y t - 1  +  Y 2 2 M - 1  +  u x t  (5 9 )

E q u a tio n s  (5 8 ) and (5 9 ) have a con tem po raneous im p a c t on  each o ther. T he  m a tr ix

a lgebra  o f  the  above tw o  equa tions  w o u ld  lo o k  lik e :

1 P 12] pVtl W 10] , [

P 21 1 \  w  \ # 2 o \  [

Y l1  Y 12 r y t - H | _  Xu yt~\

Y 21  Y 2 2 J i M - j + y ^ x t \
(6 0 )

or:

A  = 1 P 12

-P21  1
Z t  = B r

P 10

-P2 0 -

M u lt ip ly in g  e qu a tio n  (6 1 ) b y  A  1 w e  get:

f - 1  +  u t (6 1 )

|, B i  =  |
1Y 11 Y 12 I1 \ y t - 1 ] I

w 21 Y 2 2 J1 , z - 1 = k J 1

[ u x t \ (6 2 )

1 +  e t (6 3 )

=  A - 1 u t . Go is (ri * 1)  v e c to r  o f  constants,

G1 is  ( r i  * ri)  v e c to r  o f  c o e ff ic ie n ts , e t  is  ( r i  * 1 ) v e c to r  o f  w h ite  no ise221 in n o va tio n s . The

re w r it te n  V A R  m o d e l lo o k s  as:

t

-1 - 1

y t  =  910  +  9 u V t - 1  +  9 1 2  X t - 1  +  e u  (6 4 )
x t  =  9 2 0  +  9 2 i V t - i  +  9 2 2  x t - i  +  e 2 t  (6 5 )

E q u a tio n s  (5 8 ) and (5 9 ) are s tru c tu ra l V A R  (S V A R ), w h ile  (6 4 ) and (6 5 ) are reduced

fo rm  V A R . Because w e  d id  n o t im p ose  any re s tr ic tio n s  and th a t res idua ls  are n o t

219 Brooks, C., Introductory econometrics for finance. Cambridge: Cambridge University Press, 2002.

220 Asteriou, D., and S. G. Hall., Applied econometrics, 3rd ed. Basingstoke, United Kingdom: Palgrave 
MacMillan, 2015.

221 The best-known generalized process is white noise, which can be thought of as a continuous time 
analogue to a sequence of independent and identically distributed observations.
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o rth o g o n a l, equa tions  (6 4 ) and (6 5 ) are re d u c e d -fo rm  V A R 222. S ince e t =  A  1u t , e rro rs  

e 1t and e 2 t, in  equa tions  (6 4 ) and (65 ), are m ade up  o f  tw o  in n o v a tio n s  u y t  and u x t . 

W h ite  no ise  m eans th a t e rro r  te rm s  are u nco rre la ted , so E [ e t ] =  0 and f in ite  va ria n c e 223. 

A n  e qu a tio n  e rro r  te rm  can be co n te m p o ra n e o u s ly  co rre la ted  w ith  o th e r equa tions ' 

res idua ls  b u t n o t co rre la ted  w ith  th e ir  o w n  lagged  va lues  and in d ep en d en t v a ria b le s224 (as 

in  any  sp e c ifie d  reg ress ion ). T h e re fo re , the  re d u c e d -fo rm  in n o v a tio n s  are n o t o rth og o na l, 

c o m p le te ly  unco rre la ted . T h e  s truc tu re  o f  the  contem poraneous v a ria n ce -co va ria n ce  

m a tr ix  is  as fo l lo w s :

E [e t e f l
8 ^  S e i e 2

,^ ei e2 s l
( 66 )

w he re  is  the  va ria n ce  o f  the  f i r s t  v a ria b le , 5 | 2 the  va ria n ce  o f  th e  second v a ria b le , and 

S e 1e 2 denotes the  contem poraneous covariance . F o r  t im e  t 0 and t 1 (n o t 

con tem poraneous), h ow eve r, the  in n o v a tio n s  need to  be unco rre la ted , and th e  va ria n ce - 

co va ria n ce  m a tr ix  shou ld  be ze ro 225:

E [ e ‘0 =  [0  0 ]  (6 7 )

A l l  equations have id e n tic a l regressors, and estim ates are co ns is te n t and e ff ic ie n t. T he  

m o d e l w e  w i l l  es tim a te  is  p a rs im o n io u s 226, m ea n in g  th a t w e  w i l l  in c lu d e  the lo w e s t 

p oss ib le  n u m b e r o f  param eters in  the V A R  m o d e l because V A R s  are v e ry  

p a ra m e trize d 227.

222 Hamilton, J. D., Time Series Analysis. Princeton, New Jersey: Princeton University Press, 1994.

223 Stein, M. L., Interpolation o f Spatial Data: Some Theory for Kriging. Springer Series in Statistics.
New York: Springer, 1999.

224 Watson, M., “ [Vector Autoregressions and Reality]: Comment,” Journal o f  Business and Economic 
Statistics, 1987, 5, 451-453.
225 Bernanke, B. and I. Mihov., “Measuring Monetary Policy,” Quarterly Journal o f  Economics, 1998, 
113, 869-902.

226 Daganzo, C. F., V. V. Gayah, and E. J. Gonzales., “The potential o f parsimonious models for 
understanding large scale transportation systems and answering big picture questions,” EURO Journal on 
Transportation and Logistics, 2012, 1(1-2), 47-65.

227 Blanchard, O. and R. Perotti, R., “An Empirical Characterization of the Dynamic Effects of Changes 
in Government Spending and Taxes on Output,” Quarterly Journal o f  Economics, 2002, 117, 1329-1368.
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3.2.1. Estim ation o f the V A R  m odel for the M ontenegrin econom y

F iv e  v a ria b le s  w i l l  co n s titu te  o u r V A R  m o d e l, as fo llo w s :

X t =  ( a l u _ s a t , o i l _ s a t , i n f t , g d p _ g a p t , u n _ s a t , d u m _ 2 0 0 9 m 0 6  — 
d u m _ 2 0 1 1 m 0 3 ,  d u m _ 2 0 1 3 m 0 3 ,  d u m _ 2 0 1 3 m l 0 ,  d u m _ 2 0 1 6 m 0 3  )  ( 68 )

T he  X t  is  the  ve c to r, a l u t  is  the  seasona lly  ad jus ted  lo g a r ith m ic  a lu m in u m  p ric e  in  euros,

o i l t  is  the  seasona lly  ad justed  o il  p r ic e  in  euros in  lo g a r ith m ic  fo rm , i n f t  is  the  in f la t io n

expressed in  percentage, g d p  _ g a p t  228 is  the  gap o f  gross d o m e s tic  p ro d u c t, o b ta ine d  b y

H P  f i l te r in g  lo g  G D P , and u n t  is  the  u n e m p lo y m e n t expressed in  percen tage  and

seasona lly  ad justed  as w e l l .  A s  fa r  as the  d ich o to m o u s  v a ria b le s  are described  in  the

p re v io u s  sec tion . K e y  v a ria b le s  are o il  and a lu m in u m  p rices, w h ic h  are in c lu d e d  as

exogenous v a ria b le s  to  m easure e c o n o m e tr ic a lly  the  im p a c t o f  these shocks on  in f la t io n

and the  e co n o m y. U n e m p lo y m e n t and g d p _ga p  w i l l  sh ow  the  e ffe c t o f  co rresp on d in g

shocks on  o th e r va riab les .

T he  sam ple  p e rio d  fo r  the  V A R  w i l l  be s ta rtin g  fro m  January 2006  t i l l  D e ce m b e r 2017. 

S t il l,  fo r  e s tim a tio n  purposes, w e  w i l l  go  fro m  January 2006  t i l l  D e ce m b e r 2015 , and w e  

w i l l  use the  m o d e l to  fo re cas t in f la t io n  fro m  January 2016  to  D e ce m b e r 2017 . T he  onset 

w i l l  be o u r to o l to  assess w h e th e r o u r m o d e l can p re d ic t the  actua l in f la t io n  fro m  2016:01  

onw ards. T he  gdp_gap , in f la t io n , and u n e m p lo y m e n t w i l l  cap tu re  the  lo n g -ru n  pa th  o f  

in f la t io n . A t  the  same tim e , a lu m in u m  and o il  p rices, in c lu d in g  d u m m y  va riab les , w i l l  

p o te n t ia lly  e x p la in  the  e x te rna l sh o rt-ru n  d y n a m ic  m ovem en ts  o f  in f la t io n . E ach  c o lu m n  

corresponds to  one e q u a tio n  in  the  V A R . F o r  exam p le , the  f i r s t  e qu a tio n  is  in f la t io n , 

w h ic h  is  expressed as a fu n c t io n  o f  its  o w n  4 lags, the  lags o f  l o g a l e u r s a ,  l o g o i l s a ,  

g d p g a p ,  u n s a ,  c o n s ta n t ,  and d u m m y  v a r ia b le s .  T he  process is  a p p lie d  to  the  o the r 

endogenous v a ria b le s  in  the  m od e l. E V ie w s  ca lcu la tes  the  c o e ff ic ie n ts , s tandard e rrors, 

and t  s ta tis tics  in  b racke ts  fo r  each regressor. T he  c o e ff ic ie n t o f  d e te rm in a tio n  (R 2) is  

re la t iv e ly  h ig h , b u t i t  is  ty p ic a l fo r  V A R  in  le v e ls 229. W e  need to  dec ide  the  n u m b e r o f  

lags th a t w e  w a n t to  use. T he re fo re , the  s p e c ific a tio n  issue is  w h e re  w e  fo cu s  on  in  the

228 Lipsey, R. G., K. A. Chrystal., Economics, 11th ed. Oxford, UK: Oxford University Press, 2007.

229 Frost, J., Regression Analysis: An Intuitive Guide for Using and Interpreting Linear Models, ebook.
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n e x t paragraphs. L o o k in g  at the  t-s ta tis tic s  o f  in d iv id u a l c o e ff ic ie n ts  ( in  square b racke ts), 

i t  tu rn s  o u t th a t m o s t c o e ff ic ie n ts  are n o t s ta tis tic a lly  s ig n if ic a n t (one  can use 2 as an 

a p p ro x im a te  th re sh o ld  fo r  the  9 5%  s ig n ific a n c e  le v e l). T h e  p he nom enon  is  a lso  ty p ic a l 

fo r  V A R s  and shou ld  n o t cause concern . U s u a lly , o n ly  the  c o e ff ic ie n ts  o f  the  f ir s t  o w n  

la g  o f  each v a ria b le  and m aybe  a fe w  o thers  are s ig n if ic a n t230. N o n e  o f  these resu lts  

a u to m a tic a lly  im p lie s  th a t the  V A R  is  g oo d  o r bad, e ith e r f ro m  a s ta tis tica l p e rspec tive  o r 

f ro m  an e co n o m ic  p e rsp e c tive 231. M o re  ana lys is  needs to  be done on  c h e ck in g  the 

res idua ls ' p ro pe rtie s  to  f in d  a s ta tis tic a lly  w e ll-s p e c if ie d  reduced  fo rm  V A R 232. M o re o v e r, 

fu r th e r  in v e s tig a tio n  is  a lso  re q u ire d  to  assess w h e th e r the  V A R  has m e a n in g fu l 

im p lic a tio n s  fro m  an e co n o m ic  perspective .

3 .2 .1 .1 . S ta t io n a r i ty  o f  th e  V A R  sys tem

E s ta b lis h in g  co v a ria n c e -s ta tio n a rity  is  v ita l in  a V A R  system 233. I t  has im p o rta n t 

im p lic a tio n s , such th a t the  response to  shocks g ra d u a lly  d ies d ow n , te n d in g  to  ze ro  in  the 

lo n g  run . A  v e c to r process is  sa id  to  be co va ria n ce -s ta tio n a ry  i f  its  f i r s t  and second 

m om en ts , E [ y t ] and re s p e c tiv e ly  E [ y t y ^ - j ] ,  are in d ep en d en t o f  th e  t im e  t :234

y t  =  c  +  0 1y t - 1 +  e t  (6 9 )

y i t  =  c i  +  0 i i V i t - i  +  0 l 12)y 2t - i + . . . + 0 Sv)y w t - i  +  e l t  (70 )

y t  =  c +  $ i [ c  +  $ i y t_2 +  e t - i ] +  e t  (7 1 )
y t =  c +  $ i c  +  $ 2y t - 2 +  e t +  O i U - i  (72 )

V t  =  . .. (7 3 )
J t  =  c  +  $ i c  + . . .  + O i  i c  +  < & iy t - k  +  € t +  $ i U - i  +  . . .  + $ i  ± e t - k + 1  (7 4 )

E [ y t ] =  I y _ 01 O ^ c  +  ® $ E [ y t - k ] (7 5 )

230 Blanchard, O. and D. Quah., “The Dynamic Effects of Aggregate Demand and Supply Disturbances,”
American Economic Review, 1989, 79 (4), 655-673.

231 Chari, V. V., P. Kehoe, and E. McGrattan., “A Critique of Structural VARs Using Real Business 
Cycle Theory,” Federal Reserve Bank of Minneapolis Working Paper 631.

232 Luetkepohl, H., “Vector Autoregressive Models,” EUI Working Paper ECO 2011/30.

233 Pagan, A. R., and G. W. Schwert., “Testing for covariance stationarity in stock market data,” 
Economics Letters, 1990, 33(2), 165-170.

234 Rossi, E., and P. S. de Magistris., “Estimation of Long Memory in Integrated Variance,” Econometric 
Reviews, 2014, 33(7), 785-814.
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The value of this sum depends on the behavior of O[ as j  increases. The expected value 

of the dependent variable does not depend on time. Moreover, the covariance of two 

expected values, let’s say y t and y t+j, depends on the time lapsed j. In other words, a 

VAR system is stationary if the mean and variance of its variables are measurable and do 

not depend on time. If the VAR is stationary, all its components are stationary235.

Rossi (2011) highlights that the VAR can be expressed in the following form236:

[ lN -  OiL -  . . . - O pD>]yt = c + et (76)
O(L)yt = c + et (77)

with

O(L) = [ IN -  OiL -  . . . - O pLP] (78)

O(L) (N x N) matrix polynomial in L. Where y t-1 = Lyt, y t-2 = L2y t, etc, and IN

stands for the identity matrix. The polynomial in the lag operator, O of (L), must be 

invertible for the VAR to be stationary. Setting the polynomial to 0 and replacing the lag 

operator L by g, we get:

[ In -  Ol9 -  . . . - O pz?] (79)

The characteristic polynomial is defined as:

O(L) = [ IN -  Ol9 -  ... - O pz?] =  0 (80)

Therefore, the VAR is stationary if all the np roots of the polynomial are outside the unit 

imaginary circle, greater than 1 in absolute value237. If one of the values, e.g., g  = 1 or - 

1, then the VAR is integrated of higher-order, 1 or above238. We should notice that

235 Brooks, Ch., Introductory Econometrics for Finance, 3rd ed. Cambridge, United Kingdom: Cambridge 
University Press, 2014.

236 Rossi, E., and P. S. de Magistris., “Indirect inference with time series observed with error,” Journal o f  
Applied Econometrics, 2018, 33, 874-89.

237 Pankratz, A., Forecasting with Dynamic Regression Models. Hoboken, NJ: John Wiley & Sons, 1991.

238 Glaister, S., Mathematical Methods for Economists, 3rd ed. Oxford, UK: Blackwell, Oxford, 1984.
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1
E V ie w s  ca lcu la tes  the  in ve rse  roo ts  o f  the  c h a ra c te ris tic  p o ly n o m ia l (A  =  -  ) ,  fo r  

exam p le , based on  th e  equa tion :

[  In AP -  O ^ p -1  -  . . . - O p ]  =  0 (81 )

ly in g  w ith in  the  u n it  im a g in a ry  c irc le . A n y  m ean zero  c o va ria n ce -s ta tio n a ry  process y t 

can be represented  as a sum  o f  a ll the  past w h ite  no ise  shocks239:

V t  =  Y ,7= oe j e t - j + V t  (8 2 )

and 6  is  the  m a tr ix  o f  c o e ff ic ie n ts , d e sc r ib in g  the  responses o v e r t im e  o f  each endogenous 

v a ria b le  to  the  sequence o f  shocks e t .

3 .2 . I .2 .  L a g  le n g th  s p e c if ic a t io n  o f  th e  V A R

T he  la g  s p e c ific a tio n  is  c ru c ia l in  a V A R  system . T he  d e te rm in a tio n  o f  the  la g  le n g th  is  a 

c r it ic a l e lem en t in  the  s p e c ific a tio n  o f  V A R  m o d e ls240. B ra u n  and M it tn ik  (19 93 ) 

em phasize  the  in co n s is te n cy  o f  a m is s p e c ific a tio n  V A R  m o d e l241. L u tk e p o h l (19 93 ) 

ind ica te s  th a t o v e r f it t in g  causes an increase  in  th e  V A R 's  m ean-squared  fo re cas t e rro rs  

and th a t u n d e r f it t in g  the  la g  le n g th  o fte n  generates a u to co rre la ted  e rro rs242. H a fe r  and 

Sheehan (1 9 8 7 ) f in d  th a t the  accuracy  o f  fo recasts  f ro m  V A R  m od e ls  va ries  su b s ta n tia lly  

fo r  a lte rn a tiv e  la g  le n g th s243. O v e r f it t in g  is  v e ry  p ro b le m a tic  because, as w e  estim ate  

m an y  c o e ff ic ie n ts , i t  m ig h t, fo r  exam p le , ju s t  l ik e  in  o u r case w ith  a m odera te  range o f  

data, be th a t the  c o e ff ic ie n ts  are q u ite  p o o r ly  estim a ted . M e a n w h ile , w e  have  to  be ca re fu l

239 Cochrane, J. H., Time Series for Macroeconomics and Finance. UK: Spring, 1997, 2005.

240 Ozcicek, O., and D. McMillin., “Lag length selection in vector autoregressive models: symmetric and 
asymmetric lags,” Applied Economics, 1999, 31(4), 517-524.

241 Braun, P. A. and S. Mittnik., “Misspecifications in Vector Autoregressions and Their Effects on 
Impulse Responses and Variance Decompositions,” Journal o f  Econometrics, 1993,
319-41.

242 Lutkepohl, H., “Testing for causation between two variables in higher dimensional VAR models,” in 
H. Schneeweis & K. F. Zimmermann (eds), Studies in Applied Econometrics, Physica, Heidelberg, pp. 
75-91.

243 Hafer, R. W., and R. G. Sheehan., “On the Sensitivity of VAR Forecasts to Alternative Lag 
Structures,” Federal Reserve Bank of St. Louis Working Paper 1987-004A.
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since th is  m ig h t lead  us to  o m it  im p o rta n t v a ria b le s  and conse qu en tly  m iss  essentia l 

d yn a m ics  o f  M o n te n e g ro 's  in f la t io n  m od e l. Thus, w e  have to  f in d  the  g o ld e n  m id d le .

In  the  process o f  se le c ting  the  a pp ro p ria te  n u m b e r o f  lags in  a V A R  m o d e l, the  A k a ik e  

in fo rm a tio n  c r ite r io n  (A IC ) ,  S chw arz  in fo rm a tio n  c r ite r io n  (S C ), and H a n n a -Q u in n  

in fo rm a tio n  c r ite r io n  (H Q C ) are e m p lo ye d  in  the  fo l lo w in g  m o d e l244:

A l C ( k )  =  l n \ Z k \ + 2  m 2 k (8 3 )

S C ( k )  =  l n \ T k \ +  lJy  m 2k (8 4 )

H Q C ( k )  =  l n \ T k \ + 2^ y 1 1  m 2 k (85 )

H aya sh i (2 0 0 0 ) h ig h lig h ts  th a t the  n u m b e r o f  lags, m in im iz in g  the  va lues  o f  these c r ite r ia , 

can be assum ed as the  o p tim u m , c o n d it io n e d  th a t the  m o d e l is  free  o f  a u to c o rre la tio n  and 

th a t res idua ls  are ty p ic a l ly  spread o u t245. P ra c tit io n e r ’ s a dv ice  (as a g u id e  to  assist in  

d e c id in g  fo r  the  o p tim u m  n u m b e r o f  lags (va r ia b le s ) in  a V A R ) ,  is  to  use 12 lags w h e n

T
w o rk in g  w ith  m o n th ly  data and as a p ra c tic a l co n s tra in t n p  <  : T rep re sen ting  the  sam ple  

size, n  the  n u m b e r o f  va riab les , and p  n u m b e r o f  lags o f  the  V A R .

1.5 

1.0 

0.5 

0. 0 

-0. 5 

- 1.0 

- 1.5
- 1 0  1

F ig u re  2 0 : Inve rse  roo ts  o f  A R  ch a ra c te ris tic  p o ly n o m ia l
Source: Author’s calculations in EViews 11.

244 Hendry, D. F., Dynamic Econometrics. Oxford: Oxford University Press, 1995.

245 Hayashi, F., Econometrics. Princeton: Princeton University Press, 2000.
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T a b le  11: V A R  la g  o rd e r  s e le c tio n  c r i t e r ia

E ndogenous  va riab les : L O G O IL _ S A  L O G A L E U R _ S A  U N _ S A  
G D P _ G A P  IN F
E xo ge n ou s  va riab les : C  D U M _ 2 0 0 9 M 0 6 _ A L  D U M _ 2 0 1 1 M 0 3 _ A L  
D U M _ 2 0 1 3 M 0 7 _ A L  D U M _ 2 0 1 3 M 1 0 _ A L  
Sam ple: 2 0 0 6 M 0 1  2 0 1 5 M 1 2  
In c lu d e d  o bse rva tions : 108

L a g L o g L L R FPE A IC SC H Q

0 -3 7 4 .4 4 6 6 N A 0.001123 7 .397160 8 .018024 7 .648898
1 181.1858 1008.370 6 .08e-08 -2 .4 29 3 67 -1 .1 87 6 40 -1 .9 25 8 92
2 2 63 .8264 142.3254 2 .1 0 e -0 8 * -3 .4 96 7 86 -1 .6 3 4 1 9 4 * -2 .7 4 1 5 7 2 *
3 289 .2848 41.48773 2 .11e-08 -3 .5 05 2 74 -1 .0 21 8 19 -2 .498323
4 303 .5246 21 .88715 2 .63e-08 -3 .3 06 0 12 -0 .201693 -2 .047323
5 318 .3429 21.40423 3 .28e-08 -3 .1 17 4 62 0 .607720 -1 .6 07 0 36
6 344.8121 35 .78236 3 .35e-08 -3 .144668 1.201378 -1 .382505
7 358 .1235 16.76251 4 .43e-08 -2 .928213 2 .038697 -0 .914311
8 391 .0807 38 .45012 4 .16e-08 -3 .0 75 5 69 2 .512204 -0 .8 09 9 30
9 412 .5043 2 3 .01050 4 .97e-08 -3 .0 09 3 39 3 .199298 -0 .4 91 9 62
10 4 54 .8210 4 1 .53302 4 .16e-08 -3 .330018 3.499483 -0 .5 60 9 04
11 483 .1948 25.22121 4 .70e-08 -3 .3 92 4 97 4 .057867 -0 .371645
12 563.8971 6 4 .2 6 2 8 8 * 2 .12e-08 -4 .4 2 4 0 2 0 * 3 .647209 -1 .1 51 4 30

*  ind ica te s  la g  o rd e r se lected b y  the  c r ite r io n
L R : sequen tia l m o d if ie d  L R  tes t s ta tis tic  (each tes t at 5%  le v e l)
FP E : F in a l p re d ic t io n  e rro r
A IC : A k a ik e  in fo rm a tio n  c r ite r io n
SC: S chw arz  in fo rm a tio n  c r ite r io n
H Q : H a n n a n -Q u in n  in fo rm a tio n  c r ite r io n

Source: Author’s calculations in EViews 11.

O u r m o d e l has 144 m o n th ly  obse rva tions  suggesting  th a t the  n u m b e r o f  v a ria b le s  in  the  

V A R  shou ld  n o t be la rg e r than  4; in  fa c t, 3 in  case w e  used 12 lags.

L e t us see the  b e h a v io r  o f  the  s ta tio n a r ity  o f  o u r V A R  (2 ) in f la t io n  m od e l. A s  w e  can see 

in  F ig u re  20, a ll the  inve rse  roo ts  o f  the  ch a ra c te ris tic  p o ly n o m ia l l ie  w ith in  the  u n it  c irc le , 

c o n firm in g  the  V A R  m od e l's  s ta tio n a rity . W e  have  reached s ig n if ic a n t resu lts : based on 

the  s ta tio n a r ity  tests assessed so fa r, w e  can in fe r  the  v a lid ity  o f  im p u ls e  response standard
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erro rs246247. T he  la rge s t in ve rse  ro o t o f  o u r V A R  m od e l's  ch a ra c te ris tic  p o ly n o m ia l is  

0 .960867 , a c c re d itin g  o u r assessm ent o f  the  s ta tio n a r ity  o f  the  V A R  m ode l.

H a v in g  in c lu d e d  12 lags in  the  la g  e x c lu s io n  tes t abou t d e c id in g  the  m a x im u m  n u m b e r o f  

lags to  be e m p lo ye d  in  o u r V A R  (2 ) m o d e l, w e  ge t T ab le  11. F o r  each o f  the  c r ite r ia , an 

app ro p ria te  la g  le n g th  is  denoted  b y  an as te risk  ( * ) .  In  o u r V A R  (2 ) m o d e l, the  FP E , SC, 

and H Q  suggest 2 lags as the  f i t t in g  la g  len g th , w h ile  A IC  and lik e lih o o d  ra tio  (L R )  se lect 

12 lags. C on s is ten cy  is  m is s in g  be tw een  d if fe re n t c r ite r ia , w h ic h  m ig h t in d ic a te  the  r ig h t 

n u m b e r o f  lags. T he  d isp e rs io n  o f  the  resu lts  is  to o  b road , and som e c r ite r ia  are a llo w in g  

fo r  m ore  d yn a m ics  in  the  system , w h ile  the  o the rs  are n o t suggesting  such a w id e  gap o f  

dynam ics . N eve rthe less , w e  keep p ro cee d in g  w ith  2 lags, l ik e  the  a pp ro p ria te  la g  le n g th  

fo r  o u r V A R  (2 ) m od e l. Thus, w e  re -es tim a te  the  m ode l.

3 .2 . I .3 .  R e s id u a l d ia g n o s t ic  ch ecks  o f  th e  V A R  m o d e l

W e  em phasized  e a r lie r  th a t u t  ( re s id u a ls )  m u s t n o t be co rre la ted  (w h ite  n o ise ) fo r  a 

s ta tion a ry  V A R  to  be c o rre c t ly  sp e c ifie d 247 248. In  case e rro rs  are a u to co rre la ted  E {£ 't £ t - S } ^  

0 f o r  so m e  s ,  the  e s tim a to r /?x is  unb iased , E { ^ 1} =  ^ ( b u t  n o t in  case i f  w e  in c lu d e  a 

lagged  dependent v a ria b le ) , b u t the  e s tim a to r o f  th e  c o e ff ic ie n t s tandard  e rro r is  no  lo n g e r 

co n s is te n tly , re s u lt in g  in  an u n re lia b le  t-  s ta tis tic 249.

T a b le  12: V A R  (2 ) re s id u a l c o v a r ia n c e  m a t r ix

IN F L O G A L L O G O IL U N  S A G D P  G A P

IN F 0.4863 0 .0029 0 .0072 -0 .0 45 7 0.0148
L O G A L 0 .0029 0.0022 0.0012 -0 .0 01 7 0.0005
L O G O IL 0 .0072 0.0012 0 .0049 -0.0011 -0.0002

U N -0 .0 45 7 -0 .0 01 7 -0.0011 0.087 0 .0044
G D P  G A P 0.0148 0.0005 -0.0002 0 .0044 0 .0277

246 Lutkepohl, H., “Asymptotic distributions of impulse response functions and forecast error variance 
decompositions of vector autoregressive models,” Review o f  Economics and Statistics, 72: 116-125.

247 Lutkepohl, H., and D. S. Poskitt., “Estimating orthogonal impulse responses via vector autoregressive 
models,” Econometric Theory, 1991, 7, 487-496.

248 Granger, C. W. J., “Some properties of time series data and their use in econometric model 
specification,” Journal o f  Econometrics, 1981, 16, 121-130.

249 Poskitt, D. S., and Lutkepohl, H., “Consistent specification of cointegrated autoregressive moving 
average systems,” Discussion Paper 54, SFB 373, Humboldt-Universitat zu Berlin, 1995.
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Source: Author’s calculations in EViews 11.

LOGOIL_SA Residuals

.3 .2

LOGALEUR_SA Residuals

0.8

0.4

0.0

-0.4

-0.8
06 07 08 09 10 11 12 13 14 15

F ig u re  2 1 : V A R  (2 ) res idua ls
Source: Author’s calculations in EViews 11.

M e a n  fo re ca s tin g  p e rfo rm a n ce  w i l l  w o rse n  w ith  the  presence o f  a u to c o rre la tio n  o f  e rrors, 

and co n fid e n ce  bounds w i l l  be e ith e r to o  w id e  o r to o  n a rro w 250.

P lo tt in g  the  res idua ls  in  E V ie w s  11, w e  ge t F ig u re  21. T he  f ir s t  n o tice a b le  th in g  is  th a t 

som e res idua ls  v a ry  above  and b e lo w  the  m ean in  s p e c ific  p e riods , e sp e c ia lly  a round  the  

c ris is  ep isodes in  2008. T he  a ttr ib u tes  in h e re n t in  and c o m m u n ica te d  b y  these res idua ls  

are va lu a b le  to  us, and w e  have to  keep th em  in  m in d  since  th e y  p ro du ce  sp e c ific  

e ffe c ts251. P ro cee d ing  w ith  the  ana lys is , w e  ge t the  co va ria n ce  m a tr ix  o f  the  res idu a ls  in  

T ab le  12. A s  lo n g  as the  o f f  d iagona ls  are n o t zeros, the re  is  a u to c o rre la tio n  am ong

250 Box, G. E. P., and G. M. Jenkins., Time Series Analysis: Forecasting and Control, San Francisco: 
Holden-Day, 1976.

251 Jarque, C. M., and A. K. Bera., “A test for normality of observations and regression residuals,”
International Statistical Review, 1987, 55, 163-172.
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res idu a ls252. S ince w e  have  n o t d e fin e d  the  shocks y e t (w h ic h  is  the  p ro b le m a tic  issue, 

id e n t ify in g  the  s tru c tu ra l m o d e l), i t  is  s t i l l  expected  to  have e rro rs  co rre la te d 253.

E x p lo r in g  the  p ro pe rtie s  o f  o u r V A R  m od e l's  res idua ls , w e  ge t the  c o rre lo g ra m  o f  

res idua ls  o f  o u r V A R  m o d e l, F ig u re  22.

T a b le  13: V A R  re s id u a l s e r ia l c o r re la t io n  L M  tes ts  w i th  2 a n d  3 lags

L ags
V A R  w ith  2 lags V A R  w ith  3 lags

L M -S ta t P rob L M -S ta t P rob

1 34.08133 0 .1062 2 1 .59529 0 .6590
2 40 .58314 0 .0254 21 .72868 0 .6514
3 18.75179 0 .8089 2 7 .85776 0 .3144
4 18.15730 0 .8356 18.23873 0.8321
5 26.71583 0 .3702 2 6 .35556 0.3888
6 22.76041 0 .5916 18.15460 0.8358
7 34 .42207 0 .0992 35.18603 0 .0849
8 26.38435 0.3873 34.28241 0.1020
9 19.58194 0 .7684 16.74204 0 .8909
10 2 0 .38099 0 .7266 26.95871 0 .3580
11 25.48733 0.4353 16.67007 0 .8934
12 69.78283 0.0000 53 .05919 0 .0009

Probs from chi-square with 25 df.
Source: Author’s calculations in EViews 11.

S p e c ifie d  at 12 lags and w ith  2 standard e rro r bounds, i t  show s the  co rre la tio n s  o f  each 

v a ria b le  w ith  the  o thers. F o r  ins tance, in  the  f ir s t  ro w , w e  see the  a u to c o rre la tio n  o f  

res idua ls  am ong  i n f  and the  o th e r va ria b le s , and so on. L o o k in g  at sho rt te rm  e rro r 

co rre la tio n s  o f  the  es tim a ted  V A R  (2 ), p ra c tic a lly  at 1st lags, a ll the  lin e s  l ie  w ith in  the  2 

standard e rro r bounds suggesting  no  a u to co rre la tio n . A n o th e r  b a ck  up  to  the  suggestion  

o f  m is s in g  a u to c o rre la tio n  is  n o n -n o tice a b le  co n tin u a l w a ve  s inu so id a l. C o n tin u in g  

te s tin g  fo r  res idua ls  a u to c o rre la tio n  in  o u r V A R  m o d e l, w e  ge t T ab le  13.

252 Del Negro, M., and F. Schorfheide., “Montetary Policy Analysis with Potentially Misspecified 
Models," American Economic Review, 99, 1415-1450.

253 Den Haan, W. J., and Th. Drechsel., “Misspecification in Macroeconomics: Difficult but Not 
Impossible to deal with,” Centre for Macroeconomics and London School of Economics and Political 
Science, 2019.
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B ased on  the  9 5%  s ig n ific a n c e  le v e l, the  n u ll h ypo the s is  th a t the re  is  no  a u to c o rre la tio n  

o f  res idua ls  in  o u r estim a ted  V A R  (2 ) m o d e l can be re jec ted  w ith  2 lags, w ith  p = 2 .5 4 %  

fo r  la g  o rders up  to  2. B u t  s t i l l ,  fo r  o rders  up  to  1, the re  is  no  in d ic a tio n  based on  the  L M  

test th a t the re  is  a c o rre la tio n  o f  e rrors. T h is  f in d in g  suggests w e  shou ld  am end o u r V A R  

m o d e l w ith  m o re  lags, as in d ic a te d  b y  A IC  and L R . T he  estim a ted  V A R  (3 ) m o d e l w ith  

3 lags suggests no  a u to c o rre la tio n  based on  th e  L M  test, as seen in  pane l B  o f  T a b le  13.

W e  choose to  p roceed  w ith  the  V A R  (3 ) m o d e l, as suggested b y  the  L M  tes t pane l B  in  

T ab le  13. T he  test ind ica te s  no  a u to c o rre la tio n  o f  res idua ls  fo r  la g  o rders  up  to  11. T he  

V A R  (3 ) f it te d  to  th is  data w o u ld  have the  fo rm :

J t  =  a h y —  +  a h n —  +  a h u n —  +  a l 4 a l u t - 1 +  a h o i l —  +  a h y —  +  a h n —  +  

a h u n —  +  a h a l u —  +  a h o i l —  +  a h y t - 3  +  a h n —  +  a h u n —  +  a h a l u —  +

a i 5 ° i l t - 3  +  e i t  ( 86)

n t =  a 2 i y t - i  +  a h . 2 ^ t - i  +  +  a ^ a l u t - i  +  a 2 5o i l t - i  +  a h y —  +  a h n —  +
a h u n t - 2  +  a h a l u —  +  a \ s o i l —  +  a h y —  +  a h n —  +  a h u n —  +  a h a l u —  +  

a 2 5 ° i k - 3  +  e 2 t  (8 7 )

u n t =  a 3 i y t - i  +  a h n —  +  a 33u n t - i  +  a 3 4 a l u —  +  a 3 5o i l t - i  +  a h y —  +

a 22n t - 2  +  a 23u n t - 2  +  a h a l u —  +  a h o i l —  +  a h y t - 3  +  a h n —  +  a h u n —  +
a h a l u —  +  a h o i l —  +  e 3t ( 88)

a l u ^  =  & 4 i y t —i  +  ^ 4 2 ^ t —i  +  ^ 4 3 ^ - ^ t —i  +  &44@'l'U-£- i  +  Q4 5 0 H^—i  +  ^ 4 i y ^ —2 +
a h n —  +  a ^ 3 u n t - 2  +  a h a l u —  +  a h o i l —  +  a h y —  +  a h n —  +  a h u n —  +  
a h a l u —  +  a h o i l —  +  e 4 t  (8 9 )

o i l t  =  a h y —  +  a h n —  +  a h u n —  +  a h a l u —  +  a \ s o i l —  +  a h y —  +  

a 2 2n t - 2  +  a h u n —  +  a h a l u —  +  a h o i l —  +  a h y t - 3  +  a h n —  +  a h u n —  +  
a h a l u —  +  a h o i l —  +  e 5t (9 0 )
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Thus, f ro m  the  N e w  K e yn e s ia n  perspec tive , w e  have  chosen in  the  above m o d e l V A R  (3 ) 

y t , n t , u n t , a l u t , and o i l t  to  ana lyze  in -d e p th  the  above v a ria b le s  th a t m ig h t he lp  

m a c ro p ru d e n tia l p o lic y m a k e rs  o f  M o n te n e g ro  to  unders tand  b e tte r m a c ro e co n o m ic  

s ta b iliz a tio n  and ou tcom es b y  the  g o v e rn m e n t (u s in g  f is c a l p o lic y )  and the  cen tra l b a n k  

(u s in g  m o n e ta ry  p o lic y ) .

3.2.I.4 . V A R  residual heteroscedasticity tests

T he  a ssum ption  o f  h o m o sce d a s tic ity  states th a t th e  va ria n ce  o f  the  unobse rved  e rro r, u , 

c o n d it io n a l on  the  e xp la n a to ry  va ria b le s , is  cons tan t254. W o o ld r id g e  (2 0 1 3 ) e xp la in s  th a t 

h o m o s k e d a s tic ity  fa ils  w h e n e v e r the  v a r ia t io n  o f  the  uno bse rve d  fa c to rs  change across 

d if fe re n t p o p u la t io n  segm ents, w h e re  the  p o p u la tio n  segm ents are d e te rm ine d  b y  the  

d if fe re n t va lu es  o f  th e  e xp la n a to ry  va ria b le s : i f  th e  e rro rs  are tim e -de pe nd e n t, o f ,  then  

w e  deal w ith  he te ro sce da s tic ity .

L e t us co ns ide r a s tra ig h tfo rw a rd  m o d e l o f  in f la t io n  in  M o n te n e g ro  w ith  one la g  to  see 

h e te roscedas tic ity 's  consequences in  fo re ca s tin g  p e rfo rm ance . F o r  s im p lic ity  reasons, w e  

w i l l  es tim a te  a w ro n g  m o d e l assum ing  the  va ria n ce  is  constant. S t i l l ,  in  re a lity , i t  is 

he te roscedastic  and a s im p le  in f la t io n  m od e l in  M o n te n e g ro  w ith  g ene ra lized  

au to reg ress ive  c o n d it io n a l h e te ro sce da s tic ity  (G A R C H )  errors, w h ic h  takes in to  accoun t 

the  t im e  va riance .

T a b le  14: O ne p e rio d  ahead fo re cas t assessm ent

F orecast e v a lu a tio n
h =1 C o rre c t (D G P ) M o d e l In c o rre c t M o d e l

R M S E 0.596938 0 .607497
B ia s -0 .106341 -0 .1 05 5 29
S.E. 0 .616060 0.627461

*Forecastingperiod: 2017:2 2017:12

Source: Author’s calculations in EViews 11.

M o re o v e r, w e  w i l l  com pare  the  w ro n g  and co rre c t m o d e l in  te rm s  o f  fo re ca s tin g  

p e rfo rm ance . B ased on  the  above resu lts , w e  see R M S E s  o f  the  co rre c t (0 .5 9 6 9 ) and 

in c o rre c t m o d e l (0 .6 0 7 4 ) in  one p e rio d  ahead. T he  fo re c a s tin g  p e rfo rm ances  are n o t

254 Wooldridge, J. M., Introductory Econometrics: A Modern Approach. Ohio: South-Western, 2013.
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d if fe re n t a lo t. W h ile  fo r  the  m u lt ip e r io d  ahead fo re ca s tin g  p e rfo rm a n ce  o f  o u r s im p le  

m o d e l, w e  can observe  th a t the  fo re cas t s tandard e rro r  o f  the  G A R C H  m o d e l is  lo w e r  than  

the  m o d e l th a t estim ates the  fo re ca s tin g  p e rfo rm a n ce  w ith o u t  c o n s id e rin g  the  tim e  

va rian ce  dependency.

----- INF GARCH SE -------INF OLS SE

F ig u re  2 3 : M u lt ip e r io d  ahead fo re c a s tin g  p e rfo rm a n ce  o f  s im p le  in f la t io n  m od e l
Source: Author’s calculations in EViews.

T he  estim ates o f  co n fid e n ce  bounds in  F ig u re  23 sh ow  th a t the  m o d e l, w h ic h  in c lu d e s  the  

G A R C H  errors , is  m o re  in c lu s iv e , te n d in g  to  s ta b iliz e  the  in te rv a l o f  u n c e rta in ty . In  

contrast, the  in c o rre c t m o d e l tends to  have co n fid e n ce  bounds to  in f in i ty ,  w o rs e n in g  

fo re ca s tin g  p e rfo rm a n ce  u n c e rta in ty . T he  presence o f  h e te ro sce da s tic ity  does n o t im p a c t 

the  m ean fo re ca s t255. T u rn in g  to  o u r true  V A R  (3 ) m o d e l, there  is  one test th a t w e  w i l l  

a p p ly  to  tes t w h e th e r the  res idua ls  are he te roscedastic  o r  not.

T a b le  15: V A R  res idu a l h e te ro sce da s tic ity  tests: no  cross-te rm s

C h i-sq . d f P rob.

6 28 .3370 510 0.0003

Source: Author’s calculations in EViews 11.

Since the  p = 0 .0 0 0 3 , w e  can re je c t the  n u ll h ypo the s is  o f  h o m o ske d a s tic ity . 

H e te ro sce d a s tic ity  does n o t a ffe c t m o d e l fo re c a s tin g  p e rfo rm an ce  in  te rm s o f  the  m ean 

fo recast, as seen in  F ig u re  24. H o w e v e r, i f  w e  dec ide  to  accoun t fo r  he te ro sce da s tic ity ,

255 Park, R.E., “Estimation with Heteroscedastic Error Terms,” Econometrica, 1966, 34(4), 888.
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w e  w o u ld  need to  re fo rm u la te  o u r m o d e l as a system  and use m u lt iv a r ia te  G A R C H  

s p e c ific a tio n  to  m o d e l the  va ria n ce -co va ria n ce  m a tr ix .

INF
------ INF_OLS_F
------ INF_OLS_F+1.96*INF_OLS_SE
------ INF OLS F-1.96*INF OLS SE

------  INF
------  INF_GARCH_F
------  INF_GARCH_F+1.96*INF_GARCH_SE
------  INF GARCH F-1.96*INF GARCH SE

F ig u re  2 4 : M e a n  fo re cas t and 9 5%  co n fid e n ce  in te rv a ls : In c o rre c t (O L S ) vs. C o rre c t
(G A R C H )

Source: Author’s calculations in EViews 11.

3 .2 . I .5 .  V A R  re s id u a l n o r m a l i t y  te s t

T he  presence o f  h e te ro sce da s tic ity  in  o u r res idua ls  f ro m  the  p re v io u s  f in d in g s  m ay  lead  

us to  a n tic ip a te  th a t the re  m ig h t be p ro b le m s  w ith  the  n o rm a lity  o f  res idua ls . N o rm a lity  

m eans no  skewness, and expected  res idua ls  are n o t le p to k u r t ic 256.

G  =  y t -  Po -  P i M t -  . . . -  P k M t

S  =  f K - i ( f ) 3 and * = i £ L i ( § y
T, B  =  I  +  ( £=43)1)

(91 )

(92 )

(93 )

N o  skewness m eans S is  c lose  to  0. N o  excess o f  k u rto s is  m eans -  K  is  c lose  to  3, le a d in g  

Jarque- B e rra  tes t to  0. T he  skewness o f  l o g a l e u r s a  and u n s a  seem to  re je c t the  

n o rm a lity  hypo thes is , and the  k u rto s is  o f  l o g a l e u r  s a ,  u n  sa ,  and g d p  g a p  as w e ll.  T he  

jo in t  s ta tis tic  o f  the  Ja rque -B erra  tes t is  re la t iv e ly  h ig h  966 w ith  a p -v a lu e  s m a lle r than  

5% ; thus, w e  can re je c t th e  h ypo the s is  th a t the  res idua ls  o f  o u r V A R  m o d e l are n o rm a lly  

d is tr ib u te d  jo in t ly .  W e  n o tic e  an excess o f  K ,  b u t th is  is  n o t the  o n ly  cause. T he  skewness 

is  a lso  present.

256 Thode, H. J., Testing for normality. New York: Marcel Dekker, 2002.
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3.2.2. Forecasting perform ance o f the estim ated V A R  (3) m odel

So fa r, w e  assigned, in  th e  above  cases, som e num bers  to  the  fo re cas t pe rfo rm an ce , such 

as R M S E , B ia s , and SE. T o  unders tand  w h e re  th e y  com e fro m  and h o w  to  in te rp re t these 

s ta tis tics , w e  need to  e labora te  on  these s ta tis tics  to  eva lua te  o u r es tim a ted  V A R  m od e l's  

fo re ca s tin g  pe rfo rm an ce . A s  seen p re v io u s ly , w e  es tim a ted  the  m o d e l u s in g  the  data fro m  

2006:1  t i l l  2 01 5 :1 2 , w h ile  the  re m a in in g  data fro m  2016 :1  t i l l  2 0 1 7 :1 2  w i l l  be used to  

eva lua te  o u t-o f-s a m p le  fo re cas t p e rfo rm ance . W e  can n eve r k n o w  the  fu tu re , b u t w e  can 

use d if fe re n t e co n o m e tric  s tra teg ies and ana lyze  the  p e rfo rm a n ce  a fte rw a rd . F o r  exam ple , 

w e  can n eve r k n o w  i f  to m o rro w  the  sun w i l l  rise , b u t w e  can use the  past to  fo recast, 

in d u c t iv e ly , th a t to m o rro w  the  sun w i l l  r ise  in  the  m o rn in g . O u r u n c e rta in ty  fo re cas t 

p e rfo rm a n ce  w i l l  be v e ry  lo w  because w e  k n o w  w ith  h ig h  c e rta in ty  the  t im e  in te rv a l, the 

sun w i l l  r ise  in  M o n te n e g ro . A n o th e r  q ues tion  here th a t ra ises is  i f  w e  w o u ld  l ik e  to  see 

the  te m p e ra tu re  w h e n  the  sun rises to m o rro w  in  M o n te n e g ro . I f  w e  are c lose  to  the  actua l 

pe rfo rm an ce , th en  o u r fo re cas t p e rfo rm a n ce  w i l l  be u nb iased257. T he  t im e  o f  re w r it in g  

th is  d isse rta tio n  is  N o v e m b e r 2020 , and to  m ake  g oo d  fo re c a s tin g  fo r  the  tem pera tu re  

w h e n  the  sun rises in  M o n te n e g ro , one needs to  repeat o fte n  fo re ca s tin g  fro m  the  same 

m o d e l to  d ra w  sound reasonab le  co nc lus io ns . T o  m ake  p ro p e r fo re ca s tin g  p e rfo rm an ce  

e va lua tion , w e  need to  m ake  d a ily  fo recasts  fo r  each day o f  M a rc h  and th e n  assess and 

eva lua te  the  fo re ca s tin g  pe rfo rm ance .

E ach  o f  o u r t im e  series in  the  V A R  m o d e l has a p ro b a b ility  d is tr ib u tio n , a ran do m  process. 

T h is  random ness m akes the  p re d ic t io n  c lo se ly  im p o s s ib le  to  f i t  the  actua l ou tcom e. W e  

can assess the  actua l o u tco m e  and ca lcu la te  the  o u tco m e  n u m b e r ra tio  to  the  to ta l n u m b e r 

o f  p oss ib le  ou tcom es as a re s u lt o f  s tudy  and ana lys is . A l l  o u r v a ria b le s  have a p ro b a b ility  

d en s ity  fu n c t io n  as lo n g  as th e y  have an u n d e r ly in g  data g en e ra tin g  process (D G P )258. 

The re  can be d if fe re n t typ es  o f  d en s ity  fu n c tio n s , so e con om e tric ian s  do  n o t deal w ith  

d en s ity  fu n c tio n s  b u t w ith  m ode ls . T he  m ea n in g  o f  l in e a r ity  is  s tra ig h t fo rw a rd : a one-

257 Dees, S. and J. Guntner., “Forecasting Inflation Across Euro Area Countries and Sectors: A Panel 
VAR Approach,” Journal o f  Forecasting, 2016, 36, 431-453.

258 Qinlar, E., Probability and stochastics. New York: Springer, 2011.
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u n it  increase in  v a r ia b le  x, E { y  |x ) ,  changes the  c o n d it io n a l m ean (the  expected  v a lu e ) o f  

y  b y  fai 259 260. T he  d is tr ib u t io n  o f y  is  centered  abou t E ( y  |x ) ,  as show n  in  G raph  4.

E ( y \ x )  =  f a  + P i X  +  e t  (94 )

G ra p h  4 : N o rm a l p ro b a b ility  d is tr ib u tio n

Source: Author’s simulations.

T he  c o n d it io n a l m eans are used m ore  fre q u e n tly  fo r  m o d e lin g  th an  d e n s ity  fu n c tio n s . The 

la tte r  is  m o re  burdensom e  in  te rm s  o f  data. E ve n  i f  w e  k n o w  a ll the  p ro p e r va ria b le s  th a t 

shou ld  be in c lu d e d  to  es tim a te  the  in f la t io n  in  M o n te n e g ro , the  e rro rs  sh ou ld  be w h ite  

noise, m ea n in g  0 m ean, w h ic h  in  p ra c tice  is  n o t the  case. T he  c o n d it io n a l m ean and the  

e rro r te rm  d e te rm ine  th e  p e rfo rm a n ce  o f  the  fo re ca s t to  actua l data260. T he  d iffe re n c e  

be tw een  the  rea l data (a c tu a l) and the  fo re cas t is  a ttr ib u te d  to  the  d is tr ib u t io n  o f  tru e  e rro r 

te rm s. T o  the  best o f  o u r k n o w le d g e  c a p a b ilit ie s , w e  ca nn o t k n o w  the  d is tr ib u t io n  o f  true  

e rro r te rm s. A s  w e  expand  the  sam p le  to  in f in i t y  h y p o th e tic a lly , o u r best guess (even  i f  

w e  k n o w  a ll the  re q u ire d  va ria b le s  to  es tim a te  the  in f la t io n  in  M o n te n e g ro ) is  th a t the  

fo recas t e rro rs  are 0 .

E ach  o f  the  e xp la n a to ry  v a ria b le s  in  o u r V A R  m o d e l has its  param eters, c o e ffic ie n ts . 

These v a ria b le s  m ig h t p ro b a b ly  have th e ir  e xp la n a to ry  v a ria b le s  w ith in  an equa tion ,

259 Draper N. R., and H. Smith., Applied Regression Analysis, 3rd ed. Wiley Series in Probability and 
Statistics. Hoboken, NJ: John Wiley & Sons, 1998.

260 Tofallis, Ch., “A better measure of relative prediction accuracy for model selection and model 
estimation,” Journal o f  the Operational Research Society, 2015, 66, 1352-1362.
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in c lu d in g  the  e rro r te rm . T h is  phenom enon  deduces to  co nc lud e  th a t each o f  the  va ria b le s  

increases the  p ro b a b ility  o f  u n c e rta in ty  and w id e n s  the  co n fid e n ce  in te rv a l in  fo re ca s tin g  

p e rfo rm ance . In  o u r  case study, n o t o n ly  do  w e  n o t k n o w  p re c ise ly  the  va ria b le s  th a t 

shou ld  be in c lu d e d  in  the  V A R  in  abso lu te  te rm s, b u t there  is  t im e  series fo r  M o n te n e g ro  

th a t w e  canno t co lle c t, such as rea l e ffe c tiv e  exchange  rate, etc. T he re fo re , i t  is  expected 

th a t the  m is s in g  data w i l l  increase the  u n c e rta in ty  in  o u r m o d e l261. T he  e s tim a tio n  o f  

c o e ff ic ie n ts  is  based on  ran do m  va ria b le s  c o n tr ib u tin g  to  fo re cas t e rro r  and u n ce rta in ty . 

A n o th e r  source o f  fo re cas t u n c e rta in ty  is  s tru c tu ra l b reaks262. E ve n  th o u g h  w e  in c lu d e d  a 

f i t t in g  n u m b e r o f  d u m m y  va riab les , w e  p ro ve d  th a t there  are som e areas le f t  th a t co u ld  

n o t be covered  a bso lu te ly , in c re a s in g  fo re cas t u n c e rta in ty . S ince  the  co nsu m e r p ric e  in d e x  

(C P I)  fo r  M o n te n e g ro  is  a va ila b le  o n ly  f ro m  2010 , th is  increases fo re cas t u n c e rta in ty  due 

to  n o t b e in g  able  to  m a n ip u la te  w ith  adequate ra tio s  in  the  la b o r m a rke t, such as u n it  la b o r 

cost (U L C ). S ince  la b o r  p ro d u c t iv ity  is  n o t a va ila b le , i t  is  n o t poss ib le  to  g e t to  the  U L C . 

So, w e  do  n o t te m p t to  ca lcu la te  U L C , b u t instead, w e  in c lu d e  u n e m p lo y m e n t c o m in g  due 

to  p r ic e -s e ttin g  and w a g e -se ttin g  re la tio n s . Because the  ran do m  e rro r is  the  d iffe re n c e  

be tw een  the  actua l va lu e , y t , and the  e s tim a tio n  (the  c o n d it io n a l m ean), X , the

u n c e rta in ty  is  p resen t in  fo re cas t e rro r. M o re o v e r, the  u n k n o w n  c o e ff ic ie n ts  add to  the  

fo recas t e rro r  to g e th e r w ith  the  fu n c t io n a l fo rm . T o  conc lude , there  are m a n y  fo re cas t 

u n c e rta in ty  sources in  o u r m o d e l th a t c o n tr ib u te  to  the  fo re cas t e rro r. I t  is  im p o s s ib le  to  

m ake  a p e rfe c t p re d ic tio n  o f  in f la t io n , and even i f  w e  do, w e  w o u ld  be  lu c k y .

H o w e v e r, w e  need to  q u a n tify  the  fo re cas t u n c e rta in ty  o f  in f la t io n . The re  is  a set o f  

e co n o m e tric  m easures w e  w i l l  re fe r to  eva lua te  o u r fo re cas t p e rfo rm ance . A  fo re cas t tes t 

can be co m p u te d  to  tes t th a t the  m od e l's  s truc tu re  has n o t been changed, b u t a lso  the  

fo recas t q u a lity  o f  the  m o d e l can be exam in e d  w ith  m easures o f  accu racy263. B ia s  is  the  

f ir s t  q u a n tita tiv e  m easure w e  w i l l  use, and i t  m easures the  d iffe re n c e  b e tw een  the  actua l 

resu lts  and the  fo recast. F o r  exam p le , i f  o u r tru e  in f la t io n  rate is  2 .2 %  and th e  fo re ca s tin g

261 Little, R., and R. Donald., Statistical Analysis with Missing Data. Hoboken: John Wiley & Sons, 2014.

262 Tian, J., and Anderson, H. M., “Forecasting Under Structural Break Uncertainty,” International 
Journal o f  Forecasting, 2014, 30(1), 161-175.

263 Vogelvang, E., Econometrics: Theory and Applications with EViews. Instructor’s Manual. Harlow, 
England: FT Prentice Hall (Pearson Education), 2005.
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o u tco m e  is  2 .7% , the  d iffe re n c e  o f  0 .5%  is  the  b ias  as w e  can see in  G rap h  5. S tandard 

fo recas t e rro r m easures the  fo re ca s tin g  bands. I f  w e  say tha t, fo r  exam p le , the  va ria n ce  is  

n a rro w , v a ry in g  fro m  2.6  -  2 .8% , th en  the  in te rv a l o f  e rro r is  n o t ex tens ive , and the  

v a r ia t io n  is  acceptable.

B ia s

S t a n d a r d  f o r e c a s t  e r r o r

.. 2.2% ....................................................2.6% 2.7% 2.8%

(actual) (forecast)

G ra p h  5 : B ia s  and va ria n ce  in  fo re ca s tin g  o u tcom e
Source: Author’s simulations.

* -

I f  the  e rro r va ria n ce  w e re  fro m  2 .5 %  to  2 .9% , the  fo re cas t e rro r va ria n ce  w o u ld  be 

b roader, lo w e r in g  accuracy. A s  w e  can n o tic e  i t  f ro m  G rap h  5, the  b ias  and va rian ce  

overlap . A  c o m b in a tio n  o f  the  tw o  g ive s  us the  th ird  m easure, m ean squared fo re cas t 

e rro r264 (M S F E ). W e  w i l l  see d o w n  the  lin e s  th a t the  M S E  m a th e m a tic a lly  assumes b o th  

sides o f  the  fo re cas t s y m m e tr ic a lly , and w e  m u s t be ca re fu l in  th is  case because w e  deal 

w ith  in f la t io n . T he  n ega tive  side o f  in f la t io n  m eans d e fla tio n , w h ic h  is  n o t sym m e trica l. 

In  a la rge  n u m b e r o f  cases, i t  is  m o re  co s tly  fo r  a c o u n try  th an  in f la t io n . T he  m os t 

fre q u e n tly  used e s tim a to r fo r  a 2 i s :265

s 2 =  -  V 2
n - l

4
V a r [ s 2] =  —  =  M S E ( s 2 \ a 2 )

(95 )

(96 )

L a te r, w e  w i l l  see w h e n  w e  p e rfo rm  the  fo re ca s tin g  strateg ies th a t R M S E  is  v e ry  sens itive  

to  data th a t ju m p  o u t o f  its  m ean. F o r  c a lc u la tin g  the  b ias, i t  uses the  average d iffe re n c e  

be tw een  the  actua l and the  fo re ca s tin g  ou tcom e. T h e  c a lc u la tio n  is  seen in  the  o the r

264 Wackerly, D., W. Mendenhall and R. L. Scheaffer., Mathematical Statistics with Applications, 7th ed. 
Belmont, CA, USA: Thomson Higher Education, 2008.

265 Cho, E., and M. J. Cho., “Variance of Sample Variance with Replacement,” International Journal o f  
Pure and Applied Mathematics, 2009, 52(1), 43-47.
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fo recas t e v a lu a tio n  s ta tis tics . H o w e v e r, E V ie w s  11 uses ro o t m ean squared e rro r  (R M S E ), 

the  m ean abso lu te  e rro r (M A E ) ,  and T h e il ’ s U  s ta tis tics266:

R M S E  =  J ± Z ™ + i ( Y t -  Y , , , y  

M A E  =  ^ S S J n - S ^ j

U = 1
n i

v n+n1 2
z t=n+ 1 ‘ t

2

(97 )

(98 )

(99 )

W e  do  n o t see B ia s , M S E , SE, m ean percen tage  e rro r (M P E ), and T h e il ’ s U 2  s ta tis tics  in  

E V ie w s . T h e y  m ig h t be treasured to  d ra w  co rre c t co nc lus io ns  abou t the  m ea n in g  th a t 

stands b e h in d  the  e co n o m ic  va riab les . T he  R M S E  is  p a r t ic u la r ly  v u ln e ra b le  to  a typ ica l 

ca lcu la tio n s , b u t M A E  is  n o t suscep tib le  to  the  o u tlie rs 267. A f te r  w e  ca lcu la te  o u r 

fo re ca s tin g  s ta tis tics , w e  need to  com pare  i t  to  a b e n ch m a rk  m od e l. A n  id e a l m o d e l th a t 

e con om e tric ian s  use is  th e  n a i v e  m o d e l o r  the  so -ca lle d  ran do m  w a lk  m o d e l268. I t  assumes 

the  v a ria b le  w i l l  re m a in  the  same as the  la s t p e rio d . I f  o u r m o d e l s ta tis tics  are w o rse  than  

th a t o f  the  n a ive  m o d e l, i t  is  a s igna l th a t o u r m od e l fo re cas t accuracy is  poo r. B esides, 

there  is  a t ra d e o ff  b e tw e en  the  n u m b e r o f  param eters and fo re cas t accuracy. E V ie w s  adds 

tw o  m o re  s ta tis tics :

M A P E =  - zn i
n + n 1
t= n+ l

Y t-Y f , t

Yt

T H E I L  U 1  =
— z
n i z

n+ni
t=n+i iY t -Y f , t )2

l ^ y n+ni 2 
J n i Z t=n+i t + n+ni

t=n+i rf, t

( 100)

( 101)

W e  need to  em phasize  one th in g  here w h e n  c a lc u la tin g  the  M A P E  in  case o f  in f la t io n  in  

M o n te n e g ro . T he  M A P E  fo re cas t e v a lu a tio n  s ta tis tic  can ’ t  be  ca lcu la te d  in  case the  

in f la t io n  is  expressed as a percentage. U s u a lly , th e  lo w e r  the  e rro r, the  b e tte r the  m od e l,

266 EViews, http://www.eviews.com/help/helpintro.html#page/content/series-Forecast Evaluation.html, 
accessed, October 18, 2019.

267 Kim, E., and B. H. S. Kim., Quantitative Regional Economic and  Environmental Analysis fo r  
Sustainability in Korea. Singapore: Springer Nature, 2016.

268 Clements, M. P., and D. F. Hendry., “Forecasting economic processes,” International Journal o f  

Forecasting , 1998, 14, 111-131.
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co n s id e rin g  a ll o the r fac ts  and lo g ic a l rep resen ta tion . T he  U 1  s ta tis tic  has the  R M S E  as 

the  n um era to r, n o rm a liz e d  b y  the  actua l and fo recasted  series' d ispe rs ion . T he  s ta tis tic  o f  

U 1  lie s  be tw een  0 and 1, 1 b e in g  the  w o rs t. The re  can be cases w h e re  U 1  is  s m a lle r than  

its  b e n ch m a rk  m o d e l b u t does n o t m ean th a t i t  is  be tte r, m a k in g  i t  n o t u se fu l. In  e con om ic  

p o lic y  and fo recast, T h e il p roposes the  fo l lo w in g  fo rm u la e  as a m easure o f  fo re cas t 

accu racy269:

T H E I L  U  2 _  -\

_ ^ y n + n 1 ( Yt YY ft\ 2 
n1L t=n+l[ Yt_ !

l y n + n i  tYf Yt_ i \2
n i^ t= n + l (  Yt_ i

( 102)

T he  U 1  m easures the  fo re cas t accuracy  w h ile  the  U 2  m easures the  fo re ca s t q u a lity . I t  

com pares the  fo re cas t to  a n a ive  fo recast, w h ic h  is  n o t rep o rte d  b y  the  E V ie w s : i t  is  a ra tio  

o f  R M S E s . T he  sm a lle r U 2 , the  b e tte r fo re cas t m o d e l, m ea n in g  the  fo re cas t m e th od  

app lie d , is  accepted since i t  beats the  m o s t s tra ig h tfo rw a rd  no -change  e x tra p o la tio n  o f  the 

na ive  m od e l. In  the  case o f  the  U 2 = 0 , i t  m eans a p e rfe c t fo recast. I t  can be sh ow n  th a t270:

M S E  =  S E 2 +  B i a s 2 (10 3 )

S E 2 =  ( s y  — s $ ) 2 +  2 ( 1  — r ) s y s p  (1 0 4 )

w he re  s y  denotes the  standard d e v ia tio n  o f  actua l data, denotes the  standard d e v ia tio n  

o f  fo recasted  t im e  series, and r  is  the  c o rre la tio n  c o e ff ic ie n t b e tw een  actua l and fo recasted  

series. T h is  b re ak  d o w n  is  essentia l to  be ab le  to  tra c k  the  reason i f  M S E  is  h ig h . F ro m  

the  above, w e  can ge t th e  b ias  p ro p o rt io n  (B i a s 2 / M S E )  te l l in g  us the  d is tance  o f  the

m ean fo re cas t to  the  actua l data m ean. W h ile  the  va ria n ce  p ro p o rt io n  ( ( s y  — S y )  / M S E ) )  

te lls  us h o w  fa r  the  fo recasted  va ria n ce  is  f ro m  the  o r ig in a l series va riance . T he  

( 2 ( 1  — r ) s y S y / M S E ) ,  in  e qu a tio n  (1 0 4 ), m easures the  co va ria n ce  p ro p o rt io n . A  r ig h t 

p re d ic tio n  has a sm a ll b ias, and va ria n ce  p ro p o rt io n  w ith  m o s t o f  the  e rro r is  concentra ted

269 Bliemel, F., “Theil's Forecast Accuracy Coefficient: A Clarification,” Journal o f  Marketing Research, 
1973, 10(4), 444-446.

270 DeGroot, M. H., Probability and Statistics, 2nd ed. Boston, United States: Addison-Wesley, 1980.
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in  the  co va ria n ce  p ro p o rt io n , a ll su m m in g  to  1271. T he  above ra tio s  are v e ry  va lu a b le  since 

th e y  sh ow  us the  m easures and e rro r co nce n tra tion . T he  d isp e rs io n  be tw een  b ias  and 

va ria n ce  p ro p o rt io n  can be  c ru c ia l in  d e te rm in in g  the  fo recast's  accuracy  and s truc tu re  fo r  

p o lic y  ana lys is  s ince  i t  p in p o in ts  s tra ig h t fo rw a rd  to  the  e rro r. F o r  exam p le , i f  w e  f in d  

th a t a la rge  p ro p o rt io n  is  concen tra ted  in  b ias, i t  s igna ls  the  gap be tw een  the  fo re cas t and 

the  actua l series. E V ie w s  uses obse rva tions  fro m  1 to  T  to  es tim a te  a m o d e l and fro m  T + 1  

to  T + k  to  eva lua te  fo re ca s t p e rfo rm ance . F o r  each p e rio d  T + 1  t i l l  T + k , w e  ge t fo recasts, 

and E V ie w s  averages these s ta tis tics , n o t le t t in g  us k n o w  p re c ise ly  the  p re d ic t io n  fo r  each 

h o rizo n . B ased on  average p re d ic tio n s , w e  ca n ’ t  eva lua te  the  s h o rt-ru n  o r lo n g -ru n  

p e rfo rm a n ce  o f  o u r V A R  (3 ) m od e l. T o  be m o re  precise , w e  need m easurem ents fo r  each 

fo re ca s tin g  h o r iz o n  to  assess the  p e rfo rm ance . A s  lo n g  as the  e n v iro n m e n t changes o ve r 

t im e  and e con om ic  s ta b il ity  canno t be guaranteed, w e  need d if fe re n t s tra teg ies to  he lp  us 

have m easurem ents fo r  d if fe re n t h o rizo n s . T w o  m echan ism s to  eva lua te  p re d ic tio n  

h o rizo n s  are ro l l in g  and e xpa nd in g  s tra teg ies272. T he  ro l l in g  w in d o w  keeps ro l l in g  u s in g  

a f ix e d  size. T he  e xp a n d in g  approach  expands the  sam ple  size. In  case the  fo re cas t 

param eters change at som e p o in t d u r in g  the  sam ple , these strateg ies sh ou ld  captu re  the 

in s ta b il i ty  th ro u g h  R M S E , B ia s , o r  SE. T he  t im e  series is  s p lit  in to  tw o  subsam ples.

T a b le  16: R o ll in g  w in d o w  fo re cas t fo r  i n f t  =  +  i n f t - 1  +  e t

H O R IZ O N h =1 h =2 h=3 h = 4 h=5 h =6 h = 7 h =8

B ia s -0 .023 -0 .019 -0.031 -0 .055 -0 .097 -0.121 -0 .118 -0.112
M S E 0.680 1.369 2 .060 2 .970 4 .064 5.310 6.325 6.991
R M S E 0.825 1.170 1.435 1.723 2 .016 2 .304 2.515 2 .644
SE 0.825 1.170 1.435 1.722 2 .014 2.301 2 .512 2 .642
M A E 0.625 0.901 1.161 1.405 1.703 1.908 2 .106 2 .267
M A P E 0.630 0.774 1.008 1.165 1.571 1.816 2 .087 2 .486

Source: Author’s calculations in EViews 11.

T he  f ir s t  is  f ro m  1 to  T, and h -s tep  ahead fo recasts  are m ade t i l l  T + k  e n a b lin g  fo re ca s tin g  

errors. T he  s ta rtin g  sam p le  is  th en  e ith e r expanded o r ro lle d  fo rw a rd  b y  an increase, and

271 Sharma, N. K., and M. Bicchal., “The properties of inflation expectations: Evidence for India,” 
EconomiA, 2018, 19(1), 74-89.

272 Levy, H., Levy, M. S. Solomon., Microscopic simulation o f  financial markets: From investor 
behavior to market phenomena. Orlando: Academic Press, 2000.
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the  sam ple  is  re -es tim a ted  u n t i l  w e  reach the  p o in t o f  n o t b e in g  able  to  m ake  m ore  

fo recasts273.

T he  approach  b r in g s  us rea l e rro r m easurem ents o f  h -s tep  ahead p re d ic tio n s 274. These tw o  

strateg ies are n o t em bedded  in  E V ie w s . In  T ab les  15 and 16, w e  regress in f la t io n  on  its  

f i r s t  lag , a p p ly in g  r o l l i n g  and e x p a n d i n g  s tra teg ies to  show  the  fo re ca s tin g  p e rfo rm an ce  

o f  an 8-s tep  ahead fo re ca s t fo r  50 rep ea ting  sam ples. A s  the  t im e  h o r iz o n  expands fro m  

1 to  8 , w e  n o tic e  th a t the  e rro r fo re cas t p e rfo rm a n ce  o f  B ia s , M S E , R M S E , SE, M A E , and 

M A P E  gets w orse . I t  is  to  be expected  th a t the  p re d ic t io n  accuracy w i l l  w o rse n  since w e  

are exposed to  h ig h e r u n c e rta in ty  in  tim e . A t  som e p o in t, the  c o n d it io n a l m ean o f  th is  

s im p le  reg ress ion  w i l l  s ta b ilize . T he  second th in g  w e  n o tic e  is  th a t r o l l in g  s tra tegy has 

h ig h e r e rro rs  th a n  e xp a n d in g  s tra tegy, e sp e c ia lly  R M S E . T he  R M S E  fo r  th e  e xpa nd in g  

s tra tegy is  0 .787 , fo r  h= 1 , w h ile  the  r o l l in g  te ch n iq u e  is  0 .825. T he  e xp a n d in g  w in d o w  

uses m o re  obse rva tions  th an  the  r o l l in g  o r  f ix e d  w in d o w  stra tegy, le a d in g  to  a h ig h e r 

fo re ca s tin g  p re c is io n .

T a b le  17: E x p a n d in g  w in d o w  fo re cas t fo r  i n f t  =  +  i n f t - 1  +  e t

H O R IZ O N h =1 h =2 h=3 h = 4 h=5 h =6 h = 7 h =8
B ia s -0.131 -0.210 -0 .298 -0.391 -0 .496 -0 .578 -0 .627 -0 .669
M S E 0.619 1.152 1.610 2.215 2 .962 3.865 4 .572 5.006

R M S E 0.787 1.073 1.269 1.488 1.721 1.966 2 .138 2 .23 7
SE 0.776 1.053 1.233 1.436 1.648 1.879 2 .044 2.135

M A E 0.583 0.808 1.007 1.177 1.385 1.583 1.728 1.842
M A P E 0.596 0.680 0 .874 1.009 1.384 1.625 1.870 2 .252

Source: Author’s calculations in EViews 11.

273 Pesaran, M. H., and A. Timmermann., “Market Timing and Return Prediction under Model 
Instability,” Economic & Social Research Council, 2002, Discussion Paper 412.

274 Hyndman, R.J., and G, Athanasopoulos., Forecasting: principles and practice, 2nd ed. Melbourne, 
Australia: OTexts, 2018.
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3.2.2.I. Evolution o f confidence interval -  fan charts

T o  m ake  a g ra p h ica l rep resen ta tion  o f  the  e v o lu t io n  o f  co n fid e n ce  in te rv a l th ro u g h o u t the  

fo re ca s tin g  p e rio d , w e  w i l l  use a te ch n iq u e  used b y  E n g la nd 's  b a n k  in  th e ir  m o n th ly  

in f la t io n  re p o rt -  fa n  charts  (B a n k  o f  E n g la n d  2018 ). In  a s im p le  A R (1 )  m o d e l:

V t =  P o + P l Y t-1  +  £ t ^ t~i.i.d.(0,a2) (10 5 )

the  fo re cas t fo r  one p e r io d  ahead c o n d it io n a l on  data up  to  t  is:

9 t+1 =  P o + P i Y t (10 6 )

and the  fo re c a s tin g  e rro r  is : F E 1 =  j /t+1 — y t-1  =  e t +1 and va ria n ce  o f  fo re cas t e rro r 

V a r ( F E 1)  =  a 2 . T he  co n fid e n ce  bounds at 2 standard e rro rs , co rre sp o n d in g  to  a 95%  

co n fid e n ce  in te rv a l ( 1.s.e. co rresponds »  6 0%  co n fid en ce  in te rv a l) , is  f i 0 +  p 1y t ±  

1 . 9 6 a .  A s  w e  proceed  w ith  fo re ca s tin g  p e rio d s  ahead, the  F E  and V a r ( F E 1)  w i l l  ge t m ore  

s ig n if ic a n t th an  fo r  one p e rio d  ahead. I t  is  expected  to  p roceed  in to  a m o re  p ro fo u n d  

u n c e rta in ty  o f  t im e , b u t th e  fo re cas t e rro r and its  va ria n ce  w i l l  s ta b ilize  a fte r som e periods . 

T he re fo re , the  co n fid e n ce  bounds w i l l  expand  as w e  m o ve  fro m  p e rio d  to  the  next. 

U s u a lly , e rro rs  are n o t n o rm a lly  d is tr ib u te d , and w e  deal w ith  b oo ts trapped  errors, le a d in g  

to  an a s ym m e trica l fa n  chart.

3.2.3. Forecasting the V A R  model

N o w , w e  tu rn  to  o u r V A R  m o d e l m o v in g  ahead, d e sc r ib in g  the  d y n a m ic  b e h a v io r  o f  

e co n o m ic  v a ria b le s  in c lu d e d  in  the  m o d e l and fo re cas tin g . W e  w i l l  p roceed  w ith  o u r V A R  

m o d e l fo r  p o lic y  ana lys is  and s truc tu ra l in fe ren ce . O ne o f  o u r V A R  m od e l's  p r im a ry  

o b je c tive s  is p re d ic tin g , and i t  has co m m o n  ch a rac te ris tics  as a u n iv a r ia te  A R  m ode l. 

Z iv o t  and W a n g  (2 0 0 6 ) em phasize: “ fo re c a s tin g  fu tu re  va lues  o f  a m a tr ix  Yt w h e n  the  n  

param eters are assum ed to  be k n o w n , and there  are no  d e te rm in is tic  te rm s o r exogenous 

va riab les , the  best lin e a r  fo recaste r, in  te rm s o f  m in im u m  m ean squared e rro r  (M S E ), o f  

Yt +1 o r one-step fo re cas t”  is 275:

275 Zivot, E. and J. Wang., “Vector Autoregressive Models for Multivariate Time Series. In: Modelling 
Financial Time Series with S-PLUS,” Springer Science, 2006, 385-429.
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Y (T  +  1 \T )  =  c +  n i YT + . - + n p YT - p + i  (1 0 7 )

and p re d ic tio n s  fo r  lo n g e r  h o riz o n s  h  (h -s tep  fo recasts ) are o b ta ine d  u s in g  the  c h a in - r u le  

o f  f o r e c a s t i n g  as:

Y (T  +  h \ T ) =  c +  n i  Y (T  +  h -  1 \T )  + .. + n p Y ( T  +  h -  p \T )  (10 8 )

Z iv o t  and W a n g  (2 0 0 6 ) p roceed  w ith  p ro v id in g  the  h -s tep  fo re cas t e rro r, w h ic h  m ay  be 

expressed as276:

YT+h — Y (T  +  h \T )  =  2s=c[ % se T + h -s  (1 0 9 )

w he re  the  m a tr ices  %  are d e te rm ine d  b y  re cu rs ive  s u b s titu tio n 277:

%  =  1 % ! % - ^  ( 110)

w ith  %  =  In  and n  =  0 fo r  j > p .

B e fo re  c o n tin u in g  fu rth e r, w e  need to  m e n tio n  th a t there  are tw o  w a ys  o f  d o in g  

fo re cas tin g . T he  f ir s t  is  w ith in  the  sam ple , w h ic h  cu ts the  sam p le  in to  tw o  parts. T he  f ir s t  

p a rt o f  th e  sam p le  is  used to  m ake  an e s tim a tio n . T he  second p a rt o f  the  data  th a t hasn ’ t  

been in c lu d e d  in  the  reg ress ion  is  e m p lo ye d  fo r  fo re cas tin g . T he  second o p tio n  is  to  use 

a ll the  data a va ila b le  and do  o u t-o f-s a m p le  fo re cas tin g . T o  m ake  a fo recast, w e  can 

e m p lo y  k n o w n  va lues  o r fo recasted  ones. U s in g  the  k n o w n  va lues  fo r  p re d ic tio n  is  s ta t ic  

fo re cas tin g . W e  go  b a ck  to  the  o r ig in a l data, ig n o re  the  p re v io u s  fo recast, and use actua l 

va lu e  to  generate  the  n e x t p re d ic tio n . T h is  te ch n iq u e  ign o re s  any fo re ca s tin g  errors. In  

case w e  p roceed  u s in g  the  fo recasted  va lues  fro m  reg ress ion , th en  i t  is  d y n a m ic  

fo re cas tin g . H ere , i f  w e  c o n tin u e  to  keep u s in g  the  p re d ic te d  va lues , w e  a llo w  fo recasted  

erro rs  to  in c re m e n t. U n d e r f i t  fo re ca s tin g , i t  becom es re le va n t w h e n  w e  have  m o re  th an

276 Shephard, N., “Statistical Aspects of ARCH and Stochastic Volatility,” in Cox D. R., D. V. Hinkley 
and O. E. Barndorff-Nielsen (eds), Time Series Models: In  Econometrics, F inance and  Other F ie lds . 
London: Chapman & Hall, 1996.

277 Waggoner, D. F., and T. Zha., “Conditional Forecasts in Dynamic Multivariate Models,” Review  o f  
Econom ics and  Statistics, 1999, 81(4), 639-651.

129



Maintaining price stability in Montenegro through governance o f external and internal _ factors
o f inflation

one e qu a tio n  in  a m o d e l, w h e re  each e qu a tio n  is  trea ted  in d iv id u a l ly  w ith o u t  any 

in te ra c tio n  w h e n  g en e ra tin g  a fo recast.

N o w , le t us re tu rn  to  o u r p re fe rre d  s p e c ific a tio n  V A R  (3 ) m od e l. W e  can proceed  w ith  

the  e qu a tio n  o b je c t to  do  the  d y n a m ic  and s ta t i c  fo re ca s tin g , b u t i t  is  l im ite d , and w e  w i l l  

use the  m o d e l s im u la to r.

GDP_GAP
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-------Actual --------  GDP_GAP (Baseline)

LOGALEUR_SA

.8

2
IV I II III IV I II III IV

2 0 1 5 2 0 1 6 2 0 1 7

-------Actual --------  LOGALEUR_SA (Baseline)

UN_SA

2 4

-------Actual --------UN_SA (Baseline)

INF

8

IV I II III IV I II III IV

2 0 1 5  2 0 1 6  2 0 1 7

-------Actual --------INF (Baseline)

LOGOIL_SA

4 .4

3 .2
IV I II III IV I II III IV

2 0 1 5 2 0 1 6 2 0 1 7

-------Actual --------  LOGOIL_SA (Baseline)

F ig u re  2 5 : D y n a m ic  s o lu t io n  -  d e te rm in is t ic  s im u la t io n
Source: A u th o r ’s calculations in EView s 11.

There  are tw o  typ es  o f  s im u la tio n  processes. O ne is  a d e te r m in i s t ic  s im u la t io n .  W e  o b ta in  

o n ly  one va lu e  fo r  the  s o lu tio n , w h ic h  does n o t respond  to  shocks (y ie ld in g  a s ing le  

fo recas t ra th e r th an  a d is tr ib u tio n  o f  poss ib le  va lues). I t  estim ates u n d e r the  cu rre n t set o f  

assum ptions, w ith o u t  any in n o v a tio n s  in tro d u ce d , ca lle d  the  b a s e l in e .
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W e  can add an a lte rn a tiv e  scenario  w h e re  w e  change the  p rem ises  o f  the  fo recast. F o r  

exam p le , w e  m ig h t shock  u n e m p lo y m e n t o r  a lu m in u m  b y  a 15%  increase then  see w h a t 

happens to  the  fo recast. T he  m o d e l ob jec t, o r  the  so lve r, is  a g en e ra lized  fo re ca s tin g  

m echan ism . T he  m o d e l is  so lved  fo r  the  fo re cas t p e r io d  o f  January 2016  t i l l  D ece m b e r 

2017  fo r  a ll endogenous va riab les .

GDP GAP ± 2 S.E. INF ± 2 S.E.
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■ A c t u a l -------GDP_GAP (Base line  M ean) -  A c t u a l -------INF (Base line  M ean)

LOGALEUR SA ± 2 S.E. LOGOIL_SA ± 2 S.E.

IV I II III

2 0 1 5  2 0 1 6

II III IV

2 0 1 7

IV I II III
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I II III IV

2 0 1 7

Actual

■ LOGALEUR_SA (Base line  M ean)

■ LOGOIL_SA (Base line  M ean)

1 0 1 5

5 1 0

0 5

-5 0

1 0 - 5

1 .2 5 .5

2 .5
V IV

Actual

UN SA ± 2 S.E.

2 4

4
IV I II III IV I II III IV

2 0 1 5  2 0 1 6  2 0 1 7

-------A c t u a l -------- UN_SA (Base line  M ean)

F ig u re  2 6 : D y n a m ic  s o lu tio n  -  s tochastic  s im u la tio n
Source: A u th o r ’s calculations in EView s 11.

T he re fo re , w e  n o w  have one m ore  base line  v a r ia b le  h e lp in g  us to  ana lyze  the  actua l and 

fo recasted  va lues. U n d e r d y n a m ic  s o lu tio n  -  d e te rm in is tic  s im u la tio n , F ig u re  25 p lo ts  the  

actua l va lues  o f  a ll endogenous series and fo recasts  in  l ig h t  green. T he  f ir s t  and im p o s in g
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th in g  th a t w e  can n o tic e  is  tha t, even u n d e r the  d y n a m ic  s o lu tio n  o f  the  V A R  m od e l, 

in f la t io n , a lu m in u m , and o il  have a r ig h t p re d ic tio n , w h ile  g dp _ga p  and u n e m p lo y m e n t 

in  the  f i r s t  q ua rte r are d o in g  w e ll.  S t il l ,  a fte r tha t, the  h o r iz o n  o f  u n c e rta in ty  expands. 

T he y  s ta rt to  d e te rio ra te  o v e r t im e  q u ite  s ig n if ic a n tly . T he  m o d e l is  n o t ab le  to  fo recast 

u n e m p lo y m e n t, p a r tic u la r ly .

A  ke y  c o n s id e ra tio n  is  th a t i t  shou ld  have the  p r ic e -s e ttin g  and w a g e -se ttin g  equations 

th a t de te rm ine  M o n te n e g ro 's  n a tu ra l u n e m p lo y m e n t rate. W e  have a d y n a m ic  so lu tio n , 

w h ic h  uses o n ly  the  endogenous va riab les ' actua l va lues  b e fo re  the  fo re cas t sam p le  w h e n  

p ro d u c in g  the  fo recast. I t  uses the  fo recasted  lagged  va lues  o f  the  endogenous va ria b le s  

to  so lve  fo rw a rd  fo r  the  fo re cas t p e r io d ; i t  de te rio ra tes o ve r tim e . I t  is  n o t su rp ris in g  th a t 

the  fo recas t p e rfo rm a n ce  de te rio ra tes at u n e m p lo y m e n t o ve r t im e  as w e ll.  W h ile  th is  

in i t ia l  fo re cas t is  d e te rm in is tic , i t  assumes th a t o u r s tochastic  equa tions  w o u ld  h o ld  

“ d e te rm in e d ”  o ve r the  p e r io d  p re d ic te d . Because o f  ran do m  d is tu rbances and estim ated  

c o e ff ic ie n ts , the  d e te rm in is tic  s im u la tio n  ign o re s  the  fa c t th a t these re la tio n s h ip s  do  n o t 

h o ld  exac tly . W e  sh ou ld  accoun t fo r  these u n c e rta in ty  sources b y  u s in g  s tochastic  

s im u la tio n s . A s  seen in  F ig u re  26, co n fid e n ce  bands are p lo tte d  in  red. T he  f i r s t  eye­

ca tch in g  th in g  is  th a t the  G D P  gap, in f la t io n , o il,  and a lu m in u m  are w ith in  the  co n fid en ce  

bands, ta k in g  in to  accoun t the  c o e ff ic ie n t u n c e rta in ty , increased  re p e titio n s  to  10,000 , and 

b oo ts trap  in n o v a tio n  genera tion .

F ig u re  27  is  the  s tochastic  s im u la tio n  fo r  the  s ta tic  s o lu tio n  m o d e l s im u la to r  fo r  the  p e rio d  

2016m 01  t i l l  201 7m 12 . T o  v ie w  th e  fo re ca s t w ith  co n fid e n ce  bands, w e  p ropose  to  m ake  

a g ra p h ica l rep resen ta tion . W h a t can be n o tic e d  fro m  F ig u re  27? T he  s ta tic  s o lu tio n  

p e rfo rm s  b e tte r th an  the  d y n a m ic  so lu tio n , b o th  in  te rm s  o f  the  f i t  and sm a lle r standard 

e rro r bounds. I t  com es as a re su lt o f  de fa c to  one p e r io d  ahead fo recast. I t  uses actua l 

ins tead  o f  fo recasted  lagged  va lu es  o v e r the  fo re cas t p e riod . T he  w h o le  p ic tu re  has taken  

a b e tte r p e rspe c tive  w ith  one p e r io d  ahead fo re cas t ins tead  o f  a m u lt i-p e r io d  ahead 

fo recas t (d yn a m ic ).

T o  have a b e tte r v ie w  o f  the  d iffe re n ce s  be tw een  s im u la tio n  scenarios and s o lu tio n  types, 

w e  created F ig u re  28. W h a t can be no ticed?  W e  can observe  fro m  F ig u re  28 th a t the  

s to cha s tic -s ta tic  m o d e l p re d ic ts  w a y  b e tte r the  actua l in f la t io n  th an  s to ch a s tic -d yn a m ic  

because i t  uses the  ac tua l lagged  va lues  to  fo re ca s t one-step  ahead. T he  s tochastic -
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d y n a m ic  uses lagged  fo recasted  va lues  to  fo re ca s t one-step  ahead, a c c u m u la tin g  erro rs  

and c rea ting  a gap w id e n in g  deeper fo r  each fo recasted  p e rio d  ahead. T he  b lu e  lin e  

represents the  actua l in f la t io n , the  b la c k  lin e  show s the  s to cha s tic -s ta tic  m o d e l's  p re d ic te d  

va lues, and th e  sm oo th  d a rk  g reen lin e  d isp lays  th e  s to ch a s tic -d yn a m ic  m od e l. U n t i l  the  

m id d le  o f  the  second q ua rte r o f  2017 , b o th  m od e ls  co m o ve  w ith  actua l in f la t io n , and a fte r 

th a t p e rio d , the  gap starts to  w id e n . B u t  s t i l l ,  b y  the  end o f  2 017 , the  co n fid e n ce  bands 

n o rm a liz e  and s ta b ilize , as show n  p re v io u s ly  in  the  th e o re tic a l sec tion  o f  fo re cas tin g .
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F ig u re  2 7 : S ta tic  s o lu tio n  -  s tochastic  s im u la tio n
Source: A u th o r ’s calculations in EView s 11.
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F ig u re  28 has in c lu d e d  b oo ts trapped  e rro rs  and c o e ff ic ie n t u n c e rta in ty . In  E V ie w s , 

in n o v a tio n  g en e ra tio n  co n tro ls  h o w  the  e rro rs  are generated  o r re -sam p led . I t  g ive s  us the  

o p tio n  o f  d o in g  n o rm a l ran do m  num bers , in  w h ic h  case i t  d raw s fro m  the  n o rm a l 

d is tr ib u tio n  w ith  m ean ze ro  and a p a r t ic u la r  va ria n ce  one can set.

a

IV I II III IV I II III IV I IV

2015 2016 2017 2018

INF ---------  INF (Scenario 3 Upper)
INF (Scenario 3 Lower) ---------  INF (Scenario 3 Mean)
INF (INF_3M)

F ig u re  2 8 : S toch as tic -s ta tic  and s to ch a s tic -d yn a m ic  o f  actua l and fo recasted  va lues
Source: A u th o r ’s calculations in EView s 11.

3.3. Alternative scenarios

T he  C B C G  and the  M in is t r y  o f  F ina nce  w o u ld  be in te res ted  to  h y p o th e tic a lly  see the  

re a c tio n  o f  in f la t io n  in  d if fe re n t scenarios, such as an increase  in  the  p rice  o f  o il,  

a lu m in u m , o r  g ro w th  o f  g dp _ga p  in to  in f la t io n . W h y ?

E ve n  th o u g h  th is  is  n o t the  d e te rm ina te  s o lu tio n  to  the  m o d e l, at th is  stage, w e  are 

in te res ted  in  seeing the  resu lts  o f  a lte rn a tive  fo re c a s tin g  scenarios. L e t  us observe  h o w  

in f la t io n  changes w h e n  w e  change one o f  o u r va ria b le s ' assum ptions  b y  som e am ount. 

W e  have  created an a lte rn a tiv e  scenario  s o lu tio n  to  assess the  increase o f  u n e m p lo y m e n t 

shock  to  in f la t io n  in  M o n te n e g ro . T he  a lte rn a tiv e  scenario  starts a lte r in g  data fro m  

January 2016  t i l l  D e ce m b e r 2017. H y p o th e tic a lly ,  w e  increase u n e m p lo y m e n t f ro m  1
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p o in t to  3.3, co rre sp o n d in g  fro m  6 .03 %  to  30 .30% . In  F ig u re  29, w e  com pare  the  n e w  

a lte rn a tive  scenario  in  green, the  base line  scenario  in  red, and the  h is to r ic a l data in  b lue . 

N o t ic e  th a t u n e m p lo y m e n t is  h ig h e r th an  b e fo re , as have sp e c ifie d  it ,  and in f la t io n  is 

c lose r to  th e  actua l data.
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F ig u re  2 9 : D e te rm in is t ic  -  d y n a m ic  a lte rn a tiv e  scenario  o f  u n e m p lo y m e n t increase
Source: Author's calculations in EViews U.

O ne o f  the  m a n y  reasons fo r  h ig h e r u n e m p lo y m e n t m ig h t be, fo r  e xam p le , h ig h e r

u n e m p lo y m e n t b e n e fits , as w as the  case in  2017  w ith  e a rly  pens ioned  w o m e n  w ith  th ree
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ch ild re n . P eop le  w h o  have m ore  in c o m e  are less in te res ted  in  search ing  fo r  a jo b , d ire c t ly  

in c rea s ing  w ages and u n e m p lo ym e n t. T he  o the r fa c to rs  th a t m ig h t a ffe c t the  

u n e m p lo y m e n t e q u ilib r iu m  are the  shadow  e con om y, le t t in g  f irm s  have a h ig h e r p o te n tia l 

im p a c t on  the  m a rke t, and in c re a s in g  p rices. F u rth e rm o re , th is  m eans th a t th e  rea l w ages 

pa id  b y  f irm s  w o u ld  decrease, consequen tly  in c re a s in g  u n e m p lo ym e n t. T he  fac ts  in  

F ig u re  29  are co ns is te n t w ith  the  e co n o m ic  th e o ry  and rea l data, b u t i t  s t i l l  does n o t say 

a n y th in g  abou t ca usa lity . U s u a lly , the  V A R  c o e ff ic ie n t in te rp re ta tio n  is  n o t an easy 

process because the re  is  no  th e o re tica l co nce p t in  e conom ics  th a t in te rp re ts  them . I t  is  

recom m ended  to  m o ve  one step ahead and es tim a te  im p u ls e  responses, g iv in g  us the  

causa lity .

H ig h e r  u n e m p lo ym e n t, m ea n in g  th a t the  actua l u n e m p lo y m e n t is  h ig h e r th an  the  na tu ra l 

rate, the  o u tp u t is  b e lo w  p o te n tia l, and the  o u tp u t is  n e g a tive 278:

Y  -  Yn  =  —L ( u  -  u n )  (11 1 )

In  o u r case, as u n e m p lo y m e n t increased  in  an a lte rn a tiv e  scenario , the  o u tp u t gap in  the 

a lte rn a tive  scene, in  the  green lin e , is  b e lo w  the  base line  lin e  in  red  fo r  the  w h o le  ye a r o f  

2016. A f te r  the  f ir s t  q ua rte r o f  2017 , the  o u tp u t gap gets h ig he r. O nce  m ore , th is  does n o t 

show  the  ca u sa lity  o f  the  re la tio n s h ip  be tw een  in f la t io n  and u n e m p lo ym e n t. W e  need to  

m ove  to  im p u ls e  responses, w h ic h  show s the  response o f  in f la t io n , the  V A R 's  dependent 

v a ria b le , to  shocks in  the  errors.

A s  a p o te n tia l ex te rna l fa c to r, w e  have em bedded an a lte rn a tiv e  scenario  o f  the  o il  p rice  

increase. T he  reasons fo r  such an increase are d if fe re n t, and i t  is  b e yo n d  the  scope o f  th is  

study. In  2008 , the  g lo b a l f in a n c ia l c r is is  le d  to  a d ro p  in  dem and and decreased o il  p rices. 

T he  O rg a n iz a tio n  o f  P e tro le u m  E x p o r t in g  C o u n trie s  (O P E C )279, in  the  1970s, c o n tro lle d  

the  o il in d u s try  and increased o il  p rices, w h ile  in  2000 , C h in a  increased  the  o il  dem and. 

A s  a resu lt, o il  p rices  increased280. Causes fo r  p rice  increase  m ig h t be m an y  in  the  fu tu re , 278 279 280

278 Ball, L., D. Leigh, and P. Loungani., “Okun’s Law: Fit at 50?,” IM F  Working P aper, 2013, WP/13/10.

279 The Organization of the Petroleum Exporting Countries (OPEC), 
https://www.opec.org/opec_web/en/about_us/24.htm , accessed, October 22, 2019.

280 Baffes, J., M. A. Kose, F. Ohnsorge, and M. Stocker., "The Great Plunge in Oil Prices: Causes, 
Consequences, and Policy Responses,” W orld B ank Group, Policy Research N ote , /15/01, 2015.
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as o il  is  the  p r im a ry  ene rgy source fo r  p ro d u c tio n . T he  lo g ic a l q ues tion  is: W h a t w o u ld  

be the  im p a c t o f  an increase in  o il  p rice  on  the  M o n te n e g r in  econom y?

U L C  _  W ages
Labour P ro d u c tiv ity ( 112)
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F ig u re  3 0 : D e te rm in is t ic  -  d y n a m ic  a lte rn a tive  scenario  o f  o il  p r ic e  increase
Source: A u th o r ’s calculations in EW iew s 11.

A  b e tte r w a y  w o u ld  have  been as i f  w e  had the  p ro d u c t iv ity  p rice  in d e x  and th en  see the  

e ffe c t o f  such an increase  in  the  p ro d u c t iv ity  p rice  set b y  M o n te n e g ro 's  com pan ies. T he
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re su lt com es as a la c k  o f  t im e  series o f  U L C  as a d e te rm in a n t o f  u n e m p lo y m e n t ra th e r 

th an  w ages. T he  la b o r p ro d u c t iv ity  at the  tim e  o f  w r i t in g  is  n o t a va ila b le  fo r  M o n te n e g ro . 

T he re fo re , w e  co ns ide r the  la b o r  m a rk e t e q u ilib r iu m  as the  e ffe c t o f  the  p ric e -s e ttin g  set 

b y  f irm s  and w a g e -se ttin g  set b y  w ag e  setters, w h ic h  is  u n e m p lo y m e n t281. T he  im p a c t o f  

o il p r ic e  is  m u lt id im e n s io n a l in  M o n te n e g ro . I t  a ffec ts  the  p ro d u c tio n , consum ers, 

g ove rn m e n t, inve s to rs , T a x  A d m in is tra t io n  o f  M o n te n e g ro  ( T A M )  th ro u g h  excise  and 

taxes. T he  in n o v a tio n  o f  an increase in  o il  p rices  m ig h t com e endogenous ly  f ro m  fis c a l 

p o lic ie s  due to  f is c a l co n s o lid a tio n . W e  can observe  th is  f ro m  the  side o f  f irm s  th a t set 

p rices  on  the  re la tio n  w ith  u n e m p lo ym e n t. T he  increase  in  o il  p rices  increases p ro d u c tio n  

cost, p u sh in g  com pan ies  to  ra ise  rates to  keep in  an e x is t in g  p ro f i t  m a rg in . T he  a lte rn a tive  

scenario  starts a lte r in g  data fro m  January 2016  t i l l  D ece m b e r 2017. H y p o th e tic a lly ,  w e  

increase o il p rices  fro m  0.5 p o in ts  to  1.65, co rre sp o n d in g  fro m  14 .01%  to  40 .0% . A s  

F ig u re  30 dem onstra tes, in  the  case o f  o il  p r ic e  increases, consum ers do  n o t have the  same 

rea l v a lu e  o f  m o n e y  anym ore .

G ra p h  6 : In c re a s e  in  o il  p r ic e  a n d  u n e m p lo y m e n t
Source: A u th o r ’s simulations.

T h e ir  rea l w ages decrease, le a d in g  to  a rise  in  u n e m p lo y m e n t because w o rk e rs  m us t 

accept th is  re a lity . G D P  gap w o u ld  decrease th re e - fo u r  m on ths , and in f la t io n  w o u ld

281 Blanchard, O., M acroeconomics, 7th ed. Harlow, UK: Pearson, 2017.
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increase. In  case w e  w o u ld  l ik e  to  charac te rize  the  b e h a v io r  o f  u n e m p lo y m e n t, G D P  gap, 

and in f la t io n , i t  w o u ld  be g rea t to  sh ow  th e ir  in te rc o n n e c tiv ity  in  a g ra p h ica l fo rm a t.

W h e n  c o n fro n te d  w ith  a m a c ro e co n o m ic  q ues tion  abou t a shock  o r a p o lic y , the  in c o m e ­

spend ing , m o n e ta ry  - p o lic y , and P h ill ip s  cu rve  ( IS -L M -P C )  is  a ty p ic a l m o d e l to  s ta rt the  

ana lys is  and im p lic a t io n s 282. T he  h o r iz o n ta l lin e , PS, in  G raph  6 , represents the  p r ic e ­

se tting  re la tio n :

w  _  1
P 1+m (11 3 )

A n  increase in  o il  p rices  (m a rk u p  m ) pushes f irm s  to  increase p rices , and co nsequen tly , 

rea l w ages decrease. Suppose th a t the  M in is t r y  o f  F ina nce  o f  M o n te n e g ro  increases excise 

ta x  in  o il  p rices , d r iv in g  the  m a rk e t to  increase its  p rices  to  m a in ta in  the  m a rg in a l p ro f it .  

T he  n o m in a l w age  w e  ge t p a id  does n o t change, b u t the  p o w e r o f  o u r m o n e y  in  the  m a rke t 

has changed since  w e  can ’ t  b u y  the  same c o n su m p tio n  baske t w e  c o u ld  have purchased 

p r io r  to  the  change. T he  h ig h e r the  exc ise  tax , the  lo w e r  o u r rea l w ages. T he  schem e is  

the  in te rp re ta tio n  o f  e co n o m ic  m o ve m e n t f ro m  PS to  P S ’ . T he  s im p lify in g  assum ption  

th a t la b o r re tu rns  are cons tan t in  p ro d u c tio n  m akes the  PS lin e  f la t,  b u t i f  the  re tu rns  w ere  

decreasing , w e  w o u ld  have a d o w n w a rd  s lo p in g  cu rve . T he  o ppos ite  happened, fo r  

exam p le , w h e n  the  G o v e rn m e n t o f  M o n te n e g ro  pens ioned  w o m e n  w ith  th ree  k id s  in  

2017. I t  increased  the  W S  in  G raph  6 , m o v in g  the  e con om y a lo ng  the  P S ’ , s h if t in g  fro m  

W S  to  W S ’ -  A ” , in c re a s in g  the  n a tu ra l ra te  o f  u n e m p lo y m e n t. In  case w e  ana lyze  fro m  

a d if fe re n t pe rspec tive , la b o r  m arke t, w e  ge t la b o r su p p ly  and la b o r  dem and.

H a v in g  n o t in  c o n tro l the  m a rke t o f  w ages, i t  b r in g s  to  scene a s itu a tio n  o f  a c o m p e tit iv e  

m a rk e t283. In  th is  case, no  ca rte ls  c o n tro l the  m a rke t, b u t eve ryone  in  the  la b o r m a rke t 

p a rtic ip a tes  in d iv id u a lly ,  d e te rm in in g  the  m a rk e t p rice , e q u il ib r iu m 284. E q u il ib r iu m  

m eans th a t a ll la b o r fo rc e  in  the  m a rk e t selects fre e ly . F o r  any o the r w age  d if fe re n t f ro m

282 Ibid.

283 Leonard, J., “ Wage Expectations in  the Labor Market: Survey Evidence on Rationality,”  Review o f  
Econom ics and  Statistics, 1982, 64, 157-161.

284 Staiger, D. O., J. Spetz, and C. S. Phibbs., “ Is There Monopsony in  the Labor Market? Evidence from 
a Natural Experiment,”  Journal o f  Labor Economics, 2010, 28, 211-236.
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the  e q u ilib r iu m , som e la b o r fo rc e  w o u ld  a lte r th e ir  b eh av io r. I t  ca n ’ t  keep c o n tin u in g  fo r  

a lo n g  t im e  because w o rk e rs  in  the  m a rk e t are m o tiv a te d  to  change th e ir  b eh av io r.

T he  c o m p a t ib ility  o f  the  la b o r  su p p ly  and dem and is  the  o p tim a l p o in t. F o r  w ages th a t are 

lo w e r  th an  the  e q u ilib r iu m , f irm s ' dem and is  h ig h e r th an  the  w o rk fo rc e  w i l l in g  to  o ffe r  

w o rk . I t  im p lie s  a la b o r  fo rc e  ready to  o f fe r  w o rk  at a h ig h e r w ag e  to  the  f irm s  d em an d in g  

the  la b o r fo rce . T he  d yn a m ics  w i l l  end up  to  th e  p o in t w h e re  dem and and su p p ly  are 

equal. F o r  w ages h ig h e r  th an  the  o p tim u m , com pan ies  are u n w il l in g  to  pay, d r iv in g  d o w n  

to  the  e q u ilib r iu m . T he  c o m p e tit iv e  m a rk e t w i l l  be at e q u ilib r iu m  o n ly  w h e n  the  la b o r 

fo rc e  equals the  su p p ly  fo rce .

IS
A A ’ ’

A A ’

Y ’ YYn Yn

r L M ’

L M

---------- ►

GDP

n - n

G ra p h  7 : IS -L M -P C  e q u ilib r iu m
Source: A u th o r ’s simulations.

Increase o f  o il  p rice , because excise  tax , fo r  ins tance, sh ifts  the  PS to  P S ’ lo w e r in g  the  

rea l w ag e  fro m  (W /P ) to  (W /P ) ’ (because f irm s  m u s t pay a h ig h e r exc ise  ta x  and thus 

re d u c in g  w ages) p u sh in g  an increase in  u n e m p lo ym e n t. H a v in g  assum ed the  p ro p o rt io n  

o f  u n its  p ro du ced  to  the  n u m b e r o f  w o rk e rs  in v o lv e d , th en  o u tp u t decreases.
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L e t us s ta rt f ro m  the  o p tim u m  p o in t A  in  G raph  7, w h e re  the  m a rk e t is in  e q u ilib r iu m . 

H y p o th e tic a lly , h a v in g  dec ided  w ith  f is c a l c o n s o lid a tio n  p o lic y  and in c re a s in g  the  excise 

tax , the  o u tp u t gap decreases to  , le a d in g  f irm s  to  increase th e ir  p rices, caus ing  in f la t io n  

to  increase fro m  P C  to  P C  ’285. I t  m oves the  e con om y fro m  A  to  A ’. I t  is  the  tu rn  o f  the  

C B C G  to  increase the  in te re s t ra te  to  s lo w  d o w n  the  h e a tin g  o f  in f la t io n , d r iv in g  the  

econom y to  A ” . T he  d y n a m ic  m echan ism  o f  decreas ing  o u tp u t co rre la ted  w ith  inc rea s ing  

in f la t io n  is  k n o w n  as s ta g f la t io n 2*6. W h e n  the  o u tp u t is  s h rin k in g , in f la t io n  keeps g ro w in g  

u n t i l  the  C B C G  in te rven es  w ith  e co n o m ic  p o lic ie s  and tu rn s  the  e q u ilib r iu m  in  the  

m e d iu m  run .

M o s t p ro b a b ly , the  G o ve rn m e n t o f  M o n te n e g ro , in  th is  case, w o u ld  have p laced  the  fis c a l 

p o lic y  in to  a c tion , s h if t in g  the  IS  cu rve  to  th e  le f t  th ro u g h  m an y  b u d g e ta ry  m echan ism s. 

In  th is  case, the  o il  p roducers , fo r  exam p le , in  the  M id d le  East, w o u ld  have a h ig h e r 

dem and fo r  th e ir  goods since  th e y  have m ore  inco m e , p ro f it in g  fro m  the  p ric e  increase. 

C on seq ue n tly , th is  w o u ld  be re fle c te d  in  less m a rk e t dem and fo r  the  E u rop ea n  U n io n  and 

M o n te n e g ro . T he  ro le  o f  expec ta tions  e xp la in s  the  m a rg in  o f  in f la t io n  in  the  1970s and 

2000  in  the  U n ite d  States. In  case changes in  the  o il  p rice  (exc ise  ta x  o r  s to ck  m a rke t) in  

M o n te n e g ro  are n o t associated w ith  changes in  in f la t io n  expecta tions , th en  th e y  w i l l  

re m a in  constant, and the  G o ve rn m e n t o f  M o n te n e g ro  w i l l  have  a m u ch  easier jo b . Is  i t  to  

be expected  th a t in f la t io n  expecta tions  w i l l  re m a in  constant?  W h a t d e te rm ines in f la t io n  

expecta tions?  Suppose peop le  have  a s trong  b e l ie f  in  the  s ta b il ity  o f  the  m a c ro e co n o m ic  

e n v iro n m e n t. In  th a t case, i t  is  to  be expected  th a t th e y  b e lie v e  th a t the  G o v e rn m e n t is  

m a k in g  the  r ig h t  m o ve  to  b e n e fit  M o n te n e g ro 's  fu tu re . B u t  suppose som e agents are 

m o tiv a t in g  and p ro m o tin g  in s ta b il ity ,  e sp e c ia lly  in  a sm a ll c o u n try  in  tra n s itio n . In  th a t 

case, expecta tions  m ig h t change, and p o te n tia l in ve s to rs  m ig h t expect in f la t io n  to  

co n tin u e  in c re a s in g 287. P rospects o f  a lo w e r  in f la t io n  rate in  the  fu tu re  and stable 

e xpa nd in g  g ro w th  sh ifts  the  dem and up  to  in c re a s in g  spend ing  and ou tpu t. Thus, a lth o u g h  

a s tra ig h t im p a c t o f  exc ise  ta x  on  u n e m p lo y m e n t, p ro d u c tio n , and in f la t io n  is  l im ite d ,

285 Dornbusch, R., S. Fischer and C. Kearney., M acroeconomics. Sydney: The M c-Graw-H ill Companies, 
Inc., 1996.

286 Gokal, V., and S. Hanif., “ Relationship between inflation and economic growth,”  Reserve B ank o f  
Fiji, Working Paper, 2004/04.

287 Todaro, M.P. Economic Development. New York: Addison Wesley Longman, Inc., 2000.
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changes in  e xpec ta tions  are to  be ta ken  se rio u s ly  b y  the  p o lic y m a k e rs  o f  M o n te n e g ro , 

e spe c ia lly  in  f ro n t o f  accessing the  E u ropean  U n io n . P o lit ic a l s ta b ility  p lays  an im p o rta n t 

ro le , as w e ll.

T he  e ffec ts  o f  m a c ro e co n o m ic  p o lic ie s  depend fu n d a m e n ta lly  on  its  im p a c t on 

expecta tions. T he re fo re , i f  the  in f la t io n  e xpec ta tions  re m a in  unchanged  because o f  h ig h e r 

excise  ta x  and c itize n s  b e lie v e  th is  is  fo r  th e ir  cu rre n t and fu tu re  b e n e fit, the  e ffec ts  o f  

such an increase w i l l  be m u ch  lim ite d  in  in f la t io n  and o u tp u t g ro w th 288. In  oppos ite , i t  

co u ld  ge t the  c o u n try  in to  e deep recession. I f  expecta tions  p la y  such an im p o rta n t ro le , 

the  lo g ic a l que s tion  is  w h e th e r m acroe con om is ts  can b r in g  fo rw a rd  any va lu a b le  

fo re ca s tin g  abou t the  fu tu re . T he  answ er is  yes. P eop le  fo rm  th e ir  expecta tions  based on 

the  era o f  in fo rm a tio n  and kn o w le d g e , s ta rtin g  fro m  the  in te rn e t to  b ro ke rs , new s, banks, 

and o the r agents in  the  m a rk e t w o r ld w id e 289. Thus, these fu tu r is t ic  expec ta tions  are v e ry  

lo g ic a l, so -ca lle d  r a t i o n a l  e x p e c ta t io n s .

L e t us tu rn  b a ck  to  F ig u re  30. W e  n o tic e  th a t u n e m p lo y m e n t in  th is  scenario  is  expected 

to  be lo w e r  th a n  p re d ic te d  b y  the  base line , m a k in g  us th in k  th a t u n e m p lo y m e n t 

e q u ilib r iu m  m ig h t be a ffe c ted  b y  som e o th e r fa c to rs . T he  a lu m in u m  p ric e  changes 

d ra s tic a lly , w h ic h  is  expected  since its  p ro d u c tio n  depends on  the  ene rgy o f  o il.  T he  G D P  

gap stays c lose  to  the  base line  fo r  th ree  quarte rs o f  2016 , and a fte r th a t starts to  d ec line  

as e xp la in e d  p re v io u s ly . In f la t io n  s y s te m a tic a lly  fo l lo w s  the  d y n a m ic  v ib e s  o f  the  

b en chm ark , in c re a s in g  as expected. B y  the  second q ua rte r o f  2017 , i t  s ta b ilizes  and starts 

to  d ec line  fo l lo w in g  the  d e c lin e  o f  the  G D P  gap, w h ic h  s ig n ifie s  th a t the  c itizen s ' 

expecta tions  rem a ined  constant, and the  G o v e rn m e n t o f  M o n te n e g ro  anchored  its  

expecta tions. W e  can s tip u la te  here  th a t the  u n e m p lo y m e n t cu rve  m ig h t be v e ry  steep, 

in e la s tic  to  changes in  the  p ric e -s e ttin g  cu rve  to  o il  changes, even th o u g h  w e  shou ld  

in c lu d e  adequate tim e  series as m e n tio n e d  p re v io u s ly  th a t are re la ted  to  u ne m p lo ym e n t. 

N eve rthe less , w e  m ig h t th in k  th a t u n e m p lo y m e n t insu rance  and e m p lo y m e n t p ro te c tio n

288 Bank for International Settlements., Inflation mechanisms, expectations and  m onetary policy. 
Monetary and Economic Department, Papers No 89, 2016.

289 Giacomini, R., “Economic theory and forecasting: lessons from the literature”, Econom etrics Journal, 
2015, 18, C22-C41.
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are tw o  p o te n tia l v a ria b le s  associated w ith  w ages and u n e m p lo y m e n t e la s tic ity . I t  rem a ins 

to  be fu r th e r  exam in e d  in  o th e r researches.
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F ig u re  3 1 : D e te rm in is t ic  -  d y n a m ic  a lte rn a tive  scenario  o f  a lu m in u m  L M E  p rice
Source: A u th o r ’s calculations in EView s 11.

I t  w o u ld  be in te re s tin g  to  see one o f  the  la s t a lte rn a tiv e  scenarios o f  o u r V A R (3 )  m o d e l 

in  case w e  change the  p ric e  o f  a lu m in u m . A  h y p o th e tic a l change o f  a lu m in u m  p ric e  fro m  

0.01 to  0 .24  p o in ts , re sp e c tive ly , fro m  3 .1 % %  to  5 7 .3 %  is  a p p lie d  to  observe  the  p o te n tia l
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a b il ity  to  p re d ic t such shocks to  M o n te n e g r in  e con om y fro m  ou ts ide , exogenous, m ea n in g  

o u t o f  o u r d ire c t co n tro l.

T he  f ir s t  n o tice a b le  th in g  is  th a t the  m o d e l p re d ic ts  in f la t io n  h ig h e r th an  the  base line  

m o d e l b u t c lose r to  the  base line  th an  in  the  o il  p r ic e  increase. T he  same b e h a v io r  is  

observed  w ith  the  G D P  gap. I t  stays m o re  re la t iv e  to  the  base line  th an  in  the  case o f  o il 

p rice  a lte rn a tive  scenarios.

N o te , h ow eve r, th a t so fa r, w e  have n o t been ab le  to  say a n y th in g  abou t ca usa lity . T h is  

to p ic  w i l l  be taken  up  in  the  fo l lo w in g  session.

3.4. Structural vector autoregressive model

There  is no  concep tua l b ackg ro u n d  th a t in te rp re ts  V A R  c o e ff ic ie n ts  l ik e  m u lt iv a r ia te  

reg ress ion  m o d e ls290. S im s w as one o f  the  f ir s t  to  in te rp re t the  V A R  c o e ff ic ie n ts  th ro u g h  

im p u ls e  responses, a fa s c in a tin g  m acroe con om ics  d e ve lo p m e n t291. W h a t does th e  im p u ls e  

response do? I t  observes the  response o f  the  dependent v a r ia b le  to  shocks in  the  errors. 

T he  w h o le  p ro b le m  here is  to  id e n t ify  these shocks, and once d e fin e d ; w e  can observe  the 

response o f  in f la t io n  and o the r v a ria b le s  in  the  V A R  m o d e l292. Thus, in te rp re ta tio n  then  

becom es easy. H o w e v e r, at the  t im e  b e in g , w e  can observe  o n ly  the  com posed  reduced  

fo rm  errors, and w e  need th em  separate -  in d iv id u a l -  to  k n o w  re la t io n  shock  -  e rro r -  

dependent va ria b le . Thus, the  reduced  fo rm  con ta ins  e rro rs  th a t are m ade up  o f  a 

c o m b in a tio n  o f  s truc tu ra l e rro rs  th a t need to  be id e n t if ie d 293.

W ith o u t  S V A R  ana lys is , one c o u ld  reach w ro n g  co n c lu s io n s  because o f  n o t 

in d iv id u a liz in g  e rro rs  in  the  s tru c tu ra l V A R  m od e l. F o r  exam p le , suppose w e  a n tic ipa te  

th a t u n e m p lo y m e n t w i l l  increase. T he  m a c ro p ru d e n tia l p o lic y m a k e rs  o f  the  G o ve rn m e n t 

o f  M o n te n e g ro  c o n tro l to  the  best o f  k n o w le d g e  the  m a rkup s  (m ), the  shadow  econom y,

290 Akaike, H., “Fitting autoregressive models for prediction,” A nnals o f  the institute o f  Statistical 
M athem atics, 1969, 21(2), 243-247.

291 Sims, C. A., “Macroeconomics and reality,” Econom etrica , 1980, 48(1), 1-48.

292 Caldara, D., and C. Kamps., “What are the effects of fiscal policy shocks? A VAR-based comparative 
analysis,” European Central B ank working paper series, 2008, 877.

293 Lutkepohl, H., New Introduction to M ultiple Time Series A na lysis . Berlin: Springer, 2005.
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and the  u n e m p lo y m e n t gap con tinues  to  w id e n . In  th a t case, w e  canno t co nc lud e  th a t 

c o n tro ll in g  b e tte r the  m a rku p s  le d  to  a rise  in  u n e m p lo y m e n t. T he  m a rk u p  c o n tro l w as 

endogenous to  the  a n tic ip a te d  u n e m p lo ym e n t. T he  m a rk u p s -p o lic y  reacted  to  the  

expected  u n e m p lo ym e n t. O ne c o u ld  say th a t the  u n e m p lo y m e n t w o u ld  have been h ig h e r 

had the  p o lic y m a k e rs  n o t ta ken  any a c tio n  o r  th a t i t  takes t im e  fo r  the  m a rk u p s -p o lic y  to  

im p a c t re d u c in g  u n e m p lo y m e n t in  M o n te n e g ro .

Thus, the  p o lic y m a k e rs ' re a c tio n  w as n o t exogenous, and th is  is  n o t w h a t w e  w o u ld  l ik e  

to  ca lcu la te . In  the  m ean tim e , w e  w o u ld  l ik e  to  m easure and k n o w  the  im p a c t the  p o lic y  

has on  the  G D P  gap and in f la t io n  in  M o n te n e g ro . Based on  th is  s truc tu re , w e  canno t te ll 

apart the  e ffe c t o f  the  m a rk u p s -p o lic y  in to  the  o th e r v a ria b le s  o f  th e  V A R  m od e l. F ro m  

the  perspec tive  o f  f is c a l p o lic y , le t us co ns ide r th a t the  p o lic y m a k e rs  o f  M o n te n e g ro  are 

e xp e c tin g  e decrease in  dem and, and th en  decrease the  exc ise  ta x  o f  o il,  m a k in g  h ig h e r 

the  d e fic it .  H o w e v e r, s t i l l ,  the  o u tp u t gap con tinues  to  w id e n . W e  m ig h t co nc lud e  

in c o rre c tly  th a t re d u c in g  the  exc ise  ta x  o f  o il  caused the  o u tp u t to  d ec line . A s  in  the  

e xam p le  b e fo re , the  same in fe re n ce  m ig h t be reached b y  d ed uc ing  lo g ic a lly  th a t the  fis c a l 

a u th o ritie s ' re a c tio n  w as endogenous to  th e  expected  re d u c tio n  in  c o n su m p tio n , dem and. 

W e  can n o t m easure the  im p a c t o f  m a rkup s  o r exc ise  ta x  w h ile  u n e m p lo y m e n t and m a rk e t 

are re a c tin g  to  o th e r va ria b le s ' m ovem ents . I f  m an y  v a ria b le s  a ffe c t u n e m p lo y m e n t 

con te m p o ra ne ou s ly , w e  sh ou ld  a im  to  m easure o n ly  the  im p a c t o f  the  v a r ia b le  w e  are 

in te res ted  in  e xa m in in g . Thus, to  trace  the  d yn a m ics  o f  p o lic y , w e  need to  id e n t ify  so le ly  

exogenous shocks, au tonom ous a c tiv it ie s  to  observe  the  M o n te n e g r in  e co n o m ic  reac tion . 

T h is  re a c tio n  is  ca lle d  an im p u ls e  response. W e  w o u ld  l ik e  to  k n o w  c o m p le te ly  

exogenous shocks to  m a rkup s  and excise  tax , fo r  exam ple . T he  m echan ism  d rives  us to  

the  id e n t i f i c a t io n  o f  the  s truc tu ra l m o d e l, w h ic h  iso la tes  p u re ly  exogenous shocks and 

gets the  responses o f  the  endogenous v a ria b le s  a fte r these shocks h it  the  e co n o m y294. 

A f te r  id e n t ify in g  th e  s tru c tu ra l e rro rs , w e  can co m p u te  the  responses o f  dependent 

va ria b le s  and m ake  p re d ic tio n s , fo r  exam p le , w h a t w i l l  happen to  in f la t io n  in  M o n te n e g ro  

i f  f is c a l a u th o ritie s  decrease the  excise  ta x  o r  c o n tro l the  shadow  econom y.

294 Christiano, L. J., “ Christopher A. Sims and Vector Autoregressions,”  Scand. J. o f  Economics, 2012, 
114(4), 1082-1104.
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I t  is  t im e  to  no te  th a t the  e rro r te rm s  in  the  reduced  V A R  fo rm  are com posed  o f  tw o  o r 

m o re  shocks, and i f  the  e rro r te rm s o f  the  reduced  fo rm  are w h ite  noises, then  the  e rro r 

te rm s o f  the  s truc tu ra l e rro r te rm s w i l l  be w h ite  no ise  processes too . A s te r io u  and H a ll 

(2 0 1 6 ) take  tw o  s ta tio n a ry  s im u ltan e ou s  t im e  series, y t  and x t  a ffe c te d  b y  c u rre n t and 

past va lu es  and e rro rs  te rm s  u y t  and u x tw h ite  no ise295:

V t =  P io  -  P i z M  +  Y i i Y t - i  +  Y i z M - i  +  u y t  (1 1 4 )

x t =  P zo  -  P z i V t  +  Y z i Y t - i  +  Y z z X t - i  +  u x t  (1 1 5 )

E q u a tio n s  (1 1 4 ) and (1 1 5 ) have  a con tem po raneous im p a c t on  each o ther. T he  m a tr ix

a lgebra  o f  the  above tw o  equa tions  w o u ld  lo o k  lik e :

A

1 P i z \  1 *1  \P io ]  + \ Y i i  Y i z l  W t - i ]  \u y t 1
[ p z i  1 ] W  [ p z0 \  lY z i  Y z z i  [x t - i \  [u x t \

A z t =  B o +  B i Z t - i  +  u t

[ L  t ] ,  ^ b ° = [ ^  *  =  [

and u ’ = [Z ‘}

[ Y i i

[Y z i

Y iz

Y z z
\  , Z t - i

(11 6 )

(11 7 )

I t  is  c ru c ia l to  note  here th a t u t  e rro r te rm s  (shocks) are independen t. M a tr ix  A  is  essentia l 

in  the  process o f  id e n t if ic a t io n . T he  1 s  in  the  d ia go na l o f  m a tr ix  A  express the  

contem poraneous im p a c t be tw een  endogenous va riab les . C o e ffic ie n ts  p i z  and p z i  

rep resen t con tem poraneous re la tio n s  be tw een  y t  and p i z x t , and x t  and p z i y t , and w e  see 

th em  in  m a tr ix  A 296. H a v in g  a m a tr ix , A , in  f ro n t o f  z t , em phasizes th a t w e  have  tw o  o r 

m o re  va ria b le s  at t im e  t, p i z x t  and p z i y t . T he  id e n t if ic a t io n  is  the  s tru c tu ra l m ode l. 

M u lt ip ly in g  e qu a tio n  (1 1 7 ) b y  the  inve rse  o f  A , A - i , w e  get:

A  i A z t =  A  i B 0 + A  i B i z t - i +  A  i u t  (1 1 8 )

z t  =  & o+  G iz t - i  +  e t  (11 9 )

fo l lo w in g  G0 =  A - i B 0, G i  =  A - i B i , and e t =  A - i u t . W e  f in d  i t  essentia l to  take  a 

pause here and re ca ll w h a t the  inve rse  o f  a m a tr ix  is. F o r  exam p le , le t us g e t an inve rse

295 Asteriou, D., and S. G. Hall., A pp lied  econometrics, 3rd ed. Basingstoke, United Kingdom: Palgrave 
MacMillan, 2015.

296 Lanne, M ., and H. Luetkepohl., “ Structural Vector Autoregressions w ith  Nonnormal Residuals,” 
Econom ics Working Papers, 2005, ECO2005/25, European University Institute.
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o f  a m a tr ix  A  3 x3 , and w e  are g o in g  to  do  th is  b y  u s in g  co fac to rs  and de te rm inan ts . F o r 

instance, w e  have the  fo l lo w in g  m a tr ix :

0 0 1
A  = 2 - 1 3 ( 120)

1 1 4

P ro cee d ing  w ith  th is  exam p le , w e  need to  f in d  the  d e te rm in a n t o f  A , |4 |  =  d e t A :

|4 |  =  d e t A  =  0
= 0 ^  3 ]  -  0 [ 1  3 ]  -  1 [1  - 1 ]4 ]  -  - [ I  4 ]

=  0 [ ( - 1  • 4 )  -  (1  • 3 ) ]  -  0 [ ( 2  • 4 )  -  (1  • 3 ) ]  +  1 [ (2  • 1)
=  0 -  0 +  1 (2  +  1 ) =  3

( 121)

( ! • ( - ! ) ) ]

the  n e x t th in g  w e  are g o in g  to  use is  co fac to rs :

+
- 1 3 2 3

+
2 - 1

—

1 4 1 4 1 1
0 1

+
0 1 0 0

1 4 1 4 1 1

+
0 1 0 1

+
0 0

- 1 3 2 3 2 - 1

- 7

LD1 3
1 - 1 0
1 2 0

( 122)

the  d ia go na l n u m b e r stay w h e re  th e y  are at, w h ile  the  o th e r e lem ents abou t the  d ia gona l 

are transposed:

- 7 1 1

LD1 - 1 2
3 0 0

(12 3 )

the  1 and -5 w i l l  s w itc h  places, the  1 and 3 s w itc h  p laces, and lik e w is e , the  2 and 0 w i l l  

s w itc h  places. T he  la s t th in g  w e  do  is  m u lt ip ly  e ve ry  e n try  b y  1 /3 ,  and th is  w i l l  be o u r 

in ve rse  m a tr ix :

1 1 
—  a d /4  =  3

--7
3

-5
3
1

- 7
- 5
3

i
3

-1
3
0

1
- 1
0

1­
3
2 =  
3 
0

1
2
0

=  4 -1

4 -1

and w e  have fo u n d  the  in ve rse  m a tr ix  A  1 o f  A.

(1 2 4 )

(12 5 )

In  equa tion  (11 9 ), G0 is  (n  *  1 ) v e c to r  o f  constants, G1 is  (n  *  n )  v e c to r  o f  c o e ff ic ie n ts , 

et is  (n  *  1)  v e c to r  o f  w h ite  no ise  in n o v a tio n s , and i t  can be re w r it te n  as:
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y t  =  9 10 +  9 u y t - i  +  9 12 M - i  +  e i t  (1 2 6 )
M  =  9 2 0  +  9 2 i y t - i  +  9 2 2  M - i  +  e 2 t (1 2 7 )

E q u a tio n s  (1 1 4 ) and (1 1 5 ) are s tru c tu ra l V A R  w h ile  (1 2 6 ) and (1 2 7 ) are reduced  fo rm

V A R . Because w e  d id  n o t im p o se  any re s tr ic tio n s  and th a t res idua ls  are n o t o rth og o na l,

equa tions  (1 2 6 ) and (1 2 7 ) are re d u c e d -fo rm  V A R . S ince e t =  A - i u t , e rro rs  e i t  and e 2 t ,

in  equa tions  (1 2 6 ) and (1 2 7 ), are m ade up  o f  tw o  in n o v a tio n s  u y t  and u x t 297.

L e t ’ s re ca ll th a t m u lt ip ly in g  any m a tr ix  b y  its  in ve rse  p ro v id e s  us w ith  the  id e n t ity
• 9 Q Rm a tr ix 298:

A - i A  =  I  (12 8 )

W h ite  no ise  m eans th a t e rro r  te rm s  are u nco rre la ted , so E [ e t ] =  0 and f in ite  va ria n ce 299. 

A n  e qu a tio n  e rro r  te rm  can be co n te m p o ra ne ou s ly  co rre la ted  w ith  o th e r equa tions ' 

res idua ls  b u t n o t co rre la ted  w ith  th e ir  o w n  lagged  va lu es  and indep en d en t v a ria b le s  (as in  

any sp e c ifie d  reg re ss ion )300. T he re fo re , the  re d u c e d -fo rm  in n o v a tio n s  are n o t o rth og o na l, 

c o m p le te ly  unco rre la ted . T he  s truc tu re  o f  the  con tem poraneous v a ria n ce -co va ria n ce  

m a tr ix  is  as fo llo w s :

E [e t e f l
S 2  S e ^

^ e i e 2 8 *
(12 9 )

A s  w e  can n o tic e  fro m  above, m u lt ip ly in g  s truc tu ra l shocks b y  the  inve rse  m a tr ix  g ives 

us fo re cas t e rrors:

e t =  A  i u t (13 0 )

297 Bruggemann, R., H. Lutkepohl, and M. Marcellino., “Forecasting euro area variables with German 
pre-EMU data,” Journal o f  Forecasting , 2008, 27(6), 465-481.

298 Lutkepohl, H., New Introduction to M ultiple Time Series A na lysis . Berlin: Springer, 2005.

299 Carter, B., Op A m ps fo r  Everyone, 4 th ed . Oxford, UK: Elsevier, 2013.

300 Beenstock, M., and D. Felsenstein., “Spatial Vector Autoregressions,” Spatial Economic Analysis, 
2007, 2(2), 167-196.
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w h ic h  are lin e a r  c o m b in a tio n s  o f  the  s truc tu ra l shocks. A s te r io u  and H a ll (2 0 1 5 ) o b ta in  

eu  and e 2 t  301:

e i t  =
(Uyt + Pl2UXt) 

( l  — Pl2p2l)
Q,W,d @2t

(u x t+ p 2l u yt') 
( l  — Pl2p2l)

(13 1 )

W h e n  the re  is  a su rp rise  in  in f la t io n , fo r  instance, w e  u s u a lly  do  n o t k n o w  w h a t happened. 

A  c o m b in a tio n  o f  fa c to rs , s truc tu ra l shocks, at the  same tim e , c o u ld  be  a ffe c tin g  in f la t io n  

in  M o n te n e g ro . F isca l p o lic y , la b o r  m a rke t, in te rn a tio n a l in n o v a tio n s  c o u ld  be a ffe c tin g  

a ll to g e th e r in  the  m ean tim e , and w e  w o u ld  l ik e  to  d isen tang le  those fa c to rs  b y  g e ttin g  

the  s truc tu ra l m od e l. T he  p ro b le m  is  th a t the  S V A R  can 't be es tim a ted  d ire c t ly , and i t  is 

a th e o re tica l construc t. I t  is  non -o bse rva b le . A s  S im s (1 9 9 2 ) said, i t  is  an in te rp re ta tio n  o f  

h is to r ic a l data302. W e  have o n ly  the  e v o lu t io n  o f  the  e co n o m ic  t im e  series. A c c o rd in g  to  

S im s (19 92 ), a ll v a ria b le s  shou ld  be trea ted  e q u a lly , as endogenous, and no  d is t in c tio n  

shou ld  be m ade be tw een  endogenous and exogenous. T he  reduced  V A R  m o d e l has the  

same package  o f  regressors. Thus, w e  s ta rt f ro m  a re d u c e d -fo rm  V A R  m o d e l, a im in g  

to w a rd s  the  s tru c tu ra l m o d e l, w h ic h  iso la tes  the  exogenous shocks and m easures these 

shocks' im p a c t on  the  v a ria b le s  in c lu d e d  in  the  V A R  m od e l. C on seq ue n tly , w e  need to  

ge t m a tr ix  A , the  so -ca lle d  id e n t i f i c a t io n .

%t =  &o +  ^ i Z t —i  +  e t  (13 2 )

W e  s ta rt f ro m  the  re d u c e d -fo rm  V A R  m o d e l, and w e  p re -m u lt ip ly  i t  w i th  m a tr ix  A  and 

ge t the  fo l lo w in g  resu lts303:

A Z f  =  A G o +  A G i Z f —i  +  A e ^  (13 3 )

fo l lo w in g  G0 =  A —1B 0, G1 =  A —1B 1, and e t =  A —1u t , and th a t id e n t ity  m a tr ix  is  

A —1A  =  / :

A Z t =  A A —1B 0 +  A A —1B 1Z t —1 +  A A —1u t  (13 4 )
A Z t =  IB o  +  I B i Z t —i  +  I u t  (13 5 )

301 Asteriou, D., and S. G. Hall., A pp lied  econometrics, 3rd ed. Basingstoke, United Kingdom: Palgrave 
MacMillan, 2015.

302 Sims, Ch., “Interpreting the macroeconomic time series facts: The effects of monetary policy,” 
European Econom ic R eview , 1992, 36(5), 975-1000.

303 Amisano, G., and C. Giannini., Topics in Structural VAR Econometrics, second, revised and enlarged  
ed . Berlin Heidelberg: Springer, 2012.
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A Z t — B 0 +  B 1Z t - 1 +  u t  (13 6 )

E q u a tio n  (1 3 6 ) u nco ve rs  the  s tru c tu ra l m o d e l, the  s truc tu ra l shocks, and the  

contem poraneous re la tio n s  am ong  va riab les . I t  is  the  w a y  w e  can observe  w h a t happens 

to  the  econom y o f  M o n te n e g ro  once a shock  h its  the  m arke tp lace .

T h is  section  deals w ith  the  V A R  m o d e l, the  s truc tu ra l V A R  s p e c ific a tio n  and 

id e n t if ic a t io n , im p u ls e  response ana lys is , and fo re c a s t-e rro r va ria n ce  d e co m p o s itio n . 

O nce the  reduced  V A R  fo rm  is  estim a ted , w e  ge t the  reduced  fo rm  res idu a ls  el t  and e2 t . 

T he  in fo rm a tio n  w e  ge t f ro m  the  e s tim a tio n  is  cons is ted  o f  g 10, g 20, g 11, g 12, g 21, and 

g 22, and w e  ge t a 2 x 2  s y m m e tr ic  v a ria n ce -co va ria n ce  m a tr ix  o f  the  res idua ls . I t  sum s up 

to  n in e  c o e ff ic ie n ts : 6 c o e ff ic ie n ts , 2 va riances, and 1 covariance . T he  n u m b e r o f  

c o e ff ic ie n ts , in  the  s truc tu ra l V A R , equa tions  (1 1 4 ) and (11 5 ), is : ^ 12, ^ 21, ^ 10, f i 20 , y 11, 

y 12, Y 21, and y 22, su m m in g  up  to  8 . B esides, w e  have  the  va riances, b u t the  s truc tu ra l 

shocks are independen t, re s u lt in g  in  the  cova riance  o f  0. W e  have  m o re  u n k n o w n s  than  

equa tions  since the  o n ly  in fo rm a tio n  w e  have is  the  9 param eters o f  the  estim a ted  

re d u c e d -fo rm  V A R  m od e l. H o w  to  so lve  the  p ro b le m ?  T he  o n ly  s o lu tio n  is  to  im p ose  a 

re s tr ic t io n  on  one o f  the  s tru c tu ra l param eters. I t  m akes the  n u m b e r o f  u n k n o w n  

param eters in  the  s tru c tu ra l m o d e l equa l to  the  n u m b e r o f  param eters k n o w n  fro m  the  

standard re d u c e d -fo rm  V A R  e s tim a tio n  m ode l.

W h e re  shou ld  w e  im p o se  the  re s tr ic tio n ?  T he  usua l approach  is  to  im p ose  one re s tr ic tio n  

in  m a tr ix  A ,  the  so -ca lle d  id e n t if ic a t io n . W e  are l im it in g  the  re la tio n s  o f  endogenous 

va ria b le s  o c c u rr in g  d u r in g  the  same t im e  (con tem poraneous) o f  the  s tru c tu ra l m o d e l in  

m a tr ix  A 304. T he  m a tr ix  A  has tw o  p o s s ib ilit ie s  to  be  res tr ic te d : c o e ff ic ie n t ^ 12 o r  ^ 21. 

L e t ’ s say th a t w e  set ^ 12 — 0, m a k in g  m a tr ix  A  lo o k  as fo llo w s :

1 0
.̂ 21 1

(13 7 )

H o w  c o u ld  w e  d e te rm ine  w h a t c o e ff ic ie n t to  set to  zero? T he  answ er is  th a t based on 

e co n o m ic  in tu it io n , w e  can im p o se  a re s tr ic t io n  on  m a tr ix  A .

304 Ouliaris, S., A. Pagan and J. Restrepo., Quantitative M acroeconom ic M odeling with Structural Vector 
Autoregressions -  A n  EView s Im plem entation . Institute for Capacity Development, 2018. E-book, 
available at https://www.eviews.com/StructVAR/structvar.html.
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y t  +  °  =  P i o + Y i i Y t - 1  +  Y 12M - 1  +  u y t  (1 3 8 )

f o l V t  +  x t =  @20 -  + Y 2 lV t - 1  +  Y 22x t - 1  +  u x t  (13 9 )

I f  @12, (@12x t ) ,  =  0 , then  the  con tem poraneous e ffe c t o f  x t  on  y t  is  re s tr ic te d  to  zero.

Thus, a shock  to  x t  w i l l  have 0 e ffe c ts  co n te m p o ra ne ou s ly  to  y t , and o n ly  the  lagged

va lu e  o f  x t , y 12x t - 1 , w i l l  a ffe c t y t . O n  the  o th e r hand, e qu a tio n  (1 3 9 ) resu lts  d if fe re n t ly

because w e  have  n o t im p ose d  any con tem po raneous re s tr ic tio n s . S hocks to  y t  a ffe c t

co n te m p o ra ne ou s ly  v a r ia b le  x t  (@21 c o e ff ic ie n t) . Im p o s in g  re s tr ic tio n s  in  m a tr ix  A ,  w e

a lso im p o se  re s tr ic tio n s  in  the  inve rse  o f  m a tr ix  A , A -1305.

p i  =  [ 1 ° ] \ P i ° ]  +  [  1 0 ] [
W  [ @21 1  V@20i ^ 2 1  1  L

°  [Y 11 Y i 2 l  W t -  
VY21 Y 22 i [ x t 

1 ° =  A - 1

11 +  [ - 1  H K i  (14 0 )

(14 1 )
[—@21 1

T he  ze ro  in  the  la s t m a tr ix , e qu a tio n  (14 1 ), is  the  re s tr ic t io n  be tw een  the  re d u c e d -fo rm  

res idua ls , the  fo re cas t e rrors, and the  s tru c tu ra l shocks. F orecast e rro rs  o f  y  equal 

s truc tu ra l shocks to  y : e y t  =  u y t . T he  p ro d u c t o f  the  m a tr ices  resu lts  in  the  re d u c e d -fo rm  

V A R  expressed in  te rm s  o f  the  s truc tu ra l param eters as fo l lo w s 305 306:

[ Y tl  =  [ @10 ] +  [ Y 11

[ x t i  [ @21@10 +  @2 0 ] [ P 2 1 Y 11 +  Y 12
(14 2 )

Y 12

P 2 1 Y 12 +  Y 22

Y t - t f  +  f  u y t

A t - m  \_—@ 2 1 ^y t +  Ux t_

U s in g  the  c o e ff ic ie n ts , g ,  o b ta ine d  w ith  the  reduced  - fo rm  e s tim a tio n , w e  can b u ild  a ll the  

equa tions  th a t w i l l  a llo w  us to  reso lve  the  s tru c tu ra l param eters:

[y t1 =  p h o j  +  [  
W tJ W 20J L

r ^ n  9 1 2  r y t -11 +  rey t i  
W 21 9 2 2 ] [ x t - J  [e x J

(14 3 )

based on: g w  =  @1 0 -, g 20  =  P 2 1P 10 +  ^20 , 9 1 1  =  Y 1 1  912  =  Y 1 2 -, 9 2 1  =  P 2 1 Y 11 +  

Y 12 , 9 2 2  =  —P 2 1 Y 12 +  Y 2 2 . S ince  e y t  =  u y t  then , v a r ( e y t )  =  o * y , v a r ( e x t )  =  o * x  +  

@21a u y , and c o v ( e y t ey t )  =  E ( e y t ) ( u x t  — @21u y t )  =  — @21O uy. S ubs titu te  the  estim a ted

va lues  fo r  these 9 param eters g 10, g 11, g 12, g 20, g 21, g 22,o];y , o e y - e r  in  the  9 equations,

2Jvy>to  so lve  fo r : @21, @10, @20, y 11, y 12, y 21, y 22, a ^ y ,  a n d  a^;x . N o te  th a t the  s tru c tu ra l shocks

305 Vargas-Silva, C. “ Monetary Policy and US Housing: A  VAR  Imposing Sign Restrictions,”  Journal o f  
M acroeconom ics, 2008, 30, 977-990.

306 Arias, J. E., J. F. Rubio-Ramirez and D. F. Waggoner., “ Inference based on SVARs identified w ith  
sign and zero restrictions: theory and applications,”  Econometrica, 2018, 86, 685-720.
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can be recove red  because w e  im p o se d  th a t s truc tu ra l shocks to  y  are equa l to  y  fo recast 

e rrors, w h ic h  are o b ta ine d  fro m  the  re d u c e d -fo rm  e s tim a tio n 307. O nce w e  ge t c o e ff ic ie n t 

f i 21 f ro m  the  system  o f  n in e  equations, w e  can co m p u te  u, g iv e n  th a t u x t  =  e x t  +  P 21u y t . 

B u t  w e  k n o w  th a t u y t  =  e y t  because o f  the  re s tr ic t io n  w e  ju s t  im posed . Thus, u x t  =  

e x t  +  p 21ey t  308. I t  is  h o w  w e  use the  re d u c e d -fo rm  res idua ls  to  ge t the  s tru c tu ra l shocks. 

A s  S im s (1 9 8 0 ) says: “ S V A R  is  u se fu l because i t  iso la tes  s tru c tu ra l shocks and a llo w s  

tra c in g  o u t the  V A R  v a ria b le  d yn a m ics  a fte r one o f  those shocks h its  the  e c o n o m y .”309 

T he re fo re , im p o s in g  re s tr ic tio n s  in  m a tr ix  A  id e n t if ie s  the  S V A R . I t  is  a ll abou t 

re s tr ic tio n s . T he  d iffe re n c e  be tw een  the  u n k n o w n  and k n o w n  e lem ents is  th e  n u m b e r o f  

re s tr ic tio n s  re q u ire d  to  id e n t ify  the  s tru c tu ra l m od e l. L e t n  be the  v a r ia b le  n u m b e r in  the  

V A R  so th a t w e  can co u n t the  u n k n o w n  e lem ents. W e  k n o w  th a t the  d ia g o n a l o f  m a tr ix  

A  are 1s. Thus, the  u n k n o w n  e lem ents in  m a tr ix  A  are n 2 — r i,  b u t w e  need to  add the  n  

n u m b e r o f  u n k n o w n  va riances o f  s tru c tu ra l shocks u .  T he re fo re , the  to ta l n u m b e r o f  

u n k n o w n  e lem ents w o u ld  be n 2 — n  +  n  =  n 2 . A s  fa r  as the  k n o w n  e lem ents, the  

e s tim a tio n  o f  the  re d u c e d -fo rm  V A R  m o d e l a llo w s  us to  ge t ( n 2 +  r i ) / 2  d is t in c t e lem ents 

co n ta ine d  in  the  s y m m e tr ic  v a ria n ce -co va ria n ce  m a tr ix  o f  the  e rro rs : E e t e[ =  £ e 310. H o w  

to  ge t to  k n o w  the  k n o w n  e lem ents?  T he re  are n  d is t in c t k n o w n  e lem ents fro m  the  

d ia go na l p lu s  ( n 2 — r i ) / 2  e lem ents are fo u n d  o f f  the  d ia go na l, su m m in g  up  to  the  to ta l 

k n o w n  e lem ents: ri +  ( n 2 — r i ) / 2  =  ( n 2 +  r i ) / 2 .  Thus, w e  need to  im p ose  r i2 — 

( n 2 +  r i ) / 2  re s tr ic tio n s  w h ic h  equal ( n 2 — r i ) / 2 .  In  o u r case, w e  have 5 va riab les , and 

the  n u m b e r o f  re s tr ic tio n s  th a t sh ou ld  be im p ose d  is: ( r i2 — r i ) / 2  =  ( 5 2 — 5 ^ / 2  =  10.

307 Dungey, M. and R. A. Fry., “ Identifying Fiscal and Monetary Policy in  a Structural VAR ,”  Econom ic  
M odelling, 2009, 26, 1147-1160.

308 Sims, C. “ A  nine-variable probabilistic macroeconomic forecasting model,”  In J. Stock and M. 
Watson, eds., Business Cycles, Indicators and  Forecasting. University o f Chicago Press fo r the NBER, 
1993.

309 Sims, C., “ Macroeconomics and Reality,”  Econom etrica, 1980, 48(4), 1-48.

310 Ouliaris, S., A. Pagan and J. Restrepo., Quantitative M acroeconom ic M odeling with Structural Vector 
Autoregressions -  A n  EView s Implem entation. Institute fo r Capacity Development, 2018. E-book, 
available at https://www.eviews.com/StructVAR/structvar.html.
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3.4.1. Im pulse responses

A f te r  e la b o ra tin g  and a n a ly z in g  the  re d u c e d -fo rm  V A R  m o d e l, w e  com e to  im p u ls e  

responses, s h o w in g  us the  va ria n ce  in  endogenous v a ria b le s  fo r  each s tru c tu ra l in n o v a tio n  

at t, t+ 1 , and so on311. I t  req u ires  us to  tra n s fo rm  o u r s truc tu ra l au to reg ress ive  v e c to r312:

A  z t =  B o +  B 1z t - 1 +  u t  (14 4 )

and a fte r successive ite ra tio n s , w e  g e t313:

%t =  & o+  G1( Go +  G iC ^o  +  G iZ t _3 +  et - 2)  +  e t _ i )  +  e t  (14 5 )
Z t  =  U  +  G-i +  G l + . . .  + G l° ) Go +  e t  +  2 i = i  G1 et _ £ +  G [ X t _ n _ i (14 6 )

A s  i ^  to x  reduces to  a sum  o f  e rro rs  o r  in to  a sum  o f  shocks, w h ic h  is  ca lle d  th e  W o ld

R ep resen ta tion  (1 9 5 1 ) o f  X 314:

Z t =  B  +  S i=°1 G1 e t _ i +  e t

and assum e ^  =  G l then :

(14 7 )

=  B  +  'Z i= ° i '^ ie t_ i  +  e t  (14 8 )

I f  X  has a W o ld  rep resen ta tion , then  X  is  stable. T he  c o n d it io n  th a t guarantees s ta b il ity  is  

th a t G  has e igenva lues  s m a lle r than  1 in  m od u lu s , and i t  is  a p re va le n t re s u lt v a lid  fo r  any 

V A R (p )315. S ince  the  V A R  is  s ta tion a ry , the  es tim a ted  re d u c e d -fo rm  V A R  has a m o v in g  

average:

Z t =  B  +  l T = i * i  e t_ i (14 9 )

311 Pesaran, M. H. and Y. Shin., “Generalized Impulse Response Analysis in Linear Multivariate 
Models,” Econom ics Letters, 1998, 58, 17-29.

312 Sims, C., “Macroeconomics and Reality,” Econom etrica , 1980, 48(4), 1-48.

313 Ouliaris, S., A. Pagan and J. Restrepo., Quantitative M acroeconom ic M odeling with Structural Vector 
Autoregressions -  A n  EView s Im plem entation . Institute for Capacity Development, 2018. E-book, 
available at https://www.eviews.com/StructVAR/structvar.html.

314 Wold, H. O. A. “Dynamic Systems of the Recursive Type - Economic and Statistical Aspects,” 
Sankhya , 1951, 11, 205-17.

315 Benes, J., and D. Vavra., “Eigenvalue filtering in VAR models with application to the Czech business 
cycle,” European Central B ank , Working Paper Series 549, 2005.
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U s in g  the  same o ld  re la t io n  be tw een  the  fo re cas t e rro rs  and s tru c tu ra l shocks, w e  

f in d 316:

o r m o re  co m p a c tly :

X t — g  +  A  V + i r = i ^  ± u t - i (1 5 0 )

X t — V  +  l T = i  C iU t - i  (1 5 1 )

c 11 i and c 12 i are the  responses o f y  and x  to  a change in  u y t  and u x t  re sp e c tive ly . N o te  

th a t c 110  is  the  e ffe c t at im p a c t, c 111  is  the  e ffe c t o f  u y t  on  y  on  t + 1, and so on  in  

succession:

9yt+k
dV.y£ — C n ,k (15 2 )

also, the  c u m u la tiv e  e ffe c t is  ’Z (̂=o I t  is  the  express ion  (15 2 ), the  p a rtia l d e r iv a tiv e ,

th a t w e  are in te res ted  in  e xa m in in g . These p a rtia l d e r iva tive s  are ca lle d  im p u ls e  r e s p o n s e s  

since th e y  show  the  response o f  the  v a r ia b le  is  the  y t K  p e rio d s  ahead fro m  t  to  a 

te m p o ra ry  one u n it  change in  u y t . W e  are p r im a r ily  in te res ted  in  the  d y n a m ic  r e s p o n s e  

o f  in f la t io n  to  an e x o g e n o u s  shock  th a t h its  the  M o n te n e g r in  econom y. In  o u r exam p le , 

w e  need to  id e n t ify  a s tru c tu ra l V A R (3 )  m o d e l and s truc tu ra l shocks u s in g  a recu rs ive  

o rd e ring . O u r goa l is  to  fo l lo w  the  fo o tp r in ts  o f  in te rn a l and e x te rna l shocks on  the  

M o n te n e g r in  econom y, s p e c if ic a lly  in f la t io n . S ince  the  P h ill ip s  re la t io n  changed across 

coun tries , w e  are in te res ted  in  seeing the  M o n te n e g r in  econom y 's  case fro m  an e m p ir ic a l 

p e rspec tive  abou t in f la t io n . W h y ?  M o n te n e g ro 's  g o ve rn m e n t m u s t id e n t ify  the  shocks and 

m easure th e ir  e ffe c t fo r  p o lic y  reasons, e sp e c ia lly  in  the  daw n  o f  e n te rin g  the  E u ropean  

U n io n . B ased on  th is  m o d e l, w e  are in te res ted  in  g en e ra tin g  fo recasts  and, fo r  p o lic y  

ana lys is , u s in g  o u r e co n o m ic  in tu it io n  to  set re s tr ic tio n s . S ince  M o n te n e g ro 's  sp ec ifics  as

316 Watson, M .W ., Vector Autoregressions and Cointegration, in  R. Engle and D. McFadden (eds.), 
H andbook o f  Econometrics, Vo l IV . Amsterdam: Elsevier, 1994.
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a sm a ll e u ro ize d  e con om y are c ru c ia l, w e  w o u ld  l ik e  to  see e m p ir ic a l resu lts  f ro m  th is  

V A R  m od e l. F o llo w in g  B re itu n g  e t  a t., (20 04 ), the  S V A R  m o d e l is  as fo l lo w s 317:

A X t =  A 1X t - 1 +  A 2 X t - 2 + . . .  + A p X t - k +  £ t  Q 53)

and X t  is  a (n x 1 )  v e c to r  o f  endogenous va riab les :

X t =  ( P t , P ? , u n t , g d p _ g a p t , n t )  (1 5 4 )

T he  m a tr ix  A  is  in v e rt ib le , and i t  has (n  x  n )  c o e ff ic ie n ts  o f  con tem po raneous re la tio n s  on 

the  endogenous va riab les . A ^ s  are m a tr ices  (n  x  n )  ca p tu rin g  the  d yn a m ics  o f  va riab les , 

and e t  is  a (n  x  1 ) s tru c tu ra l shock  ve c to r. O u r V A R (3 )  m o d e l, w ith  th ree  lags, w as fo u n d  

to  be n o t au toco rre la ted . I t  is  c o n firm e d  b y  W o o ld r id g e  (2 0 1 3 ) as th e  best m o d e l w h e n  i t  

is  f ro m  one to  th ree  lags318. T he  o il  v a r ia b le  p ° , w i l l  be p laced  f irs t. W h y ?  O u r e con om ic  

in tu it io n  is  th a t a shock  to  the  o il  p rice , e ith e r increased  th ro u g h  exc ise  ta x  o r  w o r ld  

m arke t, a ffec ts  a ll o th e r v a ria b le s  co n te m p o ra ne ou s ly . O il  and a lu m in u m  p rices  are v ita l 

va ria b le s  th a t w e  are in te res ted  in  tra c in g  o u t th e ir  dynam ics . W h y ?  Because th e y  are 

e x o g e n o u s ly  de te rm ined . These w i l l  p o in t o u t the  shocks th a t penetra te  the  g lo b a l m a rke t 

to  the  M o n te n e g r in  econom y. W e  are in te res ted  in  tra c in g  the  endogenous va ria b le s  such 

as G D P  and u n e m p lo y m e n t to  captu re  the  e ffe c t these shocks have on  in f la t io n .

T he  v a ria b le s  in  o u r V A R (3 )  m o d e l are o rdered  re c u rs iv e ly . T he  f ir s t  v a r ia b le  is  the  o il 

p rice , assum ing  i t  is  co n te m p o ra ne ou s ly  exogenous to  the  o th e r va riab les . I t  im p lie s  th a t 

the  p ric e  o f  a lu m in u m , u n e m p lo y m e n t, gdp_gap , and in f la t io n  do  n o t d e te rm in e  the  o il 

p rice  at p e r io d  t. M e a n w h ile , the  p rice  o f  a lu m in u m  is  o rdered  second, w h ile  

u n e m p lo y m e n t is  th ird . T he  fo u r th  is  gdp_gap , and the  las t one is  in f la t io n , w h ic h  is  

a ffe c ted  b y  a ll o th e r va riab les . O v e ra ll, the  f i r s t  tw o  v a ria b le s  rep resen t exogenous shocks 

c o m in g  due to  the  w o r ld  econ om y, im p a c tin g  the  M o n te n e g r in  m arke t. T he  

u n e m p lo y m e n t rate  represents the  la b o r  m arke t. T he  G D P  gap represents the  goods 

m arke t, and in f la t io n  represents the  b e h a v io r  o f  the  p ric e -s e ttin g  in  M o n te n e g ro . Thus, 

w e  have in te rn a l and e x te rna l shocks im p a c tin g  the  w h o le  M o n te n e g r in  econom y. F irs t,

317 Breitung, J., BrAuggemann, R. & LAutkepohl, H. (2004). Structural vector autoregressivemodeling 
and impulse responses, in H. LAutkepohl & M. KrAatzig (eds), A pp lied  Time Series Econom etrics, 
Cambridge University Press, Cambridge, pp. 159 - 196.

318 Wooldridge, J. M., Introductory Econometrics: A  M odern A pproach . Ohio: South-Western, 2013.
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w e  use S im s ’ (1 9 8 0 ) o rth o g o n a liz e d  im p u ls e  responses319. W e  w i l l  trace  o u t the  S V A R  

responses o f  the  dependent va ria b le s  to  shocks in  o u r m od e l. F ig u re  32 con ta ins  

m a c ro e co n o m ic  v a ria b le s  and im p u ls e  responses to  shocks. E ach  ch a rt traces the  response 

to  C h o le sky  one standard  d e v ia tio n  (d .f. ad jus ted ) in n o v a tio n s  ±  2S .E . E ach  c o lu m n  

represents responses o f  v a ria b le s  to  a shock  c o m in g  fro m  a v a ria b le . F o r  exam p le , the  

f ir s t  c o lu m n  represents a ll va ria b le s ' responses to  o n e -u n it s tandard d e v ia t io n  shock  in  the 

o il  p rices.

Response of LOGOlL_SA to LOGOlL_SA

Response to Cholesky One S.D. (d.f. adjusted) Innovations ± 2 S.E.

Response of LOGOIL_SA to LOGALEUR_SA Response of LOGOIL_SA to UN_SA Response of LOGOlL_SA to GDP_GAP Response of LOGOIL_SA to INF

5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45

Response of LOGALEUR_SA to LOGOIL_SA

.04

5 10 15 20 25 30 35 40 45

Response of LOGALEUR_SA to LOGALEUR_SA

5 10 15 20 25 30 35 40 45

Response of LOGALEUR_SA to UN_SA

5 10 15 20 25 30 35 40 45

Response of LOGALEUR_SA to GDP_GAP

5 10 15 20 25 30 35 40 45

Response of LOGALEUR_SA to INF

5 10 15 20 25 30 35 40 45

Response of UN_SA to LOGOIL_SA Response of UN_SA to LOGALEUR_SA

5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45

Response of UN_SA to GDP_GAP Response of UN_SA to INF

Response of GDP_GAP to LOGOIL_SA Response of GDP_GAP to LOGALEUR_SA Response of GDP_GAP to UN_SA Response of GDP_GAP to GDP_GAP Response of GDP_GAP to INF

5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45

Response of INF to LOGOIL_SA Response of INF to LOGALEUR_SA Response of INF to UN_SA Response of INF to GDP_GAP Response of INF to INF

5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45

F ig u re  3 2 : Im p u ls e  responses
Source: A u th o r ’s calculations in EView s 11.

T h e  im p u ls e  response to  the  o il  p r ic e  shock  show s th a t a lu m in u m  p rice  increases 

im m e d ia te ly , rea ch in g  th e  h ig h e s t peak in  the  fo u r th  m o n th  0 .03 55 6 6  and then  d e c lin in g  

sh a rp ly  and a fte r 11 m o n th s  b e c o m in g  neg a tive  -0 .001231 . A f te r  16 m on ths  i t  reaches the 

lo w e s t p o in t -0 .012431 . A f te r  th is , the  response o f  a lu m in u m  p ric e  starts to  increase, 

rea ch in g  0 .00 77 0 4  a fte r 30 m on ths . A f te r  tha t, i t  keeps d e c lin in g  w ith  sm oo the r 

o s c illa t io n s  and aga in  b e c o m in g  n eg a tive  a fte r 39 m on ths . W e  can co n c lu d e  th a t based

319 Sims, C., “ Macroeconomics and Reality,”  Econom etrica, 1980, 48(4), 1-48.
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on the  above resu lts , a lu m in u m  p rice  response to  o il  p rice  shocks has s ig n if ic a n t sw ings, 

f ro m  p o s itiv e  to  nega tive , w ith  a pe rm a ne n t neg a tive  im p a c t on  the  p ric e  o f  a lu m in u m . 

T h e  pass-th rough  fro m  o il  to  a lu m in u m  is  re la t iv e ly  q u ic k , o c c u rr in g  o n ly  a fte r a coup le  

o f  m on ths  to u c h in g  the  peak. T h e  pers is tence  con tinues  to  d ro p  d ra s tic a lly  a fte r p re c is e ly  

12 m on ths , f ro m  the  tim e  rea ch in g  the  s u m m it. T he  reason m ig h t be th a t a fte r the  

e co n o m y  is h it  w ith  the  o n e -u n it s tandard  d e v ia t io n  shock  in  the  o il  p rice , the  a lu m in u m  

p ro d u c tio n  cost decreased the  m a rkup s  (m ) in  p ric e -s e ttin g  in  the  la b o r  m arke t. T hus f irm s  

increased the  p rices  to  m a in ta in  the  m a rg in a l p ro f it .  A f te r  4 m on ths , due to  the  lo w e r  

dem and fo r  a lu m in u m  in  the  goods m a rk e t e q u ilib r iu m , the  a lu m in u m  p rice  d ec line d  

sha rp ly , b e c o m in g  nega tive . A n o th e r  reason c o u ld  be th a t inve s tm en ts  fe l l,  and as a resu lt, 

the  a lu m in u m  p ric e  ended up  co n tra ry  due to  a o n e -u n it s tandard d e v ia tio n  shock  in  the 

o il  p rice .

L e t us tu rn  to  the  response o f  u n e m p lo y m e n t to  C h o le s k y  o n e -u n it standard d e v ia tio n  

shock  in  the  o il  p rice . F o r  the  f i r s t  f iv e  m on ths , the  response o f  u n e m p lo y m e n t has no  

m ovem en ts  a lm o s t at a ll. I t  m ig h t happen  because o f  the  d ro p  in  reg is te red  em ployees. 

A ls o , the  n u m b e r o f  reg is te red  u n e m p lo y e d  has s l ig h t ly  increased, e sp e c ia lly  f ro m  2014  

to  2 016  (M o n s ta t 2 0 1 8 )320. T he  in fo rm a l sector o f  e m p lo y m e n t m u s t be cons ide red , w h ic h  

reaches a p p ro x im a te ly  3 0 %  o f  the  reg is te red  e m p lo ym e n t. T he  u n e m p lo y m e n t ra te  to  the 

u n e m p lo y m e n t ranges fro m  3 .87  to  3 .6, re sp e c tive ly , f ro m  2006  t i l l  2017. B ased on 

M o n s ta t (20 18 ), the  g ro w th  ra te  o f  reg is te red  e m p lo y m e n t ranges fro m  4 .5 %  to  1.1% , 

s h o w in g  a d ec line , w h ile  u n e m p lo y m e n t show s an increase in  g ro w th  ra te  fro m  - 10%  to  

24% , re sp e c tive ly , f ro m  2006  to  2017. In  2010 , the  e m p lo y m e n t g ro w th  rate show ed  a 

neg a tive  -7 .13  g ro w th  rate. W e  need to  em phasize  th a t th e  re la tio n  b e tw een  reg is te red  

e m p lo y m e n t to  reg is te red  u n e m p lo y m e n t and pens ioners  is  a round  1.1% . T he  a g ing  o f  

the  M o n te n e g r in  p o p u la t io n  increased  fro m  32 .4  in  the  1991 Census to  37 .7  years, 

a cco rd in g  to  the  Census data o f  2 0 1 1 321. T he  a g in g  in d e x  s h o w in g  the  re la tio n s h ip  

be tw een  the  n u m b e r o f  o ld e r peop le  (65 years and o ve r) and the  n u m b e r o f  y o u n g  peop le  

(un de r 15) has s ig n if ic a n t ly  increased  be tw een  th e  tw o  censuses. In  1991 i t  w as 32 .55 ,

320 Monstat, https://www .m onstat.m e, accessed, October 25, 2019.

321 United Nations, Department o f Economic and Social Affairs, Population Division. W orld Population  
A geing  2017 - H ighlights (ST/ESA/SER.A/397), 2017.
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w h ile  in  2003 , i t  rose  to  58 .18 , and in  2011 i t  reached 66.81 (M o n s ta t, 20  1 4 )322. A s  seen 

fro m  F ig u re  31, a fte r the  seventh  m o n th , the  response o f  u n e m p lo y m e n t to  o il  shock 

increases as expected.

P ro cee d ing  w ith  the  ana lys is  fu rth e r, w e  n o tice  th a t the  G D P  gap keeps s l ig h t ly  p o s itiv e  

fo r  the  f i r s t  f iv e  m on ths , decreasing  to  -0 .300301  ju s t  a fte r 13 m on ths . T he  o u tp u t 

s ig n if ic a n t ly  responded  to  the  C h o le s k y  one standard d e v ia tio n  o il  p rice  shock, m ea n in g  

th a t the  M o n te n e g r in  e co n o m y  h e a v ily  depends on  o il  supp lies.

T he  tra n sm iss io n  takes a bo u t 13 m on ths , h it t in g  the  deep b o tto m . S ubsequen tly , i t  takes 

7 m on ths  to  reach 0, a tta in in g  a peak le v e l o f  0 .17 00 3 6  a fte r 2 years and 3 m on ths . A f te r  

tha t, i t  starts d e c lin in g  s lo w ly , rea ch in g  0 aga in  34 m on ths . T h is  o il  p rice  in n o v a tio n  

im p lic a t io n  is  th a t G D P _g a p  decreases q u ic k ly  fo r  a tra n s itio n a l econom y as M o n te n e g ro , 

ta k in g  m o re  th an  a ye a r to  recover. I t  suggests th a t the  response o f  the  o u tp u t gap to  the 

C h o le sky  one standard  d e v ia t io n  o il  p rice  shock  c o u ld  reduce  the  su p p ly  o f  in te rm e d ia te  

goods m a rk e t and the  dem and fo r  the  f in a l goods m a rke t in  M o n te n e g ro , caus ing  m uch  

dam age to  in d u s tr ia l p ro d u c tio n 323.

In f la t io n  im p u ls e  response fu n c t io n  to  C h o le sky  one standard o il  p rice  shocks g ra d u a lly  

increases a fte r a la g  o f  fo u r  m on ths . A f te r  tha t, i t  d ec lines  to  reach d e fla t io n  o f  -0 .0 02 3 86  

a fte r 15 m on ths , h it t in g  the  b o tto m  o f  -0 .0 89 6 78  a fte r 21 m on ths . T he  tra n sm iss io n  is 

e v id e n t s ince the  e co n o m y  s low e d  d ow n , o u tp u t h it t in g  b o tto m  a fte r 13 m on ths , w h ile  

in f la t io n  a fte r 21, a gap o f  8 m on ths  b e tw een  o u tp u t and in f la t io n  h it t in g  b o tto m . O n ly  

a fte r 30 m on ths , in f la t io n  becom es p o s itiv e  0 .004767 . T he  increase  in  o il  p r ic e  m akes the 

C en tra l B a n k  and f is c a l p o lic y m a k e rs  in te rve n e  to  lo w e r  in f la t io n . A s  the  o u tp u t 

decreases, in f la t io n  increases s lo w ly . O u tp u t has reached the  lo w e s t le v e l, w h ile  in f la t io n  

keeps decreasing. A f te r  13 m on ths , w h ile  the  o u tp u t gap keeps inc rea s ing , in f la t io n  is  s t i l l 

fa l l in g  u n t i l  the  d y n a m ic  gap b e tw een  o u tp u t and in f la t io n  reaches, a fte r 24  m on ths , at - 

0 .2111 , the  so -ca lle d  s ta g fla tio n . T he  increase  in  the  o il  p rices  a ffe c ted  dem and in  the

322 Ibid.

323 Lee, K., and Sh. Ni., On the dynamic effects o f o il price shocks: a study using industry level data,” 
Journal o f  M onetary Econom ics, 2002, 49, 823-852.
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M o n te n e g r in  m a rke t, le a d in g  f irm s  to  change th e ir  inves tm en ts , ca n ce lin g  p ro jec ts . 

N o t ic e  th a t u n t i l  o u tp u t decreases w ith in  12 m on ths , in f la t io n  con tinues  to  increase, even 

fo r  som e m on ths , ke ep in g  the  same le v e l and p u sh in g  in f la t io n  to  a h ig h e r le v e l th an  

b e fo re  the  increase  in  o il  p rice . In  th is  case, the  m a c ro p ru d e n tia l f is c a l p o lic y m a k e rs  in  

M o n te n e g ro  in te rven ed , a d ju s tin g  the  in f la t io n  w ith  ou tpu t. T h is  w h o le  a d jus tm e n t 

process m akes the  e con om y go  th ro u g h  a recession , w ith  p a rtia l reco ve ry . T h e  ad jus tm e n t 

process is m a in ly  co o rd in a te d  th ro u g h  the  M o n te n e g r in  G o ve rn m e n t's  expecta tions 

process seems to  do  w e ll.  W h ile  s t i l l  the re  are som e gaps, w h ile  o u tp u t decreases in f la t io n  

increases, m o s t o f  th e  tim e , th e y  com ove . I t  p roves  the  c ru c ia l p o in t o f  e xpe c ta tio n  

fo rm a tio n  in  the  M o n te n e g r in  m a rk e t and the  d y n a m ic  e ffec ts  o f  shocks. These e con om ic  

flu c tu a tio n s  are a p ro d u c t o f  c o n tin u o u s  in n o v a tio n s , e ith e r to  aggregate  su p p ly  o r 

dem and. T h a t is  w h y  w e  need to  id e n t ify  these shocks and reac t to  them  w ith  a p ro p e r 

p o lic y ; o the rw ise , th e y  m ay  lead  to  a recession.

A lth o u g h  w e  w i l l  la te r  have the  n o m in a l exchange rate e xam in e d  in  ano the r m o d e l, w e  

w o u ld  l ik e  to  observe  w h a t happens i f  w e  add to  the  o r ig in a l V A R (3 )  m o d e l the  n o m in a l 

exchange ra te ! W i l l  the  im p u ls e  responses o f  the  M o n te n e g r in  e con om y change? A s  

expected, the  M o n te n e g r in  econom y 's  p e rfo rm a n ce  d id  n o t v a ry  i f  w e  added the  n o m in a l 

exchange rate. I f  w e  com pare  the  resu lts , th e y  are id e n tic a l. T he  im p u ls e  responses o f  the  

va ria b le s  in  b o th  cases have  a s im ila r  im p a c t on  the  in n o va tio n s . L a s tly , i t  c o n firm s  th a t 

the  o r ig in a l m o d e l is  a g oo d  one.

Response of GDP_GAP to LOGOIL_SA Response of INF to LOGOIL_SA

5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45

F ig u re  3 3 : Im p u ls e  responses w ith  exchange  ra te  added to  the  V A R  m o d e l
Source: Author’s calculations in EViews 11.

W e  m ig h t keep add ing , fo r  instance, w ages because th e y  d ire c t ly  im p a c t th e  p ric e -s e ttin g  

and w a g e -se ttin g  re la t io n  in  the  la b o r  m a rk e t in  M o n te n e g ro . T h e y  c o n firm , once m ore ,
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th a t the  o r ig in a l m o d e l w ith  3 lags is  stable. T he  added v a ria b le  does add any change to  

the  im p u ls e  responses o f  in n o v a tio n s  in  the  M o n te n e g r in  econom y. I t  c o n firm s  th a t o u r 

o r ig in a l V A R (3 )  m o d e l is  n o t m issp e c ifie d . Thus, the  exogenous o il  p rice  shocks' 

exogenous m ove m e n ts  are exogenous as expected , w h ic h  w as a pp roved  b y  a dd in g  some 

in tu it iv e  e co n o m ic  p o te n tia l va riab les . T he re fo re , exogenous shocks w e re  adequate ly  

id e n tif ie d . In c lu d in g  n o m in a l exchange to  b e tte r iso la te  the  o il  p r ic e  in n o v a tio n s  d id  n o t 

p ro ve  to  add any n e w  in fo rm a tio n  based on  ev idence  fro m  F ig u re  33.

3.4.2. Forecast error variance decom position

K n o w le d g e  abou t the  fo re cas t e rro rs  is  u se fu l to  ana lyze  the  re la tio n sh ip s  am ong  

va riab les . T he  va ria n ce  d e c o m p o s itio n  g ive s  us a p ro p o rt io n  o f  the  va riances  o f  the  

fo recas t e rro rs  fo r  y j t +h in to  a percentage, e xp la in e d  b y  each o f  the  shocks324. Thus, 

f in d in g  shocks u t  b r in g s  the  q ue s tion  abou t the  im p o rta n c e  o f  one in n o v a tio n  versus 

ano the r in  e x p la in in g  y t . T he  fo re cas t e rro r va ria n ce  d e c o m p o s itio n  has been used as an 

a rg um en t in  d iscu ss ing  the  o r ig in  o f  business cyc les. M o n te n e g r in  p o lic y m a k e rs  need to  

k n o w  w h e th e r o il  and a lu m in u m  p ric e  shocks are the  p r im a ry  ex te rna l sources o f  in f la t io n  

fo recas t e rro rs  at lo n g  ho rizons?  O r, are dem and shocks the  p r im a ry  in te rn a l sources o f  

in f la t io n  fo re cas t e rro rs  in  M o n te n e g ro ?

In  o u r re cu rs ive  o rd e r in g  fo r  y  and x, a ll the  one p e r io d  fo re c a s t-e rro r va ria n ce  o f y  is  due 

to  shocks u y t  to  its e lf ,  b y  co n s tru c tio n . I t  is  so becausey  w as p laced  f i r s t  in  the  o rd e ring , 

and shocks to  x  do  n o t a ffe c t y  con tem poraneous ly . A t  lo n g e r h o rizo n s , the  e xp la n a to ry  

share o f  shocks to  y  w i l l  d im in is h . Thus, the  va ria n ce  o f  the  fo re cas t e rro rs  shou ld  increase 

w ith  the  h o riz o n . A s  seen in  the  fo re ca s tin g  section , the  fu r th e r  w e  m o ve  in to  h o rizo n s , 

the  h ig h e r the  chance fo r  u n c e rta in ty  bands.

324 Anderson, T., A n  Introduction to M ultivariate S tatistical A nalysis, 3rd ed. New York: John Wiley, 
2003.
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In  o u r tw o -v a r ia b le  concep tua l exam p le , the  fo re cas t e rro rs  ta ke  on  a re cu rs ive  o rd e ring , 

m ea n in g  a sequen tia l change. O ne c o u ld  th in k  o f  i t  as a t im e lin e  o f  events, w ith  shocks 

h it t in g  y  f i r s t  and th en  a ffe c tin g  the  in te re s t ra te325.

1 0  ru y t l  _  Tey t l

@21 1@2

1  • ( u y t )  +  0 • ( u x t )

-@ 2 i(u y t )  +  1 • ( u x t ) \  i - @2 lU y t  +  u x t

u ■yt _  \ e y t ]

(15 5 )

(15 6 )

Shocks to  x t  do  n o t a ffe c t co n te m p o ra ne ou s ly  (w ith in  the  p e r io d ) y t . O n  the  co n tra ry , 

b o th  shocks have a co n te m p o ra ne ou s ly  im p a c t on  x t , as seen fro m  equa tion  (1 5 6 ). H o w  

m u ch  w i l l  be the  e ffe c t o f  y t  on  x t ? I t  depends on  the  size o f  @2 1 . S tru c tu ra l shocks, 

u t w i l l  o n ly  be adequate ly  id e n t if ie d  i f  the re  is  e co n o m ic  su pp o rt fo r  the  re s tr ic tio n  

im p ose d  to  id e n t ify  the  V A R 326. In  o u r case, the  re s tr ic t io n  im p o se d  is  th a t @12 =  0. I t  

shou ld  be ju s t if ie d  based on  e co n o m ic  in tu it io n . I t  does have  to  m ake  sense; o the rw ise , 

the  e ffe c t m ig h t re s u lt in  b r in g in g  w ro n g  p o lic ie s  abou t the  e co n o m ic  d yn a m ics  o f  

M o n te n e g ro . F in d in g  m a tr ix  A - 1  a n d  A ,  w h e n  one has a re cu rs ive  o rd e rin g , is  n o t hard, 

and w ith  A - 1  w e  ge t th e  im p u ls e  responses.

A n y  in v e r t ib le  m a tr ix  m ay  be b ro ke n  in to  tw o  lo w e r  tr ia n g u la r  fa c to rs  -  C h o le sky  

fa c to rs 327. I t  is  a n u m e ric a l te ch n iq u e  to  es tim a te  a recu rs ive  o rd e rin g  eas ily . T o  o b ta in  

the  inve rse  o f  m a tr ix  A , w e  can ge t the  C h o le sky  fa c to r  o f  the  v a ria n ce -co va ria n ce  m a tr ix  

o f  the  fo re cas t errors. I t  is  a m a th e m a tica l concept, and i t  does n o t have a n y th in g  to  do 

w ith  econom ics. B u t  the  re s tr ic tio n s  w e  m ake  are p u re ly  e co n o m ic  in tu it io n , w h ic h  is 

re fle c te d  in  the  u p p e r side o f  the  m a tr ix  A  and on  its  in ve rse  A - 1 . B ased on  those 0 s, 

E V ie w s  w i l l  ge t the  im p u ls e  response ca lcu la tio n s . I t  is  a c o m b in a tio n  o f  m athem atics ,

325 Lutkepohl, H., “ Asymptotic distributions o f impulse response functions and forecast error variance 
decompositions o f vector autoregressive models,”  Review  o f  E conom ics and  Statistics, 1990, 72, 116­
25.

326 Forni, M., M. Hallin, M. L ippi, and L. Reichlin., “ The generalized dynamic factor model: 
identification and estimation,”  Review  o f  E conom ics and  Statistics, 2000, 82, 540-52.

327 Higham, N. J. “ Cholesky Factorization,”  M anchester Institute fo r  M athem atical Sciences 
School o f  M athem atics, EPrint 2008.116.
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a rtis tic  ju d g m e n t, and e co n o m ic  in tu it io n . W h y  in tu it io n ?  I t  is  o fte n  c h a lle n g in g  to  ju s t i f y  

the  e conom ics  o f  re cu rs ive  o rd e ring .

O u lia r is  e t  a l.  (2 0 1 8 ) co n tin u e  a rg u in g  th a t w h e n  one has a re cu rs ive  o rd e rin g , the  inve rse  

o f  A ,  A - 1 , is  the  C h o le s k y  fa c to r  o f  % e , the  v a ria n ce -co va ria n ce  m a tr ix 328. In  case w e  

substitu te  express ion  th a t re la tes the  fo re cas t e rro rs  w ith  s tru c tu ra l shocks in to  the  

va ria n ce -co va ria n ce  m a tr ix  o f  the  fo re cas t e rro rs , i t  resu lts  l ik e  the  fo l lo w in g 329 330:

E e te l = l e  (15 7 )

E ( A - 1 u t u 't A - 1 ' ) = Z e (15 8 )

A s s u m in g  th a t the va ria n ce -co va ria n ce  m a tr ix  o f  the s truc tu ra l shocks is  the id e n t ity  

m a tr ix :

E Utu't =  =  I

w e  ge t p re c is e ly  th a t the va ria n ce -co va ria n ce  m a tr ix

A - 1 I A - 1 t  =  % e

the same as:

( A ~ 1A ~ v )  =  l ,  (1 6 1 )

w h ic h  is  the  p ro d u c t o f  tw o  C h o le s k y  fac to rs , the  inve rse  o f  A , A - 1 , t im e s  its  transpose 

A - 1 ' 330. T he  inve rse  o f  A , A - 1 , is  the  lo w e r  tr ia n g u la r , w h ic h  is  co ns is te n t w ith  the  

recu rs ive  o rd e rin g . N o te  th a t w h e n  y o u  n o rm a liz e  the  v a ria n ce -co va ria n ce  m a tr ix  o f  the  

s truc tu ra l shocks, l u  =  / ,  assum ing  th a t i t  is  equal to  the  id e n t ity  m a tr ix , o u r m a tr ix  A  

w i l l  n o t have 1 s  on  the  d ia gona l as w e  expected  a t the  b e g in n in g . I t  o n ly  has to  do  w ith  

h o w  w e  n o rm a liz e  o u r V A R . E ith e r  w e  have 1 s  on  the  d ia go na l o f  A , o r  w e  im p o se  th a t 

the  va ria n ce  o f  the  s tru c tu ra l shocks is  1.

(15 9 )

(16 0 )

328 Ouliaris, S., A. Pagan and J. Restrepo., Quantitative M acroeconom ic M odeling with Structural Vector 
Autoregressions -  A n  EView s Implem entation. Institute fo r Capacity Development, 2018. E-book, 
available at https://www.eviews.com/StructVAR/structvar.html.

329 Nicholas J. Higham. Functions o f  M atrices: Theory and  Computation. Philadelphia, PA, USA:
Society fo r Industrial and Applied Mathematics, 2008.

330 Brezinski, C., The life  and work o f Andre Cholesky. Numer. A lgorithm s, 2006, 43, 279-288.
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I f  co rre la tio n s  be tw een  the  e rro rs  are lo w , the  o rd e r is  irre le v a n t. B u t  u s u a lly , co rre la tio n s  

are s trong, and the  o rd e r m atters. D e c id in g  the  o rd e rin g  ( re s tr ic t io n s ) to  be im p o se d  is  

c ru c ia l, and w e  need to  use e co n o m ic  in tu it io n  to  reso lve  it. I t  is  im p ra c tic a l to  t r y  a ll 

p oss ib le  orders. W ith  4 va riab les , there  are 4 != 2 4  poss ib le  o rd e rin g s— to o  m any. I f  w e  

are sure th a t the re  is  a re cu rs ive  o rd e rin g  o r sequen tia l cha in , w e  m u s t th en  k n o w  in  w h a t 

o rd e r the  v a ria b le s  are recu rs ive . T he  IM F x  (2 0 1 8 ) con tinues  e m p h a s iz in g  th a t k n o w le d g e  

o f  the  p re d ic tio n  e rro rs  can be p re c io u s  in  e x a m in in g  the  re la tio n s h ip s  am ong  the  

va ria b le s 331. A ssum e  th a t w e  k n o w  the  c o e ff ic ie n ts  G0 a n d  Gxand w is h  to  p ro je c t the 

va lues  o f  Z t +1 c o n d it io n a l on  the  observed  va lues  o f  Z t . I f  the  equa tion :

Z t =  ^ o +  G jZ t - i  +  e t  (16 2 )

is  advanced one p e rio d , w e  ob ta in :

Z t+ i  =  &o +  G iZ t - i  +  e t + i (16 3 )

and the  p re d ic tio n  e rro r w i l l  be:

Z t+ i  — E Z t + i =  e t + i (16 4 )

F o r  in n o v a tio n  in  t  +  1.

Z t+ 3  =  E o +  G i ( Go +  G i ( Go +  G iZ t +  e t + i)  +  e t +2 )  +  e t +3 (16 5 )
Z t+ 3  — E Z t + 3  =  G l e t + i +  G i e t + 2  +  e t +3 (16 6 )

E Z t +n  =  ( I  +  G i +  G l + . .. + G ? - i )G o  +  G ? X t +n  (16 7 )

I t  m ig h t a lso  be expressed in  s truc tu ra l e rro r te rm s:

Z t+ n  — E Z t +n  =  e t +n  +  G i e t +n + i +  G i e t +n - 2 + . . . + G i  ^ t+ i  (16 8 )

T he  p re d ic tio n  e rro r  o n ly  fo r  y  and n  steps ahead fo rw a rd  w i l l  be:

Z t+ n  =  f t  +  ^  ' & i A  u t +n - i  =  Z t +n  =  f t  +  ^  A  u t +n - i  

i=o i=o
n

Z t+ n  =  f t  +  ^  ' Ci U[+n - i  
i=o

n n

( 1 6 9 )

331 IMFx, Institute fo r Capacity Development, M acroeconom etric Forecasting, 2018.
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T he  va ria n ce  o f  th is  p re d ic t io n  e rro r is 332:

Yt+n E Y t +n  — c l l , 0 u y t+ n  +  c l l , l u y t + n - l  +  +  c l l , n - l u y t+ l  +  c l2 ,0u x t+ n  +

c l 2 , l u x t + n - l  +  . . .  +  c l 2 , n - l u x t+ n  ( l 70 )
a ,2 n  — [c ll ,o  +  C l l , l + . . . + ^ l l , n - l ] +  ° z  [Cl2,0 +  ^ 1 2 , l+ . . . + ^ 1 2 ,n - l ] O 7 ^y ,n

T he  e rro r va ria n ce  increases as the  p ro je c tio n  h o r iz o n  increases since  the  va lues  

o f  c h o  are necessa rily  p o s itiv e . I t  is  doab le  to  decom pose  the  p re d ic tio n  e rro r n  p e riods  

fo rw a rd  b y  c o n tr ib u tin g  tw o  shocks in  o u r exam p le 333 334 335. T he  p ro p o rt io n s

o f  a ^ n  a ttr ib u ta b le  to  each s truc tu ra l shock  are 334335.

°y  [c11,0 +Cll,1 + -+ €1!^-!]  
ay,n

V$[Cl2,0+Cl2,l+-+Cl2,n-l]
yy,n2 (1 7 2 )

E xp re ss io n  (1 7 2 ) show s the  p ro p o rt io n  o f  the  changes o f  one v a ria b le  a ttr ib u ta b le  to  

shocks to  i ts e lf  and shocks to  ano the r v a ria b le . T he  la tte r  is  exogenous i f  u x t - i  fa ils  to  

e x p la in  any changes in  y . T he  re s tr ic t io n  im p ose d  above requ ires  th a t the  e n tire  va riance  

in  the  p re d ic tio n  e rro r  fo r  y  o n e -p e rio d  fo rw a rd  be  a ttr ib u ta b le  to  u y t - i .

N o w , le t us tu rn  to  o u r e m p ir ic a l resu lts  o f  va ria n ce  d e co m p o s itio n . T he  f i r s t  p a rt o f  T ab le  

18 represents the  fo re cas t e rro r va ria n ce  o f  the  o il  p r ic e  v a ria b le , w h ic h  is  exogenous and 

com es due to  its e lf . A s  seen, w e  have set the  h o riz o n s  to  be fro m  1 to  10 m on ths  fo recast 

e rro r va riance . A t  sho rt h o rizo n s , at m o n th  1, the  fo re cas t e rro r  va ria n ce  o f  o il  p rice  is  due 

to  i ts e lf  100% , as w e  see th a t in  the  c o lu m n  o f  L O G O IL _ S A , m o n th  1. W h y ?  S ince  the 

o il p r ic e  w as p laced  f ir s t  in  the  o rd e rin g , no  o the r shocks a ffe c t i t  con te m p o ra ne ou s ly . A s  

w e  see i t  f ro m  the  co lu m n s  o f  L O G A L E R U _ S A , U N _ S A , G D P _ G A P , and IN F , the  f ir s t  

m o n th  has no  im p a c t co n te m p o ra ne ou s ly  at the  L O G O IL _ S A , and thus c o n ta in in g  zeros. 

I t  com es fro m  the  fa c t th a t w e  f i r s t  o rdered  the  o il  p rice  as an ind ep en d en t v a ria b le  fro m  

o the r va riab les . A s  h o riz o n s  increase, fo r  ins tance, f ro m  1 to  2, w e  n o tic e  each va ria b le 's

332 Hamilton, J., Time Series Analysis. Princeton, New Jersey: Princeton University Press, 1994.

333 Favero, C., A pplied  M acroeconometrics. Oxford, UK: Oxford University Press, 2001.

334 Eichenbaum, M., 1992. “ ’ Interpreting the macroeconomic time series facts: The effects o f monetary 
policy' : by Christopher Sims,”  European Econom ic Review , 1992, 36(5), 1001-1011.

335 Enders, W., A pplied  econometric time series. Hoboken, New Jersey: Wiley, 3rd ed, 2010.
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c o n tr ib u tio n  and its  co rresp on d in g  shocks to  the  m ovem ents , fo re cas t e rro r va riance , o f  

o il p rice .

T a b le  18: F o re c a s t e r r o r  v a r ia n c e  d e c o m p o s it io n

V a ria n c e  D e c o m p o s it io n  o f  L O G O IL :
P e rio d S.E. L O G O IL L O G A L U N G D P _ G A P IN F

1 0 .070473 100.0000 0.000000 0.000000 0.000000 0.000000
2 0 .104573 96.43955 1.196515 0 .216567 0.001241 2 .146128
3 0 .132607 94 .05346 1.776276 0 .800118 0 .031466 3 .338682
4 0 .152519 92.63005 3 .007427 0 .888716 0 .041664 3 .432143
5 0 .167123 91 .38196 4 .50 14 6 7 0 .932818 0.109911 3 .073848
6 0 .177492 89.96724 6 .018904 1.083848 0 .204564 2 .725448
7 0 .185245 88.04492 7 .709810 1.300352 0 .300350 2 .64 45 6 9
8 0 .191537 85.58960 9 .572234 1.496169 0 .391146 2 .950851
9 0.197071 82.64439 11.61932 1.635543 0 .474784 3 .625957
10 0 .202276 79 .34028 13.81909 1.717064 0 .545365 4 .578195

V a ria n c e  D e c o m p o s it io n  o f  L O G A L : 
P e rio d  S.E. L O G O IL  L O G A L U N G D P _ G A P IN F

1 0 .047188 11.51427 88.48573 0.000000 0.000000 0.000000
2 0 .067800 16.56238 82 .44847 2 .1 5 E -0 6 0 .073329 0 .915817
3 0 .084746 2 7 .39790 7 0 .90762 0 .051217 0 .168616 1.474643
4 0.097061 34 .31334 6 3 .09712 0 .082194 0 .547865 1.959488
5 0 .105637 38 .44080 57.95108 0 .107956 1.301009 2 .199155
6 0 .111196 40.73391 54 .73329 0 .114156 2 .318738 2 .09 99 0 9
7 0 .114663 4 1 .71547 52.65233 0.112071 3 .541224 1.978902
8 0.116891 41.75111 51.19895 0 .108410 4 .821430 2 .120098
9 0 .118490 4 1 .18286 50.00745 0 .107710 5.999951 2 .70 20 3 2
10 0 .119913 40 .29248 48 .85325 0 .127219 6 .964410 3 .762645

V a ria n c e  D e c o m p o s it io n  o f  U N :
P e rio d  S.E. L O G O IL  L O G A L U N G D P _ G A P IN F

1 0 .285312 0 .531419 0 .721276 98.74731 0.000000 0.000000
2 0 .414072 0 .425844 0 .385049 9 5 .08352 4 .061299 0 .044283
3 0 .471512 0 .645777 0 .493189 91.39653 7 .158790 0.305711
4 0 .514320 0 .802195 0 .533792 88.17241 9.070631 1.420967
5 0 .556393 0 .715748 0 .702572 85.52381 10.68561 2 .372258
6 0.595461 0 .625222 1.093605 82 .74026 12.26270 3 .278214
7 0 .628560 0.584043 1.761715 7 9 .83687 13.69768 4 .119695
8 0 .656999 0 .597446 2 .60 28 6 2 77.14465 14.81835 4 .836698
9 0 .682113 0 .661382 3 .569315 74.74631 15.66656 5 .356429
10 0 .704237 0 .753692 4 .643408 72 .62948 16.29175 5 .681672
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V a ria n c e  D e c o m p o s it io n  o f  G D P _ G A P :
P e rio d S.E. L O G O IL L O G A L U N G D P _ G A P IN F

1 0 .159984 0 .153992 0.910271 1.317503 97.61823 0.000000
2 0 .317459 0.746123 2 .431321 0 .676292 95 .87789 0 .268376
3 0 .468198 0 .606668 1.163761 1.617849 96 .47122 0 .140505
4 0.610431 0 .421050 0 .840535 2 .05 05 6 9 96 .31289 0 .374955
5 0 .738905 0 .357724 1.217938 1.979867 95 .18390 1.260574
6 0 .855572 0 .877097 1.927946 1.793235 92 .26277 3 .138957
7 0 .961903 2 .275946 2 .811741 1.552434 87.33575 6 .024126
8 1.060773 4 .558784 3 .773445 1.296115 80 .77912 9 .592533
9 1.154226 7 .514745 4 .72 34 7 4 1.104663 73 .31718 13.33994
10 1.242685 10.82717 5.608961 1.063248 65 .78529 16.71534

V a ria n c e  D e c o m p o s it io n  o f  IN F :
P e rio d  S.E. L O G O IL  L O G A L U N G D P _ G A P IN F

1 0 .685676 2 .506486 0.041461 3 .108327 1.159379 93 .18435
2 0 .883497 5.712231 0 .435832 2 .31 33 5 6 0 .734785 9 0 .80380
3 1.059628 8 .752622 0 .304302 1.617544 0 .647839 88 .67769
4 1.172512 11.41066 0 .930138 1.696993 0 .721727 85 .24049
5 1.262393 12.88109 2 .16 58 8 4 2 .70 36 5 6 0.646343 81.60303
6 1.334657 14.31063 3 .891369 4 .08 56 7 7 0.578561 7 7 .13376
7 1.394508 15.59593 5 .764598 5 .499089 0 .544452 72.59593
8 1.445952 16.60511 7 .526025 7 .020830 0 .534670 6 8 .31337
9 1.488882 17.30248 8 .938035 8 .548189 0.547631 6 4 .66367
10 1.522646 17.72630 9 .912354 9 .936654 0.574743 61 .84995

C h o le s k y  O rd e rin g : L O G O IL  L  O G A L  U N  G D P _ G A P  IN F

Source: A u th o r ’s calculations in EView s 11.

F o r instance, at the  h o riz o n s  o f  2 m on ths , the  c o n tr ib u tio n  o f  a lu m in u m , u n e m p lo ym e n t, 

and in f la t io n  shocks to  the  m ove m e n ts  o f  o il  p rice  increases fro m  0 %  to  1 .19% , 0 .21% , 

and 2 .14 % , re sp e c tive ly . A n d  at lo n g e r h o rizo n s , fo r  exam p le , 10 h o rizo n s , the  

c o n tr ib u tio n  o f  co rre sp o n d in g  shocks increases to  13 .81% , 1 .71% , and 4 .57 % . M o v in g  

fu rth e r, the  fo re cas t e rro r va ria n ce  o f  u n e m p lo y m e n t is  m o s tly  the  re s u lt o f  shocks to  i ts e lf  

at sho rt h o r iz o n s  98 .74% . In  contrast, at h o r iz o n s  o f  10 m on ths , the  c o n tr ib u tio n  o f  o il,  

a lu m in u m , gdp_gap , and in f la t io n  is  0 .75% , 4 .6 4 % , 16.29% , and 5 .68% , re sp e c tive ly . A t  

24  m o th  h o rizo n s , the  c o n tr ib u tio n  is  as fo llo w s : o il  1%, a lu m in u m  15.50% , gdp_gap  

15.74% , and in f la t io n  5 .13% , w h ile  at h o r iz o n s  o f  48 m on ths , the  respec tive  c o n tr ib u tio n  

is: o il 1% , a lu m in u m  2 0 .3 7% , g dp _ga p  14.55% , and in f la t io n  5 .24% . Thus, w e  n o tice  

here th a t g d p _ga p  and in f la t io n  c o n tr ib u te  to  in c re a s in g  fo re ca s t e rro r  va rian ce
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(m ovem en ts ). S t il l,  a lu m in u m  is  the  le a d in g  shock  c o n tr ib u tin g  to  the  m o ve m e n t o f  

u n e m p lo y m e n t in  the  M o n te n e g r in  la b o r  m arke t.

N e x t is the  G D P  gap in  the  lin e  to  see the  va rian ce , f ro m  1 to  10 p e riods  ahead fo re cas t 

e rro r, e xp la in e d  b y  the  system 's f i r s t  o rth o g o n a l shock. A t  sho rt h o rizo n s , m o n th  1, m o s t 

o f  the  m ove m e n ts  com e fro m  i ts e lf  9 7 .61% . S t il l,  at 10 m on ths , shocks' im p a c t increases: 

o il shock  co n tr ib u te s  at 10.82% , a lu m in u m  at 5 .60% , u n e m p lo y m e n t at 1 .06% , and 

in f la t io n  at 16.71% . A t  2 4 -m o n th  h o rizo n s , w e  have: o il  2 3 .3 5% , a lu m in u m  8 .31% , 

u n e m p lo y m e n t at 9 ,31% , and in f la t io n  at 23 .34% . T he  o il  p r ic e  im p a c t increased  fro m  

10.82%  to  2 3 .3 5% , a lu m in u m  fro m  5 .60%  to  8 .31% , u n e m p lo y m e n t f ro m  1 .06%  to  

9 .91% , and in f la t io n  fro m  16.71%  to  2 3 .3 4% , at h o r iz o n s  fro m  10 to  24  m on ths . W e  

n o tic e  th a t each shock  con tinues  to  have a g rea te r im p a c t as h o riz o n s  increase.

A t  the  va ria n ce  d e c o m p o s itio n  o f  in f la t io n , m o s t o f  the  va ria n ce  at m o n th  1 com es fro m  

i ts e lf  93 .18% , b u t u n e m p lo y m e n t co n tr ib u te s  w ith  3 .1 0 %  even at the  b e g in n in g  and o il 

p rice  w ith  2 .50% .

F ig u re  3 4 : H is to r ic a l in f la t io n  d e c o m p o s itio n  u s in g  C h o le s k y  w e ig h ts

6

06 07 08 09 10 11 12 13 14 15

Total stochasttc 
LOGALEUR_SA 
GDP GAP

LOGOIL_SA
UN_SA
INF

Source: A u th o r ’s calculations in EView s 11.
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A t  1 0 -m o n th  h o riz o n , c o n tr ib u tio n  o f  o il  is  17.72% , a lu m in u m  9 .91% , u n e m p lo y m e n t 

w ith  9 .93% , and g dp _ga p  w ith  0 .57% .

I f  w e  increase the  h o r iz o n  to  24  m on ths , th en  the  im p a c t o f  shocks are as fo llo w s : o il  

17 .82% , a lu m in u m  p rice  (1 1 .4 1 % ), u n e m p lo y m e n t w ith  13.62% , and g dp _ga p  1.14% . 

W e  n o tic e  th a t the  im p a c t o f  o il  p r ic e  shock  increases ra p id ly  at th e  b e g in n in g , e spe c ia lly  

the  f ir s t  6 m on ths  fro m  2 .50 % , 5 .71% , 8 .75% , 11.41% , 12.88% , and 14.31% , 

resp ec tive ly . F ig u re  34 show s h is to r ic a l in f la t io n  d e co m p o s itio n , d e co m p os in g  fo re cas t 

e rro rs  to  e lem ents associated w ith  s tru c tu ra l shocks.

T he  e m p ir ic a l ev idence  fo l lo w s  the  IS -L M -P C  m o d e l, b u t n o t p re c ise ly , and the  reasons 

th a t i t  does n o t fo l lo w  i t  com e fro m  the  fa c t th a t the  M o n te n e g r in  e con om y is  in  tra n s itio n , 

u n e m p lo y m e n t s ta tis tics  are in c o m p le te  c o n ce rn in g  reg is te red  and u nreg is te red , and the 

presence o f  a shadow  econom y.

3.5. Non-recursive identification

F o r the  fo l lo w in g  id e n t if ic a t io n , the  im p o s it io n  o f  re s tr ic tio n s  on  the  contem poraneous  

s truc tu ra l param eters in  the  sh o rt-ru n  and lo n g -ru n  are as fo llo w s :

1 0 0 0 0 "£0 r u 0 -
^ 21 1 0 0 0 £ a u a

5  = ^31 ^32 1 ^34 0 = Uu &

& 1 ^42 ^43 1 0

-^51 ^52 ^53 ^54 1. -£n -u re-

" 1 ^ 12 ^13 ^14 ^15" "£0 -u 0 ]
^ 21 1 ^23 ^24 ^25 £ a u a

F  = ^31 ^32 1 ^34 ^35 = Uu

^41 ^42 ^43 1 0 u 5
-^51 ^52 ^53 ^54 1 .

(17 3 )

to ta lin g  the  n u m b e r o f  re s tr ic tio n s  to  10, based on  ( n 2 — n ) / 2  =  ( 5 2 — 5 ) / 2  =  10 . The

f ir s t  equa tion  in  (1 7 3 ) assumes th a t o il  p r ic e  is  exogenous to  the  o th e r va riab les . The

second e qu a tio n  in  (1 7 3 ) assumes th a t o il  p r ic e  is  a ffe c ted  o n ly  b y  a lu m in u m  p rice

in n o va tio n s . E q u a tio n  3 assumes th a t u n e m p lo y m e n t is  n o t a ffe c ted  b y  in n o v a tio n s  in

in f la t io n , ^ 35 =  0. E q u a tio n  4 assumes th a t n e ith e r in  the  sh o rt-ru n  n o r  the  lo n g -ru n  G D P

gap is  a ffe c te d  b y  in f la t io n ;  as a resu lt, w e  re s tr ic te d  in  E V ie w s  11, ^ 45=  0. F in a lly ,

in f la t io n  gets im p a c te d  b y  con tem poraneous shocks o f  a ll v a ria b le s  in  the  system . W e
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have c o m b in e d  re s tr ic tio n s  in  the  sho rt and lo n g  run , w h ic h  is  done b y  d o in g  re s tr ic tio n s  

in  S and F  m a trices , to ta lin g  10 re s tr ic tio n s . S p e c ify in g  lo n g -ru n  re s tr ic tio n s  in  F  is  

e q u iv a le n t to  im p o s in g  m o re  c o m p lic a te d  lin e a r  re s tr ic tio n s  on  S.

T a b le  19: R e s tric te d  V A R  id e n t if ic a t io n

C o e ff ic ie n t Std. E r ro r z -S ta tis tic P rob.

C ( 1) -0 .227213 0 .007349 -30 .91833 0.0000
C (2 ) 0 .171102 0 .049899 3 .428967 0 .0006
C (3 ) 0 .156133 0 .027842 5 .607894 0.0000
C (4 ) -1 .4 68 8 96 1.036117 -1 .4 17 6 92 0.1563
C (5 ) 0 .545882 0.074521 7 .325250 0.0000
C (6) -0 .3 79 2 22 0 .041698 -9 .094498 0.0000
C (7 ) 0 .095350 1.557152 0.061233 0 .9512
C (8) -0 .0 64 7 69 0 .006505 -9 .957373 0.0000
C (9 ) 0 .456635 0 .243175 1.877799 0 .0604

C (1 0 ) -0 .4 67 0 79 0 .433262 -1 .0 78 0 52 0 .2810

C (1 1 ) 0 .070473 0.000581 121.2130 0.0000
C (1 2 ) 0 .044389 0 .000366 121.2131 0.0000
C (1 3 ) 0 .283520 0 .002339 121.2130 0.0000
C (1 4 ) 0 .158067 0 .001304 121.2130 0.0000
C (1 5 ) 5 .869842 0 .049206 119.2919 0.0000

L o g - l ik e l ih o o d 3685 .137
L R  tes t fo r  o v e r- id e n tif ic a t io n :
C h i-sq u a re (1 0 ) 395 .1863 P ro b a b ility 0.0000

E s tim a te d  A  m a tr ix :
1.000000 0.000000 0.000000 0.000000 0.000000

-0 .227213 1.000000 0.000000 0.000000 0.000000
0 .171102 0 .545882 1.000000 0.000000 0.000000
0.156133 -0 .3 79 2 22 -0 .0 64 7 69 1.000000 0.000000

-1 .4 68 8 96 0 .095350 0 .456635 -0 .4 67 0 79 1.000000
E s tim a te d  B  m a tr ix  

0 .070473 0.000000 0.000000 0.000000 0.000000
0.000000 0 .044389 0.000000 0.000000 0.000000
0.000000 0.000000 0 .283520 0.000000 0.000000
0.000000 0.000000 0.000000 0 .158067 0.000000
0.000000 0.000000 0.000000 0.000000 5 .869842

E s tim a te d  S m a tr ix : 
0 .070473 0.000000 0.000000 0.000000 0.000000
0 .016012 0 .044389 0.000000 0.000000 0.000000

-0 .0 20 7 99 -0 .024231 0 .283520 0.000000 0.000000
-0 .0 06 2 78 0 .015264 0 .018363 0 .158067 0.000000
0 .108555 0 .013962 -0 .120888 0 .073830 5 .869842
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E s tim a te d  F  m a tr ix :
0 .559932 -1 .078073 -0 .2 12 5 09 -0 .0 07 5 64 -2 .3 33 8 17
0.171231 0 .300597 0 .216527 0 .168855 -0 .1 23 1 08
0 .320679 3 .381867 4 .25 01 1 0 2 .048638 11.75292

-1 .8 49 6 07 0 .384114 1.913083 3 .147017 -7 .8 60 5 92
1.610320 0.196131 -3 .1 66 1 56 -0 .796151 17.70660

Source: A u th o r ’s calculations in EView s 11.

T ab le  19 repo rts  the  con tem poraneous c o e ff ic ie n t estim ates o f  o il  p rice  in n o v a tio n s  based 

on  the  S V A R  n o n - r e c u r s iv e  m od e l. These c o e ff ic ie n ts  p ro v id e  base line  in tu it io n  o f  the  

bas ic  re la tio n s h ip  th a t ex is ts  am ong  the  va riab les .
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4. Forecast Combination Puzzle of Inflation

In  advance, p o lic y m a k e rs  need to  k n o w  the  p o te n tia l m ovem en ts  o f  in f la t io n  to  p repare 

app ro p ria te  p o lic y  m easures. C ecch e tti et a l., (2 0 0 0 ), am ong  o the r fa c to rs , h ig h lig h t  the 

im p u ls e  responses o f  the  rea l e con om y to  in f la t io n 336. D ees and G u n tn e r (20 16 ) 

d isen tang le  the  ro le  o f  p ro f i t  m a rg in s  and u n it  la b o r  costs as the  p r im a ry  de te rm ina n ts  o f  

p rice  d yn a m ics  on  the  su p p ly  side across euro  area co un trie s  and sectors u s in g  a panel 

V A R  app roach337 338 339 340 341. E ve n  th o u g h  in f la t io n  has been exam in e d  to  a g rea t e x ten t in  the 

p re v io u s  sections, w e  f in d  there  is  s t i l l  s u ff ic ie n t space fo r  enhancem ent. T he  n o v e lty  o f  

th is  sec tion  is th a t i t  uses a c o m b in e d  p re d ic t io n  fo r  the  e con om y o f  M o n te n e g ro . T h is  

sec tion  uses h ig h  -  d im e n s io n a l d y n a m ic  m od e ls  u s in g  a c o m b in a tio n  approach. I t  

exam ines and com pares th e  e m p ir ic a l resu lts  o f  v a rio u s  fo recas t c o m b in a tio n  puzz les  o f  

in f la t io n 338339.

T he  th e o ry  o f  c o m b in in g  d if fe re n t m od e ls  o f  fo recasts  recom m ends th a t m ethods th a t 

w e ig h  b e tte r fo recasts  m o re  h e a v ily  w i l l  sh ow  a b e tte r p e rfo rm a n ce  th an  the  s im p le  

c o m b in a tio n  fo re cas t (S to c k  and W a tso n , 2004 ; S m ith  and W a llis ,  2 0 0 9 )340341. O u r m a in  

sta tem ent, c e te r i s  p a r ib u s ,  is  th a t w e  shou ld  in c lu d e  aggregate  de te rm ina n ts  o f  in f la t io n  

in to  the  m a c ro -e co n o m e tr ic  e xa m in a tio n . F o recas t c o m b in a tio n  puzz les  are essentia l in  

the  l ig h t  o f  M o n te n e g r in  e ffo rts  to  jo in  the  E U . F irs t, concep tua l s p e c ific a tio n , based on 

w h ic h  e m p ir ic a l e s tim a tion s  o f  in f la t io n  de te rm inan ts  are exam ined , is  n o t p re v a ilin g , 

c o m b in in g  e m p ir ic a l ana lys is  and th eo ry . Second, w e  id e n t ify  th ree  s tru c tu ra l V A R  and 

B V A R  m od e ls  re c u rs iv e ly  and co m b in e  th em  e m p lo y in g  an equal and inve rse  M S E

336 Cecchetti, S.G. R.S. Chu, and Ch. Steindel., “ The unreliability o f inflation indicators,”  Current Issues  
in Econom ics and Finance, 2000, 6, 1-6.

337 Dees, S. and J. Guntner., “ Forecasting Inflation Across Euro Area Countries and Sectors: A  Panel 
VAR  Approach,”  Journal o f  Forecasting, 2016, 36, 431-453.
338 Hendry, D. F., and M. P. Clements., “ Pooling o f Forecasts,”  Econom etrics Journal, 2002, 5, 1-26.

339 Jore, A.S., J. M itchell., and S. P. Vahey., “ Combining forecast densities from  VARs w ith  uncertain
instabilities, ” Journal o f  A pp lied  Econometrics, 2010, 250(4), 621-634.

340 Stock, J. H., and M. W. Watson., “ Combination Forecasts o f Output Growth in  a Seven-Country Data
Set,”  Journal o f  Forecasting, 2004, 23(6), 405-430.

341 Smith, J., and K. F. Wallis., “ A  Simple Explanation o f the Forecast Combination Puzzle,”  Oxford
Bulletin o f  Econom ics and  Statistics, 2009, 71(3), 331-355.

171

https://ideas.repec.org/a/fip/fednci/y2000iaprnv.6no.4.html
https://ideas.repec.org/s/fip/fednci.html
https://ideas.repec.org/s/fip/fednci.html


Maintaining price stability in Montenegro through governance o f external and internal _ factors
o f inflation

w e ig h tin g  approach. V A R s  are c r it ic a l e m p ir ic a l to o ls  in  m o d e rn  m acroe con om ics , and 

th e y  a llo w  one to  m o d e l m a c ro e co n o m ic  data in fo rm a tiv e ly 342.

W e  p resen t here  p aram ete r estim ates and th e  m a in  ch a rac te ris tics  o f  tw o  m ore  m o d e l 

e xam in a tion s . T he  second id e n t if ie d  S V A R  m o d e l is  as fo llo w s :

n t = P  0 +  f t l o g  ( E F ) t +  ^ l o g  ( E D G l ) t  +  p 3C S t o c k t  +  p 4 l o g ( H ) t  +  p s E m p t +
(36 G D P _ G A P t + u t  (1 7 4 )

w he re  n t - denotes the  in f la t io n  rate, l o g  -  n a tu ra l lo g a r ith m  so th a t the  in f la t io n  fu n c t io n  

has a constan t p ric e  e la s tic ity , l o g ( E F ) t -  denotes the  n a tu ra l lo g a r ith m  o f  e con om ic  

freedom , l o g ( E D G I ) t -  denotes the  lo g a r ith m ic  state o f  te c h n o lo g y , C S t o c k t  -  denotes 

the  ca p ita l s to ck  rate, l o g ( H ) t -  denotes the  n a tu ra l lo g a r ith m  o f  h um an  ca p ita l, E m p t -  

denotes the  la b o r fo rce , G D P _ G A P t -  ind ica te s  the  G D P  gap. W e  w i l l  ex tend  the  g ro w th  

m o d e l, w h ic h  is  sh ow n  in  express ion  (174 ). A s  lo n g  as M o n te n e g ro  has set its  n a tio n a l 

d e ve lo p m e n t s tra tegy, i t  is  va lu a b le  to  e xam ine  h o w  th is  set o f  v a ria b le s  th a t de te rm ine  

e co n o m ic  g ro w th  d yn a m ics  w i l l  im p a c t in f la t io n 343 344 345. The re  is  a debate am ong  academ ics 

abou t the  p ro x y  fo r  the  state o f  te c h n o lo g ic a l p rogress344345. W e  w i l l  p ro x y  i t  b y  e- 

g o ve rn m e n t d e ve lo p m e n t in d e x  (E G D I) .

M o d e l 3, in  th is  section , exam ines h o w  changes in  m o n e y  su pp ly , exchange rates, 

p ro d u c t iv ity ,  and w ages a ffe c t in f la t io n  in  the  M o n te n e g r in  econom y. A  co m p le te  

E u ropean  m o n e ta ry  u n io n  is  a fu n d a m e n ta l step to w a rd  p o lit ic a l u n io n 346.

n t =  Po +  P i l o g { E X ) t +  P 2 l o g ( M 2 ) t +  p 3 l o g ( W ) t +  p 4 P r o d t +  u t  ( 1 7 5 )

342 Del Negro, M ., and F. Schorfheide., Bayesian M acroeconometrics. In  Handbook o f Bayesian 
Econometrics, Chapter 7, 293-387. Oxford University Press, 2011.

343 Government o f Montenegro, Economic Reform Programme fo r Montenegro (ERP), 2018-2020.

344 Clarke, G. R. G., and S. J. Wallsten., “ Has the Internet Increased Trade? Evidence from Industrial and
Developing Countries,”  W orld B ank Policy Research Working P aper 3215, 2004.

345 Meijers, H., “ Does the internet generate economic growth, international trade, or both?,”  International
Econom ics and  Econom ic Policy, 2014, 11(1), 137-163.

346 Alesina, A., and V. G rilli., “ The European Central Bank: Reshaping Monetary Policy in  Europe.”
N ational Bureau o f  Econom ic Research, Working P aper 7927, 2000.
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w he re  lo g ( E X ) t - denotes the  U S  d o lla r  to  euro  lo g a r ith m ic  fo rm  o f  the  n o m in a l exchange 

rate, lo g ( M 2 ) t - represents b ro ad  m o n e y  as d e fin e d  b y  the  In te rn a tio n a l M o n e ta ry  F u n d  

( IM F ) ,  M o n e ta ry  and F in a n c ia l S ta tis tics  M a n u a l (2 0 1 7 ), l o g ( W ) t  - lo g a r ith m ic  fo rm  o f  

w ages, and P r o d t  - denotes in d u s tr ia l p ro d u c tio n  g ro w th . E q u a tio n  (1 7 5 ) inco rp o ra tes  

b o th  d e m a n d -p u ll and cos t-push  ing re d ie n ts , s ta rtin g  fro m  a ba lance  b e tw een  aggregate 

dem and and aggregate  supp ly .

H o w  can w e  p o o l o r  co m b in e  these fo re cas t puzz les  in to  an o p tim a l fo re ca s tin g  

perfo rm ance?  M u lt ip le  fo re ca s tin g  p e rfo rm an ces  are a v a ila b le  to  d ec is ion -m ake rs  b e fo re  

th e y  c o n firm  a m a c ro p ru d e n tia l p o lic y  dec is ion . G iv e n  the  re la t iv e  u n c e rta in ty  associated 

w ith  id e n t ify in g  the  tru e  D G P , shou ld  a s in g le  fo re ca s tin g  p e rfo rm a n ce  be em p loyed?  O r 

shou ld  w e  a v e r a g e  o v e r a ll the  a va ila b le  fo re c a s tin g  perfo rm ances?  I t  is  n o t c o n v in c in g  

th a t one e co n o m e tric  m o d e l w o u ld  be s ta tis tic a lly  p re fe ra b le  to  o thers  at a l l  p o in ts  o f  the 

fo recas t h o r izo n . C o m b in in g  in d iv id u a l fo recasts  o ffe rs  a s im p le  w a y  o f  c re a tin g  a 

soph is tica ted , m o re  f le x ib le  fo re ca s tin g  m o d e l to  e x p la in  in f la t io n  phenom ena. A n  

in teg ra te d  c o m b in e d  fo re cas t is  a w e ig h te d  average o f  Z  fo recasts347348:

z

9 r + h  =  ^  w T,h,ix T,h,i ( 1 7 6 )
i= i

and ch oo s in g  w e ig h ts  as denoted  in  express ion  (1 7 6 ) w T h i , m in im iz e s  the  r is k  re la ted  to  

the  loss fro m  m a k in g  a fo re ca s tin g  e rro r. T he  o p tim a l w e ig h t fo r  x T h 1  is:

w

2
a T+h, 3 °T + h, 1,2,3

^T+h,1 +  a T+h,2 +  a T+h,3 3 °T + h, 1,2,3
(1 7 7 )

m ore  cons ide rab le  w e ig h t is  assigned to  the  m o re  p rec ise  m o d e l and the  v e c to r  o f  o p tim a l 

w e ig h ts  w '  w ith  Z  fo recasts  is: 347 348

347 Bates, J. and C. W. J. Granger., “ The Combination o f Forecasts,”  Operations Research Quarterly,
1969, 20, 451-468.

348 Zhang, B., “ Real-time inflation forecast combination fo r time-varying coefficients models,”  Journal o f
Forecasting, 2019, 38(3), 175-191.
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u ' 11T 1h u
( 1 7 8 )

T he  e s tim a to r squared b ias  and the  fo re cas t va ria n ce  e s tim a to r o f  the  M S E  loss fu n c t io n  

o f  a fo re cas t is:

E  [ ( y T +h -  * r ,h , ; ) 2] =  ^  w T,h,i b i a s T,h,i +  ° y  +  ^  w
2
T,h,i; V a r 2T,h,i

T he  re cu rs ive  M S E  o f  an in d iv id u a l fo re cas t is:

( 1 7 9 )

1 T ~h
M S E T,h,i — j ,  _  ^  ^  ^  ’ ( V t+ h  — x t,h ,i) ( 1 8 0 )

t= i

and M S E  w e ig h ts , re la t iv e  p e rfo rm a n ce  w e ig h ts , are:

M T,h,i =  T ^  
^i= 1

MSET,h,i ( 1 8 1 )
= 1MSETh,i

C o m p u tin g  re la t iv e  p e rfo rm a n ce  w e ig h ts  - in ve rse  M S E  - e m p lo y in g  e ith e r r o l l in g  o r 

d is c o u n tin g  w in d o w s  a llo w s  m ore  a tte n tio n  to  be p a id  to  the  recen t pe rfo rm ance . 

C o m b in in g  fo re cas t puzz les  im p lie s  d iv e rs if ic a t io n  o f  r is k . T he re  are a fe w  m ethods fo r  

a gg rega ting  fo recasts  th a t have been deve loped  on  the  fo re cas t c o m b in a tio n , b u t w e  w i l l  

e m p lo y  the  ave rag ing  and the  inve rse  M S E . F u rth e rm o re , w e  p ro v id e  an o u t-o f-s a m p le  

m e th o d o lo g y , w h ic h  can be used to  co n s tru c t tests th a t eva lua te  a tim e -se rie s  m o d e l’ s 

a b il ity  to  p re d ic t (W es t, 1999)349.

2

1

1

B e fo re  w e  p roceed  fu r th e r  w ith  the  e x a m in a tio n  o f  the  c o m b in a tio n  fo re cas t 

m e th o d o lo g y , w e  see i t  reasonab le  to  describe  the  s truc tu re  o f  the  e co n o m ic  free do m  

va riab le .

4.1. Empirical results

B ased on  the  A D F  and PP u n it  ro o t tests and K P S S  s ta tio n a r ity  test, a ll va ria b le s  are 

s ta tion a ry , I(0 ) . V is u a l in s p e c tio n  o f  the  t im e  series and s ta tis tica l co rre lo g ra m s  c o n firm

349 West, K. D., “ Asymptotic inference about predictive ability,”  Econometrica, 1996, 64, 1067-1084.
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s ta tio n a r ity  as w e ll.  M o re o v e r, t-s ta tis tic s  and p -v a lu e s  test resu lts  re je c t the  n u ll 

hypo the s is  o f  u n it-ro o ts .

M o d e l 1

1 . 5

- 1 . 5
- 1 0  1

M o d e l 2

1 . 5

- 1 . 5
- 1 0  1

M o d e l 3

1 . 5

- 1 . 5
- 1 0  1

F ig u re  3 5 : Inve rse  roo ts  o f  A R  c h a ra c te ris tic  p o ly n o m ia l fo r  m od e ls  1, 2, and 3
Source: A u th o r ’s calculations in EView s 11.

T e s tin g  fo r  s truc tu ra l b reaks is  c ru c ia l fo r  co n fid e n ce  bounds and fo re c a s tin g  purposes as 

w e ll.  S ta b il ity  d ia gn os tics  (re cu rs ive  estim ates, C h o w  b re a k p o in t test, Q u a n d t-A n d re w s , 

and B a i-P e rro n ) denote  a p aram ete r s w itc h  at a 5%  s ig n ific a n c e  le ve l. T h e re fo re , w e  

in c lu d e  d ich o to m o u s  va riab les . R e c u rs iv e ly , w e  id e n t ify  and estim a te  th ree  S V A R  and 

th ree  B V A R  m ode ls . A  f i t t in g  la g  is  recom m ended  fo r  each o f  the  la g  le n g th  c r ite r ia  (A IC , 

L R , FP E , SC, and H Q )350. A s  seen fro m  F ig u re  35, a ll the  inve rse  roo ts  o f  th e  A R  

ch a ra c te ris tic  p o ly n o m ia l o f  m od e ls  1, 2, and 3 l ie  w ith in  the  u n it  c irc le s , c o n firm in g  the  

s ta tio n a r ity  o f  the  V A R s .

T he  fa n  charts, in  F ig u re s  36-38 , sh ow  the  fo recasts  fo r  each m od e l. W e  p o rtra y  ten  

co n fid e n ce  in te rv a ls : f ro m  9 0%  to  the  m ode. V is u a l in s p e c tio n  d isp la ys  th a t the  f ir s t  

m o d e l, in  F ig u re  36, f i ts  in to  a 9 %  co n fid en ce  band  the  best ( fro m  1.6%  to  2 .0 %  in f la t io n ) .

I t  revea ls  a susta inab le  fo re ca s tin g  p e rfo rm a n ce  and an average in f la t io n  ra te  n o t h ig h e r 

th an  1 .5%  above the  th ree  best p e r fo rm in g  E U  M e m b e r states' in f la t io n  rate. T he  average 

rate o f  C yp ru s  (0 .2 % ), Ire la n d  (0 .3 % ), and F in la n d  (0 .8 % ), as the  best th ree  p e r fo rm in g

350 Clark, T.E., and F. Ravazzolo., “ Macroeconomic forecasting performance under alternative 
specifications o f time-varying vo la tility ,”  Journal o f  A pp lied  Econom etrics, 2015, 300(4), 551-575.
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M e m b e r states, is  0 .4 %  and, a dd in g  1 1/2 percentage p o in ts , the  re fe rence  is  1 .9% 351. 

M o d e l 2, in  F ig u re  37, has m o re  v ib ra t io n s  a round  the  m ode  lin e  th an  m o d e l 1.

12%

8%

4%

0%

-4%

-8%

IV I II III IV

2016 2017

F ig u re  3 6 : F an  ch a rt o f  m o d e l 1
Source: A u th o r ’s calculations in EView s 11.

S til l,  m o d e l 2 has va lu a b le  in fo rm a tio n  to  be cons ide red  fo r  c o m b in e d  fo recasts. A s  

expected, m o d e l 3, in  F ig . 33, h a v in g  the  ex te rna l shocks ( o i l  and a lu m in u m  L M E  p rices), 

creates m ore  flu c tu a tio n s  as h o rizo n s  increase.

A s  expected, m o d e l 3, in  F ig u re  38, h a v in g  the  exogenous shocks ( o i l  and a lu m in u m  L M E  

p rices), creates m o re  flu c tu a tio n s  as h o riz o n s  increase.

T he  co n fid en ce  bands increase  w ith  t im e  and do  n o t stop t i l l  201 7 :1 2 . M o d e l 3 f i ts  in to  

7 2 -8 1 %  co n fid en ce  bands in  the  second h a lf  o f  2017 . W e  in c lu d e  a ce rta in  n u m b e r o f  

va ria b le s  w ith in  a fo re c a s tin g  m o d e l because a dd in g  m o re  regressors to  the  exam ined  

m o d e l exacerbates the  size p ro b le m s 352. W e  es tim a ted  th ree  d if fe re n t S V A R  m od e ls  and

351 European Commission. “ Convergence Report. Institutional Paper 078,”  European Economy, 2018, 
ISSN 2443-8014.

352 Clark, T. E. and K. D. West., “ Using out-of-sample mean squared prediction errors to test the 
martingale difference hypothesis,”  Journal o f  Econometrics, 2006, 135, 155-186.
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th en  com pared  th e ir  fo re c a s tin g  p e rfo rm a n ce  based on  R M S E s . B esides, w e  com pu ted  

c o m b in e d  p re d ic tio n s  w ith  these m odels.

1 0%

8%

6%

4%

2%

0%

-2%

-4%

IV I II III IV

2016 2017

F ig u re  3 7 : F an  ch a rt o f  m o d e l 2
Source: A u th o r ’s calculations in EView s 11.

A re  o u r c o m b in e d  p uzz le  fo recasts  b e tte r o r  w o rse  than  the  w e ig h te d  aggregate  o f  its  

parts? E ach  o f  the  S V A R  m od e ls  has its  in te rp re ta tiv e  and e xp la n a to ry  va riab les .
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F ig u re  3 8 : F an  ch a rt o f  m o d e l 3
Source: A u th o r ’s calculations in EView s 11.
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T he  th ree  S V A R  m o d e ls  have been id e n t if ie d , estim a ted , and exam ined , p re d ic tin g  

in f la t io n  the  best. W e  set the  sam ple  fro m  January 2006  to  D ece m b e r 2016. W e  eva lua te  

each u s in g  leas t squares (L S ). T he  fo re ca s tin g  o u t-o f-s a m p le  is  f ro m  2017:1  to  2017 :12 .

W e  e xam ine  the  fo re c a s tin g  p e rfo rm ances  based on  the  R M S E s . T he  f ir s t  m o d e l has the 

lo w e s t R M S E  (0 .6 9 ), w h ile  the  second m o d e l equals (2 .35 ). A s  seen in  T a b le  20, the  th ird  

m o d e l appears to  p e rfo rm  the  w o rs t a c co rd in g  to  R M S E , h a v in g  a va lu e  o f  (3 .71).

T a b le  2 0 : F orecast e v a lu a tio n  s ta tis tics  o f  m o d e l 1, 2, and 3

Forecast: IN F F  1, IN F F  2, IN F F  3 

A c tu a l: IN F

F orecast sam ple : 2 0 1 7 M 0 1  2 0 1 7 M 1 2  

In c lu d e d  obse rva tions : 12 M o d e l 1 M o d e l 2 M o d e l 3

R o o t M e a n  Squared E r ro r 0 .6884 2 .3466 3.7081

M e a n  A b s o lu te  E r ro r 0 .6175 2.0865 3 .4428

M e a n  A b s o lu te  Percentage E r ro r 25 .8 42 7 90.341 145.0751

T h e il In e q u a lity  C o e ff ic ie n t 0 .1647 0 .3364 0.9071

Source: A u th o r ’s calculations in EView s 11.

B ased on  inve rse  M S E , th e  num era to rs  o f  re la t iv e  w e ig h ts , are as fo llo w s : r1 =  2 .11 , r2  =  

0 .18 , and r3 =  0 .07. W h ile  the  va lu e  o f  the  d e n o m in a to r is  r t  =  2 .36 . T he  w e ig h ts  are to  

sum  u p  to  1 b y  co n s tru c tio n , and the  re la tiv e  w e ig h ts  are: w 1  =  0 .89244 , w 2  =  0 .076802 , 

and w 3  =  0 .030758 .

F ig u re  39  show s o u r tw o  n e w  fo re cas t c o m b in a tio n s : equal and re la t iv e  p e rfo rm an ce  

w e ig h ts . O n  average, b o th  c o m b in a tio n s  u n d e rp re d ic t the  actua l in f la t io n  d u r in g  the  

w h o le  ye a r o f  2017. F o r  the  f i r s t  th ree  m on ths  - fo re cas t h o r iz o n , the  equal w e ig h ts  

p e rfo rm  b e tte r th an  the  in ve rse  M S E  w e ig h ts , rea ch in g  in f la t io n  o f  1.89% .

A f te r  th is  p e rio d , the  IN F F _ M S E  p e rfo rm s  m u ch  b e tte r th an  the  equal w e ig h ts . T he  

R M S E  o f  equal w e ig h ts  (R M S E _ C  =  0 .8 6 4 7 7 1 ) is  w a y  b e tte r th an  the  second and the 

th ird  S V A R  m ode ls , and the  R M S E  o f  re la tiv e  p e rfo rm a n ce  (R M S E _ M S E  =  0 .57 74 9 9 ) 

is  b e tte r th a n  any o f  the  S V A R  m ode ls . W h y  are these resu lts  w o r th ly  o f  b e in g  no ticed?  

T he y  denote  th a t co n s id e rin g  a ll de te rm inan ts  o f  in f la t io n  revea ls  essentia l in fo rm a tio n  

fo r  the  C B C G : b e tte r fo re cas tin g .
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2017

Inf -------  INFF_C -------  INFF_MSE

F ig u re  3 9 : C o m b in a tio n  fo recasts: equal and inve rse  M S E  w e ig h ts
Source: A u th o r ’s calculations in EView s 11.

A lth o u g h  the  re la t iv e  R M S E  w e ig h ts  o f  m o d e l 2 and m o d e l 3 are re la t iv e ly  w eak , u po n  

c o m b in in g  in to  re la t iv e  and average w e ig h ts , th e y  revea l ro b u s t k n o w le d g e  fo r  the  

p o lic y m a k e rs : a lo w e r  R M S E . U s in g  S V A R  m ode ls , a dd in g  d if fe re n t va riab les  

c o n tin u a lly  increases the  c o m b in e d  fo re ca s tin g  pe rfo rm an ce , re s u lt in g  in  a lo w e r  R M S E . 

W e  co nc lud e  th a t in c lu d in g  a pp ro p ria te  S V A R  fo recasts in  the  fo re ca s t c o m b in a tio n  

p uzz le  c o n s is te n tly  reduces the  R M S E  o f  the  c o m b in a tio n  fo recasts. S u ita b ly  construc ted  

fo re ca s tin g  co m b in a tio n s  sh ou ld  rep lace  tra d it io n a l ju d g e m e n ta l in f la t io n  fo recasts. Thus, 

w e  f in d  th a t a s im p le  average c o m b in a tio n  o u tp e rfo rm s  a ll p e rfo rm ances  in  the  f ir s t  

quarte r. T he  re la tiv e  w e ig h t p e rfo rm a n ce  stays v e ry  c lose  even in  the  f i r s t  q ua rte r and is 

the  least sens itive  u n t i l  the  end o f  D e ce m b e r 2017. T ra d it io n a lly  in  M o n te n e g ro , in f la t io n  

fo re ca s tin g  has m a in ly  been ju d g e m e n ta l, m a k in g  i t  d i f f ic u l t  to  re p lic a te  and ju s t ify .  

N o tic e a b ly , lo w -d im e n s io n a l m od e ls  o m it  essentia l in fo rm a tio n  co n ta ine d  in  the  o the r 

va riab les . Thus, c o m b in a tio n  fo recas t puzz les  th a t p o o l in d iv id u a l-p re d ic to r  fo re ca s tin g  

p e rfo rm ances  is  th e  o p tim a l s o lu tio n  fo r  the  C en tra l B a n k  o f  M o n te n e g ro .

F ig u re  40  p o rtra ys  fo re cas t co m p a riso n  o f  i )  the  actua l in f la t io n  ( in f) ,  i i )  in f la t io n  

c o m b in e d  fo recasts  based on  in ve rse  M S E  ( in ff_ m s e ), i i i )  c o m b in e d  fo recasts  u s in g  equal 

w e ig h ts  ( in f f_ c ) ,  iv )  c o m b in e d  fo re cas t u s in g  M S E -a v e ra g in g  o f  5 fo recasts ( in f_ f0 1 _ a l l),
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2016 2017

--------- inf   INFF_1 ----------------  INFF_2
--------- INFF_3   INFF_C   INFF_MSE
--------- INF_F01_ALL

F ig u re  40 : F o recas t co m p a riso n
Source: A u th o r ’s calculations in EView s 11.

T he  resu lts  are n o tice a b le  because the  s im p le  a r ith m e tic  average c o m b in a tio n  fo re cas t 

(equa l w e ig h ts )  o u tp e rfo rm s  the  m o re  so ph is tica te d  “ o p t im a l”  fo re cas t com pos ites  fo r  the 

f ir s t  th ree  m on ths . A fte rw a rd , f ro m  A p r i l  to  D ece m b e r 2017 , the  inve rse  M S E  fo re ca s tin g  

p e rfo rm a n ce  is  the  o p tim a l lin e a r  co m p os ite  s ince i t  m in im iz e s  the  R M S E .

T he  p e rfo rm a n ce  o f  m o d e l 1 keeps up  w ith  the  inve rse  M S E  v e ry  near to  the  end o f  

D ece m b e r 2017. S t il l,  the  s im p le  average c o m b in a tio n  p e rfo rm s  w a y  b e tte r th an  b o th  

m o d e l 2 and m o d e l 3. T he  actua l in f la t io n  resu lts  in  (1 .9 % ), the  inve rse  M S E  at (1 .5 % ), 

the  a ve rag ing  (1 .4 % ), m o d e l 1 at (1 .3 % ), m o d e l 2 at (5 .8 % ), and m o d e l 3 at ( -3 .0 % ) at 

the  end o f  D ece m b e r 2017 . M o d e ls  1-3 show  fo recasts  th a t are susta inab le  and average 

in f la t io n  rate  n o t m o re  th an  1 .5%  above the  th ree  best p e r fo rm in g  M e m b e r States' 

in f la t io n  rate: A lth o u g h  m od e ls  2 and 3 are w a y - o f f  com pared  to  the  actua l in f la t io n , 

in c lu d in g  these v a ria b le s  is  s ig n if ic a n t to  the  C B C G 353. T he  above resu lts  enable 

m a c ro p ru d e n tia l p o lic y m a k e rs  to  address, eva lua te , com pare, and im p le m e n t the  s trength  

o f  u s in g  the  d y n a m ic  com pos ites  o f  h ig h -d im e n s io n a l c o m b in a tio n  puzzles.

353 Diebold, F. X. and P. Pauly., “ The use o f prior information in  forecast combination,”  International 
Journal o f  Forecasting, 1990, 6, 503-508.
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4.1.1. Sensitivity analysis

T he  p o lic y m a k e rs  o f  C B C G  are h ig h ly  in te res ted  to  h y p o th e tic a lly  see the  responses o f  

in f la t io n  in  d if fe re n t se ns itive  scenarios, such as an increase in  e co n o m ic  fre e d o m  in d e x - 

in te rn a l in n o v a tio n s 354. W e  co ns ide r i t  a le a d in g  in d ic a to r  fo r  in f la t io n  to  w h ic h  

m a c ro p ru d e n tia l p o lic y m a k e rs  sh ou ld  co n s id e r in  M o n te n e g ro .

50
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--------- Inf (Baseline) --------- Percent Deviation

F ig u re  41 : E c o n o m ic  fre e d o m  a lte rn a tiv e  scenario
Source: A u th o r ’s calculations in EView s 11.

T he  im p a c t o f  the  e co n o m ic  fre e d o m  v a ria b le  is  m u lt id im e n s io n a l in  M o n te n e g ro . The  

sens itive  case scenario , in  F ig u re  41, h y p o th e tic a lly  increases the  e co n o m ic  free do m  

in d e x  fro m  2 0 %  to  4 0 %  fro m  2017 :1  t i l l  201 7 :1 2 . T he  d y n a m ic  e ffe c ts  can be traced  o u t 

to  in f la t io n , as seen in  F ig u re  41. W e  have  to  re m in d  the  reader th a t th is  is  a d e te rm in is tic  

s im u la tio n  and d y n a m ic  s o lu tio n  p e rfo rm ance . I t  e m p lo ys  p re d ic te d  lagged  va lues  to  

b r in g  a m u lt i-p e r io d  ahead fo re cas tin g . I f  w e  v is u a lly  in sp e c t in f la t io n , in  F ig u re  41, the  

a lte rn a tive  se ns itive  scenario  co u ld  d e fla te  the  p rices  fro m  0%  to  -2020% .

354 Groen, J. J. J., Paap, R., and F. Ravazzolo., “ Real-time inflation forecasting in  a changing world,”
Journal o f  Business and  Econom ic Statistics, 2013, 310(1), 29-44.

181



Maintaining price stability in Montenegro through governance o f external and internal _ factors
o f inflation

E c o n o m ic  fre e d o m  appears to  be c ru c ia l, and here w e  ana lyze  the  im p u ls e  responses and 

va ria n ce  d e c o m p o s itio n  (C han  and J e lia zko v , 200 9 ; C han, 2 0 1 3 )355356. In  F ig u re  42, 

in f la t io n  d ire c t ly  starts to  d ec line , e sp e c ia lly  in  the  f i r s t  year, and th en  s lo w ly  increases. 

H o w  can w e  describe  the  above resu lts?  T he  g rea t new s is  th a t M o n te n e g ro  is  m o v in g  

ahead to w a rd s  the  E u rop ea n  U n io n , b e in g  a N A T O  m em ber. M e a n w h ile , seeing 

p ro g ress ive  e con om ic  re fo rm s  in  the  rea l m a rk e t can be a n tic ip a te d  fro m  a fo rw a rd ­

lo o k in g  soc ie ty  to  have a p o s itiv e  perspective . I t  im p lie s  a c o rre c tio n  o f  p ric e  expecta tions 

P e in  re la tio n  to  the  cu rre n t p ric e  le v e l P.
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F ig u re  42 : R esponse o f  in f la t io n  to  e co n o m ic  fre e d o m  in n o v a tio n
Source: A u th o r ’s calculations in EView s 11.

A s  expected, the  d e c o m p o s itio n  o f  fo re cas t e rro r va ria n ce  o f  in f la t io n  to  the  e con om ic  

fre e d o m  shocks is  m o s tly  the  re s u lt o f  in n o v a tio n s  to  i t s e lf  at sho rt h o rizo n s , 96 .53% .

T he  c o n tr ib u tio n  o f  e co n o m ic  fre e d o m  shocks to  the  in f la t io n  ra te  m o ve m e n t increases to  

9 .13 %  a fte r s ix  m on ths . T he  e co n o m ic  fre e d o m  c o n tr ib u tio n  and its  co rresp on d in g  

in n o v a tio n s  to  in f la t io n 's  m o ve m e n t go  u p  to  2 4 .9 4% , at 1 2 -m o n th  h o rizo n s . A t  2 4 -m o n th  

h o rizo n s , the  p ro p o rt io n  o f  in f la t io n  m o v e m e n t due to  e co n o m ic  fre e d o m  shocks reaches 

35 .89% . 355 356

355 Chan, J. C. C., and I. Jeliazkov., “ Efficient simulation and integrated likelihood estimation in  state- 
space models,”  International Journal o f  M athem atical M odelling  and  N um erical O ptim isation , 2009, 
1, 101- 120.

356 Chan, J.C.C., “ Moving average stochastic vo latility models w ith  application to inflation forecast,”
Journal o f  Econometrics, 2013, 1760(2), 162-172.
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F ig u re  43 : H is to r ic a l in f la t io n  d e c o m p o s itio n  fro m  e co n o m ic  free do m
Source: A u th o r ’s calculations in EView s 11.

F in a lly ,  p o lic y m a k e rs  o f  C B C G  c o u ld  be in te res ted  in  k n o w in g  h o w  the  n o m in a l 

exchange ra te  shock  w o u ld  im p a c t in f la t io n . F ig u re  44  show s th a t tw o  p e rio d s  ahead, 

in f la t io n  response to  the  n o m in a l exchange rate  in n o v a tio n  increases to  0 .06 , and a fte r s ix  

p e riods  decreases to  0 .00 .

G iv e n  the  h ig h  increase  in  m e e tin g  the  M a a s tr ic h t conve rgence  c r ite r ia  and the  la c k  o f  

m e th o d o lo g ic a l u n ifo rm ity ,  w e  b e lie v e  th a t the  resu lts  show n  here w o u ld  appeal to  

p o lic y m a k e rs . A lth o u g h  a fe w  p re v io u s  research papers have id e n t if ie d  som e m ethods 

th a t c o u ld  be e m p lo ye d  in  fo re ca s tin g  in f la t io n , such as in te rn a l and ex te rna l va riab les , 

those m e th o d o lo g ie s  had re s tr ic tio n s  and d if f ic u lt ie s  in  im p le m e n tin g  on  a n a tio n a l le ve l. 

Thus, o u r resu lts  a llo w  the  p o lic y m a k e rs  to  com prehend  the  fa c to rs  in c o rp o ra te d  in  

id e n t ify in g  the  set o f  in f la t io n  d yn a m ics  and its  expec ta tions  b e tte r and des ign  m ore  

e ffe c tiv e  and e ff ic ie n t p o lic y  m easures th a t can be used in  M o n te n e g ro .

W e  revea l th a t am ong  the  in d iv id u a l-p re d ic to r  fo recasts , m o d e l 1 p e rfo rm s  o p tim a lly , 

based on  the  R M S E . M o d e l 1 p e rfo rm s  even b e tte r th an  equal w e ig h ts . N eve rthe less , 

equal w e ig h ts  p e rfo rm  b e tte r than  m o d e l 2 and m o d e l 3. T h is  v ita l ev idence  ind ica te s  th a t 

e co n o m ic  fre e d o m  is  c r it ic a l in  p ro m o tin g  and p u sh in g  susta inab le  g ro w th . T he  m a in  

im p lic a tio n s  suggest th a t e co n o m ic  fre e d o m  is  c ru c ia l in  g o v e rn in g  in te rn a l in f la t io n  and
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susta inab le  g ro w th  in  M o n te n e g ro . A lte rn a t iv e ly , w e  increased  o il  p rices  in  the  p re v io u s  

sec tion  and e co n o m ic  fre e d o m  in  th is  section.
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F ig u re  44 : In f la t io n  response to  the  n o m in a l exchange  ra te  in n o v a tio n
Source: A u th o r ’s calculations in EView s 11.

T he  in f la t io n  fo re ca s tin g  p e rfo rm a n ce  increases and sh a rp ly  d rops  d o w n , im p ly in g  th a t 

M o n te n e g r in  e co n o m ic  g o v e rn m e n t re g u la tio n s  are c ru c ia l. T he  im p u ls e  response resu lts  

revea l th a t in f la t io n  responses to  in n o v a tio n  on  o il  p rices  and e co n o m ic  fre e d o m  are 

essentia l. T he  fo re cas t e rro r  va ria n ce  d e c o m p o s itio n  o f  in f la t io n  is  m o ve d  m a in ly  fro m  

e co n o m ic  fre e d o m  and o il  p rices. In  c o n c lu s io n , the  e m p ir ic a l f in d in g s  p ro v id e  

m a c ro p ru d e n tia l p o lic y m a k e rs  w ith  an in -d e p th  e x a m in a tio n  and u n d e rs ta n d in g  o f  the 

fo recas t c o m b in a tio n  m ode ls .

4.2. Bayesian VARs

W h a t is  the  p ro b a b ility  th a t a g lo b a l e co n o m ic  shock  w i l l  h i t  M o n te n e g ro  in  th e  u p c o m in g  

m o n th , M a rc h  2020 , g iv e n  th a t w e  k n o w  th a t a g lo b a l e co n o m ic  c r is is  has a lready h it  a 

co un try?  W e  can es tim a te  th is  p ro b a b ility  u s in g  B a y e s ’ theo rem . A  reg ress ion  m o d e l w ith  

u n k n o w n  c o e ff ic ie n ts  f i ,  the  v a ria n ce -co va ria n ce  m a tr ix  £ e, and e t j n i d  N ( 0, £ e) , B a y e s ’ 

theo rem  is  e m p lo ye d  to  co m b in e  the  p r io r  d is tr ib u t io n  o f  the  param eters w ith  the  

lik e lih o o d  data fu n c t io n  to  p ro du ce  a p o s te rio r  d is tr ib u t io n  o f  c o e ff ic ie n ts  f i ,  v iz 357358: 357 358

357 Ouliaris, S., A. Pagan and J. Restrepo., Quantitative M acroeconom ic M odeling with Structural Vector
Autoregressions -  A n  EView s Implem entation. Institute fo r Capacity Development, 2018. E-book, 
available at https://www.eviews.com/StructVAR/structvar.html.

358 K-H. Chin, X. L i., “ Bayesian Forecast Combination in  VAR-DSGE Models,”  Journal o f  
M acroeconomics, 2018, 59, 278-298.
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p ( P \ Z e , Y )  =
L(Y\p,Ze) P(PHle) 

p (r)
(1 8 4 )

and consequen tly , w e  g e t th a t the  p o s te rio r  d is tr ib u t io n  is  the  lik e lih o o d  fu n c t io n  tim e s  

the  p r io r  d is tr ib u tio n :

p ( P \ Z e , Y )  « L ( n & Z e )  p ( f i \ I , e )  (1 8 5 )

T 1 • ■ 111-1 L(shock\M NE) p( MNE)
In  o u r case, the  s im p lif ic a t io n  w o u ld  l ik e  p ( M N E  \ s h o c k )  = -----------— — —---------- . T he

p (ShOCK.)

B a y e s ’ th eo re m  a llo w s  us to  update  o u r o p in io n  based on  n e w  in fo rm a tio n . Y e s te rd a y ’ s 

p o s te rio r  b e lie fs  (upda ted  o p in io n )  are to d a y ’ s p r io r  (o p in io n  to  be updated). T he  idea  

abou t u p d a tin g  b e lie fs  is  co re  to  B a yes ia n  econ om e trics  and can be used to  test the  

h ypo thes is . W e  s ta rt w ith  som e idea  o r o p in io n , based on  e co n o m e tric  in fe ren ce , abou t 

h o w  so m e th in g  w o rk s . S im u la tio n  m ethods o f  d if fe re n t typ es  o f  p r io rs  ge t us d if fe re n t 

pos te rio rs . In  the  case o f  the  n o rm a l d is tr ib u tio n  o f  the  p r io r  f i ,  n o rm a l d is tr ib u t io n  w i l l  

have the  p o s te r io r  as w e ll,  and the  m a tr ix  w e ig h te d  average o f  the  O L S  estim ates o f  the 

m ode  and m ean o f  th e  p r io r  is:

_ _i
b  =  [ V - 1  + Z _ 1 ® ( X ' X ) ]  [ V _ i  b  +  ( I i^ 1 ^ X ' ) y \  (1 8 6 )

T he  above express ion  (1 8 6 ) show s th a t the  B a ye s ia n  m ethods te nd  to  s h r in k  the  V A R  

estim a ted  c o e ff ic ie n ts  to w a rd s  the  p r io r  m ean, d is ta n t f ro m  the  O L S  estim ates. 

F o re cas tin g  ga ins  are e x a c tly  the  ju s t  m e n tio n e d  ch a rac te ris tic : s h r in k in g  the  V A R  

estim ates to w a rd s  the  p r io r  m ean.

V A R s  o fte n  end up  w ith  the  o v e r - f it t in g  p ro b le m , w h ic h  can re s u lt in  im p re c ise  fo recasts. 

V A R s  have m a n y  param eters to  es tim a te  n ( n p + 1 ) ,  o fte n  in a c c u ra te ly  because o f  l im ite d  

data, and consequen tly , response fu n c tio n s  and fo recasts are n o t w e ll-d e te rm in e d ; thus, 

the  n u m b e r o f  c o e ff ic ie n ts  e as ily  p ro life ra te s 359. S tandard  e rro r bands te nd  to  n o t account 

fo r  p a ram ete r u n c e rta in ty , m a k in g  fo recasts to  lo o k  m o re  p rices  th an  th e y  are re a lly . The 

B a yes ia n  m e th o d  in tro d u ce s  p r i o r  d is tr ib u tio n s , in c lu d in g , in te r  a lia , param eter

359 Rummel, O., “ Economic Modeling and Forecasting,”  Centre fo r  Central Banking Studies, B ank o f  
England, 2015, 1-54.
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u n c e rta in ty 360. H a v in g  a p a rs im o n io u s  m o d e l is  the  idea, a re s tr ic te d  n u m b e r o f  

param eters b e in g  estim a ted . L ite ra tu re  has em erged  w ith  p ra c tic a l so lu tio n s  to  o m it som e 

lagged  va lues  p  in  som e equations, u s u a lly  re fe rre d  to  as “ best sub-set V A R s  ”  T h is  

sec tion  w i l l  a p p ly  B a ye s ia n  m ethods th a t set va lu a b le  p r io r  d is tr ib u tio n s  on  the  V A R  

c o e ff ic ie n ts ' w h o le  s truc tu re  to  ge t a p a rs im o n io u s  onset.

4.2.1. Forecasting with Bayesian vector autoregressions

R e la tiv e  to  o u r p re v io u s  th ree  V A R  m ode ls , w e  es tim a ted  B V A R  p r io r  ty p e  o f  

L it te rm a n /M in n e s o ta , N o rm a l-F la t, In de pe n de n t N o rm a l-W is h a rt, S im s-Z h a  (n o rm a l-  

W is h a rt) , and G ia n n o n e -L e n z a -P r im ic e r i to  p e r fo rm  o u t-o f-s a m p le  fo re ca s tin g  fro m  

January 2017  to  D e ce m b e r 2017. O u r p r im a ry  v a r ia b le  o f  in te re s t is  in f la t io n  ( in f) .  T ab le  

21 show s the  resu lts . The re  is  an im p ro v e m e n t in  the  forecasts.

T he  lo w e s t R M S E  fo r  m o d e l 1 has B V A R , N o rm a l-F la t  p r io r  typ e , and the  va lues  o f  

hype rparam ete rs  are set to  =  0, s ince w e  have p ro ve n  th a t the  V A R (2 )  is  s ta tion a ry , 

and A 4 =  0 .1 , im p ly in g  a s trong  p r io r  fo r  f i .  S tandard  d e v ia tio n s  o f  the  f ir s t  v a ria b le s  in  

each e qu a tio n  are c o n tro lle d  th ro u g h  A 1, s h r in k in g  the  f irs t- la g  c o e ff ic ie n ts . R e la tiv e  to  

the  V A R  p aram ete r estim ates, the  lagged  c o e ff ic ie n ts  have sh runk.

C om pared  to  the  standard V A R  estim ates, the  B V A R  o f  p r io r  L it te rm a n /M in n e s o ta  show s 

to  have the  lo w e s t R M S E s  fo r  m o d e l 2 (0 .4 8 9 6 7 ) and m o d e l 3 (1 .2 74 8 3 ), g iv e n  the  se tting  

=  0, A x =  0 .1 , A 2 =  0 .9 9 , A 3 =  1, and A 4 =  10 . A  d is c e rn ib le  d iffe re n c e  is  th a t the  

L itte rm a n /M in n e s o ta  estim ates are s ig n if ic a n t ly  sm a lle r fo r  each va ria b le 's  f i r s t  lag . W e  

set A 2 =  0 .9 9  so th a t c ross-lag  v a ria b le s  p la y  a s ig n if ic a n t ro le  in  each equa tion . L a m b d a  

3 is  set as A 3 =  1, d e n o tin g  no  la g  decay v ia  iX3.

F in a lly ,  A 4 =  10  denotes pa ram ete r associated w ith  exogenous va riab les . M in n e s o ta  

assumes th a t the  m ean o f  c o e ff ic ie n ts  i =  1 , . . . , n  are u n ity , w h ile  the  m ean o f  a ll o the r 

c o e ff ic ie n ts  are zero. B es ides, w e  a lso assum ed th e  co va ria n ce  o f  e rro rs  is  d iagona l. In  

the  M in n e s o ta  case, the  d is tr ib u t io n  o f  show s as a ran do m  w a lk  b e h a v io r, s ince  ran do m

360 Sims, C.A. and T. Zha., “ Bayesian Methods fo r Dynamic Multivariate Models,”  International 
Econom ic Review , 1998, 39, 949-968.
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w a lk s  are p e rce ive d  to  be r ig h t  m a c ro e co n o m ic  fo recaste rs361. T he  p r im a ry  advantage o f  

M in n e s o ta  p r io r  is  th a t the  p o s te rio r  is  a n o rm a l d is tr ib u tio n .

T a b le  2 1 : F o re cas tin g  u s in g  B a yes ia n  e s tim a tio n  m ethods 2 0 1 7 :1 -2 0 1 7 :1 2

P r io r V a r ia b le R M S E M A E

S ta n d a rd
V A R

M o d e l 1 I n f 1.876233 1.493975

M o d e l 2 I n f 0 .924197 0 .80918

M o d e l 3 I n f 2 .224169 1.997501

M in n e s o ta
M o d e l 1 I n f 3 .902768 3 .793592

M o d e l 2 I n f 0 .48967 0 .39565

M o d e l 3 I n f 1 .27483 1.095986

N o r m a l-F la t
M o d e l 1 I n f 0 .9913 0.924781

M o d e l 2 I n f 1 .108264 0.967861

M o d e l 3 I n f 1 .749179 1.57831

N o rm a l-
W is h a r t

M o d e l 1 I n f 0 .99558 0 .928842

M o d e l 2 I n f 0 .79153 0 .688589

M o d e l 3 I n f 1.749503 1.577475

In d e p .  N -W
M o d e l 1 I n f 1.365351 1.178597

M o d e l 2 I n f 0 .749201 0.6695

M o d e l 3 I n f 2 .110446 1.892409

S im s -Z h a  (N -  
W )

M o d e l 1 I n f 2 .97381 2 .34 21 7 7

M o d e l 2 I n f 0 .660882 0 .584204

M o d e l 3 I n f 1.642633 1.425595

G ia n n o n e , L  
&  P

M o d e l 1 I n f 1.789615 1.762234

M o d e l 2 I n f 1 .320379 1.056946

M o d e l 3 I n f 1 .654359 1.563016

Source: A u th o r ’s calculations in EView s 11.

L e t us see the  fo re ca s tin g  p e rfo rm a n ce  o f  the  best B V A R s  based on  the  R M S E s . V is u a l 

in s p e c tio n  show s th a t the  f ir s t  m o d e l, in  F ig u re  45, f i ts  the  best in to  a 5%  co n fid en ce  

band. I t  o ffe rs  a susta inab le  fo re ca s tin g  p e rfo rm an ce , even w ith in  the  5%  co n fid en ce  

band, and the  average in f la t io n  rate  is  n o t m o re  th a n  1 .5%  above the  th ree  best p e r fo rm in g  

E U  M e m b e r States' in f la t io n  rate.

361 Del Negro, M ., and F. Schorfheide., Bayesian M acroeconometrics. Handbook o f Bayesian 
Econometrics, 2010.
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F ig u re  45 : F o re cas tin g  p e rfo rm a n ce  o f  in f la t io n  m o d e l 1 u s in g  B a yes ia n  N o rm a l-F la t
p r io r , 2 0 1 7 :4 -2 0 1 7 :1 2

Source: A u th o r ’s calculations in EView s 11.
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F ig u re  46 : F o re cas tin g  p e rfo rm a n ce  o f  in f la t io n  m o d e l 2 u s in g  B a yes ia n  M in n e s o ta
p r io r , 2 0 1 7 :4  2 0 1 7 :1 2

Source: A u th o r ’s calculations in EView s 11.

M o d e l 2, in  F ig u re  46, has l i t t le  o s c illa t io n s  a round  the  m ode, and i t  has va lu a b le  

in fo rm a tio n  sets to  be cons ide red  b y  p o lic y m a k e rs  o f  M o n te n e g ro . A s  expected, m od e l 

3, in  F ig u re  47, h a v in g  the  e x te rna l shocks ( o i l  and a lu m in u m  L M E  p rices ), creates m o re  

flu c tu a tio n s  th an  m o d e l 1 and 2. I t  f i ts  in to  a 10%  co n fid e n ce  band  fo r  the  f i r s t  s ix  periods. 

A f te r  tha t, i t  converges in to  a 5%  co n fid e n ce  band.
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E ve n  th o u g h  m o d e l 3 show s h ig h e r o s c illa t io n s  a round  the  m ean, i t  has va lu a b le  

in fo rm a tio n  sets. T h e y  are essentia l fo r  B a ye s ia n  fo re ca s tin g  c o m b in a tio n  in  S V A R  

m od e ls  w ith  m an y  p re d ic to rs .
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----------- IN F  -----------  M ed ian  | 35%

10% | 5%

F ig u re  47 : F o re cas tin g  p e rfo rm a n ce  o f  in f la t io n  m o d e l 3 u s in g  B a yes ia n  M in n e s o ta
p r io r , 2 0 1 7 :4  2 0 1 7 :1 2

Source: A u th o r ’s calculations in EView s 11.

4.2.2. Bayesian forecasting com bination

T h is  section  is  m o tiv a te d  b y  o u r p re v io u s  c o m b in a tio n  f in d in g s ' resu lts , fo re ca s tin g  

S V A R  m ode ls , based on  ave rag ing  and re la t iv e  p e rfo rm a n ce  M S E  w e ig h ts . W e  extend  

the  fo re cas t c o m b in a tio n  in  th is  sec tion  and co n s id e r B a yes ia n  v e c to r au to reg ress ive  

p r io rs  to  com pare  and e xam in e  th e ir  fo re cas t p e rfo rm ance . W e  tes t the  hypo the s is  o f  

w h e th e r B a yes ia n  a ve rag ing , tr im m e d , and inve rse  M S E  o u tp e rfo rm s  o u r p re v io u s  

fin d in g s , based on  the  R M S E s.

T he  re la tiv e  w e ig h t n um era to rs , based on  in ve rse  M S E , are as fo llo w s : r1 =  1 .017634, r2  

=  4 .170555 , and r3 =  0 .615317 , and the  v a lu e  o f  th e  d e n o m in a to r is  r t  =  5 .803507 . B y  

co n s tru c tio n , the  re la tiv e  w e ig h ts  sh ou ld  sum  up  to  1, and the  re la tiv e  w e ig h ts  are: w 1  =  

0 .175348 , w 2  =  0 .718627 , and w 3  =  0 .106025.

F ig u re  48 show s o u r th ree  n e w  fo re ca s t co m b in a tio n s : equal and re la tiv e  p e rfo rm an ce  

M S E  w e ig h ts . O n  average, the  average w e ig h t c o m b in a tio n  u n d e rp re d ic ts  the  actua l
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in f la t io n  u n t i l  O c to b e r 2017. T he  inve rse  M S E  approach  p e rfo rm s  b e tte r th an  the  average 

co m b in a tio n , as seen in  F ig u re  48.

3.00

2017

-------  Inf ------  INFF_C -------  INFF_MSE

F ig u re  48 : B a yes ia n  c o m b in a tio n  fo recasts: equal and inve rse  M S E  w e ig h ts
Source: A u th o r ’s calculations in EView s 11.

T he  R M S E  o f  equal c o m b in e d  B a yes ia n  approach  equals 0 .804415 , and the  R M S E  o f  the  

inve rse  M S E  B a yes ia n  approach  equals 0 .586937 . W e  can co nc lude  th a t th e  B a yes ia n  

c o m b in a tio n  p ro du ced  tw o  R M S E s  b e tte r th an  the  R M S E s  o f  m o d e l 1 and m o d e l 2. S t ill,  

the  R M S E  o f  m o d e l 2 rem a ins  to  be the  lo w e s t R M S E  o f  a ll in d iv id u a l and co m b in e d  

B a yes ia n  approaches.

4.3. Forecast comparison

C o n s id e rin g  a ll de te rm ina n ts  o f  in f la t io n  in  M o n te n e g ro 's  m a rk e t revea ls  c ru c ia l 

in fo rm a tio n  fo r  the  C B C G : b e tte r p re d ic tio n . E ve n  th o u g h  the  re la t iv e  w e ig h ts  o f  

B a yes ia n  V A R  m o d e l 1 and m o d e l 3 are lo w , w h e n  c o m b in in g  in to  re la t iv e  w e ig h ts , th ey  

revea l ro b u s t in fo rm a tio n  fo r  the  p o lic y m a k e rs : a lo w e r  R M S E . E v id e n ce  show s th a t 

add in g  va ria b le s  th ro u g h  d if fe re n t B a yes ia n  p r io r  m od e ls  sy s te m a tic a lly  increases the  

fo re ca s tin g  pe rfo rm an ce , lo w e r in g  the  R M S E .

T ab le  22  show s fo re cas t co m p a rison  co m b in a tio n s , B a yes ia n  and standard V A R , and the  

resu lts  show  th a t s tandard  V A R  c o m b in a tio n  has a lo w e r  R M S E  (0 .5 7 7 4 9 9 ) u p o n  u s in g  

the  inve rse  M S E  th an  the  B V A R . O n  the  o th e r hand, the  average c o m b in a tio n  o f  B a yes ian
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c o m b in a tio n  has a lo w e r  R M S E  (0 .8 0 4 4 1 5 ) th an  the  average w e ig h t s tandard V A R  

c o m b in a tio n  in  te rm s  o f  ro o t m ean square e rror.

T a b le  2 2 : C o m p a riso n  o f  B V A R  and V A R  c o m b in a tio n s  fo r  2 0 1 7 :1 -2 0 1 7 :1 2

C o m b in a t io n s A p p ro a c h R M S E

S ta n d a rd  V A R  
C o m b in a t io n

A ve ra g e  w e ig h ts 0.864771

In ve rse  M S E 0 .577499

B a y e s ia n  V A R  
c o m b in a t io n

A ve ra g e  w e ig h ts 0 .804415

In ve rse  M S E 0 .586937

Source: A u th o r ’s calculations in EView s 11.

W e  co nc lud e  th a t in c lu d in g  adequate B a yes ia n  V A R  fo recasts  in  the  fo re ca s t c o m b in a tio n  

co n s is te n tly  reduces th e  c o m b in a tio n  fo recasts ' ro o t m ean square e rro r. B o th  

co m b in a tio n s  are a c r it ic a l to o l fo r  the  p o lic y m a k e rs  o f  the  C en tra l B a n k  o f  M o n te n e g ro . 

T he  B a yes ia n  V A R  c o m b in a tio n  resu lts  c o n firm  the  standard V A R  c o m b in a tio n  resu lts  

th a t b o th  th e  a ve rag ing  and the  re la tiv e  p e rfo rm a n ce  w e ig h t approach  lo w e r  R M S E .

3.00

2017

--------  Inf -------  VAR_INFF_C --------  VAR_INFF_MSE

--------  BVAR_INFF_C --------  BVAR_INFF_MSE

F ig u re  49 : F orecast co m p a riso n  o f  B V A R  and V A R  co m b in a tio n s
Source: A u th o r ’s calculations in EView s 11.

L e t us see the  c o m p a riso n  o f  s tandard V A R  and the  B a yes ia n  V A R  fo re cas t c o m b in a tio n s  

fro m  2 0 1 7 :1 -2 0 1 7 :1 2  g ra p h ic a lly . F o r  the  f i r s t  th ree  m on ths , the  s im p le  V A R  a rith m e tic  

average c o m b in a tio n  fo re cas t o u tp e rfo rm s  a ll soph is tica te d  “ o p t im a l”  fo re cas t 

com pos ites  (2 .0 4 5 % ). F ro m  A p r i l  to  June 2017 , the  in ve rse  V A R  M S E , the  g reen lin e , is
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the  o p tim a l lin e a r  co m p o s ite  fo recast, b e in g  the  c losest to  the  actua l in f la t io n , the  b lu e  

lin e  (2 .1 2 7 % ). T he  B a ye s ia n  inve rse  M S E  takes o v e r the  lea de rsh ip  fro m  J u ly  u n t il 

D ece m b e r 2017 , co n v e rg in g  the  best to  the  actua l in f la t io n  (2 .6 6 1 % ). W e  have  reached a 

c r it ic a l co n c lu s io n  th a t b o th  c o m b in a tio n s  have to  be cons ide red  b y  the  G o v e rn m e n t o f  

M o n te n e g ro : the  standard  V A R  c o m b in a tio n  p e rfo rm s  the  best fo re ca s tin g  fo r  q ua rte r I  

and I I  o f  2017 , w h ile  B a yes ia n  V A R  c o m b in a tio n  show s the  best fo re ca s tin g  p e rfo rm an ce  

fo r  quarte rs  I I I  and I V  o f  2017.

A t  the  end o f  D ece m b e r 2017 , the  B V A R  M S E  c o m b in a tio n  in f la t io n  fig u re s  2 .661% . 

T he  B V A R  average c o m b in a tio n  in f la t io n  fig u re s  2 .82 2% , the  average w e ig h ts  approach 

o f  s tandard V A R  fig u re s  1 .537% , and the  inve rse  o f  s tandard V A R  M S E  fig u re s  1 .516% . 

S tandard V A R  c o m b in a tio n  m ode ls , average and re la tiv e  pe rfo rm an ce , sh ow  fo recasts 

th a t are susta inab le  and average in f la t io n  rate n o t m o re  th an  1 .5%  above the  in f la t io n  rate 

o f  the  th ree  best p e r fo rm in g  E U  M e m b e r states.

T he  average ra te  o f  the  th ree  best p e r fo rm in g  E U  M e m b e r states is  0 .4%  and, a dd in g  1 1/2 

percentage p o in ts , the  re fe rence  is  1.9% . E ve n  th o u g h  B V A R  c o m b in a tio n  m ode ls , 

average and re la t iv e  pe rfo rm an ce , end up  w a y  o f f  com pared  to  the  conve rgence  E U  

c r ite r ia , in c o rp o ra tin g  these B a yes ia n  c o m b in a tio n  m od e ls  is  essentia l fo r  the  C B C G 362. 

T he  B V A R  h ig h -d im e n s io n a l d y n a m ic  co m p os ite  m od e ls  e m p o w e r fo recasters.

362 Diebold, F. X. and P. Pauly., “ The use o f prior information in  forecast combination,”  International 
Journal o f  Forecasting, 1990, 6, 503-508.
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5. Panel Data Econometrics

T h is  section  deals w ith  cross c o u n try  g ro w th  and in f la t io n . T he  o b je c t iv e  is  n o t o n ly  to  

com pare  tw o  subgroups: i )  M o n te n e g ro  (M E )  and Serb ia  (S R ) as cand ida te  co un trie s  fo r  

the  E U  m e m be rsh ip  and i i )  C ro a tia  (C R ) and S lo ven ia  (S I), a lready in  E U , b u t to  h ig h lig h t 

the  M o n te n e g r in  case. S ince the  above tw o  subg roups have set th e ir  n a tio n a l d e ve lo p m e n t 

strategies, i t  is  w o r th y  o f  a n a ly z in g  h o w  th is  onset o f  fa c to rs  th a t d e te rm ine  e con om ic  

g ro w th  d yna m ics  a ffe c ts  in f la t io n 363 364 365 366 367 368 369. R o b e rt M . S o lo w  (1 9 5 6 ) and T re v o r  W in c h e s te r 

Sw an (1 9 5 6 ) stress th a t g o v e rn m e n t in te rv e n tio n  is c ru c ia l in  the  susta inab le  e con om ic  

g ro w th  process364365. O n  the  o the r hand, P au l M . R o m e r (1 9 9 3 ) and R o b e rt E . Lucas 

(1 9 8 8 ) h ig h lig h te d  endogenous g ro w th , fo c u s in g  on  kn o w le d g e , R & D , h um an  ca p ita l, 

and te c h n o lo g ic a l p rogress366367. T he  nexus be tw een  e co n o m ic  fre e d o m  (E F ) and the 

endogenous g ro w th  m o d e l (E G M ) has been sh ow n  in  several s tud ies368369. R ic h a rd  

C ebu la  (2 0 1 1 ) show s a p o s itiv e  re la tio n s h ip  be tw een  E F  and E G M  b y  u s in g  panel data370. 

K la u s  F r ie s e n b ic h le r (2 0 1 8 ) uses a m a c ro e co n o m ic  panel o f  O E C D  coun tries , w h ic h

363 Medic, R., “ Econometric Analysis O f Inflation Determinants In  Central And Eastern European 
Countries Based On Panel Models,”  M inistry o f  Finance, Belgrade, Serbia, 1-6/2009.

364 Solow, R. M., “ A  Contribution to the Theory o f Economic Growth.”  The Quarterly Journal o f  
Econom ics, 1956, 70(1), 65-94.

365 Swan, T. W., “ Economic Growth and Capital Accumulation.”  The Econom ic Record, 1956, 32(2), 
334-361.

366 Romer, Paul M ., “ Two Strategies fo r Economic Development: Using Ideas and Producing Ideas.”  In
Supplem ent to the W orld B ank Econom ic Review and  the World B ank Research Observer, ed. Lawrence 
H. Summers and Shekhar Shah, 63-91. Washington, DC: World Bank, 1993.

367 Lucas, Robert E., “ On the Mechanics o f Economic Development.”  Journal o f  M onetary Economics, 
1988, 22(1), 3-42.

368 Berggren, Niclas., “ The Benefits o f Economic Freedom: A  Survey.”  The Independent Review , 2003,
8(2), 193-211.

369 Gwartney, J., R. Holcombe and R. Lawson., “ Economic Freedom, Institutional Quality, and Cross­
Country Differences in  Income and Growth,”  Cato Journal, 2004, 24(3), 205-233.

370 Cebula, Richard., “ Economic Growth, Ten Forms o f Economic Freedom, and Political Stability,”
Journal o f  Private Enterprise, 2011, 26(2), 61-82.
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rep lica tes  and expands p re v io u s  estim a tes b y  M y u n g  H o o n  Y i  and C h a n g k y u  C h o i 

(20 05 ), th a t b roadband  in te rn e t lo w e rs  tra n sa c tio n  costs, th e reb y  in f la t io n . H e  s tud ied  207 

co un trie s  fro m  1 991-2007  and show ed th a t w h e n  the  in te rn e t p e n e tra tio n  rate  increases 

b y  1% , the  in f la t io n  rate d rops b y  0 .0 4 % -0 .1 3 % 371.

5.1. Methodology of panel econometrics

T he  c ross-sec tiona l data range w i l l  be fro m  2006 :1  to  2 01 7 :1 2 , thus  in c re a s in g  the  n u m b e r 

o f  observa tions . T o  c o n tro l fo r  t im e  trends in  fu r th e r  exam in a tion s , w e  w i l l  in c lu d e  

d u m m y  va riab les . In  o u r case, the  sam p le  set cons is ts  o f  a f ix e d  p e r io d  fo r  a ll cross­

sec tiona l u n its , m a k in g  th e  c o m b in e d  pane l data m a tr ix  set ba lanced . O u r e co n o m e tric  

m o d e l, p ro d u c tio n  fu n c t io n , is  rem od e le d  as fo llo w s :

V it  =  P it  +  P i  I " = i  E G D I it +  P 2 Z ”= !  c a p i t a l it +  e ™ p l o y it +

P a 12= 1 e f r e e it +  Y i = i  W i t  +  £ it (1 8 7 )

5.1.1. The fixed, random effects and cross-sectional dependence

T he  f ix e d -e ffe c ts  m e th o d  trea ts the  constan t a t s p e c if ic a lly  w ith in  each sec tion  N , as w e  

can see in  the  fo l lo w in g  m od e l:

Yit =  a i +  P l ^ H t  +  P2% 2it +  . . .  + P k % k it +  u it
Y  =  G a  +  X f i '  +  u

(18 8 )
(18 9 )

l Yi \
/ i T 0

0 \
/ M i x 12 x 1 k \

Y2 ) 0 i T 0 1 X 21 x 22 x 2k

Y  = G = X  =

\ y J NT x  1 V o 0 i T J NT x  N \X N i XN2 x N k ' NT x k

a  = P '  = (19 0 )

N x  1 k x  1

371 Friesenbichler, Klaus., “ Inflation and Broadband Revisited: Evidence from  an OECD Panel. A  
replication study o f Y i and Choi (Journal o f  Policy M odeling, 2005).”  International Journal fo r  Re-V iew s  
in Em pirical Econom ics, 2018, 2: 2018-1.
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F o r d if fe re n t cross-sections, w e  ge t d if fe re n t cons tan t estim a tes because o f  the  d u m m y  

in c lu s io n  in  the  m od e l. C o n tra ry  to  the  f ix e d  e ffec ts  m e thod , the  cons tan t va ries  in  the  

ran do m  process w ith in  each sub-sec tion . T he  W a ld  test, co m p a rin g  the  above m ethods, 

proposes to  re je c t the  n u ll h ypo the s is  th a t the  p o o le d  reg ress ion  m e th o d  is  m o re  

app ro p ria te  th an  the  f ix e d  e ffec ts  m e thod , w h ic h  o u tp e rfo rm s  the  ran do m  e ffec ts  m e th o d :

T a b le  2 3 : W a ld  te s t

T est S ta tis tic  V a lu e d f P rob.

F -s ta tis tic  103.3 570 (11, 559) 0.0000
C h i-squ a re  1136.927 11 0.0000

Source: A u th o r ’s calculations in EView s 11.

T he  n u ll h ypo the s is  assumes th a t the  series are indep en d en t o f  each o the r, as M . H ashem  

Pesaran (2 0 0 4 ) p roposes372:

L M ad j —
2 T

N ( N - l)
/ y N -1  y N  
\ ^ i = j  L j= i+ i

2 (T - K- 1 ) p i j- ^ Tij
P i j --------------- ---------aTij

^  N ( 0 ,1 ) (19 1 )

T a b le  2 4 : R e s id u a l c ro s s -s e c tio n  d e p e n d e n ce  te s t

Test S ta tis tic d .f. P rob.

B reusch -P agan  L M 2 30 .6607 6 0.0000
Pesaran scaled L M 64.85395 0.0000
B ia s -co rre c te d  scaled L M 64.83996 0.0000
Pesaran C D 7 .742262 0.0000

Source: A u th o r ’s calculations in EView s 11.

Since N = 4  and T = 1 4 4  in  o u r s tudy , w e  use the  L M  test. T he  a ssum ption  is  th a t the  erro rs  

fo r  d if fe re n t c ross-sec tiona l u n its  are u n co rre la te d , and the  resu lts  are as T ab le  24. T he  

f ir s t  l in e  show s resu lts  fo r  the  B reusch -P agan  L M  test. In  th is  case, the  v a lu e  o f  the  test 

s ta tis tic  (2 3 0 .6 6 ) is  w e ll in to  the  u p p e r ta i l  o f  a / | ,  and s tro n g ly  w e  re je c t the  n u ll 

hypo the s is  o f  no  c o rre la tio n  at c o n ve n tio n a l s ig n ific a n c e  leve ls . T he  n e x t tw o  line s

372 Pesaran, Hashem M., “ General Diagnostic Tests fo r Cross Section Dependence in  Panels” , IZA  
Discussion P aper 2004, No. 1240.
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presen t resu lts  fo r  the  tw o  scaled Pesaran tests. T he  Pesaran scaled and B reusch -P agan  

L M  tests are a s y m p to t ic a lly  s tandard n o rm a l, and the  test s ta tis tic  resu lts  o f  64.85  and 

64 .83 , re sp e c tive ly , s tro n g ly  re je c t the  n u ll at c o n v e n tio n a l leve ls . W h ile  the  tes t s ta tis tic  

va lu e  o f  7 .74  is  s ig n if ic a n t ly  b e lo w  the  scaled L M  tests. T he  Pesaran C D  tes t s t i l l  re jects  

the  n u ll a t the  c o n v e n tio n a l s ig n ific a n c e  leve ls .

5.1.2. Panel unit roots

In  the  lite ra tu re  o f  pane l u n it  ro o t tests, there  are a co up le  o f  s tandard ized  m ethods such 

as In  C h o i (2 0 0 1 ); Jo rg  B re itu n g  (2 0 0 2 ); A n d re w  L e v in , C h ie n -F u  L in  and C h ia -S hang  

James C hu  (2 0 0 2 ); K y u n g  So Im , M . Pesaran and Y o n g c h e o l S h in  (2 0 0 3 ); and N ic h o la s  

A p e rg is  and James P ayne (2 0 0 9 )373374375376377. W e  w i l l  u t i l iz e  in d iv id u a l and standard u n it  

ro o t processes to  tes t the  u n it  ro o t and s ta tio n a r ity  fo r  M o n te n e g ro , Serbia, C ro a tia , and 

S loven ia . A l l  v a ria b le s  in  the  m o d e l are tested  on  b o th  le ve ls  and f ir s t  d iffe rences .

T he  resu lts  o f  pane l u n it  ro o t tests are p resented in  T a b le  25. B ased on  th e  resu lts  o f  the  

panel u n it  ro o t at le v e l, ca p ita l s to ck  con ta ins  u n it  roo ts  a c co rd in g  to  PP and K a d d o u r 

H a d r i (2 0 0 0 ) up  to  10%  s ig n ific a n c e  le v e l373 374 375 376 377 378. T he  A D F , PP, and H a d r i c o n f irm  n on - 

s ta tio n a r ity  fo r  e m p lo y m e n t at the  leve l.

373 Choi, I., “ U nit Root Tests fo r Panel Data,”  Journal o f  International M oney and  Finance, 2001, 20(2), 
249-272.

374 Breitung, J., “ Nonparametric Tests fo r U nit Roots and Cointegration,”  Journal o f  Econometrics, 2002, 
108(2), 343-363.

375 Levin, A., Ch.-F. L in  and Ch.-Sh. J. Chu., “ U nit Root Tests in  Panel Data: Asymptotics and Finite- 
Sample Properties,”  Journal o f  Econometrics, 2002, 108(1), 1-24.

376 Im, K. S., H. M. Pesaran, and Y. Shin., “ Testing fo r unit roots in  heterogeneous panels,”  Journal o f  
Econom ics, 2003, 115(1), 53-74.

377 Apergis, N. and J. Payne., “ Energy Consumption and Economic Growth in  Central America: Evidence 
from  a Panel Cointegration and Error Correction Model,”  Energy Econom ics, 2009, 31(2), 211-216.

378 Hadri, K., “ Testing fo r Stationarity in  Heterogeneous Panel Data” , The Econom etrics Journal, 2000, 
3(2), 148-161.
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T a b le  2 5 : P a n e l u n i t  r o o t  te s t re s u lts

N u l l :  U R  

M e th o d s

T est in : V a ria b le s

L e v in ,

L in  and C hu

B re itu n g

t-s ta t

Im , Pesan 

and S h in

A D F

F ishe r C h i-

sq

PP

F ishe r C h i-

sq

N u ll:S ta t io n a ry

H a d ri

Z -s ta t

L e v e l G D P -4 90 * * * -2 .01 * * * -2 90 * * * 3 3 .6 3 * * * 2 0 .0 3 * * * 1.77
C A P . ST. -3 2 4 * * * -1 .4 0 * -1 .7 6 * * 14 .6 2 * 3.08 9.02
E M P -2 57 * * * -2 .2 1 * * -1 .4 6 * 12.35 2.78 2.88
L O G E F -1 .6 3 * * 0.4 -0 .76 9 .56 31 4 4 * * * 13.24
L O G E G D I - 3 .0 3 * * * 0.05 -0.05 13 .7 8 * 2 6 .5 6 * * * 9 .22
IN F - 3 .0 5 * * * -2 .5 6 * * * -2 .2 6 * * * 1 7 .2 9 * * 1 8 .9 5 * * 0 .0 7 * * *

F irs t  D i f f . G D P -6 4 6 * * * - 5 .3 7 * * * - 3 84 * * * 5 1 .6 4 * * * 4 6 .9 0 * * * - 0 .3 1 * * *
C A P . ST. - 4 .0 9 * * * -2 .1 8 * * -1 .7 9 * * 2 6 .5 5 * * * 2 7 .8 9 * * * 0 .3 7 * * *
E M P - 2 .9 0 * * * -2 .2 7 * * -4 92 * * * 2 0 .5 9 * * * 5 8 .0 3 * * * 0 .7 7 * * *
L O G E F -4 15* * * -1 .8 1 * * -1 .6 7 * * 2 6 .9 5 * * * 2 7 .2 2 * * * 0 .7 7 * * *
L O G E G D I -3 2 8 * * * -1 .7 0 * * * - 5 2 4 * * * 5 7 .1 6 * * * 6 0 .7 8 * * * 1 2 7 * * *

IN F - 19 6 9 * * * - 1 6 .5 6 * * * - 2 0 .0 7 * * * 8 0 4 .5 4 * * * 8 2 2 .8 3 * * * - 1 11* * *

Notes: ***, **, * implies 1%, 5%, and 10% significance levels.
Source: A u th o r ’s calculation in EView s 11.

197



Maintaining price stability in Montenegro through governance o f external and internal _ factors
o f inflation

T he  lo g a r ith m  o f  the  e co n o m ic  fre e d o m  v a ria b le  has a u n it  ro o t at a le v e l based on 

B re itu n g , IP S , A D F , and H a d ri. T he  L O G E G D I is  suggested to  have u n it  roo ts  based on 

B re itu n g , IP S , and H a d ri. T he  D (C S ), D (E M P ), and D (L O G E F )  re je c t the  n u ll h ypo thes is  

o f  IP S  u n it  ro o t at sp e c ifie d  la g  le n g th  5, w ith  p ro b a b ilit ie s  o f  (0 .0 41 7 ), (0 .0 00 ), and 

(0 .0 46 9 ), re sp e c tive ly . S ta tio n a rity  is  accepted at the  f ir s t  d iffe re n c e  fo r  a ll pane l u n it  

tests. T he  series are in te g ra te d  o f  o rd e r I  (1).

5.1.3. Panel cointegration test

W e  w i l l  n o w  deve lo p  a pane l c o in te g ra tio n  m o d e l, and the  p re c o n d itio n  fo r  ru n n in g  such 

a m o d e l is  th a t v a ria b le s  at 1st d iffe re n c e  becom e s ta tiona ry . In  case th e y  co in teg ra te , th en  

w e  have a lo n g -ru n  re la tio n s h ip  be tw een  the  dependent and the  ind ep en d en t va riab les . 

W e  w i l l  a p p ly  P e te r P e d ro n i (20 04 ), C h ih w a  K a o  (1 9 9 9 ), and Soren Johansen's (19 88 ) 

m e th o d o lo g ie s  to  test pane l c o in te g ra tio n 379380381.

T a b le  2 6 : P e d ro n i, K a o , and Johansen pane l c o in te g ra tio n  test resu lts

Stat W e ig h . St t-S ta t. F. T race F. (m a x -e ig e n )
Panel v -S ta t 2 .2 9 * * 1 .7 3 **
Panel rh o -S ta t -0 .49 -0 .06
Panel P P -S ta t -0 .78 -0 .06
Panel A D F -S ta t - 3 .5 3 * * * - 1.10
G ro u p  rh o -S ta t 0 .60
G ro u p  P P -S ta t 0 .06
G ro u p  A D F -S ta t -1 .9 5 * *
A D F -2 .2 0 * *
N on e 5 8 .6 9 * * * 3 2 .6 0 * * *
A t  m o s t 1 3 0 .6 8 * * *
A t  m o s t 2 2 0 .6 2 * * *

Notes: ***, **, * implie s 1%, 5%, and 10% significance levels.

Source: A u th o r ’s calculations in Eview s 11. 379 380 381

379 Pedroni, P., “ Panel Cointegration: Asymptotic and Finite Sample Properties o f Pooled Time Series 
Tests w ith  an Application to the PPP Hypothesis,”  Econom etric Theory, 2004, 20(3), 597-625

380 Kao, Ch., “ Spurious Regression and Residual-Based Tests fo r Cointegration in  Panel Data.”  Journal o f  
Econom etrics, 1999, 90(1), 1-44.

381 Johansen, S., “ Statistical Analysis o f Cointegration Vectors,”  Journal o f  Econom ics D ynam ic and  
Control, 1988, 12(2-3), 231-254.
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T ab le  26  p ro v id e s  panel c o in te g ra tio n  tes t s ta tis tics  w h ic h  eva lua te  the  n u ll aga ins t b o th  

the  hom ogeneous and th e  he te rogeneous a lte rna tives . In  the  case o f  P e d ro n i, fo u r  o f  the  

e leven  s ta tis tics  re je c t the  n u ll h ypo the s is  o f  no  c o in te g ra tio n  at the  c o n v e n tio n a l size o f  

5% . K a o ’ s res idu a l tes t s ta tis tics  re je c t the  n u ll hypo thes is . Johansen ’ s m a x im u m  

lik e lih o o d  c o in te g ra tio n  approach  c o n firm s  the  resu lts  b y  K a o . T es t resu lts  suggest th a t 

the  v a ria b le s  have a lo n g -ru n  re la tio n s h ip  s ince the  p -v a lu e  is  less th an  5% .

T he  u n re s tr ic te d  c o in te g ra tio n  ra n k  test, m a x im u m  E ig e n va lu e , re je c t the  h ypo the s is  th a t 

there  is  no  c o in te g ra tio n  am ong  the  va riab les . M e a n w h ile , the  T race  test estim a tes th ree  

c o in te g ra tio n  equations. In d iv id u a l c ross-sec tiona l resu lts  o f  T race  tes t s ta tis tics  fo r  

M o n te n e g ro , Serbia, C ro a tia , and S lo ve n ia  re je c t the  n u ll h ypo the s is  o f  no  c o in te g ra tio n . 

M a x im u m  E ig e n v a lu e  tes t s ta tis tics  re je c t the  n u ll h ypo the s is  at 0.1 s ig n ific a n c e  fo r  a ll 

co un trie s ; fo r  M o n te n e g ro  and C ro a tia  at the  0 .05 c o n ve n tio n a l le v e l, th e y  re je c t the  n u ll 

o f  no  co in te g ra tio n .

5.2. Panel VECM of Montenegro, Serbia, Croatia, and Slovenia

T he  fo l lo w in g  va ria b le s  c o n s titu te  o u r V E C M  m o d e l, as fo l lo w s :

I n f it  =  g d p i t , c a p i t a l _ s t o c k i t , e m p l o y m e n t i t , l o g e g d i i t , l o g e c o f r e e d o m i t , 
d u m 2 0 0 6 ,  d u m 2 0 0 7 ,  d u m 2 0 0 8 ,  d u m 2 0 0 9 ,  d u m 2 0 1 0 ,  d u m 2 0 H ,

d u m 2 0 1 2 , d u m 2 0 1 3 , d u m 2 0 1 4  (1 9 2 )

K e y  va ria b le s  are e -g o ve rn m e n t and e co n o m ic  free do m , w h ic h  are in c lu d e d  to  m easure 

e c o n o m e tr ic a lly  the  im p a c t o f  these shocks on  M o n te n e g ro 's  in f la t io n , Serbia, C roa tia , 

and S lo ven ia  and its  econom ies. T he  sam p le  p e rio d  w i l l  be fro m  January 2006  to  

D ece m b e r 2017 , b u t fo r  e s tim a tio n  purposes, the  V E C M  m o d e l goes fro m  January 2006  

t i l l  D ece m b e r 2015. W e  w i l l  u t i l iz e  the  o u t-o f-s a m p le  m o d e l to  fo recas t v a ria b le s  fro m  

January 2016  t i l l  D ece m b e r 2017. I t  w i l l  be o u r to o l to  assess w h e th e r o u r m o d e l can 

p re d ic t actua l in f la t io n  fro m  2016 :01  onw ards.

In c lu d in g  8 lags in  the  tes t o f  la g  e x c lu s io n  o r la g  le n g th  c r ite r ia  p e rta in in g  to  d e c id in g  

the  n u m b e r o f  lags to  be a p p lie d  in  o u r V E C M  m o d e l, the  F in a l p re d ic to r  e rro r  F P E  (7 .0 3 ), 

A k a ik e  in fo rm a tio n  c r ite r io n  A IC  (-2 4 .7 7 ), S chw arz  in fo rm a tio n  c r ite r io n  SC (-2 3 .6 1 ) 

and H a n n a n -Q u in n  in fo rm a tio n  c r ite r io n  H Q  (-2 4 .3 1 ) suggest 2 lags as the  f i t t in g  lag  

len g th . In  co m p arison , o n ly  sequen tia l m o d if ie d  L R  tes t s ta tis tic  L R  (9 8 .9 5 ) suggests 8
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lags. W e  se lect 8 lags, as w e  w i l l  see th a t any o the r n u m b e r o f  lags is  n o t enough  fo r  

s ta tio n a rity , l ik e  the  a pp ro p ria te  la g  le n g th  fo r  o u r m od e l. A l l  the  inve rse  roo ts  o f  the  A R  

ch a ra c te ris tic  p o ly n o m ia l l ie  w ith in  the  u n it  c irc le , c o n firm in g  the  m od e l's  s ta tio n a rity . 

T he  la rge s t in ve rse  ro o t o f  the  A R  p o ly n o m ia l is  0 .999859 , a c c re d itin g  o u r assessm ent o f  

the  V A R  m od e l's  s ta tio n a rity . L o o k in g  at n o ta b ly  1st lags sh o rt-te rm  e rro r  c o rre la tio n s ), 

a ll the  lin e s  lie  w ith in  the  2 standard e rro r  bounds suggesting  no  a u to co rre la tio n . A n o th e r  

b a ck  up  to  the  suggestion  o f  m is s in g  a u to c o rre la tio n  is  n o n -n o tice a b le  co n tin u a l w ave  

s inu so id a l and p = 6 6 .8 3 %  fo r  la g  o rders  up  to  11. M o re o v e r, s ince  the  p = 0 .1 1 8 2 , w e  

canno t re je c t the  n u ll h ypo the s is  o f  h om o ske d a s tic ity .

T he  c o e ff ic ie n ts  o f  u n re s tr ic te d  V E C M  are s ta tis tic a lly  s ig n if ic a n t fo r  L O G E F  and 

L O G E G D I since  the  co rre sp o n d in g  t - s ta t i s t ic  is  5 .2741 and 5 .7675 , re sp e c tive ly . W h ile  

fo r  ca p ita l stock, e m p lo y m e n t and G D P  are n o t s ig n if ic a n t estim ates in  the  lo n g  ru n  since 

the  t - s ta t s  are less th a n  2. Im p o s in g  re s tr ic tio n s  on  the  V E C M , w e  tes t fo r  w e a k  

e xog en e ity  o f  e m p lo y m e n t and G D P  b y  im p o s in g  A  (3 ,1 ) =  0, A  (6 ,1 ) =  0 on  the  f it te d  

m o d e l (T a b le  27). W e  w i l l  tre a t in f la t io n  as the  dependent v a ria b le  in  the  lo n g -ru n  

equa tion , B  (1 ,1 ) =  1. T h e p - v a l u e  o f  th e  test s ta tis tic  fo r  w e a k  e xo g e n e ity  is  0 .2935 . Thus, 

w e  can accep t the  n u ll hypo the s is  th a t e m p lo y m e n t and G D P  can be trea ted  as exogenous. 

W e  w i l l ,  th e re fo re , co n tin u e  to  use th is  re s tr ic tio n  in  o u r base line  s p e c ific a tio n  o f  the  

m od e l. T he  c o e ff ic ie n t o f  the  E C M  (C o in te q 1 ) is  neg a tive  (-0 .0 9 2 5 7 8 ) and s ig n if ic a n t ( ­

5 .22 84 9 ) co n ce rn in g  in f la t io n . T he  E C M  c o e ff ic ie n ts  o f  ca p ita l s tock, L O G E F , and 

L O G E G D I are n e g a tive  (-0 .0 0 7 1 2 6 ), ( -4 .2 3 E -0 5 ), and (-0 .0 0 0 2 7 0 ), re sp e c tive ly , and 

s ta tis tic a lly  s ig n ific a n t, (-3 .3 5 2 7 6 ), (-3 .7 1 7 2 3 ), and (-5 .1 8 8 7 2 ), re sp e c tive ly .

In  contrast, the  in s ig n ific a n c e  o f  the  E C M  c o e ff ic ie n ts  o f  e m p lo y m e n t and G D P  equations 

suggests th a t these v a ria b le s  are w e a k ly  exogenous to  in f la t io n . W e  argue th a t these 

resu lts  are reasonab le  s ince  in f la t io n , ca p ita l s tock, e co n o m ic  free do m , and E G D I are 

endogenous ( f lo w )  va ria b le s  dependent on  each o ther. E m p lo y m e n t and G D P  take  t im e  

to  reac t to  d is e q u ilib r ia  in  in f la t io n  re la t iv e  to  its  lo n g -ru n  path. T he  E C M  c o e ff ic ie n t ( ­

0 .09 25 7 8 ) im p lie s  th a t the  m echan ism  co rrec ts  its  p re v io u s  p e rio d  d is e q u ilib r iu m  at an 

average speed o f  9 .25 %  m o n th ly .
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T a b le  2 7 : V e c to r  e rro r c o rre c tio n  estim ates w ith  re s tr ic tio n s

C o in te g ra tio n  R e s tric tio n s : 
B (1 ,1 )= 1 , A (3 ,1 )= 0 , A (6 ,1 )= 0  
C h i-sq u a re (2 ) 2 .451771  
P ro b a b ility  0 .293498

C o in tE q : IN F (-1 ) C A P _ S T (-1 ) E M P (-1 ) L O G E F (-1 ) L O G E G D I( -1 ) G D P (-1 ) C

IN F (-1 ) 1.0000 0.0601 0 .0252 62.2855 1.04522 0 .3128  -26 2 .2 4 20
(0 .1 5 6 6 ) (0 .0 1 9 7 ) (1 2 .4 4 9 0 ) (0 .1 8 3 8 ) (0 .1 5 7 2 )
[0 .3 8 3 8 ] [1 .2 7 6 3 ] [5 .0 03 2 ] [5 .6 86 7 ] [1 .9 89 3 ]

E r ro r  C o rr.: D ( IN F ) D (C _ S T ) D (E M P ) D (L O G E F ) D (L O G E G D I) D (G D P )

C o in tE q 1 -0 .0925 -0 .0071 0.0000 -4 .2 3 E -0 -0.0002 0.0000
(0 .0 1 7 ) ( 0 .0021 ) ( 0 .0000 ) (1 .1 E -0 ) (5 .2 E -0 5 ) (0 .0000 )

[-5 .2 2 8 ] [-3 .3 5 2 7 ] [N A ] [-3 .7 1 7 2 ] [-5 .1 8 8 7 2 ] [N A ]

Source: A u th o r ’s calculations in Eviews 11.
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T a b le  2 8 : G range r ca u sa lity  resu lts  based on  V E C M  - x 2 indep en d en t va ria b le s

s ta tis t ic s  o f  la g g e d  1s t d if fe re n c e d  te rm /(p -v a lu e )

D e p .
V a r .

A IN F A C A P _ S T . A E M P A L O G E F A L O G E G D I A G D P E C T t-1

A IN F -- 10.161 2 .350 15.522 23 .064 14.381 -0 .0 92

(0 .1 7 9 ) (0 .9 3 7 ) (0 .0 2 9 )* * (0 .001 ) * * * (0 .0 4 4 )* * [-5 .2 2 ]

A C A P _ S T . 22 .018 -- 9 .404 0 .446 7.290 8.415
0 .0 0 7 * *

(0 .0 0 2 5 )* * * (0 .2 2 4 ) (0 .9 9 9 ) (0 .3 9 9 ) (0 .2 9 7 ) [-3 .3 5 ]

A E M P 4.578 1.859 -- 3 .395 4 .886 5.185 0.000
(0 .7 1 1 ) (0 .9 6 7 ) (0 .8 4 6 ) (0 .6 7 3 ) (0 .6 3 7 ) [N A ]

A L O G E F 16.127 12.356 0.830 -- 1.847 10.562
4 .2 3 E * *

(0 .0 2 4 )* * (0 .0 8 9 )* (0 .9 9 7 ) (0 .9 6 7 ) (0 .1 5 8 ) [-3 .7 1 7 ]

A L O G E G D I 11.708 7.580 1.418 3.438 -- 7 .649
0 .000 * *

(0 . 110) (0 .3 7 1 ) (0 .9 8 5 ) (0 .8 4 1 ) (0 .3 6 4 ) [-5 .1 8 8 ]

A G D P 13.647 1.133 3.095 7 .896 2 .786 -- 0.000
(0 .0 5 7 )* (0 .9 9 2 ) (0 .8 7 6 ) (0 .3 4 1 ) -0 .904 [N A ]

Note: ***, ** and ** denotes significant at 1%, 5%, and 10% significance level, respectively. The figure in the parenthesis (...) represent as p -value and the figure in the 
squared brackets [ . ]  denote as t-statistic.

Source: A u th o r ’s calculations in Eviews 11.
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I t  a lso  im p lie s  th a t, on  average, 9 .2 5 %  o f  d e v ia tio n  fro m  the  lo n g -ru n  e q u ilib r iu m  is  

sm oo thed  in  one m on th . In  l in e  w ith  reasonab le  p r io r  expecta tions , the  s ign  o f  the  E C M  

(C o in te q 1 ) c o e ff ic ie n t is  s ig n if ic a n t and nega tive , in d ic a tin g  there  is  a lo n g -ru n  ca usa lity  

f ro m  e co n o m ic  fre e d o m  and E G D I to  in f la t io n . W e  m u s t negate th e  s ign  o f  the  

c o e ff ic ie n ts  sh ow n  in  T ab le  27  because o f  h o w  the  e qu a tio n  is  represented; i t  is  

n o rm a liz e d  w ith  a ll the  va ria b le s  on  th e  le ft-h a n d  side. T he  above resu lts  l ie  on  a 

c o n tin u u m  w ith  the  n e w  g ro w th  th e o ry , w h ic h  states th a t g o v e rn m e n t re g u la tio n  reduces 

in f la t io n  th ro u g h  increased  e ff ic ie n c y , resource  a llo c a tio n , and increased  F D I. T he  lo n g - 

ru n  e qu a tio n  lo o k s  as fo l lo w s :

i n f  =  2 6 2 .2 4  — 6 2 .2 8  l o g ( e c o n o m i c  f r e e d o m )  — 1 .0 5  l o g ( E G D I )  (19 3 )

W e  can n o tic e  fro m  the  lo n g -ru n  e qu a tio n  th a t e m p lo y m e n t is  w e a k ly  exogenous since its  

im p a c t is  m o re  concen tra ted  in  the  sho rt run . I t  happens to  be o u r recom m ended  m od e l 

fo r  fo re cas tin g . In  f ro n t o f  eve ry  equa tion , there  are E C M  c o e ff ic ie n ts , w h ic h  are taken  

l i te ra l ly  f ro m  the  e s tim a ted  m od e l. W e  can n o tic e  th a t fo r  e m p lo y m e n t and G D P , the  e rro r 

c o rre c tio n  te rm  is  set to  zero.

N ic h o la s  A p e rg is  and James P ayne (2 0 1 0 ) em phasize  th a t g iv e n  the  va ria b le s  are 

co in teg ra ted , a pane l V E C M  is  estim a ted  to  p e rfo rm  G ra n g e r-ca u sa lity  tests382. N e x t, 

h a v in g  d e fin e d  the  lag ge d  res idua ls  as the  e rro r  c o rre c tio n  te rm , the  fo l lo w in g  in f la t io n  

d y n a m ic  e rro r c o rre c tio n  m o d e l is  es tim a ted  (as w e ll fo r  the  o the r v a ria b le s ):

M N F it =  a 1j  +  Z f = i ^ n  ik & G D P i t - k +  Y ^ = i - d i2 ik k C a g S t i t - k +

3 = 1 ^ 1 3  i k & E m i t - k + i i = i 0 i 4 i k A E G D I i t - k +  'Z * = i 0 i 5 ikA E c o F r e e i t - k  +  

T , i = i 0 i e i k M n f i t - k +  V u E i t - i  +  u u t  (1 9 4 )

w he re  i  denotes coun tries , t  p e rio d , k  la g  le n g th  set at e ig h t based on  lik e lih o o d  ra tio  tests, 

A  is  the  f irs t-d iffe re n c e  ope ra to r, and u  is  the  s e r ia lly  u n co rre la te d  e rro r  te rm . The 

s ta tis tica l s ig n ific a n c e  o f  the  p a rtia l F -s ta tis tic s , associated w ith  the  co rre sp o n d in g  r ig h t-  

hand  side va ria b le s , d e te rm ine  the  S h o rt-ru n  ca usa lity . T he  ca usa lity , fo r  instance, 

ru n n in g  fro m  ca p ita l s to ck  to  G D P , is  tested  b y  re s tr ic t in g  d 62ik =  0. T he  n u ll h ypo thes is

382 Apergis, Nicholas and James Payne., “ Energy consumption and growth in  South America: 
Evidence from  a panel error correction model,”  E n erg y  E conom ics, 2010, 32(6), 1421-1426.
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is  th a t the  lagged  c o e ff ic ie n ts  =  0 , w h ile  the  a lte rn a tive  h ypo the s is  is  th a t the  lagged  

c o e ff ic ie n ts  ^  0 , and the  d ire c t io n  is  to  re je c t the  n u ll h ypo the s is  i f  the  p -v a lu e  o f  the  

c h i 2-s ta tis tic  is  <  0 .05. Thus, w e  can estim ate  b o th  lo n g -ru n  and sh o rt-ru n  ca usa lity , 

re sp e c tive ly , on  the  / 2 -  tes t o f  the  lagged  f i r s t  d iffe re n c e d  te rm s fo r  each r ig h t-h a n d  side 

v a ria b le  and the  t-te s t o f  the  e rro r c o rre c tio n  te rm . T he  tes t resu lts  are p resented  in  T ab le  

28. A t  the  s ig n ific a n c e  o f  5% , 1%, and 5%  le v e l, re sp e c tive ly , w e  n o tic e  the  G range r 

ca u sa lity  o f  L O G E F , L O G E G D I, and A G D P  on A IN F .

5.2.1. Panel dynam ic forecasts

D a ta  fro m  2016 :1  u n t i l  2 0 1 7 :1 2  w i l l  be used to  eva lua te  o u t-o f-s a m p le  fo re ca s tin g  

p e rfo rm ance . F o re cas tin g  e v a lu a tio n  s ta tis tics  are sh ow n  in  T ab le  29. N o t ic e  th a t the 

E C M  m o d e l can p re d ic t the  actua l b e h a v io r  o f  in f la t io n  ra th e r w e ll.  T h is  re s u lt p ro v id e s  

fu r th e r  ev idence  th a t the  s ig n if ic a n t d r iv in g  in te rn a l fo rc e  b e h in d  the  m o v e m e n t o f  

in f la t io n  fo r  M E , SR , C R , and S I, is  in n o v a tio n s  to  e co n o m ic  fre e d o m  and E G D I.

T a b le  2 9 : F o re cas tin g  e v a lu a tio n  s ta tis tics  fo r  M E , SR, H R , and S I

F o re . E v a l.  S t. M E S R H K S I

B ia s 0.13 0.84 -2 .58 -0.73
M S E 0.25 4 .12 10.71 1.14
R M S E 0.50 2.03 3 .27 1.07
SE 0.24 3.41 4.03 0.60
M A E 0.42 1.73 2.66 0.85
M P E 8.25 -83 .86 -137.23 -75 .55
M A P E 72.19 398 .04 2 33 .56 92.15
T h e il's  U 1 0.19 0.53 0 .96 0.31
T h e il's  U 2 1.01 3.47 1.59 0.85

B ia s  p ro p o rt io n 0.06 0.17 0 .62 0.47
V a ria n c e  p ro p o rt io n 0.364 0.163 0 .046 0.217
C ova ria nce  p ro p o rt io n 0.568 0.666 0.331 0.306

Source: A u th o r ’s calculations in Eview s 11.
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F ig u re  50 : Panel fa n  ch a rt 2016:1  -  2017:01
Source: A u th o r ’s calculations in Eview s 11.

T he  d e te rm in is tic  -  s ta tic  (D S ) show s the  best s tra teg ic  fo re ca s tin g  p e rfo rm a n ce  fo r  

M o n te n e g ro  and S loven ia . W h ile  fo r  Serb ia  and C ro a tia , the  d e te rm in is tic  -  d y n a m ic  

(D D )  p roves  to  be the  m o s t a pp ro p ria te  fo re ca s tin g  p e rfo rm ance . T w o  fo re ca s tin g  

strateg ies w e re  used as b e n ch m a rk in g : D D  and D S . A s  seen in  T ab le  29, a lo t  o f  C ro a tia n  

and S lo ven ian  co va ria n ce  p ro p o rt io n  goes to  b ias  p ro p o rt io n , w h ile  M o n te n e g r in  to  

va ria n ce  p ro p o rt io n  and S erb ian  to  b o th  b ias  and va ria n ce  p ro p o rt io n .

W e  increased  e -g o ve rn m e n t -  scenario  1 and e con om ic  fre e d o m  -  scenario  2, 

a gg re ss ive ly  f ro m  10%  to  56% , fo r  the  p e rio d  2016 :1  to  2 017 :12 . In f la t io n  d rops d o w n  

sh a rp ly  based on  the  a lte rn a tiv e  fo re c a s tin g  scenario  1 fo r  C ro a tia  and S lo ve n ia  a fte r the  

1st quarte r. I t  im p lie s  th a t the  g ro w th  in  te c h n o lo g ic a l p rogress has increased  the  rea l 

w ages, lo w e re d  p rices , and res tru c tu red  the  m arke ts  in  te rm s o f  co m p e titive ne ss  fo r  

S lo ve n ia  and C roa tia . S e ns itive  fo re ca s tin g  scenario  2 revea ls  a v e ry  sharp d e c lin e  in  

in f la t io n  in  a ll coun tries . T h is  substan tia l lite ra ry  ev idence  is  in  l in e  w ith  n e w  g ro w th  

theo ries  th a t g o v e rn m e n t re g u la tio n s  o f  e co n o m ic  a c tiv it ie s  reduce  in f la t io n  th ro u g h  its
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im p a c t on  G D P , b y  and la rg e  th ro u g h  increased  e ff ic ie n c y , b e tte r a llo c a tio n  o f  resources, 

enhanced ca pa c ity  u t i l iz a t io n , and increased  F D I.

5.2.2. Panel im pulse response functions

T he  im p u ls e  response o f  in f la t io n  to  the  e co n o m ic  fre e d o m  shock show s th a t in f la t io n  

decreases s lo w ly  in  the  f ir s t  tw o  quarte rs, rea ch in g  -0 .0 61 3 04  and in c re a s in g  g ra d u a lly  

up  to  0 .003734  a fte r 11 m on ths . C a re fu lly , w e  have to  observe  h o w  p ro d u c t iv ity  and la b o r 

m a rke t e xpec ta tions  are fo rm e d  in  F ig u re  51.

Response of INF to LOGEGDI Response of INF to LOGEF

.8

.6

.4

.2

.0

-.2
1 2  3 4 5 6 8 9 10 1 2 3 4 5 6 7 8 9 107

F ig u re  51 : Panel im p u ls e  response fu n c tio n s
Source: Author's calculations in Eviews U.

S in ce  the  exam in e d  co un trie s  are c o n v e rg in g  ra p id ly , th is  im p lie s  a c o rre c tio n  o f  p rice  

expecta tions  P e re g a rd in g  the  cu rre n t p rice  le v e l P . I f  so c ie ty  expects th a t the  p ric e  le ve l 

w i l l  decrease, then  the  rea l w ages in  P S  re la t io n  sh ou ld  increase, s h if t in g  up  the  P S  

re la tio n . T he  W S  re la t io n  w i l l  change as w e ll based on  A e, u n e m p lo y m e n t u ,  and 

in s t itu t io n a l fa c to rs . T he  s h if t  o f  the  W S  cu rve  depends on  the  expected  le v e l o f  

p ro d u c t iv ity .  H y p o th e tic a lly , i f  w o rk e rs ’ e xpec ta tions  o f  p ro d u c t iv ity  increase  are h ig h e r 

th an  w h a t f irm s  expect, W S  w i l l  s h if t  m o re  th an  the  P S ,  in c re a s in g  u n e m p lo ym e n t.

5.2.3. Panel variance decom position

N o w , le t ’ s tu rn  to  o u r e m p ir ic a l resu lts  o f  pane l va ria n ce  d e co m p o s itio n . F ig u re  52 

represents the  panel fo re cas t e rro r va ria n ce  o f  in f la t io n . W e  have  set the  h o riz o n s  to  be 

fro m  1 to  48 m on ths  fo re cas t e rro r va riance . A t  sh o rt h o r iz o n s  (1 m o n th ), the  fo recast 

e rro r va ria n ce  o f  in f la t io n  is  due to  i ts e lf  100% . W h y ?  S ince  the  in f la t io n  w as p laced  f ir s t  

in  the  recu rs ive  o rd e rin g , no  o th e r shocks a ffe c t i t  con tem po raneous ly .
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F ig u re  52 : Panel va ria n ce  d e c o m p o s itio n  o f  in f la t io n
Source: A u th o r ’s calculations in Eview s 11.

A s  h o rizo n s  increase, w e  n o tic e  each va ria b le 's  c o n tr ib u tio n  and its  co rre sp o n d in g  shocks 

to  the  m ovem en ts , fo re ca s t e rro r va riance , o f  in f la t io n  increases. F o r  ins tance, at the  

h o rizo n s  o f  2 m on ths , the  c o n tr ib u tio n  o f  ca p ita l stock, e m p lo ym e n t, L O G E F , L O G E G D I, 

and G D P  to  the  m ovem en ts  o f  in f la t io n  increases fro m  0 %  to  0 .023% , 0 .1326% , 0 .2791% , 

0 .58 38 % , and 6 .21 % , re sp e c tive ly . A t  lo n g e r h o rizo n s , fo r  exam p le , 10 m on ths , the  

c o n tr ib u tio n  o f  co rre sp o n d in g  shocks increases to  3 .2946 , 0 .7194 , 6 .7446 , 1 .8280, and 

0 .4376 , re sp e c tive ly . In  case w e  increase  the  h o r iz o n  to  24  m on ths , w e  n o tic e  th a t the  

c o n tr ib u tio n  o f  e co n o m ic  fre e d o m  and its  co rre sp o n d in g  shocks to  the  m o v e m e n t o f  

in f la t io n  increases to  2 1 .1 9 8 1 % , b e in g  the  greatest in  c o n tr ib u tin g  to  the  e v o lu t io n  o f  

in f la t io n , g ra p h ic a lly  n o tic e  th a t f ro m  F ig u re  52.

A t  sho rt h o rizo n s , 1 m o n th , e co n o m ic  fre e d o m  m ove m e n ts  accoun t fo r  73 .2 89 9 % , and 

ca p ita l s to ck  accounts fo r  2 6 .5 08 4 % , even in  the  1st m on th . A t  h o rizo n s  o f  10 m on ths , 

shocks' im p a c t increases: in f la t io n  co n tr ib u te s  to  2 .64 75 % , E G D I 0 .2743  % , G D P  

2 .44 58 % , and e m p lo y m e n t at 0 .8950% . A t  2 4 -m o n th  h o rizo n s , the  c o n tr ib u tio n  o f  

in f la t io n  and its  co rre sp o n d in g  shocks to  the  m o v e m e n t o f  e co n o m ic  fre e d o m  increases 

to  2 6 .6 06 7 % , b u t ca p ita l s tock  decreases to  9 .4318% .

M o v in g  fu rth e r, the  fo re cas t e rro r va ria n ce  o f  E G D I is  m o s tly  the  re s u lt o f  shocks to  i ts e lf  

at sho rt h o r iz o n s  95 .1 56 1 3% . H o w e v e r, s t i l l ,  shocks o f  e co n o m ic  fre e d o m  c o n tr ib u te  to
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the  m o ve m e n t w ith  0 .40 12 % , e m p lo y m e n t 1 .1064% , cap ita l s to ck  2 .9 2 9 1 % , and in f la t io n  

0 .0017% . A t  h o r iz o n s  o f  10 m on ths , the  c o n tr ib u tio n  o f  in f la t io n  increases to  9 .5589% . 

A t  24  m o th  h o rizo n s , the  c o n tr ib u tio n  o f  in f la t io n  and its  co rre sp o n d in g  shocks to  the  

m o v e m e n t o f  E G D I increases to  31 .5340% .

T h is  section  has exam in e d  b o th  the  sh o rt-ru n  and lo n g -ru n  e ffe c ts  o f  e co n o m ic  free do m  

and e -g o ve rn m e n t on  in f la t io n , e m p lo y in g  a panel data set fo r  M o n te n e g ro , Serbia, 

C roa tia , and S lo ve n ia  fo r  the  t im e  span 2006 :1  -  201 7 :1 2 . P e d ro n i, K a o , and Johansen ’ s 

he terogeneous panel c o in te g ra tio n  tests d isc lose  the  lo n g -ru n  re la tio n s h ip  be tw een  

in f la t io n , e co n o m ic  free do m , and e -gove rnm en t. T he  V E C M  suggests th a t a 1%  increase 

in  e con om ic  fre e d o m  and e -g o ve rn m e n t reduces in f la t io n  b y  6 2 .2 8 %  and 1 .05% , 

resp ec tive ly . B es ides, the  G ran ge r ca u sa lity  tes t is  u t i l iz e d  to  revea l the  d ire c t io n  o f  the  

causal re la tio n s h ip . T he  P V E C M  is  a p p lie d  to  fo re cas t in f la t io n  u s in g  d e te rm in is tic -  

s tochastic  s im u la tio n  and d y n a m ic -s ta tic  so lu tions .

Forecasted  m easures such as b ias  p ro p o rt io n , va rian ce  p ro p o rt io n , SE, R M S E , cova riance  

p ro p o rt io n , and T h e il ’ s U 1  and T h e il ’ s U 2  are used, c o n firm in g  the  fo re ca s tin g  

p e rfo rm a n ce  strateg ies' resu lts . T he  im p u ls e  response f in d in g s  revea l th a t the  response o f  

in f la t io n  to  a shock  on  e co n o m ic  fre e d o m  and e -g o ve rn m e n t is  essentia l. T he  fo re cas t 

e rro r va ria n ce  d e c o m p o s itio n  o f  the  in f la t io n  ra te  is  m o ve d  m a in ly  f ro m  e con om ic  

freedom .

T h is  section 's  e m p ir ic a l resu lts  p ro v id e  p o lic y m a k e rs  w ith  a m o re  in -d e p th  e x a m in a tio n  

o f  the  im p a c t o f  e co n o m ic  free do m , e -g ove rn m en t, and expecta tions  on  in f la t io n . 

F u rth e rm o re , w h ile  g o v e rn in g  p rice  s ta b il ity  endogenous ly , as one o f  the  M a a s tr ic h t 

c r ite r ia , i.e ., the  euro  conve rgence  c r ite r ia , p o lic y m a k e rs  need to  re co g n ize  and fo re cas t 

the  consequences o f  u n lin e d  g o ve rn m e n t re g u la tio n s  in  the  des ign  and im p le m e n ta tio n  o f  

a n a tio n a l susta inab le  g ro w th  th a t ensures fu tu re  e co n o m ic  perspective . T he  

m a c ro p ru d e n tia l p o lic y m a k e rs  shou ld  p roceed  to  im p ro v e  e co n o m ic  fre e d o m  and e- 

g o ve rn m e n t in  the  business ecosystem s o f  the  coun tries .
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Conclusions

M o n te n e g ro  is  l in e d  as a lea de r in  the  im p le m e n ta tio n  process o f  m o d e rn  m o n e ta ry  p o lic y  

so lu tion s , and m an y  researchers have cons ide red  f in a n c ia l s ta b il ity  as a cen tra l b a n k  

ta rget. C u rre n tly , o n ly  th e  C en tra l B a n k  o f  M o n te n e g ro  has e x p l ic it ly  stated fin a n c ia l 

s ta b il ity  as its  p r im a ry  goa l, w h ile  m an y  cen tra l banks have fin a n c ia l s ta b il ity  as a 

secondary goa l.

M o n te n e g ro  ach ieved  the  E U  cand ida te  status in  2010 , and since  June 2012 , i t  has been 

in  the  process o f  n e g o tia tio n s . T he  euro  M o n te n e g ro ’ s p resen t use w i l l  be addressed in  

the  f in a l phase o f  the  n e g o tia tio n s . T he  c o u n try  w i l l  p a rtic ip a te  in  the  e co n o m ic  and 

m on e ta ry  u n io n  w ith  a d e ro g a tio n  fro m  accession  as a M e m b e r State. F o llo w in g  an 

e va lu a tio n  o f  its  fu l f i l lm e n t  o f  the  necessary c o n d it io n s  and the  C o u n c il d e c is io n  to  th is  

e ffe c t, M o n te n e g ro  sha ll jo in  the  euro  area.

A s  a p re re q u is ite  to  jo in in g ,  the  in f la t io n  rate m u s t be stable  and lo w  a c co rd in g  to  the  

M a a s tr ic h t conve rgence  c r ite r ia  req u irem en ts  fo r  e n te rin g  the  E U . E x p l ic i t ly ,  a r tic le  87v  

o f  the  L a w  o f  th e  C e n tra l B a n k  o f  M o n te n e g ro  says:”  T he  p r im a ry  goa l o f  the  C en tra l 

B a n k  o f  M o n te n e g ro  is  to  m a in ta in  p rice  s ta b ility , and th a t w ith o u t  p re ju d ic e  to  the 

a ch ieve m en t o f  the  o b je c t iv e  re fe rre d  to  parag raph  1 o f  A r t ic le  87v, the  C en tra l B a n k  

sha ll su pp o rt the  genera l e co n o m ic  o b je c tive s  p o lic y  o f  the  E u ropean  U n io n , to  c o n tr ib u te  

to  the  ach ieve m en t o f  the  E u ropean  U n io n  o b je c tive s  set o u t in  A r t ic le  3 o f  the  T re a ty  on 

E u ropean  U n io n .”  B y  o pe n in g  C ha p te r 17 -  E c o n o m ic  and m o n e ta ry  p o lic y  n eg o tia tion s , 

the  E u ropean  U n io n  c a re fu lly  m o n ito rs  the  progress and im p le m e n ta tio n  a c co rd in g  to  the  

a c q u is  th ro u g h o u t the  n e g o tia tin g  process. T he  m a in  o b je c tiv e  o f  p ric e  s ta b ility  sh ou ld  be 

d e fin e d  in  co m p lia n ce  w ith :  ( i)  A r t ic le s  127 (1 ) and ( i i )  A r t ic le  282  (2 ) o f  the  T re a ty  on 

the  F u n c tio n in g  o f  the  E u ropean  U n io n . T he  G o v e rn m e n t o f  M o n te n e g ro  has to  adapt its  

le g is la tio n  in  l in e  w ith  the  E U  la w  to  adop t the  euro: m ee t p ric e  s ta b ility  and ensure 

e co n o m ic  conve rgence  o f  the  co u n try . C onve rgence  c r ite r ia  re p o rt th a t the  c o u n try  has to  

have a susta inab le  p rice -p e rfo rm a n ce , and the  average rate o f  in f la t io n  shou ld  n o t be 

h ig h e r th an  1 .5%  o f  the  th ree  best p e r fo rm in g  M e m b e r States.

G iv e n  the  s trug g le  m a c ro p ru d e n tia l p o lic y m a k e rs  in  M o n te n e g ro  have had  to  d e fin e  

p ro p e r c r ite r ia  to  d iagnose  and e xam ine  the  onset o f  in f la t io n  in d ica to rs , w e  fe lt
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c o m p e lle d  to  id e n t ify  and in ve s tig a te  a m e th o d o lo g ic a l approach  th a t the  centra l 

G o ve rn m e n t o f  M o n te n e g ro  can a p p ly  in  d e s ig n in g  a n t i- in f la t io n  and o v e ra ll 

d e ve lo p m e n t s tra tegy. G iv e n  the  h ig h  increase o f  in te re s t in  m e e tin g  the  M a a s tr ic h t 

conve rgence  c r ite r ia  and the  d e fic ie n c y  o f  any hom ogeneous m e th o d o lo g y , w e  b e lie ve  

th a t the  f in d in g s  revea led  in  th is  d o c to ra l d isse rta tio n  w i l l  appeal to  p o lic ym a ke rs . 

A lth o u g h  p re v io u s  researches have sh ow n  a fe w  m ethods th a t c o u ld  be a p p lie d  in  the 

fo re ca s tin g  in f la t io n  rate, such as e x te rna l and in te rn a l va riab les , the  m e th o d o lo g ie s  

revea led  fro m  those f in d in g s  have been re la t iv e ly  re s tr ic te d  and n o t easy to  a d m in is te r  on 

a n a tio n a l le v e l in  M o n te n e g ro . T hus , o u r resu lts  a llo w  the  p o lic y m a k e rs  to  reco gn ize  the 

fa c to rs  in v o lv e d  in  id e n t ify in g  and k n o w in g  the  onset o f  in f la t io n  d yn a m ics  and its  

expecta tions  in  M o n te n e g ro  c o rre c tly  and deve lo p  m ore  e ff ic ie n t and e ffe c tiv e  p o lic y  

m easures th a t can be used n a tio n a lly . In  so d o ing , w e  hope  th a t the  d o c to ra l d isse rta tio n  

advances the  to o ls e t re q u ire d  to  co m b a t m a n y  cen tra l p o lic y m a k e rs ' concerns in  

M o n te n e g ro , e sp e c ia lly  the  C B C G .

F o re cas tin g  in f la t io n  phenom ena  im p lic a te s  soc ia l, e con om ic , and p o lit ic a l 

in te rc o n n e c tiv ity , n o t ju s t  in  M o n te n e g ro  b u t w o r ld w id e . T he  in te rc o n n e c tiv ity  and 

in te rdependence  o f  co un trie s  are m ore  th an  e ve r em phasized , and thus  the  co n s id e ra tio n  

fo r  susta inab le  d e ve lo p m e n t o f  M o n te n e g ro . S in ce  M o n te n e g ro  is  headed to w a rd s  

in te g ra tio n  in to  the  E u ropean  U n io n , i t  is  o f  h ig h  im p o rta n ce  fo r  m o n e ta ry  a u th o ritie s  to  

reduce, m a in ta in , and s ta b ilize  in f la t io n  to  an acceptab le  le v e l, o r  the  ta rg e t le v e l, thus 

e nsu rin g  an age o f  susta inab le  d e ve lo p m e n t in  the  w a ve  o f  g lo b a liz a tio n .

E ve n  th o u g h  in f la t io n  de te rm inan ts  have been ana lyzed  to  a g rea t ex ten t, w e  f in d  there  is  

s t i l l  s u ff ic ie n t ro o m  fo r  in f la t io n  e xa m in a tio n . In  2018 , the  C B C G  used th e  auto reg ress ive  

in teg ra te d  m o v in g  average ( A R IM A )  m o d e l (2 ,1 ,2 ) to  fo re cas t in f la t io n . T h is  

d isse rta tion 's  n o v e lty  is  th a t i t  uses a c o m b in e d  p re d ic t io n  fo r  the  M o n te n e g r in  econom y, 

u s in g  V A R  and B a yes ia n  V A R . T h is  research e m p lo ys  h ig h -d im e n s io n a l d y n a m ic  

m ode ls . I t  exam ines tim e -se ries  data fro m  2006:1  -  201 7 :1 2 . S y s te m a tica lly , i t  exam ines 

and com pares the  p e rfo rm a n ce  o f  d if fe re n t fo re ca s tin g  c o m b in a tio n  puzz les  o f  in f la t io n .

The reduced  issue o f  t im e  inco ns is te ncy , s ta b iliz a tio n  appears to  be anchored. 

M o n te n e g ro , in  2002 , s ta b iliz e d  the exchange rate  th ro u g h  the  e u ro iz a tio n  m echan ism , 

w h ic h  w as the  f ir s t  step to w a rd s  s ta b iliz in g  in f la t io n  in  M o n te n e g ro . N eve rthe less , i f  w e
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go  to  the  roo ts  o f  in f la t io n  in  M o n te n e g ro , w e  c o u ld  id e n t ify  in te rn a l and e x te rna l fac to rs . 

O ne o f  the  p o te n tia l p ro b le m s  m ig h t be the  f is c a l d e fic it .  T he  a u th o ritie s  need to  increase 

the  revenues and reduce  the  expend itu res  o r  go  fin a n c in g , le a d in g  to  in f la t io n . 

S ta b iliz a tio n  requ ires  to  f i x  the  f is c a l d e fic it .  A n o th e r  p o te n tia l ro o t m ig h t appear th ro u g h  

the  in f la t io n a ry  in e rtia , w h ic h  com es fro m  re fe r r in g  to  the  las t p e r io d  a d ju s tm e n t o f  w ages 

and lo o k in g  fo rw a rd . Thus, i t  deals s tra ig h t fo rw a rd  w ith  the  expec ta tions  fo rm a tio n  and 

h o w  m uch  c itize n s  b e lie v e  in  the  p ro s p e rity  o f  the  fu tu re  o f  M o n te n e g ro . T h is  issue, as 

w e ll,  appears to  be c u t o f f  in  its  roo ts  since M o n te n e g ro 's  g o v e rn m e n t has w e ll-a n c h o re d  

its  c itizen s ' expecta tions. T he  o n g o in g  case o f  g lo b a l m a c ro e co n o m ic  im p a c ts  o f  C O V ID -  

19 in  the  M o n te n e g r in  e con om y im p lic a te s  th a t its  c itizen s ' e xpec ta tions  are w e ll 

anchored. In  case the  p o lic y m a k e rs  keep a d ju s tin g  the  las t p e r io d ’ s in f la t io n , i t  w i l l  

e x a c tly  create the  in f la t io n a ry  in e rtia .

T o  im p le m e n t the  above m e n tio n e d  so fa r, the  g o ve rn m e n t needs to  have w e ll-g ro u n d e d  

in s t itu tio n s . W e ll-o r ie n te d  m a c ro p ru d e n tia l s tra teg ic  p o lic y m a k e rs  sh ou ld  n o t o n ly  re ly  

on  the  b en e vo le n t a u th o r ity  w h o  w i l l  do  the  p ro p e r th in g . In s titu t io n s  are the  la s t lo n g in g  

fu nd am e n ta ls  th a t m ove  fo rw a rd , in  the  r ig h t d ire c tio n , im p le m e n tin g  the p o lic ie s . A  

g o ve rn m e n t m ig h t reach its  ta rge ted  in f la t io n , b u t the  que s tion  is  the  e ff ic ie n c y  o f  the 

s ta b iliz a tio n  cost. The re  is  a cost o f  re d u c in g  in f la t io n  to  a ta rge ted  le v e l. O ne o f  the  

m easures used is  the  ra tio  o f  the  accum u la ted  excess o f  u n e m p lo y m e n t above the  n a tu ra l 

le v e l to  in f la t io n  re d u c tio n . F o r  exam p le , suppose the  accum u la ted  excess o f  

u n e m p lo y m e n t above the  n a tu ra l le v e l is  9% , and the  in f la t io n  is  3% . In  th a t case, the  

sa c rific e  ra tio  is  3% , m e a n in g  th a t fo r  eve ry  s ing le  percentage p o in t o f  re d u c tio n  in  

in f la t io n , the  u n e m p lo y m e n t rate  is  3 %  p o in ts  above  the  n a tu ra l rate o f  u n e m p lo ym e n t. I f  

th is  is  the  case, th en  in  2017 , i t  w o u ld  m ean 182,368 u n e m p lo y e d  x  3 %  =  5 ,471. Thus, 

5,471 m ore  u n e m p lo y e d  w o u ld  be the  cost o f  re d u c in g  1%  in f la t io n  in  M o n te n e g ro . Thus, 

s ta b iliz a tio n  is  n o t pa in less. T he  lo w e r  the  le v e l o f  the  sa c rific e  ra tio , the  m o re  e ff ic ie n t 

the  s ta b iliz a tio n  m echan ism . T he  sa c rifice  c o u ld  be  m easured in  te rm s o f  the  euro  cost o f  

p ro d u c tio n  loss to  the  percentage change in  the  in f la t io n  rate.

T he  a u th o ritie s  sh ou ld  f ig h t  the  cos t o f  m a in ta in in g  p rice  s ta b il ity  in  M o n te n e g ro  to  reach 

the  balance. A s  m e n tio n e d  p re v io u s ly , even w ith  the  f is c a l d e f ic it  in  e q u ilib r iu m , there 

m ig h t be som e pressure c o m in g  fro m  ce rta in  g roups  o f  w o rk e rs  o r  the  a u th o ritie s ' la c k  o f

211



c re d ib il ity ,  c rea ting  in f la t io n a ry  in e rtia . S ince M o n te n e g ro  gave up  its  m on e ta ry  

ins tru m e n ts , its  cen tra l p o lic y  ro le  stays in  the  f is c a l in s t itu tio n s . H o w e v e r, s t i l l ,  the  

C B C G , as one o f  the  ch a in  in s t itu t io n s  in  the  s ta b il ity  process, m u s t be au tonom ous. T he  

ch a irm a n  o f  the  C en tra l B a n k 's  m anda te  is  set b y  the  la w  and thus  au tonom ous, a v o id in g  

d ire c t response to  the  e xe cu tive  pow e r. T he  ga ined  c re d ib il ity  fo r  a s ta b iliz a tio n  p ro g ram  

is  the  p ro d u c t o f  an indep en d en t cen tra l bank. I t  appears to  be a h ig h  lin k a g e  be tw een  the  

in d e x  o f  a u to n o m y  o f  the  C en tra l B a n k  w ith  the  in f la t io n  rate: the  m o re  au tonom ous  the  

cen tra l ban k , the  lo w e r  is  the  in f la t io n  rate. A n  in d ep en d en t C en tra l B a n k  w i l l  co n v in ce  

fo re ig n  inve s to rs , so in f la t io n  w i l l  n o t b u rn  th e ir  p ro fits . T he  so fa r  m e n tio n e d  p o lic ie s  

com e fro m  the  dem and side and in s titu tio n s .

H o ld in g  the  above in  m in d , one o f  the  k e y  r e s e a r c h  q u e s t io n s  in  th is  thes is  is  the  ana lys is  

and d e te rm in a tio n  o f  th e  o p tim a l in f la t io n  rate, in  fa c t, the  s tudy  o f  the  d e te rm ina n ts  th a t 

in f lu e n c e  the  a ch ieve m en t and m a in tenance  o f  p r ic e  s ta b ility  in  the  co u n try . M o re o v e r, 

the  n e x t research que s tion  is  a n a ly z in g  th e  m a in  f a c t o r s  o f  in f l a t io n  in  M o n te n e g r o  and 

w h a t in s t r u m e n ts  p o lic y m a k e rs  need to  g o ve rn  the  in f la t io n .

T he  f ir s t  c r it ic a l research a ssum ption  and hypo theses m ade to  d ra w  o u t and test its  lo g ic a l 

and e m p ir ic a l resu lts  is  s truc tu red  as fo llo w s :

H 1 : A c h i e v i n g  a n d  m a in ta in i n g  p r i c e  s ta b i l i t y  in  M o n te n e g ro , as one o f  th e  goa ls  o f  the 

cen tra l m o n e ta ry  a u th o r ity  in  the  c o u n try  (and its  in s tru m e n ts ) on  its  pa th  to  the  E u ropean  

U n io n  and the  E u ropean  M o n e ta ry  U n io n , is  s ig n if ic a n t ly  co n tr ib u te d  b y  the  

m easurem ent o f  the  im p a c t o f  c r it ic a l fa c to rs  th a t de te rm ine  the  le v e l o f  in f la t io n  in  the  

co un try .

I t  is  im p o rta n t to  em phasize  th a t th is  is  one o f  the  m a in  M o n te n e g ro ’ s goa ls  in  

f u l f i l l in g  the  c r ite r io n  o f  b e in g  a fu n c t io n in g  m a rk e t econom y, w h ic h  is  p re c ise ly  

d e fin e d  in  the  set o f  c lo s in g  benchm arks  fo r  the  E U  n e g o tia tio n  ch ap te r 17, 

E u ropean  and m o n e ta ry  u n io n  (opened on  June 26, 2018 ). M o n te n e g ro  is  a lso 

o b lig e d  to  adop t the  re q u ire d  c o n s titu tio n a l change to  ensure th a t the  p r im a ry  

o b je c tiv e  o f  p rice  s ta b il ity  is  d e fin e d  in  accordance  w ith  A r t ic le s  127 (1 ) and 

2 8 2 (2 ) o f  the  T re a ty  on  th e  F u n c tio n in g  o f  the  E u ropean  U n io n .
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T o  p ro ve  th is  h ypo thes is , s ince m an y  fa c to rs  a ffe c t M o n te n e g ro 's  in f la t io n a ry  pressures, 

w e  e xam ine  th ree  in d iv id u a l-p re d ic t iv e  re cu rs iv e and n o n -re c u rs iv e  s tru c tu ra l v e c to r 

au to reg ress ive  (S V A R )  and th ree  B a yes ia n  S V A R  m od e ls  to  in ve s tig a te  and fo re cas t 

in f la t io n  de te rm ina n ts  o f  M o n te n e g ro . W e  co n tin u e  e m p lo y in g  the  average and inve rse  

M S E  c o m b in a tio n s  approach, and the  data are e xam in e d  fro m  January 2006  to  D ece m b e r 

2016. A d d it io n a lly ,  o u t-o f-s a m p le  1 2 -m o n th  h o r iz o n  fo re ca s tin g  is  p e rfo rm e d  fro m  

January 2017  to  D e ce m b e r 2017. M o d e l 1 exam ines e x te rna l de te rm inan ts . M o d e l 2 

exam ines the  in te rn a l de te rm ina n ts  o f  in f la t io n . M o d e l 3 re la tes to  d e m a n d -p u ll and cost- 

push va riab les . C o m b in in g  the  above  th ree  fo recasts, u s in g  an equal and inve rse  M S E  

w e ig h tin g  approach, w e  d isc lose  fo u r  m o re  R M S E s : tw o  V A R  equal and inve rse  M S E  

w e ig h ts  and tw o  B a yes ia n  V A R  equal and inve rse  M S E  w e ig h ts . B esides, w e  use im p u ls e  

responses to  trace  the  e ffe c ts  o f  s tru c tu ra l shocks on  the  endogenous va ria b le s  and 

fo recas t e rro r va rian ce  d e c o m p o s itio n  o f  shocks to  va riab les .

M o re o v e r, w e  use the  pane l v e c to r  e rro r  c o rre c tio n  m o d e l (V E C M )  approach  to  fo re cas t 

in f la t io n  d yn a m ics  and in f la t io n  expecta tions  in  M o n te n e g ro , Serbia, C ro a tia , and 

S lo ve n ia  fro m  January 2006  to  D ece m b e r 2015  o u t-o f-s a m p le  2 4 -m o n th  h o r iz o n  

fo re ca s tin g  fro m  January 2016  to  D e ce m b e r 2017. T he  o b je c tiv e  o f  the  panel 

c o in te g ra tio n  approach  is  n o t o n ly  to  com pare  tw o  subgroups: i )  M o n te n e g ro  (M E )  and 

Serb ia  (S R ) as cand ida te  co un trie s  fo r  the  E U  m e m be rsh ip  and i i )  C ro a tia  (C R ) and 

S lo ve n ia  (S I), a lready in  E U , b u t to  h ig h lig h t the  M o n te n e g r in  case. W e  e m p lo y  

a lte rn a tive  fo re c a s tin g  scenarios s ince  the  C en tra l B a n k  o f  M o n te n e g ro  w an ts  to  

h y p o th e tic a lly  have a fo rw a rd - lo o k in g  fo re ca s tin g  re a c tio n  o f  in f la t io n  in  d if fe re n t 

sens itive  scenarios, such as an increase  in  the  o il  p rice  (ex te rna l in n o v a tio n s ) and 

e co n o m ic  fre e d o m  in d e x - in te rn a l in n o va tio n s .

T h is  d o c to ra l d isse rta tio n  revea ls  and docum ents  a s ig n if ic a n t ly  w id e r  k n o w le d g e  gap: 

b o th  th e o re tic a l and e m p ir ic a l. W e  id e n t if ie d  re c u rs iv e ly  and n o n -re c u rs iv e ly  th ree  V A R  

and th ree  B a yes ia n  V A R  m ode ls . E ach  m o d e l aggregates essentia l m a c ro e co n o m ic  

va ria b le s  to  fo re cas t in f la t io n  in  M o n te n e g ro . A t  the  end o f  D ece m b e r 2017 , the  B V A R  

M S E  c o m b in a tio n  in f la t io n  fig u re s  2 .66 1% : the  B V A R  average c o m b in a tio n  in f la t io n  

fig u re s  2 .822% . T he  average V A R  c o m b in a tio n  w e ig h ts  approach  f ig u re s  1 .537% , and 

the  inve rse  o f  s tandard V A R  M S E  fig u re s  1 .516% . T he  standard V A R  c o m b in a tio n
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m ode ls , average and re la t iv e  p e rfo rm an ce , sh ow  a p re d ic t in g  p e rfo rm a n ce  th a t is  

susta inab le . T he  average in f la t io n  p e rfo rm s  n o t m o re  than  1 .5%  above the  th ree  best 

p e r fo rm in g  M e m b e r States rate: C yp ru s  (0 .2 % ), Ire la n d  (0 .3 % ), and F in la n d  (0 .8 % ). T he  

average ra te  is  0 .4 %  and, a dd in g  1 .5% , the  re fe rence  is  1.9% .

W e  have reached a c r it ic a l co n c lu s io n  th a t b o th  c o m b in a tio n s  have to  be cons ide red  b y  

the  G o ve rn m e n t o f  M o n te n e g ro . T he  standard V A R  c o m b in a tio n  p e rfo rm s  the  best 

fo re ca s tin g  fo r  the  q u a rte r I  and I I  o f  2017 , w h ile  the  B a yes ia n  V A R  c o m b in a tio n  show s 

the  best fo re ca s tin g  p e rfo rm a n ce  fo r  quarte rs  I I I  and I V  o f  2017.

E ve n  th o u g h  B V A R  c o m b in a tio n  m ode ls , average and re la tiv e  pe rfo rm an ce , end up  w a y  

o f f  com pared  to  the  conve rgence  E U  c r ite r ia , in c o rp o ra tin g  these B a yes ia n  c o m b in a tio n  

m od e ls  is  s ig n if ic a n t fo r  co m p a riso n  purposes. T he  above resu lts  enable  p o lic y m a k e rs  to  

address, eva lua te , e x p lo it,  and com pare  the  s treng th  o f  u s in g  the  h ig h -d im e n s io n a l 

d y n a m ic  co m p os ite  fo re cas t m ode ls .

T he  second c r it ic a l research a ssum ption  and hypotheses m ade to  d ra w  o u t and tes t its  

lo g ic a l and e m p ir ic a l resu lts  is  s truc tu red  as fo llo w s :

H 2 : F actors  o f  in f la t io n  in  the  area o f  ex te rna l dem and th a t are c ru c ia l to  m a in ta in in g  

p rice  s ta b il ity  in  the  co u n try , such as the  M o n te n e g r in  e con om y and in  the  p roposed 

m o d e l, are th e  p ric e  o f  ene rgy and a lu m in u m  prices. In  o the r w o rd s , the  changes in  th e  

p rice  o f  o il  in  the  in te rn a tio n a l m a rke t, expressed b y  the  le v e l o f  ene rgy p rices  on  the  

d om es tic  m arke t, as one o f  the  ke y  in p u ts  fo r  e co n o m ic  a c tiv it ie s  in  the  co u n try , 

s ig n if ic a n t ly  de te rm ine  the  le v e l o f  in f la t io n . M o n te n e g ro ’ s fo rw a rd - lo o k in g  and k n o w in g  

the  o il  m arke ts  a llo w s  e s tim a tin g  the  o il  su p p ly  d is tr ib u tio n , co n s id e rin g  w o r ld w id e  

g eo g rap h ica l and p o lit ic a l events, and thus  its  consequences. S im u lta n e o u s ly , the  p ric e  o f  

a lu m in u m  a ffec ts  the  M o n te n e g r in  econ om y, w h ic h  is a lso  a s to ck  m a rk e t p ro du c t. The 

m ore  advancem ent o f  te c h n o lo g ic a l s o p h is tic a tio n  o f  K A P  and its  p ro d u c t d iv e rs if ic a t io n  

o f  a lu m in u m  (as the  p r in c ip a l in d u s tr ia l e x p o rt g ro w th  e ng ine ) -  the  g rea te r assistance to  

p o lic y m a k e rs  to  s ta b iliz e  the  trade  ba lance, d e b t/G D P  ra tio , p ro d u c t iv ity  g ro w th , 

u n e m p lo y m e n t re d u c tio n , o u tp u t gap, and consequen tly , l im i t  ex te rna l shocks to  in f la t io n  

in  M o n te n e g ro , f ix in g  p rice  d isp a ritie s  and q u a lify in g  fo r  the  m e m be rsh ip  in to  the
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E U /E M U . In  o the r w o rd s , th is  research is  fo cuse d  on  the  m easurem ent o f  the  im p a c t o f  

o il p rices  and a lu m in u m  e x p o rt g ro w th  on  the  average in f la t io n  ra te  in  M o n te n e g ro .

S u p p ly  S h o c k s :  O i l  a n d  A lu m in u m  P r ic e s

O n  the  o th e r hand, w e  have s u p p ly  shocks, ex te rna l d is tu rbances to  the  M o n te n e g r in  

econom y. G o v e rn in g  ex te rna l shocks is  n o t d ire c t ly  in to  M o n te n e g r in  p o lic y  a u th o ritie s ' 

c o n tro l and thus  m u ch  m ore  d i f f ic u l t  to  keep in f la t io n  s ta b ilized . U s u a lly , such shocks do 

n o t happen co n s is te n tly , b u t th e y  appear to  be o n e -o ff  shocks. T he  s truc tu re  o f  the  su p p ly  

shocks c o m p a rin g  w ith  the  dem and shocks are d iffe re n t. T he  fo l lo w in g  is  suggested to  

absorb b e tte r exte rna l p o te n tia l shocks :

•  M o n te n e g ro  needs to  d iv e rs ify  som e p ro du c ts  fu rth e r. T w o  in d ic a to rs  c o u ld  assist 

the  p o lic y m a k e rs : E x p o r t P o te n tia l In d ic a to r  (E P I)  and P ro d u c t D iv e rs if ic a t io n  

In d ic a to r  (P D I) . B y  e x p o rtin g  p roduc ts , M o n te n e g ro  revea ls  its  c o m p e tit iv e  

p roducts , the  R C A . The E P I in d e x  in d ica te s  th a t e le c tr ica l energy, a lu m in u m  n o t 

a llo y e d -u n w ro u g h t, and w in e  o f  fresh  grapes are the  p ro du c ts  w ith  the  m os t 

s ig n if ic a n t e x p o rt p o te n tia l f ro m  M o n te n e g ro  to  the  w o r ld . T he  u n tapped  p o te n tia l 

(U P ) o f  e le c tr ic a l energy, a lu m in u m , and w in e  is  91 .4$ , 35 .6$ , and 8 .5$ m il l io n ,  

resp ec tive ly . In  o u r rep resen ta tive  s tudy , the  un tapped  e x p o rt p o te n tia l sums up  to  

186.9$ m il l io n .  T h is  unused  e x p o rt p o te n tia l sh ou ld  be cons ide red  b y  

p o lic y m a k e rs  to  see w h a t can be done  to  im p ro v e  the  trade  ba lance  o f  

M o n te n e g ro . O n  average, the  percentage o f  u n tapped  p o te n tia l (U P ) reaches 

59 .78% . A lu m in u m  is  the  p ro d u c t w ith  the  best c o m b in a tio n  o f  the  su p p ly  and 

dem and o u t o f  M o n te n e g ro 's  p roducts .

•  be th a t in ve s tm en ts  fe l l,  b u t as a resu lt, the  a lu m in u m  p ric e  ended up  co n tra ry .

•  F o r  the  f ir s t  f iv e  m on ths , th e  response o f  u n e m p lo y m e n t has no  m ove m e n ts  a lm o s t 

at a ll to  o i l  p r i c e  s h o c k s .  I t  o ccurs  because o f  the  d rop  in  reg is te red  em p loyees, 

even th o u g h  the  n u m b e r o f  reg is te red  u n e m p lo y e d  has s lig h t ly  increased, 

e spe c ia lly  f ro m  2014  t i l l  2016. T he  in fo rm a l s truc tu re  m u s t be cons ide red  as w e ll,  

w h ic h  reaches a p p ro x im a te ly  3 0%  o f  the  reg is te red  e m p lo ym e n t. The 

e m p lo y m e n t rate to  u n e m p lo y m e n t ranges fro m  3 .9  to  3 .6  in  the  p e rio d  fro m  2006  

to  2017 , re sp e c tive ly . B ased on  M o n s ta t (2 0 1 8 ), the  reg is te red  e m p lo y m e n t
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g ro w th  rate  ranges fro m  4 .5 %  to  1 .1% , s h o w in g  a dec line , w h ile  the  

u n e m p lo y m e n t show s an increase in  g ro w th  ra te  fro m  -1 0 %  to  24% , re sp e c tive ly , 

f ro m  2006  to  2017. In  2010 , e m p lo y m e n t show ed a neg a tive  -7 .13  g ro w th  rate. 

W e  need to  em phasize  th a t the  re la tio n  b e tw een  reg is te red  e m p lo y m e n t to  

reg is te red  u n e m p lo y m e n t and pens ioners  is  a round  1.1% . T he  a g ing  o f  the  

M o n te n e g r in  p o p u la tio n  increased  fro m  32.4  in  the  1991 Census to  37 .7  years,

•  T he  a lu m in u m  p ric e  response to  o i l  p r i c e  s h o c k s  has p ro m in e n t o s c illa t io n s , fro m  

p o s itiv e  to  n ega tive , w ith  a pe rm a ne n t neg a tive  im p a c t on  a lu m in u m 's  p rice . The 

pass-th rough  fro m  o il  to  a lu m in u m  is  re la t iv e ly  q u ic k , o c c u rr in g  a fte r a co u p le  o f  

m on ths , to u c h in g  the  peak. T he  pers is tence  w i l l  co n tin u e  to  d rop  i t  d ra s tic a lly  

a fte r 12 m on ths , f ro m  the  t im e  rea ch in g  the  peak. T he  reason is  th a t a fte r the  

econom y is  h it  w ith  the  o n e -u n it s tandard d e v ia tio n  shock  in  the  o il  p rice , the 

a lu m in u m  p ro d u c tio n  cos t lo w e re d  the  p ric e -s e ttin g  (P S ) cu rve  in  th e  la b o r 

m arke t. T hus  f irm s  increase  the  p rices  to  m a in ta in  the  m a rg in a l p ro f it .  O n ly  a fte r 

fo u r  m on ths , due to  the  lo w e r  dem and fo r  a lu m in u m  in  the  goods m a rk e t 

e q u ilib r iu m , the  p ric e  d e c lin e d  sha rp ly , b e c o m in g  n ega tive . I t  c o u ld  be ano the r 

reason, a c co rd in g  to  the  Census data o f  2011. T he  a g ing  in d e x , s h o w in g  the 

re la tio n s h ip  be tw een  the  n u m b e r o f  o ld e r peo p le  (65  years and o v e r)  and the  

n u m b e r o f  y o u n g  peop le  (u n d e r 15), has s ig n if ic a n t ly  increased  be tw een  the  tw o  

censuses. In  1991 i t  w as 32 .55 , w h ile  in  2003 , i t  g re w  to  58.18, and in  2011 i t  

am oun ted  to  66 .81 . F in a lly ,  a fte r the  seventh  m o n th , the  response o f  

u n e m p lo y m e n t to  o il  shock  increases as expected.

•  T he  o u tp u t s ig n if ic a n t ly  responds to  the  C h o le s k y  one standard d e v ia tio n  o il  p rice  

shock, m ea n in g  th a t the  M o n te n e g r in  e con om y h e a v ily  depends on  o il supp lies. 

T he  tra n sm iss io n  takes abou t 13 m on ths , h it t in g  the  deep b o tto m . S ubsequently , 

i t  takes 21 m on ths  to  reach 0, a tta in in g  a peak le v e l o f  0 .1 7 %  a fte r tw o  years and 

th ree  m on ths . In  w o rd s : the  o il  p rice  shock  im p lic a t io n  is  th a t o u tp u t dec lines 

ra p id ly  fo r  a tra n s itio n a l e con om y as M o n te n e g ro  and gets m o re  than  a ye a r to  ge t 

back. I t  suggests th a t th e  response o f  the  o u tp u t gap to  the  C h o le s k y  one standard 

d e v ia tio n  o il p r ic e  shock  c o u ld  reduce  the  su p p ly  o f  in te rm e d ia te  goods m a rke t
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and the  dem and fo r  the  f in a l goods m a rk e t in  M o n te n e g ro , caus ing  m u ch  dam age 

to  in d u s tr ia l p ro d u c tio n .

•  T he  im p u ls e  response o f  in f la t io n  to  C h o le s k y  one standard  o il  p r ic e  in n o v a tio n s  

starts in c re a s in g  a fte r a la g  o f  fo u r  m on ths , in c re a s in g  g ra d u a lly . A f te r  tha t, i t  

dec lines, rea ch in g  d e fla t io n  o f  -0 .0 0 2 3 %  a fte r 15 m on ths , h it t in g  the  b o tto m  o f  - 

0 .09 %  a fte r 21 m on ths . T he  tra n sm iss io n  is  e v id e n t s ince  the  e con om y s low e d  

d ow n , o u tp u t h it t in g  b o tto m  a fte r 13 m on ths , w h ile  in f la t io n  a fte r 21, a gap o f  8 

m on ths  be tw een  o u tp u t and in f la t io n  h it t in g  b o tto m . T he  b roadest d y n a m ic  gap 

be tw een  o u tp u t and in f la t io n  is  reached a fte r 24  m on ths  at -0 .2 11 1 % , the  so -ca lle d  

s ta g f la t io n .  N eve rthe less , the  d y n a m ic  gap has reached th a t stage since  the 

increase in  o il  p r ic e  a ffe c ted  M o n te n e g r in  m a rk e t dem and, le a d in g  f irm s  to  a lte r 

th e ir  inve s tm en ts , ca n ce lin g  p ro jec ts . W e  n o tic e  th a t u n t i l  o u tp u t decreases w ith in  

12 m on ths , in f la t io n  con tinues  to  increase, even fo r  som e m on ths , ke e p in g  the  

same le v e l and p u sh in g  in f la t io n  to  a h ig h e r le v e l than  b e fo re  the  increase  in  o il 

p rice . In  th is  case, the  f is c a l p o lic y m a k e rs  sh ou ld  in te rven e , a d ju s tin g  the  in f la t io n  

and ou tpu t. T h is  w h o le  a d ju s tm e n t process m akes the  econom y go  th ro u g h  a 

recession, w ith  p a rtia l reco ve ry . T he  a d jus tm e n t process is  m a in ly  ach ieved  

th ro u g h  the  expecta tions  process, w h ic h  in  M o n te n e g ro  seems to  be  w e ll  done. 

W h ile  s t i l l  there  are som e gaps, w h ile  o u tp u t decreases, in f la t io n  increases, m os t 

o f  the  tim e , th e y  com ove . I t  p roves  the  c ru c ia l p o in t o f  e xpe c ta tio n  fo rm a tio n  in  

the  M o n te n e g r in  m a rk e t and the  d y n a m ic  e ffe c ts  o f  shocks.

T he  exogenous m ove m e n ts  o f  o il  p r ic e  shocks are exogenous as expected  to  be, and th is  

w as c o n firm e d  b y  a dd in g  som e in tu it iv e  e co n o m ic  p o te n tia l v a ria b le s  such as w ages and 

exchange rates. T he re fo re , exogenous shocks are adequa te ly  id e n tif ie d . In c lu d in g  

n o m in a l exchange to  b e tte r iso la te  the  o il  p r ic e  in n o v a tio n s  d id  n o t p ro ve  to  add any n e w  

in fo rm a tio n  to  th e  m ode l.

•  C o n tra ry  to  o il  p r ic e  shock, the  response o f  u n e m p lo y m e n t to  a lu m in u m 's  shock 

is  m a rked  b y  a fa s te r ra te  o f  d yna m ics . T he  la b o r  m a rk e t in  M o n te n e g ro  reacts 

fa s te r to  shocks in  a lu m in u m  th an  in n o v a tio n s  in  o il p rices. S in ce  the  A lu m in u m
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P la n t in  P o d g o rica  is  one o f  the  le a d in g  g ro w th  eng ines, the  tra n sm iss io n  channe ls 

re fle c te d  in  the  la b o r  m a rk e t are d ire c t ly  p o rtraye d .

•  T he  d yn a m ics  o f  the  G D P  response to  a lu m in u m  shocks com pared  w ith  o il  p rice  

shocks are v e ry  id e n tic a l, b u t s t i l l ,  in  the  case o f  a lu m in u m  shock, G D P 's  response 

is  faste r. A f te r  fo u r  m on ths , i t  reached to  becom e nega tive , w h ile  at the  o il  p rice  

shock, i t  to o k  to  becom e  n eg a tive  f iv e  m on ths . A f te r  th is , the  d yn a m ics  are 

id e n tica l.

•  T he  in f la t io n  response to  a lu m in u m  shock  takes e ig h t m on ths  to  reach the  peak, 

w h ile  at the  o il p r ic e  shock, in f la t io n  gets a peek at fo u r  m on ths . I t  takes 16 m on ths  

to  h it  b o tto m , w h ile  the  o il  p r ic e  reached 0 at 15 m onths.

A lu m in u m  rem a ins  a c ru c ia l e x p o rt c o m m o d ity  fo r  the  in d u s try  o f  M o n te n e g ro . H o w e v e r, 

the  s tra teg ic  p lans  fo r  K A P 's  fu tu re  d e ve lo p m e n t depend on  te c h n o lo g ic a l in ve s tm en ts  

and inve s tm en ts  in  e n v iro n m e n ta l p ro te c tio n . M e a n w h ile , w ith in  the  E U  accession 

process, M o n te n e g ro  is  c o m m itte d  to  f u l f i l l in g  a ll req u irem en ts  o f  the  e co lo g ica l a c q u is  

and con tinues p ro d u c in g  a lu m in u m  in  lin e  w ith  the  E U  standards. O n ly , in  th a t case, 

a lu m in u m  and a ll its  com ponen ts  w i l l  co n tin u e  to  be the  m a in  e x p o rt c o m m o d ity  o f  

M o n te n e g ro . B es ides, p ric e  flu c tu a tio n s  o f  o il  m a rk e t p rices  and a lu m in u m  s tock  p rices 

at L M E  are the  p r im a ry  e x te rna l fa c to rs  th a t a ffe c t in f la t io n  and its  s ta b il ity  in  

M o n te n e g ro .

T he  th ird  c r it ic a l research a ssum ption  and hypo theses m ade to  d ra w  o u t and test its  lo g ic a l 

and e m p ir ic a l resu lts  is  s truc tu red  as fo l lo w s :

H 3 : S tre ng th en ing  o f  the  m easures and state a d m in is tra tio n  p o lic ie s  to w a rd s  the  

d e ve lo p m e n t o f  e -se rv ices co n tr ib u te s  to  m o re  e ffe c tiv e  and e ff ic ie n t p u b lic  services 

p ro v is io n , w h ic h  a ffec ts  G D P , p ro d u c t iv ity  g ro w th , u n e m p lo y m e n t, p ro d u c tio n  gap and 

th e re fo re  s ta b ilizes  in te rn a l in f la t io n  shocks in  M o n te n e g ro . N a m e ly , one o f  the  in te rn a l 

fa c to rs  d e te rm in in g  the  in f la t io n  rate  in  M o n te n e g ro , in  th is  su rvey, w i l l  be the  le v e l o f  

deve loped  e -serv ices, in c lu d e d  in  the  V A R  and B a yes ia n  V A R  m ode ls , such as the  E G D I 

ind ex . A n o th e r  im p o rta n t fa c to r  in c lu d e d  in  the  V A R  and B V A R  m o d e ls  w i l l  be 

e co n o m ic  fre e d o m  since  i t  is  fu n d a m e n ta l to  w h a t is  regarded  as e co n o m ic  progress. B y
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te s tin g  the  h ypo the s is  in  the  m ode ls , the  c o rre la tio n  be tw een  the  se lected va ria b le s  w i l l  

be eva lua ted.

D e m a n d  s h o c k s :  e x p e c ta t io n s ,  E G D I ,  a n d  e c o n o m ic  f r e e d o m  in  M o n te n e g r o

W e  tra c k  the  change in  endogenous v a ria b le s  fo r  each s tru c tu ra l shock  at t, t+ 1 . . . t+ k ,  

f ro m  dem and shocks: E G D I and e co n o m ic  free do m , c o m b in e d  w ith  expecta tions . O u r 

goa l is  to  trace  the  e ffe c ts  o f  in te rn a l shocks to  the  e con om y o f  M o n te n e g ro , in f la t io n . I t  

is  essentia l to  em phasize  the  d yn a m ics  s ince  th e y  sh ow  a p rec ise  cause and e ffe c t re la tio n  

be tw een  the  shock  and the  v a ria b le  th a t responds.

•  T he  im p u ls e  response o f  E G D I to  the  e c o n o m ic  f r e e d o m  s h o c k  has s ig n if ic a n t 

o s c illa t io n s , f ro m  n eg a tive  to  p o s itiv e , w ith  a pe rm a ne n t p o s itiv e  im p a c t in  the  e- 

g o ve rn m e n t d e ve lo p m e n t ind ex . T he  p ass-th rough  fro m  e co n o m ic  fre e d o m  to  

E G D I is re la t iv e ly  q u ic k . T he  reason is  th a t a fte r th e  e con om y is  h it  w ith  the  one- 

u n it  s tandard d e v ia tio n  shock  in  the  e co n o m ic  free do m , th e  e xpec ta tions  o f  

p ro d u c t iv ity  increase m ore  th an  the  rea l p ro d u c t iv ity ,  c re a tin g  an u n fa v o ra b le  gap 

in  the  la b o r  m arke t. W o rk e rs  expect h ig h e r  w ages th an  f irm s  can a ffo rd . A f te r  

fo u r  m on ths , the  e xpec ta tions  o f  c itize n s  a d jus t to  the  n e w  re a lity , th a t is  u n t i l  

E G D I e and E G D I  are aga in  equal. A n o th e r  reason is  th a t n e w  te c h n o lo g y  

inve s tm en ts  to o k  a w h ile  u n t i l  the  p ro v id e r  and th e  user fu n c t io n a liz e d  and g o t 

used to  the  n e w  system .

•  A s  the  ca p ita l s tock  v a r ia b le  is  com posed  o f  F D I,  i t  is  no  su rp rise  th a t the  rea l 

ca p ita l in ve s to rs  suspect the  advancem ent o f  e co n o m ic  free do m . A s  a 

consequence, the  inve s tm en ts  are w ith d ra w n . T he  ca p ita l s to ck  responded  

n e g a tiv e ly  u n t i l  20  m on ths , rea ch in g  -0 .6 . A f te r  th is  p e rio d , i t  starts to  increase 

b u t s lo w ly . I t  takes a w h ile  to  co n v in ce  fo re ig n  in ve s to rs  to  b r in g  th e ir  m a ch in e ry  

and s ta rt p ro d u c tio n . E ve n  th o u g h  the  G D P  increases fro m  the  v e ry  start, the  F D I 

decreases m ore , re s u lt in g  in  lo w e r  ca p ita l s tock. In  w o rds : i t  im p lie s  th a t the 

g o ve rn m e n t has to  observe  h o w  fo re ig n  in ve s to rs  create and change th e ir  

expecta tions.
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•  T he  response o f  h um an  ca p ita l to  C h o le sky  o n e -u n it standard d e v ia tio n  shock  in  

e co n o m ic  fre e d o m  starts to  increase  fro m  the  v e ry  b e g in n in g . I t  u n fo ld s  a c r it ic a l 

p e rspec tive  fo r  s tudents o f  M o n te n e g ro . E c o n o m ic  fre e d o m  h ike s  th e ir  

expecta tions  and v ie w s  fo r  a b e tte r fu tu re .

•  T he  response o f  e m p lo y m e n t to  e co n o m ic  fre e d o m  shock show s a sm oo th  d ec line  

o f  e m p lo ym e n t, rea ch in g  -0 .0003  a fte r 22  m on ths . A f te r  h it t in g  b o tto m , i t  starts 

to  increase s lo w ly , re a ch in g  0 a fte r o n ly  40  m on ths . T he  la b o r m a rke t, soc ie ty , 

and w o rk e rs  expected  th a t the  e con om y g ro w s  faste r, w h ic h  does no t, c re a tin g  an 

u n fa v o ra b le  gap in  e m p lo ym e n t, in c re a s in g  u n e m p lo y m e n t. T he  w a g e -se ttin g  

(W S )  re la tio n  w i l l  s h if t  up  b y  m o re  th an  the  p ric e -s e ttin g  (P C ) re la tio n , in c rea s ing  

u n e m p lo y m e n t's  n a tu ra l rate. T he  una d jus ted  gap rem a ins  h ig h e r fo r  20  m on ths  

u n t i l  expec ta tions  o f  p ro d u c t iv ity  have ad justed  to  the  n e w  re a lity . W o rk e rs  ask 

fo r  a h ig h e r  w age , and f irm s  c o u ld  n o t a ffo rd  it. I t  leads to  an increase  in  

u n e m p lo ym e n t. A f te r  som e p e rio d , w o rk e rs  and soc ie ty  w i l l  re a lize  th a t f irm s  

have n o t increased  th e ir  p ro d u c t iv ity ,  lo w e r in g  th e ir  expecta tions , and a ccep ting  

lo w e r  w ag es-inc rea s ing  e m p lo ym e n t. T he  above fa c t suggests the  p o lic y m a k e rs  

shou ld  have an in -d e p th  u nd e rs ta n d in g  o f  the  a d ju s tin g  m echan ism  o f  

expecta tions.

•  T he  response o f  G D P  to  the  e co n o m ic  fre e d o m  shock  keeps in c re a s in g  u n t i l  the  

19th m o n th  to  0 .25% . In  the  f ir s t  and second quarte rs, i t  increases th an  fo r  the  

u p c o m in g  tw o  quarte rs  i t  rem a ins  p re tty  m u ch  the  same le v e l, steady. Thus, a fte r 

the  fo u r th  quarte r, i t  starts aga in  to  rise . T h is  c r it ic a l fa c t im p lie s  th a t e con om ic  

fre e d o m  prospers  w h e n  g o ve rn m e n t a u th o ritie s  adequate ly  a nch o r expecta tions. 

T he  m echan ism  o f  e co n o m ic  fre e d o m  is  n o t s trong  enough  to  upg rade  the  

econom y a lone. T he  c itiz e n s  need to  have  a s trong  b e l ie f  in  the  hands o f  

m a c ro p ru d e n tia l p o lic y m a k e rs . I n  w o r d s :  a n ch o rin g  expecta tions  w ith  e con om ic  

fre e d o m  b rin g s  p ro s p e rity .

H a v in g  the  g oo d  new s th a t the  c o u n try  is  m o v in g  ahead to w a rd s  the  E U  im p lie s  a 

c o rre c tio n  o f  p ric e  e xpec ta tions  P e, re la t in g  to  the  cu rre n t p ric e  le v e l P : in c re a s in g  the  

rea l w ages in  p ric e -s e ttin g  re la tio n . T he  w a g e -s e ttin g  re la tio n  w i l l  change, as w e ll,  based
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on A e, u n e m p lo y m e n t u ,  and in s t itu t io n a l fa c to rs  cap tu red  b y  v a ria b le  z :  e q u il ib r iu m  o f  

w o rk e rs  and f i r m s ’ e xpec ta tions  o f  p ro d u c t iv ity .  T he  a d ju s tm e n t process w i l l  o ccu r u n t il 

the  e q u ilib r iu m  is  reached in  the  free  m a rke t: u n t i l  w o rk e rs  and f irm s ' e xpec ta tions  ad jus t 

to  the  n e w  re a lity .

W e  have e xam in e d  co m p a ra tive  in f la t io n  ana lys is  o f  actua ls, base line , scenario  1 -  an 

increase o f  E G D I, and scenario  2 -  an increase o f  e co n o m ic  freedom . W h e n  e con om ic  

a c t iv ity  is  h it  w ith  p o s itiv e  e co n o m ic  free do m , in f la t io n  decreases d ra s tic a lly . T he  

m easures o f  e co n o m ic  fre e d o m  are based on  12 q u a n tita tiv e  and q u a lita t iv e  fac to rs , 

g rouped  in to  fo u r  b ro ad  ca tegories, o r  p illa rs , o f  e co n o m ic  free do m : a) R u le  o f  L a w  

(p ro p e rty  r ig h ts , g o v e rn m e n t in te g r ity ,  ju d ic ia l e ffe c tiven ess), b )  G o v e rn m e n t Size 

(g o v e rn m e n t spend ing , ta x  bu rden , f is c a l h ea lth ), c ) R e g u la to ry  E f f ic ie n c y  (business 

freedom , la b o r free do m , m o n e ta ry  fre e d o m ), and O p en  M a rk e ts  (trade  free do m , 

in v e s tm e n t free do m , f in a n c ia l fre e d o m ). T he  fu tu re  thes is  sh ou ld  e xam ine  each o f  the  

above com ponen ts  o f  e co n o m ic  freedom . P ro p e rty  r ig h ts  are fu n d a m e n ta l to  w h a t is  

g e n e ra lly  regarded  as e co n o m ic  progress, and w ith  w e ll-d e f in e d  and e n fo rce d  p ro p e rty  

r ig h ts , su rp lus  p ro d u c tio n  becom es a p o te n tia l. T he  h ig h e r q u a lity  and m ore  e x ten s ive  the  

p ro p e rty  r ig h ts  are, the  m o re  e ff ic ie n t and p ro d u c tiv e  the  e con om y w i l l  be. In  a g lo b a liz e d  

w o r ld , trade  can be a lm o s t u n im a g in a b le  w ith o u t the  w e ll-d e f in e d  p ro p e rty  r ig h ts  o f  

tran s fe ra b le  goods and services.

T he  fo re ca s tin g  p e rfo rm a n ce  show s th a t the  e co n o m ic  fre e d o m  a lte rn a tiv e  scenario  w o u ld  

increase h um an  ca p ita l sh a rp ly  com pared  to  the  scene o f  E G D I increase. T he  m a rg in a l 

im p a c t o f  scenario  1 vs. scenario  2 is  c r it ic a l. T h is  fa c t is  s ig n if ic a n t fo r  p o lic y m a k e rs  to  

increase the  n u m b e r o f  students: kn o w le d g e .

T he  in tro d u c tio n  o f  the  E G D I has changed the  s truc tu re  o f  the  M o n te n e g r in  econom y.

T he  s tru c tu ra l c o n to u r o f  the  m a rk e t changes due to  in tro d u c in g  n e w  te ch n o lo g ie s  m a k in g

the  o ld  ones obso le te . T he  e a rly  s k il ls  are less u se fu l, w h ile  the  n e w  ones are in  h ig h e r

request. T he  o ld  s k il le d  gen e ra tio n  is  w i l l in g  to  w o rk  at least fo r  the  same w age, even

a ccep ting  a lo w e r  sa lary. S t il l,  the  n e w ly  q u a lif ie d  g en e ra tio n  has h ig h  expecta tions  abou t

the  in tro d u c tio n  o f  the  n e w  te c h n o lo g ic a l process. T h is  process w i l l  s h if t  the  W S  re la tio n

to  the  r ig h t i f  the  n e w  s k ille d  g en e ra tio n  ou tba lances the  o ld  s k il le d  ones. A s  the  m od ern

age requ ires  h ig h e r-s k ille d  peop le , i t  is  to  be expected  th a t h ig h e r e du ca tio n  is  a p o te n tia l
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va ria b le . T h is  w ag e  in e q u a lity  com es fro m  the  e du ca tiona l le v e l as w e ll.  T he  decrease in  

e m p lo y m e n t in  o u r case m ig h t arise  f ro m  the  fa c t th a t the  dem and fo r  h ig h -s k il le d  w o rk e rs  

is  h ig h , b u t the  su p p ly  o f  the  h ig h e r-s k ille d  is  lo w , re s u lt in g  in  a decrease in  e m p lo ym e n t. 

A s  the  a d ju s tm e n t p rocess takes p lace  in  the  la b o r m a rke t, w e  n o tic e  in f la t io n  ad justs  as 

w e ll.  T he  m ore  M o n te n e g ro  closes to  the  E U , the  h ig h e r w i l l  be dem and fo r  h ig h -s k il le d  

w o rke rs . S t i l l ,  in  the  m ea n tim e , som e com pan ies  w i l l  keep d em an d in g  lo w  s k ille d  

w o rk e rs  to  stay c o m p e tit iv e  in  the  g lo b a l m a rk e t as the  e co n o m ic  b o rde rs  keep n a rro w in g . 

I t  even increases the  e xpec ta tions  o f  w o rk e rs  in  the  la b o r  m arke t. T he  c o -m o v e m e n t o f  

e m p lo y m e n t and in f la t io n  is  ra th e r c lose, w h ic h  is  u n d e r o u r e x p la n a tio n  o f  th e  a d jus tm e n t 

o f  P e ~  P  and A e ~  A .

P o lic y m a k e rs  m ig h t co n s id e r i t  to  ba lance  the  su p p ly  and dem and o f  w o rk e rs  b y  sp e c ific  

sectors to  ba lance  w age  in e q u a lity , w h ic h  im p a c ts  fu r th e r  the  e co n o m ic  a c t iv ity  and 

g o v e rn in g  in te rn a l and e x te rna l in f la t io n  fa c to rs  in  M o n te n e g ro . O n ly  h o lde rs  o f  m aste rs ’ 

degrees la c k  an increase  o f  dem and in  the  average la b o r  m a rke t, s ig n a liz in g  the  

p o lic y m a k e rs  th a t th is  h ig h -s k il le d  g roup  shou ld  be m o tiv a te d  fu r th e r  because the  o ve ra ll 

e conom y o f  M o n te n e g ro  does n o t u t i l iz e  th e ir  p o te n tia l.

•  O n  the  o th e r hand, the  in f la t io n  response to  E G D I  s h o c k  show s an increase in  the  

f ir s t  h a l f  o f  the  year, th en  decreas ing  u n t i l  the  end o f  the  second year, rea ch in g  

zero. Thus, aga in , here  w e  deal w ith  the  e xp e c ta tio n  m echan ism . T he  a d jus tm e n t 

process m ig h t take  u p  to  24  m onths.

•  T he  response o f  G D P  to  the  E G D I shock  is  n ega tive . I t  happens w h e n  p ro d u c t iv ity  

g ro w th  increases m o re  s lo w ly , b u t the  e xpec ta tions  o f  w o rk e rs  keep g ro w in g . I t  

is  fa s c in a tin g  fo r  M o n te n e g ro  because th is  c o n firm s  the  fo rw a rd - lo o k in g , 

fu tu r is t ic ,  re fle c te d  in  the  G D P , in f la t io n , and e m p lo ym e n t. Thus, th is  sp e c ific  

m echan ism  leads to  in c re a s in g  e m p lo y m e n t (the  h ig h  s k ille d  ou tba lance  the  lo w -  

s k ille d )  and, hence in f la t io n . T he  a d jus tm e n t m echan ism  o f  G D P  is  n e g a tive  fo r  

the  f ir s t  s ix  m on ths  th en  starts inc reas ing . T o  conc lude , the  im p a c t o f  E G D I on 

e m p lo y m e n t is  h ig h , w h ic h  is  one o f  the  s ig n if ic a n t m a c ro e co n o m ic  co rnerstones 

o f  M o n te n e g ro .
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W e  o b ta ine d  im p re ss ive  resu lts  f ro m  the  panel dataset c o n ta in in g  data fo r  M o n te n e g ro , 

Serbia, C ro a tia , and S loven ia . T he  in f la t io n  va ria n ce  d e c o m p o s itio n  is  m o ve d  m o s tly  

f ro m  e co n o m ic  free do m . T he  e m p ir ic a l resu lts  c le a r ly  sh ow  the  c o n tr ib u tio n  o f  ca p ita l 

s tock, e co n o m ic  free do m , and the  co rre sp o n d in g  shocks to  the  m ovem ents , fo recas t e rro r 

va ria n ce  o f  G D P .

•  U n d e r the  a lte rn a tive  panel scenario , 1 -  E G D I, G D P  fo r  M o n te n e g ro  and Serb ia  

p re d ic ts  the  e co n o m ic  g ro w th  even lo w e r  th an  the  base line , p r im a r ily  fo r  

M o n te n e g ro , w h ic h  show s h o w  expecta tions  o f  te c h n o lo g ic a l p rogress ad jus t 

s lo w ly . T h is  e q u ilib r iu m  happens o n ly  a fte r 21 m on ths  fo r  M o n te n e g ro , w h ile  fo r  

Serbia, a fte r 14 m on ths . W h ile  fo r  C ro a tia  and S loven ia , w e  see a v e ry  h ig h  

increase  in  the  G D P , le a d in g  us to  co nc lud e  th a t the  w o rk e rs ' e xpec ta tions  w ere  

absorbed v e ry  w e ll f ro m  the  m arke ts . M o re o v e r, in f la t io n  d rops sh a rp ly  based on 

the  a lte rn a tiv e  fo re ca s tin g  scenario  1 fo r  C ro a tia  and S lo ve n ia  a fte r the  1st quarter. 

I t  happens because the  g ro w th  in  te c h n o lo g ic a l p rogress has increased  the  rea l 

wages. In  re a lity , i t  has lo w e re d  p rices  and res tru c tu red  the  m a rk e t in  te rm s o f  

co m p e titive ne ss  fo r  S lo ve n ia  and C roa tia . W h ile  fo r  M o n te n e g ro  and Serbia, w e  

see no  s ig n if ic a n t o s c illa t io n s . In  w o rd s : in s t itu t io n a l changes are suggested to  

syn ch ron ize  the  speed o f  the  expecta tions  in  M o n te n e g ro  and Serbia.

•  A s  a p o te n tia l fa c to r, w e  have em bedded an a lte rn a tive  scenario  w h e n  e co n o m ic  

fre e d o m  increases in  the  panel dataset: scenario  2. T he  channe l o f  e con om ic  

fre e d o m  is  m u lt id im e n s io n a l. I t  a ffe c ts  p ro d u c tio n , g ove rn m e n t, consum ers, 

inve s to rs , and revenues. T he  G D P  increases e n o rm o u s ly  fo r  a ll coun tries , 

fo re ca s tin g  a ra p id  g ro w th  fo r  M o n te n e g r in , Serb ian , C ro a tia n , and S lo ven ian  

econom ies  o f  4 ,82 6% , 4 ,6 4 4 % , 5 ,983% , and 7 ,29 3% , re sp e c tive ly , in  the  p e rio d  

fro m  January 2016  to  D ece m b e r 2017. I f  w e  lo o k  at in f la t io n , f ro m  January 2016  

to  D ece m b e r 2017 , the  a lte rn a tive  scenario  c o u ld  de fla te  the  p rices  fro m  0 %  to  - 

3 ,650% . I t  is  s ig n if ic a n t fo r  the  C B C G  to  co n s id e r th a t th ro u g h  e co n o m ic  freedom , 

the  C B C G  c o u ld  c o n tro l the  in te rn a l and e x te rna l shocks to  M o n te n e g ro 's  

e co n o m ic  a c t iv ity .  E m p lo y m e n t goes th ro u g h  the  a d ju s tm e n t m echan ism , 

e spe c ia lly  M o n te n e g ro  goes th ro u g h  a d ra s tic  d ro p  -  rea ch in g  -1 ,1 2 4 %  in  the  

second quarte r. I t  im p lie s  th a t the  a d jus tm e n t process goes th ro u g h  a v e ry  d y n a m ic
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o s c illa t io n  w ith in  the  f ir s t  year. I t  co in c ide s  w ith  som e co un trie s  th a t entered  the 

E U , such as R um an ia , B u lg a ria , and C ro a tia . The re  w as a h ig h  f lo w  o f  

e m p lo y m e n t o u ts id e  o f  th e ir  coun tries . M o re o v e r, ca p ita l s to ck  drops d ow n , 

w h ic h  com es fro m  the  fa c t th a t fo re ig n  in ve s to rs  w a it  u n t i l  th e y  ge t co n v in ce d  th a t 

i t  is  n o t a b ub b le , b u t i t  com es fro m  the  m arke ts ' in te rn a l res truc tu re .

•  W e  can n o tic e  th a t E G D I goes th ro u g h  the  a d ju s tm e n t process, as w e ll.  A t  the 

v e ry  b e g in n in g , w e  see a d rop  in  the  E G D I. A t  the  same tim e , a fte r s ix  m on ths , i t  

starts to  increase  and th en  keeps r is in g  even m ore  a fte r the  1st ye a r co m p a rin g  to  

the  in i t ia l  ye a r o f  the  fo re ca s tin g  p e rio d , January 2016.

T he  above scenarios revea l w h ic h  o f  the  panel dataset a lte rn a tiv e  scenarios do  im p a c t 

m o re  su b s ta n tia lly  in f la t io n  and e co n o m ic  a c t iv ity  in  M o n te n e g ro , Serbia, C ro a tia , and 

S loven ia . T he  d y n a m ic  im p a c t o f  e co n o m ic  fre e d o m  on in f la t io n  and G D P  is  enorm ous. 

T he  E G D I is  n o tice a b le  in  C ro a tia  and S lo ve n ia  as a p o s itiv e  im p a c t, w h ile  e con om ic  

fre e d o m  appears th ro u g h o u t the  coun tries .

R e m a rk a b ly , th is  h y p o th e tic a l assum ption 's  im p a c t h its  a ll co un trie s  m o re  o r less w ith  the  

same tid e , excep t fo r  M o n te n e g ro , in  case o f  in f la t io n , w h ic h  is  p ro fo u n d ly  im p a c te d  b y  

e co n o m ic  freedom . G D P  increases e n o rm o u s ly  fo r  a ll c ross-sec tiona l pane l co un trie s  in  

case o f  the  h it  b y  e co n o m ic  free do m , b u t fa r  m o re  s ig n if ic a n t fo r  C ro a tia  and S lo ven ia  

w h e n  h it  b y  E G D I in n o v a tio n .

T he  in e la s tic ity  o f  the  la b o r m a rke t, d e te rm ine d  b y  these tens ions, b r in g s  c rea tive  

des truc tio n . In  w o rd s : the  G o ve rn m e n t o f  M o n te n e g ro  is  recom m ended  to  take  an in ­

dep th  lo o k . The re  are m o re  d e c lin in g  sectors, lo w  in  dem and, than  in c re a s in g  ones, h ig h  

in  dem and. T he  s tra tegy  shou ld  go  to w a rd s  th a t the  com pu te rs  sh ou ld  becom e m o re  

c o m fo rta b le  to  use even fo r  those  lo w  in  h ig h -s k il l  jo b s  and take  advantage o f  lo w -w a g e  

w o rke rs .

D e m a n d - p u l l  a n d  c o s t - p u s h  v a r ia b le s

M o d e l 2 has cos t-push  v a ria b le s  and d e m a n d -p u ll and : the  n o m in a l exchange  rate, b road  

m o n e y  (M 2 ), w ages, p ro d u c t iv ity  g ro w th , and in f la t io n . T he  m a c ro p ru d e n tia l 

p o lic y m a k e rs  and the  C B C G  are in te res ted  in  e x a m in in g  and m ea su ring  shocks th a t
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o rig in a te  abroad, p re c is e ly  the  exchange rate. S ince  the  n o m in a l exchange rate  v o la t i l i t y  

is  o fte n  associated w ith  s ig n if ic a n t d is ru p tiv e  e ffec ts , w e  have  ana lyze d  the  im p u ls e  

response o f  the  euro  n o m in a l exchange  ra te  to  the  M o n te n e g r in  econom y.

•  T he  im p u ls e  response to  the  p o s it iv e  n o m in a l  e x c h a n g e  s h o c k  in d ica te s  th a t 

in i t ia l ly ,  M 2  fa lls  im m e d ia te ly , fo l lo w e d  b y  n o m in a l exchange shock, u n t i l  the  

second m on th . A f te r  a 9 -m o n th  in te rv a l, the  response o f  M 2  reaches 0 .001% . 

A f te r  tha t, i t  keeps in c re a s in g  u n t i l  the  19th m o n th , rea ch in g  a peak o f  0 .009% . In  

w o rd s : a fte r the  euro  apprecia tes, e xpo rts  decrease, o u tp u t decreases, and the  trade  

d e f ic it  increases in  M o n te n e g ro . T o  a v o id  a re d u c tio n  in  o u tp u t, the  G o v e rn m e n t 

m u s t in d u ce  g o v e rn m e n t spend ing  to  s h if t  up  the  dem and.

•  T he  im p u ls e  response o f  w ages to  the  n o m in a l exchange rate  shock  has 

cons ide rab le  o s c illa t io n s , re s u lt in g  in  negative .

•  A s  expected, p ro d u c t iv ity  g ro w th  decreases fro m  2 .5 %  to  0 .9%  in  the  f i r s t  3 - 

m o n th  in te rv a l. A f te r  tha t, the  response o f  p ro d u c t iv ity  g ro w th  starts acce le ra ting , 

and the  m a x im u m  im p a c t is  reached at a round  8 to  9 m on ths , g ra sp in g  1 .7% . A f te r  

th is , i t  keeps fa l l in g  s lo w ly  and, a fte r a 3 9 -40  m o n th  in te rv a l, i t  reaches 0.

•  T he  im p u ls e  response to  the  p o s it iv e  n o m in a l exchange  shock  in d ica te s  th a t 

in f la t io n  in i t ia l ly  increases im m e d ia te ly , fo llo w e d  b y  n o m in a l exchange shock 

u n t i l  the  second m on th . I t  starts at -0 .1 % , and in  the  second m o n th , i t  increases 

in f la t io n  to  0 .06% . A f te r  th is , in f la t io n  fa lls  im m e d ia te ly  to  0.01 in  the  3rd m on th . 

In  48 m on ths , in f la t io n  does n o t sh ow  p ro m in e n t o s c illa t io n s  and keeps c lose  to  

0 .

•  T he  im p u ls e  response to  the  p o s itiv e  M 2  s h o c k  ind ica te s  th a t in i t ia l ly ,  w ages fa l l  

im m e d ia te ly , fo l lo w e d  b y  the  M 2  u n t i l  the  th ird  m o n th , rea ch in g  -0 .0 06 % . Just 

a fte r the  6 -m o n th  in te rv a l, w ages reach 0, and a fte r 15 m on ths , th e y  increase  to  

0 .008% . In  w o rd s : as m o n e y  penetra ted  the  M o n te n e g r in  m arke t, the  expecta tions  

o f  the  m a rk e t and w o rk e rs  increased, b u t the  rea l p ro d u c t iv ity  d id  n o t im p ro v e . 

C on seq ue n tly , the  a d jus tm e n t m echan ism  regu la tes  the  la b o r m a rk e t in
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M o n te n e g ro , and w o rk e rs  accep t lo w e r  w ages. F ro m  the  m o n th  o f  15 to  38, w ages 

fa l l  s lo w ly , c o n firm in g  the  abou t co n c lu s io n  and im p lic a tio n .

•  In f la t io n  im p u ls e  response to  the  p o s itiv e  M 2  shock  in d ica te s  id e n tic a l 

m ovem en ts  to  wages. F irs t, in f la t io n  fa lls  f ro m  0 .0 2 %  to  -0 .0 4 %  w ith in  th e  f ir s t  

tw o  m on ths , then  increases to  0 .1 8 %  a fte r e ig h t m on ths . A f te r  th is , in f la t io n  starts 

d e c lin in g  s lo w ly  and rem a ins  neg a tive  ( -0 .02 ) fo r  the  rest o f  the  p e riod .

B ased on  the  above m o d e l, w e  can co nc lud e  th a t the  M o n te n e g r in  m a c ro p ru d e n tia l 

p o lic y m a k e rs  have to  c a re fu lly  pay a tte n tio n  to  m o n e y  su p p ly  and exchange  rates to  

co m b in e  w ith  f is c a l p o lic ie s . T h e  M o n te n e g r in  g o ve rn m e n t has to  use fis c a l p o lic y  to  

ba lance  p o te n tia l shocks th a t o rig in a te  fro m  abroad.

S ta b iliz a tio n  p o lic y  in  the  w a ke  o f  exogenous in n o v a tio n s , such as C O V ID -1 9 , is  the  f ir s t -  

o rd e r conce rn  fo r  M o n te n e g ro 's  m o n e ta ry  and f is c a l a u th o ritie s . T h is  d isse rta tio n  

docum en ted  th a t s tren g the n in g  M o n te n e g ro ’ s in s t itu t io n s , p u b lic  a d m in is tra tio n , and 

u s in g  p r in c ip a l g ro w th  eng ine  -  e xpo rts  -  and p ro d u c t d iv e rs if ic a t io n  m akes M o n te n e g ro  

s tronge r to  absorb g lo b a l e co n o m ic  shocks.

A n o th e r  substan tia l d ocu m e n ta tio n  is  th a t the  M o n te n e g r in  econom y is  vu ln e ra b le  to  

ex te rna l shocks, as i t  h e a v ily  re lie s  u p o n  ca p ita l in f lo w s . M o re o v e r, p re se rv in g  hum an  

ca p ita l and ke e p in g  i t  in  the  c o u n try  am ounts  to  v ita l su pp o rt and g ro w th  eng ine  fo r  

m a c ro e co n o m ic  s ta b ility  and s tru c tu ra l re fo rm s  in  M o n te n e g ro . A s  the  fo re ig n  

inve s tm en ts  w i l l  be v e ry  fra g ile  a fte r the  o u tb re a k  o f  C O V ID -1 9 , th e  s to ck  m a rk e t needs 

to  be c lo se ly  m o n ito re d  b y  m a c ro p ru d e n tia l p o lic y m a k e rs . S ince  the  s tru c tu ra l re fo rm s  o f  

su p p ly  shocks in  M o n te n e g ro , th ro u g h  h um an  ca p ita l and e m p lo ym e n t, tr ig g e r  

o s c illa t io n s  in  aggregate  dem and m ore  e x ten s ive  th an  th e  shocks them se lves , the  

p o lic y m a k e rs  are to  m ake  sure o f  n o t a llo w in g  f irm s  to  e x it  and create jo b  des truc tio n . In  

w o rd s : the  series o f  e ffe c ts  w o u ld  cause a recess ion  in  case in te rv e n tio n  o f  co n ve n tio n a l 

and n o n -c o n v e n tio n a l p o lic ie s  lacks. In d u c in g  a h ig h  e co n o m ic  g ro w th  rate, le v e ra g in g  

the  c o u n try ’ s co m p a ra tive  advantages, has been d ocum en ted  in  the  thesis, and i t  can be 

ach ieved  th ro u g h  se cu ring  la w  and o rd e r and a pp ro p ria te  subsid ies. T he  u p c o m in g  centra l 

e co n o m ic  ch a llenge  fo r  the  p o lic y m a k e rs  o f  the  G o v e rn m e n t o f  M o n te n e g ro  and the  

C B C G  is to  m anage the  f is c a l basket, lo w e r in g  the  p u b lic  deb t c a re fu lly .
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C o n s id e rin g  a ll the  2020  u nce rta in tie s , a f u l l  reb ou nd  to  p re -C O V ID  19 G D P  le ve ls  w i l l  

take  a fe w  years. E ve n  th o u g h  a n e w  syn thesis, m ore  h a rm o n iz a tio n  o f  co n te m p o ra ry  

m acroe con om is ts , re g a rd in g  the  reco ve ry , appears to  be in -s ig h t and fe e l th a t th e y  have 

the  to o ls e t needed to  have an in -d e p th  u n d e rs ta n d in g  o f  m acroe con om ics  and d e s ig n in g  

p o lic ie s , the  h ea lth  c r is is  has started in  January 2020  and is  c o n tin u in g  w o r ld w id e . 

M o n te n e g ro , as a sm a ll and open econom y, has to  reassess c a re fu lly  d a ily  fu tu re  

e co n o m ic  and d e ve lo p m e n t p o lic ie s  since a re la t iv e ly  sm a ll shock  c o u ld  lead  to  a 

m a c ro e co n o m ic  c ris is . In  these c ircum stances, the  C B C G  independence  p o s it io n  is  

c ru c ia l, w h ic h  c o u ld  in f lu e n c e  the  a vo idance  o f  m o re  serious consequences w ith  its  

ins tru m e n ts . In s u f f ic ie n t fo cus  on  f in a n c ia l in s t itu t io n s  co u ld  be a source o f  fa ilu re . B y  

and la rge , the  ro le  o f  an indep en d en t C B C G  p ro v is io n  c o u ld  a v o id  the  p ro b le m . Thus, a 

c o m b in a t io n  o f  in te g ra te d  fa c to rs  is  s u b s ta n tia lly  docum en ted  in  th is  thes is  to  be a 

co ns is te n t ro le  m o d e l fo r  m a in ta in in g  p ric e  s ta b ility . In  w o rd s : p o o r u n d e rs ta n d in g  o f  the  

in te rac te d  fa c to rs  b y  a cen tra l b a n k  and h a v in g  the  fa c to rs  absent f ro m  m a c ro e co n o m ic  

m od e ls  com b ines  and creates a c ris is . L a rg e  m a c ro e co n o m ic  in te g r a t e d  m od e ls  are 

lessons docum en ted  fro m  th is  thes is  to  des ign  m a c ro p ru d e n tia l to o ls  to  keep stable  and 

lo w  in f la t io n  and a v o id  s ig n if ic a n t r is k s  to  the  le v e l o f  h ig h  p u b lic  deb t dangers. I f  h is to ry  

is  any re fe rence, s ta rtin g  fro m  the  recen t e co n o m ic  h is to ry , m o d e rn  e co n o m ic  system s 

w i l l  be h it  y e t b y  ano the r source o f  shocks the  m acroe con om is ts  have n o t ana lyzed  so fa r  

in  c o m b in a tio n  puzzles. Thus, fo r  exam p le , the  a d ju s tm e n t m echan ism  o f  the  2008  

F in a n c ia l l iq u id i ty  trap  c r is is  o f  lo w e r in g  in te re s t rates d id  n o t p ro ve  to  be o pe ra tio n a l in  

response to  lo w  o u tp u t: the  d e c lin e  in  to ta l e co n o m ic  a c t iv ity  o r  p ro d u c tio n  trends. B e  i t  

f is c a l o r  m o n e ta ry  p o lic y , the  ro o m  is  m u ch  m ore  lim ite d  th an  th o u g h t p re v io u s ly , 

e spe c ia lly  in  M o n te n e g ro . In  the  u p c o m in g  re c o v e ry  p e rio d , genera l f is c a l s tim u lu s  w i l l  

be  less e ffe c tiv e  th a n  usua l s ince  the  K e yn e s ia n  m u lt ip l ie r  fe ed ba ck  is  m u te d  due to  some 

sectors ' shu tdow n . M o n e ta ry  p o lic y  m ay  have m a g n if ie d  e ffec ts  b y  re s tr ic t in g  com pany  

ex its , as lo n g  as i t  is  u n im p e d e d  b y  the  ze ro  n o m in a l lo w e r  bound . A t  the  t im e  b e in g  o f  

re w r it in g  th is  d o c to ra l thesis, the  docum en ted  fin d in g s , w ith d ra w n  fro m  the  e m p ir ic a l 

c o m b in a tio n  puzz les  in  chapters 3, 4, and 5, w i l l  appeal to  m a c ro e co n o m ic  p o lic y m a k e rs  

and b r in g  c lose r a rgum en ts  to  unders tand  b e tte r w h a t is  happe n in g  to  use m on e ta ry  and 

f is c a l p o lic y  to o ls : to  steer the  e con om y b a c k  g ra d u a lly  to  its  g ro w th  and re fo cus  on  the  

path  o f  g ro w th . T he  c o m b in a tio n  p uzz le  f in d in g s  o f  in te g ra te d  fa c to rs , the  so -ca lled
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c o m b in a t io n  p u z z l e  reco m m en d  p o lic y m a k e rs  to  take  the  c o m b in e d  p o s it io n  o f  n e w  

K e yne s ian s  and n e w  g ro w th  th eo ris ts : the  e co n o m ic  re tu rn  to  its  n a tu ra l le v e l in  the  

m e d iu m  run , and the  use o f  te c h n o lo g ic a l p rogress de te rm inan ts . T he  c o m b in a t io n  p o lic y  

to o l, m o n e ta ry  and fis c a l, addresses the  best th is  q ues tion  in  o u r V A R  and B V A R  

c o m b in e d  m ode ls .

In  a d d it io n  to  the  above, o u r docum en ted  resu lts  have som e o th e r in te re s tin g  

m a c ro p ru d e n tia l p o lic y  im p lic a tio n s . F irs t ly ,  i t  is  c ru c ia l to  in ve s tig a te  fu r th e r  w h y  

e co n o m ic  fre e d o m  increases p o s it iv e ly  a ffe c t G D P , and in  p a rtic u la r, to  ana lyze  the  

g ro w th  o f  e co n o m ic  fre e d o m  in  c o rre la tio n  w ith  the  re d u c tio n  o f  th e  shadow  econom y 

and the  a ttra c tio n  o f  inves tm en ts . I t  m ay  be a m ix tu re  o f  a c o m b in a tio n  o f  the  fo l lo w in g : 

a) increases o f  shadow  econom ies, b )  c row ds  o u t o f  se lected p r iv a te  inve s tm en ts , and 

c)increases o f  deb t b u rde n  fo r  the  b e n e fit  o f  a fe w  groups. S econd ly , the  p o lic y m a k e rs  

shou ld  co ns ide r the  in s t itu t io n a l im p ro ve m e n ts  and c o n tro l m echan ism s to  

s im u lta n e o u s ly  reduce  th e  im p a c t o f  p u b lic  deb t g ro w th  on  fu tu re  d e ve lo p m e n t dynam ics . 

F in a lly ,  e va lu a tio n  o f  p u b lic  sector e xpe nd itu re , such as p u b lic  sector bu reaucracy , is  to  

be e xam in e d  w ith  a c o n tin u o u s  re d u c tio n  o f  a d m in is tra tiv e  b a rrie rs  to  business. In  w o rds : 

app ro p ria te  inve s tm en ts  w o u ld  n o t increase the  p u b lic  deb t and n o rm a liz e  the  e con om ic  

fre e d o m  shock  im pac t.

A n o th e r  essentia l im p lic a t io n  o f  th is  research is  the  assessm ent th a t M o n te n e g ro  shou ld  

e ffe c t iv e ly  lead  and end as soon as poss ib le  (reasonab le  m e d iu m -te rm ).

A n o th e r  fu n d a m e n ta l im p lic a t io n  o f  th is  research is  the  assessm ent th a t M o n te n e g ro  

shou ld  e ffe c t iv e ly  lead  and end as soon as poss ib le  (reasonab le  m e d iu m -te rm ) the  a lready 

opened chapters and o v e ra ll n e g o t ia t io n  p r o c e s s  w i th  the  E U . A c h ie v in g  fu ll- f le d g e d  

m e m be rsh ip  w i l l  s tro n g ly  c o n tr ib u te  to  the  c o u n try  in  ra is in g  the  econom y 's  

co m pe titiveness , o v e ra ll e co n o m ic  o u tlo o k , and b e n e fit f ro m  the  E U  b u d g e t to  m a in ta in  

p rice  s ta b ility  and p ro te c t the  c o u n try  aga ins t any o th e r f in a n c ia l o r  h e a lth  shocks. 

B esides, u n e m p lo y m e n t is  an issue o f  serious conce rn  in  M o n te n e g ro  and the  need fo r  

s truc tu ra l re fo rm s  in  th a t area. T he  u n e m p lo y m e n t le v e l is  to o  h ig h , p u t ano the r w a y  - the  

o u tp u t is  lo w e r  than  the  n a tu ra l le v e l (p o te n tia l) , and the  e con om y has a trade  d e fic it .  A n  

increase in  e xpo rts  and th e ir  d iv e rs if ic a t io n  w i l l  he lp  on  b o th  the  trade  and o u tp u t fron ts .

228



H a v in g  show n  a ll o f  the  above, f u t u r e  research avenues shou ld  in c lu d e  a fa c to r-  

augm ented  V A R X  and s ign  re s tr ic tio n s  approach  to  a b e tte r and m ore  co m p le te  p ic tu re  

o f  fu tu re  shocks. T h is  research has used S V A R  p aram ete r e s tim a tio n  m ethods th a t im p ose  

p a ra m e tric  re s tr ic tio n s  on  s truc tu re  o r  im p u ls e  responses. S ign  re s tr ic tio n s  u t i l iz e  

in fo rm a tio n  to  generate  m an y  sets o f  im p u ls e  responses fo r  u n co rre la te d  shocks e t  th a t 

sa tis fy  the  signs. T he  range o f  poss ib le  im p u ls e  responses, the  c o m p a t ib ility  o f  the  data, 

the  shape o f  responses in  ch o o s in g  a p a ra m e tric  m o d e l, and the  is o la tio n  o f  sp e c ific  

shocks are the  b e n e fits  o f  s ign  re s tr ic tio n s . A  des irab le  c o m b in a t io n  o f  s ign  re s tr ic tio n s  

and p a ra m e tric  w o u ld  b r in g  the  best resu lts .

In  c o n c lu s io n , th is  d o c to ra l d isse rta tio n 's  e m p ir ic a l f in d in g s  p ro v id e  m a c ro p ru d e n tia l 

p o lic y m a k e rs  w ith  an in -d e p th  u nd e rs ta nd in g  o f  the  ro le  endogenous and exogenous 

de te rm inan ts  p la y  in  g o v e rn in g  in f la t io n  w ith  standard  V A R  and B a yes ia n  c o m b in a t io n  

m odels . A lth o u g h  p re v io u s  research has id e n t if ie d  several m ethods th a t c o u ld  be used to  

p re d ic t in f la t io n , such as in te rn a l and e x te rna l va riab les , the  m e th o d o lo g ie s  deve loped  

fro m  these stud ies have been l im ite d  and d i f f ic u l t  to  a p p ly  at the  n a tio n a l le ve l. T he re fo re , 

w e  va lu e  th a t the  resu lts  o f  th is  research w i l l  enab le  p o lic y m a k e rs  to  b e tte r unders tand  

the  fa c to rs  in v o lv e d  in  re c o g n iz in g  the  d yn a m ics  o f  in f la t io n  and in f la t io n  expecta tions 

in  M o n te n e g ro  and deve lo p  m ore  e ffe c tiv e  m easures and p o lic ie s , w h ic h  can be used at 

the  n a tio n a l le v e l. B y  d o in g  so, w e  hope  th a t o u r research w o rk  im p ro v e s  the  set o f  to o ls  

needed to  e ffe c t iv e ly  address the  cha llenges o f  m a n a g in g  e x te rna l and in te rn a l in f la t io n  

fa c to rs , w h ic h  is  c ru c ia l fo r  m a in ta in in g  p ric e  s ta b il ity  fo r  m a c ro p ru d e n tia l p o lic y m a k e rs  

in  M o n te n e g ro , e sp e c ia lly  the  C en tra l B a n k  o f  M o n te n e g ro .
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P R O S IR E N I  A P S T R A K T

In f la c ija  je  je d a n  od  c e n tra ln ih  odnosno  o s n o vn ih  m a k ro e k o n o m s k ih  p o ka za te lja  k o ji  se 

te m e ljn o  is p itu je  od  strane k re a to ra  m a k ro p ru d e n c ija ln e  p o lit ik e  i  m a k ro e k o n o m s k ih  

is traz ivaca . V la d e  je  v e o m a  za in te resovana  za pouzdane  p ro gn oze  in f la c ije . P rognoza  

in f la c ije  je  iz a z o v n o  is tra z iva n je . Z na ca ja n  b ro j is tra z iv a c a  p ro c ije n io  je  i  p re d v id io  

svo js tva  v re m e n s k ih  se rija  in f la c ije . O psta  saglasnost o v ih  s tu d io z n ih  is p it iv a n ja  je  da se 

o sn o vn i tre n d  i v o la t i ln o s t in f la c ije  to k o m  v rem en a  zna tno  m ije n ja ju ; m e d u tim , jo s  u v ije k  

ne p o s to ji konsenzus o n a jb o lje m  n a c in u  p re d v id a n ja  d in a m ik e  in f la c ije . P rognoze  

in f la c ije  bez gresaka od  znaca ja  su i  za osta le  sub jek te  u  e k o n o m iji.  E k o n o m s k i a k te ri ce 

d o n ije t i svo je  o d lu k e  o p la ta m a  i c ije n a m a  na o sno vu  in f la c io n ih  o c e k iv a n ja  k o je  se 

fo rm ira ju  i  o s la n ja ju  na ta cno s t p ro gn oze  in f la c ije .

Sa d ruge  strane, n iv o  z a v isn o s ti je d n e  m a le  i  o tvo ren e  e k o n o m ije , p o p u t C rne  G ore , kao  

i  d in a m ik a  n je n ih  m a k ro e k o n o m s k ih  in d ik a to ra , p ro s li su k ro z  znaca jne  ra zvo jn e  

p ro m je n e  p o s le d n jih  decen ija . N e k e  od  o v ih  p ro m je n a  se o g le d a ju  u  o b n o v i n ezav isnos ti 

C rne  G ore , d o k  se d ruge  p r ip is u ju  ekon om sko j i  p o lit ic k o j o r ije n ta c ij i ka  E v ro p s k o j u n ij i.  

O ve  v e lik e  p ro m je n e  d o n ije le  su znaca jno  sm an jen je  v o la t i ln o s t i m a k ro e ko n o m sko g  

o k ru ze n ja  u  C rn o j G o ri: in f la c i ja  je  k l ju c n i p o ka za te lj. D a k le , V la d a  i  m a k ro p ru d e n c ija ln i 

k re a to r i p o lit ik e  C rn e  G o re  p re u ze li su d uzn os t i  obavezu  da k re ira ju  jasn e  

m a k ro e ko n o m ske  p o l i t ik e  sa n a m je ro m  da s ta b iliz u ju  i u cv rs te  in f la c iju .  Is to v rem en o , 

E v ro p s k a  k o m is ija  e k s p lic itn o  izv je s ta v a  o k r ite r i ju m im a  k o n v e rg e n c ije  u  k o jim a  

p e rfo rm anse  c ije n a  m o ra ju  b it i  o d rz iv e  i  p ros jecna  stopa in f la c ije  ne v is a  od  1,5 

p ro c e n tn ih  poena izn a d  stope in f la c ije  t r i  d rzave  c la n ice  sa n a jb o ljim  re zu lta tim a .

O va  d is e rta c ija  k o r is t i s iro k  spekta r e k o n o m e tr ijs k ih  m ode la , od  k o jih  sva k i n os i robustne  

v rem enske  se rije , i  p ro c e n ju je  i  o c ije n ju je  n jih o v e  p ro gn ozn e  pe rfo rm an se  k ro z  v r ije m e  i 

m ode le . R a z lic ite  s tu d ije  su v rs ile  po reden ja  p re d v id a n ja  na je d n o m  odredenom  m ode lu . 

M e d u tim , ova  d is e rta c ija  fo k u s ira  se na  o b je d in ja v a n je  k l ju c n ih  in te rn ih  i e ks te rn ih  

fa k to ra  in f la c ije  i  iz v o d e n je  k o m b in a c ije  p re d v id a n ja  za is t i  dogada j: b u d u c i da nem a 

p o je d in a cn o  “ n a jb o lje g ”  m ode la . B e z  o b z ira  na p o s to ja n je  m n o g ih  v is o k o  ra f in ira n ih  

k o m b in a c io n ih  m etoda , tacnos t p re d v id a n ja  je  cesto n a jb o lja  kada  se p r im ije n ju je  

je d n o s ta v n o  p ro s ije c n o  ko ris c e n je  na sv im  m o d e lim a . M i  k o r is t im o  p ris tu p  je d n a k ih  i 

re la t iv n ih  te z ina  p e rfo rm a n s i ( in v e rz n i M S E ). O v o  je  p rv i p u t da je  za e k o n o m iju  C rne
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G ore  d o b ije n o  k o m b in o v a n o  p re d v id a n je , suge risuc i v is e d im e n z io n a ln e  d in a m ic k e  

m ode le .

C e te r i s  p a r ib u s ,  nas g la v n i c i l j  je  o tk r iv a n je  e ks te rn ih  i  in te rn ih  d e te rm in a n ti in f la c ije  u  

C rn o j G o ri. O tk r iv a m o  zn aca jn o  s ir i ja z  znan ja : p rvo , te o r ijs k a  s p e c ifik a c ija , na osnovu  

k o je  se a n a liz ira ju  e m p ir i js k i d e te rm inan te  in f la c ije ,  k o ja  k o m b in u je  te o r i ju  i  e m p ir ijs k u  

a na lizu , jo s  u v ije k  n ije  ops teprihvacena ; d rugo , iz v o d e n je m  id e n t if ik u je m o  t r i  s tru k tu rn a  

V A R  m o d e la  i  k o m b in u je m o  ih  sa je d n a k im  i in v e rz n im  M S E  p ris tu p o m  ponderisan ja . 

O va j p ris tu p  u  dosadasn jim  is tra z iv a n jim a  n ije  p r im ije n je n  na p oda tke  o in f la c i j i  u  C rn o j 

G o ri.

C il j  ove  d o k to rske  d ise rta c ije  je  e m p ir i js k i is tra z it i i  p ro g n o z ira ti de te rm ina n te  in f la c ije  

C rne  G ore , k o r is te c i k o m b in a c io n e  m etode  p rognoze , od  ja n u a ra  2006. do  decem bra  

2016. g od in e , i  va n  u z o rk a  12 -  m jesecnog  p re d v id a n ja  h o riz o n ta  od  ja n u a ra  2017. do 

decem bra  2017. god ine . S o b z iro m  da k re a to r i p o lit ik e  m o ra ju  da d e fin is u  o dg ova ra juce  

k r ite r iju m e  za d ija g n o zu , odnosno  p re poznavan je  in d ik a to ra  in f la c ije , g la v n i iz a z o v  ko d  

o vo g  is tra z iv a n ja  je  b ila  po treba  da se ra z v ije  p r is tu p  i  m e to d o lo g ija  k o ju  V la d a  C rne  

G ore  m oze  k o r is t it i ,  u  is tra z iv a n ju  d e te rm in a n ti in f la c ije , a u sk la d u  sa p os tepen im  

p rila g o d a v a n je m  s tanda rd im a  k o je  je  neo ph od no  u v o d it i  u  m a k ro e ko n o m sko m  

u p ra v lja n ju , a na p u tu  p ris tu p a n ja  E U , odnosno  E v ro p s k o j m on e ta rno j u n ij i.

U  radu  se is p u tu ju  t r i  p o jed ina cna  -  p re d ik to ra  S V A R  m o d e la  za p re d v id a n je  in f la c ije .  

Takode , k o r is t im o  p ris tu p  p a n e l-v e k to rs k o g  m o d e la  k o re k c ije  g resaka (V E C M )  za 

p re d v id a n je  d in a m ik e  in f la c ije  i  o c e k iv a n ja  in f la c ije  u  C rn o j G o ri, S rb iji,  H rv a ts k o j i 

S lo v e n iji.  C il j  p r is tu p a  panel k o in te g ra c ije  n ije  sam o po reden je  d v ije  podg rupe : i )  C rna  

G o ra  (M E )  i  S rb ija  (S R ) kao  ze m lje  k a n d id a ti za c la n s tvo  u  E U  i i i )  H rv a ts k a  (C R ) i 

S lo v e n ija  (S I), ve c  u  E U , ve c  da is ta kn e m o  sluca j C rne  G ore.

M o d e l 1 is p itu je  u n u tra sn je  d e te rm inan te  in f la c ije . M o d e l 2 odnos i se na p o tra z n ju  i ras t 

tro s k o v a  v a rija b le . M o d e l 3 is p itu je  sp o ljne  d e te rm inan te . K o m b in u ju c i navedena t r i  

V A R  i t r i  B a yes ia n  V A R  (B V A R )  m ode la , o tk r iv a m o  jo s  ce tri R M S E -a : ( i)  d v ije  V A R  

je d n a k e  i  in v e rz n e  M S E  tez ine , i  ( i i )  jo s  dva  B V A R  R M S E -a . O n i p o k a z u ju  pe rfo rm anse  

p ro g n o z ira n ja  k o ja  su o d rz iva : p ro s je cn a  in f la c i ja  ne v is a  od  1,5 p.p. izna d  p ros jecne  stope 

t r i  d rzave  c lan ice  sa n a jb o lj im  pe rfo rm ansam a. S tandardna V A R  k o m b in a c ija  daje
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n a jb o lje  p re d v id a n je  za I  i  I I  k v a rta l 2017. g od in e , d o k  B a yes ia n  V A R  k o m b in a c ija  

p o ka zu je  n a jb o lje  pe rfo rm an se  p re d v id a n ja  za I I I  i  I V  k v a rta l za  2017.

N a s i re z u lta ti o m o g u ca va ju  k re a to r im a  p o l i t ik a  C rne  G ore  da b o lje  ra z u m iju  fa k to re  k o ji  

su u k lju c e n i u  p re poznavan je  d in a m ik e  in f la c i je  i in f la c io n ih  o c e k iv a n ja  i  ra z v iju  

e fik a s n ije  re g u a ltiv u  i  m je re . N a  naveden i nac in , o vo  is tra z iv a n je  u n a p rje d u je  i 

p re p o ru cu je  po trebne  m e to d o lo ske  alate, k o m b in u ju c i p rognoze , ka k o  b i se k re a to r i 

m a rk o p ru d e n c ija ln ih  p o l i t ik a  u  C rn o j G o ri e fik a s n ije  b o r i l i  sa iz a z o v im a  o d rzava n ja  

s ta b iln o s ti c ijena .

K a o  sto je  p re th o d n o  is ta kn u to , d e te rm inan te  in f la c ije  su je d n o  od  k l ju c n ih  p ita n ja  sa 

k o jim  su se k re a to r i m a k ro e k o n o m s k ih  p o l i t ik a  u  C rn o j G o r i n e p re k id n o  suocava li to k o m  

p ro te k lih  decen ija , a posebno od  2002. g od in e , n ako n  u sva ja n ja  eura  ka o  zva n icne  va lu te . 

D rz a v a  je  status k a n d id a ta  za E v ro p s k u  u n iju  p o s tig la  2010. g o d in e  i  u  p rocesu  je  

p re g o vo ra  od  ju n a  2012. god ine . K a k o  je  i  navedeno  u  p re go va racko j p o z ic i j i  U n ije , 

p r i l ik o m  o tva ra n ja  p re go vo ra , posebno  o tva ra n ja  p o g la v lja  o E v ro p s k o j m one ta rno j u n i j i,  

ko ris c e n je  eura kao  z v a n ic n o g  sredstva  p la ca ja  u  C rn o j G o ri b ic e  ra zm o tre n o  to k o m  

zavrsne  faze  p re g o vo ra  o p ris tu p a n ju  U n i j i .  O k v irn i scenario  p o d ra z u m ije v a o  b i da C rna  

G o ra  od  p ris tu p a n ja  u ce s tvu je  u  E k o n o m s k o j i  m on e ta rno j u n i j i  kao  d rzava  c la n ica  sa 

izuzecem  i fo rm a ln o  se p r id ru z u je  e u rozo n i n ako n  o d lu k e  Savjetaa u  to m  sm is lu , na 

osnovu  p ro c je n e  is p u n je n o s ti p o tre b n ih  u s lo v a  (E U  G enera l P o s itio n , 2012).

N a  o sno vu  za h tje va  tzv . M a s tr ih ts k ih  k r ite r iju m a  za u la z a k  u  E U  (E u ropean  C o m m iss io n , 

C onvergence  R ep o rt, 2 01 8 ), stopa in f la c ije  m o ra  b it i  s ta b iliz o v a n a  kao  p re d u s lo v  za 

p r id ru z iv a n je  odnosno  p ris tu p a n je  U n i j i .  O tva ra n je m  p re g o vo ra  o P o g la v lju  17 - 

E ko n o m s k a  i  m one ta rna  p o lit ik a , U n ija  p a z lj iv o  p ra ti nap redak u  u s k la d iv a n ju  i  p r im ije n i 

p ravne  te k o v in e  E U  to k o m  c ita v o g  p rocesa p re go vo ra . Jedno od  m je r ila  za o vo  p o g la v lje  

je : C rn a  G o ra  je  u s v o ji la  po trebne  ustavne  p ro m je ne . O na  m o ra  da o b e z b ije d i da se 

p r im a rn i c i l j  s ta b iln o s ti c ije n a  d e fin is e  u  sk ladu  sa c la n o v im a  127 (1 ) i 282  (2 )  U g o v o ra  o 

fu n k c io n is a n ju  E v ro p ske  u n ije  (A r t ic le  143 o f  the  C o n s titu tio n , 2012). D a  b i u s v o ji la  

odnosno  k o r is t i la  euro  u  sk ladu  sa s v im  k r ite r iju m im a , C rna  G o ra  m o ra  u s k la d it i svo je  

n a c io n a ln o  za kon od avs tvo  sa p ro p is im a  E U  i is p u n it i p re d u s lo v  s ta b iln o s ti c ijena , ka ko  

b i o s ig u ra la  e ko n o m sku  k o n v e rg e n c iju . K r i te r i ju m i k o n v e rg e n c ije  iz r ic i to  iz v je s ta v a ju : 

„P e rfo rm a n se  c ije n a  k o ja  su o d rz iv e  i p ro s ije cn a  in f la c i ja  ne ve ca  od  1,5 p .p. izna d
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p ros jecne  stope in f la c ije  t r i  d rzave  c lan ice  sa n a jb o ljim  u c in k o m  (E u ropean  C o m m iss io n , 

2 0 1 8 )“ .

Ia k o  je  in f la c i ja  u  v e lik o j m je r i a na liz iran a , sazna jem o da jo s  im a  d o v o ljn o  p ro s to ra  za 

is tra z iva n je . N o v in a  o v o g  rada je  u  to m e  sto k o r is t i k o m b in o v a n o  p re d v id a n je  za 

e k o n o m iju  C rne  G ore . O va j rad  p red laze  u p o tre b u  v is o k o d im e n z io n a ln ih  d in a m ic k ih  

m ode la , is p it iv a n je  poda taka  v re m e n s k ih  se rija  za C rn u  G o ru  od  ja n u a ra  2006. do 

decem bra  2017. god ine . P ro c je n ju je  i  u p o re d u je  e m p ir ijs k e  p e rfo rm anse  ra z lic it ih  

p ro g n o z ira n ih  k o m b in a c ija  in f la c ije  (H e n d ry  and C lem en ts , 2001 ; Jore et a l., 2010).

C ilj  je  o tk r i t i  de te rm ina n te  in f la c ije  u  C rn o j G o ri u  navedenom  p e rio d u  i  p re d v id je ti 

d in a m ik u  in f la c ije , k o r is te c i k o m b in o v a n i p ris tu p . D a  b is m o  p o s t ig li ta j c i l j ,  re k u rz iv n o  

p ro c je n ju je m o  t r i  s tru k tu rn a  V A R  id e n t if ik o v a n a  m o d e la  in f la c ije . P rv i m od e l 

id e n t if ik u je  p rim a rn e  u nu tra sn je  i  nezav isne  d e te rm ina n te  in f la c ije  (e ko n o m ska  s loboda  i 

e -uprava). M o d e l 2 im a  v a r ija b le  p o v la c e n ja  p o tra zn je  i  p o tis k iv a n ja  tro s k o v a  (n o m in a ln i 

ku rs , tra zn ja  i  d e p o z iti p r iv a tn o g  sektora  kao  m je ra  s iro k o g  novca , zarade i  rast 

in d u s tr ijs k e  p ro iz v o d n je ) , d o k  m o d e l 3 id e n t if ik u je  osnovne  sp o ljne  i  nezavisne  

d e te rm inan te  sokove  ponude  (c ije n e  n a fte  i  L M E  c ije n e  a lu m in iju m a ). T e o r ija  

k o m b in o v a n ja  p ro gn oza  sugerise da ce m etode  k o je  k o ris te  b o lje  p ro gn ozn e  pe rfo rm anse  

i  ra z lic ite  pondere , im a ti b o l j i  u c in a k  od  je d n o s ta v n ih  m o d e la  k o m b in a c ije  p rognoza .

C e te r i s  p a r ib u s ,  nase g la v n o  s tanov is te  je  da b is m o  tre b a li u k lju c it i  agregatne 

d e te rm inan te  in f la c ije  u  m a k ro e k o n o m e tr ijs k u  p ro c je n u . K o m b in a c i j e  p r o g n o z a  su od 

sus tinskog  znaca ja  u  s v je t lu  c rn o g o rs k ih  napora  da se is p u n i e konom ske  k r ite r iju m e  

p ris tu p a n ja  E v ro p s k o j u n ij i.

E m p ir i js k e  d e te rm inan te  in f la c ije  su od  sus tinskog  znacaja. F a k to r i k o j i  o d re d u ju  

in f la c i ju  u  n ap re dn im  i tra n z ic io n im  z e m lja m a  b i l i  su tem a  m n o g ih  e m p ir i js k ih  i  te o r ij sk ih  

s tu d ija  (G o lin e ll i  and O rs i, 2001 ; E g e rt, 2007 ; B la n c h a rd  et a l., 2010 ; K o o p  and K o ro b il is ,  

2012 ; A p o s to lo v  and Josevsk i, 2016 ; O b ra d o v ic  et a l., 2017).

Sa d ruge  strane, ra d o v i k o ji  se bave  is tra z iv a n je m  d e te rm in a n ti i  a n a lizo m  in f la c ije  u  

C rn o j G o r i su o g ran icen i. C la n c i k o ji  su is p it iv a li  in f la c i ju  u  nasoj z e m lji is ta k li su da b i 

sam o s tru k tu rn i v is e d im e n z io n a ln i m o d e li m o g li tacno  p ro g n o z ira ti in f la c i ju  u  C rn o j G o ri 

(L ip o v in a  -  B o z o v ic  et a l., 2015 ; M it r o v ic  -  M ija to v ic  and Iv a n o v ic , 2017).
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L ip o v in a  -  B o z o v ic  et a l., (2 0 1 5 ) z a k lju c il i  su da A R IM A  m o d e li p re d v id a n ja  ne m og u  

adekva tno  p re d v id je ti in f la c iju ,  zb og  p o s to ja n ja  m n o g ih  s p o ljn ih  fa k to ra  k o ji  u t ic u  na 

k re ta n je  c ije n a  u  C rn o j G o ri. M it r o v ic  - M ija to v ic  i  Iv a n o v ic , (2 0 1 7 ) u tv rd i l i  su da 

o tvo re n o s t C rne  G o re  p re g r ija v a  tra z n ju  na trz is tu  n ekre tn ina . N a d a lje , novacana  masa, 

akc ize  i s p o ljn i s o k o v i ta kod e  zn aca jn o  u t ic u  na in f la c iju .  T akode , M e d u n a ro d n i 

m o n e ta rn i fo n d , u  svom  iz v je s ta ju  M o n te n e g ro -A r t ic le  I V  C o n su lta tio n , (2 0 1 8 ) nag lasava 

da 2 p.p. p ove can ja  P D V -a  i p ove can je  a kc iza  doda je  o tp r i l ik e  1 p.p. na in f la c iju .

B u d u c i da p o s to ji re la t iv n o  m a li b ro j is tra z iv a c k ih  radova  k o ji  is p itu ju  in f la c i ju  u  C rn o j 

G o ri, ra z m o tr il i sm o v e l ik i  b ro j e m p ir i js k ih  s tu d ija  o d e te rm ina n tam a  in f la c ije . Z a  

p re d v id a n je  in f la c ije  p re d la zu  se ra z lic ite  m e to d o lo g ije  i  in d ik a to r i.  C ecch e tti et al., 

(2000 ), iz m e d u  o s ta lih  fa k to ra , is t ic u  im p u ls n e  re a k c ije  rea lne  e k o n o m ije  na in f la c iju .  

D ees i  G u n tn e r (20 16 ), k o r is te c i pane l V A R  p ris tu p , ra z d v a ja ju  u lo g u  je d in ic n ih  tro s k o v a  

rada i  p ro f itn ih  m a rz i kao  o s n o vn ih  de te rm ina n ta  d in a m ik e  c ije n a  u  z e m lja m a  evrozone.

Y i  i  C h o i (2 0 0 5 ) su p ro u c a v a li 207  ze m a lja  od  1991 -2007  i o tk r i l i  su da kada  se stopa 

pen e tra c ije  in te rn e ta  poveca  za 1% , in f la c ija  opada za 0 ,04 %  -0 ,13% . C z e rn ic h  et al., 

(2 0 1 1 ) u tv rd i l i  su p o z it iv n u  i znaca jnu  ve zu  iz m e d u  s iro kop o ja sne  veze i  rasta za O E C D : 

od  1996-2007 .

A c e m o g lu  (2 0 0 9 ) tv rd i da p o s to ji u v je r l j iv a  e m p ir ijs k a  p od rska  h ip o te z i da ra z lik e  u  

e k o n o m s k im  in s titu c ija m a , a ne sreca, g e o g ra fija  i l i  k u ltu ra , u z ro k u ju  ra z lik e  u  p r ih o d im a  

po  s ta n o vn iku , pa o tuda  i  in f la c iju .  H e rita g e  F o u n d a tio n  (2 0 1 9 ) nag lasava: „ U  e ko n o m sk i 

s lob od no m  d ru s tvu , p o je d in c i su s lo b o d n i da rade, p ro iz v o d e , trose  i  u la z u  na b ilo  k o ji  

n ac in , u z  tu  s lobodu , k o ju  d rzava  u je d n o  s tit i i  ne o g ra n ica va “ . P o z it iv n u  veza  iz m e d u  

ekonom ske  s lobode  (E S ) i  endogenog  m o d e la  rasta  (E M R )  p o ka za lo  je  n e k o lik o  s tu d ija  

(B e rg g ren , 2003 ; G w a rtn e y  et a l., 2004 ). C eb u la  (2 0 1 1 ) g d je  se p o te n c ira  p o z it iv n a  veza 

iz m e d u  ES i E M R  k o r is te c i p oda tke  iz  panela. H a m m e rm a n n  i F lanagan  (20 07 ) 

z a k lju c u ju  da b i veca  lib e ra liz a c ija  p o m o g la  da se sm an je  p o d s tic a ji rasta in f la c ije ,  a sto 

je  zasnovanu  na  is tra z iv a n ju  e k o n o m ija  u  t ra n z ic ij i  sa 19 panela.

P o red  navedenog, b rz in a  te h n o lo s k o g  nap re tka  ( A e) i  d in a m ic k i te m p o  o ce k iva n ja , k o je  

d ru s tvo  i  ra d n ic i fo rm ira ju , p resudn i su i  za o b lik o v a n je  o c e k iv a n ja  c ije n a  ( P e), a 

m ehan izam  p rila g o d a v a n ja  m oze  se ve om a  z a k o m p lik o v a ti (B la n ch a rd , 2017).

255



In o v a tiv n e  te h n o lo g ije  m ije n ja ju  s tru k tu ru  trz is ta , c in e c i staru te h n o lo g iju  zastare lom  

(A g h io n  i  H o v it t ,  2008 ). T ako d je , sm an jen je  zapos lenosti u  s luca ju  C rne  G ore , m oze  

p ro iz a c i iz  c in je n ic e  da je  p o tra zn ja  za v is o k o k v a lif ik o v a n im  ra d n ic im a  znaca jna, a li je  

ponuda  a d e kva tn ih  p ro f i la  kad rova , k o je  trz is te  tra z i, n e d o vo ljn a : p ovecan je  

nezaposlenosti, s v ih  o b ra z o v n ih  n ivo a , u tic e  na in f la c iju .

U  radu  se ta k o d je  is tra z u ju  p o s lje d ic e  o d ric a n ja  C rne  G ore  od  nezav isne  m oneta rne  

p o lit ik e  odnosno  n je n ih  k l ju c n ih  ins trum ena ta , sto je  d o v e lo  do  s m ir iv a n ja  in f la to rn ih  

trendova . P o laze c i i  od  iskus tava  n e k ih  ze m a lja  u  ra z v o ju , in f la c i ja  m oze  p os ta ti n iz a  i  do 

4% , kada  se cen tra lne  banke  i  de ju re  o ba vezu ju  i de fa c to  f ik s ira ju  d e v iz n i ku rs , u  odnosu  

na s luca jeve  kada  se sam o de fa c to  o b a ve zu ju  (G ho sh  et a l., 2014 ). E u ro iz o v a n e  z e m lje  

treba  da im a ju  v r lo  n is k u  p ro la zn u  in f la c iju ,  je r  su n jih o v e  v a lu te  povezane sa v a lu to m  

n jih o v ih  g la v n ih  trg o v in s k ih  pa rtne ra  (D e l C ris to  et a l., 2012 ). U  to m  ko n te ks tu , novacana  

m asa o c ig le d n o  u la z i u  k ra tk o ro c n e  de te rm ina n te  in f la c ije  (L is s o v o lik ,  2003). B o b e ic a  et 

a l., (20 19 ), sto u ka zu je  da je  v e ro v a tn ije  da se tro s k o v i rada prenose na  in f la c i ju  c ije n a  

s o k o v im a  p o tra zn je  nego  s o k o v im a  ponude.

Jos je d a n  d io  lite ra tu re  izuca van  je  u  o v o m  radu, i  to  onaj k o ji  is tra z u je  v re m e n s k i - 

ra z lic ite  e fek te  sokova  c ije n a  n a fte  na d in a m ik u  in f la c ije , sto su is tra z iv a li K i l ia n  (20 09 ), 

Peersm an i V a n  R ob ays  (20 12 ), te  B a u m e is te r i  Peersm an (20 13 ). O n i p o k a z u ju  da su 

o sn o vn i iz v o r i c ije n a  n a fte  k lju c n e  de te rm ina n te  in f la c ije . C h o i et a l., (2 0 1 7 ) o tk r iv a ju  da 

povecan je  g lo b a ln ih  c ije n a  n a fte  od  10% , p ove cava  dom acu  in f la c i ju  za o ko  0 ,4% , s licn o  

i  k o d  ra z v ije n ih  i  k o d  z e m a lja  u  ra zvo ju .

Sve v e c i znacaj u p ra v lja n ja  in f la c ijo m  na p ragu  p ris tu p a n ja  E U  m o tiv is e  au to ra  da 

ko n ce p tu a ln o  i e m p ir i js k i is tra zu je  i  p re d v id a  de te rm ina n te  in f la c ije .

Ia k o  su de te rm ina n te  in f la c ije  u  v e lik o j m je r i p roucavane, o tk r iv a m o  zn a tn o  s ir i ja z  u  

znan ju . P rvo , ko n ce p tu a ln a  s p e c ifik a c ija , na o sno vu  k o je  se a n a liz ira ju  e m p ir ijs k a  

is p it iv a n ja  d e te rm in a n ti in f la c ije , ne p re v la d a va  k o m b in o v a n je m  te o r ije  i  e m p ir ijs k e  

ana lize . D ru g o , id e n t if ik u je m o  re k u rz iv n o  t r i  s tru k tu rn a  V A R  i t r i  B V A R  m o d e la  i 

k o m b in u je m o  ih  sa je d n a k im  i in v e rz n im  M S E  p ris tu p o m  ponde risan ja . N avedene  

m etode  n isu  p r im ije n je n e  na c rno go rske  p od a tke  o in f la c i j i .  V A R  se p o ka za lo  je d n im  od
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k lju c n ih  e m p ir ijsk ih  a la ta  u  sav re m en o j m a k ro e k o n o m iji  i o m o g u c a v a ju  in fo rm a tiv n o  

m o d e lira n je  m a k ro e k o n o m s k ih  p o d a ta k a  (D e l N e g ro  i S c h o rfh e id e , 2 0 1 1 ).

K r itic k e  p re tp o s ta v k e  is tra z iv a n ja  i h ip o te z e  iz n je te  d a  b i te s tira li  n j ih o v  lo g ic k i i 

e m p ir ijsk i re z u lta t  s tru k tu r ira n e  su  n a  s lje d e c i n ac in :

H 1 :  P o s tiz a n ju  i o d rz a v a n ju  s ta b iln o s ti  c ije n a  u  C rn o j G o ri, k a o  je d n o m  o d  c il je v a  

c e n tra ln e  m o n e ta rn e  v la s ti  u  z e m lji  (i n je n im  in s tru m e n tim a ) , n a  p u tu  k a  E v ro p sk o j u n iji  

i E v ro p sk o j m o n e ta rn o j u n iji , z n a c a jn o  d o p r in o s i i m je re n je  u t ic a ja  k l ju c n ih  fa k to ra  k o je  

o p re d je lju ju  n iv o  in f la c ije  u  zem lji.

V a z n o  j e  n a g la s i ti  d a  j e  o v o  je d a n  o d  g la v n ih  c il je v a  C rn e  G o re  u  isp u n ja v a n ju  

k r ite r i ju m a  u s p o s ta v lja n ja  fu n k c io n a ln e  trz isn e  e k o n o m ije , k o ja  j e  p re c iz n o  

d e f in is a n a  u  n iz u  z a tv a ra ju c ih  m je r ila  z a  p re g o v o re  sa  E U  u  p re g o v a ra c k o m  

p o g la v lju  17 - E v ro p s k a  i m o n e ta rn a  u n i ja  (k o je  j e  o tv o re n o  26 . ju n a  2 0 1 8 . 

g o d in e ) . C rn a  G o ra  j e  ta k o d e  o b a v e z n a  d a  u sv o ji  n e o p h o d n e  u s ta v n e  p ro m je n e  

k a k o  b i se  o s ig u ra lo  d a  se  p r im a rn i cilj s ta b iln o s ti  c ije n a  d e f in is e  u  sk la d u  s 

c la n o m  1 2 7 (1 ) i 2 8 2 (2 )  U g o v o ra  o  fu n k c io n isa n ju  E v ro p s k e  u n ije .

H 2 :  F a k to r i  in f la c ije  u  z o n i e k s te rn e  tra z n je , k o ji k l ju c n o  o p re d je lju ju  o d rz a v a n je  

s ta b iln o s ti c ije n a  u  z e m lji, n a  p r im je ru  c rn o g o rsk e  e k o n o m ije  i u  p re d lo z e n o m  m o d e lu , 

su  c ije n a  e n e rg e n a ta  i c ije n a  a lu m in iju m a . D ru g im  r ije c im a , p ro m je n e  c ije n e  n a f te  n a  

m e d u n a ro d n o m  trz is tu , iz ra z e n a  n iv o o m  c ije n a  e n e rg e n a ta  n a  d o m a c e m  trz is tu , k a o  je d a n  

o d  k lju c n ih  in p u ta  z a  e k o n o m s k e  a k tiv n o s ti  u  z e m lji , z n a c a jn o  o p re d je lju ju  n iv o  in fla c ije . 

Is to v re m e n o , n a  taj n iv o  u tic e  i c ije n a  a lu m in iju m a , k o ja  j e  ta k o d e  b e rz a n s k i  p ro zv o d . S to  

j e  n a p re d n ija  te h n o lo s k a  so fis tic ira n o s t  K A P -a  i s to  j e  v e c a  d iv e rz if ik a c ija  p ro iz v o d a  o d  

a lu m in iju m a  (k a o  g la v n o g  m o to ra  ra s ta  in d u s tr i js k o g  iz v o z a ), to  j e  v e c a  p o d rsk a  

k re a to r im a  p o lit ik a  u  c il ju  s ta b iliz a c ije  t rg o v in s k o g  b ila n sa , o d n o s a  d u g a /B D P -a , ra s ta  

p ro d u k tiv n o s ti , s m a n je n ja  n e z a p o s le n o s ti, s m a n je n ja  p ro iz v o d n o g  ja z a ,  i p o s li je d ic n o , 

o g ra n ic a v a n ja  e k s te rn ih  so k o v a  in f la c ije  u  C rn o j G o ri, s m a n je n ja  c je n o v n e  n e je d n a k o s ti  

i k v a lif ik o v a n ja  z e m lje  z a  c la n s tv o  u  E U /E M U . D ru g im  r ije c im a , o v o  is tra z iv a n je  e se  

fo k u s ira  n a  m j eren j e u t ic a ja  iz v o z a  a lu m in iju m a  n a  p ro s je c n u  s to p u  in flac ij e u  C rn o j G o ri, 

k a o  i a n a liz u  e fe k a ta  p ro m je n e  c ije n a  e n e rg e n a ta  n a  sv je tsk o m  trz is tu .
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H 3 :  J a c a n j e  m j e r a  i p o l i t i k a  d r z a v n e  u p r a v e  k a  r a z v o j u  e - u s l u g a  d o p r i n o s i  e f e k t i v n i j e m  i 

e f i k a s n i j e m  p r u z a n j u  j a v n i h  u s l u g a ,  s t o  u t i c e  n a  B D P ,  r a s t  p r o d u k t i v n o s t i ,  n iv o  

n e z a p o s l e n o s t i ,  p r o i z v o d n i  j a z  i s t o g a  s t a b i l i z u j e  i n t e r n e  s o k o v e  i n f l a c i j e  u  C r n o j  G o r i .  

N a i m e ,  j e d a n  o d  u n u t r a s n j i h  f a k t o r a  k o j i  o d r e d u j u  s t o p u  i n f l a c i j e  u  C r n o j  G o r i  u  o v o m  

i s t r a z i v a n j u  b i c e  n i v o  r a z v i j e n i h  e - u s lu g a ,  u k l j u c e n  u  m o d e l  r e g r e s i j e  O L S ,  k a o  s t o  j e  

E G D I  in d e k s .  T e s t i r a n j e m  h i p o t e z e  u  n a v e d e n o m  m o d e l u ,  o c j e n i c e  s e  p o s t o j a n j e  

k o r e l a c i j e  i z m e d u  i z a b r a i h  v a r i j a b l i .

D a  b i  d o k a z a l i  o v e  h i p o t e z e ,  o v d j e  p r e d s t a v l j a m o  p r o c j e n e  p a r a m e t a r a  i g l a v n e  

k a r a k t e r i s t i k e  t r i  m o d e l a .  P r v i  i d e n t i f i k o v a n i  r e k u r z i v n i  S V A R  m o d e l  j e  s l e d e c i :

n t =  P  0 +  & l o g  ( E F ) t  +  f o l o g i E D G D t  +  p 3 C S t o c k t

+ p 4 lo g ( H ) t +  p 5E m p t +  p e G D P _ G A P t +  u t  ( 1 )

g d je  n t  o z n a c a v a  s t o p u  i n f l a c i j e ,  l o g  p r i r o d n i  l o g a r i t a m ,  t a k o  d a  f u n k c i j a  i n f l a c i j e  i m a  

k o n s t a n t n u  e l a s t i c n o s t  c i j e n a ,  l o g ( E F ) t  p r i r o d n i  l o g a r i t a m  e k o n o m s k e  s l o b o d e ,  

l o g ( E D G I ) t  l o g a r i t a m s k o  s t a n j e  t e h n o l o g i j e ,  C S t o c k t  s t o p a  z a l i h a  k a p i t a l a ,  E m p t 

p r i r o d n i  l o g a r i t a m  l j u d s k o g  k a p i t a l a ,  E m p t  r a d n a  s n a g a ,  G D P _ G A P t  o z n a c a v a  j a z  b r u t o  

d o m a c e g  p r o i z v o d a .

P r o s i r u j e m o  m o d e l  r a s t a ,  k o j i  j e  p r e d s t a v l j e n  u  i z r a z u  (1 ) .  B u d u c i  d a  j e  C r n a  G o r a  

p o s t a v i l a  n a c i o n a l n u  s t r a t e g i j u  r a z v o j a ,  d r a g o c j e n o  j e  a n a l i z i r a t i  k a k o  o v a j  s k u p  f a k t o r a ,  

k o j i  o d r e d u j u  d i n a m i k u  e k o n o m s k o g  r a s t a ,  u t i c e  n a  i n f l a c i j u  ( E R P ,  2 0 1 8 - 2 0 2 0 ) .  D e b a t a  

m e d u  i s t r a z i v a c i m a  j e  s t a  b i  t r e b a l o  p r e d s t a v l j a t i  p o t v r d u  s t a n j a  t e h n o l o s k o g  n a p r e t k a  u  

o d r e d e n o j  e k o n o m i j i  ( C l a r k e  i W a l l s t e n ,  2 0 0 4 ;  M e i j e r s ,  2 0 1 4 ) .  U  t o m  i s t r a z i v a n j u ,m  

m o z e m o  p o c i  o d  i n d e k s a  r a z v o j a  e - u p r a v e  ( E G D I )  u  m o d e l u  1. E G D I  u k l j u c u j e  

k a r a k t e r i s t i k e  p r i s t u p a ,  k a o  s t o  s u  i n f r a s t r u k t u r a  i n i v o  o b r a z o v a n j a ,  k a k o  b i  s e  o d r a z a v a o  

k a k o  z e m l j a  k o r i s t i  i n f o r m a c i o n e  t e h n o l o g i j e  z a  u n a p r e d e n j e  p r i s t u p a  i u k l j u c i v a n j e  

s v o j ih  l j u d i  ( U N  E - G o v e r n m e n t ,  2 0 1 9 )  .

M o d e l  2  c e  i s p i t a t i  k a k o  p r o m j e n e  d e v i z n o g  k u r s a ,  n o v c a n e  m a s e ,  z a r a d a  i p r o d u k t i v n o s t i  

u t i c u  n a  i n f l a c i j u  u  C r n o j  G o r i ,  k o r i s t e c i  r e k u r z i v n i  s t r u k t u r n i  V A R  p r i s tu p .  O v d je  

p o s e b n o  i s t i c e m o  i s t r a z i v a n j a  k o j a  p r o c j e n j u j u  d a  j e  e v r o p s k a  m o n e t a r n a  i n t e g r a c i j a ,  

k o m p l e t n a  E v r o p s k a  m o n e t a r n a  u n i j a ,  i s t o v r e m e n o  i s u s t i n s k i ,  p o s r e d n i  k o r a k ,  k a  

p o l i t i c k o j  u n i j i  ( A l e s i n a  i G r i l l i ,  2 0 0 0 ) :
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n t = P  0 +  P M E X ) t  +  ^ 2lo g ( M 2 ) t +  @3 l o g ( W ) t  +  f i4 P r o d t +  u t  ( 2 )

gd je  l o g ( E X ) t  oznacava lo g a r ita m s k i o b l ik  n o m in a ln o g  ku rsa  a m e ric k i d o la r  za evro , 

l o g  ( M 2 )  t  m je ra  novcane  m ase d e fin isa n a  u  M e d u n a ro d n o m  m o n e ta rno m  fo n d u  (M M F , 

M o n e ta ry  and F in a n c ia l S ta tis tics  M a n u a l 2017 ), l o g ( W ) t  lo g a r ita m s k i o b l ik  zarada, i 

P r o d t  oznacava rast in d u s tr ijs k e  p ro iz v o d n je . Jednac ina  (2 ) u k lju c u je  sasto jke  

p riv la c e n ja  p o tra zn je  i  p o tis k iv a n ja  tro sko va , p o la ze c i od  ravno teze  iz m e d u  agregatne 

tra zn je  i agregatne ponude. C ije n e  n a fte  i  a lu m in iju m a  su k r it ic n e  p ro m ije n ljiv e  u  m o d e lu  

3 i  m i sm o za in te re sova n i za p racen je  n jih o v e  d in a m ik e . Zasto? Jer su egzogeno odredene. 

T o  ce u ka za ti na sokove  k o ji  sa g lo b a ln o g  trz is ta  do laze  u  c rn o g o rs k u  e k o n o m iju . M o to r  

rasta p ro d u k tiv n o s ti C rn e  G o re  u  v e lik o j m je r i z a v is i od  iz v o z n o g  p o te n c ija la  (B o g e tic  et 

a l., 2013). N e u sk la d e n o s t p o lit ik e  K o m b in a ta  a lu m in iju m a  P o d g o ric a  (K A P )  

p ro u z ro k o v a la  je  pad vodeceg  c rn o g o rsko g  iz v o z n ik a . B o g e tic  et a l., (2 0 1 3 ) is t ic u  da C rna  

G o ra  ne k o r is t i g la v n i p okre ta c  rasta  - iz v o z . Iz v o z  je  tra n s fo rm is a o  m noge  m a le  ze m lje , 

posebno one sa z n a c a jn im  p re d n o s tim a  u  p o g le d u  lo k a c ije . Z a  p e r io d  od  2007. do  2011. 

g od in e , odnos iz v o z a  p rem a  B D P -u  u  p ro s je k u  je  iz n o s io  sam o 3 9%  u  C rn o j G o ri, d o k  je  

u  S lo v e n iji 68% , E s to n ij i 7 8%  i M a lt i  85%  (E d ga rd o , 2008 ). P re d v id a  se da ce B A T  

te h n o lo g ija  b it i  u lo zen a  u  izn o su  od  50 m il io n a  eura  u  a lu m in iju m s k u  in d u s tr i ju  do  2030. 

god ine . S m a n jila  b i e feka t s tak lene  baste (G H G ) za 8 2 ,7 6%  (s to  u tic e  na z d ra v lje  i 

p o ljo p r iv re d u )  i  d iv e rz if ik o v a la  p ro iz v o d e  od  a lu m in iju m a  (E R P , 2 0 1 8 -2 0 2 0 ). S toga su 

c ije n e  n a fte  i  a lu m in iju m a  p re d s ta v lja ju  znaca jne  de te rm ina n te  k o je  treba  u z e ti u  o b z ir  u  

m a k ro e k o n o m e tr ijs k o m  p re d v id a n ju  c rno go rske  e ko n o m ije .

n t =  P o +  P i l o g ( O i l ) t  +  P 2 l o g ( A l u ) t  +  $ 3 U n t +  p 4 G D P _ G A P t +  u t ( 3 )

gd je  l o g ( O i l ) t  oznacava  lo g a r ita m s k i o b l ik  c ije n a  na fte , l o g ( A l u ) t  lo g a r ita m  c ije n a  

L M E  a lu m in iju m a  i U n t  zarade. O va j m o d e l p ro c ije n ju je  sp o ljne  in o v a c ije  p u te m  c ijen a  

na fte  i  a lu m in iju m a .

K a k o  m oze m o  o b je d in it i i l i  k o m b in ira t i ove  p ro gn oze  u  o p tim a ln u  p rognozu?  U op s te no  

g o vo re c i, v ise s tru ke  p ro gn oze  su dostupne  d o n o s io c im a  o d lu k a  p r ije  nego  sto donesu 

o d lu k u  o p o l i t ic i.  S o b z iro m  na n e izvesnos t povezanu  sa id e n t if ik o v a n je m  o p tim a ln o g  

G D P -a , da l i  treb a  k o r is t i t i  je d n u  (n a jb o lju )  p rognozu?  I l i  b is m o  tre b a li (n e ka ko ) da 

p ro s ije c im o  sve dostupne  p rognoze?  N i je  v je ro v a tn o  o c e k iv a ti da b i je d a n  s ta tis tic k i
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m o d e l b io  p o z e ljn ij i  od  d ru g ih  u  s v im  ta ckam a  h o riz o n ta  p rognoze . K o m b in o v a n je  

p re d v id a n ja  p o je d in a c n ih  p re d ik to ra  n u d i je d n o s ta va n  n ac in  iz g ra d n je  s o fis tic ira n o g , 

f le k s ib i ln i je g  m o d e la  p re d v id a n ja  za o b ja sn ja va n je  podataka.

O b je d in je n a  - k o m b in o v a n a  p ro gn oza  je  p on d e risa n i p ro sek  Z  p ro gn oza  (Z h a ng , 2019 ):

z

T j+ h  = w T,h,ix T,h,i ( 4 )
i= i

a o d a b iro m  pondere  w T h  i, m in im a liz u je  se r iz ik  povezan  sa g u b itk o m  zb og  p ra v lje n ja  

g reske u  p ro g n o z i. O p tim a la n a  p on de r za x T h 1  je :

w
a T+h,3 °T + h , 1,2,3

a T+h,1 +  a T+h,2 +  a T+h,3 3 °T + h, 1,2,3
( 5 )

a p re c iz n ije m  m o d e lu  d o d e lju je  se z n a c a jn iji ponder. V e k to r  o p t im a ln ih  te z in a  w '  sa Z  

p ro gn oza m a  je :

' n 'Y iT j i
w  =

U '^ T J l U

K v a d ra tn a  p ris trasn os t i  p ro gn oza  v a rija n se  fu n k c ije  M S E  g u b itk a  p ro gn oze  je :

E  [ ( y r + h  — x T ,h ,i)  ]

( 6 )

=  ^  w l  h,i b i a s h i  +  ° y  +  ^  w | ,  h,f V a r l h , t ( 7 )

R e k u rz iv n i M S E  p o je d in a c n ih  p ro gn oza  je :

M S E ■

T - h

T,h,i =  j ,  _  ^  / '  ( y t+ h — x t,h ,i)  ( 8 )
t=1

M S E  p o n d e ri, re la tiv n e  te z ine  p e rfo rm a n s i, su:

i
, . _  MSET,h,i
M T,h,i =  y z  1

L i=1MSETAi
( 9 )
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R acunan je  re la t iv n ih  ponde ra  p e rfo rm a n s i ( in v e rz n i M S E )  k o r is te c i “ r o l l in g ”  p ro zo re  i l i  

“ d is c o u n tin g ”  om o gu cava  da se v ise  pazn je  p osve ti n e d a vn im  pe rfo rm ansam a. 

K o m b in o v a n e  p ro gn oze  p o d ra zu m e va ju  d iv e rz if ik a c iju  r iz ik a .

Sve v a ria b le  su stac ionarne , I  (0 ), na osnovu  je d in s tv e n ih  te s to va  k o rje n a  A D F , PP i K P S S  

testa  s tac ionarnosti. V iz u e ln i p re g le d  i  s ta tis tic k i k o re lo g ra m i ta kod e  p r ik a z u ju  i 

p o tv rd u ju  s tac ionarnost. R e z u lta ti testa  t-s ta tis tik e  i  ̂ - v r i je d n o s t i  o db acu ju  n u ltu  h ip o te zu  

o je d in ic n im  k o rije n im a . T e s tira n je  p o te n c ija ln ih  s tru k tu rn ih  lo m o v a  je  p resudno  za 

u tv rd iv a n je  u  sv rhu  p re d v id a n ja , kao  i g ra n ica  p o v je re n ja . D ija g n o s t ik a  s ta b iln o s ti, pod  

re k u rz iv n im  p ro c je n am a  -  C h o w  b re a k p o in t tes t -  Q u a n d t-A n d re w s  -  B a i-P e rro n , 

u ka zu je  na to  da p o s to ji p ro m je n a  param etara  na n iv o u  zn aca jn os ti od  5% . D a k le , 

dod a jem o  d ih o to m n e  v a rija b le .

R e k u rz iv n o  id e n t if ik u j em o i p ro c je n ju je m o  t r i  V A R  i t r i  B V A R  m o d e la  in f la c ij  e. Z a  svak i 

od  k r ite r iju m a  (A IC , L R , FP E , SC i H K )  p red laze  se o d g o va ra ju ca  d u z in a  docn je . 

O d a b ra li sm o d v ije  d ocn je  kao  o d g o va ra ju cu  d u z in u  d ocn je  za nas V A R  m o d e l 1 i t r i  

d ocn je  za m od e le  2 i  3 (C la rk  i  R ava zzo lo , 2015).

S v i in v e rz n i k o r ije n i k a ra k te r is tic n o g  p o lin o m a  nalaze  se u n u ta r je d in ic n ih  k ru g o va , sto 

p o tv rd u je  s tac ionarnost V A R  m o d e la  1, 2 i  3.

O tk r iv a m o  da se p rv i m o d e l n a jb o lje  u k la p a  u  opseg p ouzdanos ti od  9 %  (o d  1 ,6%  do 

2 ,0 %  in f la c ije ) .  P o kazu je  p e rfo rm a n su  p re d v id a n ja  k o ji  je  o d rz iv  i  p ro s je cn a  in f la c ija  ne 

veca  od  1 ,5%  izn a d  stope t r i  d rzave  c lan ice  sa n a jb o ljim  u c in k o m : K ip a r  (0 ,2 % ), Irs k a  

(0 ,3 % ) i  F in s k a  (0 ,8 % ). P ros jecna  stopa je  0 ,4% , a d o d a ju c i 1 1/2 p ro c e n tn ih  poena, 

re fe renca  je  1 ,9%  (E C , 2018).

M o d e l 2 im a  v ise  o s c ila c ija  o ko  “ m od e ”  nego  m o d e l 1. Ip a k , m o d e l 2 im a  znaca jne  

skupove  in fo rm a c ija  k o je  treb a  u ze ti u  o b z ir  za k o m b in o v a n e  p rognoze . K a o  sto se i 

o c e k iv a lo , m o d e l 3 k o ji  im a  sp o ljne  sokove  (be rzanske  c ije n e  n a fte  i  a lu m in iju m a ), s tvara  

vece f lu k tu a c ije  ka k o  se h o r iz o n ti povecava ju .

U  d ru go j p o lo v in i 2017. g od in e , m o d e l 3 u k la p a  se u  opsege p ouzdanos ti od  72 -81 % . 

U k lju c u je m o  odreden i b ro j v a r i ja b li u  m o d e l, je r  dodavan je  v is e  reg resora  m o d e lu  

p re d v id a n ja  p ogorsava  p ro b le m e  sa v e lic in o m  (C la rk  i  W est, 2006).
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P ro c ije n ili  sm o  tri ra z l ic i ta  m o d e la , a  z a tim  u p o re d il i  n j ih o v e  p ro g n o z n e  p e rfo rm a n s e  n a  

o sn o v u  g re sk e  s re d n je g  k v a d ra ta . P o re d  to g a , iz ra c u n a li  sm o  k o m b in o v a n e  p ro g n o z e  sa 

o v im  m o d e lim a . D a  li su  n a s e  k o m b in o v a n e  p ro g n o z e  b o lje  o d  p o n d e r is a n o g  z b ira  

n je g o v ih  d ije lo v a ?  S v ak i o d  S V A R  m o d e la  im a  sv o je  o b ja s n je n ja  v a r i ja b le  i j e d n u  y  

v a rija b lu . T ri S V A R  m o d e la  su  p re c iz ira n a , p ro c ije n je n a  i is p i ta n a  k o ja  m o g u  n a jb o lje  

p re d v id je ti  in fla c iju .

P o s ta v lja m o  u z o ra k  n a  o sn o v u  k o je g  z e lim o  d a  p ro c ije n im o  m o d e le , o d  ja n u a ra  2 0 0 6 . d o  

d e c e m b ra  2 0 1 6 . S v ak i o d  n jih  p ro c ije n ju je m o  p o m o c u  n a jm a n jih  k v a d ra ta . U z o ra k  

p re d v id a n ja  j e  o d  ja n u a r a  2 0 1 7 . d o  d e c e m b ra  2 0 1 7 . P o re d  to g a , n a re d b a  “ fo re c a s t” d a je  

n a m  s ta tis t ik u  p ro c ije n e  z a  sv ak i m o d e l, c u v a ju c i m a tr ic e . P o k re ta n je  o v o g  d ije la  

p ro g ra m a  (k o d a )  o m o g u c a v a  n a m  u p o re d iv a n je  sp o so b n o s ti  p re d v id a n ja  sv a k o g  m o d e la . 

N a  o sn o v u  R M S E , isp itu je m o  p ro g n o z e  p e rfo rm a n s i. P rv i m o d e l im a  n a jm a n ju  g re sk u  

s re d n je g  k v a d ra ta  (0 ,6 9 ), d o k  j e  R M S E  d ru g o g  m o d e la  (2 ,3 5 ). Iz g le d a  d a  R M S E  tre c e g  

m o d e la  im a  n a jlo s ije  re z u lta te , im a ju c i v r ije d n o s t  (3 ,7 1 ), k a o  s to  se  v id i u  ta b e li  19 u  rad u .

M o z e m o  li n a p ra v i d o d a tn i k o ra k  u  is tra z iv a n ju ?  K o m b in o v a n je m  g o rn je  tri p ro g n o z e , sa  

je d n a k im  p o n d e r im a  i re la tiv n im  p o n d e r im a  p e rfo rm a n s i ( in v e rz n i p o n d e ri  M S E ), 

o tk r iv a ju  se  j o s  d v a  R M S E .

Z a s to  su  ov i re z u lta ti  iz u z e tn o  z n a c a jn i?  O n i p o k a z u ju  d a  u z im a n je  u  o b z ir  sv ih  

d e te rm in a n ti  in f la c i je  n a  t rz is tu  C rn e  G o re  o tk r iv a  k lju c n e  in fo rm a c ije  z a  C B C G : b o lje  

p re d v id a n je . Ia k o  su  re la tiv n i p o n d e ri  m o d e la  2  i m o d e la  3 r e la tiv n o  n isk i, k a d a  se 

k o m b i n u j u  u  re la tiv n e  p o n d e re , on i o tk r iv a ju  v i ta ln e  i ro b u sn e  in fo rm a c ije  z a  k re a to re  

m a k ro p ru d e n c ija ln e  p o litik e : n iz i R M S E . D o k a z  j e  d a  d o d a v a n je  v a r ija b li, k ro z  S V A R  

m o d e le , s is te m a tsk i p o v e c a v a  p e rfo rm a n s u  p re d v id a n ja , sn iz a v a ju c i R M S E . 

Z a k lju c u je m o  d a  u k lju c iv a n je  a d e k v a tn ih  S V A R  p ro g n o z a  u  k o m b in a c iju  p re d v id a n ja  

d o s lje d n o  sm a n ju je  o s n o v n u  k v a d ra tn u  g re s k u  p ro g n o z a  k o m b in a c ije . D ru g im  r ije c im a , 

a d e k v a tn o  k o n s tru isa n e  k o m b in a c ije  p ro g n o z a  u  C rn o j G o ri t re b a le  b i z a m ije n iti  

tra d ic io n a ln e  p ro g n o z e  in f la c i je  k o je  su  se  p o k a z a le  n e d o v o ljn o  p o u z d a n e . S tav ise , 

o tk r iv a m o  da, u  p rv o j c e tv r tin i  p o s m a tra n e  g o d in e , j e d n o s ta v n a  p ro s je c n a  k o m b in a c ija  

n a d m a s u je  sv e  p e rfo rm a n se . P o re d  to g a , p e rfo rm a n s a  re la tiv n ih  p o n d e ra  o s ta je  v r lo  b liz u , 

c a k  i z a  p e rfo rm a n s e  u  p rv o m  k v a r ta lu  i n a jm a n je  j e  o s e tl jiv a  d o  d e c e m b ra  2 0 1 7 . g o d in e . 

J e d n o s ta v n iji , o d n o sn o  tzv . n isk o -d im e n z io n a ln i  m o d e li  iz o s ta v lja ju  in fo rm a c ije  sa d rz a n e
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u  o s ta lim  p ro m ije n lj iv im . S toga su k o m b in a c io n e  p rognoze , k o je  u d ru z u ju  po jed ina cne  

p re d ik to rs k e  p rognoze , o p tim a ln o  rjesen je  za C e n tra ln u  b a n ku  C rne  G ore.

U p o re d u je m o  p ro gn oze  s tvarne  in f la c ije ,  k o m b in o v a n e  p ro gn oze  in f la c ije  k o r is te c i 

re la tiv n e  pondere  na o sno vu  in v e rz n o g  M S E , k o m b in o v a n e  p rognoze  k o ris te c i je d n a ke  

pondere , k o m b in o v a n u  p ro g n o zu  k o ris te c i sredn je  kva d ra tn e  greske, p ro gn oze  p o m o cu  

m o d e la  1, p ro gn oze  p o m o cu  m o d e la  2 i  p rognoze  p o m o c u  m o d e la  3. N a  baz i 

sp rovedenog  is tra z iv a n ja  m oze  se z a k lju c it i  da u  p o ce tku  p osm atranog  p e rio d a  (2017 . 

g od in a ), to k o m  p rv a  t r i  m jeseca, je d n o s ta v n a  a r itm e tic k a  p ros jecna  p rognoza  

k o m b in a c ije , nadm asu je  s o fis t ic ira n ije  „o p t im a ln e “  k o m p o z itn e  p rognoze .

O d  a p r ila  do  decem bra  2017. g od in e , in v e rz n i M S E  je  o p tim a ln a  lin e a rn a  k o m p o z itn a  

p rognoza , m in im iz ira ju c i s redn ju  k v a d ra tn u  g re sku  (M S E ). M o d e l 1 p ra ti in v e rz n i M S E  

do k ra ja , a li ip a k , p ros jecna  k o m b in a c ija  im a  b o lje  rezu lta te  od  M o d e la  2 i  M o d e la  3. N a  

k ra ju  decem bra  2017. s tva rna  in f la c i ja  iz n o s i 1 ,9% , d o k  in v e rz n i M S E  1,5% , u  p ro s ije k u  

1,4 % , m o d e l 1 (1 ,3 % ), m o d e l 2 (5 ,8 % ) i  m o d e l 3 (-3 ,0 % ). M o d e li 1-3 p o ka zu ju  

p e rfo rm anse  p re d v id a n ja  k o je  su o d rz iv e  i  p ros jecna  in f la c i ja  n ije  veca  od  1 ,5%  izna d  

stope t r i  d rzave  c la n ice  sa n a jb o ljim  u c in k o m : K ip a r  (0 ,2 % ), Irs k a  (0 ,3 % ) i  F in s k a  (0 ,8 % ). 

P ros jecna  stopa je  0 ,4% , a d o d a ju c i 1 1/2 p ro c e n tn ih  poena, re fe renca  je  1 ,9%  (E C , 2018).

N a  k ra ju  decem bra  2017 . k o m b in o v a n a  in f la c i ja  B V A R  M S E  iz n o s i 2 ,66 1% : B V A R  

p ros jecna  k o m b in o v a n a  in f la c ija  iz n o s i 2 ,822% . P ros jecne  tez ine  k o m b in a c ije  V A R  

p r ib liz a v a ju  se 1 ,537% , a o b rn u to  od  s ta nd a rd n ih  V A R  M S E  1 ,516% . S tanda rdn i m o d e li 

k o m b in a c ije  V A R , p ros jecne  i  re la tiv n e  pe rfo rm anse , p o k a z u ju  p re d v id a n je  p e rfo rm a n s i 

k o je  su o d rz ive .

Ia k o  su m o d e li 2 i 3 d a leko  u  p o re d e n ju  sa s tva rn om  in f la c ijo m , in k o rp o r ira n je  o v ih  

v a r i ja b li je  znaca jno  za C e n tra ln u  b a n ku  C rne  G o re  (C B C G ). G o rn ji re z u lta ti 

o m o g u ca va ju  p ro g n o z e rim a  da a n a liz ira ju , p ro c ije n e , upo rede  i is k o r is te  snagu ko ris c e n ja  

v is o k o d im e n z io n a ln ih  d in a m ic k ih  k o m p o z itn ih  m o d e la  p rognoze .

U  p o red en ju  sa s ta nd a rd n im  p ro c je n am a  V A R , B V A R  L it te rm a n  /  M in n e s o ta  poka zu je  

da im a  n a jn iz e  R M S E  za m o d e l 2 (0 ,4 8 9 6 7 ) i  m o d e l 3 (1 ,2 74 8 3 ), s o b z iro m  na ^ 1 =  0, 

A 1 =  0 .1 , A 2 =  0 .9 9 , A 3 =  1, and A 4 =  10 , d o k  je  za m o d e l 1 B V A R  N o rm a l-F la t  ,

263



R M S E  =  0 .9 9 1 3 .  O s e t l j i v a  r a z l i k a  j e  u  t o m e  s t o  s u  p r o c j e n e  L i t t e r m a n  /  M i n n e s o t a  z n a t n o  

m a n j e  z a  p r v o  z a o s t a j a n j e  s v a k e  p r o m je n l j i v e .

S t a n d a r d n a  V A R  k o m b i n a c i j a  i m a  n i z i  R M S E  ( 0 ,5 7 7 4 9 9 )  p r i  k o r i s c e n j u  i n v e r z n o g  M S E  

o d  B V A R - a  ( 0 .5 8 6 9 3 7 ) .  S  d r u g e  s t r a n e ,  p r o s j e c n a  B a y e s i a n  V A R  k o m b i n a c i j a  i m a  n iz i  

R M S E  ( 0 ,8 0 4 4 1 5 )  o d  p r o s j e c n e  t e z i n e  s t a n d a r d n e  V A R  k o m b i n a c i j e  u  s m i s l u  y g r e s k e  

s r e d n j e g  k v a d r a t a  ( 0 .8 6 4 7 7 1 ) .  K a o  s t o  s m o  v e c  i s t a k l i ,  z a  p r v a  t r i  m j e s e c a ,  j e d n o s t a v n a  

V A R  a r i t m e t i c k a  p r o s j e c n a  p r o g n o z a  k o m b i n a c i j e  n a d m a s u j e  s v e  s o f i s t i c i r a n e  

„ o p t i m a l n e “  k o m p o z i t n e  p r o g n o z e  ( 2 .0 4 5 % ) .  O d  a p r i l a  d o  j u n a  2 0 1 7 .  g o d i n e ,  i n v e r z n a  

V A R  M S E ,  o p t i m a l n a  j e  l i n e a r n a  k o m p o z i t n a  p r o g n o z a ,  k o j a  j e  n a j b l i z a  s tv a r n o j  i n f l a c i j i  

( 2 ,1 2 7 % ) .  B a y e s i a n  in v e r z n i  M S E  p r e u z i m a  v o d s t v o  o d  j u l a  d o  d e c e m b r a  2 0 1 7 .  g o d in e ,  

k o n v e r g i r a j u c i  n a j b o l j e  u  s t v a r n u  i n f l a c i j u  ( 2 ,6 6 1 % ) .

D o s l i  s m o  d o  k r i t i c n o g  z a k l j u c k a  d a  V l a d a  C r n e  G o r e  m o r a  d a  u z m e  u  o b z i r  o b e  

k o m b i n a c i j e :  s t a n d a r d n a  V A R  k o m b i n a c i j a  n a j b o l j e  p r o g n o z i r a  z a  I  i I I  k v a r t a l  2 0 1 7 .  

g o d in e ,  d o k  B a y e s i a n  V A R  k o m b i n a c i j a  p o k a z u j e  n a j b o l j e  p r o g n o z n e  p e r f o r m a n s e  z a  

k v a r t a l e  I I I  i I V  2 0 1 7 .

Z a k l j u c u j e m o  d a  u k l j u c i v a n j e  a d e k v a t n i h  B a y e s i a n  V A R  p r o g n o z a  u  k o m b i n a c i j u  

p r o g n o z a ,  s u s t i n s k i  s m a n j u j e  o s n o v n u  s r e d n j u  k v a d r a t n u  g r e s k u  p r e d v i d a n j a  

k o m b i n a c i j e .  O b j e  k o m b i n a c i j e  s u  k r i t i c n o  s r e d s t v o  z a  k r e a t o r e  p o l i t i k e  C e n t r a l n e  b a n k e  

C r n e  G o r e .

P a n e l  e k o n o m e t r i j a  j e  i s p i t i v a l a  i k r a t k o r o c n e  i d u g o r o c n e  e f e k t e  e k o n o m s k i h  s l o b o d a  i 

e - u p r a v e  n a  i n f l a c i j u ,  p r i m i j e n o m  s k u p a  p o d a t a k a  z a  C r n u  G o r u ,  S r b i ju ,  H r v a t s k u  i 

S l o v e n i ju  z a  v r e m e n s k i  r a s p o n  2 0 0 6 :  1 - 2 0 1 7 :  1 2 . H e t e r o g e n i  t e s t o v i  k o i n t e g r a c i j e  p a n e l a  

P e d r o n i ,  K a o  i J o h a n s e n a  o t k r i v a j u  d u g o r o c n u  v e z u  i z m e d u  in f l a c i j e ,  e k o n o m s k i h  

s l o b o d a  i e - u p r a v e .  V E C M  p r e d l a z e  d a  p o v e c a n j e  e k o n o m s k i h  s l o b o d a  o d  1 %  i e - u p r a v e  

s m a n j u j u  i n f l a c i j u  z a  6 2 ,2 8 % ,  o d n o s n o  1 ,0 5 % . P o r e d  to g a ,  k o r i s t i  s e  G r a n g e r - o v  t e s t  

u z r o c n o s t i  d a  b i  s e  o t k r i o  p r a v a c  u z r o c n o - p o s l j e d i c n e  v e z e .  P V E C M  s e  p r i m e n j u j e  z a  

p r e d v i d a n j e  i n f l a c i j e  p o m o c u  d e t e r m i n i s t i c k o - s t o h a s t i c k e  s i m u l a c i j e  i d i n a m i c k o -  

s t a t i c k i h  r i j e s e n j a .

K o r i s t e  s e  p r e d v i d e n e  m j e r e  k a o  s to  s u  p r o p o r c i j a  p r i s t r a s n o s t i ,  p r o p o r c i j a  v a r i j a n s e ,  S E , 

R M S E ,  p r o p o r c i j a  k o v a r i j a n s e  i T h e i l  U 1  i T h e i l  U 2 ,  s to  p o t v r d u j e  r e z u l t a t e  p r e d v i d a n j a
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s t r a t e g i j a  u c in a k a .  N a l a z i  i m p u l s n o g  o d g o v o r a  o t k r i v a j u  d a  j e  o d g o v o r  i n f l a c i j e  n a  s o k  z a  

e k o n o m s k e  s l o b o d e  i e - v l a d u  o d  s u s t i n s k e  v a z n o s t i .  R a z l a g a n j e  v a r i j a n s e  g r e s k e  u  

p r o g n o z i  s t o p e  i n f l a c i j e  p r o i z i l a z i  u g l a v n o m  i z  i n d i k a t o r a  n i v o a  e k o n o m s k i h  s lo b o d a .

C B C G  j e  z a i n t e r e s o v a n a  d a  h i p o t e t i c k i  s a g l e d a  r e a k c i j u  i n f l a c i j e  u  r a z l i c i t i m  o s e t l j i v i m  

s c e n a r i j im a ,  p o p u t  p o v e c a n j a  c i j e n e  n a f t e  ( s p o l j n e  i n o v a c i j e )  i i n d e k s a  e k o n o m s k i h  

s l o b o d a  - i n t e r n e  i n o v a c i j e  ( G r o e n  e t  a l . ,  2 0 1 2 ) .  S m a t r a m o  i h  v o d e c i m  p o k a z a t e l j i m a  

i n f l a c i j e  n a  k o j e  b i  k r e a t o r i  m a k r o p r u d e n c i j a l n e  p o l i t i k e  t r e b a l o  d a  r e a g u j u  u  C r n o j  G o r i .  

A l t e r n a t i v n i  s c e n a r i o  p o c i n j e  d a  u t i c e ,  o d n o s n o  d a  m i j e n j a  p o d a t k e  o d  j a n u a r a  2 0 1 6 .  d o  

d e c e m b r a  2 0 1 7 .  H i p o t e t i c k i ,  p o v e c a v a m o  c i j e n e  n a f t e  s a  0 ,5  n a  2  p o e n a ,  s a  1 4 ,0 1 %  n a  

4 8 ,4 3 % .  I s t r a z u j e m o  k a k a v  b i  b i o  u t i c a j  p o v e c a n j a  c i j e n a  n a f t e  u  c r n o g o r s k o j  e k o n o m i j i ,  

s  o b z i r o m  d a  j e  k a n a l  c i j e n e  n a f t e  j e  u  C r n o j  G o r i  v i s e d i m e n z i o n a l a ,  t e  u t i c e  n a  

p r o i z v o d n j u ,  p o t r o s a c e ,  i n v e s t i t o r e ,  k a o  i n a  p o l i t i k u  V la d e ,  p o s e b n o  u  d o m e n u  f i s k a l n e  

p o l i t i k e .

S o k  r a s t a  c i j e n a  n a f t e  m o g a o  b i  d o c i  e n d o g e n o  k a o  r e z u l t a t  f i s k a l n e  k o n s o l i d a c i j e .  

T r o s k o v i  p r o i z v o d n j e  p o v e c a v a j u  s e  r a s t o m  c i j e n a  n a f t e ,  s t o  p r i m o r a v a  k o m p a n i j e  d a  

p o v e c a j u  c i j e n e ,  k a k o  b i  z a d r z a l e  p o s t o j e c u  m a r g i n u  p r o f i t a .  U  s l u c a ju  p o r a s t a  c i j e n a  

n a f t e ,  p o t r o s a c i  v i s e  n e m a j u  i s t u  s t v a r n u  v r i j e d n o s t  n o v c a .  R e a l n e  z a r a d e  im  s e  s m a n ju j u ,  

s t o  d o v o d i  d o  p o v e c a n j a  n e z a p o s l e n o s t i .

O d l u k o m  o  f i s k a ln o j  k o n s o l i d a c i j i  i p o v e c a n j e m  a k c i z a ,  p r o i z v o d n i  j a z  s e  s m a n ju j e .  T o  

n a v o d i  p r e d u z e c a  d a  p o v e c a j u  c i j e n e ,  s t o  d o v o d i  d o  p o v e c a n j a  i n f l a c i j e .  N a  r e d u  j e  

m o n e t a r n a  p o l i t i k a ,  p r e k o  C B C G ,  d a  p o v e c a / u t i c e  n a  k a m a t n u  s to p u ,  k a k o  b i  u s p o r i l a  r a s t  

i n f l a c i j e .  D i n a m i k a  s m a n j e n j a  p r o i z v o d n j e  p o v e z a n a  s a  p o r a s t o m  i n f l a c i j e  p o z n a t a  j e  k a o  

s t a g f l a c i j a .  U  s l u c a ju  d a  p r o m j e n e  c i j e n a  n a f t e  ( p r o m j e n a  a k c i z a  i l i  p r o m j e n a  c i j e n a  n a  

b e r z i )  u  C r n o j  G o r i  n e  b u d u  p r a c e n e  p r o m j e n a m a  o c e k i v a n j a  i n f l a c i j e ,  t a d a  c e  o c e k i v a n j a  

o s t a t i  k o n s t a n t n a ,  a  V l a d a  c e  i m a t i  m n o g o  l a k s i  p o s a o  u  m a k r o e k o n o m s k o m  u p r a v l j a n j u .

D a  li  j e  r e a l n o  d a  c e  o c e k i v a n j a  o s t a t i  k o n s t a n t n a ?  S ta  o d r e d u j e  o v a  o c e k i v a n j a ?  A k o  

c v r s t o  v e r u j u  u  s t a b i l n o s t  m a k r o e k o n o m s k o g  o k r u z e n j a ,  t a d a  s e  n j i h o v a  o c e k i v a n j a  n e c e  

p r o m j e n i t i .  N a i m e ,  k o m p a n i j e  s v o j a  o c e k i v a n j a  f o r m i r a j u  u  v r e m e n u  v e l i k e  d o s t u p n o s t i  

i n f o r m a c i j a  i r a z v o j a  d r u s t v a  z n a n ja ,  p o c e v  o d  I n t e r n e t a  d o  b r o k e r a ,  v i j e s t i ,  b a n a k a  i 

d r u g i h  a g e n a t a  n a  t r z i s t u  s i r o m  s v i j e t a  ( G i a c o m i n i ,  2 0 1 5 ) .
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S provedeno  is tra z iv a n je  ta kod e  u ka zu je  na z a k lju c a k  da je  u  C rn o j G o r i i  kana l 

e k o n o m s k ih  s loboda  v ise d im e n z io n a la n . O s je t l j iv i  scenario  s luca ja , u  nasem  is tra z iv a n ju , 

h ip o te t ic k i p ovecava  in d e ks  e ko n o m s k ih  s loboda  sa 2 0 %  na 4 4 %  to k o m  c ije le  2017. 

god ine . M o ra m o  im a ti na u m u  da je  o vo  d e te rm in is tic k a  s im u la c ija  -  p e rfo rm ansa  

p re d v id a n ja  d in a m ic k o g  resenja , k o ja  k o r is t i ve c  p re dv id en e  d o cn je  v r ije d n o s t i,  da b i 

n a p ra v ila  p re d v id a n je  za v is e  p e rio d a  u n a p rije d . D a k le , ova j m o d e l a u to m a tsk i povecava  

sansu za povecan je  v je ro v a tn o c e  za rez idua le . A k o  p og le da m o  in f la c iju ,  a lte rn a tiv n i 

o s je t l j iv i scenario  m ogao  b i da u tic e  na sm an jen je  n iv o a  c ijena , ca k  i  sa 0 %  na -207% .

V a z n o  je  p o ja s n iti i  zasto su se u  is tra z iv a n ju  k o r is t i l i  s tru k tu rn i V A R -o v i.  P o la z i se od 

c in je n ic e  da je  C B C G  za in te resovana  za p racen je  e feka ta  soka na in f la c iju .  R azm a tra m o  

dogadaj kada  C rn a  G o ra  p re d v id a  po ras t in f la c ije . C B C G  povecava , odnosno  u tic e  na 

ka m a tnu  stopu, a li in f la c ija  i  d a lje  raste, ka k o  se o ce k iva lo . M o g lo  b i se pogresno  

z a k lju c it i  da je  p ove can je  kam atne  stope d o ve lo  do  porasta  in f la c ije . M e d u tim , re a k c ija  

je  b ila  endogena za o ce k iva n u  in f la c iju .  S toga, u  is tra z iv a n ju  m o ra m o  id e n t if ik o v a t i c is to  

egzogen i (p o li t ic k i i l i  d ru g i t ip )  soka, da b is m o  m o g li da p ro na de m o  n je g o ve  d in a m ic k e  

e fekte : id e n t if ik u je m o  s tru k tu rn i V A R . Im p u ls n i o d g o v o ri p ra te  e fek te  s tru k tu rn ih  sokova  

na endogene v a rija b le . F u n k c ija  im p u ls n o g  o d z iv a  ce nam  re c i p ro m je n u  endogen ih  

v a r i ja b li za svak i s tru k tu rn i sok  p r i t, t  + 1 i  ta k o  d a lje  (In o u e  i  K i l ia n ,  2016 ). K o r is te c i 

is t i,  ra n ije  ko riscen , odnos iz m e d u  p ro g n o z ira n ih  g resaka i  s tru k tu rn ih  sokova , G u e rro n - 

Q u in ta n a  et a l., (2 0 1 7 ) nag lasava ju :

X t = ^  +  A _ 1 u t +  £ 7 = ! A - 1 u t - i  (10 )

i l i  k o m p a k tn ije :

M +  ’Z (t = i c i U t - i ( 1 1 )

c n , i  i  c i 2 ,i su o d g o v o ri y  i  x  na p ro m ije n u  u y t  i  u x t , re sp e k tivn o . T akode , treb a  im a ti u  

v id u  da je  c 110  e feka t p r i im p a k ta , c 111  je  e feka t u y t  n a y  i  ta k o  redom :

9yt+k
dV.y£ =  C l1,k ( 1 2 )

takode , k u m u la t iv n i e feka t je  £ 7=0 C11L
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P o s t o  s m o  i s p i t a l i  t r i  S V A R  i t r i  B V A R  m o d e l a ,  t r a g a m o  z a  p r i h v a t l j i v i m  n i v o o m  

in f l a c i j e ,  o d n o s n o m  o d r z i v i m  n i v o o m  u  o d n o s u  n a  s o k o v e  c i j e n a  n a f t e  o d  j e d n e  

s t a n d a r d n e  j e d i n i c e  d e v i j a c i j e .

R e a k c i j a  i m p u l s a  n a  i n f l a c i j u ,  o d  j e d n e  j e d i n i c e  t z v .  C h o l e s k y  s t a n d a r d n e  i n o v a c i j e  c i j e n a  

n a f t e  -  p o c i n j e  d a  s e  p o s t e p e n o  p o v e c a v a  n a k o n  d o c n j e  o d  c e t i r i  m j e s e c a .  P o s l i j e  to g a ,  

o p a d a ,  d o s t i z u c i  d e f l a c i j u  o d  - 0 ,0 0 2  n a k o n  15  m j e s e c i .  D o s t i z e  d n o  o d  - 0 ,0 9  n a k o n  2 1  

m j e s e c a .  P r e n o s  s o k a  c i j e n e  n a f t e  j e  e v id e n t a n .  T r e b a  im a t i  n a  u m u  d a  p o r a s t  c i j e n a  n a f t e  

n e  m o z e  b i t i  r e a k c i j a  n a  o n o  s t o  s e  d e s a v a  s a  o s t a l i m  v a r i j a b l a m a .  T o  m o r a  b i t i  e g z o g e n o .  

U  o v o m  s l u c a ju ,  „ e g z o g e n i “  k o r a c i  C e n t r a l n e  b a n k e  C r n e  G o r e ,  c in e  j e  z a i s t a  n e z a v i s n o m  

in s t i t u c i j o m .  D a k l e ,  e g z o g e n i  s o k o v i  s u  p r a v i l n o  id e n t i f i k o v a n i .  R i j e c i m a :  s o b z i r o m  d a  

j e  e k o n o m i j a  u s p o r i l a ,  p r o i z v o d n j a  j e  d o s e g l a  d n o  n a k o n  13 m j e s e c i ,  d o k  j e  i n f l a c i j a  

d o s t i g l a  n a jn i z i  n i v o  p o s l i j e  2 1  m j e s e c a  ( j a z  o d  8 m j e s e c i  i z m e d u  p r o i z v o d n j e  i i n f l a c i j e ) .  

V e c  n a k o n  3 0  m j e s e c i  i n f l a c i j a  p o s t a j e  p o z i t i v n a ,  0 ,0 0 4 7 .  D a k l e ,  p o v e c a n j e  c i j e n e  n a f t e  

t j e r a  C B C G  i k r e a t o r e  f i s k a l n e  p o l i t i k e  d a  i n t e r v e n i s u  u  c i l j u  s m a n j e n j a  i n f l a c i j e .

P o v e c a n j e  c i j e n e  n a f t e  u t i c a l o  j e  n a  p o t r a z n j u  n a  c r n o g o r s k o m  t r z i s t u ,  n a v o d e c i  

k o m p a n i j e  d a  p r o m i j e n e  s v o j a  u l a g a n j a  i o t k a z u  p l a n i r a n e  p r o j e k t e .  U  r o k u  o d  1 2  m j e s e c i ,  

d o k  s e  p r o i z v o d n j a  s m a n ju j e ,  i n f l a c i j a  n a s t a v l j a  d a  r a s te .  U  o v o m  s l u c a j u  i n t e r v e n i s a l i  s u  

k r e a t o r i  f i s k a l n e  p o l i t i k e  u  C r n o j  G o r i ,  p r i l a g o d a v a j u c i  i n f l a c i j u  i p r o i z v o d n j u .  O v a j  

p r o c e s  p r i l a g o d a v a n j a  u g l a v n o m  s e  k o o r d i n i r a  k r o z  p r o c e s  o c e k i v a n j a ,  k o j i  j e  u  C r n o j  

G o r i  s o l i d n o  p o s t a v l j e n .  O v o  p r i k a z u j e  k l j u c n u  t a c k u :  f o r m i r a n j e  o c e k i v a n j a  u  C r n o j  G o r i  

i d i n a m i c k e  e f e k t e  s o k o v a .  I m p l i k a c i j a  o v o g  s o k a  s a  c i j e n a m a  n a f t e  j e  d a  p r o i z v o d n j a  

b r z o  o p a d a  z a  t r a n z i c i o n u  e k o n o m i j u  k a o  s t o  j e  C r n a  G o r a ,  i t r e b a  j o j  v i s e  o d  g o d i n u  d a n a  

d a  s e  o p o r a v i .

P r i  d e k o m p o z i c i j i  v a r i j a n s e  i n f l a c i j e  n a  n a f t n e  s o k o v e ,  v e c i n a  p r o m j e n a ,  u  p r v o m  

m j e s e c u ,  d o l a z i  s a m a  p o  s e b i  n a  n i v o  o d  9 3 ,1 8 % .  O v o  n e  b i  t r e b a l o  d a  b u d e  i z n e n a d e n j e  

z a  k r e a t o r e  e k o n o m s k e  p o l i t i k e .  R e z u l t a t  j e  n a s e g  s i s t e m s k o g  p r i s t u p a  u  a n a l i z i  n a v e d e n i h  

v a r i j a b l i .  U  d u z i m  h o r i z o n t i m a  - 2 4  m j e s e c a ,  d o p r i n o s  s o k o v a  v a r i j a b l a m a  k r e t a n j u  i l i  

p r o g n o z i  v a r i j a n s e  g r e s k e  i n f l a c i j e  p o v e c a v a  s e  n a  s l e d e c i  n a c in :  n a f t a  ( 1 7 ,8 2 % ) ,  c i j e n a  

a l u m i n i j u m a  ( 1 1 ,4 1 % ) ,  n e z a p o s l e n o s t  ( 1 3 ,6 2 % )  i g d p _ g a p  1 ,1 4 % . U c i n a k  s o k a  c i j e n a  

n a f t e  s e  n a g l o  p o v e c a v a  n a  p o c e t k u ,  p o s e b n o  u  p r v i h  s e s t  m j e s e c i ,  s a  2 ,5 0 % ,  5 ,7 1 % ,  

8 ,7 5 % ,  1 1 ,4 1 % ,  1 2 ,8 8 %  i 1 4 ,3 1 % ,  r e s p e k t iv n o .
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U  m o d e lu  1 p r im ije t i l i  sm o da su e konom ske  s lobode  od  p resudnog  znaca ja , pa stoga i 

o vd je  a n a liz ira m o  de tek tovane  im p u ls e  i  d e k o m p o z ic iju  va rija n se  (C han  i  Je lia zko v , 

2009 ; C han, 2013 ). In f la c ija  odm ah  p o c in je  da opada, posebno  u  p rv o j g o d in i, a z a tim  

p o c in je  v r lo  sporo  da raste. K a k o  m oze m o  da p ro tu m a c im o  navedeno  k re tan je , t j.  

rezu lta te?  N avedena  is tra z iv a n ja  u p u c u ju  na z a k lju c a k  da je  C rn a  G o ra  izu ze tn o  iz lo z e n a  

d e js tvu  s p o ljn ih  d e te rm in a n ti in f la c ije , posebno p ro m je n a m a  c ije n a  na fte , ka o  berzanske 

robe. D a  nag le  p ro m je n e  ove  v a rija b le , im a ju  izu ze tn o  iz ra zen  u tic a j ka k o  na  n iv o  

p ro zvo d n je , ta k o  i  na zapos lenost, te  na sam u a n tif la c io n u  p o lit ik u .  N a  p u tu  p ris tu p a n ja  

E U , C rn a  G o ra  m o ra  u z im a ti u  o b z ir  d e js tvo  o v ih  d e te rm in a n ti in f la c ije ,  k o je  do laze  sa 

m e d ju n a ro d n o g  trz is ta , te  e fika sn o m  i f le k s ib i ln o m  m a k ro p ru d e n c ija ln o m , i  u k u p n o m  

m a k ro e k o n o m s k o m  p o lit ik o m , b la g o v re m e n o  se p r ila g o d a v a ti p ro m je n a m a  eksterne 

tra zn je  i  so k o v im a  c ije n a  nafte . Is to v re m e n o , neo ph od no  je  e k o n o m s k im  i s tu rk tu rn im  

re fo rm a m a , s m a n jiv a ti ra n jiv o s t, odnosno  p ove cava ti o tp o rn o s t na eksterne  sokove. T o  

pod ra zum eva  k o re k c iju  o c e k iv a n ja  c ije n a  P e u  odnosu  na tre n u tn i n iv o  cena P .

K o n a cn o , o ce k iva n o , C h o le s k i- je v a  d e k o m p o z ic ija  va rija n se  p ro gn oze  g reske  in f la c ije  na 

in o v a c ija m a  e k o n o m s k ih  s loboda  u g la v n o m  je  re z u lta t sokova  p e r  s e  u  k ra tk im  

h o r iz o n tim a , do  n iv o a  od  9 6 ,53% . Posle  sestom jesecnog h o rizo n ta , d o p rin o s  sokova  

e k o n o m s k ih  s loboda  k re ta n ju  in f la c ije  p ovecava  se na 9 ,13 %  u  u k u p n o j k o m p o z ic i j i.  U  

12-m je se cn im  h o r iz o n tim a , d o p rin o s  e k o n o m s k ih  s loboda  i  o d g o v a ra ju c ih  sokova  

e v o lu c ij i in f la c ije  iz n o s i 24 ,94% . U  2 4 -m je se cn im  h o r iz o n tim a , u d io  k re ta n ja  in f la c ije  

us led  sokova  u z ro k o v a n im  e k o n o m s k im  s lobodam a dostize  35 ,89% .

Z a k lju c n o , d o p rin o s  e k o n o m s k ih  s loboda  k re ta n ju  in f la c ije  je  izu z e tn o  znaca jan. D ru g im  

r ije c im a : u  e ko n o m sk i s lo b o d n o m  d ru s tvu  p o je d in c i m o g u  s lob od no  ra d it i,  p ro iz v o d it i,  

t ro s it i  i  u la g a ti. K u m u la t iv n o , ta ka v  a m b ije n t p o g o d u je  o c u va n ju  c jen ovn e  s ta b iln o s ti i 

k v a lite tu  p ro gn oza  k lju c n ih  m a k ro e k o n o m s k ih  in d ik a to ra .

S o b z iro m  na to  da su k re a to r i p o lit ik e  m o ra li da d e fin is u  o d g o va ra ju ce  k r ite r i ju m e  za

d ija g n o z u  nastupa in d ik a to ra  in f la c ije ,  c ije n im o  da je  d o d a ta  v r i j e d n o s t  o vo g  is tra z iv a n ja

n ap o r na id e n t if ik a c i j i  posebnog  p ris tu p a  i  same m e to d o lo g ije  p ro g n o z ira n ja  n iv o a

in f la c ije , k o ju  b i V la d a  C rne  G o re  m o g la  k o r is t i t i  u  ra z v o ju  a n tiin f la c io n e  i  u kup ne

s tra teg ije  razvo ja . S o b z iro m  na v e l ik i  po ras t in te resa  za isp u n ja v a n je  k r ite r iju m a

k o n v e rg e n c ije  odnosno  k r ite r i ju m a  iz  M a s tr ih ta , kao  i  nedosta tak  u jednacene
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m e t o d o l o g i j e  p r o g n o z i r a n j a  n i v o a  i n f l a c i j e ,  v i j e r u j e m o  d a  c e  z a k l i u c c i  p r e d s t a v l j e n i  u  

o v o m  i s t r a z i v a n j u  k o r i s t i t i  k r e a t o r i m a  m a k r o p r u d e n c i j a l n e  p o l i t i k e  u  s p r o v o d e n j u  j e d n e  

o d  k l j u c i h  f u k c i j a  u p r a v l j a n j a  e k o n o m s k i m  s i s t e m o m ,  a  t o  j e  o d r z a v a n j e  c j e n o v n e  

s t a b i l n o s t i  i p o s t i c a n j e  r a s ta .

S a v r e m e n i  u s l o v i  i z n e n a d n e  z d r a v s t v e n e  i n a r a s t a j u c e  e k o n o m s k e  k r i z e ,  u  u s l o v i m a  

r a s t u c e  s i s t e m s k e  n e i z v j e s n o s t i ,  t a k o d e  p o t v r d u j u  z n a c a j  i s t r a z i v a n j a  p o p u t  o v o g a .  

D r u g i m  r i j e c i m a ,  s t a b i l i z a c i o n a  p o l i t i k a  u  t o k u  e g z o g e n i h  s o k o v a ,  k a o  s t o  j e  p a n d e m i j a  

C O V I D - 1 9 , p r v o  j e  p i t a n j e  z a  m o n e t a r n e  i f i s k a l n e  v l a s t i  C r n e  G o r e .  O v a  d i s e r t a c i j a  j e  

d o k u m e n t o v a l a  d a  j a c a n j e  c r n o g o r s k i h  i n s t i t u c i j a ,  j a v n e  u p r a v e  i k o r i s c e n j e  g l a v n o g  

p o k r e t a c a  r a s t a  - i z v o z a  - i d iv e r z i f i k a c i j  e  p r o i z v o d a  u  s m i  s lu  j a c a n j a  i z v o z n o g  p o te n c i j  a la  

n a s e  e k o n o m i j e ,  c in i  C r n u  G o r u  s n a z n i j o m  u  a p s o r b o v a n j u  g l o b a l n i h  e k o n o m s k i h  s o k o v a .

D r u g a  v a z a n  z a k l j u c a k  k o j i  s e  m o z e  i z v u c i  n a  b a z i  s p r o v e d e n i h  i s t r a z i v a n j a  j e s t e  d a  j e  

c r n o g o r s k a  e k o n o m i j a  ( k a o  i z r a z i t o  s e r v i s n o  o r j e n t i s a n a  e k o n o m i j a )  p o s e b n o  o s e t l j i v a  n a  

s p o l jn e  s o k o v e ,  j e r  s e  u  v e l i k o j  m j e r i  o s l a n j a  n a  p r i l i v e  k a p i t a l a  i p r o m j e n e  e k s t e r n e  

t r a z n j e .  S ta v i s e ,  o c u v a n j e  I j u d s k o g  k a p i t a l a  i  n j e g o v o  z a d r z a v a n j e  u  z e m l j i  p r e d s t a v l j a j u  

v i t a l n u  p o d r s k u  i p o k r e t a c  r a s t a ,  n e  s a m o  z a  n e o p h o d n u  m a k r o e k o n o m s k u  s t a b i l n o s t ,  v e c  

i z a  j e d n a k o  z n a c a j n e  i n e o p h o d n e  - s t r u k t u r n e  r e f o r m e  u  C r n o j  G o r i .  B u d u c i  d a  s u  s t r a n e  

i n v e s t i c i j e  z n a c a j n o  s m a n j e n e  u s l i j e d  i z b i j a n j a  p a n d e m i j e  C O V I D - 1 9 ,  m a k r o b o n i t e t n i  

k r e a t o r i  p o l i t i k e  m o r a j u  p a z l j i v o  n a d g l e d a t i  b e r z u  i k r e t a n j a  n a  m e d u n a r o d n o m  t r z i s t u .  

B u d u c i  d a  s t r u k t u r n e  r e f o r m e  s o k o v a  p o n u d e  u  C r n o j  G o r i ,  k r o z  l j u d s k i  k a p i t a l  i 

z a p o s l j a v a n j e ,  p o k r e c u  o s c i l a c i j e  a g r e g a t n e  t r a z n j e  o p s e z n i j e  o d  s a m ih  s o k o v a ,  k r e a t o r i  

p o l i t i k e  m o r a j u  o s i g u r a t i  d a  f i r m a m a  n e  d o z v o l e  r e l a t i v n o  l a k  i z l a z a k  i z  s e k t o r a ,  k o j i  b i  

p o v l a c i o  i z n a c a j n i j a  k o l e b a n j a  n a  t r z i s t u  r a d a  i g u b i t a k  z n a c a j n o g  b r o j a  r a d n i h  m j e s t a .  

D r u g i m  r i j e c i m a :  n i z  e f e k a t a  m o g a o  b i  p r o u z r o k o v a t i  r e c e s i j u  u  s l u c a j u  d a  n e d o s t a j e  

i n t e r v e n c i j a ,  k a k o  k o n v e n c i o n a l n i h ,  t a k o  i z n a c a j n o g  b r o j a  n e k o n v e n c i o n a l n i h  p o l i t i k a  i 

m j e r a .  P o d s t i c a n j e  v i s o k e  s t o p e  e k o n o m s k o g  r a s t a ,  i s k o r i s c a v a j u c i  k o m p a r a t i v n e  i 

k o n k u r e n t s k e  p r e d n o s t i  z e m l j e ,  d o k u m e n t o v a n o  j e  u  t e z i ,  a  t o  s e , i z m e d u  o s t a l o g , m o z e  

p o s t i c i  o b e z b j e d i v a n j e m  r e d a  i z a k o n a ,  s t r i k t n e  p r i m j e n e  j e d n a k i h  n o r m i  z a  s v e ,  s n a z n i j i h  

i n s t i t u c i j a ,  a l i  i d r z a v n g  i n t e r v e n c i o n i z m a  b a l a n s i r a n o g  k r o z  o d g o v a r a j u c e  s u b v e n c i j e  i 

d r u g e  o b l i k e  p o d r s k e  p r i v r e d i  ( p o s e b n o  u  u s l o v i m a  k r i z a ) .  S v e  n a v e d e n o  d o b i j a  p o s e b n o  

n a  t e z i n i ,  a k o  u z i m a m o  u  o b z i r  t u r b u l e n t n e  f a k t o r e  s p r e g e  z d r a v s t v e n o - e k o n o m s k e  k r i z e ,
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k a d a  in s t r u m e n t  f is k la n e  p o lil ik e  i p o lit ik e  u p ra v l ja n ja  ja v n im  d u g o m , p o s ta ju  od  

p re s u d n e  v a z n o s ti  z a  s ta b iliz a c iju  e k o n o m ije  i p o b o ljs a n je  ra z v o jn e  p e rsp e k tiv e .

U z im a ju c i u  o b z ir  sv e  n e iz v e sn o s ti  k o je  j e  sa  so b o m  d o n ije la  2 0 2 0 . g o d in a , k a o  i 

s a g le d a v a n je  re a ln o g  o p o ra v k a  e k o n o m ije  u  s re d n je m  ro k u , p o tp u n i o p o ra v a k  n iv o a  

B D P -a , n a  n iv o  iz  2 0 1 9 . g o d in e , p r ije  C O V ID  19, sv a k a k o  d a  m o z e  p o tra ja ti  i n e k o lik o  

g o d in a . Ia k o  se  c in i d a  se  n a z ire  n o v a  s in te z a  o d n o s n o  v ise  u s a g la s e n o s ti  s ta v o v a  

s a v re m e n ih  m a k ro e k o n o m is ta  p o  p ita n ju  m o d e la  o p o ra v k a , te  d a  on i c ije n e  d a  p o s je d u ju  

se t a la ta  p o tre b a n  z a  d u b lje  ra z u m ije v a n je  m a k ro e k o n o m ije  i d iz a jn ira n je  b u d u c ih  

p o lit ik a  - d u b in a  z d ra v s tv e n e  k r iz a  k o ja  j e  z a p o c e la  u  ja n u a ru  2 0 2 0 . g o d in e  i n a s ta v lja  se 

s iro m  sv ije ta , ip a k  t je ra  n a  o p re z  i d a lja  is tra z iv a n ja . C rn a  G o ra , k a o  m a la  i o tv o re n a  

e k o n o m ija , sv a k o d n e v n o  m o ra  p a z lj iv o  p re isp itiv a ti  sv o ju  b u d u c u  e k o n o m s k u  i ra z v o jn u  

p o lit ik u , j e r  re la tiv n o  m a li so k  m o z e  d o v e s ti d o  o z b iljn e  m a k ro e k o n o m s k e  k rize . 

N e d o v o ljn i  fo k u s  n a  f in a n s ijs k im  in s t i tu c ija m a  m o g a o  b i b iti  iz v o r  n e u sp je h a . U  

n a v e d e n im  o k o ln o s tim a , o d  p re s u d n o g  j e  z n a c a ja  p o z ic i ja  n e z a v i s n o s t i  C B C G , k o ja  b i 

sv o jim  in s tru m e n tim a  m o g la  u tic a ti  n a  iz b je g a v a n je  o z b il jn i j ih  p o s lje d ic a .

K o m b i n a c i j a  i n t e g r i s a n i h  f a k t o r a  j e  u  v e lik o j m je r i d o k u m e n to v a n a  u  ovoj te z i k a o  

d o s lje d a n  u z o r  z a  o d rz a v a n je  s ta b iln o s ti  c ijen a . S a z e to  rec e n o : lo se  ra z u m ije v a n je  

m e d u fa k to rs k ih  in d ik a to ra  o d  s tra n e  c e n tra ln e  b a n k e  i n e p o s to ja n je  f a k to ra  iz  

m a k ro e k o n o m s k ih  m o d e la , k o m b in u je  i s tv a ra  k rizu . L e k c ije  v e lik ih  in te g r is a n ih  

m a k ro e k o n o m s k ih  m o d e la  su  d o k u m e n to v a n e  u  ovo j te z i, u z  d iz a jn ira n je  

m a k ro b o n ite tn ih  a la ta  k a k o  b i se  o d rz a la  s ta b iln a  i n isk a  in f la c i ja  i iz b je g li  z n a c a jn i riz ic i 

u  o d n o su  n a  n iv o  ja v n o g  d u g a . P o la z e c i o d  n o v ije  e k o n o m sk e  is to r ije , s a v re m e n e  

p r iv re d n e  s is te m e  ce  p o g a d a ti  j o s  iz v o ra  ra z l ic i tih  so k o v a  k o je  m a k ro e k o n o m is ti  d o  sad a  

n isu  a n a liz ira li  u  k o m b in o v a n im  z a g o n e tk a m a . T a k o  se, n a  p r im je r , m e h a n iz a m  

p r ila g o d a v a n ja  k r iz e  z a m k a m a  f in a n s ijs k e  l ik v id n o s ti  iz  2 0 0 8 . g o d in e , u z  sn iz a v a n je  

k a m a tn ih  s to p a , n ije  p o k a z a o  o p e ra tiv n im  k a o  o d g o v o r  n a  p a d  u k u p n e  e k o n o m sk e  

a k tiv n o s ti  o d n o sn o  k re ta n je  p ro iz v o d n je . B i lo  d a  j e  r ije c  o  f isk a ln o j ili m o n e ta rn o j 

p o litic i, p ro s to r  j e  m n o g o  o g ra n ic e n iji  n e g o  s to  se  ra n ije  m is lilo , p o s e b n o  u  C rn o j G ori. 

U  p re d s to je c e m  p e r io d u  o p o ra v k a , o p s ti f isk a ln i p o d s tic a j b ic e  m a n je  e f ik a s a n  n e g o  

o b icn o , j e r  su  k e jn z ija n s k i m u ltip lik a to r i  p r ig u se n i z b o g  g a s e n ja  n e k ih  sek to ra . 

M o n e ta rn a  p o lit ik a  m o z e  im a ti p o v e c a n e  e fe k te  o g ra n ic a v a n je m  iz la z a  p re d u z e c a , sv e
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d o k  je  neom etana  n u lto m  n o m in a ln o m  d o n jo m  g ra n ico m . U  tre n u tk u  p isa n ja  ove 

d o k to rske  teze, d o ku m e n to v a n i na laz i, p o vu ce n i iz  e m p ir i js k ih  k o m b in a c ija  za go ne tk i u  

p o g la v ljim a  3, 4 i  5, p r iv u c i ce k rea to re  m a k ro e k o n o m s k ih  p o lit ik a  i  p r ib l iz i t i  a rgum ente  

da b o lje  ra z u m iju  sta se desava sa u p o tre b o m  a la ta  m one ta rne  i  f is k a ln e  p o lit ik e :  da se 

e k o n o m ija  postepeno o p o ra v lja  i  u s m je r i p o n o v o  na p u ta n ju  rasta. N a la z i k o m ib in a c ije  

in te g ris a n ih  fa k to ra , tz v . k o m b in o v a n e  s lag a lice  ( c o m b in a t io n  p u z z l e )  p re p o ru c u ju  

k re a to r im a  p o lit ik e  da za uzm u  k o m b in o v a n i stav n o v ih  k e jn z ija n a c a  i  te o re tica ra  n o vo g  

rasta: e ko n o m sk i p o v ra ta k  na p r iro d n i n iv o  u  sredn jem  ro k u  i  u p o tre b a  d e te rm in a n ti 

te h n o lo s k o g  napre tka . A la t  k o m b in o v a n e  p o lit ik e , m o n e ta rn i i  f is k a ln i,  n a jb o lje  se b a v i 

o v im  p ita n je m  u  n as im  k o m b in o v a n im  m o d e lim a  V A R  i B V A R .

P ored  naveden ih , d o ku m e n to v a n i re z u lta ti o vo g  is tra z iv a n ja  o b u h va ta ju  i  d o d a tn e  

im p lik a c ije  na m a k ro b o n ite tn u  p o lit ik u .  P rvo , ve om a  je  va zno  d a lje  is p it iv a t i zasto 

povecan je  e k o n o m s k ih  s loboda  im a  ta k o  p o z it iv a n  e feka t na B D P , te posebno a n a liz ira ti 

ras t e k o n o m s k ih  s loboda  u  k o re la c ij i sa sm an jen jem  s ive  e k o n o m ije  i  p r iv la c e n je m  

in v e s tic ija . D ru g o , k re a to r i p o lit ik e  treba  da razm o tre  in s t itu c io n a ln a  p o b o ljs a n ja  i 

m eh an izm e  k o n tro le , ka k o  b i is to v re m e n o  te z i l i  da sm an je  u tic a j rasta ja v n o g  duga na 

b u d u cu  ra z v o jn u  d in a m ik u . N a  k ra ju , treb a  is p ita t i p ro c je n u  rashoda ja v n o g  sektora, 

odnosno  s tru k tu ru  u ku p n e  ja v n e  po trosn je , u z  k o n tin u ira n o  sm an jen je  a d m in is tra tiv n ih  

b a r ije ra  p o s lo va n ju . D ru g im  r ije c im a : o d g o va ra ju co m  k o m b in a c ijo m  in v e s t ic ija  i o k v ira  

u ku p n e  ra zvo jn e  p o lit ik e  z e m lje , m ogao  b i se k o n tro lis a ti n jih o v  u tica j na rast ja v n o g  

duga, c im e  b i se i  n o rm a liz o v a li u t ic a ji soka e k o n o m s k ih  s loboda.

O tk r i l i  sm o da m ed u  p e rfo rm an sam a  p re d v id a n ja  p o je d in a c n ih  p re d ik to ra  m o d e l 1 im a  

n a jb o lje  rezu lta te  na osnovu  greske o sno vno g  kvadra ta . Z a v is i od  tre n u tn ih  e ko n o m sk ih  

sokova  i e konom ske  s lobode. M o d e l 1 im a  cak  i  b o lje  rezu lta te  od  k o m b in o v a n ih  je d n a k ih  

pondera , a li u s re dn java n je  im a  b o l j i  u c in a k  od  p o je d in a cn o g  m o d e la  2 i  m o d e la  3. O va j 

o sn o vn i dokaz p o ka zu je  da su e konom ske  s lobode  od  p resudnog  znaca ja  za p ro m o c iju  

o d rz iv o g  rasta. G la vn e  im p lik a c ije  ove  s tu d ije  sugerisu  da su e konom ske  s lobode  

izu ze tn o  znaca jne  u  u p ra v lja n ju  in f la c ijo m  i o d rz iv im  ras tom  u  C rn o j G o ri. A lte rn a tiv n o , 

p o ve ca li sm o c ije n e  n a fte  i e kon om sku  s lobodu , a p re d v id e n a  in f la c i ja  se povecava , 

odnosno  n a g lo  opada: dak le , im p lic ir a ju c i da su v la d in i p ro p is i o e k o n o m sk im  

a k tiv n o s tim a  p resudn i. R e z u lta ti im p u ls n o g  o d g o vo ra  o tk r iv a ju  da su o d g o v o ri in f la c ije
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na sok  n a fto m  i e ko n o m sku  s lob od u  znaca jn i. D e k o m p o z ic ija  va rija n se  in f la c ije  

p re m ije s ta  se u g la v n o m  iz  e ko n o m s k ih  s loboda  i  c ije n a  nafte .

Z a k lju c n o , e m p ir i j s k i  r e z u l ta t i  ove  d o k to rske  d ise rta c ije  rada p ru z a ju  k re a to r im a  

m a k ro p ru d e n c ija ln ih  p o l i t ik a  d e ta l jn o  r a z u m i je v a n je  m o d e la  k o m b in a c i je  p r o g n o z a .

Jos je d n a  sustinska  im p lik a c ija  o vo g  is tra z iv a n ja  je  oc jena  da C rn a  G o ra  treba  u  sto 

k racem  (ra zu m n o m  sredn jem  ro k u )  e fika sn o  v o d i i  o kon ca  p r e g o v a r a c k i  p r o c e s  sa E U . 

P os tizan je  p u n o p ra vn o g  c lans tva  snazno ce d o p r in ije t i z e m lji u  p o d iz a n ju  ko n k u re n tn o s ti 

p r iv re d e  i u k u p n o j e kon om sko j p e rs p e k tiv i. C rn a  G ora , kao  ne to  k o r is n ic a  zn a ca jn ih  

sredstava iz  s tru k tu rn ih  i  in v e s t ic io n ih  fo n d o v a  E U , is to v re m e n o  d o b ija  zn aca jn u  p o d rsku  

u  o cu va n ju  s ta b iln o s ti c ije n a  i  za s titi od  m n o g ih  (b u d u c ih )  e k o n o m s k ih  i l i  zd ra vs tve n ih  

sokova. P o red  toga , nezapos lenost je  p ita n je  k o je  o z b il jn o  z a b r in ja v a  sve ekonom ske  

aktere  u  C rn o j G o ri, za je dn o  sa p o tre b o m  za s tru k tu rn im  re fo rm a m a  u  to j o b las ti. N iv o  

nezapos lenosti je  v is o k , odnosno  p ro iz v o d n ja  je  n iza  od  p riro d n e  (p o te n c ija ln e ), u z  v is o k  

trg o v in s k i d e fic it .  P ovecan je  iz v o z a  i n jih o v a  d iv e rz if ik a c ija  p o m o c i ce i  na trg o v in s k o m  

i na p ro iz v o d n o m  fro n tu .

P o lazec i od  svega navedenog, b u d u c i  p u te v i is tra z iv a n ja  tre b a lo  b i da u k lju c u ju  fa k to rs k i 

u veca n i V A R X  i p r is tu p  o g ran icen ja  znakova , ra d i b o lje  i  p o tp u n ije  s lik e  b u d u c ih  sokova. 

O v o  is tra z iv a n je  k o r is t i lo  je  m etode  za p ro c je n u  param etara  S V A R  k o je  nam ecu  

param etarska  o g ra n ice n ja  na s tru k tu ru  i l i  im p u ls n e  o dz ive . O g ra n ice n ja  zn a ko va  k o ris te  

in fo rm a c ije  za generisan je  m n o g ih  sku po va  im p u ls n ih  o d g o vo ra  za n e k o re lira n e  sokove  

e t  k o ji  z a d o v o lja v a ju  znakove . O pseg m o g u c ih  im p u ls n ih  odg ovo ra , k o m p a tib iln o s t 

podataka, o b l ik  o d g o vo ra  p r i iz b o ru  param eta rskog  m o d e la  i  iz o la c ija  s p e c ific n ih  sokova  

su p re dn os ti o g ra n ice n ja  znakova. P o ze ljn a  k o m b in a c ija  o g ra n ice n ja  zn a ko va  i  pa ram etra  

d o n ije la  b i n a jb o lje  rezu lta te .

Ia k o  su p re th o d n i is tra z iv a c k i ra d o v i id e n t if ik o v a l i  n e k o lik o  m e toda  k o je  b i se m o g le  

k o r is t it i  za p re d v id a n je  in f la c ije ,  p o p u t in te rn ih  i  e ks te rn ih  v a r i ja b li,  m e to d o lo g ije  

ra zv ije n e  iz  t ih  s tu d ija  b ile  su ogran icene  i  te sko  ih  je  p r im ije n j iv a t i  na n a c io n a ln o m  

n iv o u . S toga c ije n im o  da ce re z u lta ti o vo g  is tra z iv a n ja  o m o g u c it i k re a to r im a  p o lit ik e  da 

b o lje  ra z u m iju  fa k to re  k o ji  su u k lju c e n i u  p re poznavan je  nastupa d in a m ik e  in f la c ije  i 

in f la c io n ih  o c e k iv a n ja  u  C rn o j G o r i i  ra z v iju  e fik a s n ije  m je re  odnosno  p o lit ik e , k o je  se
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m o g u  k o r i s t i t i  n a  n a c i o n a l n o m  n iv o u .  R a d e c i  t a k o ,  n a d a m o  s e  d a  n a s  i s t r a z i v a c k i  r a d  

u n a p r e d u j e  s e t  a l a t a  p o t r e b n i h  z a  u c i n k o v i t o  s u o c a v a n j e  s a  i z a z o v i m a  u p r a v l j a n j a  

s p o l j n i m  i u n u t r a s n j i m  f a k t o r i m a  i n f l a c i j e ,  s t o  j e  o d  k l j u c n o g  z n a c a j a  z a  o d r z a v a n j e  

s t a b i l n o s t i  c i j e n a  o d n o s n o  z a  k r e a t o r e  m a k r o p r u d e n c i j a l n e  p o l i t i k e  u  C r n o j  G o r i ,  p o s e b n o  

C e n t r a l n u  B a n k u  C r n e  G o r e .

K l j u c n e  r i je c i :  M a k r o e k o n o m e t r i j s k o  p r e d v i d a n j e ;  I n f l a c i j a ;  V A R  i  B V A R  k o m b i n a c i j e  

p r o g n o z a ;  P a n e l  e k o n o m e t r i j a ;  F u n k c i j e  i m p u l s n o g  o d z i v a ;
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