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Abstract
Actual economic crisis initiated numerous debates on fiscal policy of the European Union (EU) and unrealistic con-
vergence demands placed upon the Member States, where the emphasis is on fiscal criteria: The budget deficit should not
exceed 3% of Gross Domestic Product (GDP) and the public debt must be less than 60% of GDP. The aim of this article is
to analyze the impact of the crisis on fiscal variables in selected European countries and to examine the efficacy of
conducted reforms through comparing forecasted values, obtained by the least absolute deviation method, with actual
values. Analyzed countries are Portugal, Ireland, Greece, Spain, and the Republic of Croatia, the EU countries that were
the most exposed to the impact of the crisis and have problems with economic instability. Values were forecasted on the
quarter basis for the period 2015 and 2016 using data from 2000 until 2014, and the results show that the proposed
method is useful in predicting under unchanged conditions. This leads to the conclusion that analyzed countries did not
carry out all the necessary reforms.
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Introduction

Members of the European Monetary Union (EMU), as well as

accessing countries, are required to meet Maastricht (conver-

gence) criteria. There are four convergence criteria1 which

need to be satisfied if a country wants to become participating

country. They are related to general government budget def-

icit, state debt, exchange rate, and long-term interest rate.

Budgetary discipline is examined on the basis of the budget

deficit and state debt criteria. General government budget

deficit criteria state that the share of the annual general gov-

ernment budget deficit in the GDP must not exceed 3% at the

end of the preceding fiscal year. Also, this limit must not be

violated in one of the next 2 years. The other fiscal criterion is

related to government debt-to-GDP ratio. According to this

criterion, gross debt of general government in GDP at market

prices must not be higher than 60% at the end of the previous

fiscal year. If this is not the case, the share must show a

significant reduction trend and must approach the reference

values with satisfactory dynamics. In order to ensure that

fiscal discipline would be maintained and enforced in the

EMU, the Stability and Growth Pact was signed among

28 European Union (EU) countries.

In the article, we focus on five EU countries on which

the crisis had the prevalent economic, political, and social

impact. They are Portugal, Ireland, Greece, Spain, and the

Republic of Croatia. These countries together, except

Croatia, were mainly analyzed through the effects of the

crisis.2–4 Different authors see the origins of the crisis in

1Faculty of Economics and Business, University of Zagreb, Zagreb, Croatia
2Faculty of Electrical Engineering and Computing, University of Zagreb,

Zagreb, Croatia

Corresponding author:
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diverse factors. Some consider that the problem was mainly

in banking sector5 and others incorporate fragility of mon-

etary union into their analysis.6 Also, reforms that these

countries were conducting were under the surveillance of

many authors7,8 and organizations like IMF, ECB, and

European Commission. During the global economic crisis,

the question of applicability and fulfillment of EU fiscal

rules, especially in the Eurozone, arose. Despite the aspira-

tions of the Lisbon Strategy, whose aim was to make the

EU the most competitive economy in the world, in a time of

global crisis that all countries added new pressure on public

finances, it became clear that rules adopted from conver-

gence of Maastricht Treaty and the Stability Pact and

growth are unsustainable for EU countries. With the glo-

bal economic crisis, there has been shown a failure to

comply with fiscal rules, which additionally emphasized

all the disadvantages of the fiscal system of the EU, initi-

ating many discussions about the future of the Union’s

future. Before the crisis, the largest number of EU coun-

tries had a relatively stable fiscal position in which many

of them had high tax revenues, which allowed them the

growth of public expenditures without compromising fis-

cal discipline. The crisis has stopped the trend of govern-

ment revenue growth. This happened at the same time

when measures for economy stimulation were brought

into force. All of this led to a worsening in the budget

balance and the crisis has shown all the disadvantages

of such fiscal policy of the EU.

The aim of this article is to examine how the financial

crisis influenced main fiscal variables (public debt, budget

deficit, government revenue, and government expenditure)

and what was the effect of reforms requested by IMF, ECB,

and European Commission in order to meet Maastricht

criteria. The empirical part of the article consists of fore-

casting fiscal variables for the period 2015 and 2016 using

least absolute deviation (LAD) method and comparing

them with actual values in these periods. Forecasting will

be made using solely past values, without including the

influence of external dynamics. Doing so, we can predict

how fiscal variables will variate if the situation stays

unchanged and no reforms are conducted. On the other

hand, if the reforms were properly managed and the imple-

mentation goes smoothly, the prediction will be inaccurate.

Forecasting became an interesting and important tool

after the Maastricht Treaty and the Stability and Growth

Pact were put into the force. Nowadays, it has a significant

role in the fulfillment of the European budgetary disci-

pline.9 There are many papers examining forecasting meth-

ods and their accuracy10,11 since planning in the economy

is of great importance for future development. Numerous

articles use different econometric and mathematic models

for forecasting economic variables. For example, Botric

and Vizek used econometric models to forecast seven rev-

enue sources,12 Dumicic et al. evaluated forecasting model

for unemployment rates,13 Pejić-Bach and Gogala14 fore-

casted tourism demand, and Favero and Marcellino used five

different types of forecasts for growth and fiscal variables.15

LAD method was developed as an alternative to the least

squares method. LAD is commonly used for the estimation

of the parameters of the model16,17 and its advantage is that it

is not sensitive to outliers and produces robust estimates.18

Due to this characteristic, this method has numerous appli-

cations in empirical researches,19–22 where it was recognized

as is very suitable and efficient method for estimating the

parameters and regression analysis.23

Different forecasting methods have been used to predict

some of the fiscal variables, but to the best of our knowl-

edge, there are no papers which use LAD method in pre-

dicting fiscal variables on the sample of these four

countries. LAD method will be used as a purely mathemat-

ical method. The method is robust to sudden changes and

outliers in data. Using the method, fiscal variables for next

eight quarters will be estimated.

This article consists of four parts. After the introduction,

the second section gives a review of the impact of the crisis

and conducted reforms in Portugal, Ireland, Greece, Spain,

and the Republic of Croatia. The third part is divided into

three sections. The first subsection gives the description of

used variables, the second explicates LAD method in the

analysis of fiscal variables, and the third clarifies four accu-

racy measures. The fourth part gives the results of forecast-

ing fiscal variables using the LAD method for selected

European countries and comparison of outcomes from the

naı̈ve model and LAD method. The fifth part of the article

brings the conclusion.

Background

In the period of the global economic crisis, the issue of

enforceability and fulfillment of fiscal rules of the EU,

especially within the Eurozone, was imposed. Despite

the Lisbon Strategy’s aspirations for the EU to become

the most competitive economy in the world, in times of

global crisis that added new pressures on public

finances to all countries, it became clear that the con-

vergence rules adopted by the Maastricht Treaty and

the Stability and Growth Pact are unsustainable for

EU countries.

With the emergence of the global economic crisis, there

has been a failure to comply with fiscal rules, which has

further highlighted all the shortcomings of the EU fiscal

system, triggering many discussions about the future fate

and future of the Union. Prior to the crisis, most of the EU

countries were characterized by a relatively stable fiscal

position, where many of them had high tax revenues,

enabling growth of budget expenditures without endanger-

ing fiscal discipline. The crisis has stopped the trend of

government revenue growth, which, simultaneously with

measures to stimulate the economy, has led to deteriorating

budget balance sheet.24 The crisis has shown all the short-

comings of this fiscal policy of the EU, and it was time for

new budgetary reforms of the Union and the Member states.

2 International Journal of Engineering Business Management



Given that the EU is founded with the aim of reducing the

differences between the Member states and achieving a level

of growth and prosperity for all the inhabitants of the Eur-

opean continent, and because of the constant expansion of

the Union, budget reforms are constantly needed. There have

been some major reforms at the EU level, such as the first

and second Delor’s package and all the multiannual financial

frameworks, but all EU countries did not manage to carry

out all the necessary reforms in order to maintain economic

stability. This article focuses on the reforms of the countries

that were highly indebted, with a high budget deficit, public

debt, and unemployment rates, and they were the first to

experience the impact of the crisis. They are Portugal, Ire-

land, Greece, Spain, and the Republic of Croatia.

Impact of the crisis to the selected European
countries

Portugal, the poorest country in Western Europe, has signif-

icantly lagged behind the other Eurozone countries in the

growth rates of the last decade. As a result of the uncompe-

titive and rigid labor market, Portugal has experienced

strong effects of the economic crisis on its economy. The

crisis in the economy in Portugal had the strongest impact on

the budget deficit, which was on the permitted level of 2.8%
of GDP in 2007, and in 2009 it grew to 10.2%. This trend,

like in all other countries, had the same epilogue: Because of

reduced economic activity, there was an increase in govern-

ment spending, and finally, the public debt has grown to

unacceptable level toward convergence requirements.

Ireland, “Celtic Tiger”, was one of the promptest devel-

oping economies in the world in the 90s, but skipping a few

steps of the transition led Ireland to the position of one of

the most indebted countries which was most impacted by

the global economic crisis. Ireland based the most prosper-

ous period of its development on attracting foreign invest-

ments, mainly American multinational companies, which

found Ireland attractive due to the low rate of corporate tax

of only 12.5%. In that period, American multinational com-

panies invested in Ireland 25% of all their investments to

the EU, which in absolute terms amounted to slightly more

than 165 billion dollars. Most of the foreign investments

were greenfield investments, which include the construc-

tion of new facilities and subsidiaries, what led to the

expansion of the construction industry as a backbone of

economic growth in Ireland. Investments in the construc-

tion industry caused a fourfold increase in the real estate

prices, which resulted in a phenomenon known as “real

estate bubble.” Real estate bubble has maintained a high

growth rate of the debt of citizens, which in a short period

of 5 years grew 200% and amounted to 157 billion euros in

2008, mainly due to the large increase in mortgage loans.

Irish credit institutions increased lending from 1997 to

2008 to 466%, but the problem was that most of the lending

was aimed at financing the construction and financial

industries, instead of financing productive branches of the

economy, such as health, transport, education, and commu-

nications, which remained low. This way of lending was

enabled because of the liberalization of lending practices

throughout the EU with lower variable interest rates of the

ECB and weak cross-border regulation of the financial sec-

tor. Considering the dependency of the Irish economy

toward the United States, the appearance of the crisis in

the United States automatically affected Ireland. Reduction

in the access to credit led the credit institutions to a difficult

position, and the population has started a bank run—or

withdrawing their deposits. In order to prevent uncon-

trolled withdrawal of deposits, the Irish government gave

the state guarantee to all investors and bond owners.

Given that the Irish government issued bonds to all those

vulnerable institutions, it means that the Irish people

became the guarantor for the loans to illiquid and possibly

insolvent financial institutions.25 The crisis in Ireland cul-

minated in 2010 when it recorded the highest rate of the

budget deficit in the EU of 30.6%, although by 2008 Ire-

land recorded budget surplus.

Greece was the first country, member of the EU, in which

consequences of the global economic crisis culminated. The

reason for that can be found in the fact that Greece had not

fulfilled the basic requirements for entrance into the Union

and therefore no convergence criteria, but it was admitted

because of political and geographical reasons. Irresponsible

conduction of fiscal policy in Greece and hiding the real

situation in the global financial crisis began to provoke

strong pressure on the euro, and there were thoughts about

the expulsion of Greece from the Eurozone. The deficit and

public debt in Greece in the last few years have a distinct

tendency to increase, and nowadays very seriously exceed

the limit of the convergence criteria which culminated in

2013 when the public debt stood at 175% of GDP, while the

budget deficit began to fall, but it still was at 12.7% of GDP.

In addition to the problems of high budget deficits and

public debt, Greece from the very beginning of the crisis

has high unemployment, which according to forecasts in

2013 has grown to alarming 27.5%.26 It is obvious that the

world economic crisis strongly affected the already vul-

nerable Greek economy, which led to a reduction in its

economic activity, increased unemployment, reduction of

inflation, reduction in GDP, and a negative impact on the

current balance of the country.

Spain was also faced with large budget deficits, high

levels of public debt, and a high unemployment rate of

18% in 2009, which was the highest unemployment rate

in Europe at that time. At the very beginning of the crisis,

the Spanish financial institutions were heavily affected, so

in May 2010, when the Spanish central bank took over-

indebted CajaSur bank, it represented an additional burden

on the public finances of Spain. In 2009, the budget deficit

reached its maximum of 11.2%, until 2013, it was reduced

to not so insignificant 7.1% of GDP.24 The fact is that in

2008 the same figure was 4.5% of GDP, showing what

negative effects the crisis has had on the Spanish budgetary
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policy. The sharp rise in the deficit was accompanied by

higher government spending, which could not be financed

by its own sources, which led to external borrowing, or a

rise in a public debt.27

Croatian economy was also influenced by the global

economic crisis and the consequences were long-term.

Unemployment rose, the fall of GDP in 2009 was 7.4%,

public debt started to grow rapidly, and it rose from 39.6%
of GDP in 2008 to 86.6% by the end of 2014. But, the crisis

in the Republic of Croatia did not occur solely because of

the global financial crisis. Namely, the domestic economy

was in great trouble before the financial crisis. The great

economic growth that the Republic of Croatia had before

the crisis, which took place in 2008, has been halted sud-

denly. The decline was also felt by industrial production

that lost the most, and a major drop was in the consumption

of citizens. Domestic demand was one of the main drivers

of the national economy. In the period from 2001 to 2008, it

rose at a rate of more than 6% points, which was faster than

GDP growth. As a result of the fall in real net incomes and a

fall in the number of employees, during 2009 and 2010, real

household spending fell by almost 10%.

The global financial crisis caused huge economic, polit-

ical, and social problems in the analyzed countries. Every

country tried to manage these problems according to their

economic and political heritage, but, as member states, they

had obligations toward the EU. In order to help the coun-

tries which were struggling to survive when the crisis

started to take a roll, EU established an aid program con-

ducted by the three integrations: the European Central

Bank (ECB), the International Monetary Fund (IMF), and

the European Commission. These three institutions are in

charge of lending and monitoring countries that have seri-

ous economic obstacles.

Reforms in the selected European countries

Portugal, as well as other countries which have been

strongly influenced by the economic crisis, had to imple-

ment reforms required by the EU to be eligible for addi-

tional financial assistance. The main requirement is to meet

the convergence criteria. The previously mentioned prob-

lems of Portugal, such as slow growth and stagnation, have

been accompanied by a high unemployment rate of 16.4%
in 2013.28 By orders of three integrations, Portugal had to

implement certain reforms in order to continue to receive

aid packages. Some of the implemented reforms were pub-

lic sector wage reduction, reduction of public spending,

social benefit allocation reduction, implementation of pen-

sion system reforms, an increase of value added tax (VAT)

rate from 21% to 23%, abolishment of certain tax reliefs,

and the introduction of new taxes on some of the financial

transactions. A new program is developed to encourage

entrepreneurship and increase competitiveness, and the

corporate tax rate was reduced from 25% to 23%. The

reform of the labor market started in 2010, and its main

part consisted of a workers’ retraining program and also

included salary reforms with greater participation of users

in the special system of public health insurance for the

purpose of self-financing of these systems. According to

the recent reports, good savings measures and budgetary

reforms were carried out in Portugal, as well as privatiza-

tion of the banks and larger companies in the service sector

and liberalization of the whole system.29

Ireland was faced with an increase in public debt and

unemployment during the period between 2008 and 2010,

so the Irish government has requested assistance from the

IMF and the EU, and took the assistance program. To

obtain a loan, Ireland has had to meet certain requirements,

for which it was necessary to make a lot of reforms. Upon

entering the program of assistance in 2010, Ireland has

received several key guidelines that had to be fulfilled in

the 4-year period. The government has received a commit-

ment to achieve fiscal consolidation of €15 billion and by

the end of 2014, a budget deficit of 3%, which is in line

with the convergence rules, was achieved. One of the con-

ditions was the stabilization and control of the banking

sector.30 At the end of 2013, Ireland has left the assistance

program because they had clearly set goals for further

development: to achieve sustainability of the public sys-

tem, reform the financial sector, and realize growth poten-

tials; 290 different actions and reforms were carried out.

There were reforms for sustainability and reduction of pub-

lic debt and measures to foster competitiveness, stimulating

small and medium-sized enterprises where the Government

stimulates entrepreneurs financially. Also, a program

aimed to reduce unemployment with retraining employees

and reducing youth unemployment was adopted. There

was a significant reform of the health system and mea-

sures that encourage competition, prevent corruption and

irregularities, and protect customers. The programs were

so far proven to be effective and it is evident that the Irish

economy is recovering.31

Greece was the biggest problem in the EU and the whole

EU was included in rescuing Greece. By 2014, it received

over 200 billion euros, for which it was obliged to conduct

a series of reforms of its budgetary system. The main objec-

tions of three integrations, the ECB, the IMF, and the Eur-

opean Commission, are too high public spending,

increasing the budget deficit and public debt, and also the

inability for paying loans. All of that causes the greatest

fear for the macroeconomic and overall stability of Greece

and therefore the EU as monetary and economic integra-

tion. In 2013, Greece had to pay the first installment of the

loan, so in 2009 has begun with rigorous reforms, which

have sparked protests and riots across the country. In late

March 2014, the Greek parliament passed a new law which

includes over 100 reform measures to increase savings in

public spending and reduce the number of employees in the

public sector by about 20%, which is approximately by

150,000 people less with regard to 2010. Salaries in the

public sector have been reduced by one-third, and new
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measures are introduced to encourage the development of

small and medium entrepreneurship as a backbone of devel-

opment and to increase competitiveness in the domestic and

foreign markets. There are some triggered incentives for

young entrepreneurs and also for sectors and some indus-

tries. The power of the unions and negotiating collective

agreements enhanced, which led to the increase of the flex-

ibility of labor. The new reforn increased minimum wage,

but the Government has to increase taxes in order for a state

to be able to repay received loans and to be qualified for

another additional aid.32 In December 2014, the IMF froze

the disbursement of aid to Greece in the amount of 35 billion

euros, due to early parliamentary elections in which the

government could take over a radical leftist party, thus

accepted fiscal reforms were brought into a question.

Spain was compelled to undertake emergency reforms

according to the instructions of the three integrations. They

include reducing budget spending that comprises wage cuts

and jobs in the public sector, reducing allocations of the

pension system and the suspension of public investment.

Such saving reforms in the budget triggered massive riots

all over Spain because of the Spanish government, at the

request of integration, even changed some points of the

Constitution. Spain has first started with fiscal consolidation,

implementation of structural reforms in order to achieve

greater competitiveness of the economy and achieve finan-

cial stability.33 Consumption in public administration and

health services are reduced, and the pension system was

reformed in order to become sustainable. The conduction

of reform of the tax system was aiming at strengthening the

effectiveness. According to these tax reforms, the income tax

rate increased from 18% to 21%, and the main goal was

to repress corruption and the “grey economy” in order to

increase the number of taxpayers. Reform measures to

reduce unemployment have also proven to be successful

because in 2014, the number of unemployed was reduced

and 151,000 new working places have been opened. This

program introduced a system of retraining employees lead-

ing to the strengthening of the worker’s union. Apart from

these reforms, government started implementation and legal

reforms of transport, energy, and educational system and

also have passed a package of measures to stimulate further

development.34 Further improvement and implementation of

the measures are planned to be done, and it is expected that

the measures, with effective implementation, can contribute

to the lasting reduction of Spanish debt and deficit.

The Republic of Croatia had spent 8 years in negotia-

tions for the EU membership, so it is logical to conclude

that during that period, a large number of reforms were

requested by three integrations and made by the Croatian

government. Reforms of the national budget are present in

the Republic of Croatia every year because since 1991,

there have been more revisions than years. Over the past

several years for the Republic of Croatia is the typical

constant growth of public debt, unemployment, and con-

tinuously present budget deficit, which clearly indicates

that the Republic of Croatia doesn’t fulfill the conditions

of convergence criteria. The EU through preaccession, the

accession negotiations for membership in the EU, and even

nowadays, in front of the Croatian government has placed a

number of conditions and reforms which should be imple-

mented. Apart from the convergence criteria, which are cer-

tainly a key requirement, the Croatian government should,

by following three integrations, strive to maintain macroe-

conomic stability, accelerate structural reforms, and better

use of EU funds. One of the key problems is enormous

public administration and the full negligence of private sec-

tor. In such context, structural reforms are necessary, espe-

cially the release of the employees in the public sector. The

Republic of Croatia has the third highest unemployment rate

in the EU; in order to change that, it is necessary to stimulate

economic growth, which requires investments which are

currently on a really low level, primarily because of compli-

cated and unnecessary bureaucratic actions. A major prob-

lem is a social system and unsustainable pension insurance

system, which are a huge burden on the budget. Many

reforms are made, but the European Commission and the

World Bank require further improvements and reforms in

order to achieve the required objectives and achieve eco-

nomic growth in the Republic of Croatia, and therefore pros-

perity for all other countries, member states of the EU.

None of the analyzed countries had done their best in

budget management since they all have high budget deficits

and public debt. These countries are the countries that were

the most affected by the crisis. Although they created high

budget deficits and public debt, and unemployment rates

are also high, it can be stated that they carried out some

adequate reforms from the time they entered in aid program

of financial and advisory help from European integration.

All observed countries performed significant structural

reforms and made an upturn in fiscal policy management.

Accomplished reforms have consequences in short run but

the question is will that be enough to make changes in the

long run. The decrease of the budget deficit was achieved

by an increase in public debt, and the main reasons are

loans from three integrations. Such measures lead to rela-

tively miserable living conditions for population, but if the

reforms are well conducted, these conditions should affect

only the short run. Hence, conducted reforms should bring

prosperous future once economies restart.

Methodology

Data

In the article, five countries of members of the EU were

observed: Portugal, Ireland, Greece, Spain, and the Republic

of Croatia. All of the selected countries had problems in

complying with the convergence criteria, and in order to

avoid spillover effect on other countries, three EU countries

were provided then with extensive loans through various aid

schemes. In order for a country to have the right to aid
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packages, it had to implement many of the aforementioned

reforms in order to achieve the required standards posed in

front of them. Although numerous reforms were carried out

and various measures were introduced, further reform and

restructuring of the systems are necessary, especially in the

public sector, since this is not an easy task, and it takes time

for visible results to emerge in the long run.

Data on general government revenues, expenditures, bud-

get deficit, and public debt for each of the observed countries

in the period between 2000 and 2014 were used in order to

analyze the efficacy of the reforms. Variables and their mea-

surements are described in Table 1. Data for all countries

included in the analysis were taken from the Eurostat.

LAD method in the analysis of fiscal variables

Fiscal variables (government revenues and expenditures,

public debt as percentage of GDP, and government deficit

as percentage of GDP) can be forecasted by observing their

values in the past

yðnÞ ¼ ayðn� 1Þ þ byðn� 3Þ þ cyðn� 4Þ ð1Þ

where yðnÞ is the value of the observed fiscal variable in

quarter n. yðn� 1Þ is the value of the observed fiscal variable

in last quarter ð n� 1Þ, yðn� 3Þ is the value of the fiscal

variable in three quarters ago, and yðn� 4Þ four quarters ago.

Last quarter ðn� 1Þ is used because values yðn� 1Þ are ini-

tial for fiscal values in quarter n. Quarter n� 4 was exactly 1

year ago before observed n. Assuming the same quarter in

consecutive years has similar behaviors in the meaning of the

revenues and expenditures, use of quarter n� 4 is justified.

Quarter n� 3 was right after n� 4, and consequences of the

quarter n� 4 are directly visible in quarter n� 3. Using that

assumption, consequences of the quarter n� 1 will be

directly visible in observed quarter n. Quarter n� 2 is not

considered since its impact on the result is not significant.

To calculate unknown parameters a, b, and c, several

shifts of research data must be observed. Equation (1) is

transformed into matrix equation

Y ¼ X � A ð2Þ

where matrices are Y ¼

yðnÞ
yðn� 1Þ

..

.

yð5Þ

2
6664

3
7775; X ¼

yðn� 1Þ yðn� 3Þ yðn� 4Þ
yðn� 2Þ yðn� 4Þ yðn� 5Þ

..

. ..
. ..

.

yð4Þ yð2Þ yð1Þ

2
6664

3
7775; A ¼

a

b

c

2
4
3
5, and yð1Þ

is the oldest known value of the observed fiscal variable,

for example, value for the first quarter. The last row of X

represents the first observed year and its quarters’ values

y(1), y(2), and y(4). Each row of the Y is calculated using

associated row of the X. The oldest value that can be pre-

dicted is the first quarter of the second year y(5) and its

given by y(1), y(2), and y(4). The parameters can be found

using some estimation error minimization technique. In this

article, the method based on the minimum L1 norm or

minimum LAD method is used.

If estimated parameter is Â, estimation error is

� ¼ Y� XÂ

L2 norm or least square deviation (LSD) method-based

cost function is

FðAÞ ¼ jj�jj2 ¼ �T �

FðAÞ ¼ ðY� XÂÞT ðY� XÂÞ ¼
Xn�5

i¼0

ð yðn� iÞ � Xðiþ 1Þ � ÂÞ2

where Xðiþ 1Þ is the (iþ1)th row of matrix X. The solution

for minimum of Â is35

Â ¼ ðXT XÞ�1
XT Y ð3Þ

Table 1. Observed variables.

Variable Description Measurement

General
government
revenues

Received income from taxes,
social contributions, sales,
capital transfer revenue,
and other revenue. It is
used for financing public
goods and for
accomplishing government
redistribution role.

Million euros
(2000–2014)

General
government
expenditures

Used as a measure of the
government sector size. By
analyzing government
expenditures, one can bring
conclusions about
government policy.

Million euros
(2000–2014)

Budget deficit A flow variable that shows the
difference between public
revenue and public
expenditures. When tax
revenues are not sufficient
to cover government
expenditure, the state has
to borrow money, increase
taxes, or cut government
spending.

Percentage of
GDP (2000–
2014)

Public debt Shows the state of debt
(claims to the state) at a
given time point, that is, it
shows the cumulative of
past budget deficits. It
incorporates external
obligations of the
government and public
sector agencies.

Percentage of
GDP (2000–
2014)

Source: Authors’ work according to Eurostat and Organization for Eco-
nomic Cooperation and Development (OECD).
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Although the parameters are given straightforward

using LSD and equation (3), in this article, LAD method

is used. The LAD method is robust to sudden changes in

the values of the fiscal data and to outliers that could

appear in the fiscal data.35,36 The LAD approach is con-

vex, but an explicit solution does not exist, only iterative

and numerical algorithms. The LAD method-based cost

function is35

FðAÞ ¼ jY� XÂj ¼
Xn�5

i¼0

jyðn� iÞ � Xðiþ 1Þ � Âj: ð4Þ

First LAD solution is given by Bošković in 1757.37

Nowadays, solutions based on iteratively reweighted least

squares,38,39 linear programming (LP),40,41 and steepest

descent42 approaches are used.

Iteratively reweighted least squares method uses the

solution given by weighted least squares method and fur-

ther algorithm35,36 as follows:

1. Take some initial Â0, k ¼ 1;

2. Calculate the elements of weight matrix W, where

matrix W is diagonal with elements

Wii ¼ 1

jyðn�iÞ�Xðiþ1Þ�Âj;

3. Find estimated parameters Âk ¼ ðXT WXÞ�1
XT WY;

and

4. If Âk 6¼ Âk�1, take k ¼ k þ 1 and repeat steps 2–4;

else stop with Â ¼ Âk (up to desired precision).

The method slowly converges to the global minimum.

The second way for finding parameters by L1 norm is

based on LP. The cost function can be stated as

min
X

i

ti

s :t : � ti � ðn� iÞ � Xðiþ 1Þ � Â � ti

where ti are nonnegative slack variables.39 Modern

approaches to solving LP problems are based on an interior

point method.43 The method gives a global minimum as a

solution, but it could be memory demanding.

Widespread steepest descent method is introduced by

Singleton.44 The method is based on finding the steepest

descent slope at some initial point and descent along the

slope.42,45 The method is fast, but unfortunately it does not

necessarily converge to the global minimum. Which

method will be used depends on a number of unknown

parameters and number of last fiscal values. All methods

should converge to the same results.

Once the parameter A is determined, values for the next

quarter of each fiscal variable are estimated using values

for last four quarters and equation (1). Results are given in

the next section and compared to the results of the naı̈ve

model. The performance of the naı̈ve model should be the

baseline for determining how good the LAD method as a

forecasting model is.

Evaluating forecast accuracy

In order to evaluate the proposed method in predicting

future values of fiscal variables, forecasting results of the

naı̈ve model and the LAD method (denoted by ŷðnÞ) will be

compared with the actual values (denoted by y(n)) for the

period 2015 and 2016 observing overall forecasting error

values. The analysis was made using four accuracy mea-

sures: mean absolute percentage error (MAPE), mean abso-

lute deviation (MAD), mean squared error (MSE), and root

MSE (RMSE)

MAPE ¼ 1

T

XT

n¼1

yðnÞ � ŷðnÞ
yðnÞ

����
���� � 100; yðnÞ 6¼ 0 ð5Þ

MAD ¼ 1

T

XT

n¼1

jyðnÞ � ŷðnÞj ð6Þ

MSE ¼ 1

T

XT

n¼1

ð yðnÞ � ŷðnÞÞ2 ð7Þ

RMSE ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

T

XT

n¼1

ð yðnÞ � ŷðnÞÞ2
vuut ð8Þ

where n denotes observed quarter in time and T is the

number of observed quarters, for example, the number of

pairs of actual values and forecasts.12 Each accuracy mea-

sure has benefits and weaknesses, and forecast is more

accurate if the values of accuracy measures are smaller.

Results and discussion

Parameter estimation for fiscal variables using
the LAD method for selected European countries
(2000–2014)

The method of LAD minimization, specifically application

of minimum LAD criterion, was applied to quarterly data

for the period 2000 and 2014 for each country separately

according to their availability. For parameter estimation

and forecasting, software MATLAB was used. Estimated

parameters for the observed variables by country are given

in Table 2.

Estimated parameters are calculated for each fiscal vari-

able (public debt, deficit, government revenue, and govern-

ment expenditure) separately. Parameter a is connected to

the value of the observed fiscal variable in last quarter, b to

the value of the fiscal variable three quarters ago, and c

to the value four quarters ago, as is given in equation (1).

Forecasting fiscal variables using the LAD method for
selected European countries (2014–2016)

In this subchapter, obtained results for forecasted move-

ments of the analyzed fiscal variables, government reven-

ues and expenditures, public debt as percentage of GDP,

and government deficit as percentage of GDP will be given

and explained.
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As stated in the previous sections, Portugal has signifi-

cantly lagged behind the other Eurozone countries in the

growth rates since it experienced strong effects of the eco-

nomic crisis. Its public debt was around 60% of GDP in the

period 2000 and 2007. After that, it started to grow rapidly,

and in 2014, it reached the level of 129% of GDP. This was

due to reduced economic activity, increase in government

spending, high deposits, and euro depreciation. According

to the calculations using LAD method, it can be seen in

Figure 1A that this growth of public debt in GDP will

continue in the next eight quarters. When comparing actual

and forecasted data in Table 1A, it can be seen that this

prediction was correct and the forecast error was the lowest

in the last predicted quarter. The strongest impact of the

crisis in Portugal was on the budget deficit, which was

around �3% of GDP in the period 2000 and 2007 when

it was�2.8% of GDP. In only 2 years, it grew to�10.2% of

GDP. Portugal managed to decrease its deficit with pension

fund revenues and in 2014, it was at the level of �4.9% of

GDP. It was predicted that it will move around �3.5% in

the predicted period. In Table 1, we can see that Portugal

managed to put government deficit under control and even

reach surplus in the last observed quarter which could

hardly be predicted on the basis of the previous data. Gov-

ernment revenues and expenditures didn’t have severe

oscillations. In 2009, Portugal had the lowest level of rev-

enues, but since then until 2014, there has been a minor

increase. General government expenditures were increas-

ing until 2010 after which Portugal started to decrease

their expenditures. Depending on the quality of conducted

reforms and government’s ability to fight against tax fraud

and evasion, revenues may increase significantly but

according to the past data, they will move around the same

level. Actual data show that government revenues and

expenditures grew more than forecasted values, which is

consistent with the theory about the size and growth of

the state.

Among analyzed economies, Ireland had the biggest

increase of public debt in the observed period and it grew

more than five times. In 2005, it was around 25% and until

2013 it grew to 123%. Due to the fact that it grew so

quickly and that it was mainly affected by assistance pro-

gram from the IMF and the EU, it was predicted that it will

decrease in the observed period (Figure 1B). This predic-

tion was correct, and at the end of the observed period, the

forecast error was the lowest (Table 1B). Ireland is also

specific because of the fact that it recorded the highest rate

of the budget deficit in the EU of 30.6%, although by 2008

Ireland recorded budget surplus. Since it managed to

achieve sustainability of the public system, reform the

financial sector, and realize growth potentials, it is pre-

dicted that budget deficit will remain under the conver-

gence level. Not only that it persisted under that level,

Ireland in fact reached surplus. The highest level of gov-

ernment revenues was in 2006 when they started to fall

until 2009 when they recorded mild increase which was

also predicted for the next eight periods. The actual

increase was even higher than predicted. Government

expenditures were increasing until 2010 and after that Ire-

land managed to significantly decrease its expenditures. It

was expected that they will stay at the same level or slightly

decrease in the future, but the reality was that they grew and

were following revenues.

Since Greece is the country which accessed to the EU on

the basis of political and geographical reasons and didn’t

fulfill the convergence criteria, it is still the country with

the severe economic situation. In 2013, it had the largest

public debt at the level of 175.1% of GDP, a highest public

deficit of �12.7% of GDP, the only one whose revenues

decreased, expenditures remained at the same level with

the slight tendency of decreasing, and the highest unem-

ployment rate of 27.5%. Prediction is that trend of the

analyzed variables will continue (Figure 1C) since the eco-

nomic situation in Greece is uncertain due to the uncer-

tainty on the direction of policy and their willingness to

conduct reforms posed by the EU. Public debt continued to

Table 2. Estimated parameters using LAD method for public
debt, deficit, government income, government revenue, and
unemployment rates (2000–2014).

Estimated parameters

Country Fiscal variables a b C

Portugal Public debt 1.1754 0.091381 �0.25952
Deficit 0.094453 0.069721 0.73074
Government

revenue
�0.040023 0.074427 1.004

Government
expenditure

�0.037462 0.1159 0.96704

Ireland Public debt 1.1606 �0.0073453 �0.15932
Deficit 0.21485 0.51518 0.051625
Government

revenue
0.14819 �0.0071292 0.90673

Government
expenditure

0.39123 0.45637 0.15597

Greece Public debt 1.1575 �0.17565 0.02823
Deficit 0.26226 �0.067448 0.76192
Government

revenue
0.12751 �0.02725 0.92846

Government
expenditure

0.24544 0.0080123 0.76661

Spain Public debt 1.2723 �0.08329 �0.19008
Deficit 0.16317 �0.14945 0.92429
Government

revenue
0.18723 0.14474 0.69084

Government
expenditure

0.17432 �0.1979 1.0687

Croatia Public debt 1.3623 �0.30391 �0.05617
Deficit 0.22068 0.066448 0.75114
Government

revenue
0.16539 0.14406 0.7058

Government
expenditure

0.59147 0.15225 0.27553

Source: Authors’ calculation.
LAD: least absolute deviation.
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grow and was very close to predicted value (Table 1C).

Government expenditures and revenues upsurge more than

predicted and Greece managed to lower budget deficit and

even reach surplus.

Spain was one of the countries which has received

significant loans in a form of financial aid, and it is not

surprising that its’ public debt grew to 93.9% of GDP

although it was only 35.5% in 2007. The prediction was

that it will grow but at smaller rates (Figure 1D). Unfor-

tunately, actual data show that public debt grew to 100%
of GDP in the observed period (Table 1D). This was due to

the high budget deficit, caused by high government spend-

ing, which reached its maximum in 2009 at the level of

11.2% of GDP. It should be noted that Spain had the

budget surplus of 8% in third quarter of 2007. Based on

that data, it was predicted that budget deficit will reduce

and will reach �3.25% at the end of eight predicted peri-

ods. From all of the selected countries, Spain has the

highest revenue which was at the lowest point in 2009

when it started to increase and this trend should continue.

The highest level of expenditures was also in 2009 after

which they started to decrease but it was predicted that

they will increase in the future period. Unfortunately,

Spain didn’t manage to put expenditures under control

and raised revenues were not enough to cover that differ-

ence so there was still a budget deficit of�6.3% at the end

of the observed period.

The Republic of Croatia is the youngest and the smallest

of the analyzed economies. From 2007, it has a constant

growth of public debt and continuously present budget def-

icit. It has the lowest public debt at the level of 67.1%
compared to selected countries and that is the closest to the

convergence level of 60%. Public debt was increasing and

the predictions were that it will further grow to almost

100% of GDP (Figure 1E). But the Republic of Croatia

managed to put its’ growth under control and kept it under

90% of GDP. The budget deficit was the lowest among the

observed countries with the value of �4.9% of GDP and it

is expected that it will continue to decline. Actual data are

even better than forecasted and show that in three quarters,

there was budget surplus (Table 1E). Since public debt is

predicted to increase, government expenditures will con-

tinue to be higher than revenues and it was expected that

this trend will continue. Fortunately, actual data show that

the revenues managed to exceed expenditures in certain

quarters but the rising trend was present in both variables.

Nevertheless, European Commission and the World Bank

require further improvements and reforms in order to main-

tain macroeconomic stability, accelerate structural reforms,

and better use of EU funds.

Comparison of naı̈ve model and LAD method

In order to determine the lower limit of forecasting accu-

racy, we compared the results of LAD method with the

naı̈ve model for each of the fiscal variables.

For public debt, all of the four accuracy measures show

that the naı̈ve model is better in forecasting (Table 1F)

since it predicts values in the subsequent period. These

values are obtained on the basis of actual data from one

previous quarter so they incorporate all measures and

reforms taken by one country in order to minimize the share

of public debt in GDP. The deficiency of this method is that

it predicts only one period ahead so it is not so useful in

predicting several periods into the future. Results shown in

Tables 1F to 1I show that LAD method can predict farther

data with smaller deviation from actual values. Predicting

budget deficit solely on the basis of previous data is chal-

lenging mission since it heavily depends on the movements

of government revenues and expenditures. Also LAD

method cannot anticipate sudden economic or other unex-

pected events and changes since forecasting is made on the

basis of data from previous 14 years. The naı̈ve model was

better for Spain since it predicted with more accuracy one

period ahead, but LAD method was superior for other

selected countries when the prediction was made for eight

quarters in advance. In predicting government revenues

and expenditures, LAD method has shown more accuracy

with actual data than the naı̈ve model (Tables 1H and 1I),

so we can conclude that proposed method is a useful tool

for predicting budget deficit, government revenues, and

government expenditures.

Conclusion

Based on the presented facts, it can be concluded that in

the period of economic crisis, policies of almost all EU

countries have been inclined to budget deficit, which was

the cause and the effect of poor public finance manage-

ment. This ultimately led to endangering macroeconomic

stability. The deficit was in all countries caused by eco-

nomic crisis, and analyzed countries had and still have the

biggest problems with its management. The budget deficit

is especially caused by decreased public revenues and

increased public expenditures which led to borrowing,

which increased public debt. Many analysts have criti-

cized ongoing EU fiscal policy during the crisis since

most of the member states did not manage to satisfy fiscal

boundaries imposed by convergence criteria. This brought

to the violation of the credibility of EU as a system and

had even caused polemics about the disintegration of the

Eurozone. Reforms that are imposed by EU suggest

decreasing of public debt, budget deficit which should

push economy forward and attract necessary investments

what should lead to opening new jobs.

The results of the forecasting show that LAD method is

good for predicting on the basis of previous values without

external influences. Naı̈ve method exhibited results closer

to actual values for public debt since countries were obli-

gated to lower the share of public debt in GDP to satisfy

convergence criteria. Conducted reforms in selected coun-

tries indicated certain movements so their economies are

Žaja et al. 9



moving forward and, although still overburdened with debt,

all countries except Spain, managed to reach convergence

criteria with the public deficit. This leads to the conclusion

that reforms were implemented but not in the scope as it

was intended and past trends continued for government

revenues and government expenditures. Ireland has

become a bright example of how to quickly and efficiently

lower difficulties and propels economy with their way of

conducting reforms and with the help of its population.

Even Greece recorded small shift but this is not so visible

since this is the most indebted country in the EU. Also,

uncertainty on the direction of new government policies

is affecting confidence and this may slow down recovery.

In order to accommodate EU requirements, the Republic of

Croatia implemented the required reforms; however, the

work was done poorly. Based on collected data, the Repub-

lic of Croatia seems to be doing an inadequate job in imple-

menting reforms, which are conducted only in accordance

with and because of EU requirement. Also, the Republic of

Croatia’s budget is allocated to wrong and expensive proj-

ects that, in the long run, do not promise high returns.

Based on the conducted analysis of the fiscal variables

between five selected countries, it can be concluded that

balanced budgets have virtually disappeared and public

debt has prevailed. Countries should strive to meet conver-

gence criteria but, as can be seen on the example of Ireland,

high public debt, if used in a proper manner and on invest-

ment projects, can lead to economic development and

stabilization.

The main limitation of the LAD method is that it predicts

on the basis of past values without incorporating external

impetus. Credible results with minor accuracy measures

could be obtained by increasing the number of observations.

This could be done by including monthly data into the anal-

ysis or expanding the number of observed years.

In future research, the authors could get closer to actual

values if using distinctive models (1) of the LAD method

for every country and every variable which could better

depict past movement and forecast future values.
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darskog partnerstva Španjolske. Bruxelles, 2013. Available

at: http://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?

uri=CELEX:52013PC0902&from=hr (accessed 12 August

2014).

34. Gobierno de Espana. Ministerio de la Presedencia. Reforms

by the Government of Spain, 2012. Available at: http://www.

kas.de/wf/doc/kas_8049-1442-1-30.pdf?121029115956

(accessed 12 August 2014).
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Appendix 1

Figure 1A. Public debt, deficit, government revenue, and government expenditure for Portugal. Source: Authors’ calculation.
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Figure 1B. Public debt, deficit, government revenue, and government expenditure for Ireland. Source: Authors’ calculation.
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Figure 1C. Public debt, deficit, government revenue, and government expenditure for Greece. Source: Authors’ calculation.
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Figure 1D. Public debt, deficit, government revenue, and government expenditure for Spain. Source: Authors’ calculation.
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Figure 1E. Public debt, deficit, government revenue, and government expenditure for the Republic of Croatia. Source: Authors’
calculation.

Table 1A. Public debt, deficit, government revenue, and government expenditure for Portugal.

2015 2016

Fiscal variables Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Public debt (% of GDP) Forecast 130.95 132.1 132.76 134.13 135.74 137.4 139.31 141.34
Actual 130.5 128.6 130.3 128.8 128.6 131.3 132.8 130.1
D (%) �0.34 �2.65 �1.85 �3.97 �5.26 �4.44 �4.67 �7.95

Deficit (% of GDP) Forecast �4.65 �6.16 �10.93 �3.33 �4.14 �5.65 �8.75 �3.55
Actual �5.8 �3.8 �1.4 �6.8 �3.3 �2.8 �2.1 0.3
D (%) 24.62 �38.30 �87.19 104.23 �20.38 �50.47 �76.00 �108.45

Government revenue
(million euro)

Forecast 17.679 19.834 21.459 21.143 18.380 20.775 22.288 21.704
Actual 17.3044 19.2208 21.0704 21.1554 17.7123 19.2816 20.8562 21.8555
D (%) �2.12 �3.09 �1.81 0.06 �3.63 �7.19 �6.42 0.70

Government expenditure
(million euro)

Forecast 20.331 23.395 27.566 22.375 21.535 25.012 28.314 23.073
Actual 19.805 20.933 21.707 24.224 19.198 20.609 21.858 21.705
D (%) �2.59 �10.52 �21.26 8.26 �10.85 �17.60 �22.80 �5.93

Source: Authors’ calculation.
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Table 1B. Public debt, deficit, government revenue, and government expenditure for Ireland.

2015 2016

Fiscal variables Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Public debt (% of GDP) Forecast 101.75 99.349 96.97 95.14 93.48 91.95 90.56 89.26
Actual 96.5 90.5 83.6 76.9 78.3 74.9 75.1 72.8
D (%) �5.16 �8.91 �13.79 �19.18 �16.24 �18.55 �17.08 �18.44

Deficit (% of GDP) Forecast �2.22 �2.75 �1.52 �1.54 �1.86 �1.33 �1.16 �1.29
Actual �3.6 �0.8 �2.0 �1.3 �3.0 0.2 �2.3 2.0
D (%) 61.94 �70.91 31.26 �15.85 61.00 �115.07 98.33 �255.17

Government revenue (million euro) Forecast 16.231 17.108 16.857 19.326 17.459 17.979 17.811 20.038
Actual 15.998 17.424 16.605 20.577 16.219 18.130 16.845 21.451
D (%) �1.44 1.85 �1.50 6.47 �7.10 0.84 �5.42 7.05

Government expenditure (million
euro)

Forecast 18.492 18.229 18.785 18.812 18.563 18.679 18.823 18.770
Actual 18.238 17.909 17.955 21.470 18.151 17.967 18.488 19.946
D (%) �1.38 �1.75 �4.42 14.13 �2.22 �3.81 �1.78 6.26

Source: Authors’ calculation.

Table 1D. Public debt, deficit, government revenue, and government expenditure for Spain.

2015 2016

Fiscal variables Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Public debt (% of GDP) Forecast 100.82 101.11 101.35 101.47 101.51 101.5 101.42 101.3
Actual 100.6 100.1 100.0 99.4 100.8 100.7 99.9 99.0
D (%) �0.22 �1.00 �1.33 �2.04 �0.70 �0.79 �1.50 �2.27

Deficit (% of GDP) Forecast �2.38 �10.41 �1.31 �7.99 �1.95 �9.74 �1.60 �7.36
Actual �3.1 �9.3 �0.6 �7.8 �3.3 �9.1 0.8 �6.3
D (%) 30.26 �10.63 �54.10 �2.39 69.36 �6.58 �149.90 �14.36

Government revenue (million euro) Forecast 102.349 97.845 104.373 110.851 105.623 102.478 107.337 111.965
Actual 99.657 97.783 104.761 113.535 97.927 98.445 109.011 116.249
D (%) �2.63 �0.06 0.37 2.42 �7.29 �3.94 1.56 3.83

Government expenditure (million euro) Forecast 112.439 128.824 106.780 140.023 119.075 137.297 110.336 145.309
Actual 107.585 123.275 106.432 135.448 106.622 124.269 106.663 134.479
D (%) �4.32 �4.31 �0.33 �3.27 �10.46 �9.49 �3.33 �7.45

Source: Authors’ calculation.

Table 1C. Public debt, deficit, government revenue, and government expenditure for Greece.

2015 2016

Fiscal variables Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Public debt (% of GDP) Forecast 181.22 183.35 185.74 188.24 190.8 193.41 196.06 198.74
Actual 170.9 170.3 172.9 177.4 176.5 179.7 176.4 179.1
D (%) �5.69 �7.12 �6.91 �5.76 �7.49 �7.09 �10.03 �9.88

Deficit (% of GDP) Forecast �5.53 �3.58 �2.58 �2.36 �4.60 �3.75 �2.79 �2.22
Actual �9.2 �3.5 �2.0 �8.7 �4.7 0.4 4.7 0.6
D (%) 66.23 �2.11 �22.60 268.39 2.29 �110.65 �268.19 �127.00

Government revenue (million euro) Forecast 18.758 21.000 21.217 24.880 20.017 21.472 21.759 25.329
Actual 17.001 19.775 20.000 28.026 17.950 20.331 23.321 25.782
D (%) �9.37 �5.83 �5.74 12.64 �10.33 �5.31 7.18 1.79

Government expenditure (million
euro)

Forecast 21.908 22.415 22.457 25.347 23.195 23.056 23.078 25.281
Actual 20.720 21.340 20.921 31.904 19.828 20.173 21.097 25.496
D (%) �5.42 �4.80 �6.84 25.87 �14.52 �12.50 �8.58 0.85

Source: Authors’ calculation.
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Table 1E. Public debt, deficit, government revenue, and government expenditure for the Republic of Croatia.

2015 2016

Fiscal variables Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Public debt (% of GDP) Forecast 88.03 89.78 91.28 92.73 94.09 95.40 96.65 97.86
Actual 89.1 86.9 87.0 86.3 85.4 84.1 84.4 83.7
D (%) 1.21 �3.21 �4.69 �6.93 �9.24 �11.84 �12.67 �14.47

Deficit (% of GDP) Forecast �8.98 �6.61 �2.30 �4.71 �8.22 �6.93 �3.57 �4.87
Actual �8.8 �3.4 0.8 �2.9 �5.5 0.5 2.2 �1.6
D (%) �1.96 �48.56 �134.73 �38.43 �33.10 �107.21 �161.58 �67.16

Government revenue (million euro) Forecast 4.311 4.742 5.095 4.837 4.526 4.829 5.091 4.908
Actual 4.256 5.012 5.398 5.046 4.626 5.664 5.637 5.516
D (%) �1.28 5.69 5.95 4.32 2.21 17.28 10.71 12.38

Government expenditure (million
euro)

Forecast 5.322 5.406 5.440 5.486 5.534 5.591 5.641 5.691
Actual 5.125 5.381 5.304 5.367 5.189 5.603 5.355 5.706
D (%) �3.70 �0.46 �2.49 �2.17 �6.24 0.22 �5.07 0.27

Source: Authors’ calculation.

Table 1F. Summary of accuracy measures for naı̈ve model and LAD method for public debt in the selected countries (2015–2016).

Forecast accuracy measures

Country Forecasting model MAD MSE RMSE MAPE

Portugal Naı̈ve 1.5375 3.20375 1.789902 1.18001
LAD 5.34125 37.977538 6.162592 4.10402

Ireland Naı̈ve 4.3625 26.41875 5.139917 5.204903
LAD 13.735875 206.16234 14.35835 17.53911

Greece Naı̈ve 3.325 16.755 4.093287 1.901359
LAD 14.295 215.48443 14.67939 8.135093

Spain Naı̈ve 0.575 0.51 0.714143 0.575002
LAD 1.2475 1.99005 1.410691 1.250466

Croatia Naı̈ve 1.0875 1.83375 1.35416 1.25687
LAD 7.6315 77.831214 8.8222 8.98995

Source: Authors’ calculation.
MAD: mean absolute deviation; MSE: mean squared error; RMSE: root mean squared error; MAPE: mean absolute percentage error; LAD: least absolute
deviation.

Table 1G. Summary of accuracy measures for naı̈ve model and LAD method for budget deficit in the selected countries (2015–2016).

Forecast accuracy measures

Country Forecasting model MAD MSE RMSE MAPE

Portugal Naı̈ve 2.5 8.41 2.9 164.2714
LAD 3.837475 22.1984 4.711518 317.5568

Ireland Naı̈ve 2.325 6.56 2.56125 313.1649
LAD 1.392638 2.715807 1.64797 167.5248

Greece Naı̈ve 4.7375 24.89875 4.989865 315.0562
LAD 3.155 16.92055 4.11346 226.8566

Spain Naı̈ve 6.8875 50.09625 7.07787 417.893
LAD 1.022088 1.425941 1.194128 65.07417

Croatia Naı̈ve 3.925 17.0725 4.131888 302.3637
LAD 3.437088 16.23818 4.029662 318.6841

Source: Authors’ calculation.
MAD: mean absolute deviation; MSE: mean squared error; RMSE: root mean squared error; MAPE: mean absolute percentage error; LAD: least absolute
deviation.
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Table 1H. Summary of accuracy measures for naı̈ve model and LAD method for government revenue in the selected countries (2015–
2016).

Forecast accuracy measures

Country Forecasting model MAD MSE RMSE MAPE

Portugal Naı̈ve 1842 4472233 2114.765 9.739149
LAD 641.65 677071.7 822.8437 3.291396

Ireland Naı̈ve 2633.475 8903754 2983.916 14.46859
LAD 727.925 784243.2 885.5751 3.959443

Greece Naı̈ve 4545.75 31200428 5585.734 22.21535
LAD 1571 3023188 1738.732 7.427747

Spain Naı̈ve 7828.5 82460451 9080.774 7.47487
LAD 2939.125 13906693 3729.168 2.834438

Croatia Naı̈ve 452.85 298267.3 546.1386 8.947131
LAD 365.55 198006.9 444.9796 6.752746

Source: Authors’ calculation.
MAD: mean absolute deviation; MSE: mean squared error; RMSE: root mean squared error; MAPE: mean absolute percentage error; LAD: least absolute
deviation.

Table 1I. Summary of accuracy measures for naı̈ve model and LAD method for government expenditures in the selected countries
(2015–2016).

Forecast accuracy measures

Country Forecasting model MAD MSE RMSE MAPE

Portugal Naı̈ve 1777.563 5111699.716 2260.907 8.587408
LAD 3157.388 14060173.57 3749.69 14.80165

Ireland Naı̈ve 1314.05 3401055.88 1844.195 6.769507
LAD 836.875 1261003.15 1122.944 4.264081

Greece Naı̈ve 4336.375 38949456.63 6240.95 18.41875
LAD 2350.25 8942434.75 2990.39 10.02136

Spain Naı̈ve 22536 539805914.8 23233.72 19.16916
LAD 6913.75 66373783.5 8147.011 5.797237

Croatia Naı̈ve 219.15 61377.98 247.7458 4.028519
LAD 141.8 34142.61 184.7772 2.693083

Source: Authors’ calculation.
MAD: mean absolute deviation; MSE: mean squared error; RMSE: root mean squared error; MAPE: mean absolute percentage error; LAD: least absolute
deviation.
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