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The CEA Journal of Economics includes research papers in various areas of economics that deal with relevant international and domestic issues, and is open to all interested economists from all over the world.
Authors of the papers are researchers/academicians from the country, region and beyond. All papers that
are published in the journal are subject to an independent peer-review process.
The CEA team believes that the long tradition, quantitative based research, wide scope, and authors from
various professions make the CEA Journal of Economics unique of its kind in the country. As such, it has a
significant influence on improving economic analysis, expert debates and discussions on economic issues
on a national, regional and global level.
Marjan Nikolov
Editor-in-Chief
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CRITICAL REVIEW OF THE (SECOND WAVE)
OPTIMAL TAX THEORIES
Dushko Josheski,*
University Goce Delcev-Shtip , R.North Macedonia
Tatjana Boshkov *
University Goce Delcev-Shtip , R.North Macedonia
Abstract
James Mirrlees (1971) launched the second wave of optimal tax models by suggesting a way to formalize the
planner’s problem that deals explicitly with unobserved heterogeneity among taxpayers.So, in this paper optimal income taxation theories are subject of investigation following the classic paper in public finance by Mirrlees
(1971). This provides analytical solutions for the second-best efficient tax system in presence of such an
adverse selection. Until late 1990s, Mirrlees results were not closely connected to empirical tax studies and had
little impact on tax policy recommendations. Next, the famous result Diamond-Mirrlees efficiency theorem
Diamond-Mirrlees (1971a), Diamond-Mirrlees (1971b),has been reviewed. This theorem is important because
it states that there should be no taxes on intermediate goods, and that private and public production should be
based on same prices. Also, taxation should not violate efficiency of production. Solution to the Mankiw problem on the other hand states that small open economy, labor bears 100% of small capital income tax.
The availability of the eight documents does not indicate outright budget process transparency nor do we suggest that in means absolute accountability of the authorities however it demonstrates a step towards increased
citizens informed and active civic participation.
Keywords: Optimal taxation, asymmetric information, Diamond-Mirrlees efficiency theorem, Mankiw problem

INTRODUCTION
The subject of the optimal design of tax system has been topic that has long fascinated economic theorist.
This paper explores some theories that policy makers must consider when designing optimal tax systems.
Mainly the material in this paper draws material from the very important paper ,actually the foundation of
modern tax theory by Mirrlees (1971). Some lessons from the optimal tax theory are presented in this paper
 Assistant professor, UGD-Shtip, R.North Macedonia, dusko.josevski@ugd.edu.mk
 Associate professor, UGD-Shtip, R.North Macedonia, tdzaleva@gmail.com
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also namely: Optimal tax schedule depends on the shape of the distribution of the ability, the optimal marginal income tax schedule could incline at high incomes, a flat tax with a universal lump-sum transfer could
be optimal, the extent of redistribution rises with wage inequality, taxes should depend on the ability (some
personal characteristics such as IQ and the working hours),only final goods to be taxed (no taxes on intermediate goods), capital income ought to be untaxed, also Mankiw problem shows that that in a small open
economy, labor bears 100% of small capital income tax. This paper is divided in following sections: at first it
starts with the literature review, followed by the explanation of the Mirrlees (1971) model ,which is better
understood under Saez (2001). This section is briefly followed by the Daimond-Mirrlees theorem DiamondMirrlees (1971a), Diamond-Mirrlees (1971b). This section is followed by the Mankiw problem and its solution. Mankiw problem was posted online by Nicholas Gregory Mankiw, on his blog.1 Later paper finishes by
the conclusions part.
Literature review
The central element of the theory of optimal taxation is information. Public policies apply to the individuals
based on what the government knows about them. Second welfare theorem states, that where several convexity and continuity assumptions are satisfied, an optimum is a competitive equilibrium once initial endowments have been suitably distributed. Mirrlees (1986), elaborates that a good way of governing is to agree
upon objectives, then to discover what is possible and to optimize. In general, complete information about
the consumers for the transfers is required to make the distribution requires, so the question of feasible lumpsum transfers arises here. Usually the optimal tax systems combine flat marginal tax rate plus lump sum
grants to all the individuals(so that the average tax rate rises with income even if the marginal does not),
Mankiw NG, Weinzierl M, Yagan D.(2009).2 The choice of the optimal redistributive tax involves tradeoffs
between three kinds of effects : equity effect (it changes the distribution of income), the efficiency effect form
reducing the incentives, the insurance effect from reducing the variance of individual income streams,
Varian,H.R.(1980). Diamond, Helms and Mirrlees (1978),analyze the presence of uncertainty in the analysis
of optimal taxation, with Cobb-Douglas utility function, with elasticity of substitution between labor and leisure
<1 s that backward bending labor supply curve can be observed. Two period model with uncertainty showed
how stochastic economies differ from the economies without uncertainty, since these second-best insurance/redistribution programs differ in the outcomes from the first best result economies without government
intervention. In general, Varian (1980) finds for linear and non-linear optimal tax, that if the consumption values are bounded, the optimal tax will always exist and would be a continuous function of observed income.
In early contribution Ramsey (1927) , supposed that the planner must raise tax revenue only through imposition of tax on commodities only. In his model taxes should be imposed in inverse proportion to the representative customer’s elasticity of demand for the good, so that commodities with more inelastic demand are
taxed more heavily. Governments in real world however cannot observe individual ability. Mirrlees (1971) ,
in the basic version of the model allowed individuals to differ in their innate ability. The planer can observe
income, but the planner cannot observe ability or effort. By recognizing unobserved heterogeneity, diminishing marginal utility of consumption, and incentive effects, the Mirrlees approach formalizes the classical
tradeoff between efficiency and equity. In this framework the optimal tax problem is a problem of imperfect
information between taxpayers and the social planner. Saez (2001) argued that “unbounded distributions are
of much more interest than bounded distributions to address high income optimal tax rate problem”. In all the
cases that Saez (2001) investigated (four cases)3 the optimal tax rates are clearly U-shaped. This paper by
using the elasticity estimates from the literature, the formula for the asymptotic top rates suggests that the
marginal rates for the labor income should not be lower than 50% and they could be as much as high as
80%.Diamond and Mirrlees (1971a) and Diamond, Mirrlees (1971b), are proposing alternative in Ramsey
1) http://gregmankiw.blogspot.com/2017/10/an-exercise-for-my-readers.html
2) A key determinant of the optimal tax schedule (tax bracket) is the shape of the ability of the distribution.
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3) Utilitarian criterion, utility type I and II and Rawlsian criterion, utility type I and II.
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proposition by allowing the social planer to considers a numerous tax systems. In the first paper Diamond
and Mirrlees (1971a), they prove how some market imperfections eg. capital market imperfections (consumers can lend but not borrow), the market situation will alter the optimal tax structure. Diamond and
Mirrlees (1971b), are proposing tax rules for single good economy (changes on demand due to the tax structure differ from proportionality with larger than average percentage fall in the demand for goods with large
income derivatives (elasticities) ,in three-good economy the tax rate is proportionately greater for a good with
smaller cross elasticity of compensated demand with the price of labor, in many commodities economy,
households with low social marginal income utility predominate among the purchasers of the commodity, that
commodity should be taxed more heavily, and vice versa, this taxation increases total welfare. Diamond and
Mirrlees (1971a), continue to point out that there should not be taxation on intermediate goods such as capital held by the producers, also see Judd (1999). The general result Judd (1999) finds is that optimal tax on
capital should be zero except for the initial period. Judd (1985), also found a zero optimal long-run capital
income tax rate for steady states of the general competitive equilibrium and heterogeneous infinitely-lived
agents with non-separable preferences. But the famous Atkinson,Stiglitz (1976) results(result on the role of
indirect taxation with an optimal nonlinear income tax) states that commodity taxes are not useful under
these assumptions about the utility function: weak separability of function, and homogeneity across individuals in sub-utility of consumption. The Atkinson-Stiglitz result is obtained by embedding the Ramsey model
within Mirrlees model. Also zero-top tax rate suggest important task for the policy makers to identify the
shape of the high-end of the ability distribution (they cannot observe the effort and ability in direct way but
they can observe income). Tuomala (1990), confirms that marginal tax rate decreases as income increases
except at income levels within a bottom decile. Ordover, J., Phelps,E. (1979), provided that if consumption
have weakly separable utility functions and government has instruments that allow it to fix the capital stock
on the socially optimal level, then the optimal tax rate on capital is zero, Salanie (2003). Chamley (1986),
results on zero capital income tax states: “When the consumption decisions in a given period have only a
negligible effect on the structure of preferences for periods in the distant future, then the second-best tax rate
on capital income tends to zero in the long run”. But these are (Ramsey capital income tax )two period models if more periods are included than the optimal tax formula would be more complex, as in Auerbach,
Kotlikoff (1987a), and Auerbach, Kotlikoff (1987b). Feldstein (1978), showed that elimination of tax on capital income is only optimal only when the structure of preferences satisfy certain separability condition. And
for the capital taxation to be optimal it must be that uncompensated elasticity of savings (elasticity of the
Marshalian demand for savings) is zero, even when the compensated elasticity of consumption of old population (Hicksian demand for consumption) is high (he reported result of -0.75). Now, if the labor and consumption are equivalent for the individuals, but savings pattern are different, results is that individuals will
save more with consumption tax, than with labor tax. In OLG closed economy capital stock is due to life-time
savings. The full neutrality result implies extra savings of young is equal to the consumption of old capital
stock plus new government deficit (no change in capital stock).4 In equilibrium where endowment is zero at
equilibrium, and Hicksian demand for consumption is infinite i.e. compensated elasticity of consumption
when old is infinite. But according to Saez, Stantcheva (2016a), because individuals derive utility from
wealth, micro foundations for this wealth in the utility function are: bequest motives, entrepreneurship, or
services from wealth it means that steady-state features finite finite supply elasticities of capital to capital tax
rates. And because there is bi-heterogeneity of the agent’s income and capital, Atkinson-Stiglitz zero-tax
result does not apply herein. The optimal tax rate on inheritance (bequest in utility) case is zero, when the
elasticity of bequest is infinite nesting the zero tax result. However, when in the model are imputed bequests,
inequality is bi-dimensional and earnings are no longer the unique determinant of lifetime resources. That
means that here A-S zero-tax result fails, see Piketty, T. , Saez,E., (2013), Farhi and Werning (2010).Also,
Stiglitz, J.(1982) , showed that when leisure and goods are separable, differential taxation of commodities
cannot be used as a basis of separation between the two and therefore is sub-optimal, Saez (2002).
Commodity taxation is desirable when government is using social weights that are correlated with the con4) Aggregate interest rate should equal to interest rate for the government debt.
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sumption patterns and are conditional on income, or when the consumption patterns are related to the intrinsic earning ability and leisure choices . Saez, E. ,S. Stantcheva (2016b),define social marginal welfare weight
as a function of agents consumption, earnings, and a set of characteristics that affect social marginal welfare weight and a set of characteristics that affect utility. Chari and Kehoe (1999), besides developing
stronger zero-optimal capital income tax rate than Chamley (1986), are developing Barro’s (1979) result on
tax smoothing, where in deterministic concept, optimal tax rates are constant, while in stochastic economy
with incomplete markets tax rates follow a random pattern generated by a martingale process . Auerbach, A.
(2009), Kaplow(1994), propose equivalence of consumption taxes and labor taxes: a linear consumption at
some inclusive rate, is equivalent to a labor tax income combined with the initial wealth. In this setting consumption tax is equal to labor tax if there is no initial wealth and differences in wealth arise only from wealth
preferences.

5) And if in the presence of optimal income taxation whether if a small commodity tax can be replicated by a small income change,
and when this is not a case commodity taxation allows government to expand its own taxation power and therefore it is desirable.

8

6) Martingale is a sequence of random variables (i.e., a stochastic process) for which, at a particular time, the conditional expectation of the next value in the sequence, given all prior values, is equal to the present value.
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Conclusion
This paper made attempt to review the past and the current literature on the optimal tax theory, empirical and
theoretical. The developments of the tax theory are improving the tax policies around the world. One of the
most important improvements is the worldwide trend towards reduction of taxation of capital income. Also,
the worldwide tendency toward flatter income tax rates. The motivation of the original Mirrlees (1971) paper
was to provide a framework for which to derive an optimal structure of tax rates, which turned out to be flat
for a broad range. Or as Mirrlees said :“I must confess that I had expected the rigorous analysis of incometaxation in the utilitarian manner to provide an argument for high tax rates,” Professor Mirrlees wrote. “It has
not done so.” He was surprised by his conservative conclusions. Those conclusions are: Linear tax schedule is desirable, except supply of highly educated labor is much more inelastic from the utility function, and
especially negative income tax is recommended for the workers that earn lower than some level, Income taxation is of no use when battling inequality, Some complementary taxes for the income tax will be of use
here…such as taxes that depend on the time spent at work and workers ability and the income from such
labor. The problem lies here as prof.Mirrlees wrote:” but if it is true, as our results suggest, that the income
tax is not a very satisfactory alternative, this objection must be weighed against the great desirability of finding some effective method of offsetting the unmerited favors that some of us receive from our genes and
family advantages”. This is contradictory to the requirement of the optimal tax,i.e. that optimal tax must not
have effect on the wealth of the society where it has being levied. The sum of mechanical effect, welfare
effect, and behavioral effect should equal to zero.
21
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Abstract
The relationship between the government borrowing and banks’ lending is unclear from theoretical point of view.
It is usually perceived as negative relationship, but there are arguments that it could be positive as well. The two
conflicting theories are the crowding out and the Ricardian equivalence whereas the former provides arguments
for the negative relationship, while the latter theory may offset this negative effect. Thus, the aim of this study is
to detect and quantify the crowding out effect of the real central government borrowing on the private sector real
loans provided by the Macedonian banks. However, as it was mentioned above, the crowding out effect might be
compensated by the Ricardian equivalence effect. Therefore, the relationship between the real central government borrowing and real deposits will be studied as well. The point of the investigating the Ricardian equivalence
is to consider whether this effect compensates for the crowding out. This paper utilizes a Vector Error Correction
Model (VECM) for investigating the relationship between private loans, deposits and government borrowing from
the Macedonian banks. The estimated results indicate that the government borrowing crowds out the private
loans, while the effect of the Ricardian equivalence is not large enough to offset the former effect.
Key words: Central government borrowing, crowding out effect, Ricardian equivalence effect, real loans
JEL Classification: C32, H62, H63, E51

Introduction
The relationship between the government borrowing and banks’ lending is unclear from theoretical point of
view. It is usually perceived as negative relationship, but there are arguments that it could be positive as well.
The two conflicting theories are the crowding out and the Ricardian equivalence whereas the former provides
arguments for the negative relationship, while the latter theory may offset this negative effect.
16) The views expressed herein are those of the author only, and do not have to represent the views of the National Bank of the
Republic of North Macedonia.
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The crowding out thesis is based on the notion that the government as first-class creditworthy client borrows
large amounts of money by direct indebting from the banks or issuing state securities and selling them to the
banks. Hence, from the aspect of the banks’ balance sheet, more funds placed to the government decreases the funds available for granting loans to the private sector. Banks that lend to the government, face less
credit risk because the government is less likely to default due to the secured income from the public revenues. Moreover, the banks earn small and stable profit from government borrowing, unlike placing the funds
in the real sector where the credit risk is higher as well as the probability for default and losses.
Subsequently, the banks impose higher interest rates on the less available funds for lending and the real sector is not capable to invest the projects cheaply or is prevented to borrow from the banks. As a result of that,
the overall preformancess of the economy may decline.
The government collects public revenues to finance its public expenses, but often the revenues are insufficient and the budget deficit is created. Thus, the government has to borrow more money in order to cover
the excess of the public expenses. The government borrowing postpones eventual implementation of higher taxes or other forms of public revenues, which are considered as stringent and unpopular measures from
the politicians. However, having rational economic agents may offset the crowding out effect from the government borrowing. Namely, the rational economic agents will expect eventual increase of the taxes by the
government in the future, with an aim to return the borrowed money from the banks. Therefore, they will save
more in the present in order to smooth out consumption that might be affected by the decrease of the income
when the government will implement tougher public revenues. Thus, the counter thesis to the crowding out
thesis is the Ricardian equivalence thesis which provides arguments for increased saving that will be placed
in the banks and thus the available funds for private sector lending may not decrease.
Thus, the aim of this study is to detect and quantify the crowding out effect of the real central government
borrowing on the private sector real loans provided by the Macedonian banks. However, as it was mentioned
above, the crowding out effect might be compensated by the Ricardian equivalence effect. Therefore, the
relationship between the real central government borrowing and real deposits will be studied as well. The
point of the investigating the Ricardian equivalence is to consider whether this effect compensates for the
crowding out and if there are evidence of partial crowding out effect.
This paper utilizes a Vector Error Correction Model (VECM) for investigating the relationship between private
loans, deposits and government borrowing from the Macedonian banks. The estimated results indicate that
the government borrowing crowds out the private loans, while the effect of the Ricardian equivalence is not
large enough to offset the former effect. The government of North Macedonia has been indebting permanently, from the domestic banks while, the capital expenditures have been reduced compared to the plans indicating that the government inefficiently has been spending the funds. Namely, Koczan (2015) asserts reduction
of the capital expenditures concerning the Macedonian economy after 2009, and warns about the shift of the
capital expenditure towards current expenditure. Additionaly, Fiti et al. (2017) explain crowding out effects for
the Macedonian economy caused by the government borrowing and empirically estimate low and negative fiscal multipliers as indication for the inefficiently used funds borrowed. Moreover, CEA (2019) provides concrete
figures for non-realized capital expenditures and it has estimated the cumulative loss of the non-realized capital expenditutre of around 700 millions of Euros or lost cumulative economic growth of 6.5% for the period
from 2010 to 2018. The Macedonian banking sector claims nominal amount of 684 millions of Euros as of
2019q2, from the central government, which is approximately close to the cumulative loss estimated by CEA
(2019). The money that banks keep as claims from the government might actually compensate for the loss
caused by the non-realized capital expenditures, if invested in the real sector. Thus, the significance of this
study arises from the answer provided to the policymakers for the size of the crowding out effect caused by
the central government borrowing from the commercial banks which is very important for creating proper policies for improving the overall economy. The size of the crowding out effect is important to undertake measures and stimulate the banks to credit the real sector as main driver of the economy, and the government to
become
aware of placing the funds in efficient and productive investments yielding to higher economic growth.
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The paper is organized in the following manner: the next section is a review in the existing literature, whereas the following section provides an overview of the government borrowing from the Macedonian banks as
well as the real loans and the real deposits developments. Furthermore, the data, methodology and estimations are presented and finally conclusions are provided.

2. Literature overview
The theoretical explanation for both the crowding out and Ricardian equivalence lies in the following equation representing the balance sheet of the whole banking sector (Ponomarenko, 2019).
NFA + CREDPNBS + CREDGOV = CASH + D + LPNBS + LGOV + CAP

(1)

Where NFA is the net foreign assets of commercial banks, CREDPNBS is credit to the private non-banking
sector, CREDGOV is claims on the central government, CASH is the currency in circulation, D is deposits in
the banking sector, LPNBS is other liabilities of banks to the private non-banking sector, LGOV is the banking sector’s liabilities to the government and CAP is banking sector’s capital. By rearenging the equation (1)
with regards to CREDPNBS and D, it is implied the relationship between the government borrowing and private sector credit and deposits in the following equations (2) and (3).
CREDPNBS = CASH + D + LPNBS + LGOV + CAP - NFA - CREDGOV

(2)

D = NFA + CREDGOV + CREDPNBS - CASH - LPNBS - LGOV - CAP

(3)

Thus, the equation (2) clearly explains the crowding out effect and that is the negative relationship between
the CREDGOV and CREDPNBS. The rationale behind this relationship is more lending to the government
reduces the available funds for providing loans to the private firms and households. Additionaly, the equation (3) indicates the crowding out’s counter theory and that is the Ricardian equivalence represented as positive relationship between the CREDGOV and D. As the government indebts, the rational firms and households would expect higher future taxes and therefore they will save more today to safeguard their constant
consumption through the time.
The main critique of the Ricardian equivalence is based on the empirical indications that the economic
agents are not so much rational to perceive the increased government borrowing as an opportunity to
increase their deposits. Moreover, concerning the developing countries, the Ricardian equivalence is not
very likely to hold because the capital markets are underdeveloped and they do not provide opportunity for
the economic agents to save in various securities. Gümüş (2003) provides overview of the theoretical literature that considers both the crowding out effect and the Ricardian equivalence. Namely, the study by
Gümüş explains the approach of the other studies in a sense of how other authors construct the empirical
models for testing the crowding out effect or the Ricardian equivalence. The author of this paper concludes
that the manner of constructing the models, the variables used in the empirical procedure and the stance of
the business cycle of the economy are the main factors that will support one of the theories or there can be
evidence for partial holding of both theories. However, Gümüş also states that most of the papers considered, find out empirical evidence of partial crowding out effect and that is the government borrowing does
not completely shrinks the investments due to the smaller offsetting effect of the Ricardian equivalence.
Concerning the emerging market economies, the study by Zaheer et al. (2017) estimates the crowding out
effect on the private sector credit caused by the government borrowing in Pakistan. This paper utilizes
monthly data for the period from 1998m6 to 2015m12 and by employing Ordinary Least Squares (OLS)
methodology, it estimated statistically significant effect of 0.08 percentage points decline in private sector
credit monthly growth as a result of the increase of the monthly growth of the government borrowing by 1
percentage point. This paper uses simple OLS econometric methodology that could be considered as weakness of this study. Namely, the OLS methodology does not take into account the endogeneity of the vari-
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ables and that is the return effect that private sector credit as dependent variable might have on the independent variables. For example, the government borrowing may reduce the private sector credit, but consecutively, an increase of the private sector credit reduces the available funds of the banks for lending the
government. Thus, not having taken the endogeneity issue into account might yield biased estimate of the
size of the crowding out effect.
Furthermore, Fayed (2012) investigates the crowding out effect for other emerging economy. Namely, this
study relates to the Egypt and the analysis refers to the period from 1998q2 to 2010q3 period. The effect
was estimated through utilization of the more sophisticated Vector Error Correction Mechanism (VECM) or
known as Johansen cointegration technique. Unlike the OLS methodology used in Zaheer et al. (2017), this
econometric methodology takes into consideration the endogeneity problem among the variables used. The
results of this study indicate crowding out effect of 4.03 on the private credit and that is an increase of the
government borrowing from the Egyptian banks by 1 percentage points decreases the private sector credit
by 4.03 percentage points pretty much higher compared to the effect found in the study by Zaheer (2017) for
Pakistan.
Concerning the developed countries, the paper by Başar and Temurlenk (2007) utilizes Structural Vector
Autoregression (SVAR) for testing three hypothesis of: Crowding out effect, crowding in effect and Ricardian
equivalence for the Turkish economy during the period from 1980 to 2005. This study has different approach
in terms of the variables used compared to previous two studies explained above for Pakistan and Egypt.
Nameley, Başar and Temurlenk do not take the government borrowing from the banks and private sector
credit, but they investigate the government spending effect on the private investment. The SVAR methodology implemented in this paper indicates small negative relationship between the government spending and
the private investment and it provides evidence in favour of the crowding out hypothesis.
The study by Agnello et al. (2011) uses panel data analysis for 132 countries for the period from 1960 to
2008, and investigates the relationship between the discretionary government spending as regressor and
Gross Domestic Product, private consumption growth and investment growth as regressands. The authors
imply that discretionary government spending has short-run crowding in effect, but crowding out effect dominates in the long-run and overcomes the crowding in effect.
Regarding the Ricardian equivalence, the study by Ricciuti (2001) examined the theoretical and empirical literature concerning this theory. The evidence provided in this paper is not in favour of this theory. Thus, the
author concluded that this theory has been opposed by two thirds of the scholars while the remaining part
of the scholars support it mainly depending on whether the econometric models constructed take into
account debt neutrality or not.
The Macedonian case is analyzed as panel model consisted of 11 countries encompassing the period from
1991 to 2009, in the sudy by Gjini and Kukeli (2012). The authors assess the crowding out effect by investigating the relationship between the public investment and private investment. The results do not indicate
crowding out effect, but in contrast, the higher public investment crowds in private investments. However, the
authors are reserved concerning the proper specification of the econometric model and they propose
addressing this issue by other researches. Strictly, the Macedonian case is econometrically analyzed by Fiti
et al. (2017) and they indicate crowding out effect caused by the inefficient use of the borrowed funds by the
government. Namely, the study points out that government borrowing rose by higher rate compared to the
growth of the real gross domestic product in the last 10 years and the funds have been placed in non-productive investments at the expense of the private sector performances. Furthermore, according to the study,
the government inefficiency contributed to low positive (below 1) fiscal multipliers in the short run and going
into negative zone in the long run. Additionaly, having in mind the studies by Koczan (2015) and CEA (2019),
the inefficient use fo borrowed funds is also implied, but none of the papers explained in this paragraph do
not indicate the Ricardian equivalence.
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Thus, having in mind the above mentioned researches, it can be summarized that the literature develops various approaches to study the crowding out and Ricardian equivalence theories. This study will rely on the
approach implemented in the studies by Zaheer et al. (2017) and Fayed (2012) and the relationship between
banks’ claims on central government (central government borrowing) and banks’ loans will be investigated
for North Macedonia. Furthermore, this study will take into account the recommendations from Gümüş
(2003) for testing whether the Ricardian equivalence compensates for the crowding out and thus the relationship between the banks’ central government claims and the banks’ deposits will be studied for North
Macedonia as well.

3. Stylized facts on the central government borrowing, loans and deposits in the North Macedonia
Having in mind the aim of this paper, couple of observations can be made about the Macedonian banks’
exposure to the central government, loans and taken deposits. The data for the three variables are deflated
with the Consumer Price Index (CPI, 2010=100) and expressed in real numbers and annual growth is calculated for the period from 2004q1 to 2019q2.
The real (deflated) government borrowing from the Macedonian banking sector has experienced volatile
movement in the past years from 0.9% annual growth rate in 2004Q1 to annual growth of 16.1% in 2019Q2.
Furthermore, the banks’ real claims on central government (central government borrowing from the
Macedonian banks) rose by annual average rate of 15.6% for the mentioned period, implying that banks significantly contribute in the central government funding. Moreover, the annual growth of the real loans provided by the Macedonian banks to the private sector, was 14.6% on average and the annual average growth
of the real deposits was 12.9%. Merely reading this numbers, gives indication that there might be some
crowding out effect from the government borrowing because its’ average rate of growth is higher compared
to the growth rate of the real loans. However, the numbers do not quantify the size of the crowding out effect
and whether it is offset to some extent by the Ricardian equivalence.

Figure 1.
Real (deflated) banks’ central
government claims, real (deflated)
loans and real (deflated) deposits,
annual growth in %

Source: National Bank of the Republic
of North Macedonia and State Statistical
Office

The figure 1 indicates large negative movement of the banks’ real claims on the central government in 2008.
The banks faced liquidity pressures from the real sector and decreased the portfolio of Treasury securities
(among other securities) as a “reflection of the banks' necessity for timely response to the psychological
reactions of part of the depositors, primarily households, to the developments the banks from the developed
countries face with” (NBRM, 2009, pp 58). Another negative development of the real claims on the central
government is noticed in 2014 and “the decline in banks' investments in government securities in 2014 was
largely due to the changes in the primary market for government securities during the year” (NBRM, 2015
pp 21). Namely, the maturity of government securities was increased in the primary market in 2014. Finally,
2016 was the last year when the central government borrowing experienced declining rate due to the liquid-
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ity pressures from the real sector to withdraw deposits from the banks and thus the banks sold government
securities in order to respond appropriately (NBRM, 2017). Additionaly, as noted in NBRM (2017), the government securities supply decreased on the primary capital market because of the issued Eurobond in the
same year.
Concerning the real loans and real deposits, the figure 1 implies dominantly joint movement of both variables
with the highest annual growth acchived before the global financial crisis from 2008 to 2009. Afterwards, both
variables experienced moderate growth rates because of the subsequent European sovereign debt crisis
that lasted up to 2012.

4. Data
In order to assess the relationship between the banks’ real claims on the central government (central government borrowing from the Macedonian banking sector) on one side and the real loans and real deposits
on other side, the following variables, presented in the Table 1 have been used for the case of the
Macedonian banking sector. Banks’ real claims on the central government is the key independent variable
whose effect on the real loans and real deposits has to be estimated. The first relationship (with real loans)
would indicate the crowding out effect while the second one (with real deposits) would imply the Ricardian
equivalence.

Table 1: Definition of the variables and data sources

30

CEA_Journal_14-2 December-2019_CEA_Journal_V_2.qxd 17.1.2020 12:30 Page 31

CEA Journal of Economics

The variables used in this paper, encompass the supply side and the demand side on the Macedonian loan
market as indicated by the Bernanke and Blinder (1988). Namely, real GDP variable is demand side variable
as representative of the income capacity of the Macedonian economy, while all other variables are representatives of the supply side on the loan market or more concretely the capacity of the banks for lending (real
deposits) and credit risk exposure (nonperforming loans). The real CBBIR is the reference interest rate by
the National Bank of the Republic of North Macedonia for conducting the monetary policy and it could be
considered as both loan demand and loan supply factor. Namely, higher real CBBIR affects the banks’ lending interest rate and might discourage the loan demand and moreover, might increase/decrease the loan
supply based on the banks perception of risk-return.21 Also, all the series are seasonally adjusted by using
the additive Census X12 option in EViews 8.

17) Real loans are dependent variable in the econometric specifications where the real deposits along with banks’ real central government claims are used as independent variables.
18) Real loans are independent variable along with banks’ real central government claims in the econometric specifications where
the real deposits are used as dependent variable.
19) Real deposits are dependent variable in the econometric specifications where the real loans along with banks’ real central government claims are used as independent variables.
20) Real deposits are independent variable along with banks’ real central government claims in the econometric specifications where
the real loans are used as dependent variable.
21) Higher lending interest rate might encourage banks to increase the loan supply and lend more when they perceive possibility for
higher return. However, higher lending interest rate might discourage creditworthy borrowers for indebting and adverse selection
problem arises in a sense of remaining the non-creditworthy borrowers at the loan market that carry higher credit risk for the
banks. Hence, the higher lending interest rate would contribute the banks undertaking more risk and decrease of the loan supply.
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Figure 2. Graphical overview of the variables used
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The integrative features of the variables were tested by employing two tests: Augmented Dickey-Fuller test
(ADF) and Phillips-Perron test (PP). The results from the tests indicate that all the variables used are nonstationary in the level and that are integrated of order 1 - I(1) .22
2

5. Methodology and econometric specification
Johansen cointegration technique (Vector Error Correction Model-VECM)23 will be employed to assess the effect
of banks’ real claims on the central government on the real loans and the real deposits. The Johansen technique
allows variables to be taken with the same order of integration and uses lags in order to mitigate the problem
that might arise from the endogenous variables (Haris and Sollis, 2003). Additionally, this technique provides
long-run equilibrium coefficients and the error correction mechanism (ECM) which presents the speed of adjustment of short-run disequilibrium towards long-run equilibrium. Furthermore, this technique allows estimating multiple regressions by imposing restrictions and that is estimation of more than one cointegrating vectors.
The VECM technique requires specifying the number of lags or so-called order of Vector autoregression
(VAR) and testing for cointegration. The choice of the number of lags or so-called order of the VAR was arbitrarily chosen at 2 lags in order to avoid overparametarization of the model due to the limited sample size,
and additionally to include sufficient lags in order to ensure the statistical validity.
The next step is to determine the cointegration among variables. For that purpose, Trace of the Stochastic
Matrix and Maximal Eigenvalue tests were considered for the regressions (4) and (5) specified above. If the
tests were conflicting between one and more than one cointegrating vectors, then in such cases, recommendations are to examine the estimated cointegrating vectors and base the choice on the interpretability of the
22) The results are not presented in order to save space. Eviews 8 software was used.
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23) VECM was done in Eviews 8 software.
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cointegrating relations and estimated long-run coefficients (Johansen and Juselius, 1990). Therefore, the
choice was based on the test that yielded one cointegrating vector.
Therefore, the bellow given regressions (4) and (5) were constructed and estimated the long-run coefficients.24 The regression (4) indicates the crowding out effect while the regression (5) represents the
Ricardian equivalence.
Real loans t
= f (real claims on central government t, real deposits t, real NPLt, real central bank bills' interest rate t
real GDP t)
Real deposits t
= f (real claims on central governmentt, real loans t, real NPLt, real central bank bills' interest rate t
real GDPt,)
Regarding these two regressions, the key point is to consider the estimated coefficient in front of the
banks’ real claims on the central government and which one is higher. Higher estimated negative coefficient in front of the real claims on the central government in the regression (4) compared to the positive
coefficient in the regression (5), would imply dominance of the crowding out effect over the Ricardian
equivalence and vice versa.

6. Estimation results
The regressions (4) and (5) were developed in 8 subregressions by combining various independent variables with an aim to consider whether the coefficient in front of the banks’ real claims on the central government is robust. Table 2 below contains the estimated long-run coefficients in front of the independent
variables for the 8 subregressions (I-VIII) developed from the regressions (4) and (5) and ECM term, for
each subregression separately.

24) The dummy variable for the global financial crisis and subsequent European sovereign debt crisis is not contained here because
it is taken as an exogenous variable to account for the unexpected effects of the mentioned crisis.
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Table 2: Estimated long-run coefficients for the regressions (4) and (5) by employing VECM method, real
loans and real deposits are the dependent variables (normalization of real loans = -1 and real deposits = -1)

* and ** indicate statistically significant coefficient at 1% and 5% level of significance (H0: coefficient=0); *** a figure
higher than 0.01 indicates non rejection at 1% statistical level of the following null hypothesis: (1) restriction of the
coefficients, (2) no serial correlation in the residuals at the first order.
Source: Author's calculations

34

25) Two cointegrating vectors are estimated. Restrictions are imposed based upon the suggestions by Bernanke and Blinder (1988)
for loan market. The real loans variable is modeled in the first cointegrating vector as dependent variable of loan demand side
factors: Real CBBIR and real GDP as demand factors while real claims on the central government and real deposits are set to 0
because they are supply side factors. Furthermore, the real loans variable is modeled in the second cointegrating vector as
dependent variable of loan supply side factors: Real claims on the central government, real deposits and real CBBIR as supply
factors while real GDP is set to 0 because it is demand side factor. Therefore, the regression VII provide results on loan demand
(real loans (a)) and loan supply (real loans (b)) factors.
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The results presented in Table 2 for the subregressions I-VIII arising from the regressions (4) and (5), are in
accordance with the expectations regarding the real claims on the central government. The subregressions
I, III, V and VII yielded negative coefficient ranging from -0.104 to -0.251. The meaning of this coefficient is
that an increase of the real claims on the central government by 1% decreases the real loans within the interval from 0.104% to 0.251%. Thus, these subregressions indicate the estimated crowding out effect.
However, the crowding out effect would be confirmed, only if this coefficient is higher compared to the corresponding positive coefficient in the subregressions II, IV, VI and VIII where Ricardian equivalence is
implied. The estimated coefficient in front of the real claims on central government spans from 0.060 to 0.148
in the subregressions II, IV, VI and VIII. The meaning of this coefficient is that an increase of the real claims
on the central government by 1% increases the real deposits within the interval from 0.060% to 0.148%.
Hence, the Ricardian equivalence effect is not large enough to overwhelm the crowding out effect, but only
partially offsets it. Consequently, the results favour the crowding out effect as higher compared to the
Ricardian equivalence effect.
Finally, the ECM term is mostly negative suggesting correction of the disequilibrium towards equilibrium. The
diagnostic test for the serial correlation as the most important problem when having time series, does not
indicate large problems in the residuals, except in the VII and VIII subregression and therefore this results
should be taken cautosly.
The results regarding the other variables are in line with the expectations except for the positive real NPL coefficient in the subregression III. It would be expected this coefficient to be negative because the higher credit
risk imposes higher lossess for the banking sector. Additionally, this result is not logical because the NPL variable affects the deposits, as the main funding source for the loans, negatively in the subregression IV.
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7. Conclusion
This study detects and quantifies the crowding out effect of the real central government borrowing on the private sector real loans provided by the Macedonian banks. Moreover, the Ricardian equivalence effect was
also tested because the crowding out effect might be compensated by it. Therefore, the relationship between
the real central government borrowing and real deposits was studied as well.
Concerning the main variable of interest (banks’ real claims on the central government), the estimated results
indicate that the crowding out effect as dominant over the Ricardian equivalence effect. The results for the
crowding out effect are robust as can be seen from the relatively narrow range of the coefficients from -0.104
to -0.251.
It is clear that the Macedonian economic agents are rational and they permanently save money in the banks
and partially offset the crowding out effect. Having in mind that the estimated crowding out is compensated
to some extent by the Ricardian equivalence as well as its’ relatively small magnitude, the policymakers
could deduce that the crowding out effect is not serious issue for the Macedonian banking sector. Moreover,
the crowding out should be a matter of concern because as implied by Koczan (2015), Fiti et al. (2017) and
CEA (2019), the government has not been using efficiently the funds. Moreover, the banks claim significant
amount of 684 millions of Euros as of 2019q2 in nominal terms (676 millions of Euros, deflated), that could
offset the cumulative loss of the economic growth caused by the non-realized capital expenditures as implied
by CEA (2019), under condition that the banks place the money in the real sector. Therefore, the government as policy maker has to improve the efficiency of the investments that is going to make in the future,
especially when using the funds borrowed from the domestic banks. Hence, the government using the funds
more efficiently would create higher economic growth and would contribute to higher profitability of the
domestic companies that would be attractive for the banks to increase the lending.
Additionaly, concerning the relationship among the government, banks and real sector, it would be recommended the government to indebt in foreign capital markets instead of borrowing from domestic banks, and
the funds to be used for capital projects made by the domestic companies. In this manner, the Macedonian
banks would have more funds available to support the domestic companies conducting the capital government projects and also, they would face companies carrying less credit risk and increased creditworthiness
due to engagement in the capital projects. Consequently, the multiplying effects of the fiscal policy would
become more significant and the problems arising from the negative fiscal multipliers and indicated by Fiti et
al. (2017), could be overcome.
Concerning the banks only, it would be recommendable to enhance the credit risk management in order to
better analyze the domestic companies and lend them more in order to support their profitable opportunities.
Although the government is considered as first class borrower due to the secured revenues form taxes, placing large funds in one client caries concentration risk as shown by the later European sovereign debt crisis
from 2011 and 2012.
Regarding the other reserchers dealing with this topic, it would be recommended to apply different approach
than the one used in this paper in order to confirm it or deny it the both crowding out and Ricardian equivalence.
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Abstract
This research combines the Grey Systems Theory with the Fuzzy Logic in the process of selecting stocks into
the portfolio. Since many financial data often include uncertainties with incomplete data, the mentioned
approaches are quite useful for modelling such data. Based on the weekly data on 20 stocks on the Zagreb
Stock Exchange for the period 2 January - 30 April 2019, the rankings from the Grey Relational Analysis are
used to form membership functions within the Fuzzy Logic approach of making the final decision on investing.
The dynamic analysis provides insights into the simulated portfolio characteristics which are compared to
benchmark ones. The results of this study indicate that there exists potential in using the mentioned two
approaches combined to achieve investment goals.
Keywords: dynamic portfolio selection, Grey Incidence Analysis, fuzzy sets, portfolio evaluation, investment
simulation
JEL codes: C61, G11, D81

1. Introduction:
Although the portfolio selection problem is not new in the literature, new models, techniques and approaches
which try to answer specific investment questions are constantly being developed daily. This is due to some of
the shortfalls of existing approaches and methodologies, and due to ever-changing demands and preferences
of investors, market conditions, etc. The parametric approach of modelling within the portfolio management theory and practice is probably the most common approach in the literature. It includes, in the majority of cases,
time series econometrics, in which many models and methods impose assumptions that need to hold to use
such an approach on empirical data. Several attempts of categorization of different models and techniques within this area of research have been done over the past couple of decades: Granger (1989), Taylor and Allen
(1992), Ho et al. (2002), Wallis (2011). This was not an easy task to do, due to the fact that methodological
advances, as well as computational ones (hardware and software), occur almost every day.
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The area of portfolio selection includes many data, which is often incomplete, with many uncertainties. Thus,
methodologies that deal with such data are not something new today. The Grey Systems Theory (GST) was
developed just for such purposes when the decision-maker deals with many uncertainties within the process of
comparing and modelling any type of system. Initial contributions are found in Deng (1982, 1989), after which
this methodology spread out Asian literature in the majority of existing cases. Term “Grey”, as often mentioned
in the literature refers to grey data – uncertain data, on which we often have little true information, or the full
range is not available. A historical overview of GST can be found in Liu et al. (2016) for those interested. The
last couple of years have experienced a rise of interest in this theory, to apply it in many different aspects of the
economy. This is due to many uncertainties that are present in an economy, and especially in financial markets.
Some of the applications can be found in Škrinjarić and Šego (2019). On the other hand, the fuzzy set theory
(FST) has been developing since the 1960s (Zadeh 1965), as deterministic models often failed to model real
economic phenomenon. This is due to imperfect information, imprecise data and uncertainty. Thus, similar
problems as in GST are tackled within the FST. Some applications within the portfolio selection can be found
in Efranian et al. (2016) or Wang and Zhu (2002). Some of the advantages of fuzzy modelling within the portfolio selection include reduction of information loss which occurs in the traditional optimization model, linguistic
constraints can be included in modelling and the possibility of obtaining a set of solutions instead of one (Fard
and Ramezanzadeh, 2017). That is why some complementarities exist between the two approaches, the GST
and FST. It is not surprising that research which includes both approaches within financial applications is growing in the last couple of years (Huang, Jane and Chang, 2008; Huang and Jane, 2009; Ma, Luo and Jiang,
2017).
By observing the previous literature, there exists a gap due to existing research not combining the GST and
FST approach in which the stock rankings are built on. In particular, the final rankings based on the Grey
Relational Coefficients (GRC) from the GST approach in this research are then used to construct membership
functions within the FST approach. In that sense, the final decision on whether a stock will enter the portfolio
or not will be based on defuzzified values of each criterion used to compare the stocks. Moreover, the criteria
used in this research are based on the investor’s utility theory and the portfolio return distribution moments; in
particular, the first four moments due to their economic interpretation (see Athayde and Flores, 2004 or
Jurczenko and Maillet, 2005). In that way, this research focuses on using uncertain data and applying the two
approaches suitable for such data in order to obtain final crisp values which are comparable when making the
decision on portfolio construction and rebalancing over time. The first part of the empirical analysis uses data
on the first four moments of return distributions to calculate GRCs which are usually used to construct final values (Grey Relational Degree) which are usually compared and subsequently ranked. However, the second part
of the analysis within the fuzzy set theory uses the GRCs to construct membership functions which give information on the probability that a stock’s distribution moment belongs to a specific set or not. Based on the
Sugeno (1985) model of deffuzyfing the output values, final investment decisions are made and simulated for
a sample of 20 stocks on the Zagreb Stock Exchange. The procedure is repeated over a period of time to obtain
insights into the usefulness of this approach for a dynamic portfolio rebalancing.
The rest of the research is structured as follows. The second section gives an overview of related previous
research. The methodology is described in the third section, which includes description of GST and FST. The
fourth section describes the data used in the study, with investment strategies simulated and compared one to
another. The final section concludes the research.
2. Previous related research
The related literature with respect to methodologies used in this study and with respect to the area of applications is growing rapidly in the last couple of years. There are a lot of different models from the Grey Systems
Theory which are applied within many different financial concepts; which is true for the fuzzy modelling
approach as well. One group of papers utilizes models and approaches which are useful for comparison pur40 poses when making decisions on whether to invest or not into specific assets. Other group tries to forecast
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future values of return, price or other relevant time series. Geographically, many different country stock markets
have been analysed. When looking at the structure and the length of the research, many different approaches
exist. Some authors published very short studies with some basic research results. Others include comparisons
with different methodologies or simulate some behaviour of interest based on the estimation and/or calculation
results. Thus, it was found that many different approaches of modelling exist within the existing studies, making the Grey methodology very flexible to combine with others.
Grey models and approaches can be found in the following papers. Yongzhong and Hongjuan (2005) is a very
short study in which comparison is made between two Grey Model (GM) models for forecasting Shanghai
Composite Index. Based on 200 observations, authors predict the stock index value with the GM and Verhlust
GM model and compare the forecasts of one and several steps ahead by using average absolute percentage
error statistic. The results show that the GM model is better for shorter term forecasts. This is a simple and a
straightforward research, however, no portfolio strategies or other analysis were performed. Huang and Jane
(2009) combined the moving average autoregressive exogenous (ARX) model with Grey systems theory and
rough set (RS) theories in order to predict future prices on electronic stock data in the New Taiwan Economy
database. For the period from the first quarter of 2003 to the fourth quarter of 2006, authors simulated trading
based on the results of the mentioned methodologies. The ARX model was used to predict future price movements. Then, the Grey model was used to rank the stocks based on selected criteria (financial data) and the
RS theory was used to make investment decisions. This approach resulted in extraordinary returns. Hwang, Lin
and Chuang (2007) combined the DEA approach with the Grey situation decision model on the Taiwanese stock
market in the period 2001-2004. Using the data on financial ratios, the authors utilized an additive DEA model
to obtain efficiency scores based on different criteria. The scores were used within the Grey modelling part to
predict future movements of the values of financial variables of interest. A Nash nonlinear Grey Bernoulli model
was used in Doryab and Salehi (2017) to predict future prices on the Teheran Stock Exchange (period: 20052015). Authors have used several models of stock price prediction and compared the errors of prediction. The
mentioned model produced the lowest errors which authors interpreted as being superior to other observed
approaches. Škrinjarić and Šego (2019a) have utilized the Grey Incidence Analysis on a sample of 55 stocks
on the Zagreb Stock Exchange. Since the authors observed both the stock market and financial ratios data, the
analysis was made based on the fiscal year 2017. Thus, such analysis can be useful on a quarterly basis, since
the financial statements are available on those frequencies. Authors have shown how to utilize the results in
selecting the stocks based on investor’s goals with respect to many different criteria. The same authors
(Škrinjarić and Šego, 2019b) have utilized GM (1,1) and (2,1) models in order to compare their forecasting abilities to the usual econometric models (such as ARMA – autoregressive moving average) of stock price/return
modelling. Since GM models are useful for short time spans analysis, authors observed the period 2 January
– 12 June 2019. Out of sample forecasts and portfolio trading simulations have shown that the GM (1,1) model
was the best performing in terms of investor’s utility.
Another group of research focuses mostly on the fuzzy logic within the portfolio selection. Shipley (2009) suggested a proactive fuzzy set-based model in which decisions are based on finding the strength of each rule
within the Fuzz Controller, updating the set rules and recommending new actions as the system is continuously looping. Rubell and Jessy (2015) developed an expert system for daily stock price prediction so that trading
strategies could be simulated for the sample of 25 NASDAQ stocks in the period 2011-2015. Results of this
research were promising, as the simulated obtained profits were better compared to other existing approaches
which were compared to the one used in this study. Nakano, Takahashi and Takahashi (2017) were motivated
by the previous success of fuzzy logic (FL) applications within the technical and fundamental analysis. Authors
have combined state space models with FL on a sample of 8 stock market indices (Japanese, American,
emerging markets FTSE index, etc.), by using monthly data for the period April 2003 to March 2016. Razi
(2014) combined the Grey Relational Analysis (GRA) with Fuzzy Inference System (FIS) in order to select an
optimal portfolio of investments regarding environmental investment. Several steps were conducted within this
paper: firstly, the GRA was used to rank the potential projects based on different important criteria; secondly,
FIS was used to predict the risk of the portfolio based on the observed projects. Thirdly, since the projects were
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dependent on the environmental factors, these factors were included in the multiple criteria selection process,
and finally, based on the optimal Pareto solution, the best solution was chosen via optimization. Other possible
combinations of complementary methodologies can be found in Lajevardi and Razi (2014). The possibilities of
combining the methodologies are constantly growing. That is why the literature is rapidly expanding. However,
the mentioned approaches do not take into account the Grey methodology results as fuzzy numbers as they
will be observed in this research. Thus, we proceed to the calculations in order to obtain insights into the optimal portfolio structure based on the return distribution characteristics.
3. Methodology description
3.1. Grey Relational Analysis
The Grey Relational Analysis (GRA henceforward) is a methodology used within the area of grey numbers and
systems where uncertainty is present when the decision has to be made. The basic idea of GRA is as follows
(Liu and Lin 2006, 2010; Kuo et al. 2008). Decision-maker has to compare I alternatives by comparing their J
behavioural sequences, i ∈ {1, 2, ..., I}, j ∈ {1, 2, ..., J}. I alternatives in this study refer to stocks which investor
compares, and the J denotes the number of criteria the investor makes comparisons. The data can be summarized in a matrix in the following form:
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Table 1. Descriptive statistics for weekly return series
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