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Preface 

 

A quantitative approach in the analyses of socio-economic processes is based on three 

viewpoints: that of mathematics, statistics, and economic theory. Within all these perspectives 

measurements are used in order to uncover the existing relations or to verify relevant 

hypotheses. The problems of contemporary socio-economics, in both global and regional 

dimensions, particularly those related to Central and Eastern European countries, were to be 

discussed during the 14th Professor Aleksander Zeliaś International Conference on Modelling 

and Forecasting of Socio Economic Phenomena. However, due to Covid-19 pandemic, the 

Conference was moved to the spring of 2021. 

The book presented here contains a selection of papers submitted to the conference 

organisers and revised independently by two anonymous reviewers in the double-blinded 

review process. The list of reviewers is included in the book. 

The papers present the results of scientific and research work on issues related to modelling 

and forecasting of social and economic processes conducted recently by researchers from both 

Polish and foreign universities (from Czechia, Germany, and Slovakia). The papers apply 

a quantitative approach to discuss topical economic problems or to present extensions of 

statistical or econometrical methods. The book addresses various research areas which cover, 

among others: the theory and applications of classification problems, statistical methods in 

regional and international comparative analyses, econometric modelling, statistical modelling, 

social statistics, labour market analysis, financial econometrics, and economic forecasting. 

We hope that the Readers of this volume will find in it original ideas, flashes of inspirations, 

and exciting and useful statistical and econometrical methods. We also believe that the book is 

a valuable voice in an interesting debate which sheds some light on the most critical problems 

of the modern world. 

 

Monika Papież, Sławomir Śmiech 
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Assessing the Countries’ Competitiveness Based on Value Added Concept 

 

Nataliia Cherkas1, Myroslava Chekh2 

 

 

Abstract 

The paradigms of global competitiveness are changed recently because of the new trade patterns and global 

production networks development. This tendency requires rethinking of national economic growth policy with 

focus on the impact of international competitiveness factors. This study investigates the impact of fundamental 

macroeconomic parameters on the global competitiveness. A set of 27 European countries is assessed in the period 

of 2006-2018 considering their economic performance and development. The determinants of growth and 

competitiveness are studied. The results show that competitiveness in European countries depends on exchange 

rate fluctuations. The paper provides comparative studies including developed countries, Central-East European 

countries, GIIPS countries and offers insight for policy formulation on growth and competitiveness. Ordinary least 

squares (OLS) with pooled data, panel data with fixed effects (FE), random effects (RE), and the dynamic panel 

data model were used as principal methods. The empirical findings obtained are particularly important to consider 

for economic policies and strategies of economic development. 

Keywords: Global Competitiveness, Value Added, Exchange Rate, FDI 

JEL Classification: F12, F63 

 

1. Introduction 

The development of new trade patterns and global production networks is changing the 

paradigms of global competitiveness, which requires rethinking of national economic growth 

policy. An important factor of international competitiveness is expanding the presence of local 

companies in global value chains and production networks, provided high share of domestic 

value added. The redistribution of production capacity into more competitive segments and 

value added creation requires development of human capital and promotion of innovation, 

which are key economic drivers of competitive advantages. That is why the studies of 

macroeconomic factors of international competitiveness are growing in importance in 

theoretical and practical aspects. 

                                                                 
1 Corresponding author: Kyiv National Economic University, Department of International Economics, 

Pr. Peremogy 54/1, 03057 Kyiv, Ukraine, cherkas@kneu.edu.ua. 
2 Lviv University of Trade and Economics, Department of International Economic Relations, 10, Tuhan-

Baranovskiy Str., 79008 Lviv, Ukraine, mirachekh@gmail.com. 
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More competitive and open economies attract investment and trade that promotes economic 

growth (Cattaneo et al., 2013). Global value chains become the important link in promoting 

international competitiveness, since: 1) the role of small and medium-sized enterprises in 

foreign trade is increasing; 2) the countries move beyond traditional comparative advantages to 

access new markets; 3) upgrading towards higher value-added goods is taking place. 

In particular, the following major paradigms have changed: 

(1) In general countries cannot stay isolated in production of competitive goods or services. 

The strategies of competitiveness must be adapted to global or at least regional dimensions 

of value chains. The import more often is considered as a mean to gaining effective access 

to resources in order to specialize in core competencies (Cherkas and Chekh, 2018; Gkypali 

et al., 2019). Flows of competitive advantages are going in a two-way direction. 

For example, the affiliates of multinationals are developing new competencies that can be 

used to benefit the entire network (Jayaraman and Luo, 2007). 

(2) Many researches indicate the transition to new international trade paradigm which includes 

trade of tasks and business functions (Brumm et al., 2019). For producer it is not necessary 

to cover all segments of value chain, but to determine the best position of the company in 

global manufacturing network and offer the most competitive task or business function 

(Ernst and Center, 2018). Sector of services could provide important positive incentives to 

high value added creation, while efficient production requires competitive services, skilled 

workforce and innovation. 

(3) International competition turns into vertical: companies can simultaneously be competitors 

and suppliers of critical resources and competences (Gkypali et al., 2019). In this context, 

global value chains become the main transmission channels for global flows: technology, 

capital, knowledge, international standards and high value-added services. Some of them 

are not available domestically, but are offered globally, therefore a country cannot become 

or remain competitive without effective links to world markets. 

(4) Barriers to trade and competitiveness are moving gradually from borders (traditional tariffs 

and quotas) beyond borders (non-tariff barriers, corporate regulation and standards) (Korol 

and Cherkas, 2015; Nielsen, 2018). Private corporate regulation of labour standards, 

environmental performance and human rights modifies the criteria of international 

competitiveness, while trade policies and preferential trade agreements protect some local 

companies but harm others. 
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In order to stimulate socio-economic growth, greater attention is required to the 

development of competitive production and the redistribution of production capacity into more 

competitive higher value-added segments. However, the assessment of the international 

competitiveness factors considering the impact of value added remain insufficiently disclosed 

in domestic and foreign literature. Mechanisms of the competitive potential growth based on 

the trajectory networks require comprehensive analysis. Furthermost, empirical studies of 

macroeconomic impact on the global competitiveness in the context of value added creation 

remain very urgent. 

Therefore, the aim of the study is to estimate the effects of fundamental macroeconomic 

parameters on the global competitiveness. Section 2 presents the data, while statistical 

methodology is provided in Section 3. The empirical analysis of the implied panel methods are 

presented in Section 4 that is followed by the conclusions. 

 

2. Data 

The factors of international competitiveness were studied using annual data of 27 European 

countries in the period 2006–20183. The group was divided into three subsamples: developed 

economies (Austria (AT), Belgium (BE), Denmark (DK), Finland (FI), France (FR), Germany 

(DE), Netherlands (NL), Norway (NO), Sweden (SE), Switzerland (CH), and United 

Kingdom(UK)), CEE (Central and Eastern Europe: Bulgaria (BG), Croatia (HR), Czech 

Republic (CZ), Estonia (EE), Hungary (HU), Latvia (LV), Lithuania (LT), Poland (PL), 

Romania (RO), Slovakia (SK) and Slovenia(SI)) countries and GIIPS (Greece (EL), Italy (IT), 

Ireland (IE), Portugal (PT) and Spain (ES)). Fig. 1a-1d report the countries’ specific positions 

considering global competitiveness index and value added. Global competitiveness index is 

collected from World Economic Forum database used for the Global Competitiveness Report. 

These figures give some preliminary evidence about the differences in cross-country data. 

Developed economies demonstrate increasing over time competitiveness, however, value 

added per capita remains less dynamic (Fig. 1c). The country with the highest level of 

competitiveness (Switzerland) demonstrates the highest value added per capita among 

developed European economies. CEE countries (Fig. 1b) and GIIPS (Fig. 1d) show lower 

competitiveness and value added compared to the whole sample. Greece and Ireland differ from 

other GIIPS countries in the opposite directions: Greece shares many characteristics with CEE, 

                                                                 
3 The sample covered all EU countries, except Cyprus, Malta and Luxembourg as they have very specific economic 

patterns. Instead, Norway and Switzerland were included, however they are not EU members politically they share 

many of the main economic characteristics and belong to the economic ecosystem of EU. 
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while Ireland’s pattern is closer to the developed economies, at the same time having high levels 

of government debt. 

  

  

Figure 1. Global competitiveness index versus value added (per capita, thous. USD), 2006-2018 

Note: the countries are labeled using ISO 2 codes and are marked for the first and last year. 

Source: authors’ own elaboration based on World economic forum and UNCTAD. 

 

Based on the literature review, the following dataset was formed to study the factors of 

international competitiveness: GCIit – Global competitiveness index, (0-5); Vait – Value added 

at basic prices per capita, USD; Manufit – Manufacturing, value added (% of GDP); 

Eit – Exchange rate, price level ratio of PPP conversion factor (GDP) to market exchange rate; 

M_htit – Import of high-tech sector (% of total import); FDIit – Foreign direct investment, 

inflows (% of GDP); IIT_htit – Intra-industry trade index, high-tech sector; HCit – Human 

capital, index (years of schooling and returns to education); Debtit – Debt of central government 

(% of GDP); BBit – Budget balance (% of GDP); Cor_PIit – Corruption Perceptions Index 

(0 – highly corrupt, 100 – clean of corruption); Crisisit – dummy variable (0 – no crisis, 
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1 – crisis). Data were used in logarithms except the budget balance and dummy variable to limit 

the influence of outliers. The data were collected from World economic forum and Unctad 

databases. 

 

3. Methodology 

We performed the analysis applying panel data model and the empirical estimation included 

the following methods: ordinary least squares (OLS) with pooled data, random effects (RE) 

model, fixed effects (FE) and the dynamic panel data model (DM). Methodology of OLS, RE 

and FE was the same as in Antoniuk and Cherkas (2018). The dynamic panel data model 

included a lagged dependent variable yit-1: 

𝑦𝑖𝑡 = 𝛼𝑖 + 𝛿𝑦𝑖,𝑡−1 + �́�𝑖𝑡 𝛽 + 𝑢𝑖 + 휀𝑖𝑡 (1) 

 

Estimation with dynamic panel model is convenient for long panels of countries with a large 

cross-section and is useful to treat endogeneity bias (Cantore et al., 2017). By considering the 

use of dynamic panel model, the results could be contrasted with the coefficients obtained with 

static panel estimation. The Hausman test is applied to compare the fixed and random effects 

models. Aiming to check whether competitiveness is determined by the set of explanatory 

variables, the specification of the model corresponds to the equation: 

𝐺𝐶𝐼𝑖𝑡 = 𝑎0 + 𝑎1𝑉𝑎𝑖𝑡 + 𝑎2𝑀𝑎𝑛𝑢𝑓𝑖𝑡 + 𝑎3𝐸𝑖𝑡 + 𝑎4𝐵𝐷𝑖𝑡  + 𝑎5𝐹𝐷𝐼𝑖𝑡 + 𝑎6𝐼𝐼𝑇ℎ𝑡𝑖𝑡

+ 𝑎7𝐻𝐶𝑖𝑡 + 𝑎8𝐶𝑜𝑟_𝑃𝐼𝑖𝑡 + 𝑎9𝐷𝑒𝑏𝑡𝑖𝑡 + 𝑎10𝐶𝑟𝑖𝑠𝑖𝑠𝑖𝑡 + 휀𝑖𝑡 

(2) 

 

The explanatory variables are described in detail in Section 2. The measurement of intra-

industry trade (𝐼𝐼𝑇ℎ𝑡𝑖𝑡) was applied according to the methodology of Grubel and Lloyd (1971). 

 

4. Estimation Results 

Global Competitiveness Index determinants are displayed in the Table 1 and Table 2. 

According to the results of Hausman test, the fixed effects technique is reliable for all 

subsamples, except of developed economies. The Breusch-Pagan LM test confirms the use of 

RE technique. The impact of value added (Vait) on global competitiveness (GCIit) is positive 

(FE for the whole sample and GIIPS, RE for developed economies), except CEE where we 

obtain a significant negative relation in case of dynamic panel estimation. The countries with 

low level of manufacturing in GDP usually show weak performance in high-tech exports 

(Cherkas and Chekh, 2018). The influence of manufacturing value added (Manufit) on global 
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competitiveness show positive impact in subsamples of CEE (FE and dynamic model), 

developed economies (RE model) and GIIPS (dynamic model). 

 

Table 1. Global Competitiveness Index determinants for the whole sample and CEE 

Explanatory 

variables 

Global Competitiveness Index 

(Whole sample – 27 countries) (CEE) 

(1) OLS (2) FE (3) DM (1) OLS (2) FE (3) DM 

Constant 0.158* 

(0.07) 

0.801*** 

(0.21) 

-0.036 

(0.08) 

1.016*** 

(0.10) 

1.536*** 

(0.32) 

0.758*** 

(0.16) 

GCIit-1 
– – 

0.935*** 

(0.08) 
– – 

0.505*** 

(0.11) 

Vait 0.022*** 

(0.00) 

0.048*** 

(0.01) 

0.016* 

(0.01) 

0.015*** 

(0.00) 

-0.011 

(0.02) 

-0.016* 

(0.01) 

Manufit 0.009 

(0.01) 

0.016 

(0.02) 

-0.027 

(0.02) 

-0.044* 

(0.02) 

0.096* 

(0.04) 

0.058* 

(0.03) 

Eit 0.032** 

(0.01) 

-0.078*** 

(0.02) 

-0.042*** 

(0.01) 

-0.013 

(0.02) 

-0.023 

(0.03) 

-0.041** 

(0.01) 

BBit 0.001* 

(0.00) 

0.001* 

(0.00) 

-0.000 

(0.00) 

0.002 

(0.00) 

0.002* 

(0.00) 

0.002* 

(0.00) 

FDIit 0.002*** 

(0.00) 

-0.000 

(0.00) 

0.000 

(0.00) 

-0.002** 

(0.00) 

-0.003*** 

(0.00) 

-0.001 

(0.00) 

IIT_htit 0.035** 

(0.01) 

0.031 

(0.02) 

0.017 

(0.02) 

0.107*** 

(0.02) 

0.052 

(0.03) 

0.013 

(0.03) 

HCit 0.120*** 

(0.02) 

-0.030 

(0.14) 

-0.040 

(0.08) 

0.135* 

(0.05) 

-0.549* 

(0.21) 

-0.110 

(0.11) 

Cor_PIit 0.252*** 

(0.01) 

0.049** 

(0.02) 

0.002 

(0.02) 

0.101*** 

(0.02) 

0.119*** 

(0.03) 

0.019 

(0.03) 

Debtit -0.018*** 

(0.00) 

-0.010 

(0.01) 

0.014* 

(0.01) 

-0.025*** 

(0.00) 

-0.005 

(0.01) 

0.007 

(0.01) 

Crisisit 0.007 

(0.01) 

-0.008 

(0.00) 

-0.008* 

(0.00) 

-0.026** 

(0.01) 

-0.003 

(0.01) 

-0.002 

(0.01) 

N 270 270 243 110 110 99 

R2 0.914 0.328 – 0.699 0.541 – 

F-test  288.65 11.35 – 26.29 10.49 – 

Hausman (χ2 value) 

Prob> χ2 

151.34 

0.000 

– – 45.12 

0.000 
– 

Breusch-Pagan (χ2 value) 

Prob> χ2 

259.12 

0.000 

– – 33.93 

0.000 
– 

Notes: ***, ** and * represent the levels of significance of 1%, 5% and 10% respectively. The values of the 

standard errors are in parenthesis. 

Source: Authors’ calculations based on data from WEF and UNCTAD. 

 

Currency appreciation (Eit) has negative impulse on global competitiveness (GCIit) for the 

whole sample and developed economies in all specifications. Companies controlling more 

upgraded stages in value chains gain more competitive advantages from outsourcing, including 

the lead firms in developed European countries. For CEE countries we obtain no significant 
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results for FE model, but only for the dynamic model. Given that for many countries 

of Eurozone currency devaluation is no longer available as an instrument of competitiveness 

increase, a fiscal devaluation is applied (Shevchuk, 2016). 

 

Table 2. Global Competitiveness Index determinants for developed economies and GIIPS 

Explanatory 

variables 

Global Competitiveness Index 

(Developed economies) (GIIPS) 

(1) OLS (2) FE (3) DM (1) OLS (2) FE (3) DM 

Constant 0.301 

(0.18) 

0.301 

(0.18) 

-0.043 

(0.27) 

0.583** 

(0.21) 

0.084 

(0.44) 

-0.024 

(0.18) 

GCIit-1 
– – 

0.756*** 

(0.11) 
– – 

0.734*** 

(0.11) 

Vait  0.014*** 

(0.00) 

0.014*** 

(0.00) 

-0.006 

(0.01) 

0.003 

(0.01) 

0.070* 

(0.03) 

0.003 

(0.01) 

Manufit 0.033*** 

(0.01) 

0.033*** 

(0.01) 

-0.011 

(0.01) 

0.135*** 

(0.03) 

-0.007 

(0.04) 

0.058* 

(0.03) 

Eit -0.049* 

(0.02) 

-0.049* 

(0.02) 

-0.065*** 

(0.01) 

-0.059 

(0.04) 

-0.083* 

(0.03) 

-0.027 

(0.03) 

BBit -0.001* 

(0.00) 

-0.001* 

(0.00) 

0.000 

(0.00) 

0.001 

(0.00) 

0.002** 

(0.00) 

0.000 

(0.00) 

FDIit 0.001** 

(0.00) 

0.001** 

(0.00) 

0.000 

(0.00) 

-0.000 

(0.00) 

0.001 

(0.00) 

-0.000 

(0.00) 

IIT_htit -0.085*** 

(0.02) 

-0.085*** 

(0.02) 

0.015 

(0.03) 

0.001 

(0.03) 

-0.030 

(0.02) 

-0.007 

(0.02) 

HCit 0.039 

(0.04) 

0.039 

(0.04) 

0.105 

(0.10) 

0.103* 

(0.05) 

0.536* 

(0.25) 

0.117 

(0.11) 

Cor_PIit 0.257*** 

(0.03) 

0.257*** 

(0.03) 

0.100* 

(0.04) 

0.131*** 

(0.03) 

0.004 

(0.03) 

0.010 

(0.03) 

Debtit -0.021* 

(0.01) 

-0.021* 

(0.01) 

0.003 

(0.01) 

-0.028 

(0.01) 

-0.012 

(0.01) 

0.016 

(0.01) 

Crisisit 0.007 

(0.01) 

0.007 

(0.01) 

-0.002 

(0.00) 

0.018 

(0.01) 

-0.025** 

(0.01) 

-0.014 

(0.01) 

N 110 110 99 50 50 45 

R2 0.735 0.5426 – 0.910 0.739 – 

F-test  31.30 – – 54.43 27.61 – 

Hausman (χ2 value) 

Prob> χ2 

14.26 

0.162 

  126.42 

0.000 

 

Breusch-Pagan (χ2 value) 

Prob> χ2 

60.26 

0.000 

  23.77 

0.000 

 

Notes: ***, ** and * represent the levels of significance of 1%, 5% and 10% respectively. The values of the 

standard errors are in parenthesis. 

Source: Authors’ calculations based on data from WEF and UNCTAD. 

 

The obtained results indicate that foreign direct investment (FDIit) support competitiveness 

in developed European economies (RE), while in subsample of CEE the negative impact of 

FDIit is significant (FE). Improving the budget balance (BBit) show significant positive impact 
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on global competitiveness for the whole sample (1)-(2), CEE (2)-(3) and GIIPS (2). For the 

developed economies the budget enhancement impacts negatively, which reflects the 

contradictions of austerity measures across the EU countries. In addition, for subsample of 

GIIPS in FE model we observe a negative impact of crisis (Crisisit) dummy variable. 

The findings concerning the influence of intra-industry trade (IIT_htit) on global 

competitiveness report significant positive impact for the whole sample and CEE (OLS), 

confirming active participation of this region in processes of production fragmentation. The 

quality of human capital (HCit) contributes to the global competitiveness growth for the whole 

sample (OLS) and GIIPS (OLS and FE), however, the impact is negative in case of CEE, 

because of high level of labor force emigration. The impact of Corruption Perception Index 

(Cor_PIit) show negative effect of corruption on countries’ competitiveness that also was 

shown in Riaz et al. (2018). According to the results, the increase of government debt (Debtit) 

impacts negatively for the whole sample (OLS), CEE (OLS), developed economies (OLS and 

RE). In order to avoid misspecification we add the results of dynamic panel data model that 

could be seen as a supporting evidence in favor of static models. 

 

5. Conclusions 

Our paper concerns the principal economic indicator of development and performance, namely 

the competitiveness, and its macroeconomic determinants in European countries. The whole 

sample was divided into three sub-groups that allowed more precise assessment of its 

developmental peculiarities in applied policies. Increase in competitiveness should be an 

ultimate priority of economic policies, therefore, the evaluation of impact of countries’ 

macroeconomic indicators is an important task. The determinants of competitiveness for the 

whole sample are: value added growth, currency depreciation, budget balance improvement, 

quality of human capital, reduction of corruption. In CEE countries we find no significant 

impact of exchange rate (FE) and value added growth on competitiveness (FE), however, there 

is a positive effect of value added in manufacturing (leading export sector in CEE). The results 

for developed economies are mostly consistent with the whole sample, except negative effect 

for budget balance (RE). We can observe some differences in global competitiveness indicators 

influence among implied countries groups, which are mostly connected with value added, FDI 

and exchange rate influence. In particular, currency devaluation and value added growth 

contribute mostly for competitiveness growth in developed countries, while its increasing in 

CEE countries is connected with value added in manufacturing and in GIIPS – with human 
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capital and budget balance improvement. Anti-corruption policies appear to be a common 

priority for all countries of the sample. 

The study opens several research questions to be addressed in our future research. 

For instance, the economic divergence of CEE countries and implementing technological-

oriented structural transformations in order to avoid a middle-income trap. 
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Network analysis of the EU insurance sector: a tail dependence-based MST 

in modelling systemic risk 
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Abstract 

In this article we analyse the dynamics of indirect linkages between insurance companies resulting from market 

price channels. For our purposes we assume that the stock quotations of insurance companies reflect market 

sentiments. The latter are a very important systemic risk factor. Interconnections between insurers and the 

dynamics thereof have a direct impact on systemic risk spread in the insurance sector. The approach we are 

proposing is novel in that it is hybrid: in order to analyse the interlinkages dynamics we combine the copula-DCC-

GARCH model and Minimum Spanning Trees (MST). Using the copula-DCC-GARCH model we determine the 

correlation coefficients in the distribution tails. Then, for each analysed period we construct MST based on these 

coefficients. The dynamics is analysed by means of time series of selected topological indicators of the MSTs. 

Our empirical results show the usefulness of the proposed approach to the analysis of systemic risk in the insurance 

sector. Moreover, the phenomena occurring on the market are reflected by the times series obtained from the 

proposed hybrid approach. The MST topological indicators we analyse turn out to be systemic risk predictors. 

Keywords: systemic risk, insurance sector, copula-DCC-GARCH model, tail dependence, minimum spanning 

tree, deltaCoVaR, network topology indicators. 

JEL Classification: G22, C10 

 

1. Introduction 

In the last decade, research in the insurance sector has been intensified in the context of systemic 

risk (SR). Before the 2008 subprime crisis and the excessive sovereign debt crisis in the euro 

area, it was thought that the insurance sector, whose tasks on the financial market consist mainly 

in taking over, dispersing and redistributing the financial effects of risk, does not generate SR. 

However, as reality showed, on the example of AIG in 2008, insurers undertake non-insurance 

activities, have direct exposures to other insurers, banks and other financial institutions through 

debt, debt securities and other financial instruments. These exposures can cause direct infection 

and thus spread of systemic risk. Alves et al. (2015) analyzed direct links between the 29 largest 

insurers in the EU and banks. At the same time, they emphasize that their research does not 
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include the analysis of connections between insurers under reinsurance contracts, indirect 

connections via market price channels and information channels, and analysis of banks' 

exposure to insurers. In the present article, we focus on the problem of indirect connections 

which arise from market price channels for the group of insurers analyzed in Alves et al. (2015) 

together with nine additional insurance institutions from the list of the 50 largest companies in 

Europe for which stock quotes were available. Assuming that each insurance company is a node 

in a network, we can use the MST method to identify the strongest and most direct connection 

for each node in the network. 

Linkages between insurers and their dynamics have a direct impact on propagation of 

systemic risk in the insurance sector. We propose here a new hybrid approach to analyzing the 

dynamics of interconnections. It consists in combining the copula-DCC-GARCH and 

Minimum Spanning Trees (MST). The copula-DCC-GARCH model is used to determine 

dependency coefficients in distribution tails. Then, based on these coefficients for each 

analyzed period, we determine the "distance" matrix between insurance companies using the 

Mantegna metric (Mantegna and Stanley, 1999) and construct minimum spanning trees. Then 

the dynamics is analysed using selected topological indicators for the MST obtained in this 

way.  

The main purpose of the work is to check whether the time series of topological indicators 

of the network of connections between insurance companies obtained using the proposed hybrid 

approach reflect the situation on the financial market and whether they can be used as predictors 

of systemic risk in the insurance sector. Our results corroborate this hypothesis. 

The article is organized as follows. The second section discusses shortly SR in the insurance 

sector, the way to determine systemically relevant insurance companies (G-SIIs) and gives an 

overview of the existing literature devoted to the interlinkages in the insurance sector from the 

point of view of network theory. The third section presents the methodology and the empirical 

strategy used in the paper, the fourth one contains the data and a discussion of the results 

obtained, while the fifth and last one presents the conclusions. 

 

2. Systemic risk in the insurance sector, G-SII and MST 

Financial systemic risk (SR), which was first addressed in the famous work "The General 

Theory of Employment, Interest, and Money" (Keynes, 1936), is currently one of the most 

important issues in globalized economics and financial systems analyzed, e.g. by Acharya et al. 

(2012), Acharya et al. (2017), Li (2018). A satisfying definition of the concept of SR is hard to 



The 14th Professor Aleksander Zeliaś International Conference on Modelling and Forecasting of Socio-Economic Phenomena 

23 

find. Eling and Pankoke (2014) provide 43 definitions of SR, indicating that they share three 

common elements: SR are undesirable events whose causes are systemically significant and 

whose effects have an impact on the real economy. In order to avoid economic crises such as 

the subprime crisis in 2008 or the crisis in the euro area related to excessive public debt in 2011 

whose effects are still felt today, particular attention should be paid to the prediction of the 

phenomenon and, in parallel, to the possibility of the crisis spreading once it occurs. 

After the subprime crisis, all the financial supervising authorities drew attention to the need 

for macro-prudential policy, which would take into account the dynamics of structure changes 

and linkages between financial institutions. Therefore, in 2013 IAIS, when developing 

a method of identifying insurance institutions of particular importance for financial stability, 

took into account the following five dimensions (IAIS, 2013): the size of the insurance 

institution (5%), the range of global activity (5%), the assessment of the degree of direct and 

indirect linkages of the institution within the financial system (40%), the non-traditional and 

non-insurance activity of the insurer (45%), the product substitutability (5%). In line with the 

IAIS recommendations, the Financial Stability Board (FSB) announced in 2016 a list of 

systemically important insurers (G-SIIs)2. From the point of view of the problem of measuring 

SR, in the last few decades several network models have been studied, e.g. Bilio (2012). 

Recently, the study of models using MST has also been intensified. MST are coherent, acyclic 

graphs realizing a minimum sum of weights assigned to edges. Various MST constructions are 

used in the literature, most often using the correlation coefficients of return rates. In our work 

we use a less standard MST construction method based on the tail-dependencies. The novelty 

of our contribution to literature consists in the use of a different MST construction than the ones 

known before, and the use of MST topological indicators for the multidimensional analysis of 

a group of 38 European insurance institutions in order to identify systemically significant ones. 

We empirically confirm the predictive capacities of the considered model. 

 

3. Methodology 

We carry out the analysis of the dynamics of interconnections between insurance companies 

using a new hybrid approach based on the combination of the copula-DCC-GARCH model and 

minimum spanning trees (MST). The construction of minimum spanning trees based on the 

dependencies in the tails plays a key role in it. To this end, using two-dimensional copula-DCC-
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GARCH models for each studied period 𝑡, (𝑡 = 1,… , 𝑇) and each pair of rates of return 𝑟𝑖,𝑡, 𝑟𝑗,𝑡, 

(𝑖, 𝑗 = 1,… , 𝑘, 𝑗 > 𝑖) we estimate the bivariate joint distributions: 

𝐹𝑡(𝑟𝑖,𝑡, 𝑟𝑗,𝑡) =  𝐶𝑖𝑗,𝑡 (𝐹𝑖,𝑡(𝑟𝑗,𝑡), 𝐹𝑗,𝑡(𝑟𝑖,𝑡)),    (1) 

where 𝐶𝑖𝑗,𝑡 denotes the copula, while 𝐹𝑡 and 𝐹𝑖,𝑡, 𝐹𝑗,𝑡, respectively, are the joint cumulative 

distribution function and the cumulative distribution functions (cdf) of the marginal 

distributions at time 𝑡. In turn, making use of the copulas 𝐶𝑖𝑗,𝑡 we estimate the pairwise lower 

tail dependence of the returns 𝑟𝑖,𝑡, 𝑟𝑗,𝑡: 

𝜆𝑡
𝐿(𝑖, 𝑗) = lim

𝑞→0+

𝐶𝑖𝑗,𝑡(𝑞,𝑞)

𝑞
     (2) 

 

Then, for each period t, we determine the "distance" matrix between insurance companies 

using the metric (Mantegna, Stanley, 1999): 

𝑑𝑡(𝑖, 𝑗) = √2(1 − 𝜆𝑡
𝐿(𝑖, 𝑗))     (3) 

and using the Kruskal algorithm (Mantegna and Stanley, 1999), we construct minimum 

spanning trees 𝑀𝑆𝑇𝑡 with 𝑘 vertices and 𝑘 − 1 edges. 

 

Based on the trees thus obtained 𝑀𝑆𝑇𝑡 (𝑡 = 1…𝑇) we determine the time series of the 

following selected topological network indicators, which describe the dynamics of the entire 

network: Average Path Length (APL), Maximum Degree (Max.Degree), the parameters α of 

the vertex degree distribution required to follow a power law, whose definitions can be found 

in the work Wang et al. (2014) and the indicators assessing the importance of network vertices: 

Betweenness Centrality (BC), Closeness Centrality, PageRank Centrality, whose definitions 

are given in the paper Sensoy and Tabak (2014). 

 

4. Data and results of empirical analysis 

The basis of the study are the stock quotes of 38 European insurance institutions. Most of them 

are on the list of the top 50 insurance companies in Europe based on total assets. AXA, a France-

based company, is the largest insurance company in Europe and globally. It is also one of the 

world’s largest asset managers with total assets under management of over 1.4 trillion euro. 

Allianz, headquartered in Munich, Germany, is the second largest European insurer in terms of 

assets. We include insurers analyzed in the work Network analysis of the EU insurance sector 

and nine additional ones3. We estimate the deltaCoVaR measure assuming that the European 

                                                                 
3 These are: Achmea (Eureko Group), Aegon Group/Unirobe Meeùs Group, AGEAS, Allianz, Aviva, AXA, BNP 

Paribas, Grupo Catalana Occidente, CNP Assurances, Royal Bank of Scotland Group, Generali, Groupe Crédit 
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insurance sector is represented by the STOXX 600 Europe Insurance index. We analyze weekly 

logarithmic rates of return for the period from January 7th, 2005 to December 20th, 2019. 

In order to estimate 𝜆𝑡
𝐿(𝑖, 𝑗) we consider various specifications for two-dimensional copula-

DCC-GARCH models. Finally, following the information criteria and model adequacy tests, 

we adopt for all the instruments the ARMA (1,1) -SGARCH (1,1) model with the skew Student 

distribution. When analyzing the dynamics of the dependencies between return rates, we 

consider Student copulas and various DCC model specifications. As before, based on 

information criteria, we select the Student copula with conditional correlations obtained from 

the DCC(1, 1) model and a constant shape parameter. We choose the same specifications for 

two-dimensional copula-DCC-GARCH models, which we use to estimate the deltaCoVaR 

measures. For each week-period we determine the 𝑀𝑆𝑇𝑡 and then the time series of three 

topological network indicators concerning the whole MST structure: APL, Max.Degree and the 

Parameter α. 

 
Figure 1. Mean deltaCoVaR, Average Path Length (APL), Maximum Degree (Max.Degree), 

The parameters α of the vertex degree distribution required to follow a power law 

 

                                                                 
Agricole Assurances, HDI/Talanx, If P&C Insurance, ING Group, KBC, Legal & General Group plc, Mapfre, 

Munich Re, Old Mutual plc, Prudential, RSA Insurance Group, SCOR, Lloyds Banking Group, Unipol, UNIQA 

Insurance Group, Vienna Insurance Group, Zurich Insurance, Swiss Life, Chubb Ltd, Hannover Re, Storebrand, 

XL.Group, Helvetia Holding, Mediolanum, Sampo Oyj, Societa Cattolica di Assicurazione, Topdanmark A/S. 
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APL as the average number of steps along the shortest paths is responsible for the efficiency 

of information flow. The smaller the APL, the easier the network is to pass and thus the 

propagation of shock effects is faster. Max.Degree is the maximum number of all connections 

meeting in a single vertex of a given MST. The bigger Max.Degree the faster, because the 

possibility of negative events spreading is direct. The α parameter indicates the scale-free 

behavior of MST, i.e. if α takes values between 2 and 3, then MST has several vertices with 

numerous connections and many vertices with a low number of connections. We compare the 

obtained results with the results of the mean delta CoVaR analysis. Our study confirms that the 

insurance sector contributes to SR during and beyond the crisis (see Fig. 2). It follows that MST 

is scale-free, APL and Max.Degree indicators are mutually symmetrical, i.e. when APL 

decreases, Max.Degree increases. We see this in periods of subprime crises in 2008 and during 

excessive debt in the euro area. Another such behaviour of the ranks can be seen in 2017. what 

can be combined with the crisis of immigrants, which began already around 2014. These 

distinct periods coincide with the deltaCoVaR chart fluctuations. The smaller its value, the 

greater the sector's contribution to SR. Below Fig. 2 shows distribution of MST topological 

indicators APL, Max.Degree and Parametr α during 2005-2019. 
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Figure 2. Distribution of MST topological indicators during 2005-2019 

 

Next, we analyse the centrality indicators of the network, which reflect the importance of 

insurance institutions in the period from January 7th, 2005 to December 20th, 2019 and 

determine how much impact they have on the entire network. We confirm the systemic 

importance of the companies from the GSII list. Betweenness Centrality as a measure of "being 

in between" determines the "most important" vertices of a given MST, i.e. the most influential 

insurer. This measure indicates to what extent an institution serves as an intermediary for other 

network nodes. The higher the BC, the more "information" flows through it, in our case: the 

effects of financial turmoil. Closeness Centrality is a measure of the closeness between a node 

and all nodes in the network. If the vertices are relatively close together, it may foster contagion. 

If the nodes show similar results, it indicates a very connected network, and therefore an 

important mutual influence among the institutions. PageRank is a measure assigned to nodes 

based on their connections and then the connections of the latter. This measure reveals nodes 

whose influence goes beyond their direct connections. 
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Figure 3. Average Betweenness 

 

Figure 4. Average Closeness Centrality 

 
Figure 5. Average PageRang 
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Figure 6. Average deltaCoVaR 

 

The companies we cited previously have also the lowest deltaCoVaR as seen in Fig. 7. 

Below we show the Vertex Strength defined by Lautier and Raynaud (2013). It is another 

measure of closeness of a vertex to the others which has its significance in periods of crisis. 

The higher its value, the bigger area touched by economic turmoil and the large the impact of 

the latter on the whole sector. 

 

Figure 7. Average Vertex Strength 

 

 

Sample MST’s (Fig. 8) show different structures. During the subprime crisis, MST more 

concentrated. Their structure is more star-like, which favors the propagation of the negative 

effects of financial shocks and contributes to SR. However, during the period outside the crisis, 

MST have a more stretched structure, resembling a chain rather than a star. 
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Figure 8. MST during and after the subprime crisis 

 

 

5. Conclusions 

Network analysis is an innovative method that improves data analysis. Discovering information 

contained in financial data, using a complex theory of indicators of the structure of the insurance 

market network, allows assessing the importance of institutions in the context of SR. 

Multidimensional MST analysis is a tool making it possible to observe the dynamics 

of connections in the insurance sector and thus the path of potential shock transmission. 

The centrality indicators from Fig. 3, 4, 5, 6 and 7 clearly show the importance in the context 

of SR of the following insurance institutions: Axa, Allianz, Aviva, Aegon, which all appear on 

the G-SIIs list, but the figures also expose the relevance of ING and Zurich Ins. The empirical 

analysis of the considered model indicates that the MST structure changes dynamically with 

the market situation. The crisis is preceded by a shrinking of the MST, the companies-hubs get 

a larger number of connections (Fig. 8), DeltaCoVaR decreases which means that the 

contribution to SR increases (Fig. 1). On Fig. 2 we observe the variation of the topological 

indicators. All this show the high predictive potential of the hybrid approach. 
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Analysis of global food prices with new Bayesian model combination 

schemes 
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Abstract 

The purpose of this paper is to indicate key determinants of food prices and methods of their forecasting. The analysed 

data consist of 5 food price indices provided by FAO: food, meat, dairy indices (data from 1990 to 2016). Model 

combination scheme is one of the possible econometric tool to deal with model uncertainty. For various commodities 

prices some of these methods were found to produce more accurate price forecasts than the previously studied (applied) 

methods. The novel methods applied herein are characterized by the use of time-varying parameters approach and 

dealing with model uncertainty. 

Keywords: food prices, model averaging, Bayesian model combination schemes 

JEL Classification: E37; E31; C53 

 

1. Introduction 

Farmers’ production decisions are based partly on their expectations about future prices. Producers 

usually respond with a shift in time by one period (t+1). Its objective is to determine a proper price 

path for this good so that the supply and demand are fully implemented in each year (i.e. market 

clearing price). One way to describe the systematic behaviour of prices through time is by using 

linear statistical models. For the rational expectations model the information set determining the 

expected price is hypothesized to be the current information on all the variables thought to 

determine prices in the forthcoming period (Tomek and Kaiser, 2014). The expected price is 

equivalent to a forecast from a structural econometric model. Basing on FAO (2019) food price 

indices, it can be observed that there exists a rising trend in global food prices since 2000 

(Kaaresvirta and Mehrotra, 2009). 

One of the solutions to this problem is to initially consider several variables, and construct 

multiple models (for example, linear regressions ones). Then, each of the model can be evaluated 

on the basis of some criterion (Akaike Information Criterion, Mean Squared Error, etc.). This leads 

to ascribing to each of the model certain numerical value, which can be used to weighted 

                                                                 
1 Faculty of Economic Sciences, University of Warsaw, Warsaw, Poland, kdrachal@wne.uw.edu.pl. 
2 Collegium of Socio-Economics, Warsaw School of Economics, Warsaw, Poland, justyna.goral@sgh.waw.pl. 
3 Mathematics Application in Agricultural Economics Department, Institute of Agricultural and Food Economics 

– National Research Institute, Warsaw, Poland, wlodzimierz.rembisz@ierigz.waw.pl. 

mailto:wlodzimierz.rembisz@ierigz.waw.pl
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averaging across all the models, or to selecting only one model (Burnham and Anderson, 2002). 

Some of the recently proposed methods have interesting characteristics. First of all, they are 

Bayesian ones. Therefore, they are very in-line with the real market approach and recursive 

updating. Consequently, it is interesting to analyse some new methods in this context. 

Moreover, the interest in the Bayesian methods for food prices forecasting is increasing 

amongst the researchers recently (Mazur, 2018). 

 

2. Potential food price drivers 

Rezitis and Sassi (2013) noticed the important role of supply and demand as factors driving food 

prices. The results of Kalkuhl’s team (2014) pointed to the increasing linkages among food, 

energy, and financial markets (the financialisation of food and farming), which explained much 

of the observed food price spikes and volatility. The analysis had indicated that exogenous shocks 

as well as the linkages between food, energy, and financial markets played a significant role in 

explaining food price volatility and spikes. The results indicate that food prices, energy prices, 

and the wage rate were integrated of order one, whether a deterministic trend was included or not 

in the test equation. 

Food price volatility may increase because of stronger linkages between agricultural and 

energy markets. In addition to demand and supply shocks, speculation is an important factor in 

explaining and triggering extreme price spikes. C. Erdem et al. (2013) investigated volatility 

spillover between oil and selected agricultural commodity markets (wheat, corn, soybean, and 

sugar) that are key agricultural products for biofuels and for food in the world. The variance 

causality test showed that while there was no risk transmission between oil and agricultural 

commodity markets in the pre-crisis period, oil market volatility spilled on the agricultural 

markets in the post-crisis period. C. Erdem et al. showed that the dynamics of volatility 

transmission changes significantly following the food price crisis. After the crisis, risk trans-

mission emerged as another dimension of the dynamic interrelationships between energy and 

agricultural markets. Q.E. Bouri et al. (2018) employed a relatively newer modelling technique 

– a time-varying copula with a switching dependence - to characterise the conditional dependence 

between energy and agricultural commodity markets in a more realistic way. However, Nazlioglu 

and Soytas (2012) found that crude oil price and exchange rates significantly impact food prices. 

As a result, the information from financial market can be the early signal for some future changes 

on agricultural markets. There are also studies focusing on the role of the global economic 

conditions in driving food prices (Alam and Gilbert, 2017). 
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3. Data 

This analysis covers the period between 1990 and 2016. It is based on monthly data. Prices 

of food are taken from FAO (2019). In Table 1 the explanatory variables are listed. Denton-

Cholette method is used, as it nicely deals with trends, stationarity and cointegration issues 

(Dagum, Cholette, 2006). FAO indices are transformed into returns for the purpose of modelling. 

This allows to set the initial variance for the Bayesian models to 0.01 (Raftery et al., 2010). 

 

Table 1. Explanatory variables 

Symbol Description Source 

BIO traditional biofuels production Ritchie and Roser (2019) 

GDP average of annual growths of GDP per capita from BRIC 

countries 

The World Bank (2019) 

MS Moody’s seasoned Baa corporate bond minus federal funds 

rate; market stress indicator 

FRED (2019) 

KEI Kilian index of global economic activity Kilian (2019) 

TB3MS 3-month treasury bill: secondary market rate for U.S. FRED (2019) 

SP500 S&P 500 index Stooq (2019) 

R long-term government bond yields: 10-year: main (including 

benchmark) for U.S. 

FRED (2019) 

AUD Australian dollar to U.S. dollar exchange rate Stooq (2019) 

CAD Canadian dollar to U.S. dollar exchange rate FRED (2019) 

OIL average of Brent, Dubai and WTI crude oil spot prices The World Bank (2019) 

E energy prices The World Bank (2019) 

F fertilizer prices The World Bank (2019) 

 

 

4. Methodology 

There are a few types of short-term forecasting methods to predict the food prices. These 

methods are usually used to forecast some specific kinds of agricultural commodities. The latest 

researches show that the mixed model (price warning model based on neural networks) has 

obtained satisfactory forecasting results. The mixed model makes an improvement both on the 

forecasting accuracy and efficiency compared with any other single models. 

The computations are done in R (R Core Team, 2018) with the help of “fDMA” and 

“forecast” R packages (Hyndman and Khandakar, 2008). The details of Dynamic Model 

Averaging (DMA) are described in the paper by Raftery et al. (2010). Roughly speaking with 

n = 12 potential explanatory variables, there can be constructed K = 212 = 4096 multiple linear 
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regression models (with the constant term included). For each of these regression models, the 

regression coefficients are recursively updated by the Kalman filter. Whereas the updating of 

variance matrices is done with the forgetting procedure, which requires setting a forgetting 

factor λ (Raftery et al., 2010). Smaller values of λ correspond to more abrupt changes of the 

regression coefficients, whether λ = 1 assumes they are fixed. For the purpose of model averaging, 

a set of two time-varying weights is recursively computed, as the following equations present: 

 
𝜋𝑡|𝑡−1,𝑘 = 

(𝜋𝑡−1|𝑡−1,𝑘
𝛼 + 𝑐)

(∑ 𝜋𝑡−1|𝑡−1,𝑖
𝛼𝐾

𝑖=1 +  𝑐)
⁄  

(1) 

 
 𝜋𝑡|𝑡,𝑘 =  

[ 𝜋𝑡|𝑡−1,𝑘𝑓𝑘 (𝑦𝑡|𝑌
𝑡−1)]

[∑ 𝜋𝑡|𝑡−1,𝑖𝑓𝑖 (𝑦𝑡|𝑌
𝑡−1)𝐾

𝑖=1 ]
⁄  

(2) 

where: 

fk(yt|Y
t-1) is the predictive density of the k-th model at 𝑦𝑡, under the assumption that the data up 

to time t is known, and k = 1, …, K. 

 

The second forgetting factor α must also be specified. Herein, the following combinations are 

tested α = {1, 0.99, 0.98, 0.95, 0.90} = λ. To initialize the computations π0|0,k are set to 1 / K, and 

c = 0.001 / K is taken, following Raftery et al. (2010).  

The weights πt|t-1,k are called posterior predictive probabilities. Their sums for the models, 

which contain a given explanatory variable are called relative variable importance. They can be 

used (together with averaged regression coefficients) to analyse the predictive power of a given 

variable (Burnham and Anderson, 2002). 

The DMA forecast is computed as the weighted average from the forecasts given by the 

component models: 

 

 𝑦𝑡
𝐷𝑀𝐴 = ∑ �̂�𝑡|𝑡−1,𝑘�̂�𝑡

(𝑘)
 ,𝐾

𝑘=1     (3) 

where: 

�̂�𝑡
(𝑘)

 is the prediction from the k-th multilinear regression model. 

 

If α = 1 = λ, then, as noticed by Raftery et al. (2010), DMA is a computationally efficient 

way towards Bayesian Model Averaging (BMA). If Eq. (3) is modified in such a way that only 

the forecast from the model with the highest 𝜋𝑡|𝑡−1,𝑘 is taken, then such a scheme is called 

Dynamic Model Selection (DMS). Similarly, if α = 1 = λ is set, the scheme is called Bayesian 

Model Selection (BMS). 
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However, Barbieri and Berger (2004) observed that the selection of the model with the highest 

posterior probability is not always an optimal choice. They proposed to select the model, which 

contains exactly those explanatory variables, for which the relative variable importance is greater 

than or equal to 0.5. Such a scheme is called Median Probability Model (MED). Similarly, for 

α = 1 = λ it is called Bayesian Median Probability Model (BMED). 

As the benchmark models the automatic version of ARIMA by Hyndman and Khandakar 

(2008), and the naïve method (NAÏVE) are taken. Besides, a time-varying parameters regression 

(TVP) with all explanatory variables, as given in Table 1, is considered. This is simply the DMA 

scheme reduced to only one model, K = 1. For TVP, λ = 0.99 is taken, as such a choice is the 

standard assumption (Raftery et al., 2010). Also, the historical average (HA) is computed. By HA 

it is understood that the forecast for time t is the mean value of all observations up to time t-1. 

The in-sample consists of first 80 observations. The further observations constitute the out-

of-sample set, which is used to make conclusions and computation of forecast accuracy measures. 

In particular, Root Mean Squared Error (RMSE), Mean Absolute Error (MAE) and Mean Absolute 

Scaled Error (MASE) are computed. These measures are computed for the raw values of analysed 

indices. (The models are forecasting the returns, but simple algebraic transformations can convert 

these forecasts into the forecasts of price indices.) MASE is an interesting forecast accuracy measure 

proposed by Hyndman and Koehler (2008). It is scale invariant, penalizes positive and negative errors 

equally, and penalizes large and small differences between real and forecasted values equally. 

Absolute Scaled Error loss function is also compatible with the Diebold and Mariano (1995) test 

procedures (Frases, 2016). If not stated otherwise, 5% significance level was taken. 

 

5. Results 

Table 2 presents forecast accuracy measures. It can be seen that the model minimising MASE for 

food price index is MED with α = 0.99 = λ. For meat price index – DMA with α = 0.99 = λ. For the 

other indices, it is ARIMA model. As a result, the considered model combination schemes do not 

produce more accurate forecast for most of the analysed price indices. However, in one case it is 

the model selection scheme proposed by Barbieri and Berger (2004), which is not based on selecting 

the model with the highest posterior probability, which minimises MASE. In one case, it is the 

DMA scheme with the commonly advised forgetting parameters combination (Raftery et al., 2010). 

Table 3 presents the results from the Diebold-Mariano test. It can be seen that in the case of 

food price index, the selected MED model produces statistically significantly more accurate 

forecasts than many other forecasts from other Bayesian model combination schemes. These 
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forecasts are also more accurate than the ones from the naïve method. However, it cannot be 

concluded that they are more accurate than the ones from ARIMA method. In the case of the 

meat price index, the conclusion about the selected DMA model is the same. 

 

Table 2. Forecast accuracy measures 

Items Food Price Index Meat Price Index Dairy Price Index  
RMSE MAE MASE RMSE MAE MASE RMSE MAE MASE 

DMA (α = 0.99) 3.973 2.597 0.986 3.516 2.704 0.943 7.775 4.927 1.115 

DMA (α = 0.98) 3.900 2.596 0.985 3.519 2.710 0.945 7.747 4.889 1.107 

DMA (α = 0.95) 3.977 2.777 1.054 3.657 2.793 0.974 7.640 4.853 1.099 

DMA (α = 0.90) 4.249 2.932 1.113 3.907 2.959 1.032 8.185 5.130 1.161 

BMA 4.016 2.588 0.983 3.556 2.727 0.951 7.794 4.907 1.111 

DMS (α = 0.99) 4.364 2.634 1.000 3.571 2.756 0.962 7.864 5.018 1.136 

DMS (α = 0.98) 3.955 2.577 0.978 3.641 2.816 0.982 8.012 5.011 1.134 

DMS (α = 0.95) 4.144 2.852 1.083 3.941 3.005 1.048 8.154 5.212 1.180 

DMS (α = 0.90) 4.782 3.152 1.197 4.249 3.214 1.121 8.635 5.419 1.227 

BMS 4.246 2.640 1.002 3.588 2.742 0.956 8.159 5.201 1.177 

MED (α = 0.99) 3.894 2.556 0.970 3.615 2.791 0.973 7.897 5.103 1.155 

MED (α = 0.98) 4.001 2.652 1.007 3.610 2.773 0.967 7.985 5.133 1.162 

MED (α = 0.95) 4.076 2.796 1.062 3.791 2.928 1.021 7.918 5.111 1.157 

MED (α = 0.90) 4.629 3.094 1.175 4.171 3.134 1.093 9.057 5.547 1.256 

BMED 4.202 2.630 0.998 3.616 2.770 0.966 8.088 5.141 1.164 

TVP (λ = 0.99) 4.082 2.676 1.016 3.601 2.780 0.969 8.056 5.219 1.182 

HA 50.166 37.948 14.406 34.709 28.460 9.922 65.026 46.688 10.569 

ARIMA 3.699 2.623 0.996 3.736 2.840 0.990 7.053 4.225 0.956 

NAÏVE 4.295 2.902 1.102 3.856 2.893 1.009 8.028 4.988 1.129 

Source: own calculations. 

 

On the other hand, in the case of the diary price index, all models can be assumed to produce 

statistically significantly less accurate forecasts than the ARIMA method. It can be seen that 

the role of the growth of GDP per capita in BRIC countries has been increasing since 2010. 

The role of market stress was important around 2008. The role of global economic activity was 

the highest around 2000, and since then it has been decreasing. The role of short-term interest 

rate has always been important, however in 1990s its role was mostly positive, whereas in 2010s 

it is negative. The role of long-term interest rate has been most of the time positive. Similarly, 

stock prices index has been an important explanatory variable all the time. However, around 

2000 its role was negative, but recently it is positive. In the case of exchange rates the role of 

AUD currency is the highest. Its importance has also increased recently. The role of oil price has 

an increasing trend. Its role increased around 2000, later it increased even more in 2010 and keeps 



The 14th Professor Aleksander Zeliaś International Conference on Modelling and Forecasting of Socio-Economic Phenomena 

38 

to be an important factor. Energy prices in general played an important role only in the end of 

1990s and in 2000s. Fertilizer prices were most important around 20104. 

 

Table 3. The Diebold-Mariano test results 

Items Food Price Index Meat Price Index Dairy Price Index 
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DMA (α = 0.99 = λ) 0.679 0.249 
  

2.806 0.003 

DMA (α = 0.98 = λ) 0.778 0.218 0.225 0.411 2.550 0.005 

DMA (α = 0.95 = λ) 2.176 0.015 1.206 0.114 2.388 0.008 

DMA (α = 0.90 = λ) 2.449 0.007 2.238 0.013 3.634 0.000 

BMA 0.464 0.321 0.690 0.245 2.709 0.003 

DMS (α = 0.99 = λ) 0.703 0.241 1.629 0.052 2.946 0.002 

DMS (α = 0.98 = λ) 0.328 0.372 2.276 0.011 2.887 0.002 

DMS (α = 0.95 = λ) 2.476 0.007 2.961 0.002 3.475 0.000 

DMS (α = 0.90 = λ) 2.909 0.002 3.513 0.000 4.346 0.000 

BMS 0.813 0.208 0.784 0.217 3.582 0.000 

MED (α = 0.99 = λ) 
  

2.632 0.004 3.260 0.001 

MED (α = 0.98 = λ) 1.775 0.038 1.389 0.082 3.295 0.001 

MED (α = 0.95 = λ) 1.959 0.025 2.224 0.013 3.192 0.001 

MED (α = 0.90 = λ) 2.905 0.002 3.051 0.001 4.299 0.000 

BMED 0.754 0.225 1.243 0.107 3.488 0.000 

TVP (λ = 0.99) 1.396 0.081 1.691 0.045 3.766 0.000 

HA 17.330 0.000 20.130 0.000 15.260 0.000 

ARIMA 0.631 0.264 1.388 0.083 
  

NAÏVE 2.291 0.011 1.947 0.026 2.952 0.002 

 

 

6. Conclusions 

Agricultural commodity prices are substantially more volatile than are the prices of most 

nonfarm goods and services. Besides the traditional causes for price fluctuations, agricultural 

commodities are increasingly connected to energy and financial markets, with potentially 

destabilizing impacts on prices. Trend in price depends on the long-run supply and demand 

conditions. Food prices exhibited a large volatility in recent years. In particular, there have been 

                                                                 
4 The conclusions from the Giacomini-White test are the same as those from the Diebold-Mariano one. 



The 14th Professor Aleksander Zeliaś International Conference on Modelling and Forecasting of Socio-Economic Phenomena 

39 

huge price shocks in the years 2007/2008, 2010/2011, and 2012/2013. Some of the reasons for 

rising food prices are bad weather, increasing factor prices, in particular oil prices, or increasing 

usage of bio-fuels. Price differentiation may also result from different price elasticity 

of demand. The nature of demand for agricultural products is another factor determining the 

prices of agricultural products. The constantly increasing complexity and diversity of products 

as well as changing consumer preferences make demand analysis more and more difficult. 

Speculative demand also needs to be taken into account. 

The simplest way to measure price volatility is the coefficient of variation (CV). This is the 

standard deviation of prices over a particular time interval divided by the mean price over the 

same interval. As an alternative is used the standard deviation of changes in the logarithm of 

prices. It is less affected by strong trends over time. Different prediction methods have been 

presented in recent years for price forecasting. Non-stationary time series models like 

Generalised Auto-Regressive Conditional Heteroskedastic, stationary time series models 

such as Auto-Regressive (AR), dynamic regression and transfer function, and Auto-

Regressive Integrated Moving Average (ARIMA) have been proposed for this purpose. 

Other researchers proposed neural networks (NNs) and fuzzy neural networks (FNNs) for 

price forecasting. The selected Bayesian model combination schemes produce the most 

accurate forecasts only for food and meat price index, amongst all the considered models. 

In the case of other indices, the most accurate forecasts are produced by the ARIMA method. 

In the case of meat price index, according to Dynamic Model Averaging (DMA) scheme, 

the growth of GDP per capita in BRIC countries, market stress, global economic activity, 

interest rates, stock prices, exchange rates, oil price and fertilizer prices are found to be the 

most important price driving factors amongst the considered explanatory variables. 

Moreover, time-varying patterns in these importance are found. 
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The analysis of the relationship between CO2 emissions and economic 

growth using the Environmental Kuznets Curve 

 

Katarzyna Frodyma1 

 

 

Abstract 

In the literature the relations between environmental pollution and economic growth are usually tested within the 

so-called Environmental Kuznets Curve (EKC). The aim of this study is to confirm the existence of the relationship 

(U-shaped or N-shaped) between environmental degradation and economic development in the European Union 

countries. The analyses conducted so far have taken into account the volume of CO2 emissions related to 

production in a given country, but have not taken into account a certain part of CO2 emissions related to trade. 

In order to fill this gap, our study of the relationship between CO2 emissions and economic growth will include 

both production-based accounting (PBA) and consumption-based accounting (CBA).  

The results of previous studies lead to ambiguous conclusions. Some studies concerning the selected EU countries 

confirm the Environmental Kuznets Curve, while others do not. The selection of countries for the panel analysis 

can partially explain this discrepancy and constitutes a basic objection to these studies. That is why in our study 

the analyses are country-specific, and, additionally, include variables influencing CO2 emissions, such as energy 

efficiency and renewable energy sources. 

Keywords: Environmental Kuznets Curve, production-based CO2 emissions, consumption-based CO2 emissions 

JEL Classification: C2, Q4 

 

1. Introduction 

Climate change, including global warming, is one of the most pressing problems the world 

faces today. Global warming is mainly caused by greenhouse gas (GHG) emissions, among 

which CO2 emissions constitute its largest share. In order to be effective, policies aimed at 

reducing CO2 emissions need to take into consideration the determinants of what has the 

greatest impact on these emissions. Reducing CO2 emissions is an objective of many 

international agreements, as only coordinated action in this area can bring the desired results. 

CO2 emissions are closely linked to the economic activities of countries, especially in the 

area of their production. The energy, industrial, and transport sectors account for the largest 

share of total CO2 emissions. The conflict between the need to reduce emissions and to 

maintain economic activity seems unavoidable. However, the question arises whether economic 

                                                                 
1 Corresponding author: Cracow University of Economics, Department of Statistics, Rakowicka 27, 31-510 

Cracow, Poland, frodymak@uek.krakow.pl. 
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growth that does not result in excessive CO2 emissions – and thus is more environmentally-

friendly – is possible. 

The relationship between income inequality and economic development suggested by 

(Kuznets, 1955) was adopted by (Grossman and Krueger, 1995) to study the environmental 

impact of economic development. The Environmental Kuznets Curve (EKC) has been used in 

a number of studies whose results suggest that, in the early stages of a country’s economic 

growth, pollution tends to increase rapidly because the priority is given to production and minor 

attention is devoted to negative spillovers of growth on the environment. However, in the next 

phases of growth, as national income continues to rise and more advanced technological 

solutions appear, governments, individuals, and businesses are willing to invest in improving 

the environmental quality. That is why initially the studies assumed that this curve has the form 

of the inverted-U. However, subsequent researchers (including e.g. Millimet et al., 2003; Dogan 

and Seker, 2016) propose to extend the traditional inverted-U EKC, on the basis of the 

observation that the relationship between pollution and economic development may be more 

complex, and the pattern may actually be N-shaped (or even invertedly N-shaped). The N-shape 

assumes that when the level of economic development continues to increase (after reaching the 

inverted-U shape), the pollution trend may reverse and start to increase again. This may be due 

to the fact that, at some point, the economic activity is so intense that its negative impact on the 

environment cannot be compensated for by structural or technological factors. 

Despite extensive literature on environmental Kuznets hypothesis, there is no clear answer 

as to whether or not the EKC exists and, if so, what its shape is. 

The empirical literature on the EKC reports mixed results, and an exhaustive review of this 

literature can be found in the paper (Shahbaz and Sihna, 2019). Different results seem to be 

obtained mainly due to the availability of data, depending on whether time series, cross-

sectional data or panel data are adopted in a particular study. Many studies confirm the 

existence of the country-specific traditional (inverted-U) EKC based on time series [i.e. in 

Croatia (Ahmad et al., 2017); in the UK (Sephton and Mann, 2016); in Romania (Shahbaz et al., 

2013)]. The results of panel data are often ambiguous. Differences may be due to e.g.: the time 

frame adopted(i.e. 1830-2003 in Sephton and Mann, 2016), the selection of objects chosen for 

the analysis [25 African countries (Zoundi, 2017); 28 OECD countries (Álvarez-Herránz et al., 

2016); 189 countries (Dong et al., 2016)], or the estimation method employed (OLS Sephton 

and Mann, 2016; ARDL bounds Ahmad et al., 2017; Panel Regression Álvarez-Herránz et al., 

2016). Moreover, various control variables are often used [concerning trade openness (Ozturk 

and Acaravci, 2013; Dogan and Seker, 2016); related to fossil fuel energy consumption 



The 14th Professor Aleksander Zeliaś International Conference on Modelling and Forecasting of Socio-Economic Phenomena 

44 

(Álvarez-Herránz et al., 2016; Zoundi, 2017) or renewable energy consumption (Zoundi, 

2017)]. It should also be noted that the studies in this area assume different types of pollution 

as an explanatory variable and sometimes even use different methods of measuring CO2 

emissions. 

The aim of this study is to analyse the relationship between CO2 emissions and economic 

growth in the EU countries using the Environmental Kuznets Curve. The paper contributes to 

the existing literature in two main aspects.  

Firstly, the study is based on two types of CO2 measurements. Most other studies take into 

consideration only production-based CO2 emissions, while ours refers also to consumption-

based CO2 emissions, which are caused by goods and services at the level of their consumption, 

i.e. they are assigned to the final consumer. Given that the EU is a significant importer, the 

method of measuring CO2 emissions can influence the assessment of the relationship between 

GDP and CO2 emissions, including the shape of the EKC. 

Secondly, as a result of the analysis, the EU countries are grouped according to the shape 

of their EKC. In papers comparing groups of countries most often the results for individual 

units are given on the basis of panel data. Such averaging may be misleading due to 

heterogeneity of countries belonging to the EU. The country-specific analysis conducted in our 

study, which concerns the same time frame, is based on homogeneous data concerning both 

CO2 and GDP emissions, in which the same estimation methods are used to compare the results. 

Importantly, it offers the possibility to explain the reasons for the differences obtained. 

Additional variables, such as energy efficiency and renewable energy sources, are added to the 

characteristics of the groups identified on the basis of the shape of their EKC. 

 

2. Data and methodology 

The analysis covers the period 1995-2016 and takes into account 28 European Union countries. 

Gross domestic product in current prices (PPP US dollars) obtained from IMFs World 

Economic Outlook (WEO) database is used as a measure of the economic output. GDP per 

capita is measured in purchasing power parities to eliminate the effect of currency fluctuations. 

The log of GDP per capita is based on purchasing power parity in constant. 

Two kinds of measurement of CO2 emissions are used. Both sets of data – those related to 

production-based CO2 emissions and those related to consumption-based CO2 emissions that 

include the net emissions embodied in international trade – are taken into account in the 
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assessment of CO2 emissions. The data are obtained from the Eora multi-region input-output 

(MRIO) database2. 

Generally, we can specify the following model to estimate the EKC at the country-specific 

level: 

𝐶𝑂2 = 𝛼 + 𝛽1𝐺𝐷𝑃 + 𝛽2(𝐺𝐷𝑃)
2 + 𝛽3(𝐺𝐷𝑃)

3 + 𝑒    (1) 

where: CO2 denotes carbon emissions per capita; GDP refers to per capita GDP; 𝛼, 𝛽 and 𝜙 

are unknown parameters; and e denotes the error. 

 

The model is based on the logarithmic processing of variables because the natural logarithm 

transformation of data can avoid violent fluctuation caused by the change of data; this form not 

only smoothens out the outliers in the data sets but also directly gives elasticity through its 

coefficients. 

Depending on the values of the estimated coefficients, the EKC curve may have a different 

shape, which is presented in Table 1. 

 

Figure 1. Traditional EKC (Inverted-U shape) and Extended EKC (N-shape) 

 

Table 1. The shape of the EKC depending on the values of the coefficients 

𝛽1 = 0; 𝛽2 = 0; 𝛽3 = 0 no relationship 

𝛽1 > 0; 𝛽2 = 0; 𝛽3 = 0 monotonically increasing linear relationship 

𝛽1 < 0; 𝛽2 = 0; 𝛽3 = 0 monotonically decreasing linear relationship 

𝛽1 > 0; 𝛽2 < 0; 𝛽3 = 0 traditional EKC (inverted-U) 

𝛽1 < 0; 𝛽2 > 0; 𝛽3 = 0 inverted EKC (U-shaped) 

𝛽1 > 0; 𝛽2 < 0; 𝛽3 > 0 extended EKC (N-shaped) 

𝛽1 < 0; 𝛽2 > 0; 𝛽3 < 0 inverted extended EKC (\/\) 

                                                                 
2 The Eora global supply chain database consists of a multi-region input-output table (MRIO) model that provides 

a time series of high-resolution IO tables with matching environmental and social satellite accounts for 190 

countries, https://worldmrio.com/footprints/carbon. 
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It is possible to determine the turning point for the traditional (inverted-U) or inverted  

(U-shaped) EKC, which is equal to: 𝐺𝐷𝑃∗ =
−𝛽1

2𝛽2
. In case of the extended (N-shaped) or 

inverted extended (\/\) EKC, the turning points are equal to3: 𝐺𝐷𝑃∗ =
−𝛽2±√𝛽2

2−3𝛽1𝛽3

3𝛽3
. 

The EU's environmental directives place emphasis on three elements. In addition to 

reducing CO2 emissions, they advocate increasing energy efficiency and the share of renewable 

energy sources in final energy consumption. Energy efficiency is understood as the introduction 

of savings in energy consumption. Therefore, the aim is to reduce final energy consumption. 

The data on final energy consumption and the share of energy obtained from renewable sources 

are taken from the European Commission webpage4. 

 

3. Analyses and results 

Depending on the chosen method of measuring CO2 emissions, the estimated regression 

models take the form of (2) for production-based CO2 emissions and (3) for consumption-based 

CO2 emissions in each country: 

ln(𝑃𝐵𝐴𝑝𝑐) = 𝛽0 + 𝛽1 ln(𝐺𝐷𝑃𝑝𝑐) + 𝛽2 [ln(𝐺𝐷𝑃𝑝𝑐)]
2 + 𝛽3 [ln(𝐺𝐷𝑃𝑝𝑐)]

3 (2) 

ln(𝐶𝐵𝐴𝑝𝑐) = 𝛽0 + 𝛽1 ln(𝐺𝐷𝑃𝑝𝑐) + 𝛽2 [ln(𝐺𝐷𝑃𝑝𝑐)]
2 + 𝛽3 [ln(𝐺𝐷𝑃𝑝𝑐)]

3 (3) 

 

Table 2. The shape of the extended EKC depending on the values of the coefficients for production-

based CO2 and GDPpc level (international dollars) for the turning points 

 𝜷𝟏 𝜷𝟐 𝜷𝟑 GDP* 

Extended EKC (N shaped) 

Greece 245.130** -79.008** 8.466** 19146 26292 

Ireland 45.808** -12.497** 1.120** 26515 63916 

Inverted extended EKC (\/\) 

Austria -94.161** 27.775** -2.723** 24948 35986 

Bulgaria -15.516** 6.439** -0.877** 8563 15561 

Finland -187.673** 56.913** -5.740** 23286 31886 

Lithuania -8.986** 3.402** -0.417** 9555 24139 

Luxemburg -565.7663*** 134.567*** -10.649*** 56265 80993 

Latvia -7.881*** 2.964*** -0.358*** 9320 26748 

Malta -11.088*** 37.548*** -4.001*** 19225 27094 

Poland -12.032*** 4.319*** -0.514*** 13332 20366 

Slovenia -45.848* 15.701* -1.785* 15403 22893 

 

                                                                 
3 Provided that there is a value under the square root is non-negative. 
4 Energy datasheets: EU-28 countries (https://ec.europa.eu/energy/en/data-analysis/country) accessed on 

04.02.2020. 
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Table 3. The shape of the Inverted extended EKC (\/\) depending on the values of the coefficients for 

consumption-based CO2 and GDP* level (international dollars) for the turning points 

 𝜷𝟏 𝜷𝟐 𝜷𝟑 GDP* 

Austria -143.779*** 41.189*** -3.924*** 28063 38956 

Bulgaria -16.386** 7.554** -1.125** 6331 13878 

Czechia -33.343** 11.468** -1.309** 15227 22612 

Denmark -1002.34* 279.49* -25.94* 31475 41885 

Estonia -15.35** 5.67** -0.68** 10449 24691 

Finland -120.90* 36.57* -3.68** 23445 32193 

France -165.11* 49.43* -4.93* 26704 29883 

Croatia -57.04** 22.33*** -2.88*** 9904 17885 

Lithuania -7.41** 3.00** -0.38** 7370 25769 

Luxemburg -360.60*** 85.91*** -6.81*** 54358 83176 

Latvia -6.59** 2.66** -0.33** 7219 27714 

Malta -94.25* 30.08* -3.19** 19680 27222 

Netherlands -124.48** 35.08** -3.29** 29644 41376 

Poland -10.670*** 3.98*** -0.49*** 10782 22031 

Slovenia -74.419** 25.130** -2.812** 15626 24764 

Slovakia -14.025** 5.242** -0.642** 10609 21861 

 

The recently postulated extended EKC (N-shaped) is confirmed in two countries (Table 2) 

and only when their production-based CO2 emissions are taken into account. This suggests that 

further economic development in Greece and Ireland may be linked to an increase in CO2 

emissions. However, in many countries the inverted extended EKC (\/\) (Table 2, 3) are 

confirmed, which indicate possible further economic growth with lower CO2 emissions. 

The traditional form of the EKC (inverted-U) is confirmed in most EU countries (Table 4), 

which means that their further economic growth will be accompanied by a decrease in CO2 

emissions. In two countries – Germany and Estonia – the inverted (U-shaped) EKC are 

observed when production-based CO2 emissions are analysed. 

 

Table 4. The shape of the EKC depending on the values of the coefficients and GDP* level (international 

dollars) for the turning point 

 PBA  CBA  

 𝜷𝟏 𝜷𝟐 GDP* 𝜷𝟏 𝜷𝟐 GDP* 

Traditional EKC (inverted-U)  

Belgium 9.032*** -1.380** 26409 5.139* -0.800* 25275 

Czechia 2.479** -0.439** 16803    

Denmark 10.477** -1.587** 27118    

Spain 16.271** -2.523*** 25136 17.947*** -2.750*** 26143 

France 8.991*** -1.388*** 25501    

Croatia 5.753*** -1.022*** 16687    

Hungary 2.800** -0.530** 14012 4.628*** -0.818*** 16928 
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 PBA  CBA  

 𝜷𝟏 𝜷𝟐 GDP* 𝜷𝟏 𝜷𝟐 GDP* 

Ireland    4.036*** -0.581*** 32219 

Italy 28.246*** -4.214*** 28542 28.505** -4.227** 29124 

Portugal 15.783*** -2.602*** 20763 15.723*** -2.588*** 20868 

Romania 1.613* -0.353* 9790 2.643*** -0.506** 13610 

Slovakia 1.686*** -0.281*** 11801    

Sweden 5.723*** -0.884*** 25491 2.656* -0.395* 28900 

United 

Kingdom 

9.617*** -1.509*** 24220 9.180*** -1.384*** 27544 

Inverted EKC (U shaped) 

Germany -2.395** 0.294** 59046    

Estonia -1.522** 0.296** 13099    

 

When the analysis is based on production-based CO2 emissions, Netherlands reveals 

a monotonically decreasing linear relationship (𝛽1 =-0.423***). When the analysis is based on 

consumption-based CO2 emissions, Germany reveals a monotonically decreasing linear 

relationship (𝛽1 =-0.371***), and no correlation is found in Greece, which is also true in 

Cyprus, regardless of the method used to measure CO2. 

The analysis demonstrates that if consumption-based CO2 emissions are taken into account, 

further economic development in all EU countries will be accompanied by the reduction of 

CO2 emissions. Interestingly, in countries where the traditional EKC (inverted-U) is confirmed, 

the inflection point determined on the basis of consumption-based CO2 is higher than the one 

determined on the basis of production-based CO2. This may mean that a higher level of income 

is necessary for environment protection (i.e. the reduction of CO2 emissions) not only in the 

production of goods and services but also in relation to their consumption. In countries where 

the inverted extended EKC (\/\) is found, such dependence can be seen too. Only in Bulgaria, 

the GDP value at which CO2 emissions begin to decrease is lower in case of consumption-

based CO2 emissions than in case of production-based CO2 emissions. 

The analysis of the groups of countries determined on the basis of the shape of their EKC 

resulting from consumption-based CO2 emissions reveals that the countries characterised by 

the traditional EKC (inverted-U) are those in which final energy consumption is at a much 

higher level (see Fig. 2a), although this is basically connected with their size. If per capita final 

energy consumption is considered, there are no differences between the analysed groups of 

countries (Fig. 2b). 
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a) final energy consumption b) per capita final energy consumption 

  

Figure 2. Boxplot demonstrating final energy consumption in the groups of countries determined 

on the basis of the shape of the EKC (for consumption-based CO2) in 1995 and 2016 

 

Fig. 3 demonstrates a significant difference in the share of renewable energy sources in final 

energy consumption of the selected groups of countries. The countries characterized by the 

inverted extended EKC (\/\) are those in which this share is higher and has a growing trend over 

the entire analysed period. The countries in the second group have a lower share of RES on 

average and a significant increase in this share is observed only since 2004. 
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Figure 3. Boxplot demonstrating the share of renewable energy sources in final energy consumption 

in the groups of countries determined on the basis of the shape of the EKC (for consumption-based 

CO2) in 1995-2016 
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4. Conclusions 

The aim of this study is to assess the relationship between CO2 emissions and economic growth 

using the Environmental Kuznets Curve. The analysis covers the individual EU countries over 

the period 1995-2016. The study takes into account both production-based and consumption-

based CO2 emissions and its findings can be summarized in three main points. 

First of all, the results of the analyses based on different methods of measuring CO2 

emissions are different. In case of production-based CO2 emissions, the EKC of all possible 

shapes presented in the literature is observed. The results are more homogeneous when 

consumption-based CO2 emissions are taken into account. In this case, the EU countries are 

divided into two groups. One of them is characterized by the traditional EKC (inverted-U), 

while the other by the inverted extended EKC (\/\). It can be expected that in both groups further 

economic growth will be accompanied by reduced CO2 emissions. 

Secondly, in most cases, the level of GDP at which the trend in CO2 emissions changes is 

higher for consumption-based CO2 emissions than for production-based CO2 emissions. This 

may result from the fact that economic growth is the most decisive factor contributing to 

investing in greener production methods. Moreover, a higher level of wealth is necessary in 

order to consciously manage consumption, which also leads to decreasing pollution. 

Thirdly, the attempt to indicate the characteristics of individual groups of countries 

determined on the basis of the shape of the EKC does not yield clear results. It seems that the 

observed shape of the EKC is not influenced by energy efficiency. However, the groups of the 

EU countries analysed in the study differ in terms of their share of renewable energy sources. 

Further research in this area should focus on finding determinants which influence the shape 

of the EKC. It is also advisable to extend the analysis both in terms of the time frame and the 

number of objects. 
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Abstract 

The paper proposes the use of survival analysis methods to predict the probability of transition from employed to 

unemployed or economically inactive of people aged over 50, after different periods of time. The study considers 

the periods of three, five and ten years. In addition, the use of parametric survival models for the prediction has 

allowed to indicate these characteristics of respondents that have the greatest impact on the probability of transition 

under consideration. The analysis is based on the data from the Labour Force Survey from 2018. Two models were 

considered due to the differences in the retirement age for women and men. For both women and men, gamma 

model turned out to be the model best fitted to empirical data. Apart from the age of the respondents, the probability 

of employment termination was most influenced by such features as education, form of employment and place 

of residence. In addition, it was received that if an individual reaches retirement age and does not terminate 

employment then, in the next three years they still have a high probability of remaining economically active. 

Keywords: economic activity, parametric survival models, prediction, employment termination 

JEL Classification: J64, C41 

 

1. Introduction 

Survival analysis methods are increasingly used to study the economic activity of a population 

(Volker et al., 2015; Auer and Fossati, 2019; Grzenda, 2019). They enable the modelling of the 

transitions of individuals between various states such as employed, unemployed, and 

economically inactive while taking into account the duration of the period an individual remains 

in a given state. Using parametric survival analysis models (Kalbfleisch and Prentice, 2011), 

it is possible to study the influence of various factors on the transition between distinguished 

states. This paper proposes to extend this approach by predicting the probability of employment 

termination for individuals. 

In view of the aging of the Polish society (Leszko et al., 2015), which results in the decrease 

in labour supply, it is important to search for answers not only to the question of what factors 

influence the transition of older people to the economic inactivity, but also what are the chances 
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that a given person does not end their economic activity as soon as they reach retirement age. 

The results obtained in this study contribute to the discussion on the statutory retirement age 

of Poland, which is one of the lowest in Europe. In 2017, new act decreasing the retirement age 

to 60 years for women and 65 years for men came into force in Poland, amending the earlier 

act from 2012 on the equalization of retirement age for women and men and the gradual increase 

of the retirement age to 67 years starting from January 1, 2013. Such activities are not conducive 

to improving the rates of economically activity older people in Poland. In 2018, employment 

rate of older workers in Poland for age group 55-64 was 48.9%, compared to 71.4% in 

Germany, 72% in Norway and 65.1% in the Czech Republic (Eurostat, 2020). 

Demographic changes taking place in Poland require greater economic activation of the 

elderly. The legal arrangements should encourage the people, who have already reached 

retirement age, but are still ready to work, to continue their economic activity.  

 

2. Research method 

In this study, parametric models that include a very broad class of survival models were 

considered (Swindell, 2009; Kalbfleisch and Prentice, 2011). A model that best represents the 

process of transition of people aged over 50 from employed to unemployed or economically 

inactive was sought. In this case, the most frequently considered probability distributions are: 

exponential distribution, Weibull distribution, gamma distribution, log-logistic distribution, 

and log-normal distribution. Each of them has been implemented in the empirical part of our 

study. The model with the use of which one can most accurately describe the process 

of transition from employed to unemployed or economically inactive has been identified to be 

the gamma model. Next, based on this model, using the survival function, a prediction of the 

probability of employment termination after the selected periods of time was made. 

The gamma model is a generalization of the Weibull model and the log-normal model. The 

density function with parameters 𝛼, 𝛼 > 0 and 𝜉, 𝜉 ∈ 𝐑 for this model is given by the formula: 

𝑓(𝑡𝑖|𝛼, 𝜉) =
1

𝛤(𝛼)
𝑡𝑖
𝛼−1exp(𝛼𝜉 − 𝑡𝑖exp(𝜉)). (1) 

 

Let 𝐭 = (𝑡1, 𝑡2, … , 𝑡𝑛)
𝑇 be a vector of survival times, independent and with the same 

distribution, and 𝛎 = (𝜈1, 𝜈2, … , 𝜈𝑛)
𝑇 a vector of censoring variables. Then, the likelihood 

function for the parameters vector (𝛼, 𝜉) in the gamma model under consideration is given by 

the formula: 
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where 𝑑 = ∑  𝜈𝑖
𝑛
𝑖=1  and 𝐼𝐺(𝛼, 𝑡𝑖exp(𝜉)) =

1

𝛤(𝛼)
∫ 𝑢𝛼−1exp(−𝑢)𝑑𝑢
𝑡𝑖exp(𝜉)

0
. 

 

The vector of explanatory variables is introduced to this model using the 𝜉 parameter, 

i.e. 𝜉𝑖 = 𝐱𝑖𝛃, where 𝐱𝑖
𝑇 = [ 𝑥𝑖1, … , 𝑥𝑖𝑘] denotes the vector of independent variables for the i-th 

individual, 𝑖 = 1,… , 𝑛 and 𝛃 = [ 𝛽1, … , 𝛽𝑘] denotes the parameters vector. The parameters of this 

model are estimated using a Newton-Raphson algorithm. 

 

3. Empirical data and models estimation 

In this study, a data set derived from the Labour Force Survey (LFS) was used. The LFS is 

a quarterly panel survey with a rotational sample selection scheme. In our study, research 

sample comprised individuals who were surveyed for two consecutive quarters in 2018. These 

are people from sample numbers 75-77 and 79-81. In the first stage of the analysis, in line with 

the research objective, people who have ever worked after 2011 were selected. The choice 

of year 2011 resulted from the fact that the research goal was the analysis of the economic 

activity of the elderly in recent years. In addition, a broader survey was used in LFS starting 

from this year. Furthermore, for the study women aged 51 to 70 and men aged 56 to 73 were 

chosen. 

Different age groups for men and women were considered due to the differences in the 

statutory retirement age for men and women in Poland. On the other hand, the choice of the 

lower age limit of the respondents resulted from the fact that the average age of economic 

deactivation is generally lower than the statutory retirement age. As a consequence of the 

aforementioned decisions, 9,540 women and 7,855 men were considered in the study. At the 

time of the LFS survey, 60.22% of women and 59.10% of men were still working. For people, 

who were still working at the time of the LFS survey, time was defined as the number of months 

since January 2011 or since the time of starting work, if it was taken after 2011. For people who 

were not working at the time of the LFS survey, time was defined as the number of months 

starting from 2011 until the employment termination. Table 1 presents the characteristics of the 

respondents. 

𝐿(𝛼, 𝜉; 𝐭, 𝛎) =∏[𝑓(𝑡𝑖|𝛼, 𝜉)]
 𝜈𝑖[𝑆(𝑡𝑖|𝛼, 𝜉)]

 1−𝜈𝑖

𝑛

𝑖=1

  

=
1

(Γ(α))
𝑑
exp(𝑑𝛼𝜉 +∑ 𝜈𝑖(𝛼 ln(𝑡𝑖) − 𝑡𝑖 exp(𝜉))

𝑛

𝑖=1

)

∙  ∏𝑡𝑖
− 𝜈𝑖 (1 − 𝐼𝐺(𝛼, 𝑡𝑖exp(𝜉)))

1− 𝜈𝑖
𝑛

𝑖=1

, 

(2) 
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Table 1. Sample characteristics in percent 

Variable Description Categories Men Women 

age_group_m Age group of men  

at the time of the survey 

1 = from 56 to 58 years old 

2 = from 59 to 61 years old 

3 = from 62 to 64 years old 

4 = from 65 to 67 years old 

5 = from 68 to 70 years old 

6 = 71 and above (ref.) 

21.06 

22.72 

21.74 

18.57 

11.38 

4.52 

- 

- 

- 

- 

- 

- 

age_group_w Age group of women  

at the time of the survey 

1 = from 51 to 53 years old 

2 = from 54 to 56 years old 

3 = from 57 to 59 years old 

4 = from 60 to 62 years old 

5 = from 63 to 65 years old 

6 = from 66 to 67 years old 

7 = 68 and above (ref.) 

- 

- 

- 

- 

- 

- 

- 

16.93 

17.65 

18.86 

20.37 

12.35 

9.86 

3.98 

education Level of education 1 = higher 

2 = post-secondary and 

secondary professional 

3 = secondary general 

4 = basic vocational 

5 = primary school (ref.) 

17.43 

22.84 

 

2.11 

41.49 

16.13 

23.82 

28.40 

 

7.85 

24.17 

15.77 

marital_status 

 

Marital status 0 = unmarried, a widower, 

a widow or divorced (ref.) 

1 = married 

14.91 

 

85.09 

27.41 

 

72.59 

employment Type of employment 1 = salaried employee 

2 = self-employed or helping 

family member (ref.) 

72.62 

27.38 

79.88 

20.12 

place_residence Class of place  

of residence during  

the survey 

 

1 = city of 100 thousand 

residents and more 

2 = city of 20-100 thousand 

residents 

3 = city under 20 thousand 

residents 

4 = rural areas (ref.) 

34.41 

 

16.94 

 

12.78 

 

35.86 

37.51 

 

17.55 

 

12.87 

 

32.08 

region Region of Poland 

 

1 = Central  

2 = Southwest 

3 = South 

4 = Northwest 

5 = North  

6 = East (ref.) 

13.21 

10.85 

10.48 

18.55 

20.75 

26.16 

13.79 

10.36 

11.17 

17.03 

20.88 

26.76 

child The presence of a child 

under 15 years old in 

a household 

0 = no (ref.) 

1 = yes 

95.40 

4.60 

95.28 

4.72 

elderly_person The presence of elderly 

person over 75 years old 

in a household 

0 = no (ref.) 

1 = yes 

92.82 

7.18 

91.43 

8.57 
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The following parametric survival analysis models were estimated in the study: exponential 

model, Weibull model, gamma model, log-logistic model and log-normal model. Based on the 

statistics (AIC), (AICC) and (BIC), the gamma model turned out to be the model best fitted to 

the data. At the stage of model construction, it turned out that one set of variables should be 

included in a model for women and another one in a model for men. Table 2 presents the results 

of the model estimation for women and Table 3 for men, respectively. 

Based on the results obtained for women (Table 2), it can be concluded that as expected 

women from the first four age groups, i.e. aged 51 to 62, delayed the transition from working 

to unemployed or economically inactive compared to women from the oldest age group 

i.e. women from 68 to 70 years old. The transition to unemployed or economically inactive 

state was influenced by at least secondary education, with the best-educated women delaying 

the moment of employment termination compared to women with primary education. Women 

with at least tertiary education more than twice more delayed the termination of employment 

than women with secondary vocational or post-secondary education compared to women with 

primary education. In the case of the variable describing the place of residence, living in cities 

with more than 100,000 inhabitants had a significant impact on employment termination. 

Inhabitants of such cities delayed the transition to unemployed or inactive status compared to 

women living in the countryside. The region of residence feature had a limited impact on the 

probability of transition studied, due to the large values of the p-value. Nevertheless, for the 

variable describing the region of Poland, it was obtained that the inhabitants of the South and 

North regions accelerated the moment of quitting their work compared to the inhabitants of the 

East region, and the residents of the other regions compared to the inhabitants of the East region 

delayed the transition to the unemployed or inactive state. 

 

Table 2. Results of the estimation of a Weibull model for women 

Variable Parameter estimate Standard error t statistic p-value 

intercept  4.3151 0.1022 1783.93 <.0001 

age_group_w  1 1.4172 0.0687 425.30 <.0001 

age_group_w 2 1.1586 0.0628 340.87 <.0001 

age_group_w 3 0.7883 0.0576 187.21 <.0001 

age_group_w 4 0.2551 0.0538 22.50 <.0001 

age_group_w 5 -0.0858 0.0459 3.49 0.0617 

age_group_w 6 -0.1397 0.0411 11.55 0.0007 

education 1 0.5541 0.0393 198.69 <.0001 

education 2 0.2160 0.0278 60.25 <.0001 

education 3 0.0881 0.0333 6.99 0.0082 

education 4 0.0018 0.0235 0.01 0.9401 

place_residence 1 0.0726 0.0240 9.17 0.0025 
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Variable Parameter estimate Standard error t statistic p-value 

place_residence 2 0.0101 0.0240 0.18 0.6728 

place_residence 3 0.0268 0.0286 0.88 0.3480 

region 1 0.0304 0.0283 1.15 0.2830 

region 2 0.0285 0.0337 0.72 0.3968 

region 3 -0.0526 0.0287 3.36 0.0670 

region 4 0.0024 0.0302 0.01 0.9354 

region 5 -0.0295 0.0303 0.95 0.3300 

child 1 0.1010 0.0349 8.38 0.0038 

elderly_person 1 0.0681 0.0395 2.97 0.0846 

employment 1 -0.2765 0.0250 122.57 <.0001 

scale  0.4322 0.0476 - - 

shape  1.6037 0.2294 - - 

 

In addition, in the case of women, the presence of a child under 15 years old in a household 

and the presence of an elderly person over 75 years old in a household influenced the transition 

from working state to unemployed or inactive state. In both cases, it turned out that both the 

presence of a child under 15 years of age and of a person aged over 75 years delayed 

employment termination compared to women living in households in which there were no such 

persons. The form of employment also had an impact on the transition from working to 

unemployed or inactive state. Employed workers have accelerated their transition from working 

to unemployed or economically inactive compared to self-employed or assisting a family 

member women. 

 

Table 3. Results of the estimation of a Weibull model for men 

Variable Parameter estimate Standard error t statistic p-value 

intercept  4.4614 0.0662 4535.22 <.0001 

age_group_m  1 1.3271 0.0655 411.03 <.0001 

age_group_m 2 1.0168 0.0607 281.04 <.0001 

age_group_m 3 0.6213 0.0552 126.56 <.0001 

age_group_m 4 0.2522 0.0466 29.25 <.0001 

age_group_m 5 -0.0073 0.0447 0.03 0.8697 

education 1 0.4630 0.0401 133.07 <.0001 

education 2 0.2197 0.0317 47.91 <.0001 

education 3 0.1252 0.0640 3.82 0.0506 

education 4 0.0507 0.0250 4.11 0.0427 

place_residence 1 0.0940 0.0252 13.90 0.0002 

place_residence 2 0.0295 0.0269 1.20 0.2726 

place_residence 3 0.0044 0.0292 0.02 0.8797 

marital_status 1 -0.0970 0.0252 14.82 0.0001 

employment 1 -0.4269 0.0271 248.39 <.0001 

scale  0.4337 0.0354 - - 

shape  1.6336 0.1650 - - 
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For men, less variables in a model resulted in a better fit of the model to empirical data 

(Table 3). Similarly to the case of women, it was obtained that men from the first four age 

groups, i.e. from 56 to 67 years old, delayed the transition from working to unemployed or 

inactive status compared to men from the oldest age group i.e. from 71 to 73 years old. For the 

education feature, it was obtained that having any higher level of education than a primary 

education had a positive effect on economic activity. At the same time, men with higher 

education delayed the termination of employment to the greatest extent compared to men with 

primary education. In the case of a variable describing the place of residence, as in the case of 

women, only living in cities with more than 100,000 inhabitants had a significant impact on the 

employment termination. Men living in such cities delayed the transition to unemployed or 

economically inactive compared to men living in the countryside. In addition, it was received 

that married men accelerated the moment of employment termination compared to unmarried 

men. In the case of the form of employment feature, it was received that employees have 

accelerated the transition from working to unemployed or inactive compared to men who were 

self-employed or assisting family members. In addition, for men the value of parameter 

estimation at this variable was almost twice as large as compared to women. 

Next, based on the estimated models, the probability of employment termination was 

predicted. Sample results for selected variables are presented in Table 4. 

 

Table 4. The results of the prediction of the probability of quitting work for women and men 

Variable values Prediction of the probability 

age_group education place_resid. employ. 3 years 5 years 10 years 

W M W M W M W M W M W M W M 

1 1 1 4 4 4 1 1 0.018 0.059 0.037 0.121 0.101 0.319 

1 1 4 2 1 4 1 2 0.035 0.025 0.074 0.052 0.200 0.139 

1 1 1 1 1 1 1 1 0.016 0.029 0.033 0.059 0.091 0.158 

2 2 1 4 1 3 2 1 0.018 0.091 0.038 0.186 0.102 0.482 

2 2 1 2 1 3 1 2 0.023 0.039 0.088 0.081 0.131 0.213 

2 2 4 4 2 2 1 1 0.056 0.100 0.117 0.206 0.316 0.528 

3 2 2 4 3 4 1 2 0.080 0.057 0.166 0.118 0.440 0.311 

3 3 4 4 3 4 1 2 0.094 0.087 0.195 0.179 0.511 0.465 

4 3 4 2 4 1 1 1 0.209 0.126 0.428 0.258 0.907 0.643 

4 3 4 4 4 4 2 1 0.141 0.159 0.292 0.325 0.718 0.768 

 

The probability values presented in Table 4 were determined on the basis of all information 

about the individuals considered, which was included in the models, while these tables present 

only selected characteristics for these individuals. Both tables reveal how much the probability 

of finishing employment during the period of three, five and ten years varies depending on 
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individual characteristic. As an example, the probability of terminating employment within ten 

years by women aged 60-62 having basic vocational education and living in rural areas is equal 

0.907 for salaried employees, but by far lower and equal 0.718 for self-employed women. For 

the second age group we may even observe that the probability of finishing employment within 

5 years by some women from this group is higher than the probability of finishing employment 

within 10 years by other women from the same group age. In the case of women, it can be seen 

that the probability of remaining economically active is strongly influenced by the education 

and the place of residence of a woman. In addition, it was found that, regardless of age, women 

who are self-employed or assisting a family member are unlikely to terminate employment 

compared to women who are employed. The predictions received for men aged 56 to 58 years 

are the most diverse due to education feature. The form of employment has a big impact on the 

probability of employment termination for men. This can be clearly seen in the case of the 

oldest age group presented in the table (62-64 years). The self-employed men were almost half 

as likely to terminate their employment. In addition, there was no such large variation of 

probability due to various places of residence among men as for women. It is worth noting here 

that for both men and women it is only after reaching a certain age that the probability of 

employment termination increases significantly, the values before this age are at a similar level 

and are largely dependent on the individual characteristics of individuals. 

 

4. Conclusions 

One of the most important conclusions received in this study was the indication of the age after 

which Poles most often ended their economic activity. It was received that this is not the current 

statutory retirement age. Neither women nor men most often ended their economic activity at 

the current statutory age, but at 63 years for women and 68 for men. Of course, when 

interpreting this result, it is necessary to take into account both the 4-year transition period of 

extending the retirement age as well as the rights of some professional groups to early 

retirement. 

The second important conclusion is that women living in households in which there were 

children under 15 years of age and persons over 75 years of age did not give up their economic 

activity. This shows that changes are taking place in taking care of those who require it. 

Previous studies showed that informal care negatively affected employment, in particular for 

women (Kotsadam, 2011; Wilińska et al., 2019). In addition, it was found that well-educated 
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older people who live in large cities are more economically active, and when they are running 

their own business they tend to delay the time they quit their jobs. 

Performing prediction of the probability of transition from working to unemployed or 

economically inactive with the use of parametric survival models has made it possible to 

include individual employee characteristics in the model. This approach allowed both to 

indicate the profile of individuals who withdraw fastest from the labour market and those who 

remain economically active despite reaching retirement age, as well as enabled determining the 

probability of termination of employment for each employee separately. 

Due to the low economic activity of older Poles compared to the inhabitants of other 

European countries and the progressing aging of the Polish society, the results obtained in this 

study can be helpful in developing effective programs for the economic activation of people 

aged 50+, by precisely defining the target group of these programs. Moreover, it may be helpful 

in forecasting labour supply. 
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Interactive Data Analysis of OECD – Data: Introduction to Permutation 

Tests 
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Abstract 

For a long time, there has been a call for the use of real, multivariate data within statistical education (e.g. GAISE, 

2016) and to integrate civic data (e.g. ProCivicStat, 2018). 

On the other hand, there is some evidence that Simulation Based Inference, i.e. Bootstrapping and Permutation 

Tests can help to improve conceptual understanding of inferential statistics (see e.g. Chance et al., 2016; Maurer 

and Lock, 2016; Tintle et al., 2018; Hildreth et al., 2018; Lübke et al., 2019). In general, the permutation methods 

are considered to be more powerful than bootstrap (Berry et al., 2014) for calculating e.g. p-values. In permutation 

tests a test statistic is calculated for the observed data. Next the distribution of this test statistic is estimated using 

permutations of the observations over all possible arrangements (Kończak, 2016) or by Monte-Carlo Methods 

(Ernst, 2004). 

By the help of an interactive Shiny Apps (Doi et al., 2016) we combine these ideas, real, civic data and permutation 

tests: From the OECD Regional Well-Being (OECD Regions and Cities at a Glance 2018) data-set users can 

choose the indicators and the two countries they want to compare. By using ggplot2 graphics (Wickham 2016) we 

hope to ease the transition from learning to doing statistics (see e.g. McNamara, 2019). Currently the app is 

available in Polish, German and English. 

Keywords: OECD Well-Being, Permutation Tests, Shiny Application, Statistical Education 

JEL Classification: C12, C15, I31 

 

1. Introduction 

Statistical methods allow comparison of population characteristics. Parametric tests such as 

t-test and non-parametric tests such as U-Mann-Whitney’s test are used to compare 

e.g. expected values or other aspects of the distribution. In recent years, computer simulation 

methods such as bootstrap and permutation tests have been increasingly used to compare 

population characteristics. The main goal of this paper is to present the idea of permutation tests 

with use of the real civic data with an interactive Shiny Apps. 

Permutation methods precede many traditional parametric statistical methods, but only 

recently permutation methods have become part of the mainstream discussion of statistical 
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tests. Permutation tests were proposed by Fisher (1925) and further developed by Pitman 

(1937). Berry et al. (2014) indicate that in 1923 Neyman (Spława-Neyman, 1923) introduced 

a permutation model for analyzing field experiments in agriculture, but the article was not 

translated into English until 1990. 

Shiny Apps are web-based applications that enable easy interactive analysis and can be 

programmed in R. Numerous examples for different purposes exist (Doi et al., 2016) and used 

in a consistent way they may also help to narrow the gap between learning and doing statistics 

(see e.g. McNamara, 2019) within the learning curve. 

To engage students and to show the value of statistics as well as the concept of permutation 

tests we use the OECD Regional Well-Being (OECD Regions and Cities at a Glance 2018) 

data-set in which users can choose the indicators and the two countries they want to compare. 

 

2. The idea of permutation tests 

Permutation tests were proposed by Fisher (1925) and Pitman (1937). These tests are computer-

intensive statistical methods. Instead of comparing the observed value of the test statistic to 

a known standard distribution, the reference distribution is generated from the sample data in 

permutation tests. These tests can give results that are as accurate as than those obtained with 

the use of traditional statistical methods. 

The concept of these tests is simpler than of the tests based on normal distribution. The idea 

of permutation tests is like the bootstrap method but in bootstrap samples are taken with 

replacement. The main application of these tests is a two-sample problem (Efron and Tibshirani, 

1983). 

The permutation testing is based on the 5 following steps (Good, 2006): 

1. Identify the null hypothesis and the formulate the alternative hypotheses. 

2. Choose a test statistic (T). 

3. Compute the test statistic (T0). 

4. Determine the frequency distribution of the statistic under the null hypothesis. 

5. Make a decision using this distribution as a guide. 

 

We will concentrate on testing equality of means of two distributions. The form of the null 

hypothesis is that the two distribution will be following 

𝐻0: 𝐹1 = 𝐹2 (𝐻0: 𝜇1 = 𝜇2) 

against the alternative    

𝐻1: 𝜇1 ≠ 𝜇2. 
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The form of the alternative hypothesis is not the simple negation of the null hypothesis. Due 

to the form of the alternative hypothesis the test statistics that discriminates between the null 

hypothesis and the alternative should be chosen, so instead of sample mean also sample 

proportion for categorical data can be chosen. 

Let us consider two samples S1 and S2 where S1={x1, x2, …,xn1} and S2 = {y1, y2, …, yn2}. 

We will consider the statistic 

𝑇 = �̅� − �̅�      (1) 

where �̅�and �̅� are respectively means of the first and the second sample. Lest us denote by T0 

the value of this test statistic for the obtained data. It is easy to notice that big absolute values 

of the test statistic T0 will lead to the rejection of the null hypothesis. To obtain a distribution 

of the test statistic under the null hypothesis data labels should be permuted N times. Let us 

consider the joined sample 𝑆 = 𝑆1 ∪ 𝑆2. The joined sample S should be N times randomly 

divided into two samples of sizes n1 and n2. For each case the value of the test statistic T is 

calculated. We obtain values T1, T2, ..., TN. The empirical distribution of these values is an 

estimate of the distribution of the statistic T under the null hypothesis of identical distributions. 

The achieved significance level (ASL) should be determined (Efron and Tibshirani, 1983). 

ASL is the probability of observing at least that a value as large as T0 when the null hypothesis 

is true. The value of ASL is determined based on a series of data permutations. 

𝐴𝑆𝐿 = 𝑃𝐻𝑜{|𝑇| ≥ |𝑇0|}.      (2) 

The smaller the value of ASL the stronger is evidence against the null hypothesis. For 

a given significance level α (like 0.05, 0.1 or 0.01) we reject the null hypothesis if ASL is less 

or equal to α. Otherwise we do not reject H0. Usually the value of ASL is unknown. It can be 

estimated as follows: 

𝐴𝑆�̂� =
𝑐𝑎𝑟𝑑{𝑖:|𝑇𝑖|≥|𝑇0|}

𝑁
.     (3) 

 

3. OECD Well-Being Data 

OECD Regional Well-Being data (2019) is used in the paper. The data shows how regions 

perform when it comes to education, environment, safety, and other topics important to your 

well-being. This interactive site allows you to measure well-being in your region and compare 

it with 402 other OECD regions based on eleven topics central to the quality of our lives. 

The data allows to measure well-being of 402 regions in 36 countries. There are included 

25 EU countries (without Bulgaria and Romania) and United Kingdom, Australia, Canada, 

Chile, Israel, Japan, Korea, Mexico, Switzerland, Turkey, United States. The number of regions 
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is differing for various countries from 1 in Luxembourg and 2 in Slovenia up to 51 in United 

States. Each region is measured in eleven following topics: income, jobs, housing, health, 

access to services, environment, education, safety, civic engagement and governance, 

community, and life satisfaction (for details see Table 1). A score has been calculated for each 

topic so that places and topics within and across countries could be easily compared. 

 

Table 1. Variables and quartiles for 402 regions in OECD Well-Being Data 

No. Variable Unit 

Region 

1st 

Qu. 
Median 

3rd 

Qu. 

1 Labour force with at least secondary education % 60.70 81.60 90.10 

2 Employment rate % 61.40 67.60 72.97 

3 Unemployment rate % 4.100 5.500 8.575 

4 Household disposable income per capita constant USD PPP 11362 17725 23136 

5 Homicide rate per 100000 people 0.700 1.200 3.700 

6 Mortality rate per 100000 people 7.100 8.050 9.400 

7 Life expectancy number of years 78.00 80.50 82.20 

8 Air pollution (level of PM2.5) µg/m³ 8.1 12.4 17.6 

9 Voter turnout % 56.17 71.00 83.30 

10 Broadband access % of households 67.00 78.00 86.22 

11 Number of rooms per person rooms per person 1.300 1.800 2.100 

12 Perceived social network support % 85.90 91.45 93.90 

13 Self assessment of life satisfaction index 0 to 10 6.025 6.800 7.375 

 

 

4. Permutation Test for OECD Well-Being Data 

The idea of the use of permutation tests is presented for the 1st variable Labour force with at 

least secondary education (Table 1) for two countries: Germany and Poland. There are 16 

regions in Germany (land) and 16 regions in Poland (voivodeship). The values for the 

considered variable for regions of Germany and Poland are the following (%): 

Germany: 85.1, 87.2, 87.6, 92.2, 84.1, 86.2, 85.6, 91.8, 85.5, 84.3, 83.8, 85.2, 94.0, 91.4, 87.0, 94.5. 

Poland: 93.5, 95.3, 96.1, 96.2, 93.2, 95.3, 93.2, 92.9, 95.1, 92.3, 93.3, 95.3, 93.9, 93.7, 90.3, 93.9. 

 

The mean values of the variable Labour force with at least secondary education are for 

Germany 87.844% and for Poland 93.969%. 

Note that the inference here is not from sample to population but about form sample to data 

generating process. 
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Figure 1. Observed difference for the variable Labour force with at least secondary education 

for Germany and Poland 

 

The values for considered regions and results of permutation testing are presented in Fig. 1. 

It could be seen that the mean in percentage of workers with at least secondary education in 

Poland is greater than in Germany. Fig. 2 show the empirical distribution of the test statistic T 

under H0 and the value T0 obtained for the original data. The difference of means for this 

variable for German and Poland regions data is equal to -6,125. The values of the test statistic 

T obtained for the N = 100 of data permutation are between -4 and 4. This leads to the rejection 

of the null hypothesis: it is very unlikely – if the model of no difference in distribution would 

be true - to observe such an extreme value in a sample as we actually did. So the data provides 

evidence that there is a difference in the distribution of Labour force with at least secondary 

education for Germany and Poland. 
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Figure 2. Permuted difference in means for the variable Labour force with at least secondary 

education for Germany and Poland 

 

 
Figure 3. Permutation distribution of difference in means for the variable Labour force with at least 

secondary education for Germany and Poland 

 

Fig. 4 shows a screenshot from the app (https://fomshinyapps.shinyapps.io/OECD-

Permutation) [access 2020.01.24]). 

 

 
Figure 4. Screenshot of the shiny app 



The 14th Professor Aleksander Zeliaś International Conference on Modelling and Forecasting of Socio-Economic Phenomena 

67 

5. Conclusions 

With real, civic data, available in an interactive way, students can be motivated to investigate 

data, learn about society for variables and countries they may be interested in – and not just of 

Labour force with at least secondary education for Germany and Poland as in our example. 

By using permutation tests, statistical thinking in terms of models, distributions, hypothesis, 

and randomness can be promoted: How would the sampled data look like if there would be no 

difference in the distributions?  

We think that such apps offer a nice opportunity for statistic teachers to ask good questions 

and to show why statistical literacy and thinking is such an important skill in times of big data. 
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Forecasting upward and downward jumps in Nord Pool electricity prices 

by means of the generalised ordered logistic regression 

 

Jadwiga Kostrzewska1, Maciej Kostrzewski2 

 

 

Abstract 

The paper analyses the impact of selected variables, including an electricity consumption forecast, a wind power 

forecast, a water level in hydroelectric power plants, power plant outages, and seasonality, on the probability of 

upward or downward electricity price jumps. Using the rolling window scheme, we detect jumps by means of the 

quantile analysis, Tukey criterion, and a method based on the adjusted boxplot. Next, we apply the generalised 

ordered logistic regression model in order to forecast jump occurrences. The analysis is conducted on the basis of 

hourly electricity prices from the day-ahead Nord Pool market. 

Keywords: electricity prices, forecasting jumps, generalised ordered logistic regression model 

JEL Classification: C53, C63, Q47 

 

1. Introduction 

Electricity prices are extremely volatile, and their volatility is strongly linked with still existing 

problems with electricity storage which accompany the requirement to constantly balance 

production and consumption. This volatility is manifested by frequent occurrences of sudden 

price changes, called jumps. A precise estimation of the probability of an upward and 

downward jump, as well as no jump state is crucial in forecasting electricity prices. Forecasts 

of prices in consecutive hours of a day are important from the risk management perspective and 

may influence the strategy adopted by producers and consumers of electricity. 

The literature on electricity price forecasting is abundant (see Weron, 2014 for an 

overview). Furthermore, a number of papers are devoted to modelling and/or forecasting 

occurrences of price jumps (see e.g. Christensen et al., 2012; Eichler et al., 2012, 2014; 

Hellström et al., 2012; Janczura et al., 2013; Kostrzewski, 2012; Kostrzewski, 2019; 

Kostrzewska and Kostrzewski, 2018). For example, in order to forecast upward jumps/spikes 

of electricity prices (0-1 dependent variable), Christensen, Hurn and Lindsay (2012), Eichler 
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et al. (2012, 2014) employ the dynamic logit models, the ACH models and their modifications, 

while Kostrzewska and Kostrzewski (2018) use the logit model, and Hellström et al. (2012) 

consider modelling positive (upward) and negative (downward) jumps of daily electricity prices 

by means of the ordered probit model. Our contribution to the existing literature lies in 

employing the generalized ordered logistic regression model in order to forecast the probability 

of three ordered states: a downward jump, no jump, and an upward jump of electricity prices in 

hourly resolution. The model allows for taking into account a different impact of explanatory 

variables on the probability of an upward jump and a different impact on the probability of 

a downward jump. 

The paper aims at forecasting an upward jump, a downward jump, and no jump occurrence 

of electricity prices and at analysing factors which influence the probability of jump 

occurrences. We consider electricity prices on Nord Pool, which is an example of the market 

with an energy mix based mostly on renewable energy. The rest of the paper is organized as 

follows. Section 2 introduces data and methods used in the study, Section 3 discusses empirical 

results, and Conclusions Section ends the paper. 

 

2. Data and methods 

The paper analyses electricity prices from the Nord Pool market in the period between 

December 29, 2014 and July 2, 2017. We apply a rolling window scheme with a window length 

equal to 364 days, i.e. containing 24x364 hourly observations. We estimate each model based 

on 364 days and then, due to the nature of the day-ahead market, we forecast electricity prices 

for 24 hours of a next day. The first in-sample period spans from December 29, 2014 to 

December 27, 2015. In the study, we estimate 553 models and obtain 24-hourly forecasts for 

each of the models. 

Before applying a jump detection technique, we pre-process the data by removing the long- 

and short-term trend and seasonal component by means of the Hodrick-Prescott filter (see 

Weron and Zator, 2015) and a median filter moving over 168-hours (one week). These 

procedures are conducted for each window separately. The basic problem is how to define 

a jump. We employ three outlier detection techniques to identify jumps in electricity prices. 

The methods are not equivalent and do not detect the same jumps. Jumps detected under each 

of the methods are called the ‘observed’ ones and determine the categories of the dependent 

variable in the generalised ordered logistic regression model. 
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The method based on the quantiles (Janczura et al., 2013; Kostrzewska et al., 2016; 

Kostrzewska and Kostrzewski, 2018) marks 2.5% of the lowest and 2.5% of the highest values 

as downward and upward jumps, respectively. Let 𝑄1 and 𝑄3 be the lower and upper quartiles, 

and 𝐼𝑄𝑅 = 𝑄3 − 𝑄1 be the interquartile range. Within the method based on Tukey criterion 

(a standard boxplot), the values outside the range [𝑄1 − 1.5 ∙ 𝐼𝑄𝑅; 𝑄3 + 1.5 ∙ 𝐼𝑄𝑅] are marked 

as downward and upward jumps (see Tukey, 1977; Pawełek et al., 2015; Kostrzewska et al., 

2016). However, electricity prices have a skewed distribution (see Fig. 1), thus we also employ 

the method based on an adjusted box-plot (Hubert and Vandervieren, 2008). Within this 

method, the values outside the range [𝑄1 − 1.5 ∙ 𝑒
−4𝑀𝐶 ∙ 𝐼𝑄𝑅; 𝑄3 + 1.5 ∙ 𝑒

3𝑀𝐶 ∙ 𝐼𝑄𝑅] are 

marked as downward and upward jumps, respectively. The robust measure of the skewness 

medcouple (MC) was introduced by Brys et al. (2004) (see also Hubert and Vandervieren, 2008) 

and is defined as 𝑀𝐶 = median
𝑥𝑖≤𝑄2≤𝑥𝑗

(𝑥𝑗−𝑄2)−(𝑄2−𝑥𝑖)

𝑥𝑗−𝑥𝑖
 , where 𝑥1, … , 𝑥𝑛 – a data set, 𝑄2 – a sample 

median of the set 𝑥1, … , 𝑥𝑛, i.e. MC is calculated as a median of values 
(𝑥𝑗−𝑄2)−(𝑄2−𝑥𝑖)

𝑥𝑗−𝑥𝑖
 

calculated for all {(𝑖, 𝑗): 𝑥𝑖 ≤ 𝑄2 ≤ 𝑥𝑗}. In the paper, we use the abbreviations ADJ, QUA and 

TUK for the jump detection methods based on the adjusted boxplot, the quantiles and Tukey’s 

criterion, respectively. 

 

 

Figure 1. Histogram (top) and boxplot (bottom) of the hourly day-ahead electricity prices in the 

period between December 29, 2014 and July 2, 2017 

 

The aim of our study is to model and forecast upward and downward jumps of electricity 

prices, as well as no jump state. In the study, we employ the generalised ordered logistic 

regression model to deal with the probability estimation of an occurrence of ordered outcomes. 

The variable describing jumps takes three values: 
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𝑦𝑡 = {

−1 in case of a downward jump,
0 in case of no jump,
1 in case of an upward jump.

 (1) 

The generalised ordered logistic regression model for M categories of the dependent 

variable takes the form (Williams 2006): 

𝑃(𝑦𝑡 > 𝑗|𝑋𝑡) =
exp(𝛼𝑗 + 𝛽𝑗𝑋𝑡 )

1 + exp(𝛼𝑗 + 𝛽𝑗𝑋𝑡 )
  for 𝑗 = 1,… ,𝑀 − 1. (2) 

where 𝛼𝑗 are thresholds, 𝑋 = (𝑋1, … , 𝑋𝑘) – k explanatory variables, and 𝛽𝑗 = (𝛽𝑗1, … , 𝛽𝑗𝑘) is 

a vector of parameters (without a constant term). In our study, the model consists of two 

equations: the first one describes the probability 𝑃(𝑦𝑡 > −1|𝑋𝑡), while the second one 

describes the probability 𝑃(𝑦𝑡 > 0|𝑋𝑡). In each of these equations different parameters 𝛽𝑗 are 

allowed, thus different impact of the explanatory variables on the probabilities under 

consideration can be taken into account. We consider three methods of jump detection, thus we 

have three generalised ordered logistic regression models. In the next section, we compare the 

results obtained in these three cases. 

In the study, we apply the rolling window scheme. For each window with a length of 24x364 

hours, we pre-process the electricity prices by removing the long- and short-term trend and 

seasonal component, then we define jumps by means of one of three jump detection methods. 

Next, we apply the generalised ordered logistic regression model to describe jumps depending 

on a set of explanatory variables and to forecast a downward jump, no jump, or an upward jump 

occurrence for 24 hours ahead. For each window we assess (in-sample) the goodness of fit of 

models by means of McFadden’s pseudo-R2 and obtain the out-of-sample classification 

accuracy as a proportion of correctly forecasted occurrences: a downward jump, no jump, an 

upward jump. 

 

3. Empirical results 

As mentioned above, we apply a rolling window scheme, thus we obtain the generalised ordered 

logistic regression models for 553 in-sample periods separately for each jump detection 

methods ADJ, QUA and TUK. As a preliminary set of explanatory variables, we consider: 

▪ electricity prices lagged by 24 hours (Lagprice), 

▪ consumption forecasts (Consumption), 

▪ wind power generation forecasts (Wind), 

▪ a level of water in hydroelectric power plants (Water), 

▪ information on outages of power plants lagged by 48 hours (Outages), 
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▪ a dummy for wintertime (Winter), 

▪ dummies for days of a week (Mon-Sun without Wednesday), 

▪ a dummy for peak hours, i.e. #8 – #20 (Peak). 

 

Table 1. The frequency with which a variable has a statistically significant impact on the dependent 

variable within 553 models obtained for different jump detection methods (ADJ, QUA, TUK) 

Explanatory 

Variable Sign 

ADJ QUA TUK 

P(Y > –1) P(Y > 0) P(Y > –1) P(Y > 0) P(Y > –1) P(Y > 0) 

Lagprice 
+ 100.0% 98.4% 100.0% 98.0% 100.0% 99.3% 

– 0.0% 1.6% 0.0% 2.0% 0.0% 0.7% 

Consumption 
+ 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

– 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Wind 
+ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

– 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

Water 
+ 31.4% 17.3% 40.3% 32.3% 29.8% 9.4% 

– 48.4% 62.5% 37.0% 44.9% 51.8% 72.2% 

Outages 
+ 6.7% 0.0% 14.8% 0.0% 9.0% 0.0% 

– 73.8% 80.5% 64.1% 79.4% 77.1% 86.1% 

Winter 
+ 83.9% 22.0% 85.4% 59.7% 92.2% 27.1% 

– 4.9% 66.8% 4.9% 31.0% 4.7% 69.9% 

Mon 
+ 13.9% 13.7% 60.5% 68.1% 39.5% 45.3% 

– 1.1% 1.3% 5.1% 0.7% 6.7% 0.9% 

Tue 
+ 28.2% 19.9% 25.8% 23.3% 27.1% 31.4% 

– 34.3% 42.6% 12.1% 14.8% 25.1% 20.8% 

Thu 
+ 1.8% 6.1% 7.4% 50.0% 20.4% 30.0% 

– 20.0% 15.7% 56.9% 21.3% 12.8% 3.2% 

Fri 
+ 34.3% 0.0% 22.2% 1.4% 32.7% 0.9% 

– 57.8% 92.1% 38.1% 60.6% 42.6% 74.4% 

Sat 
+ 0.0% 0.0% 0.2% 0.0% 0.2% 0.0% 

– 97.3% 97.3% 95.5% 97.5% 69.1% 69.3% 

Sun 
+ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

– 100.0% 100.0% 98.4% 99.8% 99.1% 99.1% 

Peak 
+ 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

– 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Note: A positive/negative impact of a variable is denoted by a sign ‘+’/‘–’. The green colour means the frequency 

is higher than 75%, the red colour means the frequency is lower than 25%, and the yellow colour means the 

frequency is between 25% and 75%. 

 

In each model, we use the backward stepwise method to determine a set of explanatory 

variables that remain in the model. Thus, the set of these variables may differ in each of the 553 

estimated models. Table 1 reports the frequencies of variables in 553 sets of explanatory 

variables with an indication of a direction of its impact (a positive or negative sign). If the 

frequencies of the positive and negative impact of a variable sum up to 100%, this variable has 
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a statistically significant impact in all 553 models. Otherwise, as in case of the Water variable, 

the variable has a statistically insignificant impact in some of the models under consideration. 

The variables describing the electricity prices lagged by 24 hours, the forecasted 

consumption, and the dummy variable describing peak hours (#8 – #20) have a statistically 

significant positive impact on the probabilities P(Y > –1) and P(Y > 0) in almost all data sets 

(98% – 100%) and the jump detection methods. We can conclude that both higher prices 

24 hours before and the forecasted consumption increase the probability of an upward jump or 

no jump occurrence. On the other hand, the forecasted wind power (100%), dummy for Sundays 

(98.4% – 100%) and Saturdays (to a lesser extent) almost always have a statistically significant 

negative impact on these probabilities. The impact directions of some other variables are not 

clear. The level of water in hydroelectric power plants has a positive, negative or insignificant 

impact on the probabilities in some of 553 models. In case of outages, a negative impact on 

both probabilities is predominant (64.1% – 86.1%), which is rather surprising. Lower 

frequencies of dummy variables representing Mondays, Tuesdays and Thursdays may indicate 

that the probability P(Y > – 1) is almost the same on these days as on Wednesdays. We can 

conclude the same for the probability P(Y > 0). Generally, the frequencies of the explanatory 

variables are quite high with the exception of working days. 

 

Table 2. The percentage of correctly forecasted: downward jump, no jump, upward jump occurrences 

in the out-of-sample period (on the left), and the mean, maximum and minimum of pseudo-R2 measure 

calculated on the basis on 553 in-sample periods (on the right) 

 

Method 

Percentage of correctly forecasted occurrences  

(out-of-sample) 

Pseudo-R2  

(in-sample) 

Downward jump No jump Upward jump All Mean Min Max 

ADJ 57.5% 98.2% 51.3% 95.0% 0.623 0.541 0.726 

QUA 57.6% 98.5% 43.5% 95.6% 0.648 0.548 0.754 

TUK 69.7% 98.4% 51.0% 95.6% 0.619 0.509 0.720 

 

 
Figure 2. The electricity prices in the out-of-sample period along with upward (red dots) and 

downward (blue dots) jumps detected (i.e. ‘observed’) by means of ADJ method, forecasted 

probabilities of upward (red bars) and downward (blue bars) jump occurrences 

Note: The probabilities outside the area determined by dashed horizontal lines correspond to the values higher than 0.5. 
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Based on each of 553 models, we forecast a downward jump if the probability P(Y = –1) > 

0.5, an upward jump if the probability P(Y = 1) > 0.5, and no jump otherwise. The left side of 

Table 2 reports a percentage of correctly forecasted states, i.e. downward jumps, no jump, 

upward jumps. The percentage of correctly forecasted no jump states is very high and exceeds 

98%, regardless of the method of jump detection used. The percentage of correctly forecasted 

downward jumps (57.5% – 69.7%) is higher than upward ones (43.5% – 51.3%). These 

percentages are not too high, however, total accuracy of the generalised ordered logistic 

regression models i.e. the percentages of correctly forecasted states are satisfactorily high 

(slightly over 95%). The right side of Table 2 presents the values of pseudo-R2 measure 

calculated for ADJ, QUA and TUK methods. The values of this measure range from about 0.5 

up to almost 0.76, which is a good outcome. The results are similar regardless which method is 

used to detect jumps. 

Fig. 2 presents the electricity prices in the out-of-sample period along with upward (red 

dots) and downward (blue dots) jumps detected (i.e. ‘observed’) by means of ADJ method. The 

forecasted probabilities of downward (blue bars) and upward (red bars) jump occurrences are 

presented at the bottom of the figure. For the sake of clarity, the probabilities of downward 

jumps are presented as negative values. The probabilities outside the area bounded by dashed 

horizontal lines exceed 0.5 – in such a case an upward/downward jump is forecasted. It is easy 

to see that the red (blue) dots in the time series of prices and red (blue) bars higher than 0.5 

appear at similar moments. The plots for the other jump detection methods are similar to the 

one presented above. 

 

4. Conclusions 

The paper analyses and forecasts upward and downward jump occurrences in electricity prices. 

Using the rolling window scheme, we detect jumps by means of one of the considered methods 

based on: the adjusted boxplot, the quantiles, and Tukey’s criterion. We employ the generalised 

ordered logistic regression model which allows different impacts of explanatory variables on 

the probabilities of upward and downward jumps. By contrast, the ordered logistic regression 

model imposes the same impact of explanatory variables in each equation (parallel regressions 

assumption). On the other hand, the logistic regression model used in the literature can only 

handle the upward jump and no jump occurrences. 

In our study, regardless of the method used to detect jumps, the values of pseudo-R2 measure 

are relatively high. We notice a meaningful impact of the explanatory variables on the 
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probabilities of an upward, downward or no jump occurrence. In particular, we observe that no 

jump or upward jump probabilities are increased by higher electricity prices appearing 24 hours 

earlier, higher forecasted consumption, and during peak hours (#8 – #20), and they are 

decreased by the higher forecasted wind power and on Saturdays and Sundays. We assess the 

accuracy of the generalised ordered logistic regression model in forecasting downward jump, 

no jump, or upward jump occurrences by means of the proportion of correctly forecasted states. 

The total accuracy of the models exceeds 95%. 

The results indicate that the generalised ordered logistic regression model is a promising 

tool for forecasting the probability of upward and downward jump occurrences. The important 

conclusion is that there is no clear distinction in the goodness-of-fit and the accuracy of the 

forecasts obtained under the generalised ordered logistic regression model for jump detection 

methods considered in the study. The effectiveness is high in each case. 
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Bayesian VEC models with Markov-switching heteroscedasticity 

in forecasting macroeconomic time series 
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Abstract 

In the paper, we examine the forecasting abilities of Bayesian vector error correction models (allowing for long-

term relationships between modelled variables) featuring Markovian breaks in the conditional covariance matrix 

so as to capture time-varying volatility typically recognized in macroeconomic data. Such models may prove 

a useful tool in prediction of macroeconomic time series as a valid, empirically ‘sufficient’ alternative for VEC 

structures with more sophisticated specifications of heteroscedasticity, such as GARCH or stochastic volatility 

processes. The predictive performance of the models in question is evaluated here within the probabilistic 

paradigm of forecasting, with the accuracy of density forecasts measured by means of the log predictive score and 

Bayes factors, while also using Probability Integral Transform (PIT) to assess their calibration. Two empirical 

studies conducted in this research for the Polish and US economies, in the context of small models of monetary 

policy, indicate some gains in the predictive power of VEC models with Markov-switching heteroscedasticity as 

compared with homoscedastic VEC systems, though more sophisticated specifications (like GARCH or stochastic 

volatility) may still be required for further improvement. 

Keywords: cointegration, probabilistic forecasting, predictive score, predictive Bayes factor 

JEL Classification: C11, C32, C53 

 

1. Introduction 

For an effective forecasting of any time series by means of some statistical model it is essential 

for the latter to capture key characteristics of the data at hand. Macroeconomic time series, 

which are of this paper’s main focus, typically display two features (potentially, along with 

some seasonal or cyclical patterns): non-stationarity (due to the presence of stochastic trends) 

and conditional heteroscedasticity, with the latter having already been commonly associated 

not only with financial and commodity markets. Dealing with non-stationary processes jointly 

for different variables usually requires the use of cointegration analysis, with the underlying 

vector autoregression (VAR) model in its vector error correction (VEC) form. Then, to account 

also for the other feature some time-variability needs to be introduced into the conditional 

covariance matrix of the observations, with typical choices including a variety of multivariate 

                                                                 
1 Cracow University of Economics, Rakowicka 27, 31-510 Kraków, Poland, lukasz.kwiatkowski@uek.krakow.pl. 
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GARCH (MGARCH) or stochastic volatility (MSV) processes, both classes enabling 

continuously-valued (rather than discrete) changes of conditional variances and/or correlations. 

Recently, Wróblewska and Pajor (2019) examined the predictive performance of VEC models 

equipped with hybrid structures combining Multiplicative Stochastic Factor (MSF) process 

(belonging to the MSV class) and Scalar BEKK (SBEKK) specification (of the MGARCH 

family). As evidenced in the cited work (focusing on macroeconomic data for the Polish 

economy), extending a ‘standard’, homoscedastic VEC model with the MSF or MSF-SBEKK 

conditional volatility structure (introduced by Osiewalski, 2009, Osiewalski and Pajor, 2009) 

dramatically improves the forecasting abilities of the model (as measured by the log predictive 

score, LPS, energy score, ES, and also mean squared forecast error, MSFE). 

In this paper, we shift the attention to a qualitatively different and simpler (as compared 

with MGARCH, MSV or their hybrids) approach to modelling conditional heteroscedasticity 

in cointegrated VAR/VEC systems. We conjecture that in the case of macroeconomic 

(as opposed to financial) time series it may be empirically ‘sufficient’ (for the purpose of 

prediction) to enable discrete rather than continuously-valued shifts in the multivariate 

volatility. Following this line of reasoning, we allow the conditional covariance matrix to 

switch between two regimes, say, of high and low volatility, according to a homogenous and 

ergodic Markov chain. 

Although the concept of Markov-switching (MS) time series models has been well-

established and present in the literature for a long time (since a seminal paper by Hamilton 

1989), papers devoted to forecast evaluation of MS-VEC models for macroeconomic data are 

not as much scarce as their focus limited to the point (rather than density) prediction almost 

exclusively (see, e.g. Clarida et al., 2003, Sarno et al., 2005, and Psaradakis and Spagnolo, 

2005; in the latter the authors, apart from the point forecasts, also evaluate the calibration of 

density forecasts via the Probability Integral Transform, PIT). Therefore, following the recent 

shift of the forecasting paradigm from the point to probabilistic prediction, the aim of this study 

is an empirical evaluation of predictive densities performance of VEC models with Markov-

switching heteroscedasticity (VEC-MSH) in comparison with homoscedastic VEC structures. 

As for the statistical inference framework, we resort to the Bayesian approach to estimation 

and prediction, similarly as Wróblewska and Pajor (2019). Admittedly, the Bayesian setting is 

the most suitable while dealing with models with latent processes (like stochastic volatility or 

hidden Markov chains). Moreover, it handles coherently the parameter estimation uncertainty 

while producing predictive densities, which in the case of regime-changing models may be 

essential for the sake of their forecasting performance (as conjectured by Psaradakis and 
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Spagnolo, 2005). The latter is evaluated here by means of the log predictive score (LPS), which 

underlies the so-called predictive Bayes factor. We also examine PIT histograms to assess 

forecasts’ densities calibration; see, e.g., Geweke and Amisano (2010), Gneiting and Raftery 

(2007), Gneiting et al. (2007). 

 

2. VEC models with Markov-switching heteroscedasticity 

An 𝑛-variate VAR(k) model with Markov-switching conditional covariance matrix can be 

written in its VEC (henceforth VEC-MSH) form as: 

Δ𝑥𝑡 = Π̃𝑥𝑡−1 +∑Γ𝑖Δ𝑥𝑡−𝑖

𝑘−1

𝑖=1

+Φ𝐷𝑡 + 휀𝑡, 𝑡 = 1, 2, … , 𝑇,  (1) 

휀𝑡|𝜓𝑡−1, 𝑆𝑡, 𝜃~𝑁(0, Σ𝑡), (2) 

where 𝑥𝑡 is an 𝑛-variate random vector, {휀𝑡} is a vector white noise with some unconditional 

covariance matrix Σ, matrix 𝐷𝑡 comprises deterministic variables (such as the constant, trend 

and seasonal dummies), Π̃, Γ𝑖 and Φ are real-valued matrices of parameters, all collected in 𝜃, 

and 𝜓𝑡−1 denotes the past of the process {𝑥𝑡} up to time 𝑡 − 1. The matrix Π̃ decomposes as 

Π̃ = 𝛼𝛽′, with 𝛼 (𝑛 × 𝑟) storing the adjustment coefficients and 𝛽 (𝑚× 𝑟, 𝑚 ≥ 𝑛) pertaining 

to the cointegration relationships, once they exist (then 𝑟 < 𝑛 is their number). Note that 𝑚 >

𝑛 only under the deterministic components restricted to the cointegration relationships. The 

initial conditions 𝑥−𝑘+1, 𝑥−𝑘+2, …, 𝑥0 are assumed to be known and set as pre-sample 

observations; see Wróblewska and Pajor (2019) and the references therein. Finally, {𝑆𝑡}, where 

𝑆𝑡 ∈ {1, 2}, forms a two-state homogenous and ergodic Markov chain with the (time-invariant) 

transition probabilities 𝑝𝑖𝑗 ≡ Pr(𝑆𝑡 = 𝑗|𝑆𝑡−1 = 𝑖, 𝜃), (𝑖 = 1, 2), with 𝑝11 and 𝑝22 also stored in 

𝜃. This latent process governs the switches between the two regimes, each featured by ‘its own’ 

conditional (given 𝜓𝑡−1 and 𝜃) covariance matrix Σ𝑡 ≡ Σ𝑆𝑡 of the error term 휀𝑡. Note that in our 

setting we restrict the regime changes only to the volatility, thereby restricting the other 

parameters of the VEC structure to be time-invariant, assuming that possible long-term 

relationships and short-term adjustments hold constant over the entire sample. 
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3. Bayesian model specification, estimation and prediction 

The methodology of Bayesian Markov-switching VEC models has been developed by 

Jochmann and Koop (2015) and we follow their approach to a large extent, with minor 

modifications so as to tailor our framework to the one presented in Wróblewska and Pajor 

(2019).2 As Bayesian modelling requires specification of the prior distributions for model 

parameters, we adopt their structure for the VEC part from the cited paper, while also assuming 

that Σ1 and Σ2 follow the inverse Wishart distribution – the same as the one considered in 

Wróblewska and Pajor (2019) for Σ in homoscedastic VECs. For 𝑝11 and 𝑝22 in all the VEC-

MSH models we impose uniform priors. 

Bayesian estimation of the models at hand necessitates a use of MCMC methods, including 

the Gibbs sampler (in all the models) and the Forward-Filtering-Backward-Sampling scheme 

(developed by Carter and Kohn, 1994) for sampling latent Markov chain’s state variables; see 

also Jochmann and Koop (2015). Additionally, to handle the label switching, a problem 

inherent to mixture models, we use the permutation sampler designed by Frühwirth-Schnatter 

(2006). Although requiring additional simulations at each MCMC step, prediction within the 

VEC and VEC-MSH models is quite straightforward, owing to a sequential structure of the 

likelihood. 

 

4. Empirical analysis 

The empirical analysis to follow is based on various VEC and VEC-MSH specifications of the 

so-called small models of monetary policy, and considered separately for the Polish and US 

economies. Following Primiceri (2005) and Wróblewska and Pajor (2019), the models 

comprise three variables: inflation rate of consumer prices, unemployment rate and short-term 

interest rate (WIBOR3M for Poland, and the so-called shadow interest rates, calculated 

according to Wu and Xia 2015, for US).3 In both cases we use quarterly data, covering the 

periods: 1998:Q1–2016:Q4 (T = 76 observations, seasonally unadjusted) for Poland, and 

1960:Q1–2015:Q4 (T = 224 observations, seasonally adjusted) for the US; see Fig. 1. 

To account for seasonal effects in the data for Poland, zero-mean centered seasonal dummies 

are introduced in the models (following Wróblewska and Pajor 2019). The dataset for Poland 

                                                                 
2 Details can be provided by the author upon request. 
3 However oversimplified such models may appear from the macroeconomic perspective, we refrain from an 

otherwise due discussion on the limitations and relevant extensions of their structure (for the open economy of 

Poland, in particular). The choice of the models at hand is primarily dictated by our intent to extend the research 

and contribute to the discussion by Wróblewska and Pajor (2019) on predictive performance of heteroscedastic 

VEC models. 
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coincides precisely with the one analysed in Wróblewska and Pajor (2019), which enables us 

to compare the results of both studies. Including here also the US economy is intended to 

broaden the scope of the analysis, and relates to an influential paper by Primiceri (2005). 

 

Figure 1. Modelled data (values on the LHS axis) along with the posterior and predictive probabilities 

of the first state (the RHS axis) 

Note: Vertical lines demark the initial conditions (violet line) and the period of predictive performance evaluation. 

 

In each of the models under study we assume that the order of the underlying VAR process 

equals k = 2 (see Primiceri, 2005, Wróblewska and Pajor, 2019). We consider two alternative 

specifications of the constant term in Eq. (1) (either an unrestricted constant, conventionally 

denoted as d = 3, or a constant restricted to the cointegration relationships: d = 4), and three 

different numbers of cointegration relations (𝑟 ∈ {0, 1, 2}), and the case of a stationary VAR 

system (i.e. 𝑟 = 𝑛 = 3). Models with given d and r are labelled as VEC(d, r) and VEC(d, r)-

MSH. Some of all possible specifications are omitted from further analysis, either due to some 

numerical problems encountered in estimation (VEC(3, 2)-MSH, VEC(3, 3)-MSH for both the 

Polish and US datasets, and VEC(4, 1)-MSH and VEC(4, 2)-MSH for US), or due to their 

absence in Wróblewska and Pajor (2019) (VEC(4, 0) for Poland) or their methodological 

irrelevance (VEC(4, 3 = n), with and without the MSH structure). Eventually, in the US case 

only three VEC-MSH are considered (see Table 2). For the Polish data we additionally include 

two specifications of the VEC-MSF-SBEKK family – the ones that in Wróblewska and Pajor 

(2019) emerged the best (full VEC-MSF-SBEKK) and the worst (VEC-SBEKK). To address 

the problem of label switching in the VEC-MSH models we impose an identification restriction: 

𝑉𝑎𝑟(𝐼𝑛𝑡. 𝑟𝑎𝑡𝑒𝑡|𝑆𝑡 = 1,𝜓𝑡−1, 𝜃) > 𝑉𝑎𝑟(𝐼𝑛𝑡. 𝑟𝑎𝑡𝑒𝑡|𝑆𝑡 = 2,𝜓𝑡−1, 𝜃), so that the first regime 
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features a higher volatility of the interest rates, although we note that the results are ‘robust’ to 

the choice of the underlying variable. Moreover, estimation of the Markov-switching models 

with r  {1, 2} for Poland required a strong tightening of the priors of the adjustment 

coefficients and the elements of the matrix B (see Wróblewska and Pajor, 2019), with their 

standard deviations reduced from 1 in all the other models to ca. 0.032, although the latter 

modification does not affect the prior for the cointegration space. 

The predictive performance (in the sense of density forecasts) of the models under 

consideration is evaluated via series of ex-post one-quarter-ahead density predictions, based on 

a sequence of expanding (recursive) samples, with each model being reestimated upon the 

arrival of each new observation. For the sake of the experiment we spare the final N = 16 and 

N = 56 observations in the case of Poland and US, respectively, so that the forecasting periods 

cover 2013:Q1–2016:Q4 (Poland), and 2002:Q1–2015:Q4 (US). As can be inferred from Fig. 1, 

throughout the entire prediction period for Poland the second regime (of low volatility) prevails 

unequivocally, as opposed to the US data, where the corresponding period witnesses some 

regime changes. Therefore, it is even more interesting to examine and compare the predictive 

abilities of Markov-switching models in these two markedly distinct settings.  

Each of the predictive densities is based upon 200 000 MCMC posterior draws, preceded 

by either 400 000 burn-in passes – for the first of N forecasts – or 10 000 cycles for the 

subsequent N − 1 predictions, with the sampler each time initiated at the final draw of the 

previous run. Density forecasts are evaluated by means of the (decimal) log predictive score 

(LPS; the higher the value, the better), with the difference between LPS’s for two alternative 

models defining the log predictive Bayes factor (LPBF). Their values cumulated over the entire 

ex-post forecasting period are denoted as CLPS and CLPBF, respectively, and presented in 

Tables 1 and 2. 

As can be inferred from Tables 1 and 2, the Markov-switching models prove at least 

marginally (in the case of Poland) or substantially better (US) in terms of LPS. Although for 

the Polish dataset (displaying apparent ‘tranquillity’ throughout the prediction period) the 

difference in the predictive power of VEC and VEC-MSH models is negligible, it is still 

systematic, holding for all variants of d and r, which is most probably attributable to an overall 

higher flexibility of mixture models. Nevertheless, specifications featuring only discrete (rather 

than continuously-valued) volatility changes are still outperformed by the VEC-MSF-SBEKK 

and even VEC-SBEKK models. For the US data, the VEC-MSH specifications gain far more 

advantage over homoscedastic models. As indicated by Fig. 2, this superiority of Markov-
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switching models hinges directly upon evident occurrences of volatility breaks over the 

prediction period, which is quite intuitive. 

 

Table 1. Cumulated log predictive scores (CLPS) and cumulated log predictive Bayes factors (CLPBF) 

in favour of the best model: Poland. Results for VEC-MSF-SBEKK and VEC-SBEKK come from 

Wróblewska and Pajor (2019) 

Ranking (i) d r Model CLPSi CLPBF1i 

1 4 2 VEC-MSF-SBEKK -5.471 0 

2 3 1 VEC-SBEKK -11.287 5.816 

3 4 1 VEC-MSH -12.314 6.843 

4 4 2 VEC-MSH -12.321 6.850 

5 3 0 VEC-MSH -12.442 6.971 

6 4 0 VEC-MSH -12.452 6.981 

7 3 1 VEC-MSH -12.491 7.020 

8 4 2 VEC -12.716 7.245 

9 4 1 VEC -12.797 7.326 

10 3 2 VEC -13.048 7.577 

11 3 1 VEC -13.093 7.622 

12 3 0 VEC -13.377 7.906 

13 3 3 VEC -13.891 8.420 

 

Table 2. Cumulated log predictive scores (CLPS) and cumulated log predictive Bayes factors (CLPBF) 

in favour of the best model: US 

Ranking (i) d r Model CLPSi CLPBF1i 

1 3 1 VEC-MSH -71.590 0 

2 3 0 VEC-MSH -71.997 0.407 

3 4 0 VEC-MSH -72.066 0.476 

4 4 2 VEC -82.768 11.178 

5 4 1 VEC -82.875 11.285 

6 3 2 VEC -82.887 11.297 

7 3 1 VEC -82.974 11.384 

8 4 0 VEC -83.067 11.477 

9 3 0 VEC -83.180 11.590 

10 3 3 VEC -83.569 11.979 

 

Finally, we examine the calibration of density forecasts via PIT histograms, displayed in 

Fig. 3 and 4, along with 95% (non-Bayesian) confidence bands constructed as in Wróblewska 

and Pajor (2019) around the value of 0.2 (representing, in our setting, the ideal case of PIT 

uniformity). Overall, although none of the models considered in these figures proves ideal, it 

appears the introducing Markovian breaks in the conditional covariance matrix of VEC models 

may somewhat improve (more or less visibly) predictive densities calibration. 
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Figure 2. Cumulative log predictive Bayes factors in favour of the best VEC-MSH against the best 

VEC model (solid line; the LHS axis), along with the posterior (red dashed line) and predictive (green 

dashed line) probabilities of the first state (the RHS axis) 
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Figure 3. PIT histograms in the best VEC, VEC-MSH and VEC-MSF-SBEKK models for Poland 
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Figure 4. PIT histograms in the best VEC and VEC-MSH models for US 

 

5. Conclusions 

In the paper we examined and compared probabilistic predictive performance of Bayesian 

homoscedastic VEC models with their extensions allowing for two-state Markov-switching 

heteroscedasticity. To this end, the log predictive score (LPS) and Bayes factors, as well as 

Probability Integral Transform were employed, which are typically used for such assessments. 

In general, the results of our two empirical studies based on data representing, separately, 

the Polish and US economies indicate that allowing for Markovian shifts in conditional 

covariance matrix of VEC models provide at least as good density forecasts as the ones obtained 

within ‘standard’ VEC structures, with the VEC-MSH outperforming the latter in the presence 

of volatility shifts occurring over the prediction period. Nevertheless, the comparison with the 

results presented by Wróblewska and Pajor (2019) implies that enabling Markovian dynamics 

in conditional volatility may still prove empirically insufficient, thereby necessitating a use of 

more sophisticated specifications like MSF-SBEKK. 
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Abstract 

The analysis of the structure of authors’ teams of research publications is the main goal of the paper. The study 

will concern the following features of teams: number of team members, team structure with respect to demographic 

attributes, scientific degrees, positions or affiliation. During the study typical forms of cooperation (“patterns of 

cooperation”) among authors will be identified. Also the analysis of durability of authors’ teams will be discussed. 

The empirical part of the research presents the analysis of patterns of cooperation existing among researchers 

working for the Cracow University of Economics. The scope of analysis will cover all research publications 

published in twelve-year period of scientific activity. 

Keywords: research productivity, scientific publications, publishing activity. 

JEL Classification: C82, O32 

 

1. Introduction 

In the research literature the growing importance of scientific cooperation can be observed. It is 

focused on the development of science and on scientific achievements of individual scientists. 

Finally it causes the increase in the number of publications written in co-authorship. 

Sonnenwald defines scientific cooperation as an interaction taking place within a social context 

among two or more scientists that facilitates the sharing of meaning and completion of tasks 

with respect to a mutually shared, superordinate goal (Sonnenwald, 2007). In the definition of 

science presented in the publication "Science of Science" references to scientific cooperation 

can be found: Science can be described as a complex, self-organizing, and evolving network of 

scholars, projects, papers, and ideas. This representation has unveiled patterns characterizing 

the emergence of new scientific fields through the study of collaboration networks and the path 

of impactful discoveries through the study of citation networks (Fortunato et al., 2018). 

                                                                 
1 Corresponding author: Cracow University of Economics, Department of Computational Systems, Rakowicka 27, 

Kraków, Poland, pawel.lula@uek.krakow.pl. 
2 Cracow University of Economics, Department of International Management, Rakowicka 27, Kraków, Poland, 

monika.hamerska@uek.krakow.pl. 
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Publications on issues related to scientific cooperation point to the numerous advantages of 

this form of activity that are relevant to an individual researcher. They include, among others: 

▪ The opportunity to develop more complex and complicated theories that would be hard to 

master for a single scientist (Beaver, 2001; Katz and Martin, 1997). It is important, 

especially in the natural sciences, engineering and interdisciplinary research (Beaver, 

2001); 

▪ The costs of research requiring the use of specialized research devices may be very high for 

a single researcher (Duque et al., 2005; Laband and Tollison, 2000). In the case of 

cooperation within a scientific team, scientists can use limited funds that will allow them 

access to expensive scientific equipment (Beaver, 2001); 

▪ Scientific cooperation has a beneficial effect on the prestige of the researcher and 

recognition in the scientific community (Katz and Martin, 1997; Beaver, 2001) as well as 

scientific cooperation creates the opportunity to expand methodological and conceptual 

knowledge through the experience of other researchers (Beaver, 2001; Katz and Martin, 

1997); 

▪ Cooperation is a factor that positively affects the level of scientific productivity expressed 

in both the number of publications and the number of citations (Chung et al., 2009; Laband 

and Tollison, 2000). 

 

By studying the literature, some unfavourable aspects associated with undertaking scientific 

cooperation can be indicated. These aspects mainly refer to the lower quality of publications 

(Fox and Faver, 1984), the adverse impact of co-author's publications on scientific promotion 

or underestimation of the contribution of young researchers to the benefit of those already 

experienced (Fox and Faver, 1984). 

Confidence in teamwork has increased over the past decades, which is a fundamental 

change in the way research is conducted. Numerous publications indicate an increase in the 

number of publications written in co-authorship. In 1955, in social science individual authors 

wrote 17.5% of their papers in teams. Since then, there has been an increase in co-authored 

publications and in 2013 the percentage of articles written by science teams was 90% (Fortunato 

et al., 2018). In the research, we can also observe a certain tendency related to the increasing 

number of scientists working within scientific teams across various disciplines. This trend 

indicates the following relationship: a smaller team of scientists starting cooperation and as 

a result of achieving a satisfactory level of scientific productivity attracts new scientists through 

the process of cumulative advantage (Palla et al., 2007; Fortunato et al., 2018). Scientists also 
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point to the fact that large research teams achieve a better level of scientific productivity 

expressed in the number of citations in publications from various disciplines. 

It was also noticed that teams of many researchers are solving existing research problems 

while smaller ones tend to formulate new research problems (Wu et al., 2019). Small teams 

survive longer if they maintain a stable core, but larger teams persist longer if they manifest 

a mechanism for membership turnover (Palla et al., 2007; Fortunato et al., 2018). There is 

a tendency related to the size of research teams across different disciplines. Natural sciences or 

physical sciences are characterized by a larger research team than e.g. social sciences. Research 

indicates that the average size of the biological sciences team is 6,624, for physical sciences it 

is equal to 5,254 and for social sciences 4,634. (Xie et al., 2018). 

During the research process the authors were going to analyse the structure and the 

durability of Polish researchers’ teams preparing publications in the field of economics and 

management. The empirical part of the research presents the analysis of patterns of cooperation 

existing among researchers working for the Cracow University of Economics. The scope of 

analysis will cover all research publications published in twelve-year period of scientific 

activity. 

 

2. Research methodology 

The empirical analysis presented in the paper is based on the information concerning publishing 

activity of academic staff of the Cracow University of Economics and covers the following 

issues: 

▪ the structure of publications in terms of size of authors’ teams. To achieve this goal, the 

analysis of lists of authors of publications registered in the period 2004-2015 in the Dorobek 

database used by the Main Library of the Cracow University of Economics was performed; 

▪ the durability of authors teams. The durability can be defined as the ability to work together 

to prepare subsequent publications. Two methods of durability evaluation were used. Using 

the first method, lists of authors were treated as sets and the number of occurrences for 

every set was calculated. In the second approach, for every set of authors all two-element 

combinations without repetition were generated and for every pair of authors the number of 

appearances were assessed. It was assumed that the more frequent occurrence of the 

measures presented above proves greater durability of the author's teams; 

▪ the structure of authors’ teams with respect to authors’ gender, department employing team 

members, scientific degree or titles of authors and their position. Such calculations had to 
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be preceded by the creation of a programming solution to supplement the data about 

publications’ authors with information specifying their gender, scientific degree or title, 

position or department in which they are employed. 

 

All calculations were performed with the use of programs prepared in R language. 

 

3. The analysis of authors’ teams at the Cracow University of Economics 

During the research the information about the publications prepared by the academic staff of 

the Cracow University of Economics (CUE) was used. The scope of analysis covered 

publications registered at the Dorobek3 database from 2004 to 2015. The total number of 

research publications (monographs, journal papers, chapters in monographs and publications 

published in conference proceedings) in this period was equal to 14874. 

 

The structure of publications with respect to the size of authors’ teams 

The analysis of publications structure with respect to the size of authors teams was the main 

goal of the first stage of the study. The detailed information about all works from the period 

2004-2015 is presented in the Table 1. 

 

Table 1. The structure of the scientific publications prepared by the CUE academic staff from 2004 to 

2015 with respect to the size of authors’ teams 

Year 

The size of an authors’ team 

Total 1 2 3 4 5 or more 

N % N % N % N % N % 

2004 829 79.8% 173 16.7% 23 2.2% 8 0.8% 6 0.6% 1039 

2005 724 77.8% 165 17.7% 29 3.1% 6 0.6% 6 0.6% 930 

2006 798 76.4% 195 18.7% 36 3.4% 4 0.4% 11 1.1% 1044 

2007 853 77.3% 200 18.1% 38 3.4% 8 0.7% 5 0.5% 1104 

2008 933 79.2% 193 16.4% 35 3.0% 7 0.6% 10 0.8% 1178 

2009 955 78.7% 215 17.7% 27 2.2% 4 0.3% 13 1.1% 1214 

2010 1062 80.8% 199 15.1% 31 2.4% 8 0.6% 15 1.1% 1315 

2011 1245 81.2% 238 15.5% 29 1.9% 7 0.5% 15 1.0% 1534 

2012 1129 77.5% 255 17.5% 35 2.4% 16 1.1% 21 1.4% 1456 

2013 1113 77.3% 237 16.5% 59 4.1% 18 1.3% 12 0.8% 1439 

2014 1102 74.4% 257 17.3% 74 5.0% 24 1.6% 25 1.7% 1482 

2015 762 66.9% 247 21.7% 72 6.3% 25 2.2% 33 2.9% 1139 

Total 11505 77.3% 2574 17.3% 488 3.3% 135 0.9% 172 1.2% 14874 

 

                                                                 
3 https://bazybg.uek.krakow.pl/dorobek. 
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The analysis of data presented in the Table 1 shows that the structure of publications with 

respect to the size of authors’ teams was stable over time. About 77% of all works were issued 

as one-author publications. Taking into account advantages of cooperation, this result can be 

considered as unsatisfactory because the potential benefits of cooperation remain under-

exploited. 

 

Durability analysis of authors’ teams 

The durability of a given authors’ team was measured by the number of publications prepared 

by its members. Only authors who were employees of the CUE with an employment contract 

in the period 2004-2015 were included in this analysis. In this period 1862 multi-author 

publications prepared by authors from the CUE were registered in the Dorobek database. These 

works were prepared by 776 various authors’ teams. The number of occurrences of teams is 

presented in the Table 2. 

 

Table 2. The number of occurrences of authors’ teams composed of the CUE employees 

Number  

of Occurrences 

Number  

of teams 
% 

Number  

of Occurrences 

Number 

of teams 
% 

1 428 55.15% 12 4 0.52% 

2 158 20.36% 13 1 0.13% 

3 60 7.73% 14 3 0.39% 

4 36 4.64% 15 1 0.13% 

5 26 3.35% 16 2 0.26% 

6 15 1.93% 17 1 0.13% 

7 16 2.06% 19 1 0.13% 

8 9 1.16% 22 1 0.13% 

9 5 0.64% 24 1 0.13% 

10 5 0.64% 26 2 0.26% 

11 1 0.13% Total 776 100.00% 

 

The results shown in the Table 2 indicates that the durability of authors’ team is rather low. 

About 55% of teams prepared only one publication and 20.3% of teams prepared two works. 

On the other hand, four teams registered have very high durability and each of them prepared 

20 or more research publications. 

The second approach used for the analysis of teams’ durability was based on the analysis 

of common publications prepared by pairs of authors from the CUE. In the period 2004-2015, 

1109 various pairs of authors were identified. It was assumed that two authors form a pair if 

they appear at least once in the list of authors of the same publication. The results are presented 
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in the Table 3. Unfortunately, the results presented in the Table 3 confirms previous findings. 

About 46.5% of authors’ pairs appear only once. 

 

Table 3. The number of occurrences of authors’ pairs composed of the CUE employees 

Number 

of occurrences 

Number 

of pairs 
% 

Number 

of occurrences 

Number 

of pairs 
% 

1 516 46.53% 13 1 0.09% 

2 237 21.37% 14 5 0.45% 

3 117 10.55% 15 3 0.27% 

4 58 5.23% 16 2 0.18% 

5 51 4.60% 17 3 0.27% 

6 36 3.25% 18 5 0.45% 

7 32 2.89% 19 1 0.09% 

8 12 1.08% 24 1 0.09% 

9 9 0.81% 26 1 0.09% 

10 7 0.63% 31 1 0.09% 

11 5 0.45% 36 1 0.09% 

12 4 0.36% 40 1 0.09% 

   Total 1109 100.00% 

 

 

Authors’ teams structure 

Next step of the analysis was focused on the analysis of the structure of authors’ teams. During 

the study, the structure of teams by authors’ gender, department employing team members, 

scientific degree or titles of authors and their position. 

The structure of teams in terms of gender is presented in the Table 4. For teams composed 

of two authors, in 60% of cases both authors represented the same gender.  

The analysis with respect to department is presented in the Table 5. 

 

Table 4. The structure of authors teams with respect to authors’ gender 

Number of authors in 

one authors’ team 

Number of all 

teams 

Number of authors’ teams 

with the same values for all 

members of an authors’ team 

Number of authors’ teams 

with various values for 

members of an authors’ team 

2 1550 935 (60.3%) 615 (39.7%) 

3 236 78 (33.0%) 158 (70.0%) 

4 40 10 (25.0%) 30 (75.0%) 

5 17 2 (11.8%) 15 (88.2%) 

6 or more 19 5 (26.3%) 14 (73.6%) 
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Table 5. The structure of authors teams with respect to departments employing authors 

Number of 

authors in one 

authors’ team 

Number of 

all teams 

Number of authors’ teams 

with the same values for all 

members of an authors’ team 

Number of authors’ teams with 

various values for members of an 

authors’ team 

2 1550 1279 (82.5%) two values: 271 (17.5%) 

3 236 192 (81.4%) two values: 43 (18.2%) 

three values: 1 (0.4%) 

4 40 31 (77.5%) two values: 7 (17.5%) 

three values: 2 (5.0%) 

5 17 13 (76.5%) two values: 3 (17.6%) 

four values: 1 (5.9%) 

6 or more 19 12 (63.2%) two values: 3 (15.8%) 

four values: 4 (21.1%) 

 

The results show that in most cases, all members of authors’ teams work at the same 

department. For example, 82.5% of teams composed of two authors were formed by authors 

from the same department. The similar situation may be observed also for large teams. Taking 

into account teams of size 6 or greater, in 63.2% of cases all members work for the same 

department. 

The analysis of authors’ teams with respect to scientific degree or title is presented in the 

Table 6. 

 

Table 6. The structure of authors teams with respect to scientific degree or title of authors 

Number of 

authors in one 

authors’ team 

Number of 

all teams 

Number of authors’ teams 

with the same values for all 

members of an authors’ team 

Number of authors’ teams with 

various values for members of 

an authors’ team 

2 1550 573 (37%) two values: 977 (63%) 

3 236 37 (15.7%) two values: 134 (56.8%) 

three values: 65 (27.5%) 

4 40 10 (25%) two values: 13 (32.5%) 

three values: 17 (42.5%) 

5 17 1 (5.9%) two values: 9 (52.9%) 

three values: 5 (29.4%) 

four values: 2 (11.8%) 

6 or more 19 2 (10.5%) two values: 7 (36.8%) 

three values: 8 (42.1%) 

four values: 2 (10.5%) 

 

In the last step, the structure of teams due to position of authors were analyzed. The results 

present the Table 7. It can be said that the structure of teams in terms of degrees or positions is 

rather diverse. 
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4. Conclusions 

The results obtained during the study allow to formulate the following conclusions: 

▪ the substantial minority of scientific publications at the Cracow University of Economics 

are written by authors’ teams (77.3% of publications registered in Dorobek database in the 

period 2004-2015 were prepared by a single author), 

▪ the durability of authors’ team is low (55% of teams and 47% of pairs of authors prepared 

only one common publication), 

▪ teams are diverse by scientific degree or title and positions held by authors; at the same time 

teams are usually homogeneous in terms of the authors' membership in university 

departments. 

 

Table 7. The structure of authors teams with respect to position of authors 

Number of 

authors in one 

authors’ team 

Number of all 

teams 

Number of authors’ teams 

with the same values for all 

members of an authors’ team 

Number of authors’ teams 

with various values for 

members of an authors’ team 

2 1550 542 (35.4%) two values: 1002 (64.6%) 

3 236 40 (16.9%) 
two values: 120 (50.8%) 

three values: 76 (32.2%) 

4 40 10 (25.0%) 

two values: 13 (32.5%) 

three values: 16 (40.0%) 

four values: 1 (2.5%) 

5 17 0 

two values: 12 (70.6%) 

three values: 2 (11.8%) 

four values: 3 (17.6%) 

6 or more 19 1 (5.2%) 

two values: 5 (26.3%) 

three values: 8 (42.1%) 

four values: 5 (26.3%) 
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Resampling vs. Parameter Correction: Ways of Dealing with Parameter 

Uncertainty in Testing VaR 
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Abstract 

Since 2010 there is a new line of research connected with testing VaR, which addresses the problem of the 

parameter uncertainty or, in other words, estimation risk. The presence of the estimation risk implies that the 

observed VaR violation process may not fulfill the standard postulates that underpin the testing framework. 

In consequence, there is a risk that statistical tests may reject correct VaR models due to the estimation errors 

committed when predicting VaR. In statistical terms, it means that the estimation risk distorts the test size. The 

previous studies suggested dealing with this issue by the resampling. We propose to solve the problem of parameter 

uncertainty in testing VaR without resorting to the time-consuming simulations. Our study focuses on the design 

of the forecasting scheme and its influence on the estimation risk. Specifically, we study the impact of the 

parameter correction frequency. We compare the effects of the parameter corrections with the effects of correcting 

for the estimation errors by the resampling methods. We show that our proposition is both less time-demanding 

and more efficient at ensuring the proper test size. 

Keywords: VaR tests, parameter uncertainty, estimation risk, test size 

JEL Classification: C12, G18, G32, D53 

 

1. Introduction 

Due to the current international standards of banking supervision, testing Value-at-Risk (VaR) 

continues to be a topical issue in financial literature. These standards, though reformed 

substantially in years 2012-2017 (Basel Committee on Banking Supervision, 2017), have left 

the VaR measure as a basis of the risk model evaluation. The important role of VaR in the 

banking supervision stimulates the inflow of new testing methods (eg. Berkowitz et al., 2011; 

Candelon et al., 2011; Ziggel et al., 2014; Kramer and Wied, 2015; Pelletier and Wei, 2016; 

Pajhede, 2017). The new developments are mainly aimed at improving upon the statistical 

properties of the early VaR tests (Kupiec, 1996; Christoffersen, 1998). However, since 2010, 

there is a new line of research connected with testing VaR. This line treats the problem of the 

parameter uncertainty or, in other words, estimation risk. The studies dedicated to this problem 

                                                                 
1 Corresponding author: University of Łódź, Department of Statistical Methods, Rewolucji 1905 r. 41/43, 90-214 

Łódź, Poland, marta.malecka@uni.lodz.pl.  
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focus on showing the influence of the parameter uncertainty on one of the two main properties 

of statistical tests – the test size. 

The issue of the parameter uncertainty in the VaR testing context was defined by 

Escanciano and Olmo (2010). They studied the uncertainty inherent to the procedure of 

estimating a VaR model and noted that the estimation errors made in this procedure change the 

properties of the VaR violation process. This process indicates whether the forecasted VaR was 

exceeded or not and is a basis of the statistical inference about VaR. Assuming the absence of 

the estimation risk and the correct VaR model, the VaR violation process should satisfy two 

properties: the unconditional coverage and independence. The unconditional coverage property 

refers to the overall VaR violation probability and states that this probability should be equal 

to the chosen VaR level. The independence property requires the VaR violations to be 

independent of the past violations or, more generally, of all available market information. These 

two properties jointly mean that the VaR violation process should be iid Bernoulli. However, 

the presence of the estimation risk implies that the observed VaR violation process may not 

fulfill the iid Bernoulli postulate. This may happen not because of the VaR model incorrectness, 

but because of the estimation errors. In consequence, there is a risk that statistical tests may 

reject correct VaR models due to the estimation errors committed when predicting VaR. 

In statistical terms, it means that the estimation risk distorts the test size, which is the parameter 

that indicates the probability of rejecting correct models. 

The previous studies on the parameter uncertainty in testing VaR suggested dealing with 

this issue by the resampling (Escanciano and Olmo, 2011; Candelon, 2011; Dumitrescu et al., 

2012). In particular, Candelon et al. (2011) advocated the subsampling method, which is 

a special case of the resampling. The idea behind this method is to replace the asymptotic 

distribution of the test statistic with the simulated distribution that takes account of the 

estimation risk. This simulated distribution is created by repeating many times the process of 

testing on smaller subsets of the initial data. At each repetition, the testing is preceded by the 

process of the VaR model parameter estimation. This mimics the real inference process and 

introduces the estimation risk. However, such simulations are very time-consuming. In practice, 

the implementation of the subsampling method would require conducting these simulations at 

each statistical test. The complexity and time demands of such an approach may impede its 

introduction to the business practice. 

We propose to solve the issue of parameter uncertainty in testing VaR without resorting to 

the time-consuming simulations. Our study focuses on a different factor that potentially 

influences the estimation risk, which is the parameter correction frequency. We note that the 
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previous studies are all based on the simplifying assumption that predicting VaR relies on the 

so-called fixed forecasting scheme. This scheme assumes that VaR forecasts are obtained from 

a model, whose parameters are estimated only once, on a fixed number of beginning 

observations. With this scheme, the parameter estimates are never corrected. Our intuition is 

that introducing the parameter correction could substantially reduce the negative effects of the 

estimation errors. Therefore, we study the impact of the parameter correction, done with 

a predefined frequency, on the estimation risk. We compare the effects of the parameter 

correction with the effects of correcting for the estimation errors by the subsampling method. 

We show that our proposition is both less time-demanding and more efficient at ensuring the 

proper test size. 

Our study is organized as follows. In Section 2 we introduce the notion of the estimation 

risk in testing VaR and we present the ways of handling this issue. Section 3 compares the 

previously proposed subsampling technique with the newly proposed method, based on 

adjustments made to the forecasting scheme. The final section summarizes and concludes. 

 

2. Parameter Uncertainty in Testing VaR 

Influence of parameter uncertainty on statistical tests 

The fundamental property of a statistical test, which is used to evaluate its quality, is the test 

size. It measures the probability of the type one error, which, in the VaR testing framework, 

corresponds to the probability of rejecting a correct VaR model. Ideally, this probability should 

be equal to the chosen significance level. Then such a test is called accurate.  

The standard way of gauging the test size in the VaR evaluation framework does not take 

into account the estimation risk. It is based on simulations, whose starting point is the VaR 

violation process. This process compares the returns tR  to the p-level VaR forecast | 1, ( )−t t pVaR  

and it is defined as  | ,, 1( ) 1 < .( ) −= t t pt p tI R VaR  This definition is heavily dependent on the 

parameter vector  . In reality, the “perfect” values of this parameter vector are unknown, which 

is the source of the estimation risk. What we really have is | 1, ( )−t t pVaR  and the observed 

violation process is  | ,, 1( ) 1 < .( ) −= t t pt p tI R VaR  

In such a setting, even under the assumption of the correctness of the VaR model, the , ( )t pI  

process may not fulfill the postulates of the unconditional coverage and independence. Thus 

the tests that are built on these two postulates are likely to reject correct VaR models. 
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The negative impact of the estimation risk has motivated the development of methods that 

are aimed at dealing with this issue. The first such method was the derivation of the asymptotic 

distributions of the test statistics under the presence of the quantified estimation risk 

(Escanciano and Olmo, 2010). However, this method has been regarded as “difficult” by its 

authors, who pointed out technical problems. These problems are connected with the increasing 

complexity and the quick inflow of the new tests. As an alternative to deriving modified 

asymptotic distributions, it has been proposed to rely on the resampling methods (Escanciano 

and Olmo, 2010; Escanciano and Olmo, 2011; Candelon, 2011; Dumitrescu, 2012). Their idea 

is to replace the theoretical test statistic distributions with the simulated distributions that 

incorporate the estimation risk. On the contrary to this, our proposition is to come back to the 

asymptotic distributions, however, with the assumption of introducing frequent parameter 

corrections. 

 

Dealing with parameter uncertainty through subsampling 

One of the resampling methods advocated in the literature to ensure the correct VaR test size is 

the subsampling (Candelon, 2011). It consists in repeating the process of estimation and testing 

on smaller subsets of the initial data. Each of the subsets of the length b  of the data  1,..., TRR

serves to mimic the real decision-making process. 

The subsampling method requires the choice of the subsample length b , which then 

determines the number of possible repetitions bN . Previous studies on this issue deliver some 

guidelines about the choice of b . Escanciano and Olmo (2011) suggest 2/5=b KP , 

 65,70,75,80K , 1000=P , where P  is the size of the tesing sample. Using also the results 

of Candelon et al. (2011), we rely on 2/5=b KP , 65=K , 1000=P . 

The subsampling method delivers the approximation of the test statistic distribution that 

incorporates the estimation risk. This method, however, has the drawback of being extremely 

time-consuming. More importantly, the previous studies have shown that the tests based on the 

subsampled distributions, though performing better than the asymptotic tests, are still not 

accurately sized. For this reason, we seek another alternative. We propose to deal with the issue 

of the parameter uncertainty by introducing their timely corrections. Intuitively, the parameter 

corrections have the potential to reduce estimation errors. We compare the influence of such 

corrections to the effects of using the subsampled distributions. 
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Dealing with parameter uncertainty through parameter corrections 

The subsampling method described above assumes that the process of inference about a VaR 

model is based on the fixed forecasting scheme. It means that the model parameters   are 

estimated only once from R  beginning observations and then used to produce VaR forecasts 

throughout the out-of-sample period of the length P . Such a forecasting scheme obviously 

yields substantial estimation errors. These errors can be reduced by introducing the parameter 

corrections. We introduce them by replacing a fixed forecasting scheme with a rolling 

forecasting scheme. 

In the rolling scheme, the estimation is based on a window consisting of a fixed number of 

observations. The estimates from such a window are used to produce the 1-step-ahead to  

f -step-ahead forecasts. At first, this window covers the R  beginning observations. Then it is 

moved forward in the sample by adding more recent observations and dropping the oldest ones. 

This process of “rolling” is done across the whole sample. Such a rolling scheme is popular in 

practice as it enables institutions to continuously forecast VaR. 

The rolling forecasting scheme requires the choice of the parameter correction frequency, 

measured by f . The more frequent the corrections (the lower f ), the larger reduction of the 

estimation error is attainable. Under the sufficient frequency of the corrections, the parameter 

estimates should be close enough to their true values to allow for the use of the standard 

asymptotic distributions. Therefore, we suggest using the standard distributions instead of the 

subsampled ones. We study the impact of the parameter correction on the test size assuming 

a daily data with the correction frequency set subsequently to 10 days, 5 days and one day, 

i.e. 1,5,10=f . 

 

3. Test Size under Parameter Uncertainty 

We investigate the influence of the parameter uncertainty on the size of the VaR tests by means 

of the Monte Carlo (MC) study. The test size gives the probability of rejecting correct models. 

Ideally, it should be exactly equal to the chosen significance level. The influence of the 

parameter uncertainty on the test size results from the estimation process that precedes the 

testing procedure. As an outcome of the estimation process, we get the VaR forecasts and the 

sequence of violations. This sequence,  , ( )t pI , is not based on the “perfect” parameters 0 , 

but on the ones subject to the estimation risk  . Thus, even under the correct VaR model, it 

may not comply with the postulate of independence. As a consequence, the statistical tests 
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based on the standard distributions are likely to reject correct models. This negative effect may 

be gauged by comparing the test size under the absence and presence of the parameter 

uncertainty. 

We first study the compliance between the test size and the significance level under the 

absence of the parameter uncertainty. Such an exercise gives us the benchmark size to evaluate 

both its distortion caused by the estimation errors and its improvement gained from the 

resampling method or from introducing a rolling forecasting scheme. Since this initial study 

assumes the absence of the estimation risk, it is based on the abstract “perfect” VaR forecasts. 

Under the correct VaR model, such forecasts yield a violation process that fulfills the 

independence postulate. We draw this process from the Bernoulli trials with the probability of 

success set to the VaR level. We conduct our study for the commonly used 5% VaR level, three 

significance levels, 0.01, 0.05 and 0.1, and the sample size =T  1000. The test size is evaluated 

over 10 000 MC repetitions. We include two leading VaR independence tests – the 
M

indLR  test 

based on the Markov-chain framework and the VaRGMM  test build within the duration-based 

approach. 

 

Table 1. Corrected and uncorrected size of VaR independence tests 

Significance level 
M

indLR  VaRGMM  

Absence of parameter uncertainty 

0.01 0.021 0.022 

0.05 0.108 0.053 

0.1 0.204 0.088 

Presence of parameter uncertainty, estimation risk uncorrected. fixed forecasting scheme 

0.01 0.118 0.141 

0.05 0.223 0.291 

0.1 0.287 0.372 

Presence of parameter uncertainty, estimation risk corrected 

0.01 0.011 0.128 

0.05 0.077 0.147 

0.1 0.171 0.180 

Presence of parameter uncertainty, estimation risk uncorrected. parameter correction every 10 days 

0.01 0.007 0.010 

0.05 0.045 0.052 

0.1 0.085 0.104 

Presence of parameter uncertainty, estimation risk uncorrected. parameter correction every 5 days 

0.01 0.008 0.010 

0.05 0.044 0.046 

0.1 0.085 0.094 

Presence of parameter uncertainty, estimation risk uncorrected. parameter correction every day 

0.01 0.009 0.009 

0.05 0.043 0.043 

0.1 0.086 0.090 
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The size results under the absence of the estimation risk (Table 1) show substantial 

differences between the tests with regard to their accuracy. The VaRGMM  test, built on the 

duration-based approach, largely improves upon the size properties of the standard Markov-

chain 
M

indLR  test. Its estimated size is much closer to the chosen significance levels. 

The size results also show that the test accuracy is worst when operating on the lowest of 

the examined significance levels and it tends to improve for the higher levels of 0.05 and 0.1. 

For these significance levels, the differences between the estimated size and the nominal 

significance level of the VaRGMM  test may be regarded as negligible. Thus, under the absence 

of the estimation risk, the VaRGMM test seems satisfactory in terms of its statistical accuracy. 

Taking into account the parameter uncertainty requires substantial changes in our 

simulation study. The testing procedure needs to be preceded by the estimation process and the 

violation sequence needs to be modified accordingly. To this purpose, we need in-sample and 

out-of-sample data, which we assume to be of the lengths 500=R  and 1000=P , respectively. 

This accounts for the total sample length 1500= + =T R P . To mimic the estimation process, 

we employ a GARCH-class model2 with the conditional mean of the form 

= ,  (0,1)t t t tR h Z Z N:  and the conditional variance of the form 
2

1 11 1=  − −+ +t t th R h . 

Using VaR forecasts from this model, we obtain a sample of the violation process  , ( )t pI . 

On this sample, we conduct the VaR tests. Evaluation of their size is done over 10 000 MC 

repetitions, where each repetition involves both the estimation and testing. These estimates are 

referred to as uncorrected sizes and they show the distortions to the initial sizes caused by the 

estimation errors. 

The outcomes show that the test size under the presence of the estimation risk differs 

drastically from the initial size results. The only conclusions that remain unchained are those 

connected with relation between the tests and tendencies referring to the significance level. 

Still, the VaRGMM  test appears superior to the 
M

indLR procedure and the test properties improve 

for higher significance levels than 0.01. However, the estimated size substantially moves away 

from the nominal significance levels. For the 0.01 significance level, the observed size results 

are more than ten times higher. For the 0.1 level, when the tests are most accurate, the nominal 

levels are more than tripled. These results demonstrate the dramatic influence of the estimation 

                                                                 
2 We set the parameters of this model to the standard values 

1
0.0001 = , 

1
0.14 =  and 

1
0.85 = , which 

mimic the behavior of the real financial returns, assuming the daily observation frequency. 
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risk on the test accuracy. They show, that omitting this issue in test evaluation, leads to the 

misleading conclusion that available procedures permit the control over the error of rejecting 

correct VaR models. 

Correcting for the estimation errors by means of the subsampling, as proposed in previous 

studies, is based on a simulated distribution. This distribution replaces the standard asymptotic 

2  distribution. In order to incorporate the estimation error correction, we conduct the 

simulations in a way that mimics all elements: estimation, finding the corrected distribution and 

testing. To this end, the subsets  1,..., + −k k bRR  are divided into the in-sample parts of the length 

bR  and the out-of-sample parts of the length bP , where =b

b

R R

P P
. They are moved across the 

sample, giving 1= − +bN T b  repetitions, which are used to approximate the estimation-error-

corrected test statistic distribution. The assessment of the quality of such correction requires 

repeating the whole procedure a large number of times. In summary, we perform the 

simulations, where each involves the following steps: 

(a) estimation of the VaR model parameters; 

(b) producing a VaR violation process; 

(c) generating the corrected distribution through the subsampling; 

(d) testing; 

(e) computing a decision from the simulated estimation-error-corrected distribution. 

 

From a large number of repetitions, which involve steps (a)-(e), we can approximate the 

test size, which we call an estimation-error-corrected size. Since such nested simulations are 

very time-consuming, we set the number of MC repetitions to 1 000. 

The size results obtained from the procedures based on the estimation-error-corrected 

distributions show the reduction of the negative effects of the estimation risk. All results are 

closer to the benchmark size estimates attainable under the absence of the estimation risk. This 

confirms the results from previous studies, which apply the subsampling method. However, the 

results still seem unsatisfactory. All size estimates, regardless of the test or significance level, 

more than double the nominal size. 

As an alternative to the resampling methods, we consider dealing with the problem of size 

distortions by changing the forecasting scheme. We propose to shift from a fixed forecasting 

scheme to the rolling forecasting scheme. As explained in the previous sections, this scheme 

involves the parameter corrections, which are done with a predefined frequency. Since our 
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study is based on the daily data, we set the frequencies f  to 1, 5 and 10 days. This means that 

each set of the in-sample data of the length R  is used to estimate the VaR model parameters 

and produce the 1- to f -day-ahead VaR forecasts. Then this in-sample data is moved by 

dropping the f  last observations and adding f  more recent ones. The resulting VaR forecasts 

give the violation process of the length P , which is then used for testing. The testing is done 

with the use of the standard asymptotic 2  distribution. We mimic such a procedure in 

simulations, whose number we set to 10 000. We conduct the simulations separately for each 

value of f . These simulations allow us to approximate the test size, which we call the 

estimation-error-uncorrected test size with the parameter correction. 

The results from the final step of our simulation study, which involves the rolling 

forecasting scheme, show that adjustments made to the forecasting scheme have a larger impact 

on the size property than the subsampling method. The parameter corrections that we propose 

work better at reducing the effects of the estimation risk. Even for the lowest considered 

correction frequency, which is 10 days, the size results are closer to the benchmark ones than 

those obtained with subsampling. Increasing the correction frequency further improves the 

results. As expected, the everyday parameter correction yields the most accurate results. In 

particular, the results of the VaRGMM  for the significance levels 0.05 and 0.1 are in line with 

those obtained initially, under the absence of the estimation risk. This shows that the previous 

results about the necessity of replacing the asymptotic distribution with the simulated one are 

valid only for the case of the fixed forecasting scheme. This scheme, however, is rather rare in 

practice. For the rolling forecasting scheme, regular parameter corrections allow for accurate 

testing with the use of the standard asymptotic distributions. 

 

4. Conclusions 

The paper referred to the topic of the formal evaluation of VaR models. It focused on the 

problem of the parameter uncertainty in testing VaR. So far, this problem was dealt with by 

means of the resampling methods. We proposed to handle it by introducing the forecasting 

scheme that reduces the estimation errors. This method, contrary to the resampling, permits the 

use of the standard asymptotic distributions. In this way, is substantially reduces the time 

demands and complexity of the testing procedures. Our main result was that adjustments made 

to the forecasting scheme allow for better control over the test size than the resampling method. 

In particular, we showed that introducing a rolling forecasting scheme with frequent parameter 

corrections almost fully reduces the negative effects of the estimation risk. Thus the proposed 
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approach outperforms the resampling method with regard to both practical aspects and 

statistical properties of the tests. 
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The impact of changes in sample allocation on distributions of examined 

sample variables 

 

Janusz Niezgoda1 

 

 

Abstract 

The knowledge of the population may be taken from exhaustive or partial research. It is assumed that exhaustive 

research provides full information about the population under analysis. However, because of the constant increase 

of research costs, the short validity of data and the continuous demand for information, it is necessary to use the 

representative sampling method, allowing researchers to acquire knowledge quickly. Being based on the 

examination of a part of the population (sample), it brings forth such problems as the method of sampling, missing 

answers or an increase of the sample. 

The aim of this study is to analyse the results of modifying the stratified sampling scheme, where the size of the 

sample is increased in selected strata. 

The research was done with the use of computer simulation and the sampling scheme in stratified sampling. 

The results show that an increase of the size of the population in selected strata results in a change of the 

distribution of the examined variable. 

Keywords: stratified sampling scheme, random variable distribution, non-profit organisations 

JEL Classification: C46, C83, L31 

 

1. Introduction 

From the viewpoint of science, it is best to examine the entire population. In the case of large 

populations, the basic shortcomings of such research (exhaustive research) are its long duration 

and high costs of performance. The protection of secrecy and the ordinary reluctance to provide 

necessary information also pose serious problems. In such a situation, the only option is to use 

the representative sampling method in research. The primary tools used in it are described 

thoroughly, among others, in works by (Steczkowski and Stefanów, 2009; Cochran, 1997; 

Zasępa, 1962). 

Examining a statistical community by means of the representative sampling method 

certainly has such advantages as the shorter time of examination and lower costs. For these 

reasons, the representative sampling method is applied in social and economic sciences, e.g. in 

the case of research on households or public opinion research (Groves, 2006; Benade, 2019). 
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In computer science it is used, among others, for assessing the reliability of software 

(Podgurski, 1999) or analysing large data collections (Zhao, 2018). The major shortcoming of 

the representative sampling method is the presence of errors resulting from incomplete 

information about the population under analysis (Groves, 2006). Consequently, determined 

values of estimators are burdened with errors. For the purpose of their decrease, some 

researchers make attempts to increase the size of the sample in selected strata above the size 

resulting from the adopted stratified sampling scheme. However, such an action has an impact 

on the resulting distribution of sample variables. 

The aim of this paper is to analyse the results of modification of the stratified sampling 

scheme, where the size of the sample is increased in selected strata. 

 

2. Stratified sampling scheme 

In the case of homogeneous communities, simple sampling schemes are usually used. The use 

of the stratified sampling scheme is recommended in the following situations: 

a. when the population is diversified at least with regard to one variable; 

b. when it is necessary to acquire information for some parts of the population 

(subpopulations), each part should be treated as the whole population; 

c. administrative comfort may prescribe the use of stratification, for example, when an agency 

conducting a survey has local offices each of which can conduct a survey for a part of the 

population; 

d. the diversification of the population causing various sampling problems in different parts of 

the population (Cochran, 1977, pp. 89-90). 

 

If the population is not divided in a natural way, its stratification must be performed in 

a manner guaranteeing the fulfilment of two conditions: each element of the population is 

assigned to one stratum, and the sum of all elements constitutes the population. In stratification 

procedures there is also a requirement that particular strata be internally homogeneous and 

maximally diversified between one another Cochran (1977), Zhao (2019). Because of the 

division of the population, it becomes necessary to allocate the sample in strata (Steczkowski, 

2009, pp. 74-80; Zhao, 2019, p. 419; Benade, 2019). There are four methods of sample 

allocation in strata: 
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▪ Uniform allocation, where equipotent samples are taken from each strata: 

𝑛 =∑𝑛ℎ

𝑙

ℎ=1

 (1) 

where: 

n – sample size nh – sample size in h – this stratum  l – number of strata 

 

▪ Proportional allocation is based on sampling from each sample stratum in a manner ensuring 

the fulfilment of the condition: 

𝑁ℎ
𝑁
=
𝑛ℎ
𝑛

 (2) 

where: 

N – population size 

Nh – stratum size 
 

In the case of uniform and proportional allocation, it is first necessary to determine the 

minimum size of the sample: 

𝑛 =
𝑢𝑎
2𝑠2𝑁

𝑢𝑎2𝑠
2 + 𝑁𝑑2

 (3) 

where: 

u  – quantile of the normal distribution read for the confidence level equal to 1 –  

d – requested precision of evaluation 

s2 – variation of population from preliminary studies 
 

▪ Apart from sizes nh, Neyman allocation takes intra-stratum variances into consideration: 

𝑛ℎ =
𝑁ℎ𝑠ℎ

∑ 𝑁ℎ𝑠ℎ
𝑙
ℎ=1

 (4) 

where: 

sh – standard deviation in h – this stratum from preliminary studies 
 

▪ Optimum allocation also takes into account the diversification of research costs in each 

stratum ch: 

𝑛ℎ =

𝑁ℎ𝑠ℎ
√𝑐ℎ

∑
𝑁ℎ𝑠ℎ
√𝑐ℎ

𝑙
ℎ=1

. (5) 

Publications concerning the representative sampling method focus mainly on the properties 

of estimators. 
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3. Characteristics of the subject matter of research 

The starting point for considerations is the sampling scheme in research on the Polish non-profit 

organisation sector described in [GUS (Central Statistical Office of Poland) 2016, pp. 22-24]. 

The current sampling scheme assumes the purposive-random sampling of research units. In the 

first place, the purposive sampling of units meeting specific conditions is carried out. Inter alia, 

all of the following units are selected: 

▪ units whose business activity has been registered; 

▪ units having the status of a public benefit organisation; 

▪ originators of the European Social Fund; 

▪ units employing more than five persons; 

▪ water volunteer rescue service; 

▪ mountain volunteer rescue services; 

▪ Tatra Mountains Volunteer Rescue Service; 

▪ units that have concluded a contract with the National Health Fund. 

 

For other units included in the sampling frame, the sample taken has a representative nature 

within each province and type of organisation. The strata were provinces with separate cities 

having more than 500,000 inhabitants. The sampling for strata was not proportional. 

The size of the sample was determined on the assumption that the relative standard error of 

estimated parameters should not exceed 5%. Due to the assumed 15% participation of inactive 

units, the number of units randomly sampled in each stratum was 20% higher. 

 

4. Structure of the population under analysis 

In this study only the sampling scheme for the population of foundations was analysed. For all 

provinces, the size distributions were built by grouping counties according to the number of 

foundations operating in them. In Table 1, for example, foundation number distributions were 

presented for the Mazovia and Opole provinces. This distributions based on the data of the 

Statistical Office in Kraków. Because all the provinces contained counties with largely outlying 

sizes, they were replaced with an artificial category 105-115 and a size selected so as to make 

the total number of foundations closest to the actual one. 
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5. Simulation experience and results 

For the purpose of examining the impact of increasing the size of samples taken from individual 

strata, the provinces were divided into two groups: “strong” provinces, where larger and more 

developed foundations prevail (e.g. with a larger number of employees and higher revenues), 

and “weak” provinces with a prevalent number of small foundations (e.g. with lower revenues). 

The group of strong provinces consisted of: Kujawy-Pomerania, Łódź, Małopolska, Mazovia, 

Pomerania, Silesia, Lower Silesia and Wielkopolska. The group of poor provinces consisted of: 

West Pomerania, Warmia-Mazury, Świętokrzyskie, Podlasie, Podkarpacie, Opole, Lubuskie 

and Lublin. 

 

Table 1. Structure of foundations in counties of the Mazovia and Opole provinces 

j 
Number of foundations 

   xdj        xgj 

Mazovia Province 

 fj 

Opole Province 

 fj 

1 0 10 19 7 

2 10 20 7 2 

3 20 30 4 2 

4 30 40 1 0 

5 40 50 1 0 

6 50 60 2 0 

7 60 70 2 0 

 8 105 115 47 1 

 

Strong provinces were described by random variables: X1.m ~ N(20, 1) reflecting such 

continuous variables as revenues. 

Dichotomous variables X2.m with a two-point distribution (x2.m = 1 with probability p = 0.2; 

x2.m = 0 with probability p = 0.8) describing, for example, the question from Section I of the 

SOF-1 form with numbers 1, 11 and 12. Multi-criterion answers, e.g. Section II, question 1, 

Section VII, question 2 of the SOF-1 form were simulated by a four-point distribution. 

Weak provinces were described by random variables: X1.s~N(10, 1), dichotomous (x2.m = 1 

with probability p = 0.8; x2.m = 0 with probability p = 0.2) and four-point distribution. 

Data on distributions stated above were generated for each county, thus building the 

population. This paper presents preliminary results based on a single sample from the 

population. Its distributions are presented in Fig. 1, 2 and 3 (the population variant). 

First, minimum sample sizes were determined for the provinces, being divided 

proportionally into counties. The distribution from the standard sample is presented in Fig. 1, 2 

and 3 (the standard sample variant). Later, a modified sample was taken, where the minimum 

sample size was increased in counties where up to five foundations operate. The distributions 
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are presented in Fig. 1, 2 and 3 (the modified sample variant). Table 2 contains results of the 

Kolmogorov-Smirnov test, which is used for the verification of the hypothesis about the 

consistency of distributions of the variable X1 in the population and both samples. 

 

Figure 1. Distributions of continuous random variables 

 

Table 2. Results of the Kolmogorov-Smirnov test for the continuous variable 

Community Standard sample Modified sample 

Population 
D = 0.1737 

p-value < 2.2e-16 

D = 0.2442 

p-value < 2.2e-16 

 

Distributions of the dichotomous variable and the four-state variable are presented in Tables 

3 and 5. It is easy to notice growing differences between the population and the standard sample 

on the one hand and the population and the modified sample on the other hand. 

 

Table 3. Distributions of the dichotomous variable 

 X2 

 0 1 

Population 73.54% 26.46% 

Standard sample 63.46% 36.54% 

Modified sample 58.90% 41.10% 

 

Table 4. Results of the equivalence test of two structure indicators for the dichotomous variable 

  X2 = 0 X2 = 1 

 
 

Standard 

sample 

Modified 

sample 

Standard 

sample 

Modified 

sample 

Population 
2  208.74 388.81 208.24 388.09 

p-value  < 2.2e-16  < 2.2e-16  < 2.2e-16  < 2.2e-16 

 

This observation is confirmed by results of the equivalence test of two structure indicators 

presented in Table 4 and Tables 6 and 7. 
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Figure 2. Distributions of dichotomous variables 

 

Table 5. Distributions of the four-point variable 

 X3 

 0 1 2 3 

Population 11.41% 22.83% 40.06% 25.71% 

Standard sample 22.92% 23.95% 32.60% 20.53% 

Modified sample 27.49% 24.11% 29.42% 18.98% 

 

 
Figure 3. Distributions of the four-point variable 

 

Table 6. Results of the equivalence test of two structure indicators for the four-point variable for x3 = 0 

and x3 = 1 

  X3 = 0 X3 = 1 

  Standard sample Modified sample Standard sample Modified sample 

Population 
2  471.5 796.56 2.905 3.3842 

p-value  < 2.2e-16  < 2.2e-16 0.0883 0.0658 

 

Table 7. Results of the equivalence test of two structure indicators for the four-point variable for x3 = 2 

and x3 = 3 

  X3 = 2 X3 = 3 

  Standard sample Modified sample Standard sample Modified sample 

Population 
2  97.61 178.21 191.28 90.554 

p-value  < 2.2e-16  < 2.2e-16  < 2.2e-16  < 2.2e-16 
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6. Conclusions 

The aim of this study was to analyse the impact of the increase of the sample size in selected 

strata on the shape of sample variable distributions. 

As can be seen from the completed simulation calculations, the non-proportional increase 

of the sample in strata produces significant differences between distributions of variables in the 

population and distributions obtained from individual tests. It is worth noting that distributions 

obtained for the standard sample are significantly different from distributions from the 

population. This is caused by rounding up to total minimum sample sizes in individual strata. 

An additional increase of the size in strata only deepens this effect. In the case of real research, 

another consequence of such plans will be an increase in the research costs. In view of the 

obtained results, it seems most advantageous to carry out random sampling strictly in 

accordance with the rules valid for the given sampling scheme. This is because even small 

changes may cause much bigger errors in the results than theoretically assumed. 
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ISM method in research on success factors of Polish and Ukrainian supply 

chains 

 

Anatoliy Pilyavskyy1, Anna Maryniak2, Yuliia Bulhakova3 

 

 

Abstract 

The study aims to compare the key success factors of Polish and Ukrainian supply chains (SC) management and 

to identify the interrelationships between the factors recurring for both parties. The article is based on a case study 

and uses the Interpretative Structural Model (ISM) method, which is almost unknown in the surveyed markets. 

The subject adopted for illustration is also poorly recognized. Therefore, the article fills the research gap in the 

area of methodology and the research topic itself. Based on empirical research, among other things, it has been 

established that it is possible to identify success factors for SC management that are characteristic of both the 

Polish and Ukrainian side. The activities within the framework of the "analyst" construct were considered most 

important in connection with other factors for success. These are supply chain evaluation indicator analysis, 

preparation and analysis of reports in the area of logistics, identification, and evaluation of risk elements in the 

supply chain and ordering data and improving data acquisition. Also, it was found that the factors which represent 

factors with a high power of dependence and a high driving force belong to the transport construction and 

procedural conditions. Differences in the perception of the success factors of the examined supply chains were 

also shown and it was proposed to extend the research using methods related to the ISM method or methods 

supporting it. 

Keywords: ISM, success factors, supply chain, the dairy industry. 

JEL Classification: L110 

 

1. Introduction 

The supply chain is an interesting and dynamically developing field of research, therefore every 

year more and more elements of theoretical, conceptual, review, empirical quality and 

empirically quantitative character are created. The research methods used to analyse the supply 

chain are described in a review document (Panigrahi et al., 2018, Dytczak and Ginda 2015, 

Erkan and Kalkin, 2019). Our study of the supply chain is focused on the using of the 
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interpretative structural modelling (ISM) (Warfield, 1974). As an example of the supply chain 

we use dairy industry of Poland and Ukraine. The study is the starting point for comparing 

research results obtained from the using other methods, such as: AHP, Fuzzy AHP, ANP, Fuzzy 

ANP, DEMATEL, ELECTRE II and VIKOR (see an overview of these methods for example, 

in: (Wątróbski, 2016; Velasquez and Hester, 2013). The integration of ISM and the methods 

noted above will be presented in subsequent publications. 

 

2. Operationalisation of research 

Collection of research material for the output matrix used in the ISM method can be done 

through a thorough review of the literature on the subject. An example of such an approach is 

presented in the study on the construction of a chain resistant for a higher level of sustainability 

and a competitive advantage (Shin and Park, 2019). The material for creating a structural self-

interaction matrix can also be created by collecting primary materials, directly in companies. 

An example of such an approach can be found in the literature on barrier analysis of green 

supply chains (Maryniak, 2017). This study is based on both secondary materials. The list of 

key success factors was prepared based on literature research on supply chain management. 

In this way, the broadest list of supply chain success factors that can be found in the 

literature (Ab Talib et al., 2015, Kumar and Rahman, 2017, Stonkute, 2015) was built. In total, 

ninety-six test items grouped in twenty-four thematic constructions have been identified. These 

items were used to identify key success factors in companies. 

A five-stage Likert scale was used to assess the factors. Due to the same average for several 

constructions, their number varies. In total, 14 constructions were selected, which were assessed 

as the most important for the Ukrainian chain and 15 constructions, which were assessed as the 

most important for the Polish chain. Each of the constructions consisted of four test items. 

To increase the validity of the comparative analysis, entities from the same industry and with 

a similar size of employment were selected for the research. The subject of the research was 

supply chains on the example of large companies operating in the dairy industry. 

This industry is poorly described in logistical terms regardless of the research methodology 

used and there are hardly any studies using this method in dairy industry (Mor et al., 2018). 

The ISM analysis was conducted according to the procedure broadly described in the literature 

of the subject and with the use of "R-3.6.1-win" package, widely known in statistics. 
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3. Dairy industry in Poland and Ukraine 

Considering the 10 largest players on the Ukrainian and Polish market in terms of turnover, it 

can be concluded that the level of concentration on the Polish market is higher (Latifundist 

Media, n.d.; Forum mleczarskie, n.d.). Export of milk production in Poland is characterized by 

an upward trend, while in Ukraine the trend is the opposite, with Polish export almost four 

times more (State Statistics Service of Ukraine, 2017; GUS, 2017). Generally, the condition of 

the Polish market is much better, but both markets are speculative due to large product price 

fluctuations. Polish dairy farms have relatively good production potential, modern 

technologies, and large-scale production. The situation on the Ukrainian market is 

unpredictable due to the lack of commonality of the agrarian policy, the lack of a strategic 

development plan for the dairy industry on the national level and due to speculations related to 

the opening of the land market. In addition to the common factors indicated by both parties 

(which are described in the next subsection) as significant, different factors are also indicated 

in Poland and Ukraine. 

It can be stated that in the Polish supply chain under investigation, success factors relating 

to the external environment are much more important. For example, the Polish side needs to 

determine the nature of the supply chain, i.e. the extent to which the chain is to be lean, resilient, 

pro-environmental or agile. It is therefore a strategic view from the perspective of the entire 

supply chain. The interview conducted on the Ukrainian side shows that there is a lower 

awareness of the typology of chains. It is to be expected that in the future, regardless of the 

analysed industries and countries, the ability to create the right structure of supply chain hybrids 

will be increasingly important for shaping the competitiveness of chains. In the future, decision-

makers will therefore have to improve their knowledge not only of the four basic types of supply 

chains mentioned above, but also of the other supply chain hybrids that constitute these chains. 

For example: resilient (robust) supply chain (Singh et al., 2019), league supply chain (Fadaki 

et al., 2019), tight supply chain (Buil and Piera, 2008), sustainability supply chain (Bappy et al., 

2019), modular supply chain (Shahparvari et al., 2018). 

For the Polish side, it is also important whether individual links in the supply chain are 

located in regions with a stable legal, political, economic, climatic/seismic situation. Again, this 

is a more strategic view of supply chain management compared to the Ukrainian perspective. 

This statement is also relevant to the marketing dimension. Interviews of the Polish chain have 

shown that it is important for its management to examine customer/consumer requirements in 
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terms of logistics service levels, create environmental reports, establish promotional activities 

with partners in the supply chain and set a coherent strategy for the entire supply chain. 

In terms of financial and cost aspects, the Ukrainian supply chain is more inwardly oriented 

(scrupulous accounting for logistics operations, estimating the profitability of investments in 

the area of logistics or analysing the level of logistics costs). In the case of the Polish chain, the 

financial dimension about external stakeholders is more emphasized (i.e. financial stability of 

suppliers and recipients, availability of loans to make logistic investments, possibility to use 

EU funds). As a result of the conducted research, it was also noted that the conditions in which 

the Ukrainian supply chain activities, such as: crises, lack of trust between the participants of 

the supply chain, lack of partner relations, high economic and political risk and turbulence of 

the environment – increase the importance in logistics activities of IT integration with 

contractors and in processes taking place within the company. According to the respondents, 

increasing the level of computerization of the supply chain will increase its transparency and 

facilitate its stability. 

Moreover, the Ukrainian respondents also emphasize the priority of having highly qualified 

managerial and operational staff in the area of logistics. This is connected with a large wave of 

emigration of Ukrainian employees to the logistics sector in Poland and to Polish manufacturing 

companies, in which logistics plays an important role. 

 

4. Test results 

In the further part of the study for empirical research, the success factors of supply chain 

management that are important for both the Polish and Ukrainian sides were identified. Matrix 

is set out in Table 1. The presented SSIM data outlines the relationships between the factors in 

terms of i (rows) and j (columns) and their respective relations. A simple notation using the 

symbols: V, A, X, O is used to denote each of the separate relationships (Hughes et al., 2019). 

 

Table 1. Structural self-interaction matrix (SSIM) 

j 

i 

T- SL-S SL-R PC- I- S/W  A- R- CL- 

Transport (T) 0 V V A 0 0 A 0 X 

Service level – suppliers (SL-S)  0 0 A V A A 0 A 

Service level – recipients (SL-R)   0 A V A A 0 A 

Procedural conditions (PC)    0 V X A A A 

Inventory (I)     0 A A 0 A 

Storage/ Warehouse (S/W)      0 A 0 0 

Analytics (A)       0 V V 

Relations (R)        0 X 

Chain length (CL)         0 
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In order to convert the SSIM into the binary reachability matrix, based on the principles of 

transgression 4 (Shakerian et al., 2019). To obtain the ISM model, the final reachability matrix 

must be partitioned. Therefore, each success factor is listed, and its reachability, antecedent, 

and intersection noted (Peeters et al., 2019). 

To develop a conical matrix, the factors are clustered together in the same level across rows 

and columns of the final reachability matrix (Table 2) (Peeters et al., 2019). 

 

Table 2. Summary of iterations for level partitions 

Variable_Names Reachability set  Intersection set  Level 

Inventory (I) A5 A5 I 

Service level - suppliers (SL-S) A2 A2 II 

Service level – recipients (SL-R) A3 A3 II 

Transport (T) A1 A4 A8 A9 A1 A4 A8 A9 III 

Procedural conditions (PC) A1 A4 A6 A9 A1 A4 A6 A9 III 

Storage/ Warehouse (S/W) A6 A6 IV 

Relations (R) A8 A9 A8 A9 IV 

Chain length (CL) A8 A9 A8 A9 IV 

Analytics (A) A7 A7 V 
 

The next step was MICMAC Analysis. Based on dependence power and driving power 

matrix, it is desirable to seek a method by which we can draw up the hierarchical relationship 

among them and also establish which of the myriad indicators are “stand-alone” ones in their 

impacts, which ones do not hold true, and which ones generate secondary and higher order 

impacts. Cross impact matrix multiplication applied to classification (MICMAC) can be used 

as the best tool to meet the purpose (Yang et al., 2017). 

As a result of the conducted analyses, it can be said that “transport” and “procedural 

conditions” success factors are located in the cluster, which represents factors with a high power 

of dependence and a high driving force (Fig. 1). 

  

                                                                 
4 If the (𝑖, 𝑗) relationship in SSIM is 𝑉, the corresponding binary relationship is 1 for (𝑖, 𝑗) and is 0 for (𝑗, 𝑖). 
If the (𝑖, 𝑗) relationship in SSIM is 𝐴, the corresponding binary relationship is 0 for (𝑖, 𝑗) and is 1 for (𝑗, 𝑖). 
If the (𝑖, 𝑗) relationship in SSIM is 𝑋, the corresponding binary relationship is 1 for both (𝑗, 𝑖) and (𝑖, 𝑗). 
If the (𝑖, 𝑗) relationship in SSIM is 𝑂, the corresponding binary relationship is 0 for both (𝑗, 𝑖) and (𝑖, 𝑗). 
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Figure 1. MICMAC diagram 

 

The final digraph was acquired by removing the indirect links. The last diagraph is appeared 

in Fig. 2 (Kumar and Rahman, 2017). 

As a result of the analysis of relations and dependencies of success factors important for 

both the Ukrainian and Polish sides, it turned out that the "analytics" is a key success factor in 

supply chain management. Therefore, it is important to perform an indicator analysis of the 

supply chain evaluation, prepare and analyse reports in the area of logistics, identify and 

evaluate risk elements in the supply chain and organize data and improve their acquisition. 

Second, ex aquo, there are constructions such as: "chain length", "warehouse management" 

and "stakeholder relations". Under the "supply chain length" construct, respondents indicated 

that it is important to build short chains, both geographically and in terms of the number of 

links. Elimination of unnecessary mileage and intermediaries has an impact on costs and 

sustainability. In terms of "warehouse management", the priority issue is: flexible disposal of 

warehouse space by using the space of external companies, accessibility to modern logistics 

centres, using highly qualified services of a logistics operator, as well as proper planning and 

equipment of warehouses. In the area of "relations" construction, the following elements were 

pointed out: cooperation with transport, forwarding and logistics organisations and with 

authorities creating projects affecting legal aspects of logistics and creating positive relations 

with the local community and creating positive relations with regional authorities. 
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Figure 2. Model based on ISM technique – success factors in the Polish and Ukrainian dairy supply 

chain 

 

Further important for the competitiveness of the supply chain are "transport" and 

"procedural conditions", i.e., for example, the ability to track the flow of goods in the supply 

chain, efficient transport services on the supply and sales sides, the optimisation of transport 

routes and (as a second structure), it is important to standardise and describe supply chain 

processes, have different certifications, maintain a high level of security in the supply chain and 

meet legal requirements for supply chain management. 

 

5. Conclusions 

The study compares for the first time the key success factors of Polish and Ukrainian supply 

chain management (SC) and identifies the interrelationships between the recurring factors for 

both parties. The ISM method is useful in this kind of research, but it is very rarely used in 

Central and Eastern Europe both on its own and in combination with other methods supporting 

it (for example, which belongs to the group of decision-making methods with multiple criteria 

– MCDM). 

The study also conducted a comparative analysis of Polish and Ukrainian supply chains, 

which are embedded in the dairy industry. It was found that the Ukrainian side focuses more 

on internal success factors of supply chain management, while the Polish side pays more 
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attention to external factors. A group of factors important for each of the examined chains was 

also identified, with the most important being the testing elements related to the "analytics" 

project. 
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A note on interactions between European and US natural gas prices 

 

Michał Rubaszek1, Marek Kwas2 

 

 

Abstract 

We apply a structural vector autoregressive model (SVAR) for three energy commodity prices: WTI crude oil, 

natural gas in the US and natural gas in Europe. The SVAR setup allows us to analyze the interactions among the 

three endogenous variables in a comprehensive framework. In particular, it allows to investigate how disturbances 

specific to the analyzed commodities are propagated within the system. Our findings are threefold. First, we show 

that oil prices are not affected by shocks specific to natural gas markets, whether in the US or in Europe. Second, 

we demonstrate that the dynamics of the US natural gas market is predominantly driven by idiosyncratic 

innovations and is only partially affected by oil shocks. Third, we indicate that over longer horizons, natural gas 

prices in Europe are mostly determined by oil specific shocks. These results present a new perspective on the 

decoupling of the US natural gas market from the crude oil as well as the European natural gas markets. In turn, 

for European natural gas prices we show only short-lived decoupling from oil prices. 

Keywords: energy commodity prices; decoupling of natural gas market; structural vector autoregressions; impulse 

response functions 

JEL Classification: C15, C32, Q31 

 

1. Introduction 

In 2019, natural gas was the third most important source of energy in the global economy, 

accounting for 22.2% of global primary energy supply (IEA, 2019), whereas the shares in 

European Union and the US stood at 24.6% and 31.7% respectively (Fig. 1). Understanding 

natural gas price differences between US and European markets might be interesting to many 

agents, including policy makers responsible for energy policy. For instance, the Polish 

authorities have recently signed a long term contract to import liquified natural gas from the 

US, aiming to diversify the natural gas supply as well as expecting that the currently observed 

price gap between the US and European markets will persist in the future. 

The role of natural gas as a source of energy has been recently growing in importance. An 

increasing number of studies on the dynamics of its prices emphasize that, due to transportation 

                                                                 
1 Corresponding author: SGH Warsaw School of Economics, Institute of Econometrics, al. Niepodległości 162, 

02-554 Warsaw, Poland, michal.rubaszek@sgh.waw.pl. 
2 SGH Warsaw School of Economics, Institute of Econometrics, al. Niepodległości 162, 02-554 Warsaw, Poland, 

marek.kwas@sgh.waw.pl. 
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costs and heterogeneous institutions, global natural gas market is geographically segmented 

into several localized markets, similarly to coal market (Papież and Śmiech, 2015). This is well 

illustrated by the divergence of its price quotations in America, Europe and Asia after the shale 

gas revolution in the US (Geng, Ji, and Fan, 2016b; Wakamatsu and Aruga, 2013; Zhang and 

Ji, 2018). This distinguishes natural gas from crude oil, whose prices are determined by global 

rather than local factors (Kilian, 2009). This dichotomy in terms of geographical coverage, 

combined with the fact that both energy commodities are substitutes, motivated researchers to 

investigate the relationship among the dynamics of regional natural gas and crude oil prices. 

One of the results is that the natural gas market is strongly influenced by the developments in 

the crude oil market, with the absence of reverse causality (Jadidzadeh and Serletis, 2017; Lin 

and Li, 2015). Additionally, the long-term relationship between both commodities in the US 

market has decoupled since mid-2000s, which did not happen in the European market (Erdos, 

2012; Geng, Ji, and Fan, 2016a; Wang, Zhang, and Broadstock, 2019; Zhang and Ji, 2018). 

 

 

Figure 1. Total primary energy supply (TPES) by source and region 

Notes: The structure of TPES for US refers to 2018. Source: IEA (2019). 

 

Another issue is the question about the source of natural gas price fluctuations. The focus 

is predominantly on the US market, for which prices are usually approximated by Henry Hub 

spot and futures price quotations. Since the US market was fully deregulated following the 

Natural Gas Policy Act of 1978, it can be argued that, starting from mid-1990s, natural gas 

prices have been entirely determined by market forces (Joskow, 2013). This justifies the 

application of structural models in which natural gas prices are driven by supply and demand 

factors, e.g. the structural vector autoregression (SVAR) framework. The analyses with SVAR 

models point to two recurrent observations: demand rather than supply shocks seem more 

important in explaining the dynamics of natural gas prices (Arora and Lieskovsky, 2014; 

Hailemariam and Smyth, 2019; Hou and Nguyen, 2018) and an evidence of regime dependent 

dynamics of the US natural gas market (Hou and Nguyen, 2018; Wiggins and Etienne, 2017). 
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The dynamics of the European natural gas market is relatively unexplored compared to the 

US market. The main difficulty is modelling the supply, which is predominantly based on 

imports from Russia, Norway and Algeria, complemented with domestic sources from UK 

offshore gas fields under the North Sea and a single giant onshore field in 

Groningen/Netherlands. Moreover, the European gas market has undergone considerable 

changes over the last decades. First, the industry has experienced the emergence of many 

trading hubs, which has led to higher gas-to-gas competition. Second, there has been a gradual 

progress in the creation of the Energy Union, aimed at integrating the European gas market, i.a. 

by joining the UK market to the European system of pipelines. Third, the practice of explicitly 

linking the gas price in contracts to crude oil prices has declined for the last two decades 

(Chyong, 2019). These developments lead to the question, whether natural gas prices at the 

European market are driven by changes in oil or US natural gas prices, or maybe by the 

fundamentals specific to the European natural gas market. 

This question has been only partially answered in the literature. For instance, Brown and 

Yucel (2009) conclude that the co-movement of European and North American natural gas 

prices is driven by crude oil prices rather than gas-to-gas arbitrage across the Atlantic. In turn, 

Erdos (2012) applies vector error correction model to show that gas prices traded in the UK 

hub (National Balancing Point, NBP) remain in a long-term equilibrium with crude oil prices, 

but also react to deviations from a cointegrating relationship between US natural gas and WTI 

prices. On the other hand, Hulshof et al. (2016) find that daily spot prices at the Dutch gas hub 

(Title Transfer Facility, TTF) are over short-term horizon only mildly affected by changes in 

oil prices, but react to the level of natural gas inventories, temperature and the production of 

wind electricity. 

In this study, we contribute to the above studies by investigating how the dynamics of oil 

and natural gas prices in the US affect changes in natural gas prices in Europe. We start by 

estimating an SVAR model for the three analysed variables. Next, we analyse impulse response 

functions, forecast error variance decomposition and historical decomposition. We show that, 

in the short horizon, European gas prices are predominantly determined by local shocks, 

whereas in longer horizons, they are almost entirely determined by crude oil innovations. 

In turn, the role of shocks specific to the US natural gas market is negligible for the European 

natural gas prices. 
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2. Data 

We use monthly data from the period of January 1993 to August 2019, where the beginning of 

the sample is chosen to take into account the deregulation of the US natural gas market, which 

ended in the first half of 1990s (Joskow, 2013). From the World Bank commodity database we 

acquired three series: crude oil WTI (USD/bbl), US and European natural gas (USD/mmbtu) 

and deflated them by consumer price index in the US taken from the FRED database. 

 

 
Figure 2. Series used in the analysis and their cross correlations for growth rates 

 

The series, after taking logs, are presented in the left panel of Fig. 2, which shows their 

strong correlation. However, both natural gas price series exhibit quite different dynamics, US 

prices being significantly more volatile than the European ones. This reflects locally different 

structures of US and European natural gas markets, which until recently did not influence each 

other significantly. We also observe that European natural gas prices closely follow oil prices, 

although in a smoother and lagged pattern. This may express the influence of European market 

by the significant, albeit declining, share of long term contracts, usually indexed in oil prices 

(Chyong, 2019). 

In the first step we inspect the dynamic relationships among log-changes for these three 

energy commodities prices by looking at cross correlograms on the right panel of Fig. 2. 

It shows that oil prices react to its own lags but are less affected by past changes in natural gas 

prices. Moreover, the changes in the US natural gas prices are correlated with past dynamics at 

the crude oil market and natural gas prices in Europe react with lags to the situation in the crude 

oil market. 
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Table 1. Statistics for monthly log changes (×100) of real energy commodity prices 

 Mean SD Min. Max. Skew. Kurt. 

Crude oil 0.15 8.10 -31.56 21.50 -0.65 1.22 

US natural gas -0.13 13.55 -40.30 47.56 0.12 1.13 

EU natural gas -0.09 5.85 -24.85 23.07 -0.58 4.04 
 

The descriptive statistics of the series are presented in Table 1. They confirm that the 

dynamics of US natural gas prices is somewhat different from those of oil and European natural 

gas prices, which in turn behave in a similar way. In particular, changes in the US natural gas 

prices are relatively more volatile than the other two series and less skewed. Fig. 3, with all 

three series on one graph, clearly shows that European natural gas prices closely follow 

developments on the crude oil market, while US natural gas prices are only loosely linked to 

oil prices. It is especially visible in years 2010-2015, when an upward trend in oil prices was 

accompanied with a substantial drop in US natural gas prices. 

Figure 3. Decoupling of energy commodity markets 

Note: Deviations of log prices from the sample mean. 

 

3. Methodology 

We analyse the dynamics of the natural gas market by considering a structural VAR model for 

a vector 𝑦𝑡 = (𝑜𝑖𝑙, 𝑛𝑔𝑈𝑆, 𝑛𝑔𝐸𝑈)′ of the logarithms of real prices of crude oil, US natural gas 

and European natural gas respectively. This is the most parsimonious specification to analyze 

the dynamic interactions among the three markets. The specification of the VAR model with a 

lag length p is: 

𝑦𝑡 = 𝐴0 + 𝐴1𝑦𝑡−1 +⋯+ 𝐴𝑡−𝑝 + 𝜖𝑡, 𝜖𝑡 ∼ 𝑁(0, Σ), 

where 𝑦𝑡 is the vector of endogenous variables, 𝐴0 is a vector of constant terms, 𝐴𝑗 for 

𝑗 = 1,2, … , 𝑝 are matrices of coefficients and 𝜖𝑡 is the vector of reduced-form residuals. 

We consider 𝜖𝑡 to be a weighted average of three structural innovations to: oil (𝜂𝑜𝑖𝑙), North 
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American natural gas (𝜂𝑛𝑔𝑈𝑆) and European natural gas prices (𝜂𝑛𝑔𝐸𝑈), where the relationship 

between reduced-form and structural disturbances is assumed to be recursive: 

[

𝜖𝑡
𝑜𝑖𝑙

𝜖𝑡
𝑛𝑔𝑈𝑆

𝜖𝑡
𝑛𝑔𝐸𝑈

] = [
∗ 0 0
∗ ∗ 0
∗ ∗ ∗

] [

𝜂𝑡
𝑜𝑖𝑙

𝜂𝑡
𝑛𝑔𝑈𝑆

𝜂𝑡
𝑛𝑔𝐸𝑈

] 

or in matrix notation 𝜖𝑡 = 𝐷 𝜂𝑡 where 𝜂𝑡 ∼ 𝑁(0, 𝐼) and 𝐷𝐷′ = Σ. The first shock describes the 

situation in the crude oil market, whereas the last two shocks refer to unexpected changes in 

natural gas prices, in the US and Europe respectively, which are not accounted for by the oil 

shock. 

 

4. Results 

On the basis of information criteria, we set maximum lag 𝑝 to four months and estimate the 

reduced form VAR with the least squares method. We use the estimated covariance matrix of 

residuals Σ to compute the identification matrix 𝐷 and construct the structural VAR 

representation of the model. Next, we calculate impulse response functions to one standard 

deviation of three structural shocks, compute forecast error variance decomposition as well as 

historical decomposition for three series. 

Impulse response functions. Fig. 4 presents the impulse response functions (IRF) of three 

endogenous variables to one standard deviation of three structural shocks. On top panels, we 

observe that oil market innovations are immediately leading to an increase in crude oil prices 

by about 8%, which in the subsequent two months reaches a peak of around 10%. After the 

initial jump, oil prices very slowly return to equilibrium, but even after five years their level is 

still over 3% above the level observed before the occurrence of the shock. Otherwise, oil prices 

are not significantly affected by shocks to natural gas prices, both in the US and Europe. 

The reaction of US natural gas prices is presented in the centre panels of Fig. 4, which show 

that oil shock leads to an initial increase in US natural gas prices by 2.5%, subsequently 

accelerating to over 6% after one year. Afterwards, real natural gas prices revert to the pre-

shock level relatively quickly, so that three years after the shock occurrence they are back at 

equilibrium. In turn, the response to the natural gas shock in the US causes an initial jump of 

prices by about 13% and its gradual reversion to equilibrium, which lasts about 5 years. Finally, 

the reaction to shocks originating in the European natural gas market is insignificant. 
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The bottom panels of Fig. 4 present the reaction of the natural gas prices in Europe, which 

do not exhibit an initial reaction to oil shock. However, after one year these prices are over 7% 

above their initial level, which is comparable to the reaction of oil prices at this horizon. 

As a result, the decoupling of European natural gas prices from oil prices is short-lived and 

disappears one year after the occurrence of oil shock. Furthermore, European gas prices are 

only slightly affected by the developments in the US natural gas market and idiosyncratic 

shocks to European natural gas market lead to a short-lasting upward shift in prices, with 

relatively small initial reaction in comparison to how oil prices or US natural gas prices react 

to their idiosyncratic shocks. 

Figure 4. Impulse responses in SVAR model 

Note: The solid lines represent the impulse response function at the mean value of parameters to three structural 

shocks. The dashed lines denote 75% bootstrapped confidence bounds. 

 

The analysis of all IRFs leads to two main conclusions. First, a comparison of IRFs for 

crude oil and US natural gas prices indicates that after the occurrence 𝜂𝑜𝑖𝑙 as well as 𝜂𝑛𝑔𝑈𝑆 

innovations, oil prices behave visibly different than natural gas prices in the US, which is 

especially evident after shocks specific to the US natural gas sector. This explains why we 

observe the decoupling of the US natural gas market from the crude oil market. Second, 

a comparison of IRFs for crude oil and European natural gas prices indicates that after 𝜂𝑜𝑖𝑙 as 

well as 𝜂𝑛𝑔𝐸𝑈 shocks there is a temporary decoupling of these two markets, but after one year 

from the occurrence of shocks the reaction is almost the same. In turn, after 𝜂𝑛𝑔𝑈𝑆 both variables 

behave very alike from the initial period. This would indicate that the dynamics of these two 

markets are very similar over medium and long-term horizons, but not the short-term ones. 

Forecast error variance decomposition. How important are the three shocks for the 

dynamics the real energy commodity prices? The left panel of Fig. 5 quantifies their 

contribution to forecast error variance for individual variables. First, fluctuations in oil prices 

are entirely determined by shocks specific to the crude oil market. This confirms that the 
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situation in the natural gas market has virtually no impact on crude oil price developments. 

Next, natural gas prices in the US are predominantly driven by shocks specific to the US natural 

gas market. The contribution of oil shocks to forecast error variance increases with horizon to 

stabilize at around 25% after one year. It can also be seen that the contribution of European gas 

market shocks is not visible. Finally, in the short run, European natural gas prices are almost 

entirely determined by idiosyncratic shocks. However, for further horizons there is a visible 

increase of oil shocks contribution, which rises to about 75%. For longer horizons, there is also 

a visible, although small, contribution of shocks to the US natural gas market. 

In general, the FEVD analysis leads to three conclusions. It confirms that developments in 

the natural gas markets, both in the US and in Europe, do not affect crude oil prices. Moreover, 

it illustrates that natural gas prices in the US are linked to oil prices neither in short nor in long 

horizons. Ultimately, it shows that natural gas prices in Europe are linked to oil prices in 

medium and long horizons. 

Figure 5. Forecast error variance decomposition and historical decomposition 

 

Historical decomposition. To illustrate the contribution of the three shocks to real energy 

commodity price developments, we present historical decomposition of three analysed energy 

commodities on the right panel of Fig. 5. We observe that oil prices are not significantly 

affected by natural gas markets shocks but are driven by disturbances specific to oil market. 

Furthermore, the increase in the US natural gas prices in the first half of 2000s, as well as the 

subsequent rapid decline following shale gas revolution, were driven by shocks specific to the 

US natural gas sector. However, for this variable there is a visible and non-negligible 

contribution of oil sector shocks. Finally, the bottom graph summarizes well the dependence of 

European natural gas prices on crude oil market developments. It unambiguously shows that 

most of European natural gas price fluctuations closely follows crude oil market dynamics, with 

only a temporal impact of shocks specific to US and European natural gas markets. 
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5. Conclusions and policy implications 

In this study, we have investigated developments of real prices for WTI crude oil as well US 

and European natural gas over the years 1993-2019. We have applied a structural VAR model 

framework, which is a comprehensive framework to model the dynamic interactions among 

variables. Our key results are threefold. First, oil prices are not affected by shocks specific to 

natural gas markets, whether American or European one. Second, the dynamics of the US 

natural gas market is predominantly driven by idiosyncratic innovations and is only partially 

affected by crude oil shocks. Third, over longer horizons natural gas prices in Europe are mostly 

determined by oil specific shocks, whereas in shorter horizons they are determined by shocks 

specific to the natural gas market in Europe. These results present new evidence on the 

decoupling of US natural gas prices from oil prices as well as from natural gas prices in Europe. 

They also indicate that any decoupling of European natural gas prices from oil prices is short-

lived. 

In a broader context our study shows that the impact of the shale gas revolution, originating 

in the US, on the European market has been so far hardly visible. On the contrary, the European 

gas market, by importing gas through pipelines from Russia, Algeria or Norway, and relying 

significantly on long-term contracts indexed to oil, is still strongly responding to oil market 

developments. However, this is gradually changing. For the last decade, the US has developed 

capacities to export shale gas through its liquefaction, which allows shipping LNG through the 

Atlantic to Europe. This change gives European countries a better bargaining position in 

negotiating new contracts for imports through pipelines from traditional sources. This is a factor 

that should help transforming European natural gas market from crude oil pricing into pricing 

based on market forces determined by supply and demand. 
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Exchange-rate pass-through in Ukraine 

 

Victor Shevchuk1 

 

 

Abstract 

The paper provides estimates of the exchange rate pass-through (ERPT) to consumer prices for Ukraine. Using 

a five-variable VECM (vector error correction model), including the nominal effective exchange rate, consumer 

prices, terms of trade, the central bank reference rate and output) for the quarterly data of 2002-2019, it has been 

shown that the long-term ERPT to consumer prices is likely to decrease since the switch to a floating exchange 

rate regime in 2014. However, it seems to be just the opposite for the short-term estimates of ERPT. As suggested 

by the forecast error variance decomposition (FEVD), the fraction of exchange rate in the changes of consumer 

prices is dependent on the ordering of impulse responses, being within the range of 10 to 40%. Regardless of the 

ordering scheme and data sample used, it is found that the depreciation of a nominal exchange rate has a contractionary 

effect on output, being in line with the guidelines of a simple AD-AS model with rational expectations. Among other results, 

the central bank reference rate is increased in response to an exchange rate depreciation, thus offsetting a currency 

shock. Somewhat surprisingly, the estimates for a shorter 2010-2019 sample reveal that improvement of terms of 

trade leads to exchange rate depreciation on impact. 

Keywords: inflation, exchange rate pass-through, central bank reference rate, Ukraine 

JEL Classification: C54, E52, F31 

 

1. Introduction 

Since the beginning of 2018, deceleration of consumer price inflation (CPI) in Ukraine from 

14 to 4% at the end of 2019 has coincided with a significant appreciation of the exchange rate 

by 15% over the same period (Fig. 1). As found for the Central and Eastern European (CEE) 

countries with a flexible exchange rate regime, a high degree of exchange rate pass-through 

(ERPT) allows to lower inflationary pressure due to nominal exchange rate appreciations 

(Beirne and Bijsterbosch, 2011). Stronger ERPT can explain the price puzzle when there is an 

increase in the inflation rate when the interest rate increases (Ali and Anwar, 2016). Among 

many factors of the ERPT, the degree of price flexibility, the shipping costs, the share of non-

traded goods in consumer prices, or the differences in the rate of inflation or monetary policy 

accommodation are mentioned (Beirne and Bijsterbosch, 2011). 

                                                                 
1 Corresponding author: Cracow University of Technology, Council of Social Sciences, Warszawska 24, 31-155 

Cracow, Poland, victorshevchuk@netscape.net. 
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As there is a limited number of studies that focus on monetary policy issues in the 

Commonwealth of Independent States (CIS) economies, the main motivation of this study is to 

measure the magnitude of the ERPT in Ukraine, in the presence of relied macroeconomic 

developments. We implement vector autoregressive error-correction model (VECM) approach 

for modeling the ERPT. In the broader context, the knowledge of the link between exchange 

rate and consumer prices is important for forecasting inflation and monetary policy decision-

making, especially in an inflation-targeting framework. 

 

 

Figure 1. Nominal effective exchange rate (index, 2010=100) and CPI (%), 2002-2019 

Note: An increase in the NEER reflects depreciation of the exchange rate. 

Source: IMF International Financial Statistics (www.imf.org). 

 

The rest of the paper is organized as follows. Section 2 provides a brief outline of analytical 

issues. Section 3 describes data and outlines statistical methodology. Section 4 discusses 

empirical results and Section 5 offers some concluding remarks. 

 

2. Analytical framework 

The analyses of the ERPT often apply models based on aggregate demand and money demand 

equations, interest parity equation, import price setting process etc., as in the cases of Boug et 

al. (1994), Barhoumi (2006) or Ali and Anwar (2016). For economies with the financial 

constraint in real sector, it is reasonable to account for the aggregate supply relationships as 

well, thus expanding the list of exchange rate transmission mechanisms. 

Following Shevchuk (2017), a simple AS-AD model is presented below: 

𝑦𝑡 = 𝑠1(𝑚𝑡 − 𝐸𝑡−1𝑝𝑡) − 𝑠2𝐸𝑡−1(𝑒𝑡 + 𝑝𝑡
∗ − 𝑝𝑡) + 𝑢𝑡, 

𝑦𝑡 = 𝑎1(𝑚𝑡 − 𝐸𝑡𝑖𝑡+1) + 𝑎2𝐸𝑡(𝑒𝑡+1 + 𝑝𝑡+1
∗ − 𝑝𝑡+1) − 𝑎3𝑟𝑡 + 𝑣𝑡 , 

𝑖𝑡 = 𝛾𝑝𝑡 + (1 − 𝛾)(𝑒𝑡 + 𝑝𝑡
∗), 

𝑟𝑡 = 𝑟𝑡
∗ + 𝐸𝑡𝑒𝑡+1 − 𝑒𝑡 − (𝐸𝑡𝑖𝑡+1 − 𝑖𝑡), 

𝑒𝑡 = 𝜌𝑒𝑡 + 휀𝑡, 
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where yt is the is real output, mt is the money supply, pt and 𝑝𝑡
∗, rt and 𝑟𝑡

∗ are domestic and 

foreign prices and real interest rates, respectively, et is the nominal exchange rate (the domestic 

currency price of foreign currency), t is the transitory component of the exchange rate, it is the 

consumer price index, 𝑢𝑡 and 𝑣𝑡 are stochastic supply and demand shocks, respectively. All 

variables, except for rt and 𝑟𝑡
∗, are expressed in logarithms. Еt and Еt−1 are the expectation 

operators, denoting expectations made in the periods t and t-1, respectively. 

Equation (1) describes the aggregate supply function, with output responding to the amount 

of real credit (the financial effect), and it is negatively related to the relative price (the price 

effect). The decisions made by producers are based on last period’s expectations of relative 

prices. Equation (2) describes aggregate demand for the domestic good as a function of the real 

money supply (the wealth effect), expectations of the relative price (the price effect), and the 

real interest rate. A rise in the foreign price increases aggregate demand, as do the real value of 

money supply and a decline in the real interest rate. The productivity and demand shocks, ut 

and 𝑣𝑡, respectively, are assumed to be expansionary. 

Equation (3) defines the consumer price index as a weighted average of the price of 

domestic goods and the domestic price of foreign goods. In equation (4) the interest rate is 

specified in real terms as the foreign interest rate plus the expected depreciation of the domestic 

currency, subtracting the expected rate of inflation. Finally, in equation (5) the exchange rate is 

modelled as a composite of permanent and transitory components. If the changes in exchange 

rate are transitory, ρ=0; if they are permanent, ρ=1. 

As our focus is on the response of consumer prices to changes in exchange rate, the reduced-

form solutions to the system (1)−(5) for the values of output and domestic price level contain 

only exchange rate variables and stochastic shocks as follows: 

𝑦𝑡 = �̅� − (1 ∆1
⁄ ) [𝜌𝑠1𝑎2 + (𝛾 − (1 − 𝛾)𝜌))𝑠2𝑎1]𝑒𝑡−1 + 𝑢𝑡 , 

𝑝𝑡 = �̅� + (1 ∆1
⁄ ) [𝑠2 + 𝜌𝑎1 − 𝜌(1 − 𝛾)𝑎1]𝑒𝑡−1 

+(1 ∆2
⁄ ) [(𝑎2 − 𝛾𝑎3)

𝑠2 + 𝜌𝑎𝑠 − (1 − 𝛾)𝜌𝑎1
∆1

+ 𝛾𝑎3 + (1 − 𝛾)𝑎1] 휀𝑡 

+(1 ∆2
⁄ ) (𝑣𝑡 − 𝑢𝑡), 

(6) 

 

 

 

 

(7) 

where ∆1= 𝛾𝑎1 + 𝜌𝑎2 + (1 − 𝜌)𝛾𝑎3 + 𝑠2 − 𝑠1, ∆2= 𝛾𝑎1 + 𝛾𝑎3, �̅� and �̅� are the equilibrium 

values of output and domestic price level, respectively. 

A temporary depreciation of the exchange rate, t, has no effect on output, but causes 

changes in the domestic price level. Assuming a permanent depreciation of the exchange rate 
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(𝜌 = 1), the magnitude of domestic price effects of et−1 depends on the relative strength of the 

price effects and the wealth effect in comparison to the financial effect, as well as on the share 

of domestic goods in the consumer prices. For higher values of , an increase in the domestic 

prices tends to be stronger. If we account for the consumer prices (equation (3)), the condition 

of a relatively stronger financial effect, i.e. 𝑠1 > 𝑎1, in combination with a low share of 

imported goods in the consumer price index (𝛾 = 1) and low price elasticities of both aggregate 

demand and aggregate supply might bring about the value of ERPT above 1. If imported goods 

prevail in the consumer prices (𝛾 = 0), the degree of the ERPT potentially becomes even larger 

if the price effects are strong enough. Regardless of the structural features, a permanent 

depreciation of the exchange rate brings about a decline in output. The intuition behind this 

result is rather clear. The price effect in the aggregate demand is not sufficient to offset 

contractionary supply effects. However, the ERPT can be weakened by foreign firms that tend 

not to increase their prices because of the market share concerns and thus leading to incomplete 

ERPT (Ali and Anwar, 2016). On the other hand, as the domestic currency appreciates, the 

foreign firms are likely to reduce their prices. 

Many recent empirical studies for the CEE countries, including Beckmann and Fidrmuc 

(2013), Hajek and Horvath (2015), Jimborean (2013), Kurtovic (2019), are in favour of the 

incomplete ERPT. However, the ERPT is found to be relatively high and rapid for CIS countries 

in the case of the nominal effective exchange rate (Comunale and Simola, 2018). 

For Ukraine, Faryna (2016) obtained the ERPT at 20–40% for the Ukrainian CPI. In a wider 

context, a direct link between exchange rate depreciation and prices combined with 

a contractionary output effect has been found by Shevchuk (2017), even though in a one-

equation estimation. However, the reduced form approach is criticized on the basis that it 

provides very little insight into the way in which the ERPT depends on the supply and demand 

shocks (Barhoumi, 2006), with a two-way causation between the exchange rate and policy 

instruments to be of special interest. 

 

3. Data and statistical model 

The quarterly series used in the estimates of ERPT are the consumer price index (2010=100, 

cpit, terms of trade (index, 2015=1), tott, the National Bank of Ukraine (NBU) reference rate 

(%), rcbt, the gross domestic product (in 1994 prices), yt. The terms of trade index is calculated 

as the ratio between export prices approximated by the world price indices for metals and 

agricultural raw materials, with weights based on the share of both subgroups in the Ukraine’s 
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exports, and crude oil prices as a proxy for import prices. The data set for the sample period of 

2002Q1:2019Q3 has been collected from the IMF International Financial Statistics (IFS) and 

Ukraine’s State Committee of Statistics databases. All data were seasonally adjusted using the 

Census X12 procedure, except for the CPI. 

Both the Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) stationarity tests 

indicate that all the macroeconomic variables are non-stationary in levels and stationary in first 

differences at the 5% significance level (not reported and available on request). As the variables 

are best characterized as I(1) process, it is necessary to study for cointegration. According to 

the Johansen test (Table 1), the null hypothesis of no cointegration is rejected for both the trace 

test and maximum eigenvalue test, with a cointegration rank of one identified. 

 

Table 1. Johansen Cointegration Test 

H0 Trace 

Statistic 

Critical values 

(5%) 

p-value Max-Eigen 

Statistic 

Critical values 

(5%) 

p-value 

0 121.30* 88.80 0.00 66.26* 38.33 0.00 

1 59.03 63.88 0.22 19.26 32.11 0.71 

2 35.78 42.91 0.21 14.17 25.82 0.71 

3 21.61 25.87 0.15 12.51 19.38 0.36 

4 9.09 12.51 0.17 9.09 12.51 0.17 
Note: * denotes rejection of the null hypothesis at the 10% level. 

 

Since all of the variables are I(1) and some of the variables are cointegrated, it is preferable 

to use the VEC representation of the process instead of the vector autoregressive (VAR) 

representation. Our reduced form VECM with a cointegration of rank 𝒓 < 𝒌 is set up in the 

form: 

Δ𝑦𝑡 = 𝛼𝛽
𝑦𝑡−1 +∑ Γ𝑖Δ𝑦𝑡−1 +Φ𝐷𝑡 + 휀𝑡

𝑘−1

𝑖=1
, (8) 

where 𝑦𝑡 = (𝑡𝑜𝑡𝑡, 𝑐𝑝𝑖𝑡, 𝑟𝑐𝑏𝑡, 𝑒𝑡, 𝑦𝑡) is a 𝑘 × 1 vector of a time series,  is a 𝑘 × 𝑟 matrix of 

loading coefficients,  is a 𝑘 × 𝑟 cointegration matrix, Γ𝑖 is a 𝑘 × 𝑘 short-run coefficient matrix, 

Dt is a vector of independent variables, 휀𝑡 is a 𝑘 × 1 vector of reduced-form disturbances which 

are assumed to be normally distributed white noise E[휀𝑡] = 0 with a constant covariance matrix 

E[휀𝑡휀𝑡
′] = Σ𝜀 and E[휀𝑡휀𝑠

′] = 0 for a 𝑠 ≠ 𝑡, and  is the operator of the first differences. 

As mentioned by Beirne and Bijsterbosch (2009), that main drawback of both single 

equation models and structural autoregression models (SVARs) is that they fail to recognize 

cointegration, which should be taken into account due to the theoretical co-movement of prices 

and exchange rates in the long-run. Information contained in levels is particularly relevant for 

the catching-up economies that experience trend appreciation of their currencies. 
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In addition to the lagged values of the endogenous variables, the VECM includes a crisis 

dummy (1 for 2008Q3-2009Q4, 2013Q4-2016Q2 and 0 otherwise) and both current account 

and financial account balances. The most appropriate model appears to be the one that which 

permits the intercept (no trend) to enter both the cointegration space and the VAR. Similar to 

Hajek and Horvath (2015), we use two lags of each endogenous variable, as implied by the 

Schwarz Information Criterion (SIC) as the most accurate for small samples in conjunction with 

ensuring lack of any residual problems in the unrestricted VAR. In addition, we impose 

restrictions on the short-term coefficients for tott. It is assumed that short-term dynamics of 

terms of trade is independent of the long-term factors. 

The analysis of impulse response functions (IRFs) at various time horizons allows us to 

check robustness of the cointegration results as well as identify potential differences (if any) 

between alternative ordering schemes. Similar to other studies, for example Beirne and 

Bijsterbosch (2011), McCarthy (2007) or Hajek and Horvath (2015), our VECM-I is based on 

the following variable ordering: tott  rcbt  et  yt  cpit. Also, it is possible to argue that 

this type of ordering reflects the logic of the AD-AS model, as both output and prices result 

from more exogenous shocks such as changes in terms of trade, interest rate or exchange rate. 

As found by Comunale and Simola (2018), accounting for commodity prices is important in 

the ERPT studies for the CIS countries. However, in the spirit of the IS-MP-IA model it seems 

reasonable that the central bank reference rate becomes more endogenous as compared to 

inflation and affects the exchange rate on impact, which in turn becomes the factor behind 

output developments. All said, it provides rationale for such a variable ordering: tott  cpit  

rcbt  et  yt (VECM-II). Among other considerations, an alternative ordering scheme can be 

viewed as a form of robustness check for the estimated relationships.  

 

4. Estimation results 

The long-run parameters for both 2002-2019 and 2010-2019 samples are presented in Table 2 

(in order to determine the ERPT, the results are normalised with respect to consumer prices). 

The degree of the ERPT seems to be in excess of 1, albeit somewhat weakening over time. 

Similar to Beirne and Bijsterbosch (2011), our results seem to confirm that the ERPT to 

domestic consumer prices is higher when some sort of fixed exchange rate is in place. At this 

point, it is worth mentioning that despite the declaration of a floating exchange regime in 2000 

there had been a de facto pegging of the Ukrainian hryvnia do the U.S. dollar until 2013. The 

signs of other parameters are also in accordance with the logic of mainstream economic theory, 
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not only the AD-AS model. Specifically, a positive coefficient on output is consistent with the 

IS-MP-IA model (Romer, 2000). However, there is no evidence of a stable inverse long-term 

relationship between the central bank reference rate and consumer prices. 

 

Table 2. Long-term estimates of the ERPT coefficients 

Sample cpit tott rcbt et yt 

2002−2019 1.00 −0.71 (0.17) −0.21 (0.07) 1.44 (0.06) 0.70 (0.20) 

2010−2019 1.00 −0.32 (0.17) 0.07 (0.03) 1.11 (0.03) 0.98 (0.31) 

Note: Standard errors in parentheses; the sign of the coefficients on tott, rcbt, et, and yt is changed to make 

interpretation of the results easier. 

 

 

a) consumer prices (et  cpit)     b) output (et  yt) 

Figure 2. Response of selected variables to exchange rate shock 

Note: Hereafter IRFs for the 2002-2019 estimates are on the left panel/side and IRFs for the 2010-2019 estimates 

are on the right panel/side. 

 

As our primary concern is to estimate the ERPT to consumer prices in line with the output 

effects, the IRFs to an unexpected increase in the NEER are presented in Fig. 2. For the 

estimates of the 2002-2019 sample, the exchange rate depreciation increases consumer prices, 

with the effect strengthening over the period of 4 to 12 quarters time horizon and then starting 

to somewhat weaken. The estimates for a shorter 2010-2019 sample reveal a similar pattern of 

the exchange rate effects on consumer prices, regardless of the variable ordering. The same 

stability of IRFs characterizes the pattern of contractionary exchange rate effects on output as 

well. Also, it is worth noting that the estimates of the long-run parameters imply an inverse 

relationship between the exchange rate and output either. Regardless of the ordering scheme 

and data sample used, our estimates seem to be relevant to the guidelines of the AD-AS model 

outlined above. 

Table 3 provides a summary of the ERPT estimates of the impulse responses at 4, 8, 12, 

and 16 quarter time horizons. The estimates from the IRFs are much higher for VECM-I, being 

very close to the cointegration estimates for the 2010-2019 sample. Regardless of the ordering 

scheme, there is a tendency for the ERPT short-term estimates to increase, which contrasts with 

an opposite time pattern for the cointegration estimates. 
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Table 3. Summary of the ERPT short-term estimates 

Model Response of cpit to et shock Cointegration 

4 qt 8 qt 12 qt 16 qt Long-run 

VECM-I 0.85 (0.73) 0.42 (0.90) 0.32 (0.96) 0.40 (1.04) 1.44 (1.10) 

VECM-II 0.16 (0.21) 0.60 (0.44) 0.58 (0.41) 0.30 (0.41)  

Note: Estimates for the 2010-2019 sample in parentheses. 

 

The forecast error variance decomposition (FEVD) confirms that the contribution of the 

exchange rate shocks to the CPI can be higher during periods of relative exchange rate stability 

for VECM-I but it is not the case for VECM-II with the inflation shock preceding other 

macroeconomic developments, including the central bank setting (Table 4). For the latter 

ordering scheme, a combined share of rcbt and et in the FEVD of cpit becomes almost twice as 

high for a shorter sample of 2010-2019 approaching above 40%. Regardless of the ordering 

scheme and data sample, the IRFs indicate an increase in the central bank reference rate in 

response to an exchange rate depreciation (Fig. 3). 

 

  

Figure 3. Response of the NBU reference rate to exchange rate shock (et  rcbt) 

 

Table 4. Forecast error variance decomposition of consumer prices 

Responses of Innovations in Model Forecast horizons 

4 8 12 16 

cpit tott  VECM-I 1 (3) 6 (2)  10 (1) 12 (1) 

  VECM-II 0 (24) 6 (27)  10 (25) 12 (25) 

 cpit VECM-I 56 (47) 37 (42)  28 (42) 24 (42) 

  VECM-II 90 (30) 75 (29)  64 (26) 60 (26) 

 rcbt VECM-I 29 (15) 29 (9)  26 (11) 26 (10) 

  VECM-II 4 (29) 5 (25)  5 (23) 5 (23) 

 et VECM-I 12 (6) 26 (9)  34 (10) 37 (10) 

  VECM-II 1 (15) 11 (17)  18 (18) 20 (18) 

 yt VECM-I 2 (29) 1 (38)  1 (37) 1 (36) 

  VECM-II 4 (1) 3 (2)  2 (8) 2 (8) 

Note: Estimates for the 2010-2019 sample in parentheses. 
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In contrast to the relationships analyzed above, the response of the NEER to the central 

bank reference rate is different across data samples (Fig. 4). While the IRFs for a 2002-2019 

sample indicate a counterintuitive depreciation of the exchange rate, the outcome is more 

conventional if more recent time series are used. Somewhat surprisingly, estimates for a shorter 

2010-2019 sample reveal that the improvement of terms of trade leads to the exchange rate 

depreciation on impact. 

 

 

a) to the NBU reference rate (rcbt  et)   b) to the terms of trade (tott  et) 

Figure 4. Response of the NEER to selected endogenous shocks 

 

5. Conclusions 

Our findings have clear implications for monetary policy in Ukraine as regards the merits of 

the exchange rate appreciation as an anti-inflationary and pro-growth tool. Although the long-

term ERPT to consumer prices is likely to decrease slightly over time, it is rather high as 

compared to similar studies for the CEE and CIS countries. Also, it seems that there is an 

increase in the short-term ERPT. Regardless of the ordering scheme and data sample used, it 

has been found that the depreciation of a nominal exchange rate has a contractionary effect on 

output, being in line with the guidelines of the simple AD-AS model with rational expectations. 

Anti-inflationary effects of an increase in the central bank reference rate are likely to be 

strengthened by the exchange rate appreciation to follow. 
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Abstract 

The situation of Polish hospitals is subject to changes resulting both from the changes in health policy and decisions 

regarding the entire economy. In last years financial situation of Polish hospitals is still worsening. Due to this fact 

it is now even more important to assess the efficiency of those units. The goal of the paper is to compare the 

performance of county hospitals in Poland over the period 2015-2018 using the Data Envelopment Analysis (DEA) 

method. We use super-efficiency model with two outputs: total number of discharged and dead patients and total 

person-days. 12 inputs were used including: number of beds, energy expenditure, medical and non-medical 

materials expenditure, employment of doctors and other personnel. The research study shows that the use of inputs 

is inefficient in most hospitals and, worse, inefficiency increases over time. 

Keywords: efficiency, DEA, hospitals, super-efficiency 

JEL Classification: I10, C14  

 

1. Introduction 

In recent years, the situation of Polish hospitals has been systematically deteriorating. This is 

caused by both health policy pursued by politicians and also political and economic decisions 

made by the government regarding the entire economy. Directors of county hospitals are in 

a very difficult situation for many reasons. One of them is the unstable law that makes it 

impossible to use strategic planning and strategic management. In addition, data for the 

healthcare system is not actually collected in Poland. There are also no studies on the efficiency 

of the health care system as a whole and its components. There is a lack of quantitative basis 

for making rational decisions by hospital directors, and this translates into the availability and 

quality of healthcare. In this situation, research study on efficiency of hospital functioning is of 

particular importance. 

                                                                 
1 Corresponding author: SGH Warsaw School of Economics, Department of Applied Economics, Collegium of 
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2 SGH Warsaw School of Economics/ Department of Applied Economics, Collegium of Management and 
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The purpose of the paper is to compare the performance of county hospitals in Poland over 

the period 2015-2018 using the Data Envelopment Analysis (DEA) method. The super-

efficiency DEA model with two outputs and 12 inputs is used. 

 

2. Overview of the literature 

The financial situation of county hospitals is deteriorating as shown by Nojszewska et al. 

(2019). In last years, the health sector in Poland was subject to different reforms. Hellich and 

Wierzowiecka (2017) describe transformation of Polish healthcare system from 1999 and 

discuss effects of those changes. Byszewski (2018) presents the recent reform, introduction of 

hospital network. Even though the cited paper refers mostly to public policy, the author states 

that the reform may contribute towards inefficiencies in the hospitals. Similar opinion can be 

found in (Kolwitz, 2018). 

Healthcare sector is also influenced by the general economic reforms such as change in the 

minimum wage. Kujawska (2015) analysed the share of administration costs in total cost of 

a hospital. The cited paper was based on the case study, but the author still found out the wages 

amount for the majority of administrative costs. Now, with the rise of the minimum wage in the 

entire economy high share of such costs means higher burden for the hospital not only because 

of the employed personnel but also due to rising prices of outsourced services.  

Due to all these reasons the environment in which county hospitals are performing is 

changing dynamically which provides new challenges for hospitals and in a way enforces them 

to implement some changes, like change of legal form or consolidation with other units. 

Susmarski (2016) presents such case of county hospital from pomorskie voivodship. 

Data Envelopment Analysis (DEA) is frequently used to analyse efficiency and productivity 

changes of hospitals. Fuentes et al. (2019) use DEA to analyse the performance of Spanish 

hospitals, Chen et al. (2019b) focus on the impact of recession on efficiency. Ravaghi et al. 

(2019) conducted a literature analysis and reached the conclusion that DEA was used in circa 

41% of studies concerning hospitals efficiency. Similarly, Kohl et al. (2019) provide a grouping 

of DEA-focusing studies into 4 categories, including: DEA application on hospital level data, 

management support and analysing the impact of policy changes. Chen et al. (2019a) used 

Malmquist index to examine the productivity growth of Taiwanese hospitals. Other examples 

of using this index include Li et al. (2019) and Chen et al. (2019b). 

In Poland papers on hospitals situation usually focus on case studies as the access to 

individual data on larger groups of hospitals is in most cases either restricted or gathered data 
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is not comparable between hospitals. For example Cygańska et al. (2018) focus on efficiency 

of different departments in one hospital. Łagowski (2016) and Grzesiak and Wyrozębska 

(2014) can be cited as exemptions. Kocisova et al. (2018), Jewczak and Żółtaczek (2011), and 

Kujawska (2013) analyse the hospitals performance at regional level (16 Polish voivodeships). 

Sometimes super-efficiency model is used in order to assess the performance (see for 

example Chitnis and Mishra (2019)) or pure-DEA approach is enhanced by some additional 

model. For example Rouyendegh et al. (2019) uses DEA combined with fuzzy Analytic 

Hierarchy Process (AHP) and Jacobs (2001) enhanced DEA with Stochastic Frontier Analysis 

(SFA). 

 

3. Data and method of research study 

Data Envelopment Analysis (DEA) was proposed by Charles et al. (1978). Cooper et al. (2011) 

provide the description of the method and discussion of additional changes. The approach 

allows to compare the performance of some objects, called Decision-Making Units (DMUs), 

which are assessed based on the inputs to outputs transformation. DEA is a non-parametric 

method, which means it does not require additional assumptions concerning specifics of the 

transformation process (as production functions). It provides results based only on the 

comparison of DMUs included in the provided dataset, under the assumption that those objects 

are homogenous. Simple DEA model allows only for identification of effective objects. Based 

on the reults obtained it is not possible to examine the efficiency in more depth, for example to 

compare or rank efficient objects based on their relative performance. 

Questions mentioned above can be answered using so called super-efficiency models which 

may provide varied results for efficient DMUs (as compared with 1 in case of simple DEA 

model, Guzik 2009). DEA method uses relative approach and due to this fact the results are 

dependent on the sample, i.e. dataset used. Therefore it is impossible to assess the absolute 

changes in efficiency in time. In order to examine those changes Malmquist index, proposed 

by Caves et al. (1982) was used. It’s defined as a geometric mean of two indexes of productivity 

change defined for two reference technologies (Färe et al., 2011): 

𝑀(𝑥𝑡, 𝑥𝑡+1, 𝑦𝑡, 𝑦𝑡+1) = √
𝐷𝑡(𝑥𝑡+1, 𝑦𝑡+1)

𝐷𝑡(𝑥𝑡, 𝑦𝑡)
∙
𝐷𝑡+1(𝑥𝑡+1, 𝑦𝑡+1)

𝐷𝑡+1(𝑥𝑡, 𝑦𝑡)
. (1) 

where: 𝑥𝑡 – inputs in period t, 𝑦𝑡 – outputs in period t, 𝐷𝑡 – distance function with reference technology 

of period t. 

 

In the paper we will denote values of Malmqust index as TFP. 
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Malmquist index can be decomposed in order to analyse two sources of productivity 

changes: change of efficiency (further denoted as EC) and change of technology (further 

denoted as TC). Decomposition formula is following (Färe et al., 2011): 

𝑇𝐹𝑃 = 𝐸𝐶 ∙ 𝑇𝐶 =
𝐷𝑡+1(𝑥𝑡+1, 𝑦𝑡+1)

𝐷𝑡(𝑥𝑡, 𝑦𝑡)
√
𝐷𝑡(𝑥𝑡+1, 𝑦𝑡+1)

𝐷𝑡+1(𝑥𝑡+1, 𝑦𝑡+1)
∙
𝐷𝑡(𝑥𝑡, 𝑦𝑡)

𝐷𝑡+1(𝑥𝑡, 𝑦𝑡)
. (2) 

The interpretation of TFP, EC and TC is usual for the indices. Values greater than 1 mean 

the growth (improvement of, respectively: total productivity, efficiency and technology) while 

values lower than 1 mean decrease in respective areas. 

We assume that hospitals in Poland satisfy homogeneity condition as they all perform in 

the same environment. 

Data used come from the questionnaire completed by Polish county hospitals in summer 

2019. The analysed period is 2015-2018. Due to a missing data only 76 hospitals were 

examined. 2 outputs were taken into account: - total number of discharged and dead patients; 

- total number of man-days. Considering only total number of man-days is not enough, as the 

aim of treatment is to efficiently treat the patient and discharge them. Unfortunately in the 

dataset provided by hospitals the numbers of discharged and dead patients were aggregated. 

We also used 12 inputs: - number of beds; - energy expenditure; - value of the contract with the 

National Health Fund; - medical materials expenditure; - energy; - non-medical materials 

expenditure; - outsourcing of medical services; - outsourcing of non-medical services; 

- employment of doctors; - employment of nurses; - employment of paramedics; - employment 

of administrative staff. 

 

4. Results 

The result of the super-efficiency study with the SE-CCR (super-efficiency CCR) model 

oriented on inputs under constant returns to scale indicates that almost half of county hospitals 

were inefficient. In 2015-2016, there were 39 effective hospitals in each group of 76 examined 

hospitals, and in 2017-2018 efficiency improved slightly, as 43 hospitals were also effective in 

each group of 76 examined hospitals. Although the share of efficient hospitals is above 0.5 it is 

still relatively small. 

Both the average super-efficiency of county hospitals in terms of the efficiency of the use 

of their inputs, as well as the differences between hospitals were not subject to visible trends 

(Table 1). The minimum values fluctuated by 8%, but the lowest and highest values were 

recorded in the first two years, and in the following years values they were close to the values 
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from the first year of the analysis. The value of the first quartile initially increased slightly and 

remained stable in the last two years. Both values were less than 1, which indicates inefficiency 

of the hospitals in question. Similarly, the median value increased (except 2016), and the 

changes were in the range of 9%. The mean increased in 2016, in the following years it 

decreased and increased again almost to the value of the starting year. The value of the third 

quartile in subsequent years increased and decreased, and the diversity reached 5%. These three 

indicators were only slightly higher than 1. The highest value increased the most from year to 

year, and its diversity was 42%. As outliers increased, this indicates a relative increase in the 

distance between the most effective hospitals and their entire group. 

 

Table 1. Distribution of super-efficiency index by year for county hospitals in 2015-2018 
 

2015 2016 2017 2018 

Min 0.634 0.677 0.642 0.652 

Q1 0.829 0.851 0.858 0.859 

Q2 1.009 1.001 1.050 1.102 

Mean 1.498 1.543 1.406 1.480 

Q3 1.337 1.369 1.298 1.362 

Max 16.196 17.499 18.260 22.950 

 

Table 2. Malmquist's total productivity index, TFP, and its components: efficiency change index, EC, 

and technology change index, TC, for county hospitals in 2016/2015 
 

TFP EC TC 

Min 0.790 0.849 0.810 

Q1 0.943 0.993 0.953 

Q2 0.973 1.000 0.985 

Mean 0.999 1.004 0.995 

Q3 1.023 1.011 1.003 

Max 2.327 1.312 2.327 

 

Table 2 shows that in 2016/2015 total productivity decreased in more than ½ hospitals. The 

TFP index assumed a value slightly higher than 1 only for the third quartile. The maximum 

value was only slightly higher than 2. The effectiveness decreased in ¼ of the hospitals as 

shown by the values of EC. The median value was 1, i.e. the second-quarter of hospitals did 

not change their efficiency. The value of third quartile increased compared to the median by 

only 1%, which also indicates the unchanging efficiency. The maximum value is slightly 

higher. The values of TC indicate that there was also no technical progress. For at least 
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½ hospitals, the index was less than 1, i.e. the technical situation of the hospitals worsened. 

Only the third quartile was equal to 1, and the maximum value was only slightly greater than 

this value. 

 

Table 3. Malmquist's total productivity index, TFP, and its components: efficiency change index, EC, 

and technology change index, TC, for county hospitals in 2017/2016 
 

TFP EC TC 

min 0.379 0.878 0.379 

Q1 0.924 0.983 0.940 

Q2 0.965 1.000 0.982 

Mean 0.965 1.005 0.960 

Q3 1.005 1.000 1.012 

max 1.507 1.290 1.168 

 

Table 3 shows that in 2017/2016 the values of the total productivity index and its 

components for county hospitals testify to their difficult situation. For more than ½ hospitals, 

total productivity decreased. The value of the third quartile is close to 1, meaning productivity 

almost does not change. Only the maximum value is slightly greater than 1. Changes in 

efficiency are similar as shown by the EC values. In ¼ of the hospitals it was decreasing. The 

median and third quartile were 1, meaning the effectiveness did not change in the middle half 

of the examined hospitals. The maximum value is slightly higher than 1, i.e. there is a small 

group of hospitals where the efficiency increased slightly. 

 

Table 4. Malmquist's total productivity index, TFP, and its components: efficiency change index, EC, 

and technology change index, TC, for county hospitals in 2018/2017 
 

TFP EC TC 

min 0.331 0.824 0.331 

Q1 0.892 1.000 0.896 

Q2 0.936 1.000 0.934 

Mean 0.931 1.009 0.921 

Q3 0.979 1.026 0.966 

max 1.525 1.191 1.280 

 

Table 4 shows that the situation also slightly worsened in 2018/2017. Total productivity 

decreased because for at least ¾ hospitals the index was less than 1. Only the maximum value 

was greater than 1. Against the background of TFP, efficiency changes look better because the 

EC index is less than 1 only for the minimum value. In at least ½ hospitals efficiency did not 
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change. Only the maximum value is slightly higher than 1 which shows that there were 

individual hospitals in which efficiency improved. In ¾ hospitals, the technical progress index 

(TC) was less than 1, i.e. the situation of these hospitals worsened. Only the maximum value 

slightly exceeded 1. 

 

 

Figure 1. Share of hospitals for which EC<TC 

 

EC index has lower values than TC index in most of the hospitals. As shown in Fig. 1 this 

share was constantly rising from 60.53% in 2015/2016 to 81.58% in 2017/2018. That leads to 

the conclusion that more and more hospitals technology changes were less favourable than 

efficiency ones. 

 

Table 5. Average annual rates of changes in the total productivity index of Malmquist, TFP, and its 

components: efficiency change index, EC, and technology change index, TC, for county hospitals in 

2015-2018 
 

TFP EC TC 

2016 0.989 1.002 0.987 

2017 0.954 1.003 0.951 

2018 0.918 1.007 0.912 

Mean 0.953 1.004 0.950 

 

Table 5 shows the average results for individual years. Malmquist's total productivity index 

(TFP) in the entire period was less than 1. The mean for years 2015-2018 was 0.953, and TFP 

values ranged from 0.918 to 0.989. The individual values were decreasing. This means that 

hospital productivity is reduced by approximately 4.7% per year. The average change in 

efficiency (EC) was close to 1, and this value was taken by the index in individual years. This 

means that the effectiveness of using factors did not change in a visible way throughout the 

entire analysed period. There can be seen an increase but very slight in comparison to changes 
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of TFP and TC. The average index of technology changes (TC) is 0.950 and in all subsequent 

years values of this index were less than 1 and TC values ranged from 0.912 to 0.987. It follows 

that TC decreased by approximately 5% from year to year. The individual values of this index 

were falling down each year. This indicates deteriorating possibilities of using new and 

innovative methods of treating patients in examined hospitals. It leads to the conclusion that 

total productivity changes on average are unfavourable and the average differences in total 

productivity as well as technical progress are increasing. 

 

5. Conclusions 

The use of the superefficiency DEA model and the Malmquist index and its components 

enabled the calculation of the over-efficiency of 76 county hospitals in Poland in 2015-2018 as 

well as the determination of changes in their effectiveness. The show that the use of factors in 

most hospitals is inefficient and only partially improves in individual years. The Malmquist 

index and its components have revealed that changes in TFP time, efficiency and technical 

progress are unfavourable, as in most hospitals the situation is getting worse, and only in some 

of them a slight improvement was noted. The average annual rates of change in the overall 

productivity index of Malmquist and its components prove that the situation of hospitals is 

difficult, because TFP and TC take values less than 1, and EC equals 1. This means that 

hospitals are retreating in the technical development of using their resources. 

It is necessary to collect data and conduct intensive research on the effectiveness of 

hospitals in order to make decisions that will help hospitals improve their situation. 
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Sectoral dimension of enterprise innovation in the system of Polish 

provinces in 2008-2017 

 

Danuta Strahl1 

 

 

Abstract 

The purpose of the article is to conduct a comparative analysis of the results of Polish provinces classification in 

terms of enterprise innovation in the sectoral dimension, in the years 2008-2017. The assessment covers industry 

and service sectors, and within these sectors the innovation oriented activity of enterprises. The basic 

characteristics (available for the analysed period) were used to assess innovation. The classification of Polish 

provinces, regarding the sectoral dimension of innovation activities in 2008 and 2017 allowed the identification 

of groups in the borderline years: 4 groups respectively, taking into account the enterprise innovation 

characteristics in the industry sector as well as 3 and 4 groups of provinces considering the innovation 

characteristics in the service sector enterprises. To determine the similarities of the obtained classifications and, 

consequently, to assess and compare the relationship between the analysed sectors in the system of provinces, in 

terms of the adopted characteristics of enterprise innovation, constituting the research objective of the article, the 

measure of partition similarity proposed by Sokołowski (1976) was used. 

Keywords: Polish provinces, classification, partition similarity, innovativeness 

JEL Classification: C38, O18, O31. 

 

1. Introduction 

Innovation are consider as (OECD, 2018): “(...) a new or improved product or process 

(or a combination thereof) that differs significantly from the unit’s previous products or 

processes and that has been made available to potential users (product) or brought into use by 

the unit (process)”. Innovativeness of companies and, in consequence, regions and the country 

constitutes a significant factor of their development (Grossman and Helpman, 1994; Morgan, 

1997; Barkley et al., 2006; Markowska, 2012; Wang et al., 2019). The level of innovativeness 

of the Polish economy evaluated in annual ranks published by the European Commission 

(Hollanders et al., 2019a) has not been high for a dozen or so years. Poland along with Croatia, 

Cyprus, Czechia, Greece, Hungary, Italy, Latvia, Lithuania, Malta, Portugal, Slovakia, Slovenia 

and Spain is placed in a group of moderate innovators (the index for Poland is substantially 

below the EU average – and amounts to exactly 56.1% of the average). The Summary 
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Innovation Index for Poland in the years 2011-2018 amounted to, respectively: 0.257, 0.242, 

0.252, 0.242, 0.248, 0.260, 0.273, and 0.295. The EU average increased from 0.482 to 0.525 

during this period. The situation is similar in the ranks of European Union regions, where at the 

beginning of the last decade Polish regions at the level NUTS 2 were placed in the modest 

innovator group, apart from the Mazowieckie province (moderate innovator) (Hollanders et al., 

2012). According to the 2019 report (Hollanders et al., 2019b), the statistically separated 

Warsaw region (the capital city of Warsaw along with neighbouring poviats) is the most 

innovative region in Poland – the only Polish region defined as a moderate innovator +. The 

group of moderate innovators includes the Małopolskie province. Other regions were classified 

as follows: Śląskie, Wielkopolskie, Dolnośląskie, Pomorskie, Łódzkie and Podkarpackie 

(moderate innovator –); Kujawsko-Pomorskie, Świętokrzyskie, Lubelskie, regional 

Mazowieckie (modest innovator +); Zachodniopomorskie, Lubuskie, Opolskie, Podlaskie and 

Warmińsko-Mazurskie (modest innovator). 

Most rankings do not take into consideration whether the data concerns enterprises from 

the service or industry sector (Markowska and Strahl, 2017). Additionally, there is no research 

concerning the changes over time, which occur in regard to innovativeness of sectors in the 

region groups. The purpose of this article is to conduct a benchmarking analysis of the results 

of classification of provinces in Poland in terms of innovativeness of enterprises in the sectoral 

dimension in the years 2008-2017. The assessment covers industry and service sectors, as well 

as innovative activity of enterprises within these sectors. 

 

2. Method 

The applied research procedure is presented below as follows: 

1. Definition of the set of variables for the purpose of grouping, analyses periods, and research 

objects. 

2. Collection of data and preparation of a complete data matrix, and an initial data analyses. 

3. Standardization of variables. 

4. Application of the Ward’s method (1963). 

5. Analysis of the dendrogram to determine the cut-off level. 

6. Group membership and variable averages in groups. 

7. Evaluation of partition similarity – the measure of partition similarity by Sokołowski 

(1976). 
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3. Variables, regions and research period 

For assessment and classification purposes, four variables were used, for which comparable 

statistical data were available in the publications of the Statistics Poland [GUS] as at both 

borderline dates (Activity, 2011, 2018) in regard to enterprises with a separation of the industry 

sector and services sector. The list of variables is presented below. 

Variables for the industry sector enterprises: 

IM_1 – enterprises, which introduced innovations, as a % of the total of industrial enterprises; 

IM_2 – spendings per 1 industrial enterprise conducting innovative activity in thous. PLN; 

IM_3 – share of revenue from sales of new or significantly improved products in total revenue 

of industrial enterprises; 

IM_4 – enterprises, which incurred expenses on innovative activity, as a % of the total of 

industrial enterprises. 

 

Variables for the service sector enterprises: 

IS_1 – enterprises, which introduced innovations, as a % of the total of service enterprises; 

IS_2 – spendings per 1 service enterprise conducting innovative activity in thous. PLN; 

IS_3 – share of revenue from sales of new or significantly improved products in total revenue 

of service enterprises; 

IS_4 – enterprises, which incurred expenses on innovative activity, as a % of the total of service 

enterprises. 

 

The classification of sixteen provinces in Poland, which were the objects of research, was 

conducted in regard to the above variables in 2008 and in 2017. 

 

4. Results of cluster analysis 

The described research procedure (items 1-6) was applied four times (industry sector and 

service sector in 2008 and in 2017) for the above-mentioned variables. The dendrograms 

obtained after the application of the Ward’s method allowed for a relatively easy identification 

of the optimum number of groups. The same cut off point was adopted for all four groups, 

amounting to 10 (Fig. 1, 2). For the industry sector, four groups were obtained in both analysed 

years, and for the service sector – 3 and 4 groups, respectively.  

The average structures for the resulting groups (for the industry sector and for the service 

sector based on the data from 2008 and 2017) and the composition of groups is presented in 

Tables 1-4. 
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Based on the value of variables, which characterize enterprises in the industry sector as of 

2008, in the province grouping process the following four groups were obtained (Table 1): 

  

Figure 1. Grouping results – industry sector in 2008 (left) and in 2017 (right). 

 

Table 1. Average variables in groups – industry sector in 2008 

Group Count Province IM_1 IM_2 IM_3 IM_4 

1 7 

Dolnośląskie, Podlaskie, Śląskie, 

Małopolskie, Podkarpackie, Kujawsko-

Pomorskie, Mazowieckie 

23.4 4709.4 12.5 18.8 

2 1 Pomorskie 25.1 6145.5 27.0 19.1 

3 6 

Lubelskie, Opolskie, Świętokrzyskie, 

Wielkopolskie, Warmińsko-Mazurskie, 

Zachodniopomorskie 

19.8 2831.3 9.0 16.0 

4 2 Lubuskie, Łódzkie 14.9 6173.5 11.4 10.5 

 

1/ almost highest values of all variables characterize a single-element group, which includes 

the Pomorskie; 2/ average values in the two-element fourth group are lowest for the following 

variables: share of enterprises, which introduced innovations, in the general number of industry 

enterprises, and the percentage of enterprises, which incurred expenses on innovative activity 

in the total number of industry enterprises, and highest values in the share of revenues from the 

sales of new or significantly improved products in total revenues of industry enterprises; 3/ the 

first group (7 provinces) presents the second largest share of revenues from sale of new or 

significantly improved products in the total revenues of industry enterprises. 

The characteristics of groups in terms of similar variables concerning innovativeness of 

industry enterprises in 2017 are presented below: 
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Table 2. Average variables in groups – industry sector in 2017 

Group Count Province IM_1 IM_2 IM_3 IM_4 

1 6 

Dolnośląskie, Podkarpackie, Śląskie, 

Wielkopolskie, Małopolskie, 

Pomorskie 

11.9 5448.2 9.0 15.6 

2 1 Łódzkie 10.7 13325.0 6.5 12.2 

3 4 
Lubelskie, Mazowieckie, 

Świętokrzyskie, Opolskie 
14.5 4599.8 4.7 15.6 

4 5 

Kujawsko-Pomorskie, Podlaskie, 

Zachodniopomorskie, Lubuskie, 

Warmińsko-Mazurskie 

10.1 3499.0 5.0 12.7 

 

▪ largest group, with the highest average share of revenues from sale of new or significantly 

improved products in total revenue of industry enterprises, and the share of enterprises, 

which incurred expenses for innovative activity in the total number of industry enterprises; 

▪ one-element group, which includes the Łódzkie, with the highest expenses per an industrial 

enterprise conducting innovative activity, and the lowest share of enterprise which incurred 

expenses on innovative activity in the total number of industrial enterprises; 

▪ the highest average share of enterprises, which introduced innovation, and enterprises, 

which incurred expenses on innovative activity as a percentage of the total industry 

enterprises and the lowest share of revenues from sales of new or significantly improved 

products in the total revenues of industry enterprises; 

▪ where the following average variables are the lowest: IM_1, IM_2 and IM_4. 

 

The second group with most provinces received lowest values of average variables, which 

characterized service sector enterprises in 2008; whereas highest values were obtained for 

Mazowieckie (one-element group) (Table 3). 

In 2017, average values in the largest group (seven provinces) were lowest for every 

variable, whereas the highest values were obtained for the Mazowieckie, similarly as in 

previous grouping, thus creating a one-element group in this division (Table 4). 
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Figure 2. Grouping results – services sector in 2008 (left) and in 2017 (right) 

 

Table 3. Average variables in groups – services sector in 2008 

Group Count  Province IS_1 IS_2 IS_3 IS_4 

1 7 

Dolnośląskie, Lubuskie, 

Wielkopolskie, Małopolskie, 

Pomorskie, Śląskie, Podkarpackie 

16.6 1362.7 3.8 13.1 

2 8 

Kujawsko-Pomorskie, Lubelskie, 

Opolskie, Warmińsko-Mazurskie, 

Świętokrzyskie, Łódzkie, Podlaskie, 

Zachodniopomorskie 

10.8 1362.3 1.3 9.2 

3 1 Mazowieckie 22.0 9490.5 8.8 17.9 

 

Table 4. Average variables in groups – services sector in 2017 

Group Count Province IS_1 IS_2 IS_3 IS_4 

1 3 Dolnośląskie, Łódzkie, Podkarpackie 6.6 1853.0 2.9 8.3 

2 5 
Lubuskie, Małopolskie, Pomorskie, 

Śląskie, Wielkopolskie 
5.0 2870.2 0.8 8.9 

3 1 Mazowieckie 7.1 12194.0 5.5 11.2 

4 7 

Kujawsko-Pomorskie, Warmińsko-

Mazurskie, Zachodniopomorskie, 

Opolskie, Świętokrzyskie, Lubelskie, 

Podlaskie 

3.1 1264.7 0.6 4.2 

 

 

5. Partition similarity 

The similarity of resulting partitions of provinces in Poland due to innovativeness of enterprises 

in the sector of industry and services in 2008 and 2017 was evaluated in account of the measure 

according to the concept proposed by Sokołowski (1976) – Table 5. 
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Table 5. Measures of partition similarities 

Specification Industry 2008 Industry 2017 Services 2008 Services 2017 

Industry 2008 1 0.617 0.567 0.625 

Industry 2017 0.617 1 0.733 0.725 

Services 2008 0.567 0.733 1 0.842 

Services 2017 0.625 0.725 0.842 1 

 

Table 6. Discrimination ability of variables – classical analysis of the variance and non-parametric 

analysis of the variance (p-values from Kruskal-Wallis test) 

Variable 
2008 2017 2008 2017 

Classical Non-parametric 

IM_1 0.0003 0.0006 0.0178 0.0049 

IM_2 0.0617 0.0006 0.0656 0.2524 

IM_3 0.0006 0.0024 0.1366 0.0193 

IM_4 0.0000 0.0035 0.0082 0.0026 

IS_1 0.0002 0.0004 0.0080 0.0061 

IS_2 0.0000 0.0002 0.0585 0.1720 

IS_3 0.0020 0.0000 0.0105 0.0324 

IS_4 0.0000 0.0006 0.0188 0.0101 

Effects marked in red are significant with p < 0.0500. 

 

The conducted research assessed the similarity of resulting groups of provinces in Poland 

classified due to innovativeness of enterprises in the industry and services sectors. The 

assessment was made in terms of sectors and years. The largest similarity of partitions (0.842) 

occurred in provinces grouped in terms of innovativeness of enterprises in the sector of services 

in 2008 and 2017, and provinces grouped in 2017 in terms of innovativeness of enterprises in 

the analysed sectors (0.733). The value of this measure falls between 0-1 and even the lowest 

resulting value (0.567), which concerns the comparison of the partition of provinces (analysed 

sectors) in 2008 is high enough to state that all resulting grouping pairs are similar. This means 

that if innovativeness of enterprises (industry and services sectors) changed in the evaluated 

period, then it changed within the group of provinces. The final results of the research can by 

summarised in table form – see Tables 6 and 7. 
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Table 7. Assignment of provinces to groups 

Province 
Industry Services 

2008 2017 2008 2017 

Dolnośląskie 1 1 1 1 

Podkarpackie 1 1 1 1 

Małopolskie 1 1 1 2 

Śląskie 1 1 1 2 

Kujawsko-pomorskie 1 4 2 4 

Podlaskie 1 4 2 4 

Warmińsko-mazurskie 3 4 2 4 

Zachodniopomorskie 3 4 2 4 

Opolskie 3 3 2 4 

Świętokrzyskie 3 3 2 4 

Lubelskie 3 3 2 4 

Łódzkie 4 2 2 1 

Lubuskie 4 4 1 2 

Pomorskie 2 1 1 2 

Wielkopolskie 3 1 1 2 

Mazowieckie 1 3 3 3 

 

 

6. Conclusions 

The most important conclusions of the analysis of co-relations of variables include the fact that 

there is a significant statistical dependency amongst, for example: values of variables 

concerning innovativeness of enterprises in the industry sector in 2008 and 2017; the levels of 

variables, which describe innovativeness of enterprises in the services sector in 2008 and 2017; 

expenses per one enterprises, which conducts innovative activity in thous. PLN in industry 

enterprises (and 2008 and 2017), in the industry and services sectors (in 2008), and in the 

services sector (in 2008 and in 2017). The weaker discrimination ability of certain 

characteristics (mainly IM_2) may partially result from the fact that in 2008 two groups have 

a very similar average, and from the fact of presence of groups that include only one or two 

objects – then, the power of variance tests is not too significant (Table 6). 
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The most “characteristic” similarities in partitions include (sett Table 7): 

(1) for groups separated due to the attributes of innovativeness of industry enterprises: 

▪ four provinces: Dolnośląskie and Podkarpackie as well as Małopolskie and Śląskie, 

which were in the same group in 2008 and 2017 – three provinces (Opolskie, 

Świętokrzyskie and Lubelskie) were in the third group in 2008 and in 2017; 

▪ two provinces in 2008 and in 2017 were together in the following groups: in the first 

group in 2008, in the fourth group in 2017 (Kujawsko-Pomorskie and Podlaskie), in the 

third group in 2008, and in the fourth group in 2017 (Warmińsko-Mazurskie and 

Zachodniopomorskie); 

(2) for groups separated due to the attributes of innovativeness of enterprises in the services 

sector: 

▪ seven of the same provinces (Kujawsko-Pomorskie, Podlaskie, Warmińsko-Mazurskie 

and Zachodniopomorskie as well as Opolskie, Świętokrzyskie and Lubelskie) made the 

second group in 2008, and the fourth group in 2017;  

▪ five other provinces (Małopolskie, Śląskie, Lubuskie, Pomorskie and Wielkopolskie) 

made the first group in 2008, and the second group in 2017; 

▪ two provinces – Dolnośląskie and Podkarpackie both in 2008 and in 2017 were in one 

group (first group). 

 

It should be noted that there are four pairs of provinces (1/ Dolnośląskie and Podkarpackie, 

2/ Małopolskie and Śląskie, 3/ Kujawsko-Pomorskie and Podlaskie, 4/ Warmińsko-Mazurskie 

and Zachodniopomorskie) and a group of three provinces (Opolskie, Świętokrzyskie and 

Lubelskie), which were together in the same groups within the resulting partitions. 
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Tenure arrangements in the EU countries: the trade-off between ownership 

and rental housing 

 

Katarzyna Suszyńska1, Wojciech Kisiała2 

 

 

Abstract 

Distinguishable patterns of mass homeownership have emerged across the EU countries in recent decades, and 

have become commonly addressed in comparative analyses of housing systems in the globalised world. Numerous 

studies examined the spatial differentiation of housing tenure in the EU-15, yet the situation of the new member 

states still appears to be only vaguely recognized. The aim of the paper is to identify clusters of countries according 

to similarities within housing tenure and to explain differences in tenure composition (ownership vs. rental 

housing). The research procedure relies on cluster analysis that is part of multidimensional statistical classification 

methods. 

The paper uses cross-sectional European Union Statistics on Income and Living Conditions (SILC) data to 

deconstruct to what extent the living arrangements have varied across the European Union countries. The spatial 

scope of analysis covers all EU member states. 

The results allowed for distinguishing countries that boast similar housing tenure structure. The proposed typology 

may help to better understand the diversification of living arrangements within the EU and thus be useful in 

tailoring by authorities of the member states housing policies through identification of role models and good 

practices. 

Keywords: tenure forms, ownership, rental housing, cluster analysis, EU countries 

JEL Classification: R31, R28, C38 

 

1. Introduction 

Even though home ownership has long ceased to be considered the ideal tenure form (Kemeny, 

1981; Elsinga and Hoekstra, 2005; Jones et al., 2007; Tan and Khong, 2012; Aarland and Reid, 

2019), it is generally still preferred by governments, individuals and society as a whole (Doling 

and Elsinga, 2005; Jones et al., 2007). In 2018, more than one quarter of the EU-28 population 

lived in an owner-occupied home with an outstanding mortgage or loan, while more than 40% 

of the population lived in a debt-free owner-occupied home. In total, 7 out of 10 EU-28 citizens 
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lived in owner-occupied dwellings, while more than each fifth was a tenant with a market price 

rent, and the remaining part were tenants in reduced-rent or free accommodation. 

The purpose of this paper is to analyse and classify the European Union countries with 

regard to the prevailing housing tenure types. The empirical analyses are based on the EU 

Survey on Income and Living Conditions (SILC), enabling comparisons on the state level. 

In the research procedure, the cluster analysis was used as a method of classification. 

The clustering approach is recommended for smaller samples and does not require pre-

determination of the number of groups, which is of key importance for the exploratory nature 

of the research. 

The study is embedded in tenure-oriented approach. The most basic categories analysed in 

housing studies is ownership vs. rental housing. In the EU countries owner-occupied housing 

is usually discussed in terms of actual possession, i.e. whether there is an outstanding mortgage 

or loan for the dwelling, while the rental sector consists of dwellings that are privately-owned 

for the purpose of making a profit, and dwellings owned by local authorities and non-profit 

organizations that usually rent their stock at reduced price or free of charge. Such general 

classification of tenure types is problematic in comparative research, as tenure types may differ 

significantly across countries or have no counterparts, and there are numerous subsectors within 

each particular tenure type (Borg, 2015; Barlow and Duncan, 1988; Harloe et al., 1988; 

Ruonavaara, 1993). 

Taking into account the abovementioned conditions and availability of international data, 

the authors distinguish four tenure types for the purpose of the research: owner with mortgage 

or loan, owner with no outstanding mortgage or housing loan, tenant renting at market price 

and tenant renting at reduced price or free of charge. 

The use of tenure types for cross-national studies has been widely criticized (Barlow and 

Duncan, 1988), due to too broad and abstract use of the concept of tenure. However, there is 

a common agreement that housing tenure is a fundamental concept in housing policy research, 

as it sets up the rules of the games between actors in the housing market by defining the formal 

position of residents in their capacities as owners, co-owners and users of their dwellings (Borg, 

2015; Bengtsson, 2009). 

 

2. The trade-off between tenures 

Homeownership has expanded significantly to such an extent that it is now the dominant 

housing option in the vast majority of EU countries. In many of those countries, it is the 
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overwhelmingly prevalent tenure accommodating approximately 70% of households. 

Considering the significant cost of land, dwelling purchase and construction, homeownership 

is perceived by many as an important indicator of decent living conditions and a final step of 

most households’ housing ladders. 

Therefore, home ownership rates are still on the increase, and the trend is reinforced by 

e.g. the availability and accessibility to mortgages, the support of governments, the construction 

boom (Ronald and Elsinga, 2012), and last but not least – cultural patterns. Making the decision 

to purchase a house elevates the purchaser to a culturally significant status of a homeowner. 

Home is viewed as a basic privilege and thus is the cornerstone of housing policies in the most 

EU countries. Unlike renters, homeowners are perceived as financially independent citizens 

who embody the values of individual freedom, personal responsibility and self-reliance 

(Dickerson, 2009). 

Although privately owned housing stock outnumbers other tenure forms in almost all EU 

states, one can observe some variation within its size and growth dynamics. The reasons for 

this heterogeneity are manifold. Macro-economic factors such as gross domestic product 

(GDP), price-to-rent indices and population density as well as political and cultural attitudes 

towards the benefits of property creation and historical development have all been shown to 

play a role (Voigtlander, 2009). Institutional factors are also thought important to understanding 

tenure choice, for example differences in mortgage markets (Proxenos, 2002) and pension 

schemes (Kemeny, 1981; Castles, 1998). There is a heated debate on the “trade-off’ between 

welfare and housing. When countries are compared, a relationship seems to emerge between 

housing and welfare: the higher the home-ownership rate, the lower the state pensions. 

Although there is agreement on the statistical relationship between home-ownership and public 

spending on state pensions, the causal relation between the two remains unclear. 

Despite the general approval for home ownership, more and more attention has been drawn 

to its risks and challenges. While this tenure form can undoubtfully provide security and 

benefits to middle- or high-income households that boast the potential to build equity from their 

home, which is supposed to serve as a financial buffer in times of economic downturns or as 

a way to secure next generations’ needs, for some it may pose a source of insecurity. There is 

a growing concern among policy makers that low- and moderate income households do not 

benefit from being homeowners as much as the rich. The reason is that the benefits of being 

a homeowner are offset by additional financial burden (e.g. high mortgage risk), locational 

trade-offs, limited ability to accumulate wealth, or being forced to sell a dwelling at a loss in 

case of moving homes in the early years after purchase (Hulse et al., 2010). The financial strain 
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to meet housing costs may seem particularly distressing due to the extensive time of debt 

repayment. 

Another risk connected to home ownership is lower job mobility. While it is true to say that 

it affects all homeowners, those with low and moderate income seem to experience even more 

inconvenience in this matter. They purchase in outer metropolitan locations to be able to afford 

home ownership and are thus often forced to commute substantial distances (Ewijk and 

Leuvensteijn, 2009; Hulse et al., 2010). In addition to the financial and time costs of 

commuting, extended distance to work entails less time with family and the feeling of 

exclusion, i.e. being “locked” in to a particular location without possibility to access 

employment in other areas. 

Across Europe, different attitudes to renting may be observed. While in many countries 

rental housing is still perceived as the sector characterized by precarious housing contracts, low 

quality dwellings or even housing for the destitute, in others it is considered a cornerstone of 

market stability and a “safety net” in times of economic downturns (Haffner et al., 2017). 

In Germany, Sweden, Austria, Switzerland, private rental stock has long been perceived a safe 

and convenient form of tenure for various household types. 

 

3. Method and data 

The research procedure aims at distinguishing groups of countries (members of the EU) that 

are similar with respect to tenure arrangements. It employs a multidimensional statistical 

classification method – i.e. cluster analysis (Bailey, 1994). The clustering algorithm involves 

the division of the N-element set of objects, whose elements are characterized by the  

n-dimensional feature vector, into c homogeneous subsets (groups) in such a way that the 

vectors that make up one subset are more similar to each other than to vectors with other subsets. 

Among the many grouping procedures, the cluster analysis uses most often hierarchical 

methods based on the similarity tree (dendrogram) and non-hierarchical methods, which 

include grouping using the k-means method (objects are assigned to the number of k-clusters 

distinguished by the researcher) (Kaufman & Rousseeuw, 1990). 

In the study a hierarchical method was used using the agglomeration technique, in which 

each object is initially treated as a separate cluster, and then, in the course of the research, the 

closest objects are joined in increasingly larger clusters, until all the objects are combined into 

one generalized structure called a similarity tree (dendrogram). 
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The criterion for joining were the values of the similarity function, for which the Euclidean 

distance was calculated using the following formula: 

 ( ) 
=

−==
n

j

kjijikki zzdood
1

2)(, , (1) 

where: 

zij – value of j variable for item i, 

zkj – value of j variable for item k, 

j = 1, 2, … n – number of variables,  

i, k = 1,2, …, N – number of items. 

 

While the similarity of objects was determined on the basis of Euclidean distance, the 

agglomeration method (i.e. the principle of joining objects into clusters) was determined on the 

basis of an analysis of variance using the so-called Ward method. In each grouping stage, out 

of all cluster pairs, the pair that combines the smallest differentiation will be joined. Therefore, 

the sum of squares of deviations within clusters is minimized. It is often indicated in the 

literature that this is the most effective method among the available methods of binding clusters 

(Ward, 1963; Kaufman and Rousseeuw, 1990; Everitt, Landau and Leese, 2001; Suchecki and 

Lewandowska-Gwarda, 2010). 

As a result of hierarchical clustering, similarity trees were created, on the basis of which 

the final typology was developed. Due to the fact that in the agglomeration procedure of cluster 

analysis the number of groups is not predetermined, the division into groups (types of countries) 

was made based on the agglomeration chart (binding distance chart relative to binding stages) 

depicting the differences between the clusters arising in subsequent analysis stages (Kaufman 

and Rousseeuw, 1990; Stanisz, 2007). 

The spatial scope of the study covered all EU Member States. Due to the availability of 

statistical data, and the low variability of tenure arrangements over time, the analysis was 

limited to the year 2018. In the research procedure, the distribution of population by tenure 

status data was adopted as diagnostic variables constituting the n-dimensional vector of 

differentiating features of the EU countries: 

1. Owner, with mortgage or loan [%]. 

2. Owner, no outstanding mortgage or housing loan [%]. 

3. Tenant, rent at market price [%]. 

4. Tenant, rent at reduced price or free [%]. 
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The above statistics were acquired from the EUROSTAT study – the European Survey on 

Living Conditions (EU-SILC). 

 

4. Results 

The similarity tree resulting from the cluster analysis along with the plot of linkage distance 

across steps indicated distinguishing four clusters of countries with similar characteristics with 

regard to tenure arrangements (Fig. 1). The developed typological classification clearly 

highlighted the spatial regularities in the area of similarity of tenure structures in the EU housing 

markets (Fig. 2). 

 

0 100 200

Linkage Distance

Slovenia

Malta

Estonia

Cyprus

Spain

Italy

Greece

Czechia

Slovakia

Lithuania

Poland

Hungary

Latvia

Romania

Croatia

Bulgaria

Netherlands

Sweden

Denmark

Finland

France

Portugal

Ireland

Austria

Germany

United Kingdom

Luxembourg

Belgium

 

Plot of Linkage Distance across Steps

0 3 6 9 12 15 18 21 24 27

Step

-100

0

100

200

300

400

500

Li
nk

ag
e 

D
is

ta
nc

e

 

Figure 1. Similarity tree of the EU countries according to tenure arrangements in 2018 

 

The first type (A) covered most of the “old”, mostly Western EU countries including 

Belgium, Germany, Ireland, Spain, France, Luxembourg, Austria, Portugal, Finland and the 

United Kingdom. They were economically advanced countries, with developed housing 

systems and relatively high housing affordability. This cluster of countries was the most 

balanced in terms of housing tenure. Every third resident owned a flat without any debt, and 

the same share had flats with mortgage or loan. The remaining share lived in rental housing – 

almost 20% rented at market price, and approximately 13% at reduced price or free (Table 1). 

Such a high share of residents benefiting from reliefs and rent reductions (the highest among 

the groups identified) indicates an important place of social housing policy in these countries. 
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Figure 2. Spatial diversity of types of EU countries distinguished according to tenure arrangements 

in 2018 

 

Table 1. Types of EU countries distinguished according to tenure arrangements 

Type 
No. of 

countries 

Distribution of population by tenure status [%]: 

owner, with 

mortgage or 

loan 

owner, no 

outstanding 

mortgage or 

housing loan 

tenant, rent at 

market price 

tenant, rent at 

reduced price 

or free 

A 9 35.1 31.3 22.2 11,5 

B 3 52.9 11.5 34.9 0,7 

C 8 10.1 77.8 3.8 8,3 

D 8 19.2 57.1 12.9 10,9 

EU-28 26,5 42.8 22.0 8.7 

 

The second group (type B) consisted of three countries located in northern and western 

Europe – Sweden, Denmark and the Netherlands. As indicated in Table 1, this cluster was 

characterized by a significant dominance of ownership with mortgage or loan (almost 53% of 

residents). The share of owners not encumbered by a mortgage did not exceed 10%. In these 

countries housing prices are higher but the housing finance systems are also more developed 

encouraging people to purchase, even with less support from the family. More than every third 

resident of these countries rented a flat. It is noticeable, however, that the share of rental housing 

with reduced rents is very low (less than 1% of residents benefited from this type of privilege). 

It stems from the fact that in Denmark and Sweden social housing was originally embedded in 

a universal welfare policy whose target was to create housing quality for the entire population. 
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In the Netherlands, likewise, the stock of rental housing is considerable and this way relatively 

affordable. 

The third cluster (type C) included most of the developing countries of Central and Eastern 

Europe with: Bulgaria, Croatia, Hungary, Latvia, Lithuania, Poland Romania and Slovakia. 

The cluster was markedly different from the previous groups which belonged to the “old” 

Union. A characteristic feature of this group was the extremely high share of owners with no 

outstanding mortgage or housing loan (almost 80%). Only 5% of owners had a debt 

commitment. In CEE countries families have traditionally been involved in housing careers of 

next generations. Children leave their homes late and they buy their first flats with significant 

financial help of their parents. The lowest share of tenants (approximately 10% of residents 

rented apartments) was also due to vast privatisation. Moreover, it is worth noting that there 

were double as many tenants with rent at reduced price or free of charge than tenants with rent 

at market price) (Table 1). 

A separate group (type D) were Southern European countries (Greece, Spain, Italy, Cyprus 

and Malta), as well as stronger, well-developed economically CEE countries (Czechia, Estonia 

and Slovenia) that boasted similar tenure structures. Based on statistical characteristics from 

Table 1 it can be stated that this cluster was characterized by a high percentage of owners 

without housing debt (57%), as well as a relatively high share of tenants with reduced rents 

(almost 11%). 

 

5. Conclusions 

In the light of the results obtained, it can be concluded that there were clear spatial regularities 

in the field of tenure structure. On one hand, the dichotomy of old vs. new EU member states 

became visible, on the other hand, the more and more profound gap between the north and the 

south (also in other areas of socio-economic life) was identified. 

The presented study is a contribution to the full explanation of the tenure arrangement and 

is part of the increasingly moving research trend within housing studies (Ruonavaara, 1993; 

Doling and Elsinga, 2005; Elsinga and Hoekstra, 2005; Aarland and Reid, 2019). There are 

numerous similarities of the results obtained to the previous observations by e.g. Doling and 

Ronald (2010), Borg (2015), Lennartz, Arundel and Ronald (2016). However, the novelty of 

the research is the inclusion of Central and Eastern European countries in the research, and the 

detection of spatial regularities that distinguish these countries from the rest of the Community. 
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The identified typology may become a contribution to further, in-depth research on the 

determinants of the housing situation of Europeans and the development of housing systems. 

At the same time, the typology developed may be useful while designing housing policies of 

individual Member States and their common integration at the EU level. 
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Impact of demographic dividend for longevity economy – the case 

of selected European countries 

 

Grażyna Trzpiot1 

 

 

Abstract 

The year 2020 will mark the beginning of the decade of the “young old”, as the Japanese call people aged between 

65 and 75. The height of the baby boom, the period of high fertility in rich countries after the Second World War, 

was 1955-60. One might therefore expect peak retirement for baby-boomers in the coming years—except that they 

are not retiring. By continuing to work, and staying socially engaged, the boomers, in their new guise as the young 

old, will change the world, as they have done several times before at different stages of their lives. The lack 

of demographic dividend is the main impact on longevity economy. The aim of the paper is to establish some 

projections on some risks related with longevity economy. In this paper, we consider some economic, financial 

and demographic variables in the context of their impact on longevity. The Principal Component Regression is 

used in order to construct investment portfolios for longevity economy that are sensitive to risk factors according 

to the APT portfolio factor model for selected European countries. 

Keywords: longevity, risk, PCA 

JEL Classification: C130, C180 

 

1. Introduction 

Both rich and developing countries are experiencing dramatic changes in population age 

structure as a consequence of the demographic transition, post-world war II baby booms and 

busts, the emergence of very low fertility, and continuing improvements in life expectancy 

(Mason et al., 2016). Longevity is one of the most important trends of next decade. We are 

living longer than ever, but how we age is changing efficiently. Baby Boomers are actively 

aware of the later life challenges experienced by their own parents, and of the challenges that 

they themselves experience as their primary careers. They are making the lifestyle changes 

needed to ensure that their finances, health and wellbeing are optimized in later life, and that 

their children’s lives are better for it. The “young old” are more numerous, healthier and 

wealthier than previous generations of seniors. There will be 11% of the population 65- to 74-

year-olds in rich countries in 2020, up from 8% in 2000.  

                                                                 
1 Corresponding author: University of Economics in Katowice, Department of Demography and Economic 

Statistics, ul 1 Maja 50, 40-287 Katowice, grazyna.trzpiot@ue.katowice.pl. 
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Looking beyond the numbers, Baby Boomers are demanding more from later life, and the 

products and services on offer for them. This offers both a tremendous opportunity for 

businesses willing to recognize and seize it, and a threat for those that ignore it. Every sector 

stands to be disrupted by longevity, by changing customer demographics and opportunities, an 

ageing workforce, new ways to prevent and treat disease, the intersection with rising in wellness 

and sustainability trends or change across the pensions market. 

In this paper representative countries with different economy growth level and demographic 

situation are selected by cluster analysis. Next the Principal Component Analysis is used to 

specify risk factors longevity economy. Finally the multifactor regression models (the Principal 

Component Regression) were used to build portfolios, which described longevity economy that 

are sensitive to risk factors. 

 

2. Demographic dividend versus longevity dividend 

Demographic dividend, as defined by the United Nations Population Fund means, "the 

economic growth potential that can result from shifts in a population’s age structure, mainly 

when the share of the working-age population (15 to 64) is larger than the non-working-age 

share of the population (14 and younger, and 65 and older)"2. Demographic dividend occurs 

when the proportion of working people in the total population is high because this indicates that 

more people have the potential to be productive and contribute to growth of the economy. Due 

to the dividend between young and old, many argue that there is a great potential for economic 

gains, which has been termed the "demographic gift". In order for economic growth to occur 

the younger population must have access to quality education, adequate nutrition and health 

including access to sexual and reproductive health. A decline in fertility and mortality rates 

boosts working population productivity, which leads to a demographic dividend. The first 

demographic dividend phase refers to a multi-decade long rise in the support ratio that typically 

occurs during the demographic transition. The average duration of the first dividend phase 

varies by region (Fig. 1 and 2) but for many countries the duration is heavily dependent on 

projected values which, in turn, are influenced by the assumed speed of fertility decline. The 

longest average duration by a wide margin is for Africa – in excess of 90 years. The next longest 

is in Oceania, at about 65 years, while the average durations in the Americas and Asia are very 

similar at a little less than 60 years. The shortest average duration, under 40 years, is found in 

Europe for reasons explained above, that is, Europe’s estimates of the dividends are truncated 

                                                                 
2 www.unfpa.org/demographic-dividend. 

http://www.unfpa.org/demographic-dividend
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and therefore, the duration and accumulated size of the dividends are under-estimated (Mason 

et al., 2017). 

 

 

Figure 1. Start (left) and end (right) year of demographic dividend phase 

Source: based on: Mason et al., 2017, p. 22. 

 

The elderly are not only growing rapidly in absolute numbers, but have also become 

substantially healthier. In a phenomenon referred to by demographers and health specialists as 

the ‘compression of morbidity’, the length of healthy old-age appears to be increasing. Part of 

this trend can be attributed to increases in the length of life, and part to shorter and later periods 

of illness. The net effect is an increase in number of years lived at old age without major health 

problems (Bloom et al., 2010). Combined with the dynamic evolution of past variations in birth 

and death rates, recent declines in fertility rates and increases in life expectancy are causing 

a significant shift in the global age structure. The lag between produces a generational 

population, the lack of demographic dividend have the main impact on longevity economy. 

 

 

Figure 2. Average duration of the first demographic dividend by region 

Source: based on: Mason et al., 2017, p. 22. 

 

Whether increased longevity is a burden or a dividend depends on the extent to which 

societies prepare for the challenges of ageing populations and plan for making use of the 

benefits. One of the most tangible benefits of living and working longer is the retention of skills 
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and knowledge. The Longevity Dividend refers to the economic benefits of ending aging and 

eliminating the associated health care costs. The Longevity Dividend has been defined as "the 

sum of health, social and economic benefits that result from slower aging"3. We contend that 

the social, economic, and health benefits that would result from such advances may be thought 

of as "longevity dividends", and that they should be aggressively pursued as the new approach 

to health promotion and disease prevention in the 21st century (Olshansky et al., 2007). How 

we can maximize the "Longevity Dividend"? Longevity economy depends on the real scale of 

demographic dividend and longevity dividend. The balance is important for retail, insurance, 

retail banking, housing, medicine and healthcare. We attempt to identify risk factors that could 

have influence on longevity economy. Especially we consider in our approach research on of 

real estate market, financial market and real effective exchange rates. 

 

3. Methodology and data 

As an objective in research part we attempt to identify risk factors that could have influence on 

the longevity economy, by investments return. An evaluation of the impact of each risk factor 

on portfolio return rates is presented. Investment portfolios based on different financial 

instrument with different fixed risk profiles, referring to longevity economy have been 

proposed as the final results of the main research for selected countries. The main contribution 

is proposed method for building portfolios that are sensitive to risk factors – based on APT 

portfolio methodology (Ross, 1976)4. We propose new approach to constructing the risk 

factors. Risk factor defined by PCA longevity risk factor has a significant impact on rates of 

return of investment portfolios. Our research proceeds with the three main steps. 

First step: selection of the European countries to the analysis. The cluster analysis is applied 

to choose representative countries from each cluster of countries due to the macroeconomic 

variables. Second step: identification factors that could have influence on the long-term 

investment return. Dimension reduction by PCA is used for transformation of highly correlating 

variables into set of uncorrelated latent variables, and combination of several variables that 

characterize demographic changes and economic development into uncorrelated factors. Third 

step: simulation of the return of the investment portfolios as a particularly possibly investments 

in longevity economy. Two methods, PCR and PCA, are both good techniques for 

                                                                 
3 https://ieet.org/index.php/tpwiki/Longevity_dividend. 
4 In finance, arbitrage pricing theory (APT) is a general theory of asset pricing that holds that the expected return 

of a financial asset can be modeled as a linear function of various factors or theoretical market indices, where 

sensitivity to changes in each factor is represented by a factor-specific beta coefficient. The linear factor model 

structure of the APT is used as the basis for many of the commercial risk systems employed by asset managers. 
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dimensionality reduction in modelling data sets (Hotelling, 1933; Jolliffe, 1982, 2002). In the 

process of identification of risk factors the following variables are taken into consideration 

(Majewska and Trzpiot, 2019): 

1. Demographic old-age dependency ratio – traditionally seen as an indication of the level of 

support available to older persons (those aged 65 or over, i.e. age when they are generally 

economically inactive) by the working age population (those aged between 15 and 64) 

[expressed per 100 persons of working age (15-64)]. 

2. Life expectancy at birth – the mean number of years that a newborn child can expect to live 

if subjected throughout his life to the current mortality conditions (age specific probabilities 

of dying) [expressed in years]. 

3. Life expectancy at age 65 – the mean number of years still to be lived by a man or a woman 

who has reached the age 65, if subjected throughout the rest of his or her life to the current 

mortality conditions (age-specific probabilities of dying) [expressed in years]. 

4. Consumer Price Index (CPI) – the change over time in the prices of consumer goods and 

services acquired, used or paid for by households [measured in an index, 2015 base year]. 

5. Real GDP per capita – the ratio of real GDP to the average population of a specific year; 

a measure of economic activity, used as a proxy for the development in a country’s material 

living standards (a limited measure of economic welfare) [per capita, in current prices]. 

6. Unemployment rate – represents unemployed persons as a percentage of the labour force 

(the total number of people employed and unemployed) [% of active population]. 

7. Real effective exchange rates (REER) – aims to assess a country's price or cost 

competitiveness relative to its principal competitors in international markets; changes in cost 

and price competitiveness depend not only on exchange rate movements but also on cost and 

price trends [indices]. 

8. Gross saving – measures the portion of gross national disposable income that is not used for 

final consumption expenditure; gross national saving is the sum of the gross savings of the 

various institutional sectors [current prices]. 

9. Long-term government bond yields – refer to central government bond yields on the 

secondary market, gross of tax, with residual maturity of around 10 years; the bond or the 

bonds of the basket have to be replaced regularly to avoid any maturity drift [%]. 

10. Long-term care (health) expenditures – expenditures on a range of medical and personal care 

services that are consumed with the primary goal of alleviating pain and suffering and 

reducing or managing the deterioration in health status in patients with a degree of long-term 

dependency [share of current expenditures on health]. 
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11. Currency exchange rates: EUR/USD, EUR/PLN. 

12. Stock market a main index: DAX in Germany, IBEX35 in Spain, WIG20 in Poland. 

13. Real Estate Funds and Equity/Dividend Funds: Unilmmo Deutchland and Allianz 

Vermögensbildung Deutschland (Germany), Seguffondo Inversion and Bankia Dividendo 

España FI (Spain), PZU UFK Investor Nieruchomości i Budownictwa and Investor FIO 

Subfundusz Akcji Spółek Dywidendowych (Poland). 

 

Economic and demographic variables are derived from Eurostat database (variables 1-9) 

and OECD (variable 10), stock quotes – from stock exchange (Frankfurt, Madrid, Warsaw) and 

financial database (the Yahoo Finance) (variables 12 and 13). Time series were obtained for 

the time period 2010-2016. The period does not cover years from the financial crisis to avoid 

unusual observations from financial market. 

 

4. Impact on longevity economy – empirical results 

The cluster analysis was conducted according to the following variables: GDP growth rate (%), 

inflation rate (%), real productivity per hour worked, national savings, proportion of population 

aged 65 and over, old-age-dependency ratio (Ward linkage, Euclidean distance). As the result 

of cluster analysis (Gordon 1999) we obtain four groups of countries (Trzpiot and Majewska, 

2016). One group consisted only of Luxembourg, so as the outlier, it was excluded from the 

analysis. We choose one representative country from each cluster: Germany, Spain and Poland. 

Each of these countries represents different level of economic growth and life expectancy. Next 

PCA was applied for identification risk factors that could have impact on longevity economy5. 

This analysis is new in two points: all variables were expressed as chain indices using a base 

previous observation and estimation of portfolio will depend on these new filters6. As a result 

of PCA six components for each country separately were selected and treated as Fi risk factors. 

The correlations between the factors were explained by factor loadings, values greater than or 

equal to 0.48 were used to indicate significant correlations between the component and the 

variables. 

The results for Germany was as follows: the first principal component explains 27.2% of 

the variation, while all components – 73.2%, we revived a set of linearly uncorrelated variables: 

                                                                 
5 It is not wide period of time, thus some data were converted to monthly frequency (and then all variables were 

expressed as chain indices using a base previous observation – this is new approach in main research), with 

maintaining the strength and direction of correlation between variables. 
6 The previous paper was based on cumulative information – all variables were expressed as indices using a base 

year of 2010 (Trzpiot and Majewska, 2016, Majewska and Trzpiot, 2019). 
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The first component is identified as elderly needs risk especially because of the high positive 

factor loadings life expectancy at birth and life expectancy at 65. The second component has 

been a set of variables that reflect financial risk. Next to component was identified as labor 

market and market risk. Advancing age due to increased life expectancy itself is a risk factor. 

The next is connected with long term investment the last component explains 7.6% of total 

variance and it would associate with local economy risk. 

For Spain the first principal component explains 22.2% of the variation, while all 

components – 76.4%. The first component reflects economy risk. The second was call long 

term standard of living (explains 16. 2% of the variation). Next component has been clustered 

with currency exchange rates and real effective exchange rates so was call market risk, the 

fourth with gross savings – individual wealth risk. The last two components were explaining 

12.1% of total variance: old-dependency ratio – elderly needs risk and with long term 

government bond yield, it would be associated with long-term investment risk. 

 

Table 1. Defined risk factors for selected European country 2010-2016 (chain indexes) 

Risk 

factors 
Germany Spain Poland 

Factor 1 Elderly needs risk Economy risk Market risk 

Factor 2t Financial risk Long-term standard of living 

risk 

Elderly needs risk 

Factor 3t Labor market risk Market risk Long-term standard of living 

risk 

Factor 4 Market risk Elderly needs risk Financial risk 

Factor 5 Long-term investment risk Individual wealth risk Long-term investment risk 

Factor 6 Local economy risk Long-term investment risk Individual wealth risk 

 

For Poland the first component has been loaded with variables related with market risk and 

explains 23.3% of variance, all components was explain – 76.6% of the total variance. The 

second component has been identified as elderly needs risk. Next two components have been 

clustered with long-term standard of living risk and financial risk. The last two components 

were explain 14.2% of total variance: long term government bond yield and long-term care 

expenditures – we call them long-term investment risk – and a gross saving and would be 

associated with individual wealth risk (Table 1). 

Final step of procedure was simulation of investment portfolios as a particularly possibly 

investments in longevity economy. Based on risk factors received by using PCA we started to 

estimate portfolio according to APT theory, where sensitivity to changes in each factor is 

represented by a factor-specific beta coefficient. Portfolio return was weighted return of chosen 



The 14th Professor Aleksander Zeliaś International Conference on Modelling and Forecasting of Socio-Economic Phenomena 

182 

financial instrument and bonds. We used respectively: rate of return of Real Estate Funds, rate 

of return Dividend Funds as the first component of portfolio and relative change of monthly 

return rate of long term government bond yields 10-year as a second component of portfolio. 

We construct different portfolio using PCR with fixed weights (proportion of financial 

instrument and bond respectively): 40fi/60b (low risk) and 60fi/40b (high risk). Rp means 

portfolio rate of return. 

 

Scenario #1: Portfolio return rate for bond and Real Estate Funds (40b/60fu) 

RpGERMANY = − 0.62F5 + 0.181 F6  R2 = 0.45 

The interpretation for this result for Germany is as follows: if risk represented by F5 increase 

by 1then Rp will decrease by -0.62% and if risk represented by F6 increase by 1, then Rp will 

increase by 0.181%. 

RpSPAIN = 0.326 F2 +0.293F3 − 0.24F4 − 0.32 F5+ 0.455 F6  R2 = 0.56 

The interpretation for this result for Spain is as follows: if risk represented by F2 increase 

by 1, then Rp will increase by 0.326%, if risk represented by F3 increase by 1, then Rp will 

increase by 0.293%, if risk represented by F4 increase by 1, then Rp will decrease by 0.24%, if 

risk represented by F5 increase by 1then Rp will decrease by 0.32% and if risk represented by 

F6 increase by 1, then Rp will increase by 0.455%. 

RpPOLAND = 0.255F5  R2 = 0.14 

The interpretation of this equation for Poland is as follows: if risk represented by F5 

increase by 1, then Rp will decrease by will increase by 0.255%. 

 

Scenario #2: Portfolio return rate for bond and Real Estate Funds (60b/40fu) 

RpGERMANY = − 0.63F5 + 0.188 F6  R2 = 0.46 

The interpretation for this result for Germany is as follows: if risk represented by F5 

increase by 1then Rp will decrease by -0.63% and if risk represented by F6 increase by 1, then 

Rp will increase by 0.188%. 

RpSPAIN = 0.360 F2 +0.330F3 − 0.21F4 − 0.21 F5  R2 = 0.32 

The interpretation for this result for Spain is as follows: if risk represented by F2 increase 

by 1, then Rp will increase by 0.360%, if risk represented by F3 increase by 1, then Rp will 

increase by 0.330%, if risk represented by F4 increase by 1, then Rp will decrease by 0.21%, if 

risk represented by F5 increase by 1then Rp will decrease by 0.21%. 

RpPOLAND = 0.415 F5  R2 = 0.24 

The interpretation of this equation for Poland is as follows: if risk represented by F5 

increase by 1, then Rp will decrease by will increase by 0.415%. 
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Scenario #3: Portfolio return rate for bond and Dividend Funds (40b/60fu) 

RpGERMANY = − 0.20F2 − 0.63F5 + 0.206 F6  R2 = 0.49 

The interpretation for this result for Germany is as follows: if risk represented by F2 

increase by 1, then Rp will decrease by 0.2%,if risk represented by F5 increase by 1then Rp 

will decrease by 0.63% and if risk represented by F6 increase by 1, then Rp will increase by 

0.206%. 

RpSPAIN = 0.289 F2 +0.376F3 + 0.139F4 + 0.124F5 + 0.802 F6  R2 = 0.9 

The interpretation for this result for Spain is as follows: if risk represented by F2 increase 

by 1, then Rp will increase by 0.289%, if risk represented by F3 increase by 1, then Rp will 

increase by 0.376%, if risk represented by F4 increase by 1, then Rp will increase by 0.139%, 

if risk represented by F5 increase by 1then Rp will decrease by 0.124% and if risk represented 

by F6 increase by 1, then Rp will increase by 0.802%. 

RpPOLAND = − 0.49F1 + 0.391F5  R2 = 0.4 

The interpretation of this equation for Poland is as follows: if risk represented by F1 

increase by 1, then Rp will decrease by 0.49%, if risk represented by F5 increase by 1, then Rp 

will increase by 0.391%. 

 

Scenario #4: Portfolio return rate for bond and Dividend Funds (60b/40fu) 

RpGERMANY = − 0.17F2 − 0.63F5 + 0.199 F6  R2 = 0.48 

The interpretation for this result for Germany is as follows: if risk represented by F2 

increase by 1, then Rp will decrease by 0.17%, if risk represented by F5 increase by 1then Rp 

will decrease by 0.63% and if risk represented by F6 increase by 1, then Rp will increase by 

0.199%. 

RpSPAIN = 0.348 F2 +0.386F3 + 0.723 F6  R2 = 0.9 

The interpretation for this result for Spain is as follows: if risk represented by F2 increase 

by 1, then Rp will increase by 0.348%, if risk represented by F3 increase by 1, then Rp will 

increase by 0.386% and if risk represented by F6 increase by 1, then Rp will increase by 

0.723%. 

RpPOLAND = 0.498F5  R2 = 0.29 

The interpretation of this equation for Poland is as follows: if risk represented by F5 

increase by 1, then Rp will increase by 0.498%. 
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5. Conclusions 

Results of our analysis based on reduction on number of variables are not in conflict with 

mentioned early empirical studies (e.g. Bloom et al., 2010, Acemoglu and Restrepo, 2017). 

We confirmed some projected consequences of longevity economy especially in valuation 

portfolio with Real Estate Funds and Dividend Funds as an asset. There is statistically 

significant effect extracted by PCA risk factors. In Germany we can point out three factors, all 

are connected with financial risk, long term investment risk and local economy risk, that impact 

statistically significant effect on longevity economy. In Spain we have, depend on scenario, 

almost all significant factors. At the end, for Poland we receive two factors: long term 

investment risk and market risk. Calibrated models are statistically significant, so we can use 

these models for prediction return of portfolio. 
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Analysis of the Risk of Survival of an Enterprise 
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Abstract 

We consider the problem of interval estimation of the odds ratio. An asymptotic confidence interval is widely 

applied. Unfortunately that confidence interval has a poor coverage probability: it is significantly smaller than the 

nominal confidence level. In this paper a new confidence interval is proposed. The coverage probability of the 

proposed confidence interval is at least the nominal confidence level. 

The new confidence interval is applied to the analysis of the risk of liquidation of a company during the first ten 

years of its activity. Companies established in 2007 in Mazowieckie voivodship and Warsaw are analysed with 

respect to their surviving during the first ten years of activity. 

Keywords: odds ratio, confidence interval, survival of firms 

JEL Classification: C13, C19 

 

1. Introduction 

In practical applications we often need to compare two groups using binary data. Three 

parameters are commonly used: the difference of two proportions (the risk difference), the ratio 

of two proportions (the relative risk), and the odds ratio. The odds ratio is one of the parameters 

commonly used in such comparisons. This indicator was firstly applied by Cornfield (1951). 

The literature devoted to the analysis of odds ratio and its estimators is very rich, see 

e.g. Encyclopedia of Statistical Sciences and the literature therein. 

However, the problem is in the interval estimation. There are two approaches to the 

problem. The first one consists of the analysis of 2×2 tables (Edwards, 1963; Gart, 1971; 

Thomas, 1971). The second approach is based on logistic model in which the odds ratio has a 

direct relationship with the regression coefficient (Gart, 1971; McCullagh, 1980; Morris and 

Gardner, 1988). This approach is commonly used in applications and an asymptotic interval for 

odds ratio derived from the logistic model is widely used. This interval is applied in different 

statistical packages. There are also many internet scripts for calculating an asymptotic 

confidence interval (see e.g. http://www.hutchon.net/ConfidOR.htm). Unfortunately this 

                                                                 
1 Corresponding author: Warsaw University of Life Sciences, Department of Econometrics and Statistics, 

Nowoursynowska 159, PL-02-776 Warsaw, wojciech_zielinski@sggw.pl, http://wojtek.zielinski.statystyka.info. 



The 14th Professor Aleksander Zeliaś International Conference on Modelling and Forecasting of Socio-Economic Phenomena 

186 

confidence interval has some statistical disadvantages discussed (Zieliński, 2019). To avoid 

those disadvantages a new confidence interval is proposed. The new confidence interval was 

applied to the analysis of surviving of firms. 

In the analysis of surviving of firms an important indicator is the probability of their 

liquidation. Such probability is estimated with the aid of the Kaplan-Meier survival estimator 

in different groups of risks. An exhaustive analysis may be found in Łobos and Szewczyk 

(2013), Markowicz (2018, 2019), Ptak-Chmielewska (2013), Ptak-Chmielewska and Matuszyk 

(2019). 

In what follows, we are interested only in the comparison of the risk of surviving of firms 

established in Mazowieckie voivodship and Warsaw. All investigated firms were established 

in 2007 and it was observed whether they were still active in 2017 (i.e. after ten years). 

 

2. Confidence interval for odds ratio 

Consider two independent r.v.'s 𝜉𝐴 and 𝜉𝐵 distributed as Bin(𝑛𝐴, 𝑝𝐴) and Bin(𝑛𝐵 , 𝑝𝐵), 

respectively. The problem is in estimating the odds ratio: 

𝑂𝑅 = (
𝑝𝐴

1 − 𝑝𝐴
) (
1 − 𝑝𝐵
𝑝𝐵

).  

Let 𝑛𝐴1 and 𝑛𝐵1 be observed numbers of successes. The data are usually organized in 

a 2 × 2 table: 

 

Table 1. 2 × 2 table of data 

 Success Failure  

A nA1 nA0 nA 

B nB1 nB0 nB 

 n1 n0 n 

 

The standard estimator of OR is as follows: 

𝑂�̂� = (
𝑛𝐴1

𝑛𝐴 − 𝑛𝐴1
) (
𝑛𝐵 − 𝑛𝐵1
𝑛𝐵1

). (1) 

The standard asymptotic confidence interval at the confidence level γ for odds ratio is of 

the form 

(𝑂�̂� 𝐸𝑥𝑝 (𝑢1−𝛾
2
𝑆) , 𝑂�̂� 𝐸𝑥𝑝 (𝑢1+𝛾

2
𝑆)) (2) 
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where: 

𝑆 = √
1

𝑛𝐴1
+

1

𝑛𝐴 − 𝑛𝐴1
+

1

𝑛𝐵1
+

1

𝑛𝐵 − 𝑛𝐵1
  

Here 𝑢𝛾 is the γ quantile of the 𝑁(0,1) distribution. 

This confidence interval has at least two disadvantages. It does not exist when 

𝑛𝐴1 = 0 𝑜𝑟 𝑛𝐴 − 𝑛𝐴1 = 0  𝑜𝑟 𝑛𝐵1 = 0  𝑜𝑟 𝑛𝐵 − 𝑛𝐵1 = 0.  

Also, its coverage probability is less than the nominal one (Zieliński, 2019). 

Note that the estimator 𝑂�̂� given by the formula (1) is undefined for 𝑛𝐴1 = 0 𝑜𝑟 𝑛𝐴1 =

𝑛𝐴 𝑎𝑛𝑑 𝑛𝐵1 = 0 𝑜𝑟 𝑛𝐵1 = 𝑛𝐵. We extend the definition of OR in the following way: 

𝑂�̂� =

{
 

 
0, (nA1 = 0, nB1 ≥ 1) or (nA1 ≥ 1, n_(B1) = nB)

+∞, (nA1 = nA, nB1 ≥ 1)or (nA1 ≤ nA − 1, nB1 = 0)

1, (nA1 = 0, nB1 = 0)or (nA1 = nA, nB1 = nB)

formula (∗), elsewhere 

  

To find the distribution of 𝑂�̂� note that for a given odds ratio equal to 𝑟 > 0 we have  

𝑝𝐵 =
𝑝𝐴

𝑝𝐴+𝑟(1−𝑝𝐴)
. 

The probability of observing 𝜉𝐴 = 𝑛𝐴1 and 𝜉𝐵 = 𝑛𝐵1 equals 

𝑃𝑟,𝑝𝐴{𝑛𝐴1, 𝑛𝐵1} = 𝑟𝑛𝐵−𝑛𝐵1  (
𝑛𝐴
𝑛𝐴1

) (
𝑛𝐵
𝑛𝐵1

)
𝑝𝐴
𝑛𝐴1+𝑛𝐵1(1 − 𝑝𝐴)

𝑛𝐴+𝑛𝐵−𝑛𝐴1−𝑛𝐵1

(𝑝𝐴 + 𝑟(1 − 𝑝𝐴))
𝑛𝐵

.  

The probability 𝑝𝐴 is eliminated by an appropriate integration: 

𝑃𝑟{𝑛𝐴1, 𝑛𝐵1} = ∫ 𝑃𝑟,𝑝𝐴{𝑛𝐴1, 𝑛𝐵1}𝑑𝑝𝐴

1

0

.  

The cumulative distribution function of 𝑂�̂� has the form 

𝐹𝑟(𝑡) = 𝑃𝑟{𝑂�̂� ≤ 𝑡} =  ∑ ∑ Pr{nA1, nB1} 𝟏

𝑛𝐵

𝑛𝐵1=0

𝑛𝐴

𝑛𝐴1=0

(𝑂�̂�(𝑛𝐴1, 𝑛𝐵1) ≤ 𝑡)  

where 𝟏(𝑞) = 1 when 𝑞 is true and = 0 elsewhere. 

Let 𝐺𝑟(𝑡)  = 𝑃𝑟(𝑂�̂� <  𝑡). 

Let γ be the given confidence level and let �̂� be observed odds ratio. The confidence interval 

for 𝑟 takes on the form 

(𝐿𝑒𝑓𝑡(�̂�), 𝑅𝑖𝑔ℎ𝑡(�̂�)), (3) 
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where 

𝐿𝑒𝑓𝑡(�̂�) =

{
 
 

 
 

0, �̂� = 0,

0, 𝑖𝑓 lim
𝑟→0

𝐺𝑟(�̂�) <
1 + 𝛾

2

𝑟∗,𝑟∗ = max{𝑟: 𝐺𝑟(�̂�)} ≥
1 + 𝛾

2

 

It is interesting to note, that for 𝑛𝐴 >
2

1−𝛾
− 1 the confidence interval is two-sided, and it is 

one-sided otherwise. 

 

Unfortunately, no closed formulae for the ends of the confidence interval are available. 

However, for given 𝑛𝐴, 𝑛𝐵 and observed 𝑂�̂� the ends of the confidence interval may be easily 

numerically computed with the aid of the standard software such as R, Mathematica etc. The 

proposed confidence interval may be applied for small as well as large sample sizes. 

 

3. Application 

The aim of the study was to compare the chances of survival of trading companies in 

Mazowieckie voivodship versus Warsaw. The question was about the chances of surviving 

during the first ten years of activity. 

 

Let 𝑝𝐴 denote the probability of surviving the first ten years of activity of a firm established 

in Mazowieckie voivodoship, and let 𝑝𝐵 denote the appropriate probability for a firm 

established in Warsaw. We are interested in estimation of the odds ratio, i.e. 

𝑝𝐴
1−𝑝𝐴
𝑝𝐵

1−𝑝𝐵

. 

 

From the REGON register it is known that 32760 firms started their activity in 2007. Among 

them 17130 were established in Mazowieckie voivodship, while 15630 were established in 

Warsaw. 

Among firms established in 2007 the random sample of size 320 was taken and it was 

observed how many of those firms were still active in 2017. The data are given in Table 2. 

 

Table 2. Random sample of firms 

 Active Nonactive  

Mazowieckie 96 74 170 

Warsaw 85 65 150 

 

On the basis of those data the odds ratio would be estimated. 
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Note that the estimator of the odds ratio is defined for random variables distributed as 

binomial. In our investigation we deal with random variables distributed as hypergeometric. 

It is well known that hypergeometric distribution may be approximated by an appropriate 

binomial distribution. Some remarks on consequences of such approximation may be found in 

Zieliński (2011). In what follows, it is assumed that binomial approximation to the 

hypergeometric one is fairly enough. 

The estimate of odds for Mazowieckie voivodship equals 

96
170
74
170

= 1.297. 

It means that almost 30% more of the firms established in 2007 were still working than 

were nonactive. Similar indicator for Warsaw equals 1.308. 

The estimate of odds ratio for Mazowieckie voivodship versus Warsaw equals 

1.292

1.308
= 0.992. 

The confidence interval (3) at 95% confidence level is (0.437, 2.049). Since this confidence 

interval covers 1, it may be expected that for the firms established in 2007 the chances of 

surviving the first ten years of activity for Mazowieckie voivodship and for Warsaw are similar. 

The above conclusion may, of course, be wrong. It must be stressed that the risk of over- or 

under-estimation is at most 5%, in contradiction to the standard confidence interval. 

Simple calculations show that the standard confidence interval (2) at 95% confidence level 

for odds ratio is (0.989, 1.544). This confidence interval is narrower than (3), but unfortunately 

the risk of not covering the true value of the odds ratio is greater than assumed 5% and remains 

unknown (Zieliński, 2019). 

In the presented example we are very lucky since we have full information about the number 

of firms established in 2007 which survived till 2017. Hence, we may calculate the exact value 

of odds ratio for that population. Those data are presented in Table 3 (data comes from the 

REGON register) 

 

Table 3. Exact numbers of firms 

 Active Nonactive  

Mazowieckie 9448 7682 17130 

Warsaw 9607 6023 15630 
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The exact value of odds ratio in that population equals: 

9448/7682

9607/6023
= 0.771. 

Note that the new confidence interval (3) covers this value, while the standard asymptotic 

confidence interval does not. 

 

4. Conclusions 

A new confidence interval for odds ratio is proposed. This confidence interval may be applied 

for small as well as large samples. By construction, the probability of coverage of the true value 

of odds ratio is at least equal to nominal confidence level. The standard and widely applied 

confidence interval has the coverage probability less than the nominal confidence level. 

As a consequence the risk of wrong conclusion resulting in applying the standard confidence 

interval is significantly greater than assumed. 
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