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About 

Croatian Review of Economic, Business and Social Statistics (CREBSS) is a scientific journal 

published by SCIENDO on behalf of the Croatian Statistical Society. It publishes original and 

high-quality articles focused on statistical methods developed and applied in economy, 

business processes and social sciences in a very broad meaning. It targets a very wide 

audience of statisticians, whether they are scientists, professionals, educators or students, 

influencing modern economy, business and society. The journal also encourages submissions 

that describe scientifically interesting, complex or novel statistical modelling aspects from a 

wide diversity of disciplines, and submissions that embrace the diversity of applied statistics. 

 

It attempts to provide a platform for the presentation and critical assessment of statistical 

methods, in particular for the discussion of their methodological foundations as well as their 

potential applications. Methods that have broad applications will be preferred. However, 

special attention is given to those statistical methods which are relevant to the economic and 

social sciences. In addition to original research papers, readers will find survey articles, short 

notes, problem section and book reviews. 

 

Aim and scope 

CREBSS aims to be the major resource for applied statistical modelling, covering both 

methodology and practice. Its goal is to be multidisciplinary in nature, promoting the ideas 

between substantive research areas. The intention in publishing such manuscripts is to provide 

an opportunity for readers to see the potential to transform data analysis in the field. The goal 

of the CREBSS journal is to demonstrate how statistical science, research design and analysis 

methods play important roles in economy, business and society. The journal targets the current 

issues regarding the official statistics data production, and discusses the broad variety of 

applied statistical problems that might be outcomes of scientific survey research design, 

experimental design or observational study in economy, business and for different social issues, 

respecting the overall turbulent influences caused by the modern ICT and software 

development. In this respect, the CREBSS journal fosters the exchange of ideas, experience 

and knowledge among statisticians. 

 

The journal does not have article processing charges (APCs) nor article submission charges. 

 

Papers submitted for publication should be original theoretical, practical and applied papers. 

The journal also publishes case studies describing innovative applications and critical reviews 

of statistical theory.  

 

The anonymous double-blind peer review by the two independent reviewers is applied to all 

the papers. 

 

Rejection Rate: 35%  

 

Why submit 

The CREBSS journal is a good opportunity for publication of research focusing either on 

statistical theory or on statistical methods applications in economics, business and social issues. 

Areas such as finance and commerce, management, marketing, and also in agriculture, 

industry, construction, engineering, demography, psychology, sociology, law, politics, opinion 

polling, government, education, biomedical and physical sciences, health and medicine, 

pharmaceutics, kinesiology, ecology, environment, tourism, sports, leisure, ICT and quality issues 

are welcome. Statistical data collection, processing, compilation, dissemination, and data 

exploration and analysis, with organizations, regions, countries, or persons as possible units or 

levels of the analysis, all might be of interest. Since any interesting topic and applications of 

statistics are welcome, there are no restrictions to subject matters. Papers emphasising current 

concerns regarding statistical theory and challenging applied problems in multi- and cross-

discipline issues (such as computational statistics, data mining and pattern recognition, 

simulation modelling, or related to optimization, mathematical programming, etc.), resulting 

with new statistical approaches are of special interest. It is expected that papers are 
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solutions.  
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Accrual-based and cash-based earnings 

management in Algeria: substitution or 

complementary 
 

Kimouche Bilal 

Université 20 Août 1955-Skikda, Algeria, b.kimouche@univ-skikda.dz 
 

Abstract 
Managers are often employed many alternatives for earnings management 

following their objectives or the financial reporting objectives; the commonly used 

are the accrual-based and cash-based earnings management. The literature 

reveals that managers adopt the two strategies in different ways, suggesting a 

mixed relationship between them. Hence, this study investigates the relationship 

between the two strategies of earnings management in Algeria, whether it is a 

substitute or complementary. The study included 30 Algerian companies during 

2011-2019, so a total of 270 firm-year observations were employed. Accrual-based 

earnings management was measured through the modified-Jones model, while 

cash-based earnings management was measured through the abnormal cash flows 

model. According to the results, Algerian companies engage more in accrual-based 

earnings management and employ the two strategies as substitutes, which explains 

the strong and negative effect of accrual-based on cash-based earnings 

management. We argue that companies engage first in accrual-based earnings 

management, and then they shift towards cash-based earnings management due 

to auditors’ scrutiny. Furthermore, we found a positive and a medium effect of return 

on equity on cash-based earnings management, which reflects the managers’ 

desire to adjust operating cash flows consistent with the reported earnings. Finally, 

the results indicated that company ownership, company listing, and the nature of 

financial statements do not affect cash-based earnings management. 
 

Keywords: Algerian companies, accounting accruals, accrual-based earnings 

management, cash flows from operations, cash-based earnings management, 

return on equity. 
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Introduction 
Earnings management describes the practices used to alter the perception of 

financial information (Kimouche, Cherroun, 2020). It contains all managers’ 
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accounting decisions related to the selection and application of accounting policies 

(accounting earnings management) and their real decisions related to the 

allocation of economic resources (real earnings management), including that linked 

to operating, financing, or investment activities (Kimouche, Charchafa, 2021). 

Whether managers adopt an informational or opportunistic view, they need to make 

accounting or real decisions consistent with those objectives; this is the substance of 

earnings management. 

Literature shows that managers have different tendencies towards accounting 

and real earnings management, which leads to a disparity between companies in 

terms of their levels. The explanations revealed that managers widely use the two 

strategies to manipulate financial statements following the intended objectives 

(Badertscher, 2011; Shahzad, 2016; Oz, Yelkenci, 2018). However, the level of each 

strategy is affected by many factors, especially those that relate to the companies, 

and management characteristics (Shen, Chih, 2005; Alhadab, Clacher, 2018). 

Another approach has been followed through exploring the relationship between 

the two strategies and determining if there is a trade-off between them and whether 

they employed as substitutes (Cohen, Zarowin, 2010; Badertscher, 2011; Zang, 2012; 

Braam et al., 2015, Zhu et al., 2015; Li, 2019) or complementary (Chen, Huang, Fan, 

2012; Sellami, 2016; Anagnostopoulou, Tsekrekos, 2017). The purpose of that 

approach is to explain the behaviours of managers towards real and accounting 

decisions and determine the role of accounting policies as compared to operating, 

investment, and financing policies and the interaction between them. 

Most previous studies have provided evidence from developed, and emerging 

countries (Cohen, Dey, Lys, 2008; Cohen, Zarowin, 2010; Badertscher, 2011; Yuan et 

al., 2020). However, managers' incentives in developing countries to trade-off 

between the two strategies could be different due to divergences in institutional 

characteristics, such as investor protection, supervision, and accounting practices. 

Companies in developing countries are often under the control of governments, 

facing different levels of legal environment stringency, and exposed to 

governmental interventions. Therefore, managers’ incentives to engage in a strategy 

of earnings management can be affected. In addition, firm-specific factors 

including corporate governance, audit quality, ownership structure, and double-

listing status can also affect managers' incentives towards accounting choices 

through affecting the relative cost of each strategy. 

This study can be included in that debate by exploring the impact of accrual-

based earnings management on cash-based earnings management in Algerian 

companies. The study starts from the conclusions of previous studies that have 

revealed a negative relationship between accounting and real earnings 

management. It carries out in Algeria as a transition economy knowing since the 

early of the 90s deep reforms to shift from socialism to capitalism and integrating into 

the international economy. These reforms have imposed accounting reforms to 

satisfy the needs of users in the new environment, which can change the managers’ 

incentives towards the two strategies of earnings management and limit their 

accounting choices. 

This paper is expected to make some contributions. Unlike most previous studies, 

our paper aims to explore the direct relationship between accrual-based and cash-

based earnings management without any noise of other factors. In the limits of our 

review, we found the study of Kimouche, Charchafa (2021) in Algeria, so the 

carrying out of this study in a transition economy like Algeria is expected to provide 

new empirical evidence about the accounting choices of managers in different 
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economic environments. Finally, due to the different features between the two 

strategies, it is relevant to analyze the direct relationship between them. 

The remainder of this paper is structured as follows: Section 2 contains the 

literature review and hypothesis development; Section 3 describes the method and 

materials; Section 4 presents and discusses the results; and finally, Section 5 

summarizes the conclusions. 

 

Literature review and hypothesis development 
Concepts of earnings management 
Since the middle of the 80s, studies about accounts manipulation have primarily 

been based on accounting earnings management that was defined by Schipper 

(1989) as the “purposeful intervention in the external financial reporting process with 

the intent to obtain some private gains”. Accounting (accrual-based) earnings 

management is the result of Generally Accepted Accounting Principles (GAAP) 

through the selection of accounting policies and the estimations required to apply 

them. Therefore, accounting earnings management is easy to execute, but easy to 

discover by auditors and observed by users. 

Several studies have traced a change in earnings management practices with 

the passage towards the Sarbanes-Oxley Act (SOX) due to the new corporate 

governance principles and international standardization. Therefore, real earnings 

management has become an alternative to accrual-based earnings management 

(Cohen et al., 2008; Liu, Dong, Lian, 2011) because it is difficult to discover by 

auditors since it appears as legal in response to the normal economic conditions of a 

company (Cohen et al., 2008). Healy, Wahlen (1999) stated that earnings 

management appears when managers use their estimates and judgments in 

financial statements and their economic decisions to change the structure of 

transactions, in order to alter financial reporting to either mislead some stakeholders 

about the performance of a company or to concord with contractual clauses. 

Real earnings management is purposeful action to alter disclosed earnings in a 

particular direction by making decisions that change the timing or structure of 

transactions (Zang, 2012). Unlike accrual-based earnings management, real 

earnings management contains all actions leading to the deviation from the 

ordinary practices of the company. Consequently, real earnings management 

involves real business activities that have direct influences on cash flows. Thus the 

effects on earnings are driven from cash flows, not from accounting accruals (Janin, 

2000), and therefore it is known also as “cash-based earnings management”. 

The existence of accrual-based earnings management generally relates to the 

adoption of accounting policies and estimates. However, cash-based earnings 

management relates to a wide range of operating, financing, and investment 

decisions (Healy, Wahlen, 1999; Graham, Harvey, Rajgopal, 2005). Investment 

decisions for cash-based earnings management can be limited to the sale and 

purchase of noncurrent assets, while the financing decisions contain the financial 

engineering operations, like stock options, hedges, and securitization. At the 

operating level, the existence of cash-based earnings management often relates to 

inventories sale transactions, production costs, and discretionary expenses. 

 

The relationship between accrual-based and cash-based 

earnings management 
According to Zhu et al. (2015), the two strategies differ in terms of several aspects, so 

managers may prefer a strategy depending on the circumstances. Cash-based 
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earnings management requires the departure from ordinary business practices, so 

the final effect on earnings may not be controlled. On the contrary, accrual-based 

earnings management affects earnings directly and more immediately, since the 

company can still adjust the accruals after the reporting period until the date of 

authorization of financial statements for issue (Chang, Chen, 2018). 

From a practical perspective, managers prefer accrual-based earnings 

management, as it is easy to execute since it does not require affecting the cash 

flows. However, that strategy is ineffective under an efficient market, where users are 

conscious, auditors and regulators are vigilant (Kabir, 2010). Managers will not be 

able to benefit from accrual-based earnings management when a number of 

efficient and perfect market conditions are held (Walker, 2013). Accordingly, 

managers often shift to using cash-based earnings management. 

Cohen, Zarowin (2010) suggested that if companies used high levels of accrual-

based earnings management in the past, they are likely to switch towards cash-

based earnings management in the present and future. Banimahd, Aliabadi (2013) 

concluded that accrual-based earnings management creates and shapes cash-

based earnings management. However, Zang (2012) and Comporek (2021) 

suggested that managers prefer to engage in cash-based earnings management, 

rather than accrual-based earnings management for two reasons. First, cash-based 

earnings management cannot be easily discovered by auditors and regulators, and 

second accounting earnings management occurs only at the end of the period, 

while cash-based earnings management occurs throughout the period. 

There are three streams of studies regarding the relationship between accrual-

based and cash-based earnings management. The first concluded that managers 

use the two strategies as substitutes (Cohen, Zarowin, 2010; Badertscher, 2011), and 

that there is no simultaneous use of them. Braam et al. (2015) suggested that cost, 

secrecy, and masking political favours motivate politically connected companies to 

engage in cash-based earnings management as a substitute for accrual-based 

earnings management. Zhu et al. (2015) revealed that Chinese reverse merger 

companies engage in both accrual-based and cash-based earnings management 

at higher levels, which are used as substitutes. 

Another stream suggested a complementary relationship, like Anagnostopoulou, 

Tsekrekos (2017) who indicated a complementarity between cash-based and 

accrual-based earnings management for highly leveraged companies, suggesting 

that the use of both strategies is necessary under the heavy outsider scrutiny. Chen 

et al. (2012) revealed a positive association of cash-based with accrual-based 

earnings management supporting a complementary relationship. Sellami (2016) 

suggested that French companies use the two strategies as complementary tools to 

smooth earnings. Wafaretta, Restuningdiah (2020) proved that managers adjust 

accounting earnings management levels based on the results of real earnings 

management in the Indonesian Banks. 

The third stream revealed a mixed relationship, like Ismail (2017) who indicated 

that accrual-based and cash-based earnings management are used simultaneously 

in Egypt, with no complete substitution. Li (2019) showed that the relationship 

between the two strategies for US companies is complementary rather than a 

substitute. Hamza, Kortas (2019) provided evidence that accounting earnings 

management can be served as a substitute for some real earnings management 

alternatives and in a complementary way for others at the same time. They showed 

a substitute relationship between accrual-based earnings management and 

discretionary expenditures in Tunisia, and a complementary interaction between 

accounting earnings management and sales manipulation. 
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The effect of investor’s protection 
The explanations for the relationship between the two strategies tend to agree that 

accrual-based earnings management declines in countries with strong investor 

protection and more transparent reporting, where managers prefer to perform cash-

based earnings management (Shen, Chih, 2005; Rennekamp, Rupar, Seybert, 2020). 

Accrual-based earnings management incurs more litigation risk than cash-based 

earnings management, especially after the accounting scandals around 2001 and 

the certification requirements imposed by the regulators with the adoption of the 

SOX Act. Therefore, companies have shifted from accrual-based to cash-based 

earnings management in the post-SOX period (Cohen et al., 2008; Järvinen, 

Myllymäki, 2016; Chang, Chen, 2018) as a result of managers’ desire to avoid the 

high possibility of detecting accrual-based earnings management due to the 

increasing scrutiny of regulators. 

 

The effect of control level 
Fang, Jin (2011) found that levels of cash-based and accrual-based earnings 

management are negatively associated with internal control quality. Nevertheless, 

Alhadab, Clacher (2018) found that high audit quality is insufficient to constrain all 

earnings management practices. Generally, studies have shown that enhanced 

audit quality is associated with a high level of cash-based earnings management 

because the ability to practice accrual-based earnings management is constrained 

(Chi, Lisic, Pevzner, 2011; Owusu et al., 2020). Garg (2018) suggested that companies 

rely more on cash-based earnings management when having to comply with 

internal control requirements, since cash-based earnings management is less 

susceptible to detection. In addition, cash-based earnings management is higher for 

companies under higher government intervention or higher corporate governance 

(Vakilifard, Mortazavi, 2016; Gao, Gao, Wang, 2017); whereas accrual-based 

earnings management is higher for companies in a less stringent legal environment. 

 

The effect of earnings management costs 
The trade-off between the two strategies depends on their relative costs (Zang, 2012; 

Chen et al., 2015). The cost of accrual-based earnings management includes 

stakeholder scrutiny, audit quality, and accounting flexibility. However, the cost of 

cash-based earnings management contains many items, such as financial health, 

institutional ownership, and tax consequences (Zang, 2012). Accrual-based earnings 

management is more costly in the short term and limited by the accounting 

equilibrium presumed in financial statements (Zhu et al., 2015). On the contrary, 

cash-based earnings management is less subjected to scrutiny and control, but it is 

likely to have a higher negative impact on the company’s performance in the long 

term (Graham et al., 2005; Järvinen, Myllymäki, 2016). Nevertheless, the effect of 

cash-based earnings management on future performance is not necessarily 

negative (Vorst, 2016). Consistent with that view, Choi et al. (2021) found that 

auditors, on average, charge a higher premium for cash-based earnings 

management than accrual-based earnings management. 

 

The effect of IFRS adoption 
Ewert, Wagenhofer (2005) stated that companies resort to cash-based earnings 

management when accounting flexibility is reduced. He concluded that tighter 

accounting standards can reduce accrual-based earnings management, but they 
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may increase cash-based earnings management. Ipino, Parbonetti (2017) showed 

that IFRS adoption has led companies to substitute accrual-based earnings 

management with cash-based earnings management, especially in countries with 

strict enforcement regimes. Ferentinou, Anagnostopoulou (2016) indicated a 

significant shift from accounting earnings management to real earnings 

management by Greek companies after the IFRS adoption in 2005. Consequently, 

efforts to increase earnings quality might increase real earnings management. 

 

Hypotheses development 
Algeria as a transition economy has known several reforms in different areas since 

the 90s to shift from socialism to capitalism and integrate into the international 

economy. The big workshops of reforms are the economic and institutional aspects, 

which they accompanied by an accounting reform to respond to the users’ needs 

under the new environment. Since 2010, Algerian companies have adopted the 

Financial Accounting System (SCF), which was abstracted from the international 

reference providing many opportunities for managers to engage in accrual-based 

earnings management. Nevertheless, institutional reforms can limit those 

opportunities leading managers to rely on cash-based earnings management. 

In the limits of our review, we found only the study of Kimouche, Charchafa (2021) 

in Algeria that directly relates with this study, which explored the effect of total 

accounting accruals on real earnings management in 20 Algerian companies from 

2015 to 2019. The results indicated a negative and significant effect of total 

accounting accruals on real earnings management in Algerian companies. 

Consistent with the literature and considering those institutional and accounting 

reforms in Algeria, this study attempts to test the following hypothesis: 

Hypothesis: the relationship between accrual-based and cash-based earnings 

management in Algeria is a substitute. 

 

Method and materials 
Data collection 
This study included 270 firm-year observations related to 30 non-financial Algerian 

companies during the period 2011-2019. Financial companies have been excluded 

due to the specificities of accounting for financial operations in Algeria, where the 

determination of cash flows and accruals differs substantially from other industries. 

The only criterion used to select the companies is the accessibility to their financial 

statements, due to the difficulty of obtaining financial statements of Algerian 

companies, since the majority of them are family or public and not listed on the 

stock exchange. Thus, they do not have many reporting requirements. In addition, 

corporate governance in Algerian companies is characterized by secrecy and 

caution regarding the disclosure. The financial statements have been collected 

directly through contacting the chief financial officers of companies. 

 

Model 
The model is a multiple linear regression that measures the effect of accrual-based 

earnings management on cash-based earnings management. That effect has been 

controlled by the return on equity, company size, company ownership, company 

listing, and the nature of financial statements: 

 

REMit = α0 + α1 AEMit + α2 ROEit + α3 SIZEit + α4 OWNit + α5 LISTit + α6 NFSit + ξit (1) 
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where: REMit is the cash-based earnings management proxy for the period; AEMit is 

the accrual-based earnings management proxy for the period; ROEit is the return on 

equity for the period; SIZEit is the company size at the end of the period, it calculated 

as the logarithm of total assets divided into ten; OWNit is the company ownership, it 

takes 1 if the company is public, otherwise 0; LISTit is the company listing, it takes 1 if 

the company is listed in the Algiers Stock Exchange, otherwise 0; NFSit is the nature of 

financial statements, it takes 1 if the company presents consolidated financial 

statements for the period, otherwise 0; α0 is the intercept; α1, α2, α3, a4, a5 and α6 are 

the parameters; ξit is the error term. 

The return on equity captures the profitability because the tendency of managers 

towards a strategy of earnings management can be affected by the profitability 

(Purnama, Nurdiniah, 2019). The company size, company ownership, company 

listing, and the nature of financial statements are used as control variables to 

capture the control level and investor’s protection, since the governance system 

and control mechanisms differ according to these characteristics. Big companies 

are more subjected to internal and external control and more stakeholders view-

oriented than small companies. 

Regarding company ownership, two major categories of companies can be 

distinguished in Algeria, public and private. Public companies are under 

governmental control with more stakeholders’ orientations than private companies 

that have shareholders’ orientations. The listed companies are under a high level of 

control by the securities committee, investors and other market interveners, and also 

they have more reporting requirements than the non-listed companies. Finally, the 

consolidated financial statements present the whole financial position and 

comprehensive performance of the company and thus, they are more able to meet 

investors’ expectations than separate financial statements. 

 

Measurement of accrual-based earnings management 
This study has relied on the discretionary accounting accruals as a proxy of accrual-

based earnings management starting from the Modified-Jones model, as shown in 

Equation (2): 

 

TACіt /Aіt-1 = β0 + β1 (1/Aіt-1) + β2 [(ΔREVіt – ΔRECіt)/Aіt-1] + β3 (PPEіt /Aіt-1) + ζіt (2) 

 

where: TACіt is the total accounting accruals at the end of the period; Ait-1 is the total 

assets at the beginning of the period; REVіt is the sales of the period; RECіt is the 

customers at the end of the period; PPEіt is the property, plant and equipment at the 

end of the period; β0 is the intercept; β1, β2, and β3 are the parameters; ζіt is the error 

term, which measures the unpredictable accounting accruals or discretionary 

accruals. The model’s variables were obtained from financial statements, whereas 

the total accruals were calculated depending on Equation (3): 

 

TACit = ΔWCNit + CPit – DOTit (3) 

 

where: ΔWCNit is the variation in working capital needs; CPit is the non-cash 

expenses; DOTit is the amortization and impairment expenses for the period. 

 

Measurement of cash-based earnings management 
This study has based on the abnormal cash flows from operations as a proxy of real 

earnings management, which estimated using the model that links the sales and 

change in sales as predictors of cash flows from operations, and therefore, 
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estimating the cash-based earnings management as the standardized residuals as 

shown in Equation (4): 

 

CFOit /Ait-1 = γ0 + γ1 (1/Ait-1) + γ2 (REVit /Ait-1) + γ3 (ΔREVit /Ait-1) + εit (4) 

 

where: CFOit is the net cash flows from operations for the period; γ0 is the intercept; 

γ1, γ2, and γ3 are the parameters; εit is the error term. Cash-based earnings 

management represents the standardized residuals of Model (4) since they are 

unexpected and inexplicable through the ordinary activity of the company. 

 

Results and discussion 
The estimation results of earnings management models 
Table 1 shows the estimation results of Model (2) used to measure accrual-based 

earnings management. The results indicate that the Fisher significance level is less 

than 1% and that the calculated F-statistic is more than the F-critical value from the 

Fisher table, which almost reached 3.85; hence the model is significant at 1% level. 

The regression coefficient of the property, plant and equipment and the intercept 

are also significant at 1% level, while the regression coefficient of (ΔREV - ΔREC)/A is 

not significant. The Variance Inflation Factor and Durbin-Watson suggest the validity 

of Model (2) in terms of multicollinearity and autocorrelation. The determination 

coefficient indicates that only 25.20% of the accruals are predictable (non-

discretionary); the remainder of the accruals are discretionary and measure the 

accrual-based earnings management. 

 

Table 1 The estimation results of accrual-based earnings management model 
 Coefficient t-statistic VIF F-statistic R2 Durbin-Watson 

(ΔREV - ΔREC)/A 0.110 0.988 1.000 

(10.128)** 0.252 2.106 PPE /A -0.166 (-5.165)** 1.037 

Intercept 0.040 (2.569)**  

Dependent Variable: TAC /A; VIF: Variance Inflation Factor; **: Significant at 1% level 

Source: Author calculation. 

 

Table 2 The estimation results of cash-based earnings management model 
 Coefficient t-statistic VIF F-statistic R2 Durbin-Watson 

REV /A -0.371 (-3.098)** 1.078 

(3.807)** 0.293 1.853 ΔREV /A 0.029 1.404 1.077 

Intercept 0.094 (6.863)**  

Dependent Variable: CFO /A; **: Significant at 1% level 

Source: Author calculation. 

 

Table 2 shows the estimation results of Model (4) employed to measure cash-

based earnings management. The results indicate that Model (4) is significant at 1% 

level, as the calculated F-statistic is more than the F-critical value that almost 

reached 3.85. The regression coefficient of sales and the intercept are also significant 

at 1% level, while the regression coefficient of change in sales is not significant. The 

model is valid in terms of multicollinearity and autocorrelation, as suggested by The 

Variance Inflation Factor and Durbin-Watson. The determination coefficient indicates 

that only 29.30% of cash flows are predictable; the remainder of cash flows are 

abnormal and measure the cash-based earnings management. 
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Descriptive statistics 
Table 3 presents the descriptive statistics for 270 observations of 30 Algerian 

companies during 2011-2019, showing that cash-based earnings management 

reached 3.44% of total assets, on average; while accrual-based earnings 

management reached 5.64% of total assets, on average. This means that Algerian 

companies tend to practice more accrual-based earnings management. According 

to the mean of the return on equity, the net income of Algerian companies 

represents 11.64% of total equity, on average. However, it is very dispersal compared 

to cash-based and accrual-based earnings management, respectively. The table 

shows that the data contain 175 observations for public companies versus 95 

observations for private companies and 108 observations for listed companies 

against 162 observations for non-listed companies. Finally, 160 observations concern 

companies with separate financial statements versus 110 observations for companies 

with consolidated financial statements. 

 

Table 3 The descriptive statistics of data 
 REM AEM ROE SIZE OWN LIST NFS 

Observations 270 270 270 270 270 270 270 

Mean -0.034 -0.056 0.116 0.755 0 1 0 1 0 1 

Median -0.016 -0.021 0.098 0.744 95 175 162 108 160 110 

Std. Deviation 0.097 0.041 0.148 0.097 - - - - - - 

Minimum -0.276 -0.299 -0.329 0.613 - - - - - - 

Maximum 0.254 0.048 0.609 0.996 - - - - - - 

Source: Author calculation. 

 

Correlation results 
Table 4 summarizes the results of correlation between the variables of Model (1). 

According to the results, a strong, negative and statistically significant at 1% level 

relationship exists between cash-based earnings management and accrual-based 

earnings management. While a medium, positive and significant at 1% level 

relationship exists between cash-based earnings management and return on equity. 

The relationship between cash-based earnings management and company size is 

weak, negative and statistically significant at a 5% level. Contrarily, the relationships 

of cash-based earnings management with company ownership, company listing, 

and the nature of financial statements are not statistically significant. Lastly, the 

relationships between different independent variables are not statistically significant, 

except for the relationships of company listing with accrual-based earnings 

management and company ownership that are significant at 1% level, but they are 

weak, which excludes any effects of correlation between independent variables on 

the results of the study. 

 

Table 4 The correlation matrix 
 AEM ROE SIZE OWN LIST NFS VIF 

REM (-0.615)** (0.526)** (-0.232)* -0.002 0.012 0.098 - 

AEM  0.164 0.092 -0.100 (-0.300)** -0.107 1.135 

ROE   0.044 -0.111 -0.082 0.073 1.045 

SIZE    -0.044 -0.158 -0.028 1.029 

OWN     (0.295)** -0.144 1.142 

LIST      0.111 1.235 

NFS      0.111 1.063 

*: Significant at 5% level; **: Significant at 1% level 

Source: Author calculation. 
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Model estimation 
Table 5 summarizes the results of model (1) when estimated using the three options of 

panel data. Concerning the overall significance of Model (1), Table 5 support the 

hypothesis of significance at 1% level under the three models since the Fisher test 

significance levels are less than 1% and the calculated F-statistics are more than the 

F-critical value from the Fisher table, which almost reached 2.36. The determination 

coefficients support these results, suggesting that independent variables together 

explain an important part of changes in cash-based earnings management. 

However, the explanatory power of the Fixed Effects Model is strong versus the 

medium explanatory power of the Random Effects Model, then Pooled Regression 

Model, respectively. 

Regarding the partial significance of Model (1), it appears that the regression 

coefficients of accrual-based earnings management and return on equity are 

statistically significant at 1% level under the three models, as the significance levels of 

the Student test are less than 1%, and the calculated T-statistics are more than the T-

critical value that almost reached 2.61 at the degree of freedom (df = 270) and the 

significance level (p = 0.01) for the two parameters. According to the three models, 

the values of the parameters suggest a strong negative effect of accrual-based 

earnings management on cash-based earnings management and a medium 

positive effect of return on equity on cash-based earnings management. For both 

variables, the parameters take similar values under the Pooled Regression and 

Random Effects, and they are close to those under the Fixed Effects. 

 

Table 5 Model (1) estimation results 

Independent variables  

Dependent variable: REM 

Estimation method 

Pooled Regression Model Fixed Effects Model Random Effects Model 

AEM 
Coefficient -0.939 -0.927 -0.936 

t-statistic (-5.697)** (-5.591)** (-5.827)** 

ROE 
Coefficient 0.388 0.432 0.395 

t-statistic (8.351)** (8.356)** (8.583)** 

SIZE 
Coefficient -0.133 -0.159 -0.134 

t-statistic (-2.015)* (-2.027)* (-2.031)* 

OWN 
Coefficient 0.010 0.015 0.011 

t-statistic 0.676 0.884 0.706 

LIST 
Coefficient -0.021 -0.012 -0.019 

t-statistic -1.354 -0.738 -1.273 

NFS 
Coefficient 0.005 0.012 0.005 

t-statistic 0.340 0.747 0.389 

Intercept 
Coefficient 0.036 0.042 0.035 

t-statistic 0.647 0.698 0.642 

R2 0.437 0.607 0.471 

F-statistic (15.898)** (4.584)** (16.156)** 

Durbin-Watson 2.169 2.092 2.155 

Periods included 9 9 9 

Cross-sections included 30 30 30 

Observations 270 270 270 

*: Significant at 5% level; **: Significant at 1% level 

Source: Author calculation. 

 

The regression coefficient related to company size was statistically significant at 

5% under the three models, but the values of the parameter indicate a negative and 
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weak effect of company size on cash-based earnings management. The regression 

coefficients of the company ownership, company listing and the nature of financial 

statements are not significant since the significance levels of the Student test is very 

high, also the calculated T-statistics are less than the T-critical value that almost 

reached 2.61 at the degree of freedom (df = 270) and the significance level (p = 

0.01). Thereby, the last three variables do not have any effect on cash-based 

earnings management. Finally, the intercept is not statistically significant under the 

three estimated models. 

 

Model selection 
Table 6 summarizes the results of the restricted F-test used to select the valid model 

between Pooled Regression and Fixed Effects. The results show that the calculated F-

value (F') is more than the F-critical value. Therefore, the Fixed Effects Model is more 

valid to estimate Model (1) than the Pooled Regression Model. 
 

Table 6 The restricted F-test results 
N T K R2FEM R2PM F' F-critical value 

30 9 7 0.607 0.437 3.475 2.100 

(R2FEM –R2PM)/ (N – 1) 
F' =  

(1 – R2FEM)/(N×T – N – K) 

where: N is the number of cross-sections; T is the number of periods; K is the number of 

estimated parameters including the intercept; R2FEM is the determination coefficient from 

the Fixed Effects Model; R2PM is the determination coefficient from the Pooled Regression 

Model; F' is the F-calculated value; F-critical value: is the F from F-distribution table at degrees 

of freedom (N – 1) and (NT – N – K); Null: Pooled Regression Model is valid. 

Source: Author calculation. 

 

Table 7 the Hausman test results 
Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob. 

Period random 8.038 6 0.235 

Null: Random Effects Model is valid. 

Source: Author calculation. 

 

Table 7 presents the results of the Hausman test used to select the valid model 

between Fixed Effects and Random Effects. According to the results, the Hausman 

test is not significant, so the Random Effects Model is more valid to estimate Model 

(1) than the Fixed Effects Model. 

 

Model validation 
Figure 1 presents the results of the normality test for the standardized residuals 

obtained from the estimation of Model (1). The results indicate that the significance 

level of the Jarque-Bera statistic is more than 5%, so it is not statistically significant. 

Consequently, the standardized residuals are normally distributed. 

Table 8 shows the results of the homoscedasticity test for the standardized 

residuals of Model (1). The results indicate that the significance levels of Breusch-

Pagan and Koenker are more than 5%; hence the two tests are not statistically 

significant, which means that the standardized residuals are homoskedastic. 

From Table 2, it appears that the Variance Inflation Factors (VIF) are very weak 

and they did not exceed 1.3; thus there is no sign of multicollinearity between 

independent variables that can affect their associations with the dependent 

variable, which confirm the values of the correlation. 
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Figure 1 The normality test results 
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Source: Author calculation. 
 

Table 8 Homoskedasticity test results 
 Lagrange multiplier (LM) Prob. 

Breusch-Pagan 5.286 0.259 

Koenker 4.297 0.367 

Source: Author calculation. 

 

From Table 5, it seems that the Durbin-Watson statistic under the Random Effects 

Model reached 2.155, and it is situated between 2 and 2.265 (2.265 ≈ 4 - dU), 

knowing that dU is the upper critical value from the Durbin-Watson table at degrees 

of freedom k’ = 6 and n = 270 and significance level 1%. For that reason, the 

standardized residuals obtained from the estimation of Model (1) are not auto-

correlated. These results indicate that the Random Effects Model meets the OLS’s 

criteria; hence it is valid for hypothesis testing. 
 

Discussion 
According to the Random Effects Model, accrual-based earnings management and 

other independent variables together explain 47.10% of changes in cash-based 

earnings management. Most of the explanatory power of the model can be 

assigned to the accrual-based earnings management, then the return on equity and 

company size, respectively, as the findings indicate a strong negative effect of the 

accrual-based earnings management, a medium positive effect of the return on 

equity and a weak negative effect of the company size on cash-based earnings 

management. 

This study provides empirical evidence that the relationship between the two 

known strategies of earnings management is negative starting from accrual-based 

earnings management towards cash-based earnings management. That relationship 

tends to be interchangeable, when accrual-based earnings management levels 

decrease, cash-based earnings management increases, and vice versa. 

Furthermore, managers of Algerian companies use firstly accrual-based earnings 

management because it is easy to execute, and then they shift towards cash-based 

earnings management to avoid the increase of the auditor's scrutiny and thus, avoid 

the increase of accrual-based earnings management cost. 

The medium positive effect of return on equity on cash-based earnings 

management can be explained by the managers' need to adjust cash flows from 
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operations to reconcile with the level of earnings. However, the negative effect of 

the company size on cash-based earnings management means that the big 

companies are less practice of cash-based earnings management than small 

companies due to the high level of control in the big companies and the rigorous 

requirements of disclosures and transparency to protect investors and maintaining 

the interests of other stakeholders. 

The results are consistent with previous studies that found a substitution relationship 

between accrual-based and cash-based earnings management (Cohen, Zarowin, 

2010; Badertscher, 2011; Braam et al., 2015; Zhu et al., 2015; Li, 2019; Ipino, Parbonetti, 

2017). However, they differ from other studies that revealed a simultaneous use of 

two strategies and a complementary relationship between them (Chen et al., 2012; 

Sellami, 2016; Anagnostopoulou, Tsekrekos, 2017; Wafaretta, Restuningdiah, 2020). 

The results differ also from the previous studies that suggested a mixed relationship 

between the two strategies (Ismail, 2017; Li, 2019; Hamza, Kortas, 2019) arguing that 

accrual-based earnings management is used simultaneously with some practices of 

cash-based earnings management and interchangeably with others. Finally, the 

findings confirm our hypothesis that the relationship between accrual-based and 

cash-based earnings management in Algeria is a substitute. Concerning control 

variables, it appears that the highly profitable companies and smaller companies 

have higher levels of cash-based earnings management. 

 

Conclusion 

Accrual-based and cash-based earnings management are two strategies of 

earnings management that are often used to manipulate financial statements by 

managers in response to their opportunistic objectives or informational objectives of 

financial reporting. Due to the differences between the two strategies, many 

previous studies have asked the question of how managers use the two strategies, 

and the nature of the relationship between them. The current study is a part of this 

trend by exploring whether accrual-based and cash-based earnings management 

are substitutes or complementary in Algerian companies. 

The study included 270 observations for 30 Algerian companies selected based on 

the accessibility to their financial statements during 2011-2019. Accrual-based 

earnings management was measured by discretionary accruals, which have been 

estimated depending on the modified-Jones model. However, cash-based earnings 

management was measured through abnormal cash flows from operations. 

Additionally, the return on equity, company size, company ownership, company 

listing, and the nature of financial statements have been used as control variables in 

a linear regression model to test the relationship between the two strategies. 

The results showed that managers of Algerian companies engage in the two 

strategies, while they tend to engage more in the accrual-based strategy. Regarding 

the relationship between the two strategies, the results indicated a very strong 

negative effect of accrual-based earnings management on cash-based earnings 

management. Concerning the control variables, the results indicated a medium and 

positive effect of return on equity on cash-based earnings management and a 

negative and weak effect of company size on cash-based earnings management. 

Contrarily, the results indicated that company ownership, company listing, and the 

nature of financial statements do not affect cash-based earnings management. 

Considering these results, we argued that the relationship between the two 

strategies of earnings management in Algerian companies is interchangeable, the 

managers use accrual-based earnings management firstly, and then they shift 

towards cash-based earnings management to avoid the increase of accrual-based 
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earnings management cost due to the increase of the scrutiny of regulators and 

auditors. In addition, accrual-based earnings management is ineffective against 

some opportunistic objectives of managers, especially tax evasion, which cannot be 

achieved through accrual-based earnings management since it requires 

manipulating the cash flows. 

The medium positive effect of return on equity on cash-based earnings 

management can be explained by the managers' need to adjust the cash flows 

from operations to reconcile with the level of reported earnings. While the negative 

effect of company size on cash-based earnings management might be due to the 

high level of control and the governance requirements in the big companies 

compared to smaller companies. 

This study contributes in the literature by providing additional empirical evidence 

about the relationship between accrual-based and cash-based earnings 

management in a developing environment compared to the studies in developed 

or emerging environments, where the economic and institutional characteristics, 

accounting practices, and governance systems are very different. This study is very 

important for the accounting literature in Algeria as it is the only to date that 

explored that subject, so it is expected to be useful for auditors, users of financial 

statements, standards setters, managers, and researchers in Algeria. 

The findings of this study have many empirical implications for different parties; 

auditors are invited to be more cautious when certifying financial statements and 

give more attention to the relationship between accrual-based earnings 

management and cash-based earnings management to understand the interaction 

between them and how managers combine the two strategies to achieve the 

intended objectives. The auditors must not focus only on verifying the regularity and 

reliability of financial statements; they must also evaluate the integrity and 

effectiveness of the internal control system. 

As cash-based earnings management does not focus on accounting policies and 

estimates as is the case for accrual-based earnings management, the audit process 

should not be limited in the accounting documents; it must extend to include the 

administrative documents and the practices and working procedures, especially for 

the cash transactions. Auditors must extensively use internal confirmations and 

physical inventory to make sure the cash balances. They also must intensify external 

confirmations with customers, suppliers and banks to make certain of the cash 

inflows and outflows. 

Users of financial statements must use carefully accounting information taking into 

account different manipulations by managers to alter the form and content of 

financial statements. Users should use earnings and cash flows together when 

making decisions based on financial statements to avoid any distortion in one of 

them. They should also consult financial analysts to discover if financial information is 

being manipulated and find other sources to reach private information. For their 

part, managers should take into account that earnings management practices can 

affect negatively the company value in the long term; hence the continuity of the 

company requires leaving those practices. 

These results require regulators to strengthen the control procedures, encourage 

the commitment to transparency and compliance with laws, and support the 

governance systems, especially in small companies, to protect different stakeholders. 

On the other hand, future studies must explore the relationship between accrual-

based and cash-based earnings management, employing other measures and 

taking into consideration the other techniques of earnings management through 

extending the number of observations and using other explanatory variables. Future 
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studies should also explore the available solutions that can limit the opportunistic 

behaviours of managers. 
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Abstract 
Principal components analysis (PCA) is often used as a dimensionality reduction 

technique. A small number of principal components is selected to be used in a 

classification or a regression model to boost accuracy. A central issue in the PCA is 

how to select the number of principal components. Existing algorithms often result in 

contradictions and the researcher needs to manually select the final number of 

principal components to be used. In this research the author proposes a novel 

algorithm that automatically selects the number of principal components. This is 

achieved based on a combination of ANOVA ranking of principal components, the 

bootstrap and classification models. Unlike the classical approach, the algorithm we 

propose improves the accuracy of the logistic regression and selects the best 

combination of principal components that may not necessarily be ordered. The 

ANOVA bootstrapped PCA classification we propose is novel as it automatically 

selects the number of principal components that would maximise the accuracy of 

the classification model. 
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Introduction 
Dimensionality reduction techniques are widely used in big datasets to decrease the 

size of the dataset. Dimensionality reduction can be achieved using two 

approaches. The first one is by decreasing the number of variables. This is feature 

selection. The second one is by transforming the original dataset into another 

dimension and then choosing a smaller set of transformed variables (James et al., 

2013). This is called feature extraction (Maleki et al., 2020). This paper focuses on 

principal components analysis as a feature extraction technique. There are two main 

issues with principal components analysis – first, the criterion for choosing principal 

components is the percentage of variance explained, which can be misleading in 
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cases with similar percentage of variance explained (James et al., 2013). Second, 

the selection of principal components is not automated, which can lead to time-

consuming manual selection of principal components (James et al., 2013). The aim 

of this paper is to propose an automatic algorithm for selection of principal 

components based on the accuracy of the model. 

Principal components analysis (PCA) is a feature extraction technique that 

transforms independent variables into principal components. Each principal 

component is a linear combination of independent variables. The aim is to select 

smaller number of principal components than the original number of variables to 

perform dimensionality reduction (James et al., 2013, Maleki et al., 2020). Selection of 

principal components is done by using the eigenvalues and eigenvectors to 

calculate the percentage of variance explained. The combination of principal 

components (principal components) that explains the highest percentage of 

variance in data is then selected (James et al., 2013, Maleki et al., 2020). 

A central issue with this approach is how to select the number of principal 

components when the percentage of variance explained is similar for two or more 

principal components combinations (James et al., 2013). In this case manual 

selection based on prior knowledge or empirical results is the criterion for selecting 

the number of principal components (James et al., 2013, Maleki et al., 2020). The 

disadvantage is that manual selection may not result in the best accuracy and can 

introduce bias in the model. Also, it may be computationally exhaustive to produce 

many experiments to empirically select the number of principal components. The 

standard approach answers the questions: “What number of principal components 

should be selected to explain the highest percentage of variance in data?”. 

The aim of this research is to propose an automatic algorithm to select the 

number of principal components in the case of logistic regression. The paper 

answers the question: “What number of principal components to be selected to 

achieve the highest accuracy using the logistic regression?”. The proposed algorithm 

is called the ANOVA-Bootstrapped Principal Components Analysis. It combines 

widely used models like the bootstrap and ANOVA with the principal components 

analysis. The novelty in the proposed algorithm is that it automatically selects the 

number of principal components that results in the highest accuracy. The 

advantages of the ANOVA-Bootstrapped PCA include fast automatic selection of 

the numbers of principal components, reduction of bias as no manual selection of 

the number of principal components is performed and selection of the combination 

of principal components that would result in the highest accuracy. 

Next section provides overview of current modifications of the PCA to select the 

number of principal components more efficiently. Section 3 details the proposed 

methodology. Section 4 concludes. 

 

Literature review 
Feature selection methods keep the most informative features. They can be divided 

into three groups – embedded feature selection, filter methods and wrapper 

methods (Maleki et al., 2020). Embedded feature selection methods include lasso 

(Tibshirani, 1996), adaptive lasso (Zou, 2006), nonnegative garrotte (Breiman, 1995), 

etc. They perform feature selection as part of the classification/regression model. 

Filter methods select variables based on a criterion, for example, feature 

importance, correlation, etc. Such are ANOVA and correlation analysis (Maleki et al., 

2020). A third group are wrapper methods, where a combination of feature selection 

technique with classification/regression model is used to select the important 
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features. For example, recursive feature elimination with decision trees (Maleki et al., 

2020). 

Feature extraction models, on the other hand, transform the original space into 

another dimension, where smaller number of features are selected (Maleki et al., 

2020). The two most common feature extraction techniques are the principal 

components analysis (PCA) and the linear discriminant analysis (LDA) (Maleki et al., 

2020). The principal components analysis (PCA) is an unsupervised learning model, 

while the LDA is supervised learning (James et al., 2013). The principal components 

analysis can be used as a feature extraction technique and as a data exploratory 

technique (James et al., 2013). As a feature extraction technique, the PCA finds 

variables that are correlated and transforms them into principal components. Each 

principal component is a linear combination of the original variables in the dataset. 

Often the criterion to perform dimensionality reduction is by keeping the number of 

principal components that explain biggest percentage of the variance in data. 

Usually the first, second or third principal component are enough to build a model 

(James et al., 2013). 

A central topic in PCA is how to identify the number of principal components that 

needs to be used for classification/ prediction (James et al., 2013, Maleki et al., 

2020). A standard approach has been widely used by researchers and academia 

(James et al., 2013, Maleki et al., 2020). It involves exploring the percentage of 

variance in data that each principal component explains alone and when 

combined with the previous ones. For example, explore what percentage of the 

variance in data the first two, three, four, etc. principal components explain (James 

et al., 2013, Maleki et al., 2020). The issue with the standard approach is that the 

researcher should select among two or three options for the number of principal 

components in cases when the percentage of variance explained by several 

principal components is similar. As James et al. (2013) outline, in some cases the 

researcher may need to select between the first three and the first four principal 

components and the selection is made based on researcher’s experience and 

many other subjective factors. This is because the first three or four principal 

components may be enough to explain bigger percentage of the variance in Y. 

The standard approach (James et al., 2013) has been applied in many research 

papers, including recent ones (Salata et al., 2021). Some researchers, however, 

propose updated PCA algorithms in order to solve this issue. For example, Pacheco 

et al. (2013) proposes exact methods for variable selection in principal component 

analysis. Kim and Rattakorn (2011) use weighted principal components to perform 

unsupervised feature selection. Prieto-Moreno et al. (2015) use discriminant 

information to select principal components. Sharifzadeh et al. (2017) proposes SSPCA 

- Sparse supervised principal component analysis. Gajjar et al. (2017) uses a novel 

algorithm to select non-zero loadings to select number of principal components. 

Rahoma et al. (2021) uses the bootstrap to perform sparce principal components 

analysis. Although all these examples are a new way to find the number of principal 

components, none of them offers an automatic algorithm for principal components 

selection. 

Like Rahoma et al. (2021) this research examines the bootstrap procedure and its 

use in the principal component analysis. Unlike Rahoma et al. (2021) and existing 

academic literature, the author uses the bootstrap procedure to split data into 

training and test set. She proposes a novel PCA method called the ANOVA-

bootstrapped PCA. Using ANOVA and PCA transformation, the number of principal 

components necessary for building a classification model can be identified 

immediately. Eigenvectors and eigenvalues are not necessary to extract the 
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important principal components as principal components are combined based on 

accuracy. Therefore, this research extends (Vrigazova, 2021) by providing more 

experiments with the ANOVA-bootstrapped PCA for logistic regression. 

 

Research methodology 
This section introduces the classical PCA approach that is often used in academic 

literature (Classical PCA). It is compared with the ANOVA-bootstrapped PCA 

proposed in this paper. The logistic regression is used to compare two models in 

terms of accuracy. The author uses Python 3.6 to conduct her experiments. Figure 1 

compares the two algorithms.  

 

Classical principal component analysis 
The general approach for choosing the number of principal components consists of 

several steps. It is described in (James et al., 2013), (Mitchel et al., 1997). To run the 

classical PCA the built-in functions in scikitlearn in Python are used. These include 

LogisticRegression(), sklearm.decomposition.PCA() and 

sklearn.model_selection.kFold(). Left part of figure 1 illustrates the classical approach 

for selecting the number of principal components (James et al., 2013). 

 

 
Figure 1 Comparison between the classical approach for selecting the number of 

principal components and the proposed new algorithm 
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First, the input variables should be standardized to avoid bias resulting from the 

measurement unit of the independent variables. Then the covariance matrix should 

be inspected to identify and remove highly correlated variables that contain noise. 

The input variables can further be transformed into principal components. Each 

principal component is a linear combination of input variables (James et al., 2013). 

The transformed dataset contains as many principal components as the number of 

the input variables. Identifying the most informative principal components leads to 

dimensionality reduction as only the important principal components participate in 

the final model. 

To select the important principal components, eigenvectors and eigenvalues are 

computed. They provide information about the percentage of variance explained 

by each principal component. The combination of principal components that 

explain the highest percentage of variance in data is then selected. These steps 

summarize the process of selecting the number of principal components according 

to textbooks. They are the same regardless of the type of model and resampling 

method used. The next steps involve splitting the dataset into training and test set 

and fitting the logistic regression with the selected principal components. Tenfold 

cross validation can be used to divide the input data into training and test set to 

evaluate logistic regression using the principal components selected. 

However, an issue occurs in the classical approach: ”In case two or more 

combinations of principal components result in similar accuracy, which one should 

be selected?”. Textbooks provide several solutions to this issue. For example, select 

the number of principal components based on prior knowledge, the highest 

accuracy or the combination that provides the smallest number of principal 

components (James et al., 2013). Therefore, in case two or more combinations of 

principal components are appropriate, steps 6 and 7 are repeated with each 

combination of principal components to select the number of principal components 

that results in the highest accuracy and high percentage of variance explained. 

The disadvantage of this approach is that it involves manual operations when 

several combinations of principal components are possible. Often, the researcher 

lacks a criterion to select among combinations. Therefore, bias can be introduced to 

the model. To overcome these disadvantages of the classical approach, a novel 

algorithm called the ANOVA-BOOTSTRAPPED PCA is proposed in this paper. 

 

New approach - the ANOVA bootstrapped PCA 
The Throughout the paper, the ANOVA-BOOTSTRAPPED PCA algorithm will be 

denoted as ANOVA-Boot-PCA-LR. For running ANOVA, PCA and the logistic 

regression, existing functions in Python (LogisticRegression(), 

sklearm.decomposition.PCA() and sklearn.Pipeline (ANOVA)) are used, while a script 

for running the tenfold bootstrap is created by the author. The tenfold bootstrap 

used in step 5 and its software realization in Python 3.6 can be found in author’s 

previous study (Vrigazova, 2020). Right part of figure 1 illustrates the proposed 

algorithm. 

Like in the classical approach, the input data are first standardized. Then, PCA 

transformation is applied to the standardized data. Then, the principal components 

are normalized between 0 and 1 to avoid negative values in the principal 

components. The input space is divided into percentiles – 10,20,30, 40, 50,60,70,80,90 

and 100. This is necessary to run the proposed algorithm for each percentile of 

principal components and compare the output. At each percentile the dataset with 

principal components is split into training and test set in proportion 70/30 using the 

tenfold bootstrap described in (Vrigazova, Ivanova, 2020). ANOVA is performed to 
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rank the importance of principal components. For each percentile of principal 

components and iterations of the bootstrap, the accuracy of the logistic regression is 

averaged. The percentile of principal components that results in the highest 

accuracy is selected. Then, the number of principal components selected and the 

accuracy from the ANOVA-Boot-PCA-LR and the classical approach are compared. 

The ANOVA ranks the principal components by importance. The ANOVA tests 

principal components for equality of means with respect to the dependent variable 

by using the f-statistics. If a set of principal components have equality of means, they 

are not related to the dependent variable, so they are ranked lower at the table. 

Principal components that are ranked highest in the table are the ones that have 

greater inequality of means with respect to the dependent variable. Each percentile 

contains combination of the most importance principal components as ranked by 

the ANOVA. For instance, if the 10th percentile corresponds to 3 principal 

components, then the accuracy is based on the three most important principal 

components selected by the ANOVA. If the 20th percentile corresponds to 15 

principal components, then logistic regression is fitted using the first fifteen principal 

components as ranked by the ANOVA. Note that the first n most important principal 

components ranked by the ANOVA are not the first n principal components ranked 

by index as it is with the classical approach. 

In the standard approach the selected number of principal components follows 

the index of the components, e.g. first two, first three as the first components have 

bigger variance than the last ones. However, in the ANOVA-BOOTSTRAPPED PCA 

selecting 3 principal components means the three principal components with the 

highest ANOVA rank. Therefore, the three identified principal components can be 

the fifth, seventh and second, for example. This is an important difference between 

the proposed approach and the classic approach as the interpretation of selected 

principal components is not the same.  

 

Results and discussion 
In (Vrigazova, 2021) the output of three datasets using the ANOVA-bootstrapped 

PCA is presented. This study extends previous experiments by providing results on 

three additional datasets. The datasets are public. 

 

The adult income dataset 
The adult income dataset is also known as the Census income dataset (Kaggle, 

2021a). It contains data about the income of adults exceeding or not $50K/yr (the 

dependent variable) and 13 independent variables. The classic PCA approach 

requires calculating the percentage of variance that each principal component 

(PC), and the components together contribute to explain the variance in the 

dataset. Table 1 shows the results from the classical approach on the adult income 

dataset. 

The second column in table 1 shows the percentage of variance explained of 

each principal component. For example, the first principal component alone 

explains 15.8% of data variance. The second – 9.9%, etc. However, the goal is to find 

that combination of principal components that explains bigger part of the variance 

in data. For this purpose, the cumulative percentage of variance explained is 

necessary. This percentage is calculated in the fourth column. For example, if the first 

five components are taken, they explain 51% of data variance. If the first 11 principal 

components are used, then 92% of data variance is explained. The task is to decide 
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what combination of principal components is necessary to fit logistic regression and 

get the best accuracy. 

 

Table 1 Number of principal components selected in the adult income dataset 

(textbook approach) 

Principal component 
% of var 

explain. 

Principal components 

combination 

Cum. var. 

expla. (%) 
Accuracy 

Principal component 1 15.8%       

Principal component 2 9.9% First 2 principal components 26% - 

Principal component 3 8.8% First 3 principal components 35% - 

Principal component 4 8.0% First 4 principal components 43% - 

Principal component 5 7.9% First 5 principal components 51% - 

Principal component 6 7.8% First 6 principal components 58% - 

Principal component 7 7.4% First 7 principal components 66% - 

Principal component 8 7.2% First 8 principal components 73% - 

Principal component 9 7.0% First 9 principal components 80% - 

Principal component 10 6.5% First 10 principal components 86% - 

Principal component 11 5.5% First 11 principal components 92% 82.0% 

Principal component 12 5.2% First 12 principal components 97% 81.9% 

Principal component 13 3.0% First 13s principal components 100% 82.1% 

 

The classic approach (James et al., 2013) advises to select the combination of 

principal components that explains the highest percentage of variance. At the 

same time, as the task is a dimensionality reduction task, the aim is to select a smaller 

number of principal components that are originally contained in the dataset. In the 

case of table 1 – to select smaller number of 13 principal components. Looking at 

table 1, several possible combinations of principal components exist. For example, 

the first 11 and 12 principal components explain respectively, 92% and 97% of the 

variance in data. On the other hand, the first 10 explain 86%, which can be 

considered low or high depending on the purpose of the research. In the presented 

case, the first 11 and 12 principal components explain more than 90% of the 

variance in data, so one of the two combinations should be chosen. 

The last column of table 1 shows the accuracy of the logistic regression using the 

first 11, 12 and 13 principal components. Although the first 12 principal components 

account for 97% of the variance in data, their accuracy (81.9%) is very close to that 

of the first 11 (82%). In this case, the first 11 principal components can be selected. 

Choosing the first eleven principal components will not lead to loss of accuracy, 

however, it will lead to a smaller dataset to use for the logistic regression. In 

comparison, table 2 shows the results of the proposed ANOVA-bootstrapped PCA. 

 

Table 2 Number of principal components: the ANOVA-Bootstrapped PCA logistic 

regression in the adult income dataset 
Percentile Number of principal components Accuracy 

10% 1 75.8% 

20% 3 78.9% 

30% 4 79.7% 

40% 5 80.5% 

50% 7 81.2% 

60% 8 81.9% 

70% 9 81.9% 

80% 10 82.0% 

90% 12 82.0% 

100% 13 81.9% 
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Unlike table 1, where the researcher manually needs to select the number of 

principal components to use in the logistic regression, the ANOVA-Bootstrapped PCA 

Logistic regression provides automatic solution. Table 2 results directly from the 

proposed algorithm. Column one shows the percentile of principal components, 

column two – the corresponding number of principal components and column 3 – 

the corresponding accuracy of the logistic regression. The criterion for choosing the 

number of principal components is to select the smallest number of principal 

components without loss of accuracy. 

For instance, choosing 5 principal components is not the optimal choice as the 

resulting accuracy of 80.5% is not the highest one in the table. On the other hand, 

choosing 10 principal components is not the best solution although the resulting 

accuracy is the highest – 82%. Based on table 2, 60% of the principal components (8 

principal components) can be selected. Eight principal components are the smallest 

number of principal components that does not lead to loss of accuracy if the logistic 

regression is fitted. Eight principal components would result in 81.9% accuracy, which 

is almost the same as 82% accuracy when 10 principal components are used. Table 

2 leads to an automatic decision what number of principal components to use only 

by looking at the table and applying the criterion: ”Select the smallest number of 

principal components without loss of accuracy”. 

An important note should be made that choosing 8 principal components does 

not mean the first eight as it is in the classical approach. The ANOVA provides 

ranking of the importance of the principal components, so choosing 8 principal 

components means choosing the first eight principal components that are the most 

important according to the ANOVA ranking. Table 3 shows the ANOVA ranking of 

the principal components in the adult income dataset. The first eight principal 

components in table 3 are selected. Those are the first eight most important 

according to the ANOVA ranking. 

 

Table 3 Ranking of the importance of principal components in the adult income 

dataset 
Index of principal component Importance 

4 2333.3 

8 1736.6 

2 1515.8 

9 723.9 

3 714.1 

7 673.6 

5 325.2 

13 273.7 

6 124.6 

11 56.3 

12 25.6 

10 4.9 

1 0.8 

 

Another note should be made that the ANOVA ranking of the principal 

components remains the same regardless of the classification model used. Running 

a different classification model, for example – decision tree, would not change the 

ranking of principal components. Rather it will change the accuracy of the model 

and the combination of principal components to take so that the highest possible 

accuracy using the decision tree might be achieved. So, the ANOVA-Bootstrapped 
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PCA selects the number of principal components that would achieve the best 

performance given the classification model applied. 

 

The EPICA Dome C Ice Core 800KYr Temperature Estimates (ED) 

dataset 
Similar experiments are conducted on the EPICA Dome C Ice Core 800KYr 

Temperature Estimates (ED) dataset (Vincentarelbundock, 2021). The dataset 

contains temperature record from the EPICA (European Project for Ice Coring in 

Antarctica) Dome C ice core covering 0 to 800 kyr BP. It has 5 independent 

variables/ principal components respectively. Table 4 shows the output from the 

classical approach. 

As table 4 shows the first two principal components explain 97.4% of the variance 

in the data. The contribution of the other three components is very small. The author 

runs the logistic regression with the first 2 principal components and the first 3 

principal components. The resulting accuracy is respectively 99% and 98%. In this 

case, she selects the first two components as they explain high percentage of the 

variance in data (97.4%) and results in the best accuracy - 99%. Choosing the 

number of principal components in table 4 can be confusing. Selecting the 

combination of principal components that explains the highest percentage in the 

variance, would be inefficient as this combination may not result in the best 

accuracy. Therefore, the researcher manually should decide which number of 

principal components should be selected.  

 

Table 4 Number of principal components in the ed dataset: classical approach 

Principal component 

% of 

var., 

expl. 

Principal component combination 

Cum. 

var., expl. 

(%) 

Accuracy 

Principal component 1 57.5%       

Principal component 2 39.9% Principal components 1+2 97.4% 99% 

Principal component 3 2.5% Principal components 1+2 + 3 99.9% 98% 

Principal component 4 0.1% Principal components 1+2+3+4 100.0%   

Principal component 5 0.0% Principal component 1+2+3+4+5 100.0%   

 

That is not the case with the ANOVA-Bootstrapped PCA, which provides 

automatic selection of the number of principal components. Table 5 shows the 

output in the ED dataset. 

 

Table 5 The ANOVA-Bootstrapped PCA logistic regression in the ED dataset 
Percentile Number of principal components Accuracy 

10% 1 96.6% 

20% 1 96.6% 

30% 2 97.5% 

40% 2 97.5% 

50% 3 97.5% 

60% 3 98.0% 

70% 4 98.0% 

80% 4 98.0% 

90% 5 98.0% 

100% 5 97.4% 

 

By following the rule to select the smallest number of principal components 

resulting to the best accuracy, table 5 identifies 3 principal components to be 
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selected. They result in accuracy of 98%. Table 6 shows the index of the principal 

components selected based on the ANOVA ranking. 

 

Table 6 Ranking of the principal components in the ED dataset 
Principal component index Importance 

3 3045.4 

4 41.1 

1 30.3 

5 8.1 

2 2.2 

 

To achieve the result in table 5, the first, third and fourth principal components are 

selected, unlike the classical approach, where the first two PCs are selected. 

 

The Monica dataset 
This dataset is also called the ‘MONICA WHO’ dataset (Kaggle, 2021b) and it was 

created in 1980 to record data in cardiovascular disease in 21 countries for 10 years. 

It contains 11 principal components. Table 7 shows the output from the classical 

approach. 

 

Table 7 Classical approach for choosing the number of principal components in the 

Monica dataset 

Principal component 

% of 

var. 

expl. 

Principal component 

combination 

Cum. 

var. expl. 

(%) 

Accur. 

Principal component 1 40.4%       

Principal component 2 11.0% First two principal components 51% 69.1% 

Principal component 3 9.5% First three principal components 61% 73.1% 

Principal component 4 8.7% First four principal components 70% 75.1% 

Principal component 5 7.6% First five principal components 77% 87.3% 

Principal component 6 6.2% First six principal components 83% 87.5% 

Principal component 7 5.2% First seven principal components 89% 87.5% 

Principal component 8 3.7% First eight principal components 92% 87.6% 

Principal component 9 3.3% First nine principal components 96% 87.6% 

Principal component 10 2.7% First ten principal components 98% 87.5% 

Principal component 11 1.7% First eleven principal components 100% 87.5% 

 

Table 7 shows that using only the cumulative percentage of variance explained 

may be misleading. The first six principal components account for 83% of the 

variance in data. As the end of the table comes, the cumulative percentage of 

variance explained increases so that the first nine principal components account for 

96% of variance explained. Should the first six, seven, eight, nine or ten principal 

components be selected? Based only on the cumulative variance explained, the 

researcher can select the first ten principal components as they account for 98% of 

the variation of the data. But this number would not reduce the size of the dataset.  

On the other hand, when the accuracies achieved in table 7 are considered, it 

turns out that whether 6,7,8,9,10 or 11 principal components are selected, the 

accuracy remains almost unchanged (87.6%, 87.5%). Therefore, the researcher 

should decide whether to select bigger number of principal components or a 

smaller number. As the author’s purpose is to perform dimensionality reduction, the 

first six principal components are selected, which account for 83% of the variance in 

data but the resulting accuracy is similar to that of a bigger number of principal 
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components. However, another researcher may select, for example the first nine 

components as they explain 96% of the variance in data and the accuracy 

achieved is higher – 87.6%. As table 7 shows, the highest variance explained may not 

guarantee the best accuracy. Also, table 7 shows that the seventh, eighth, nineth, 

tenth, eleventh and twelfth principal components may be redundant as the 

accuracy remains unchanged, despite them explaining higher percentage of the 

variance in data. As in the previous case, the researcher should manually decide 

what number of principal components to take. 

 

Table 8 Automatic selection of principal components in the Monica dataset 
Percentile Number of principal components Accuracy 

10% 1  65.9% 

20% 2  77.5% 

30% 3  82.9% 

40% 4  84.9% 

50% 6  88.3% 

60% 7  86.7% 

70% 8  87.8% 

80% 9  88.2% 

90% 10  86.8% 

100% 11  87.0% 

  

Table 9 Principal components automatically selected in the Monica dataset 
Principal component index Importance 

3 1056 

10 790 

6 431 

7 299 

9 216 

1 113 

5 94 

2 28 

8 26 

11 1 

4 0 

 

As table 8 shows the proposed algorithm gives a straightforward answer: the 

researcher needs to select six principal components to achieve accuracy of 88.3%. 

Using table 8, the manual application of criteria as it was in table 7 can be avoided. 

Also, the researcher should not decide whether to take smaller or bigger number of 

principal components when the accuracy remains similar. Instead, table 8 provides 

an automatic answer to the question:” How many principal components should be 

used for classification?”. Table 8 shows the output of the automatic algorithm 

proposed. Table 9 shows the indices of the principal components used to achieve 

accuracy of 88.2%. 

 

Discussion 
Machine learning textbooks and many authors recommend detecting the number 

of principal components based on the percentage of variance explained (James et 

al., 2013) but this algorithm is not automatic. It is an issue when the percentage of 

variance explained identifies two possible numbers of principal components and 

their accuracy is close. The classic approach recommends manually deciding which 

number is most appropriate. Many authors try to solve this problem by modifying 
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parts of the equation of the PCA (for instance, eigenvectors, eigenvalues, etc.) or by 

using variable selection with PCA (Salata, Grillenzoni, 2021; Pacheco et al., 2013; Kim, 

Rattakorn, 2011). However, none of the algorithms provides automatic selection of 

principal components. The algorithm proposed in this paper, however, fixes this issue 

by conducting automatic principal component selection. It performs automatic 

selection of the number of principal components to be used in the logistic regression. 

This advantage of the author’s algorithm is important in big datasets where the 

number of principal components can be big. The traditional manual selection of 

principal components can result in several alternatives and the choice between 

them can be hard and time consuming. For instance, if the traditional theory outlines 

the first five, six, seven or eight principal components as possible options, the 

researcher needs a criterion to choose among them. In many cases, the criteria are 

subjective. On the other hand, the ANOVA-Boot-PCA-LR algorithm proposed in this 

paper removes the subjectiveness coming from manually choosing the number of 

principal components. This makes the choice of principal components faster. 

The author’s approach has several limitations that need to be further researched, 

though. First, experiments with other classification methods are necessary to test the 

feasibility of the ANOVA-Boot-PCA-LR to other classification models. This would 

expand the practical applications of the model proposed and show its universal 

nature, outlining in what cases it can and cannot be applied to other classification 

methods. Second, the resulting selection of principal components depends on the 

accuracy of the model. The accuracy would change when either the classification 

model type changes or when its parameters change. 

Despite this, the proposed algorithm provides the first step to an efficient and fast 

automatic algorithm for principal components selection in classification problems. 

Thus, the manual selection of principal components can be avoided, and better 

accuracy achieved, which is a novel approach in academic literature. 

As a conclusion, the author develops a simple algorithm for automatic detection 

of the number of principal components to be used in the logistic regression. The 

advantages of this algorithm include simplicity as it is based on existing algorithms, 

easiness to interpret and providing more efficient results in terms of accuracy.  

The ANOVA-BOOT-PCA algorithm can be viewed as an extension of the textbook 

approach for finding the number of principal components. However, instead of 

choosing them manually when several combinations of principal components are 

possible, the ANOVA-bootstrapped PCA decides automatically. 

 

Conclusion 
The classical PCA approach for selecting the number of principal components has a 

set of disadvantages. First, it involves manual selection of principal components in 

cases when the variance explained is similar or the accuracy from several 

combinations of principal components is similar. Therefore, the researcher introduces 

bias into the dataset. Second, in many cases, using the variance explained may not 

be enough to select the number of principal components. Calculation of accuracy 

may help deciding what combination to select. However, calculating the accuracy 

of all possible combinations of principal components may be computationally 

exhaustive. Also, the accuracy and the variance explained may not facilitate the 

researcher to decide the number of principal components. Therefore, an automatic 

way for selection of the number of principal components should be applied. 

In this research the author proposes the ANOVA-Bootstrapped PCA to select the 

number of principal components and then fit a classification model (the logistic 

regression, in the presented example). The advantages of the ANOVA-Bootstrapped 
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PCA algorithm are automatic identification of the number of principal components, 

automatic overview of how the accuracy varies across different principal 

components combinations. This advantage can be used for data exploratory 

purposes. 

The proposed algorithm also provides ranking of the importance of the principal 

components and gives the right combination to achieve the best accuracy. The 

right combination of principal components may not be the first several components 

but rather principal components with different indices. However, the number of 

principal components selected according to the ANOVA-Bootstrapped PCA 

depends on the classification model selected. So, different classification models 

would lead to different accuracy and number of principal components selected. 

However, the importance of the principal components as identified by the ANOVA 

model would not change. 
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Abstract 
Land value capture can be defined as a policy approach that allows communities 

to restore and reinvest land value increases that result from public investment and 

other government actions. For that reason, public action should generate public 

benefit. The recurrent property tax, one of many tools for land value capture, is the 

foundation of a stable, enduring revenue source that supports the provision of 

essential housing and amenities services. This empirical paper aims to examine the 

influence of recurrent property tax income, and general government spending on 

housing and community amenities on house prices. To assess the hypothesized 

direction of the effects, yearly data structured in a balanced panel on a sample of 

26 European Union economies from 2010 to 2019 was used. Fixed effects regression 

model with Driscoll and Kraay standard errors was employed and the results 

confirmed a negative but statistically insignificant effect of increased property tax 

revenue on house prices, while increased expenditure on housing and amenities 

confirmed a positive and statistically significant effect on house prices dynamics in 

European Union countries. 
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Introduction 
Coming out of the economic and financial crisis, a Europe-wide problem becomes a 

shortage of financial resources to fulfil all their public commitments. For this reason, 

there is a growing interest in the most efficient tax instruments that governments can 

use to consolidate their fiscal position, and international institutions, academics, and 

tax experts put the accent on property taxes. Europe needs to enhance urgently the 

efficiency of public expenditure and find new, untapped sources of growth. 

Advocates for property taxes as a non-distortionary form of taxation for investment 

and labour choices that can help the fiscal gap are international institutions like the 

OECD (2010), Eurostat (Bizottság, 2014), the International Monetary Fund, etc. There 

are researchers that consider property taxes as an efficient and equitable fiscal 

remedy to public deficits and as a stimulus to economic recovery after the global 

financial crisis (Presbitero, Sacchi, Zazzaro, 2014). According to (Bizottság, 2014) 

policymakers have been attracted by recurrent taxes on real estate and put 

increasing attention on this instrument of taxation because in many countries 

property taxes were very low and offer a potential source for increasing revenue. At 

the same time, property taxes given the immobility of the tax base are considered to 

be the least detrimental to economic growth. Even though the concept of public 

value capture is not new, it became very much debated in the literature, as a 

method or a strategy to capture the value increase to be used for specific purposes. 

Urbanization requires increased funding for public infrastructure and services, 

meaning that government should try to capture a portion of this value to help fund 

and finance the specific project or future expenditures. In this perspective, one of 

the instruments for public value capture is the property tax on land and other 

immovable properties, which became a widely accepted means for public financial 

resources. But the effect of property taxes on house prices has always been a highly 

controversial issue (Netzer, Netzer, 1966). Property taxes have a potentially negative 

effect on the economy meaning that a greater recourse to property taxes is 

associated with lower house prices. The extent of decreased house prices will affect 

the real estate market. The property tax capitalization hypothesis assumes that a 

house is an asset like any other asset where price in equilibrium is equal to the 

present value of the after-tax flow of rents from owning it (Poterba, 1984). 

Consequently, capitalization of changes in property taxes leads to changes in house 

prices. An important fact for increased property taxes is that this revenue is mostly 

spent on the provision of local public services like schooling, health care, 

transportation, waste management, police services, etc. In relation to the concept 

of public value capture, this means that property value increases resulting from this 

spending by the community belongs to the community as responsible for it 

(MacIntyre, 1984; Christman, 1994; Krueckeberg, 1995). Property rents will increase as 

a result of invested property tax income in public services (Rosen, 1982). The 

construction industry due to a higher property tax will decrease returns and the 

supply of new houses which can increase the value of the property. Property taxes 

on land improvements such as residential housing may be shifted forward because 

the relative benefits of infrastructure development are better reflected in property 

values than in land values (Hyman, Pasour, 1973). The classical and neo-classical 

theory of economic rent discuss the idea of taxing the value increase of land as a 

common topic (Gielen, Salas, Cuadrado, 2017).  

There is an extensive body of literature that investigate the impact of property 

taxes on house prices as well as the impact of public spending on house prices, but 

there is a lack of research that deals with cross-country investigation on the 

relationship between property taxation, public housing investment and house prices. 



  

 

 

34 

Croatian Review of Economic, Business and Social Statistics (CREBSS) 

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) 

 

 

Vol. 8, No. 1, 2022, pp. 32-40 

 

This research is built on the rationale of Tiebout’ hypothesis where the house price 

depends on the choice of the resident among different communities offering a 

variety of different local public services and selects the community which offers the 

best-suited trade-off between the property taxes and local spending program 

(Tiebout, 1956). Tiebout’ hypothesis assumes the model, where consumer choice of 

location is in line with preferences for local public goods and services meaning the 

consumer, makes a choice and "shops" a residence in the community that offers the 

best local public services in accordance with property taxes. 

The contribution of this research is to fill the gap in the literature by analysing the 

impact of property taxes and public expenditure on housing and amenities on 

house price dynamics across EU countries. The study aims to give answer to the 

following research questions: How does recurrent property tax income affect house 

prices? and How public spending in housing and amenities affects house prices? 

Quantitative research based on the Eurostat database for 26 European countries in 

the period 2010-2019 is performed to give answers to these research questions. 

The rest of the paper is structured as follows. Section 2 reviews the literature, 

presenting hypotheses about the impact of property tax and public spending on 

housing and amenities on house prices. Section 3 discusses the data and 

methodology. Section 4 presents the results and Section 5 concludes. 

 

Literature review 
Recurrent property taxes in European modern property taxes have long-standing 

tradition of property taxes that date back to the Middle Ages (Almy, 2014), because 

of their transparency, relative ease of administration, their suitability as a stable 

revenue source for sub-central governments and their economic efficiency. The 

grounds of the International organisations such as the EU and the OECD request for 

shifting the taxes from distortionary labour taxation to property taxation is that 

recurrent property taxes are usually found to be among the least detrimental taxes 

for economic growth (Arnold, 2008). The support to this request is that recurrent taxes 

at the same time respect equity objectives (Cournède, Goujard, Pina, 2013). This is 

particularly true for pure land taxes, as land is immobile, and its taxation is on a truly 

immobile base and hence does not affect decisions to work, save and invest. 

In most EU member states, a joint tax on land and the building is applied (Almy, 

2014), and this might impact the investment decisions. Both homeowners and 

businesses might be discouraged from investing if (improvement) investment results 

in a higher property tax liability. Among the first researchers that formally developed 

and tested the effect of property taxes on house prices reveals that it should be 

strictly negative, as long as property taxes are, at least partially, capitalized, followed 

by many authors (Rosen, Fullerton, 1977; Palmon, Smith, 1998). As property taxation 

imposes additional user costs on a property and reduces its value, consequently 

under full capitalization, differences in home prices are equal to the present 

discounted value of variations in expected property tax liabilities. 

What is important for recurrent property taxes is that in most member states they 

are not levied on recent up-to date market values but on outdated cadastral values 

and are sometimes area based (Almy, 2014; Lindén, Gayer, 2012; Blöchliger, 2015). 

The non-reflection of market values of property limits the risk of under-investment and 

stabilizes property tax revenues for member states. Based on this practice of 

recurrent property taxation and previous literature we propose the following 

hypothesis: H1: Increased recurrent property tax income is negatively related to 

house prices. 



  

 

 

35 

Croatian Review of Economic, Business and Social Statistics (CREBSS) 

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) 

 

 

Vol. 8, No. 1, 2022, pp. 32-40 

 

Property tax revenue should benefit the areas it is collected from – and thus most 

benefit those who pay the most: in this ‘benefit tax’ view, property taxes amount to 

an indirect payment for local public services (Prichard, 2017). The author discuss that 

more taxes are payed, the more services should be received or in practical terms, 

this could mean that property tax rates are higher for properties that have access to 

better services: electricity, piped water, paved roads, higher quality sanitation and 

alike. Alternatively, it could lead wealthier households to demand that public service 

spending be concentrated where they live and pay taxes. Property tax revenue 

should be used to benefit the broader community and property taxes are a tax on a 

specific type of wealth, which can be used to support the overall spending needs of 

the community (Prichard, 2017). Accordingly, it means that those who pay more 

property taxes should not necessarily expect a greater share of public spending. 

Instead, property taxes can be used to fund the broad costs of government, and to 

support redistribution through broad-based spending (Zebong, Fish, Prichard, 2017). 

The well-established fact is that urban land is valued primarily for its location and 

access to various amenities. These are among the first attempts to explore the 

relationship between house price dynamics and local amenities. Amenity indices 

provide an aggregate measure of the attributes important to consumer and firm 

location decisions (Albouy, Lue, 2015), so that can be conducted a series of 

econometric analyses to formally test the relationship between local amenities and 

house price dynamics. Overall, the collective results from the study suggest that the 

desirability of a city from the perspective of both homeowners and firms is a 

significant channel through which land values drive house price dynamics. The 

findings of the prior studies will be used as the base for the hypothesis to be tested, 

namely: H2: Increased public investment in housing and amenities is positively 

related to house prices. 

 

Data and methods 
Data 
To investigate the effect of property tax income and public expenditure in housing 

and amenities on house prices, the country-level data extracted from Eurostat 

database was used. Yearly data for 26 European countries (Austria, Belgium, 

Bulgaria, Croatia, Cyprus, Czechia, Denmark, Estonia, France, Germany, Hungary, 

Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Netherlands, Norway, Poland, 

Portugal, Romania, Slovakia, Slovenia, Spain and Sweden), was structured in a 

balanced panel for the period from 2010 to 2019. The variable of interest is the real 

house price index (HPI, Annual average index, 2010=100), which is the house price 

index deflated by the national accounts’ deflator for private final consumption 

expenditure. This index captures price changes of all residential properties 

purchased by households (flats, detached houses, terraced houses, etc.), both new 

and existing, independently of their final use and their previous owners (Eurostat, 

2022). To empirically test the factors affecting property price the most, the following 

explanatory variables are used: revenue generated by general government taxes 

on land, buildings and general government expenditure in housing and community, 

GDP per capita, working age population, and total fiscal revenues as a percentage 

of GDP. All variables (except the last two, which are given in %), are expressed in 

natural logarithms, so their estimates are interpreted as elasticities. Eurostat collects 

data on general government expenditure by economic function according to the 

international Classification of the Functions of Government (COFOG) and our 

variable 'housing and community amenities', consists of II level groups data are 
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collected: 'housing development', 'community development', 'water supply', 'street 

lighting', 'R&D housing and community amenities'. Table 1 lists variables, labels, and 

their sources. 

 

Table 1 Data variables, labels and sources 

Variable Label Description 
Source, Eurostat 

2022 

House price index LnHPI House price index, Annual 

average index, 2010=100, 

annual data 

[prc_hpi_a] 

Taxes on land, buildings and 

other structures, Recurrent tax 

LnTLB General government, 

Million euro, 

[gov_10a_taxag] 

Housing and community 

amenities spending 

LnEXHA General government 

expenditure by function, 

Million euro 

(COFOG) 

[gov_10a_exp] 

GDP per Capita LnGDPpcE Current prices, euro per 

capita 

[nama_10_pc] 

Total receipts from taxes and 

social contributions (including 

imputed social contributions) 

after deduction of amounts 

assessed but unlikely to be 

collected 

TTAX%GDP Percentage of gross 

domestic product (GDP), 

General government 

[gov_10a_taxag] 

Active population age 20-64 AP% Persons in the labour force 

(former name: active 

persons, Percentage of 

total population 

[lfsq_agaed] 

 

Table 2 Descriptive statistics 
 LnHPI LnEXHA LnTLB LnGDPpcE TTAX%GDP AP% 

Mean 4.69 6.98 6.80 10.07 36.53 77.49 

Median 4.64 7.01 6.58 10.05 36.30 78.55 

Maximum 5.33 10.27 11.06 11.52 50.30 90.30 

Minimum 4.27 3.68 3.30 8.53 22.60 61.50 

Std. Dev. 0.20 1.44 1.94 0.69 6.18 5.31 

Observations 260 260 260 260 260 260 

Source: Authors’ computations. 

 

The descriptive statistics of the variables used to assess the effect of property tax 

income and expenditure in housing and community amenities on real house prices, 

and control variables, current GDP per capita, active population aged 20-64 as 

percentage of total population and total fiscal taxes as percentage of the GDP is 

presented in Table 2. 

 

Method 
Compared to purely cross-sectional data, panels are attractive since they often 

contain far more information than a single cross-section and thus allow for an 

increased precision in estimation. Unfortunately, actual information of macro panels 

is often overstated, since that, kind of data is likely to exhibit all sorts of cross-

sectional and temporal dependencies. Therefore, erroneously ignoring possible 

correlation of regression disturbances over time and between subjects can lead to 

biased statistical inference. 

Modified Wald test for group-wise heteroscedasticity in fixed effect regression 

model was performed to test the null hypothesis of homoskedasticity, and since the 
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null hypothesis was rejected (chi2 (26) =793.02, Prob>chi2 =0.0000), the presence of 

heteroskedasticity in the baseline fixed effects model was found. 

Since it is known that cross-sectional dependence is more of an issue in macro 

panels than in micro panels, Pasaran CD (cross-sectional independence) test was 

performed in order to inspect whether the residuals are correlated across entities 

(countries). Cross-sectional dependence can lead to bias in tests results (also called 

contemporaneous correlation). The null hypothesis is that residuals are not 

correlated, and according to the results (Pesaran's test of cross-sectional 

independence = 5.860, Pr = 0.0000, Average absolute value of the off-diagonal 

elements = 0.563) the null hypothesis of no correlation was rejected and it was 

concluded that there is a problem of cross-sectional dependence. Taking in the 

account that heteroskedasticity and a cross-sectional dependence problem was 

present, the estimation strategy was to use fixed effects regression model with 

Driscoll and Kraay standard errors. Unlike standard techniques, Driscoll and Kraay 

algorithm accounts for cross-sectional dependence which results in a consistent and 

robust estimated standard error (Driscoll, Kraay, 1998). 

Besides being heteroscedasticity consistent, these standard error estimates are 

robust to very general forms of cross-sectional and temporal dependence. The 

baseline empirical model is the following: 

ln HPIit = β0 + β1lnTLBit + β2lnEXHAit + β3lnGDPit + β4AP%pit + β6TTAX%GDPit  + εit  (1) 

where: i is country and t is the time, 𝑙𝑛 𝐻𝑃𝐼𝑖𝑡 is natural logarithm of house price index, 

𝑙𝑛𝑇𝐿𝐵𝑖𝑡 is natural logarithm of Taxes on land, buildings and other structures, 𝑙𝑛𝐸𝑋𝐻𝐴𝑖𝑡 

denotes natural logarithm of Expenditure in housing and community amenities, 

𝑙𝑛𝐺𝐷𝑃𝑖𝑡 denotes natural logarithm of Gross domestic product per capita in Euro, 

𝐴𝑃%𝑖𝑡 denotes active population as percentage of total and 𝑇𝑇%𝐺𝐷𝑃𝑖𝑡 denotes Total 

receipts from taxes and social contributions as a percentage of GDP. 

 

Empirical analysis and results 
The output of fixed-effects regressions with Driscoll-Kraay standard errors is presented 

in Table 3. The estimated panel regressions appear to fit the data rather well since R-

squared = 0.64 and F(5, 25) = 2483.62, Prob > F = 0.0000.  

 

Table 3 Estimation results of panel regression using Driscoll-Kraay standard errors  
lnHPI Coef. Std. Err. t P>|t| [95% Conf.Interval] 

lnTLB -0.017 0.049 -0.34 0.734 -0.119 0.085 

lnEXHA 0.132 0.041 3.22 0.004 0.047 0.217 

lnGDP 0.627 0.051 12.23 0.000 0.522 0.733 

AP% 0.005 0.004 3.46 0.002 0.006 0.024 

TTAX%GDP 0.005 0.003 1.99 0.058 -0.001 0.011 

_cons -3.796 0.495 -7.67 0.000 -4.816 -2.776 

Note: Method: Fixed-effects panel regression, Number of obs = 260, Number of groups = 26. 

Source: Authors’ computations 

 

According to the presented results, the elasticity of taxes on land, buildings and 

other structures on property price is not statistically significant with a negative 

coefficient. Furthermore, elasticity of Housing and community amenities to changes 

in property price is statistically significant and positive, with the coefficient of 0.13. 

Elasticity of Gross domestic product per capita to changes in property price is 

statistically significant and positive with the largest coefficient being 0.63. According 

to our model, the elasticity of total receipts from taxes and social contributions on 

changes in property price is statistically significant on 10 % significance level with 
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positive but very small coefficient (0.005). Finally, the labour force (active 

population) has a positive and statistically significant, but also small (0.005) impact 

on changes in property price. 

 

Conclusion 
Public value capture is an issue of interest in many countries due to the precarious 

financial situation and it is an essential method of responsible land management to 

improve the refinancing of public infrastructure. Recurrent taxes on real-estate 

property as an indirect model for the absorption of the surplus value of developed 

land have attracted increasing attention from policymakers. The main reason of this 

is that property taxes in many countries are low and can serve as a potential source 

for increasing the fiscal income, while at the same time they are considered to be 

the least detrimental to economic growth given the immobility of the tax base. In 

addition, the tax base in most countries is determined by property cadastral values 

rather than market evaluations, so the value in property tax income mostly contain 

the changes in tax rates or in the administrative cadastral base. In this research, 

balanced panel data for 26 European countries is used to estimate both the effect 

of fiscal e.g. income of recurrent tax on land and buildings, and public investment 

policies e.g. expenditure on housing and community amenities, on house prices. The 

relevance of this issue lies in the fact that it has not been addressed before in this 

context considering fiscal and spending effect on house prices, cross-country in 

European Union. The Driscoll-Kraay standard errors regression model is used to test 

the a priori expected direction, that increases in tax revenue on land and buildings 

had negative effect, while public spending on housing and amenities had a positive 

effect on house prices. The estimated coefficients showed the expected sign: the 

public expenditure on housing and community amenities has a positive effect and 

taxes on land and buildings income has a negative effect on house prices. 

Therefore, it seems that there is empirical evidence that public spending in housing 

and community amenities has statistically significant although small (around 0.13) 

effect on house prices, while the fiscal estimate is nor statistically significant, nor 

economically important predictor of house prices. Additionally, as control variables: 

GDP per capita, active population aged 20-64, and total taxes as percentage of 

GDP were included in the model. The results showed that GDP per capita is 

statistically significant predictor of house prices with positive coefficient of 0.63, while 

active population showed statistically significant but small positive coefficient and 

total taxes showed to be statistically significant on 10% significance level with positive 

but small coefficient. The estimation of the effect of public spending on housing and 

amenities on housing values (due to the improvement of the location characteristics 

of houses) showed that individuals are willing to pay more if public spending on 

housing (which can be derived from recurrent property taxes) is increased.  
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Abstract 
Several studies have identified the impact of total public debt on inflation. These 

studies are based on the assumption of a symmetric relationship between these 

variables. However, because different governments react to changes in total public 

debt (positive or negative) differently, this study employed the nonlinear 

autoregressive distributed lag (NARDL) technique to investigate the nature of the link 

between total public debt and inflation in the Gambia for the period from 1978 to 

2019. The results indicate an asymmetric relationship between total public debt and 

inflation, irrespective of whether the analysis was conducted in the short run or long 

run. The coefficient of a positive shock in total public debt is statistically significant in 

the short run and in the long run, suggesting the inflationary effect of positive 

variation in total public debt in the Gambia. On the other hand, the effect of a 

negative shock is not statistically significant in the short run or in the long run. These 

findings reinforce the need for government to approach increase in public debt with 

caution to minimise volatility in inflation. Overall, this study provides a fresh insight into 

the optimal estimation technique for testing the public debt–inflation nexus through 

a nonlinear approach. 
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Introduction 
The relationship between public debt and macroeconomic variables, especially 

inflation, has attracted considerable attention in recent years across the globe. The 

need to understand the relationship between these variables since the recent global 

financial crisis in 2008 has become more pertinent (relevant) now than before 

following recent increases in government borrowings for the funding of budget 

deficits owing to revenue shortfalls and the worldwide Coronavirus disease (COVID-

19) macroeconomic fallout. According to the International Monetary Fund (IMF) 

(2021a), global public debt to GDP ratio averaged an unprecedented 97.3% in 2020 

when compared with 83.7% in 2019 and 82.3% in 2018. The average ratio is projected 

to stabilise worldwide at about 98.9% in 2021 and 99% in 2022. 

The central government in the Gambia has incurred large deficits and public 

debt owing to revenue shortfall and COVID-19 economic fallout. The rising trends in 

government indebtedness for the funding of fiscal deficit are raising concerns 

among policymakers. For the achievement of macroeconomic stability would 

require the harmonisation of fiscal and monetary policy in the country. Hence, going 

forward during and hopefully after the COVID-19 pandemic, understanding the 

macroeconomic effects of public debt, especially on inflation and the nature of the 

link between public debt and inflation in the Gambia cannot be overemphasised. 

High levels of inflation rate are considered to have a negative effect on 

economic growth and macroeconomic stability. The macroeconomic objective of 

most governments including the Gambia is to maintain a low and stable inflation 

rate. A stable and reduced inflation rate will help to increase real return on 

investment enabling economic actors to respond to various investment opportunities 

and opening up opportunities for new and existing investors in the promotion of 

economic development (Aimola, Odhiambo, 2021a). However, budget deficit has 

been financed largely through borrowing with a view to promoting economic 

growth in the Gambia. Thus, establishing the relationship between public debt and 

inflation in the Gambia is crucial in the sense that the COVID-19 pandemic has 

further increased government indebtedness in the funding of budget deficit. 

From a theoretical perspective, there are different views regarding the dynamics 

of inflation. According to the monetarist, Friedman (1968), ‘inflation is always and 

everywhere a monetary phenomenon.’ Contrary to the monetarists’ view, the Fiscal 

Theory of the Price Level (FTPL) determination within the non-Ricardian environment 

suggests that price level is driven by public debt with monetary policy playing an 

indirect role (Woodford, 1995; 1998). According to Kwon et al. (2006) FTPL identifies 

the wealth effect of government debt as an additional channel of fiscal influence 

on inflation. The increase in government debt adds to household wealth and 

consequently to the demand for goods and services, leading to price pressures. In 

addition, Nastansky and Strohe (2015) also argue that debt-financed government 

expenditure would stimulate macroeconomic demand in the short term and 

increase pressure on inflation in the medium- or long term. 

There are several empirical studies that have examined the link between public 

debt and inflation for both developed and developing countries. Earlier studies 

(Musgrave, 1949; Phelps, 1973) recognised the relationship between government 

borrowings and inflation, while recent empirical studies (Karakaplan, 2009; Nguyen, 

2015; Lopes da Veiga et al., 2016; Aimola, Odhiambo, 2021b) also argue that public 

debt influences inflation rate, particularly in developing countries where the financial 

market is relatively developed. Some studies support the idea that there is a positive 

relationship between public debt and inflation (Kwon et al., 2006; Bildirici, Ersin, 2007; 

Ahmad et al., 2012; Sims, 2014; Nastansky, Strohe, 2015; Romero, Marin, 2017; Afonso, 
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Ibraimo, 2018). Then again, other studies corroborate a negative relationship 

between these variables (Wheeler, 1999; Taghavi, 2000). A common feature of these 

studies is that their results are based on the assumption of a symmetric relationship 

between public debt and inflation. However, the relationship between these 

variables might be asymmetric or non-linear. Some studies seem to suggest that the 

relationship between public debt and inflation might be non-linear. For instance, 

Lopes da Veiga et al. (2016), and Reinhart and Rogoff (2010) have shown a positive 

relationship between high public debt to GDP ratio and high inflation, while low 

public debt to GDP ratio was associated with lower inflation rate. According to these 

studies, one can infer an asymmetric relationship in the sense that the positive 

impact of public debt on inflation is only evident when public debt to GDP ratio 

exceeds some threshold level, and below which public debt has a negative or 

insignificant impact on inflation. 

Reducing public debt to GDP ratio below the accepted Economic Community of 

the West African States (ECOWAS) sustainable threshold of 70% is crucial for a 

country like the Gambia with a high level of public debt to GDP ratio that is mostly 

above this threshold. The Gambia presents an interesting case study particularly 

unlike many other countries in the ECOWAS sub-region. The inflation rate in the 

Gambia has remained relatively low and stable with a high level of public debt to 

GDP ratios generally above the 70% ECOWAS threshold. For instance, the Gambia 

secured external public debt relief in 2007 reducing the total public debt to GDP 

ratio significantly from 140.65% in 2006 to 60.9% in 2007 (Aimola, Odhiambo, 2019). 

Total public debt to GDP ratio has since increased consistently. Total public debt to 

GDP ratio stood at 80.1% in 2019 (Annual Public Debt Bulletin, 2019) and inflation rate 

at 7.12% in 2019 (World Bank, 2021a). Hence, the question may be posed for the 

economy of the Gambia whether the relationship between public debt and inflation 

is symmetric or asymmetric. 

An important precondition for effective public debt management strategy is 

accurate understanding of its macroeconomic effects based on a particular 

country’s situation analysis. The significant reduction in public debt to GDP ratio after 

external public debt relief and the increases in inflation rate have made 

policymakers and academic researchers raise the question about the 

appropriateness of the assumption of a symmetric relationship between public debt 

and inflation, especially in developing countries. The situation in the Gambia seems 

to support an asymmetric relationship between public debt and inflation. Data on 

both public debt and inflation rate show features of asymmetric structure in their 

trends. The suitability of an asymmetric approach deserves further empirical 

investigation using a more recent econometric technique. Based on this fact, it is 

necessary to allow for measurement by separating positive changes from negative 

changes when examining the link between public debt and inflation in order to 

capture any evidence of asymmetric structure in the relationship should previous 

studies have ignored it in their analysis. 

Even though available studies have focused on the symmetric effect of public 

debt on inflation, to the best of our knowledge, no study has investigated the 

asymmetric relationship between public debt and inflation in the Gambia using the 

nonlinear autoregressive distributed lag (NARDL) technique developed by Shin et al. 

(2014). This study fills this gap by examining whether the dynamic relationship 

between public debt and inflation in the Gambia is symmetric or asymmetric. This 

study, therefore, is a pioneering study in providing an answer to the question on 

nonlinearity in the relationship between public debt and inflation, especially in the 

Gambia. This study can be important for the economy of the Gambia as the 
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potential for public debt management capacity and a stable low inflation rate is yet 

to be realised fully. 

The rest of the paper is organised as follows: Section 2 provides a brief overview of 

public debt and inflation trends in the Gambia. Section 3 describes the estimation 

technique, model specifications of the NARDL approach, the dataset and variables 

used. Section 4 presents the analysis of the study results, while Section 5 concludes 

the study. 

 

Public debt and inflation dynamics in the Gambia  
Figure 1 illustrates historical trends in the Gambia’s total public debt to GDP ratio and 

inflation rate for the period from 1980 to 2019. As shown in Figure 1, trends in total 

public debt ratio in the Gambia are largely above the Economic Community of the 

West African States’ (ECOWAS) total public debt convergence threshold of 70.0% for 

countries within the sub-region. Although for the period 1980, 1981 and 2007 to 2010, 

the public debt ratio was below the ECOWAS threshold. According to World Bank 

(2021b), debt policy rating in the Gambia averaged 2.6 between 2005 and 2019 

(when 1=low and 6=high). The ranking, which is above low but below average, is an 

indication that authorities are involved in debt management operations and aware 

of the macroeconomic effects of public debt management in the country. 

Nonetheless, the ranking shows that there is room for further improvement.  

 

 
Figure 1 Public debt and inflation trends in the Gambia (1980-2019) 

Source: International Monetary Fund (2021b); (World Bank, 2021a); Annual Public Debt 

Bulletin (2012-2019), authors’ compilation using Excel. 

 

As indicated in Figure 1, the total public debt to GDP ratio increased from 45.3% in 

1980 to 80.1% in 2019. The annual average of public debt to GDP ratio for the period 

under review was 103.9%. For this period, three episodes of sharp increases are 

prominent in 1987, 2002 and 2017, peaking at 136.7%, 156.0% and 124.0%, 

respectively (International Monetary Fund, 2021b). These changes are linked to 

increases in both foreign and domestic borrowings. The effects of foreign exchange 

receipt led to increased external borrowings by government to meet its financing 
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needs or to finance infrastructure development and to support the implementation 

of its Economic Recovery Programme (McPherson, Radelet, 1992; Central Bank of 

the Gambia, 2010; Aimola, Odhiambo, 2019). According to Aimola and Odhiambo 

(2019), increases in domestic borrowing can be attributed to government’s 

development of the domestic debt market and financial instruments, and domestic 

debt finance of budget deficits, although total public debt ratio witnessed a sharp 

decline during this period from 140.65% in 2006 to 60.9% in 2007. This was due to 

public external debt relief that was secured by the country from its Paris Club and 

London Club group of creditors in 2007. The reduction was short lived as the debt 

ratio remain elevated above the ECOWAS’ sustainable threshold of 70% starting from 

2011 to 2019. The unsustainable level of public debt for this period was largely link to 

high fiscal deficit arising from economic mismanagement and adverse external 

developments (The Gambia Medium-Term Debt Strategy, 2016; Aimola, Odhiambo, 

2019). 

It is, however, important to note that preliminary assessment of the 

macroeconomic impact of COVID-19 pandemic on the Gambian economy shows a 

significant decline in tax revenues (Budget Speech, 2021). This fallout from COVID-19 

may have implications on the budget and government borrowing, with public debt 

to GDP ratio susceptible to increase changes in the near future. Attaining a ratio 

below the ECOWAS’ sustainable threshold would therefore require credible and 

sustainable fiscal consolidation supported by an appropriate public debt 

management strategy ensuring that public debt levels are reduced to a sustainable 

level. 

Understanding inflation dynamics is important, particularly for the Central Bank of 

the Gambia (CBG) and for policymakers in the conduct of monetary and fiscal 

policies. The Gambia has made remarkable progress in maintaining a low 

inflationary environment compared to other countries in the ECOWAS sub-region. 

Despite efforts to reduce inflation further to a stable single-digit level, challenges 

related to fiscal dominance still exist in its management. The inflation experience for 

the period under review was mixed as it hovered between single-digit- and double-

digit rates. 

Figure 1 illustrates trends in inflation rate for the Gambia using annual data for the 

period between 1980 and 2019. The inflation rate remained in single digits for most of 

the years and double digits in 1982–1988, 1990, 2003, and 2004. The changes were 

largely due to exchange rate depreciation, unsustainable macroeconomic policies, 

rising oil prices and excessive growth in money supply (West African Monetary 

Institute, 2012; Mendy, Widodo, 2018). Inflation rate reached an all-time high of 56.6% 

in 1986 and a low of 0.8% in 2000. The inflation rate averaged 8.9% between 1980 

and 2019. In the 1980s, it average 17.5% compared to 5.4% in the 1990s and 6.4% in 

the 2000s (World Bank, 2021a). 

Prior to the implementation of Economic Recovery Program (ERP) in 1985, The 

Gambia operated a fixed exchange rate system with the Dalasi pegged to the 

British pound sterling. Inflation rate during this period was relatively stable. Inflation 

rose from 5.9% in 1981 to 10.9% in 1982 and 10.6% in 1983. It then accelerated to 

22.1% in 1984 and to 18.3% in 1985 before reaching its peak at 56.6% in 1986. The 

adoption of the ERP saw the deregulation of the financial market with a floating 

exchange rate regime in 1986. This resulted in an immediate and short-lived 

significant depreciation of the Dalasi by 53.4% in 1986 with a corresponding 

inflationary pressure in the economy (West African Monetary Institute, 2012). 

In less than a year inflation began to decline with the stabilisation of the Dalasi as 

a result of the elimination of price controls and subsidies on important commodities. 
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Inflation dropped sharply to 23.5% in 1987 and continued further downward within 

the double-digit mark until 1988. Inflation returned to single digits at 8.28% in 1989 

before an increase to 12.2% in 1990 and, thereafter, inflation has continued to fall 

within the single-digit mark. The increase from 1.1% in 1996 to 2.78% in 1997 was 

mainly as a result of increased domestic debt and the continued sale by the CBG of 

Treasury Bills for deficit financing and liquidity management purposes (Mendy, 

Widodo, 2018). Expansionary fiscal deficit posed a significant threat to monetary 

policy as inflationary pressure built up. Inflationary pressure emerged between 2001 

and 2003 as a result of the drought, the depreciation of the Dalasi and mainly 

because of monetary accommodation of fiscal deficit. Inflation rate increased from 

4.5% in 2001 to 17.0% in 2003 and 14.2% in 2004. Contractionary monetary policies by 

the CBG in 2004 and 2005 significantly reduced inflation to 4.8% in 2005 and 2.1% in 

2006 (World Bank, 2007). Thereafter, the CBG has successfully contained inflationary 

pressure within the single-digit range with the inflation rate ranging between 4.0% 

and 8.0%, although exceeding the 3.0%–5.0% monetary policy target range (Heintz 

et al, 2008; Central Bank of the Gambia, 2017). Inflation rate eased marginally to 

6.52% in 2018, mainly as a result of relative stability in the foreign exchange market, 

and moderation in global food prices, compared to 8.03% in 2017, which also 

exceeded the 5.0% policy target for the year (Central Bank of the Gambia, 2017, 

2018). The inflation rate stood at 7.1% in 2019 (World Bank, 2021a). 

A critical inspection of Figure 1 shows that there is no obvious conclusion to 

whether correlation between public debt and inflation is either positive or negative. 

Figure 1 shows that the variables are either moving in the same or opposite directions 

depending on the sub-periods of the sample being inspected. Based on this fact, it is 

necessary to investigate empirically using a more recent econometric technique 

that allows for measurement by separating positive changes from negative changes 

in examining the link between total public debt and inflation. 

 

Research Methodology 
NARDL bounds testing approach to cointegration 

To investigate the existence of a dynamic relationship between public debt and 

inflation in the Gambia, theoretical and empirical literature has been used to identify 

explanatory variables in the model. The model is specified explicitly as follows: 
𝐼𝑁𝐹 = 𝑓(𝑃𝐷, 𝑀𝑆, 𝐺𝐷𝑃𝐶, 𝐺𝐹𝐶𝐹, 𝑇𝑂𝑃) (1) 

where: INF = inflation; PD = total public debt; GDPC = economic growth; GFCF = 

private investment; and TOP = trade openness.  

According to Shin et al. (2014), the standard autoregressive distributed lag (ARDL) 

only assumes a linear or symmetric link between variables, and it is unable to capture 

nonlinearity or an asymmetric relationship between variables. Shin et al. (2014) 

extended the standard autoregressive distributed lag approach to capture both 

short-run- and long-run nonlinear or asymmetric dynamics between variables while 

retaining all the advantages of the standard autoregressive distributed lag model 

over other estimation techniques in the NARDL technique. To investigate the main 

objective of this study, whether public debt has a symmetric or asymmetric effect on 

inflation in the Gambia, the study employed the NARDL technique suggested by Shin 

et al. (2014). 

The NARDL model specification is expressed as: 
𝑙𝑛𝐼𝑁𝐹𝑡 = 𝛼0 + 𝛼1𝑙𝑛𝑃𝐷𝑡

+ + 𝛼2𝑙𝑛𝑃𝐷𝑡
− + 𝛼3𝑙𝑛𝑀𝑆𝑡 + 𝛼4𝑙𝑛𝐺𝐷𝑃𝐶𝑡 + 𝛼5𝑙𝑛𝐺𝐹𝐶𝐹𝑡 + 𝛼6𝑙𝑛𝑇𝑂𝑃𝑡

+ 𝜀𝑡 
(2) 
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where ln is natural logarithm, 𝑃𝐷𝑡
+ and 𝑃𝐷𝑡

− are the partial sum of positive and 

negative changes in total public debt, 𝐼𝑁𝐹𝑡 is inflation, 𝑀𝑆𝑡 is money supply, 𝐺𝐷𝑃𝐶𝑡 is 

economic growth, 𝐺𝐹𝐶𝐹𝑡 is private investment, 𝑇𝑂𝑃𝑡 is trade openness. The partial 

sum of positive and negative changes in public debt is derived as follows: 

𝑙𝑛𝑃𝐷𝑡
+ = ∑ ∆

𝑡

𝑗=1

𝑙𝑛𝑃𝐷𝑗
+ = ∑ 𝑚𝑎𝑥

𝑡

𝑗=1

(∆𝑙𝑛𝑃𝐷𝑗, 0) (3) 

𝑙𝑛𝑃𝐷𝑡
− = ∑ ∆

𝑡

𝑗=1

𝑙𝑛𝑃𝐷𝑗
− = ∑ 𝑚𝑖𝑛

𝑡

𝑗=1

(∆𝑙𝑛𝑃𝐷𝑗, 0) (4) 

The full representation of the NARDL model for both the short-run- and long-run 

asymmetric effects of total public debt, and other variables on inflation is specified 

as follows: 

∆𝑙𝑛𝐼𝑁𝐹𝑡 = 𝛿0 + ∑ 𝛿1𝑖

𝑛

𝑖=1

∆𝑙𝑛𝐼𝑁𝐹𝑡−𝑖 + ∑ 𝛿2𝑖
+

𝑛

𝑖=0

∆𝑙𝑛𝑃𝐷𝑡−𝑖
+ + ∑ 𝛿3𝑖

−

𝑛

𝑖=0

∆𝑙𝑛𝑃𝐷𝑡−𝑖
− + ∑ 𝛿4𝑖

𝑛

𝑖=0

∆𝑙𝑛𝑀𝑆𝑡−𝑖

+ ∑ 𝛿5𝑖

𝑛

𝑖=0

∆𝑙𝑛𝐺𝐷𝑃𝐶𝑡−𝑖 + ∑ 𝛿6𝑖

𝑛

𝑖=0

∆𝑙𝑛𝑇𝑂𝑃𝑡−𝑖 + ∑ 𝛿7𝑖

𝑛

𝑖=0

∆𝑙𝑛𝐺𝐹𝐶𝐹𝑡−𝑖

+ 𝛿8𝑙𝑛𝐼𝑁𝐹𝑡−1 + 𝛿9
+𝑙𝑛𝑃𝐷𝑡−1

+ + 𝛿10
− 𝑙𝑛𝑃𝐷𝑡−1

− + 𝛿11𝑙𝑛𝑀𝑆𝑡−1 + 𝛿12𝑙𝑛𝐺𝐷𝑃𝐶𝑡−1

+ 𝛿13𝑙𝑛𝑇𝑂𝑃𝑡−1 + 𝛿14𝑙𝑛𝐺𝐹𝐶𝐹𝑡−1 + 𝜀𝑡 

(5) 

where all variables remain as defined in Equations 1and 2: 𝛿0 = constant; 𝛿1 − 𝛿7= 

short run coefficient; 𝛿8 − 𝛿14= long run coefficient; ∆ = difference operator; ln = 

natural logarithms; n = lag lengths; and 𝜀𝑡 = white-noise error term. 

From Equation 5, 𝛿2𝑖
+  and 𝛿3𝑖

−  reflect the short-run asymmetric coefficients, while 𝛿9
+ 

and 𝛿10
−  capture the long-run asymmetric coefficients. Before proceeding with long-

run test for a symmetric relationship, cointegration among variables is examined 

comparing computed F-statistic to the upper and lower critical bounds from Pesaran 
et al. (2001) critical values. The null hypothesis (𝐻0: 𝛿8 = 𝛿9

+ = 𝛿10
− = 𝛿11 = 𝛿12 = 𝛿13 =

𝛿14 = 0) of no cointegration is tested against the alternative hypothesis (𝐻1: 𝛿8 ≠ 𝛿9
+ ≠

𝛿10
− ≠ 𝛿11 ≠ 𝛿12 ≠ 𝛿13 ≠ 𝛿14 ≠ 0) of cointegration. The Wald test is used to ascertain 

whether there is long-run and short-run symmetry in the relationship between total 

public debt and inflation. The null hypothesis of long-run symmetry is tested against 

the alternative hypothesis of long-run asymmetry. The Wald test is also used to test 

the null hypothesis of short-run symmetry against the alternative hypothesis of short 

run asymmetry. 

The error correction model, consistent with Equation 5 explaining the short-run 

dynamics in the nonlinear relationship, is specified as follows: 

∆𝑙𝑛𝐼𝑁𝐹𝑡 = 𝛿0 + ∑ 𝛿1𝑖

𝑛

𝑖=1

∆𝑙𝑛𝐼𝑁𝐹𝑡−𝑖 + ∑ 𝛿2𝑖
+

𝑛

𝑖=0

∆𝑙𝑛𝑃𝐷𝑡−𝑖
+ + ∑ 𝛿3𝑖

−

𝑛

𝑖=0

∆𝑙𝑛𝑃𝐷𝑡−𝑖
− + ∑ 𝛿4𝑖

𝑛

𝑖=0

∆𝑙𝑛𝑀𝑆𝑡−𝑖

+ ∑ 𝛿5𝑖

𝑛

𝑖=0

∆𝑙𝑛𝐺𝐷𝑃𝐶𝑡−𝑖 + ∑ 𝛿6𝑖

𝑛

𝑖=0

∆𝑙𝑛𝑇𝑂𝑃𝑡−𝑖 + ∑ 𝛿7𝑖

𝑛

𝑖=0

∆𝑙𝑛𝐺𝐹𝐶𝐹𝑡−𝑖

+ ∅1𝐸𝐶𝑀𝑡−1 + 𝜀𝑡 

(6) 

where 𝐸𝐶𝑀𝑡−1 is the one period lagged error correction term. The coefficient of the 

error correction term (∅1) is expected to be negative and statistically significant to 

conclude convergence back to long-run equilibrium after a shock or short-run 

disequilibrium. 

Furthermore, the asymmetric cumulative dynamic multiplier is employed to 

evaluate the responses of inflation to increases and decreases in public debt by 

implementing: 



  

 

 

48 

Croatian Review of Economic, Business and Social Statistics (CREBSS) 

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) 

 

 

Vol. 8, No. 1, 2022, pp. 41-57 

 

𝑉ℎ
+ = ∑

𝜑𝑙𝑛𝐼𝑁𝐹𝑡+𝑗

𝜑𝑙𝑛𝑃𝐷𝑡
+

ℎ

𝑗=0

 𝑎𝑛𝑑 𝑉ℎ
− = ∑

𝜑𝑙𝑛𝐼𝑁𝐹𝑡+𝑗

𝜑𝑙𝑛𝑃𝐷𝑡
−

ℎ

𝑗=0

, ℎ = 0, 1, 2, (7) 

By construction (see also Shin et al., 2014), it is expected that, as ℎ → ∞, 𝑉ℎ
+ → 𝛾+, and 

𝑉ℎ
− → 𝛾−, where 𝛾+ and 𝛾− are the asymmetric long run coefficients. 

Finally, to also depart from previous studies on the impact of public debt on 

inflation (Aimola, Odhiambo, 2021a; Bildirici, Ersin, 2007; Karakaplan, 2009; Nguyen, 

2015; Nastansky, Strohe, 2015), which have explicitly assumed linearity without testing 

for any hidden nonlinear structure, the current study uses the BDS test developed by 

Brock et al. (1996) to investigate the possibility of nonlinear structure in the data 

series. This test is usually recommended before proceeding with the nonlinear 

estimation process. 

 

Data source 
The study used annual time series data from the period between 1978 and 2019. This 

paper adopts six variables for empirical analysis in the Gambia. The choice of these 

variables is influenced by other empirical studies highlighted in this study. The data 

covers the main variables of interest – total public debt (PD) and inflation (INF). The 

control variables’ data cover money supply (MS), economic growth (GDPC), private 

investment (GFCF) and trade openness (TOP). The Data were sourced from the 

World Bank Development Indicators database, IMF database, and various issues of 

Annual Public Debt Bulletin published by the Directorate of Loans and Debt 

Management at the Ministry of Finance and Economic Affairs (MoFEA) in the 

Gambia. All variables are expressed in natural logarithms. Table 1 shows how the 

data were measured and theoretical expectations of the coefficient for each 

variable. 

 

Table 1 Data sources and measurement of variables 

Variable Description Measurement Expectation Source 

INF Inflation Consumer prices (annual %) - World Bank 2021a 

PD Public debt Total public debt (% of GDP) Positive 

IMF 2021b; 

Annual Public 

Debt Bulletin 

(2012-2019) 

MS 
Money 

supply 
Broad money supply (% of GDP) Positive World Bank 2021a 

GDPC 
Economic 

growth 

Real gross domestic product 

per capita 

Negative or 

Positive 
World Bank 2021a 

TOP 
Trade 

openness 

Measured as the sum of exports 

and imports of goods and 

services (% of GDP) 

Negative World Bank 2021a 

GFCF 
Private 

investment 

Gross fixed capital formation (% 

of GDP) 
Positive World Bank 2021a 

Source: authors’ compilation. 

 

Empirical results and analysis  
Unit root test results 
This section reports the properties of annual time series data used in the study. This is 

important for the study to avoid any form of spurious regression. The study used the 

Augmented Dickey-Fuller (ADF), Phillips-Perron (PP), and Zivot-Andrews tests to 
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perform a unit root test without structural break and with structural break. The ADF 

and PP tests are used for unit root test without structural break, while the Zivot-

Andrews test was used to investigate structural break unit root test in the series. 

Tables 2 and 3 present results for the unit root tests. The results reported in both Table 

2 and 3 show that none of the variables is integrated of order two (i.e. I(2)). The 

results show a mixture of variables that are integrated of order zero and one (i.e., I(0) 

and I (1)). The structural breaks for the variables are corrected by Zivot-Andrews unit 

root test to determine the true order of integration for these variables. 

 

Table 2 Results of standard unit root test 

Variable 
Stationarity of variables in levels Stationarity of variables in first difference 

Without trend With trend Without trend With trend 

Panel A: Augmented Dickey-Fuller (ADF) 

lnINF -0.4856 -2.6865 -10.6976*** -10.4205*** 

lnPD -4.4733*** -3.6919** - - 

lnMS -0.7583 -1.6542 -6.5878*** -6.6709*** 

lnGDPC -0.4082 -3.4000* -5.9403*** -5.8701*** 

lnTOP -0.4904 -2.3347 -3.1538*** -6.2427*** 

lnGFCF 2.6399 -2.4635 -6.9896*** -6.9274*** 

Panel B: Phillips-Perron (PP) 

lnINF -0.5559 -3.3717* -11.0149*** -10.7293*** 

lnPD -4.2971*** -3.6983** - - 

lnMS -0.7595 -1.6051 -6.5940*** -6.6709*** 

lnGDPC -0.5561 -3.4962* -7.7139*** -7.5487*** 

lnTOP -0.4670 -2.4054 -7.9929*** -7.9806*** 

lnGFCF 2.7693 -2.6759 -7.1439*** -12.9675*** 

Note: ***, ** and * denote stationarity at 1%, 5% and 10% significance levels, respectively. 

Source: authors’ compilation. 

 

Table 3 Results of Zivot and Andrews structural break unit root test 

Variables 
At levels At first difference 

t-Statistic Break date t-Statistic Break date 

lnINF -4.1814 1994 -11.1713*** 1987 

lnPD -5.4374*** 2007 - - 

lnMS -3.9283 1991 -7.1713*** 1997 

lnGDPC -4.1761 1999 -6.1437*** 2011 

lnTOP -4.4735 1991 -8.2064*** 1991 

lnGFCF -4.4743 2012 -7.2346*** 1997 

Note: *** denote stationarity at 1% significance levels. 

Source: authors’ compilation. 

 

The results reported in Table 3 show that none of the variables is integrated of 

order 2 [i.e., I (2)], which confirms the use of NARDL estimation technique for the 

study. According to Pesaran et al. (2001) and Shin et al. (2014), if variables are 

integrated of order two (i.e. I(2)), the estimation approach is not appropriate. 

 

Brock, Dechert and Scheinkman (BDS) test results 
For the purpose of this study, it is important to test whether total public debt and 

inflation time series have nonlinear characteristics. If nonlinearity is detected it would 

mean that estimated results from a linear model may be biased for ignoring 

nonlinear dependences in total public debt and inflation series. This test is usually 

recommended before proceeding with the nonlinear estimation process. The BDS 
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test suggested by Brock et al. (1996) is popularly used to detect nonlinearity in time 

series and it has been adopted in this study. Table 4 shows BDS test results for the 

variables. The null hypothesis of linearity that series are not identically and 

independently distributed (IID) under different dimensions (m = 2, 3, 4, 5, 6) was 

rejected for total public debt and inflation series for the Gambia at the 1% level of 

significance, including the control variables. This result suggests that using a nonlinear 

model is more appropriate for examining the relationship between total public debt 

and inflation in the Gambia. Hence, the study proceeds by adopting the NARDL 

approach to investigate the relationship between these variables. 

 

Table 4 Results of Brock, Dechert and Scheinkman (BDS) Statistics 

Variable 
BDS Statistics 

Dimension 2 Dimension 3 Dimension 4 Dimension 5 Dimension 6 

Inflation 0.0961*** 0.1550*** 0.1848*** 0.1836*** 0.1668*** 

Total public debt 0.1422*** 0.2349*** 0.2907*** 0.3237*** 0.3355*** 

Money supply 0.1075*** 0.1700*** 0.2051*** 0.2123*** 0.2196*** 

Economic growth 0.0924*** 0.1405*** 0.1551*** 0.1477*** 0.1303*** 

Trade openness 0.1319*** 0.2348*** 0.3140*** 0.3583*** 0.3823*** 

Private Investment 0.1342*** 0.2007*** 0.2253*** 0.2059*** 0.1462*** 

Note: *** denote significance at 1%. 

 

NARDL bounds test for cointegration results 
The results of the cointegration test based on the NARDL bounds testing technique 

are presented in Table 5. As shown in Table 5, the F-statistic of the estimated NARDL 

model is significant at the 1% level. Based on this finding, there is a cointegration 

relationship among the variables included in the model. Consequently, the study 

can determine whether short-run or long-run asymmetry exists in the relationship 

between total public debt and inflation. 

 

Table 5 NARDL-bounds test for cointegration results 

Note: *** denote statistical significance at 1% level. 

 

In Table 6, the Wald test results for the existence of long-run and short-run 

symmetry are reported for the relationship between total public debt and inflation. 

The null hypothesis of long-run symmetry is tested against the alternative hypothesis 

of long-run asymmetry. As shown in Table 6, the null hypothesis that the variables in 

the long run are symmetric is rejected. The result suggests that in the long run the 

positive and negative partial sums of squares are significantly different from each 

other, and this supports an asymmetric relationship. Thus, public debt influences 

inflation in the long run with different levels of positive and negative effects. In the 

short run, the results show that the null hypothesis of short-run symmetry is also 

rejected. Hence, the findings suggest that there is also an asymmetric relationship 

NARDL (2, 2, 0, 1, 0, 0, 2) Selected based on Akaike Information Criteria 

Dependent variable Function 
F-test 

statistic 

Cointegration 

status 

Inflation 
F(INF| PD+, PD-, MS, GFCF, TOP, 

GDPC) 
6.17*** Cointegrated 

Asymptotic critical values 

Critical values Pesaran 

et al. (2001), p. 300, 

Table CI(iii), Case III 

1% 5% 10% 

I(0) I(1) I(0) I(1) I(0) I(1) 

3.15 4.43 2.45 3.61 2.12 3.23 
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between total public debt and inflation in the short run. Detailed results of the NARDL 

analysis are further reported in Table 7. 

From these findings, the optimal model for estimating the relationship between 

public debt and inflation in the Gambia should include asymmetric specification in 

the short run and in the long run. Based on these findings, using the NARDL model, 

the study further investigates the impact of total public debt on inflation in the 

Gambia.  

 

Table 6 Test for symmetries 
Wald test F-statistic Decision 

Long run symmetry  5.7521 [0.0243] Long run asymmetry relationship exist 

Short run symmetry 2.9610 [0.0696] Short run asymmetry relationship exist 

Note: The coefficients are tested based on null hypothesis of symmetry in the runs.  

 

Estimated long-run and short-run results 
This section provides estimates for both long-run and short-run coefficients within the 

NARDL framework. The estimates presented in Table 7 (Panel A and Panel B) show 

that inflation is a positive function of positive and negative changes in total public 

debt, irrespective of whether the regression was conducted in the short run or the 

long run. The coefficients of positive variation in total public debt (PD+) are 

statistically significant, both in the long run and in the short run. These results suggest 

the inflationary effect of positive variation in total public debt in the Gambia. This 

implies that an increase in total public debt is inflationary in the Gambia. The findings 

compare favourably with similar studies by Kwon et al. (2006), Nguyen (2015), and 

Romero and Marin (2017) that also suggests the inflationary effect of total public 

debt increases. On the other hand, even though the coefficients of negative 

variation in total public debt (PD-) may suggest that if total public debt decreases, 

inflation also decreases, but these coefficients are not statistically significant in the 

long run and in the short run. 

Other results presented in Table 7, Panel A and Panel B, show that the coefficients 

of private investment were consistent with the expectations of the study. The 

coefficient of money supply (MS) was positive and statistically significant in the long 

run, suggesting a positive impact of money supply on inflation in the Gambia. 

However, in the short run, results reveal a negative and statistically significant impact 

on inflation, as indicated by the coefficient on ΔMS. The coefficients of economic 

growth (GDPC and ΔGDPC) were positive and statistically significant, irrespective of 

whether the regression was conducted in the long run or in the short run. These results 

suggest that economic growth had a positive impact on the inflationary process in 

the Gambia. This view is supported in similar studies by Nguyen (2015), and by 

Coban and Yussif (2019). The authors argue a positive relationship between 

economic growth and inflation. On the other hand, the coefficients of private 

investment (GFCF and ΔGFCF) were negative and statistically significant, 

irrespective of whether the regression was conducted in the long run or in the short 

run. This result, although contrary to the expectation of the study, was not unusual 

(see also Ahmad et al., 2012). Furthermore, the results show that the coefficient of 

trade openness (TOP) was positive and statistically significant in the long run. 

However, in the short run, results reveal that the coefficient on trade openness ΔTOP 

is statistically insignificant in the current period, but a negative and statistically 

significant impact on inflation in the previous period as indicated by ΔTOP(-1). The 

estimated result of the ECMt-1 from Panel B shows that the sign of ECMt-1 is negative, 

as expected, and statistically significant at the 1% significance level. This implies that 
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the rate of adjustment to equilibrium was 97% in one period if there was a shock. The 

regression results were a good fit, as indicated by the adjusted R-squared of 69%.  

 

Table 7 Long run and short run results – NARDL model 
Regressor Nonlinear ARDL model 

 Coefficient Standard error p-value 

Panel A: Long run regression coefficients 

lnPD_POS 1.9499*** 0.5876 0.0028 

lnPD_NEG 0.2385 0.4279 0.5823 

lnMS 0.9080* 0.4895 0.0754 

lnGDPC 6.4418** 3.0342 0.0438 

lnGFCF -1.0582** 0.4499 0.0268 

lnTOP 1.4810** 0.5377 0.0108 

Panel B: Short run regression coefficients 

C -24.5241*** 3.3345 0.0000 

Δ lnINF(-1) -0.2330*** 0.1186 0.0607 

Δ lnPD_POS 3.8780*** 1.1180 0.0019 

Δ lnPD_POS(-1) 2.8595*** 0.8689 0.0030 

Δ lnPD_NEG 0.2322 0.4159 0.5817 

Δ lnMS -1.3343** 0.5493 0.0227 

Δ lnGDPC 6.2710** 2.9431 0.0431 

Δ lnGFCF -1.0301** 0.4290 0.0241 

Δ lnTOP 0.9392 0.5562 0.1037 

Δ lnTOP(-1) -1.3938** 0.5251 0.0136 

ECM(-1) -0.9735*** 0.1330 0.0000 

R-squared: 0.7502; Adjusted R-squared: 0.6938; F-statistic: 13.3025***; Prob.(F-statistic): 

0.0000; Akaike info criterion: 1.3513; Schwarz criterion: 1.6925 

Note: *** and ** denote significance at 1%, and 5%, respectively. 

 

Table 8 shows diagnostic test results for serial correlation, heteroscedasticity, 

normality and functional form to ascertain the validity of the estimated model. The 

results show that the estimated model passed all diagnostic tests. In addition, the 

stability of the estimated model was confirmed by the cumulative sum of the 

recursive residual (CUSUM) and the cumulative sum of squares of the recursive 

residual (CUSUMSQ) test. The results displayed in Figure 2 and Figure 3 suggest that 

the estimated model is stable. The significance of the short-run and long-run 

asymmetry for positive and negative shocks in total public debt is also verified in the 

graph of the NARDL cumulative dynamic multipliers that are shown in Figure 4. 

Overall, the dynamic multiplier plots show that inflation is more sensitive to positive 

shocks in total public debt in contrast to negative shocks displaying a significant 

positive asymmetry over time. Hence, the most important shocks are the ones 

increasing total public debt. Policies should, therefore, be targeted at sustaining 

appropriate total public debt to GDP ratio levels to the long run. 

 

Table 8 Post-estimation diagnostic test results 
Nonlinear ARDL model 

Null Hypothesis (F-statistic) F-statistic p-value 

Breusch-Godfrey Test: No Serial Correlation 0.7279 0.4937 

Breusch-Pagan-Godfrey: Heteroskedasticity Test  1.0879 0.4115 

Ramsey RESET Test: Functional Form 0.1399 0.7117 

Normality: CHSQ (2) 0.5083 0.7756 
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Figure 2 NARDL model CUSUM plot 

 

 
Figure 3 NARDL model CUSUM of square plot  

 

 
Figure 4 Total public debt dynamic multipliers 
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Conclusion 
The main objective of this paper was to investigate the nature of the link between 

total public debt and inflation in the Gambia using annual data from the period 

between 1978 and 2019. This study used the NARDL approach to cointegration and 

error correction model to examine whether total public debt has a symmetric or 

asymmetric link with inflation in the Gambia. The study, in addition to the standard 

unit root test, also used the Zivot-Andrews structural break unit root test to ascertain 

the true order of integration for the study variables. The findings for the NARDL model 

showed a stable long run cointegration among inflation, total public debt, money 

supply, private investment, trade openness and economic growth for the study 

period. The results show an asymmetric relationship between total public debt and 

inflation, irrespective of whether the analysis was conducted in the short run or in the 

long run. The estimated results further show that inflation is a positive function of 

positive and negative changes in total public debt, irrespective of whether the 

regression was conducted in the short run or in the long run. Positive shocks in total 

public debt are statistically significant in the short run and in the long run, suggesting 

the inflationary effect of positive variation in total public debt in the Gambia. This 

finding is consistent with the effect of an increase in public debt on inflation in the 

fiscal theory of the price level determination. On the other hand, even though the 

coefficients of negative variation in total public debt may suggest that if total public 

debt decreases, inflation also decreases, the coefficients are not statistically 

significant in the long run and in the short run. This result remains an empirical 

question that would require further investigation. Overall, the study confirms the 

inflationary effect of total public debt and an asymmetric relationship between 

these variables in the Gambia. The study, therefore, suggests that an optimal 

estimation technique for testing the relationship between total public debt and 

inflation in the Gambia should incorporate the nonlinear approach. The study also 

recommends that the government of the Gambian should approach an increase in 

total public debt with caution considering its associated risk in achieving the main 

objective of monetary policy. Notwithstanding the significant contribution of this 

study to existing literature, lack of disaggregated data on total public debt (external 

and domestic) limits the current study’s analysis to total public debt. Consequently, 

the study was unable to distinguish the impact of external and domestic public debt 

on inflation. Future research might use disaggregated data on public debt, together 

with other variables such as oil prices and exchange rate that have caused changes 

in inflation rate in the country, to further investigate the nonlinear relationship 

between external public debt, domestic public debt and inflation in the Gambia to 

see whether the results would be significantly different. This would also help to 

provide insight into the effects of external and domestic public debt on inflation in 

the Gambia. The study could also be extended to other countries, especially using a 

long-dated disaggregated data span. 
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Abstract 
As the differences between the regions are more pronounced than among the 

countries, NUTS 2 regions of the new members that joined the EU after 2000 are 

considered. Due to the presence of externalities between the regions, the Solow 

growth model using interregional externalities is used. This is modelled by spatial 

econometrics, the method of maximum likelihood. According to previous research, 

the effects of European funds in the EU on reducing disparities are not unique, but 

contradictory. From the mentioned research for new members, we can conclude 

that the research shows a positive effect of European funds on growth rates. There is 

a noticeable lack of research analyzing the impact of EU funding on new members 

after the 2008 crisis, including their mutual regional interaction. The aim is to 

determine the impact of EU funding on reducing regional disparities as measured by 

GDP per capita. The paper shows that an increase in European funding increases 

growth rates, thus contributing to the reduction of interregional disparities. European 

funding, which is mostly targeted at less developed regions, represents an 

opportunity for new members and potential new members to move closer to more 

developed old members. The spillover effect of European funds represents the key 

contribution to the positive effect of EU funds, i.e. the advantage of the application 

of spatial econometrics. Also, these spillovers have proven to be an important factor 

whose omission in models estimated by the OLS leads to bias. Regional externalities 

should be taken into account in regional divisions by regional policymakers, and in 

creating the distribution of funds for the next programming period. The effect of 

funding in the region itself without the spillover effect does not contribute to 

reducing disparities, which represents a future opportunity, especially for the poorest 

regions, such as the regions in Bulgaria and Romania. 
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Introduction 
Regional science is developing in the second half of the 20th century, in response to 

the emergence of regional disparities, to find appropriate measures to address this 

issue. There is a contrast between the north and south regions of the European Union 

(EU), the new and old EU members. Differences are largely generated by border 

areas in eastern Europe and regions related to large urban centers, most often 

capitals (centralization). Regionalization should be an instrument for reducing 

existing disparities, i.e. affecting the well-being of the region itself and the entire 

country. Through interregional solidarity based on regional cohesion policy, which 

began in 1975, efforts are being made to create the preconditions for the 

effectiveness of monetary policy and the EU's single market. 

The objectives of the European cohesion policy are to strengthen the EU 

economy, and social and territorial cohesion, which is predominantly oriented 

towards underdeveloped regions where the gross domestic product (GDP) per 

capita is less than 75% of GDP per capita on the EU27 average. The European 

Structural and Investment Funds make up about a third of the EU budget. Cohesion 

policy and the common agricultural policy are important policies of the European 

Union implemented through the European Regional Development Fund (regional 

and urban development), European Social Fund (social inclusion and good 

governance), Cohesion Fund (economic convergence of less developed regions), 

European Agricultural Fund for Rural Development, European Maritime and Fisheries 

Fund. These funds make up more than half of the total funds. 

Criteria for regionalization are subject to change due to different evaluations of 

the characteristics of regions in certain phases of economic development. One of 

the most important criteria is the homogeneity and functionality of an area from an 

economic, political, demographic, and social aspect, taking into account the 

availability of natural resources. Certainly, an important factor is the influence of the 

larger regional centers to which the region gravitates. Ignoring these characteristics 

leads to regional disagreements that take on political characteristics and can have 

opposite effects from those that regionalization should bring. The EU has opted for 

one criterion, population. This demographic indicator serves for the Nomenclature of 

territorial units for statistics (NUTS) on three levels. NUTS 2 is the most frequently used 

and most acceptable indicator in empirical research. Therefore, to compare the 

results with other papers on similar topics, but also because of the regional European 

policy based on Structural Funds policy at this level, the NUTS 2 level is also 

considered. 

Most of the papers analyze the old EU members, and only a small part includes 

the new EU members (Croatia, Slovenia, Romania, Bulgaria, Hungary, Slovakia, 

Poland, the Czech Republic, Lithuania, Latvia and Estonia), i.e. Central and Eastern 

European (CEE) countries. Therefore, the paper focuses on the regions of CEE 

countries. CEE countries are characterized by a similar development path after the 

transition from a command to a market economy. Although there are differences 

between them in size, population, and economic structure, we can consider them 

as a homogeneous whole. In addition to economic connections, they are 

characterized by geographical and transport connections, which is an important 

prerequisite for regional interaction. 

The income of CEE countries is generally insufficient for large infrastructure projects 

at the regional level because most are spent on current consumption and little is left 

for savings and investment. Structural funds that increase investment are used as an 

important instrument at the EU level. Efficient use of structural funds and well-

designed projects are the basis of regional development, especially in times of crisis. 
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The main goal of the research is to determine the impact of European funds on 

GDP growth rates per capita of the new members in the period from 2008 to 2019, 

taking into account interregional interaction. The scientific objectives are: to 

determine the existence of regional spillovers between regions, to establish the 

effect of European funds on reducing regional disparities, to determine the effect of 

direct and indirect effects on regional interaction. The application objectives are: to 

point out the problem of bias and inconsistency of estimator due to the omission of 

regional interaction in the empirical model and to provide guidelines for adequate 

regional distribution and distribution of European funds. 

The obtained results indicate the importance of funds for regional growth. The key 

contribution is made through the spillover of effects between regions. Therefore, 

interregional externalities with EU funds should be taken as an important factor in 

creating economic policy. 

The chapters are structured as follows. The second chapter provides an overview 

of previous research on European funds on growth rates and reducing disparities. 

The third chapter describes the methods of spatial econometrics that allow the 

measurement of interregional spillovers. The fourth chapter analyzes the data used in 

the model. The interpretation of the obtained results is contained in the fifth chapter. 

Finally, the sixth chapter contains the main conclusions of the research, 

recommendations for economic policymakers, and suggestions for future research. 

 

Literature review 
Most research looking at the impact of European funds and convergence on 

regional economic growth is based on neoclassical growth theory. Therefore, regions 

converge if they achieve the same rate of savings, depreciation and population 

growth, with the same technology. We should also mention the theory of 

endogenous growth, which emphasizes the role of innovation and human capital to 

achieve growth. Then there is the new economic geography, which believes that 

the development of transport infrastructure amplifies the differences between the 

core and the periphery. The theory of comparative advantage emphasizes that 

regions focus on those sectors in which they have an advantage over other regions. 

European funds can accelerate convergence due to the effects of declining returns 

on capital (Dall'erba, Le Gallo, 2008). According to previous research, the effects of 

European funds on reducing disparities are not unique, but contradictory. The 

reasons for the different results according to Mohl and Hagen (2010) stem from the 

period of consideration, the spatial units involved in the analysis, the model 

specifications, and the way the model is estimated. Also, the variables that measure 

the impact of funds differ: depending on the funds involved, given the objectives set 

by the European Commission, the ratio of funds to GDP or population, and the 

difference between the time of realization and receipt of funds. Estimator bias may 

be caused by endogeneity resulting from the omission of variables in the model. 

Therefore, this study uses Regional Competitiveness Index (RCI) components to solve 

the problem of omitted variable bias. The omission of interregional externalities can 

also contribute to the bias of results.  

Previous research has shown GDP per capita convergence for the new EU 

members (Grela et al., 2017; Smetkowski, Wójcik, 2012). The effect of Cohesion policy 

on reducing the disparities of the Visegrad Group countries is particularly 

pronounced for underdeveloped regions that are far from the EU core (Horridge, 

Rokicki, 2017). For the research of the new EU members, it is worth mentioning the 

positive effect of European funds on growth rates at the NUTS 3 level, which varies in 
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intensity between individual regions (Bourdin, 2018). Romania, Bulgaria and Croatia 

were left out of the study. 

The first research at the NUTS 2 level that includes spatial interaction includes the 

old EU members, and later research after the EU enlargement includes new 

members. For the period between 1989 and 1999, the impact of funds on regional 

convergence is lacking for the old EU members, for the core and peripheral 

countries related to the Mediterranean belt (Dall'erba, Le Gallo, 2008). The same was 

shown for the old members in the period from 1995 to 2009 (Antunes et al., 2020). For 

the period 2000 to 2014, the impact of the cohesion policy shows positive effects on 

economic growth, especially among the new members, and this is reflected 

throughout the EU, but lacking for the old members (Védrine, Le Gallo, 2021). The 

positive effect of funds on GDP growth per capita after 2008 has been shown for all 

NUTS 2 regions of the EU (Römisch et al., 2020). Experience with funding, which is 

mainly related to the old members and their less developed regions, indicates the 

possibility of a lack of impact of the funds if the adequate regional policy is not 

implemented. This is explained by the new economic geography, where the core 

and periphery are polarized due to the reduction of transport costs and the 

development of transport infrastructure that increases regional disparities. From the 

mentioned research for new members, we can conclude that the research shows a 

positive effect of European funds on growth rates. The largest beneficiaries of the 

funds are the new members with the lowest GDP per capita in the EU. There is a 

noticeable lack of research analyzing the impact of EU funding on new members 

after the 2008 crisis, including their mutual regional interaction. Therefore, the effect 

of funds on the reduction of regional disparities of the new EU members measured 

by GDP per capita in the period 2008-2019 is investigated. 

 

Methodology 
The methodological procedure is based on the beta convergence study (regions 

with lower initial levels of GDP per capita achieve higher growth rates) based on 

Solow's growth model which says that the return from additional factors of 

production becomes smaller as the country gets richer (Solow, 1956). Absolute beta 

convergence models have been extended to conditional beta convergence 

models that include factors that differentiate regions (Mankiw et al., 1992). The first 

papers on beta convergence of EU regions show poor convergence (Barro, Sala-i-

Martin, 2003; Sala-i-Martin, 1996). Tobler's law says that everything is connected to 

everything, but that closer objects are more connected than more distant ones. This 

refers to the region whose distance from each other significantly affects their 

economic interaction. This law derives from the geographical concept of friction of 

distance, which says that movement requires some form of cost (physical effort, 

energy, time) that is proportional to the distance. Therefore, denying the effect of 

spatial interaction in the model, which is difficult to imagine at a time of increasing 

integration processes between countries and regions, leads to biased and 

inconsistent estimators. The conditional beta convergence model is used in the 

context of the spatial model due to the presence of regional spillovers, as shown in a 

large number of regional studies (Annoni, de Dominicis, Khabirpour, 2019; Dall'erba, 

Le Gallo, 2008; Le Gallo, Ertur, 2003; Ertur, Le Gallo, Baumont, 2006; López-Bazo, 

Vayá, Artís, 2004; Mohl, Hagen, 2010). 

Spatial econometric analysis is based on a weight matrix that allows the 

interaction between regions to be measured. It is a square, usually exogenous 

matrix. Exogenous means that the elements in the matrix are not functionally related 

to the phenomenon under investigation. The number of rows and columns 
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corresponds to the number of regions, and each position within the matrix describes 

the relationship between the two regions. The matrix used in the paper is based on 

first-order neighbours. The elements in the matrix are normalized by rows. 

𝑤𝑖𝑗 = {
1,  𝑖𝑓 𝑖 𝑎𝑛𝑑 𝑗 𝑎𝑟𝑒 𝑠𝑝𝑎𝑡𝑖𝑎𝑙𝑙𝑦 𝑙𝑖𝑛𝑘𝑒𝑑 𝑡𝑜 𝑒𝑎𝑐ℎ 𝑜𝑡ℎ𝑒𝑟
0,  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (1) 

Positive spatial autocorrelation is a global measure of the overall clustering of 

NUTS 2 regions, meaning that regions with similar characteristics are grouped 

together relative to the average. Those with higher values than the average are one 

group, and those with lower values are another. One of the reasons for choosing 

NUTS 2 regions is that the choice of smaller regional units can seemingly increase the 

importance of spatial autocorrelation. The existence of a regional interaction of a 

variable loses the meaning of the assumption of the spatial independence of the 

variable, which can cause the absence of the influence of spatially autocorrelated 

variables on the variable of interest. 

The Moran index as a measure of spatial autocorrelation can take positive and 

negative values and zero. Zero would mean the absence of any meaningful 

grouping of regions according to a certain indicator, and negative values indicate 

the grouping of regions with opposite characteristics. A positive value means that 

regions with similar characteristics are grouped. It is used to test claims in the form of 

a statistical hypothesis in which the null hypothesis is the absence of autocorrelation, 

and the alternative hypothesis is the existence of autocorrelation (positive or 

negative). 

The Moran index is a global indicator of autocorrelation, but there is also a local 

version of it, the Local indicators of spatial association (LISA). The sum of local indices 

is proportional to the Moran index. It can be used to determine the local character 

of autocorrelation for each individual region (Anselin, 1995). It is possible to identify 

spatial clusters and outliers. Outliers are regions that have values greater / less than 

the mean of the variable, and outliers have opposite values relative to the average. 

The spatial model can contain endogenous interaction (dependent variable), 

exogenous interaction (independent variable) and interaction between model 

errors. In general, a model can contain all three forms, but in practice, no more than 

two of the three forms of interaction are used. Models that have the first two 

interactions, the Spatial Durbin model (SDM), or only the first, the Spatial 

autoregressive model (SAR), are preferred because they generate global and local 

spillovers between regions, and this is a condition for the existence of indirect effects 

that are absent in the third type of interaction. Global spillovers allow spillovers to 

any region and a feedback effect, unlike local spillovers that stop after the first row 

of neighboring regions. The paper selection process is based on LeSage and Pace 

(2009) comparing complex SDM model with their restrictions: SAR, Spatial error model 

(SEM) and Spatial lag model (SLX). Spatial models are estimated by the method of 

maximum likelihood. The importance of spatial connectivity will be investigated using 

the Likelihood ratio (LR) test by comparing the SDM model with each of the 

previously mentioned three models. The null hypothesis means that SDM and the 

corresponding simpler model are equal, i.e. that the simpler model is contained 

within the SDM model, and there is no need for the SDM model. The alternative 

hypothesis, i.e. the rejection of the null hypothesis, gives an advantage to the SDM 

model over the simpler model. If in all three cases the null hypothesis is rejected 

when comparing SDM with its potential simpler forms, SDM is the model used in the 

analysis. 

In case the null hypothesis is not rejected, a simpler spatial model has an 

advantage over SDM. The LR test is re-applied to compare the simpler spatial model 
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with the model estimated with the ordinary least squares (OLS) method. Rejecting 

the null hypothesis means that a simpler spatial model is used in the analysis, and not 

rejecting the advantage of a model without regional interaction. Therefore, spatial 

effects are absent only if the LR test gives an advantage to the model estimated by 

the OLS method, and in all other cases, spatial econometrics is used to model 

regional connectivity. 

The importance of interregional spillovers is reflected through direct, indirect and 

total effects. As a rule, the direct effect does not differ much from the estimated 

coefficients from the initial model. The difference is in the feedback that arises due 

to the change of some of the variables in one region, and this effect is transferred to 

other regions and eventually returned to the starting region. The indirect effect 

analyzes the effect on one region due to changes in other regions. The total effect is 

the sum of the two previous effects and allows you to determine which effect is 

predominant, direct or indirect. Direct and indirect effects can take on opposite 

signs (Elhorst, 2010). 

The SDM model has the following form with 59 regions and 17 variables: 

𝑔𝑖 = 𝛽0 + 𝜌 ∑ 𝑊𝑖,𝑗

59

𝑗=1

𝑔𝑗 + ∑ 𝛼𝑘

17

𝑘=1

𝑋𝑖𝑘 + ∑ ∑ 𝛽𝑘𝑊𝑖𝑗𝑋𝑗𝑘

59

𝑗=1

17

𝑘=1

+ 𝜀𝑖 , 𝑖 = 1, … , 59 (2) 

where 𝑔𝑖 is GDP growth per capita for the i-th region in the period 2009-2019; W: non-

negative weight matrix; X is matrix of independent variables; ε: normally distributed 

model errors. The label for regions is i, and k is the label for variables. 

This model allows growth rates to depend on the regional characteristics of each 

region and its neighboring regions. The parameter ρ denotes the spatial correlation 

of growth rates. ∑ 𝑊𝑖,𝑗
59
𝑗=1 𝑔𝑗 and ∑ ∑ 𝑊𝑖𝑗𝑋𝑗𝑘  59

𝑗=1
17
𝑘=1 represent spatially weighted linear 

combinations in neighboring regions. 

 

Empirical data 
The survey covers 59 NUTS 2 regions of the new EU member states (Croatia, Slovenia, 

Romania, Bulgaria, Hungary, Slovakia, Poland, the Czech Republic, Lithuania, Latvia 

and Estonia) according to the 2016 NUTS classification. Data sources are: Cambridge 

Econometrics, Eurostat, European Regional Competitiveness Index (RCI). 

The dependent variable is the GDP per capita growth rate. European funds as an 

independent variable in the center of consideration refer to the funding periods 

2000-2006, 2007-2013, 2014-2020 looking at when the projects were implemented, 

not when a refund from the EU was made. The project implementation period refers 

to the period from 2008 to 2019. 
The independent variables in Table 1 were selected on the basis of previous 

regional research in the EU. In addition to traditional variables such as the initial level 

of GDP per capita in 2009, investment, population, employment, human capital and 

innovation, there are variables related to individual sectors of the economy: industry, 

agriculture, finance and construction. The same as Annoni et al. (2019) the paper 

uses RCI index components to increase the number of variables that are relevant for 

the model. This index is issued by the European Commission every three years starting 

in 2010. 

 

 

 

 

 

 



  

 

 

64 

Croatian Review of Economic, Business and Social Statistics (CREBSS) 

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) 

 

 

Vol. 8, No. 1, 2022, pp. 58-72 

 

Table 1 Variables in the model 
Variable 

name 
Variable definition Source 

Initial GDP per 

capita 

Initial GDP per capita in 2009 (log). Cambridge Econometrics, Real GDP 

per capita in millions of euros at 

constant 2015 prices. 

GDP growth Share (%) of GDP per capita in 2019 

in 2009 (log). 

Cambridge Econometrics, Real GDP 

per capita in millions of euros at 

constant 2015 prices. 

Investments Share (%) of investments in GDP. 

Average 2008-2019. 

Cambridge Econometrics, Gross fixed 

capital formation in millions of euros 

at constant 2015 prices. Real GDP 

per capita in millions of euros at 

constant 2015 prices. 

Population Share (%) of the population in the 

current year compared to the base 

year 2008. Average 2008-2019. 

Cambridge Econometrics, 

Population. 

Industry Share (%) of the industrial sector in 

total GVA. Average 2008-2019. 

Cambridge Econometrics, GVA of 

the industrial sector in millions of euros 

at constant 2015 prices. Total GVA in 

millions of euros at constant prices 

from 2015. 

Agriculture Share (%) of the agriculture, forestry 

and fisheries sectors in total GVA. 

Average 2008-2019. 

Cambridge Econometrics, GVA of 

agriculture, forestry and fisheries in 

millions of euros at constant 2015 

prices. Total GVA in millions of euros 

at constant 2015 prices. 

Construction Share (%) of the construction sector 

in total GVA. Average 2008-2019. 

Cambridge Econometrics, GVA of 

the construction sector in millions of 

euros at constant 2015 prices. Total 

GVA in millions of euros at constant 

2015 prices. 

Finance Share (%) of employees in the 

finance and insurance sector in the 

total number of employees. Average 

2008-2019. 

Eurostat, Cambridge Econometrics, 

Number of employees in the finance 

and insurance sector. Total number 

of employees. 

EU funds Share (%) of total European funds for 

the period 2008-2019 in relation to 

the average GDP for the period 

2008-2019. 

European Structural and Investment 

funds, Total amount of European 

funds in millions of euros at constant 

2015 prices. Real GDP per capita in 

millions of euros at constant 2015 

prices. 

Institutions Institutional quality is defined as a 

multidimensional concept consisting 

of high impartiality and quality of 

public service delivery, with low 

corruption. 

RCI index component that mainly 

covers the period 2013-2016. 

Infrastructure Quality of transport infrastructure 

based on road, air and rail transport. 

RCI index component that mainly 

covers the period 2013-2016. 

Basic 

education 

The proportion of 15-year-olds with 

poor grades in reading, 

mathematics and science 

according to PISA (OECD Program 

for International Student Assessment) 

tests. 

RCI index component that mainly 

covers the period 2013-2016. 
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Table 1 Variables in the model - continued 
Variable name Variable definition Source 

Higher 

education 

Indicator related to access to higher education, 

lifelong learning and early school leaving. 

RCI index component 

that mainly covers 

the period 2013-2016. 

Labor market 

efficiency 

Indicator related to employment, unemployment, 

labor productivity and the position of women in 

the labor market. 

RCI index component 

that mainly covers 

the period 2013-2016. 

Market size Indicator related to disposable income, population 

and GDP. 

RCI index component 

that mainly covers 

the period 2013-2016. 

Technological 

readiness 

Indicator related to internet access and online 

shopping. 

RCI index component 

that mainly covers 

the period 2013-2016. 

Business 

sophistication 

Indicator obtained on the basis of innovative 

cooperation of small and medium enterprises, and 

employment and GVA of the sector from K-N 

according to the economic classification of 

activities. 

RCI index component 

that mainly covers 

the period 2013-2016. 

Innovation An indicator based on the number of patents, 

scientific publications, employees and spending in 

science and research. 

RCI index component 

that mainly covers 

the period 2013-2016. 

 

Results and discussion 
From Figure 1, which shows the spatial distribution of GDP per capita for 2009, it is 

obvious that looking from west to east, GDP per capita at the regional NUTS 2 level is 

declining, and the regions where the capitals are deviating from neighboring 

regions. Spatial grouping of regions with similar GDP per capita, i.e. spatial 

autocorrelation measured by the Moran index is statistically significant and positive, I 

= 0.2363. The graph of this index in Figure 1 shows the space-weighted average of 

the GDP of the neighboring regions of the i-th region with respect to the GDP of the i-

th region. The four quadrants represent how the regions are spatially grouped. The 

first quadrant represents HH (High-High) regions with higher than average GDP, 

surrounded by neighboring regions whose spatially weighted average is higher than 

average GDP. The other quadrants are formed analogously, the third quadrant LL 

(Low-Low), the second LH (Low-High) and the fourth HL (High-Low). LL and HH cases 

are the most common, and they generate positive spatial autocorrelation. In LL, the 

regions in the east predominate, and the regions in the west in the HH part. The LH 

quadrant, which refers to poor regions surrounded by rich ones, has almost no 

regions. The last fourth quadrant, HL, highlights the main cities that deviate from the 

surrounding regions. The Moran index is a global statistical test for spatial 

autocorrelation. Its local variant that examines this property only for a certain region 

is the LISA index. This indicator indicates the dominance of the grouping of the 

regions of Bulgaria and Romania in terms of GDP per capita. The significant 

contribution of the western regions is missing, with the exception of the Prague area. 

 



  

 

 

66 

Croatian Review of Economic, Business and Social Statistics (CREBSS) 

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) 

 

 

Vol. 8, No. 1, 2022, pp. 58-72 

 

  

    

 
Figure 1 Moran scatterplots, quantile and LISA cluster maps for real per capita GDP 

(2009) 
Source: Author's illustration. 

 

In Figure 2, the distribution of European funds is particularly pronounced in the 

regions stretching from the Baltic countries, eastern Poland and Hungary to selected 

regions of  Bulgaria. Other regions, the west and the east of the new members, use 

European funds equally. The Moran index is 0.307, and again shows a positive, 

statistically significant spatial autocorrelation. The first quadrant, HH, refers to the 
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aforementioned regions that use above average European funds along with their 

surroundings. LL are regions that use below average resources as well as their 

environment. Other regions are almost all in the LH quadrant, meaning regions that 

use less than average funds in an environment that uses funds above average. The 

LISA index is confirmed for some of the mentioned HH and LH regions, but highlights 

Adriatic Croatia and Slovenia as weak beneficiaries of European funds, the LL 

region. The absence of a higher concentration of European money in Slovenia may 

be due to the best position in relation to all new members upon accession to the EU, 

and in the Croatian case due to its later accession in 2013. 

             

 

 
Figure 2 Moran scatterplots, quantile and LISA cluster maps for EU funds (average 

2008-20019)  
Source: Author's illustration. 
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Table 2 Estimation results 
 (1) (2) (3) (4) (5) 

 OLS SAR SEM SLX SDM 

Initial GDP per capita -0.228*** -0.231*** -0.29*** -0.208*** -0.235*** 

EU funds 0 0 0 -0.002* -0.002* 

Population -0.01* -0.01* -0.015*** 0.003 -0.002 

Construction 0.011 0.011 0.006 0 0 

Industry -0.003 -0.003 -0.004** 0.008** 0.005* 

Agriculture -0.007 -0.008 -0.014*** 0.005 0.001 

Finance 0.045** 0.046** 0.151*** 0.16*** 0.206*** 

Investments 0.013*** 0.013*** 0.009*** 0.023*** 0.017*** 

Institutions -0.016 -0.012 0.145** -0.023 0.048 

Infrastructure 0.017 0.021 0.121** -0.145* -0.081 

Basic education -0.002 -0.002 -0.037* 0.011 -0.02 

Higher education 0.047 0.048 0.076** 0.139*** 0.119*** 

Labor market efficiency -0.038 -0.034 0.059 0.007 0.052 

Market size -0.005 -0.007 -0.05 -0.133 -0.11 

Technological readiness 0.011 0.011 0.006 -0.059 -0.01 

Business sophistication -0.256*** -0.254*** -0.195*** -0.175*** -0.177*** 

Innovation 0.289*** 0.283*** 0.056 0.12 0.04 

_cons 30.034*** 30.084*** 40.186*** -20.194 30.771 

/var(e.GDP growth) 0.007*** 0.007*** 0.004*** 0.004*** 0.003*** 

W: GDP growth  -0.047   -0.868*** 

W: e.GDP growth   -10.425***   

W: EU funds    0.232 -0.122 

W: Population    0.02*** 0.014*** 

W: Construction    -0.009 -0.024** 

W: Industry    -0.022 -0.014 

W: Agriculture    0.024** 0.016 

W: Finance    -0.123*** -0.096*** 

W: Investments    0.344*** 0.445*** 

W: Institutions    0.016 0.011 

W: Infrastructure    0.997*** 0.718*** 

W: Basic education    -0.243 -0.118 

W: Higher education    -0.324*** -0.233*** 

W: Labormarket efficiency    0.221* 0.279*** 

W: Market size    0.067 0.096 

W: Technological 

readiness 
   0.016 -0.054 

W: Business sophistication    -0.471*** -0.261** 

W: Innovation    0.037 -0.181 

W: Innovation    -0.322** -0.242* 

 Pseudo R2 0.573 0.568 0.332 0.778 0.613 

*** p<0.01, ** p<0.05, * p<0.1  

Source: Author's calculation. 

 

 

Table 3 LR test 
LR test Statistic p-value 

SAR-SDM 49.98 0*** 

SEM-SDM 38 0.0025*** 

SLX-SDM 11.55 0.0007*** 

*** p<0.01, ** p<0.05, * p<0.1  

Source: Author's calculation. 

 

Based on the conducted analysis of GDP and funds, we conclude that there is a 

spatial interaction between the regions of the new members. Therefore, we estimate 
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the SDM model and compare it with its restrictions by the LR test. Rejecting the null 

hypothesis according to Table 3, where the SDM model is compared with its spatial 

restrictions from Table 2 (models 2-4), indicates that the SDM model is used in the 

paper. This confirms the importance of the relative location of NUTS 2 regions of the 

new EU Member States.  

The SDM model in Table 2 indicates a decrease in the regional disparities of new 

members, i.e. poorer regions converge by achieving higher growth rates (Solow, 

1956). This is proven by a negative and statistically significant initial level of GDP per 

capita. In the model, spatial autocorrelation is statistically significant with a 

dependent variable and is -0.87.This means that a 1% increase in the growth rate in 

the neighboring regions of the i-th region, leads to a 0.87% decrease in growth in the 

i-th region. The aforementioned effect is in contrast with Antunes et al. (2020) and 

Annoni et al. (2019). 

 

Table 4 Spillover for the SDM model 
 Direct Indirect Total 

Initial GDP per capita -0.255*** 0.064 -0.191** 

EU funds -0.006** 0.012*** 0.006** 

Population 0.003 -0.017** -0.014** 

Construction 0.003 -0.011 -0.008 

Industry 0.002 0.009 0.011 

Agriculture 0.025* -0.076*** -0.051*** 

Finance 0.141*** 0.207*** 0.348*** 

Investments 0.018*** -0.003 0.015** 

Institutions -0.117 0.527*** 0.410*** 

Infrastructure -0.07 -0.037 -0.107 

Basic education 0.033 -0.168** -0.135*** 

Higher education 0.076 0.137* 0.213*** 

Labor market efficiency 0.04 0.039 0.079 

Market size -0.12 0.032 -0.087 

Technological readiness 0.052 -0.197** -0.145* 

Business sophistication -0.171** -0.021 -0.192** 

Innovation 0.107 -0.216** -0.108 

*** p<0.01, ** p<0.05, * p<0.1  

Source: Author's calculation. 

 

The interpretation of other variables in the model is observed through the effect of 

spatial externalities between regions that are generated in particular through an 

indirect effect that represents a significant contribution to the overall effect (Table 

4). The differences between the direct effects and the coefficients of the SDM model 

from Table 1 represent the feedback effect that is present at the direct effect. 

Somewhere, these differences are more pronounced and somewhere negligible, 

but where they are statistically significant, they represent the contribution of the 

spatial model. 

Observing the effect of European funds on growth rates, we conclude that the 

overall effect of increasing EU funds on rates is positive and statistically significant so 

that the funds represent a variable that contributes to reducing regional disparities. It 

is important to point out the opposite effect of direct and indirect effects. The direct 

effect has a divergent effect on reducing disparities, which means that an increase 

in funding within the same region does not have a positive effect on growth rates for 

that region. Indirect impact through the spillover effect of European funds between 

regions has a positive effect on growth and reduces the gap. The indirect effect 

(1.2%) is stronger than the direct effect (-0.6%), which contributes to the positive 

effect of the overall effect (0.60% = 1.2% -0.6%) of the EU funds. The spillover effect of 
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European funds represents the key contribution to the positive effect of EU funds, i.e. 

the advantage of the application of spatial econometrics. 

The overall effect of population growth is negative, and one explanation is that 

population growth in neighboring regions leads to an increase in labor supply that 

attracts investment in the surrounding regions (Annoni et al., 2019). The effect of 

investments is positive in accordance with the theory of growth, and this effect is 

achieved through the direct effect that investments achieve through growth in 

regions where they arose without a statistically significant spillover effect. Human 

capital is observed through higher education and the results of 15-year-olds on PISA 

tests indicate the expected results. The growth of the highly educated has a positive 

effect on growth, and basic education has a negative one. This explains the 

important role of education, especially in the earlier stages of economic growth.  

Looking at the economic sector, the agricultural sector has a negative effect on 

growth and the financial sector a positive one. The impact of agriculture is in line 

with the study by Dall'erba, Le Gallo (2008) which interprets the negative impact of 

agriculture as a positive impact on the industrial sector. The mentioned effect of the 

industry is absent, it is not statistically significant for the countries of Central and 

Eastern Europe. While the financial sector has a positive impact on growth, which is 

in contrast to Ezcurra and Rios (2015) and most research that refers to the financial 

sector. The effect of the institutional framework is positive and contributes to 

reducing regional disparities. The effect of technological readiness does not 

contribute to reducing disparities, which is an important factor in increasing regional 

competitiveness. The indirect effect is negative, which means that increased IT skills 

in the neighborhood of the i-th region are more attractive for investments which thus 

leads to a negative impact on the i-th region. Also, a business environment that 

measures the impact of specialization on production that creates high added value 

has a negative effect on growth, thus increasing disparities. 

 

Conclusion 
The paper shows that an increase in European funding increases growth rates, thus 

contributing to the reduction of interregional disparities. European funding, which is 

mostly targeted at less developed regions, represents an opportunity for new 

members and potential new members to move closer to more developed old 

members. Regional spillover of funds have proven to be key to achieving the 

positive impact of the European Cohesion policy. It did not overcome the 

polarizations of the core and periphery advocated by the new economic 

geography. Also, these spillovers have proven to be an important factor whose 

omission in models estimated by the OLS leads to bias. Regional externalities should 

be taken into account in regional divisions by regional policymakers, and in creating 

the distribution of funds for the next programming period. The effect of funding in the 

region itself without the spillover effect does not contribute to reducing disparities, 

which represents a future opportunity, especially for the poorest regions, such as 

Bulgaria and Romania. Likewise, those more developed members need to think 

carefully about the policy of using European funds so as not to fall into the middle-

income trap. Therefore, as a proposal for future research, a local survey at the NUTS 

3 level or some other division of new members is imposed as a complement to the 

conducted global survey to determine the local character of funds at growth rates 

through an individual coefficient for each region. Also investigate the impact of 

individual funds on regional growth rates. 
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the publisher) it is necessary to agree upon standards of expected ethical behaviour. The ethics 

statements for Croatian Review of Economic, Business and Social Statistics are based on the Committee 

on Publication Ethics (COPE) Best Practice Guidelines for Journal Editors. 

Editor Responsibilities 

Accountability 

The editor of a peer-reviewed journal is responsible for deciding which articles submitted to the journal 

should be published, and is accountable for everything published in the journal. In making these 

decisions, the editor may be guided by the policies of the journal’s editorial board as well as by legal 

requirements regarding libel, copyright infringement and plagiarism. The editor may confer with other 

editors or reviewers when making publication decisions. The editor should maintain the integrity of the 

academic record, preclude business needs from compromising intellectual and ethical standards, and 

always be willing to publish corrections, clarifications, retractions and apologies when needed. 

Fairness 

The editor should evaluate manuscripts for intellectual content without regard to race, gender, sexual 

orientation, religious belief, ethnic origin, citizenship, or political philosophy of the author(s). The editor 

will not disclose any information about a manuscript under consideration to anyone other than the 

author(s), reviewers and potential reviewers, and in some instances the editorial board members, as 

appropriate. 

Confidentiality 

The editor and any editorial staff must not disclose any information about a submitted manuscript to 

anyone other than the corresponding author, reviewers, potential reviewers, other editorial advisers, 

and the publisher, as appropriate. 

Disclosure, conflicts of interest, and other issues 

The editor will be guided by COPE’s Guidelines for Retracting Articles when considering retracting, 

issuing expressions of concern about, and issuing corrections pertaining to articles that have been 

published in Croatian Review of Economic, Business and Social Statistics. Unpublished materials 

disclosed in a submitted manuscript must not be used in an editor’s own research without the express 

written consent of the author. Privileged information or ideas obtained through peer review must be 

kept confidential and not used for personal advantage. The editor is committed to ensuring that 

advertising, reprint or other commercial revenue has no impact or influence on editorial decisions. 

The editor should seek so ensure a fair and appropriate peer review process. Editors should recuse 

themselves (i.e. should ask a co-editor, associate editor or other member of the editorial board instead 

to review and consider) from considering manuscripts in which they have conflicts of interest resulting 

from competitive, collaborative, or other relationships or connections with any of the authors, 

companies, or (possibly) institutions connected to the papers. Editors should require all contributors to 

disclose relevant competing interests and publish corrections if competing interests are revealed after 

publication. If needed, other appropriate action should be taken, such as the publication of a 

retraction or expression of concern. 

Involvement and cooperation in investigations 

Editors should guard the integrity of the published record by issuing corrections and retractions when 

needed and pursuing suspected or alleged research and publication misconduct. Editors should pursue 

reviewer and editorial misconduct. An editor should take reasonably responsive measures when ethical 

complaints have been presented concerning a submitted manuscript or published paper. 

 

Reviewer Responsibilities 

Contribution to editorial decisions 

Peer review assists the editor in making editorial decisions and, through the editorial communication 

with the author, may assist the author in improving the manuscript. 

Promptness 
Any invited referee who feels unqualified to review the research reported in a manuscript or knows that 

its timely review will be impossible should immediately notify the editor so that alternative reviewers can 

be contacted. 
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Confidentiality 
Any manuscripts received for review must be treated as confidential documents. They must not be 

shown to or discussed with others except if authorized by the editor. 

Standards of objectivity 
Reviews should be conducted objectively. Personal criticism of the author is inacceptable. Referees 

should express their views clearly with appropriate supporting arguments. 

Acknowledgement of sources 
Reviewers should identify relevant published work that has not been cited by the authors. Any 

statement that an observation, derivation, or argument had been previously reported should be 

accompanied by the relevant citation. A reviewer should also call to the editor's attention any 

substantial similarity or overlap between the manuscript under consideration and any other published 

data of which they have personal knowledge. 

Disclosure and conflict of interest 
Privileged information or ideas obtained through peer review must be kept confidential and not used 

for personal advantage. Reviewers should not consider evaluating manuscripts in which they have 

conflicts of interest resulting from competitive, collaborative, or other relationships or connections with 

any of the authors, companies, or institutions connected to the submission. 

 

Author Responsibilities 
Reporting standards 
Authors reporting results of original research should present an accurate account of the work 

performed as well as an objective discussion of its significance. Underlying data should be represented 

accurately in the manuscript. A paper should contain sufficient detail and references to permit others 

to replicate the work. Fraudulent or knowingly inaccurate statements constitute unethical behaviour 

and are unacceptable.  

Originality and Plagiarism  
The authors should ensure that they have written entirely original works, and if the authors have used the 

work and/or words of others that this has been appropriately cited or quoted.  

Multiple, redundant or concurrent publication  
An author should not in general publish manuscripts describing essentially the same research in more 

than one journal or primary publication. Parallel submission of the same manuscript to more than one 

journal constitutes unethical publishing behaviour and is unacceptable. 

Acknowledgement of sources 
Proper acknowledgment of the work of others must always be given. Authors should also cite 

publications that have been influential in determining the nature of the reported work. 

Authorship of a manuscript 
Authorship should be limited to those who have made a significant contribution to the conception, 

design, execution, or interpretation of the reported study. All those who have made significant 

contributions should be listed as co-authors. Where there are others who have participated in certain 

substantive aspects of the research project, they should be named in an Acknowledgement section. 

The corresponding author should ensure that all appropriate co-authors (according to the above 

definition), and no inappropriate co-authors are included in the author list of the manuscript, and that 

all co-authors have seen and approved the final version of the paper and have agreed to its 

submission for publication. 

Hazards and human or animal subjects 
If the work involves chemicals, procedures or equipment that have any unusual hazards inherent in their 

use, the authors must clearly identify these in the manuscript. 

Disclosure and conflicts of interest 
All authors should disclose in their manuscript any financial or other substantive conflict of interest that 

might be constructed to influence the results or their interpretation in the manuscript. All sources of 

financial support for the project should be disclosed. 

Fundamental errors in published works 
When an author discovers a significant error or inaccuracy in his/her own published work, it is the 

author’s obligation to promptly notify the journal’s editor or publisher and cooperate with them either to 

retract the paper or to publish an appropriate erratum. 

Publisher’s confirmation 
In cases of alleged or proven scientific misconduct, fraudulent publication or plagiarism the publisher, in 

close collaboration with the editors, will take all appropriate measures to clarify the situation and to 

amend the article in question. This includes the prompt publication of an erratum or, in the most severe 

cases, the complete retraction of the affected work.  

*** 
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