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ABSTRACT 

 

 
This paper investigates a simultaneous impact of monetary and fiscal policies on economic growth in a 

single model. The data for 21 OECD countries covering the period 1970-2009 is gathered for our 

study of policy effect on economic growth. A quadratic specification method is employed by 

constructing a relationship between economic growth and several policy variables in order to find 

optimal values for government debt level, tax revenues and interest rate that lead to the highest 

economic growth, which is a contribution of this paper. Furthermore, a threshold method is exploited 

to determine the highest growth rate at different tax and interest rates given a particular debt level. 

Another distinctive feature of this research is uttered in simultaneous application of both a quadratic 

specification method and a threshold method in the same paper which has never been done before. 

Having analysed methodological problems of previous studies, we employ a state-of-art advanced 

estimation technique which ensures a robustness of stated conclusions. According to the results, the 

highest economic growth performance is achieved when total tax revenue reach 23.75% of GDP and 

when a government debt level does not exceed 41% of GDP. 
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1. INTRODUCTION 

 

In a globalized economy, economic growth is determined in large part by factors outside of the 

context of a specific country. The financial crisis in 2008 was perpetuated by the bankruptcy of 

Lehman Brothers, one of the main economic actors in the US economy, causing an economic 

downturn that engulfed the global economy. One can argue that crises in 2008 do not happen every 

year and it is true, but it also takes time for recovery. During 1945-2009 there were 169 episodes of 

defaults on debt having the median duration period of 3 years (Reinhart and Rogoff , 2010a).  

Economic growth can be explained from different prospectives: i.e. classical growth theory, 

neoclassical growth model, endogenous growth theory, creative destruction and economic growth, etc. 

However these theories focus on long-run economic growth and do not encapsulate fiscal and 

monetary policy. Another imperfection of these models is associated with their inability to capture 

business cycles, global economic downturns, and adverse supply or demand shocks. Above mentioned 

global economic downturns are one of the main reasons of why countries accumulate sometimes 

overwhelming debt which in turn causes a country to default on its debt.  

Countrywide defaults on external/internal debt occur when the debt/GDP ratio is very high 

given the growth rate of the economy below the debt/GDP ratio. The debt level tends to increase due 

to commodity prices, inflation, interest rate, sudden capital inflow, and exchange rate volatility 

(Reinhart and Rogoff, 2008). The studies focusing on the relationship between economic growth and 

debt are relatively novel (not present in the Macroeconomic theory) and primarily involve economic 

policy tools and some external factors. 

Recently Reinhart and Rogoff (2010b) have made great strides in describing the nature of 

central government debt and its effect on the economic growth. In several subsequent series of papers, 

they find a negative relationship between debt and economic growth. Kumar and Woo (2010) also 

provide evidence of a negative relationship that suggests that a 10 percent increase in initial debt/GDP 

ratio decreases a real per capita GDP growth by around 0,2%. Alesina and Ardagna (2009) find a 

negative relationship between economic growth and taxes and suggest that cuts in taxes have higher 

growth enhancing effects than cuts in government expenditure. 

This paper presents an empirical analysis of the policy effects on economic growth given a 

particular level of debt/GDP ratio. Previous studies about the policy effects on economic growth have 

investigated the impact of monetary and fiscal policies separately, while this paper will study these 

policy effects on economic growth simultaneously in one model, where defining the optimal values of 

tax revenues, interest rate and debt level is a contribution of this study. Moreover, besides using a 

quadratic relationship method this paper studies the policy effect on economic growth by using a 

threshold method, to help determine the highest economic growth rate at different tax and interest 

rates, given a certain debt level. The analysis of the case of Sweden using a threshold method is also 

presented in this study. 
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To realise the above stated purposes, a dataset from 21 OECD countries for a period from                    

1970 to 2009 is constructed. 

  The rest of the paper is organised as follows: section 2 introduces theoretical and 

methodological framework (where literature review provides theoretical basis for the empirical 

analysis), data sources and description. The analysis part is given in section 3, whereas section 4 

presents conclusion. Finally, a list of references and appendices complete the thesis. 
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2. THEORETICAL AND METHODOLOGICAL FRAMEWORK 

 

2.1 Literature review 

Various theories designed to capture and explain policy effect on growth and business cycles 

stem from the Great Depression in 1929, and have been framed into a unique discipline known as 

macroeconomics (Blanchard, 2010). The term “policy effect” refers to government actions in the 

business cycle which are carried out as monetary policy and fiscal policy. 

At a very basic level of macroeconomic theory, policy affects economic through changes in 

gross investment, household consumption, and government expenditure. Gross investment, household 

consumption, and government expenditure are components of the National income identity (GDP) and 

any change in them determines an economic growth or an economic downturn (negative economic 

growth). 

Monetary/fiscal policy boost gross investment and household consumption via the interest 

rate/tax rate. Government expenditure is also a policy tool (Fiscal policy tool) as it constitutes 

aggregate demand, and a government can adjust it at any volume to stimulate economy (Berkmen, 

2011).  

Describing monetary policy, Friedman (2000) explains how the government can control an 

aggregate output, initiating a growth in aggregate output through the interest rate. It has been asserted 

that interest rate has a direct effect on the marginal propensity to invest - when a monetary institution 

(the Central bank) increases the interest rate, the investment falls. As investment is a component of 

aggregate output, a decrease in investment leads to a decline in aggregate output, thereby reducing 

economic growth. 

Friedman (2000) describes the effect of monetary policy on the economy, but this work is very 

theoretical and the empirical analysis is not present. Empirical studies analyzing the direct relationship 

between the interest rate and the economic growth are rare to discover in literature. 

Lee and Rabanal (2010) have investigated investment trends in equipment and software (E&S) 

for the United States for forthcoming two years. According to the forecasts presented in the paper, 

United States’ economic growth is expected to be dependent on investment and consumption than on 

fiscal stimulus and inventory rebuilding. The paper reviews four different models on economic growth 

and investment, where authors give preference to the accelerator model (that relates the current 

investment rate to lagged changes in the level of real GDP). The cost of capital model which relates 

the interest rate with economic growth indirectly through investment yields, insignificant coefficients, 

and lower R-square in comparison with former model. 

   Although Lee and Rabanal (2010) find direct influence of interest rate on the economic growth 

statistically insignificant, the interest rate remains as a major determinant of investment volume in 

economy. High interest rate implies lower investment; less consumption based on the durable 

borrowing, decreased asset values held by household (Engen and Hubbard, 2004).  
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Chetty (2006) develops the theoretical framework regarding discussions around this negative 

relationship in details.  Cost of capital (interest rate) constitutes the discount factor, which enables 

investors to know the present value of current capital investment. Lower interest rates correspond with 

greater present value; hence investment volume increases throughout economy. Interest rates are a tool 

for monetary authorities to stimulate economic growth at any phase of business cycle (boom and 

recessions), and ensure price stability (inflation targeting policy). 

Kuttner (2004) evaluates the inflation targeting policy which was firstly implemented by the 

Reserve Bank of New Zealand in 1990. The author finds a negative relationship between economic 

growth and the inflation rate, and a negative relationship between the inflation rate and the interest rate 

(the latter is the essence of the inflation targeting policy whereby the central bank increases the interest 

rate when the inflation rate is high, and lowers interest rate when the inflation rate is low, e.g. in 

deflation periods).  

Barro (1995) also finds a negative relationship between economic growth and the inflation rate  

-supporting the Bank of England’s keen interest in price stability. The results indicate that a ten 

percent increase in inflation rate reduces a real per capita GDP growth by 0.2-0.3% per year, or a fall 

in real gross domestic product of 4-7% over 30 years. According to 1994 UK GDP of £670 billions, 4-

7% would equate to £27-47 billions. 

 Incorporating the inflation rate into the growth equations would mean an implicit inclusion of 

the monetary policy tool, i.e. the interest rate. A negative relationship between economic growth and 

the inflation rate should not be interpreted thusly: “if the government increases inflation rate by a 

specific amount then economic growth will decline proportionally”.  The inflation rate is an external 

factor and the central bank cannot set an exact percent of inflation for period of time. The central bank 

can only influence on the inflation rate (and eventually economic growth) through the interest rate              

(Kuttner 2004).  

A number of studies have been implemented regarding the relationship between the fiscal policy 

and economic growth.  Easterly and Rebelo (1993) analysed poor and developed countries to conclude 

that tax on income has great influence on growth in developed countries, while for poor countries 

taxes on the international trade has significant effect.  

Fiscal policy is not limited only by a tax instrument; it also incorporates 

expansionary/contractionary fiscal policy to influence economic growth via an increase/decrease in the 

government expenditure (Blanchard, 2010).  

Afonso et al. (2010) analyse the short-run effects of expansionary and contractionary fiscal 

policy during crises, and their contribution in mitigating the downturn of the economic growth. 

Authors find that government spending is not the same during a crisis, suggesting that government 

stimulates economic growth through increased crisis expenditure.  

 



5 

 

Easterly and Rubelo (1993), Afonso et al. (2010) present robust results investigating fiscal 

authority actions that enhance economic growth by using fiscal instruments separately, i.e. Easterly 

and Rubelo (1993) use only taxes and Afonso et al. (2010) use only government expenditure. 

Fu et al. (1993) suggest that neither taxes, government expenditure, nor fiscal deficits have 

significant effect on economic growth when evaluated separately. Findings indicate that budget 

deficits do not have significant effect on economic growth, while taxes and government expenditures 

do. Increases in government expenditures and taxes reduce the rate of job growth, slowing economic 

growth in turn.  

The discussion of the policy effect on economic growth seems to be sparse when monetary and 

fiscal policies are studied separately (actually, it would be even more complicated if the previous 

scholars had not attempted to combine tax effects and fiscal expansions/contractions under the literary 

umbrella of fiscal policy). The literature draws a distinct line between monetary and fiscal policy, and 

their effect on growth. The last item to be reviewed in literature about the effect on growth will be 

debt.  

Debt is not a political instrument to effect economic growth. Rather, in many cases, it is formed 

by external factors, i.e. adverse supply/demand shocks, global economic downturns, interest rate 

shocks and commodity price collapses and so forth (Reinhart and Rogoff , 2008).  

In the macroeconomic theory debt is split into two categories: internal debt and external debt. 

Internal debt refers to government owing to lenders within the country, and external debt refers to 

government borrowing from foreign lenders (Blanchard, 2010). 

There are several theories explaining debt and optimal debt holding (Barro, 1979; Bohn, 1988) 

with respect to the government expenditure. For instance, if the government increases expenditure 

(especially in the war times), then it should collect that money (exact expenses) back through a tax 

increase over some limited time period. Tax increases can not be followed by the public appreciation, 

because it leaves the population with less income. Tax smoothing, whereby the fiscal authority’s 

actions prevent a sharp increase, is therefore preferable. The latter operation is handled through 

borrowing, i.e. debt. Taking into account the time period, a government should collect those expensed 

money back with tax smoothing under a simple theory of the “Optimal public finance” (Barro, 1979). 

This theory provides deeper insights into the timing of money collections from population (tax now or 

tax later) due to increases in government expenditures whereas a relationship between economic 

growth and debt has been disregarded. 

Recent studies have initiated the analysis of a relationship between economic growth and 

government debt. For example, based on data from developing and developed countries, Schclarek 

(2004) finds a negative relationship between economic growth and government debt for developing 

countries, and no significant relationship has been observed for developed countries using a dataset 

containing 59 developing and 24 industrialised countries for the period 1970-2002. 
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Reinhart and Rogoff (2010b) find a negative and non-linear relationship between economic 

growth and debt, according to a sample of 44 countries. Authors reach almost the same conclusion 

about the weak relationship between economic growth and debt as in Schclarek (2004). The authors 

suggest using the threshold method by dividing debt into 4 categories – debt level of below 30%; 30-

60%; 60-90%, and above 90%. They find a weak relationship between growth and debt for the debt 

level below 90%, and for the debt level above 90%, the median growth rate fall by 1% and the average 

growth level falls considerably more.  

Checherita and Rother (2010) employ a dataset comprising of twelve European countries for the 

period 1970-2010, and find results very similar in Reinhart and Rogoff (2010b) where debt has a 

deleterious impact on economic growth at 90% of GDP, regardless of model specification and 

construction. Checherita and Rother (2010) construct a quadratic relationship between economic 

growth and debt with a turning point at about 90-100% of GDP. The authors identify private saving, 

public investment, total factor productivity, and sovereign long-term nominal and real interest rates as 

the channels through which government debt has an impact on economic growth. 

 

 

2.2 SAVINGS, TECHNOLOGICAL PROGRESS, AND POPULATION GROWTH AS MAJOR 

DETERMINANTS OF ECONOMIC GROWTH 

 

2.2.1 The neoclassical production function and the Solow model 

A significant contribution to the economic theory of growth has been made by Solow (1956), 

which explains a wide variation in wealth of nations using mainly three variables: savings rate, 

technological progress, and population growth rate. Savings rate, technological progress, and 

population growth rate became standard determinants of growth (Barro and Sala-i-Martin, 2003) in 

many subsequent theories after Solow (1956), ex. (Jones, 1997). 

Solow model employs the neoclassical production function, where homogenous output  at time t 

(Yt) is a function of capital used at time t (Kt), labour used at time t (Lt), technology at time t (freely 

available to all firms) At: 

 

))(),(),(()( tLtKtAFtY =         (1) 

 

Properties defining the neoclassical production function are constant returns to scale in capital 

and labour, positive and diminishing returns to capital and labour, and Inada conditions.  

Constant returns to scale in capital and labour are expressed as follows: 

 

1)),(),(),(()( >= λλλλ tLtKtAFtY         (2) 
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Constant returns to scale assumption implies that a double increase in inputs (capital and labour) 

causes a double increase in the output Yt. 

Positive and diminishing returns to capital and labour assumptions are satisfied when the first 

order partial derivative of output with respect to capital and labour is greater than zero and the second 

order partial derivative of output with respect to capital and labour is less than zero respectively: 

 

 

       

 

 

 

 

Finally, Inada conditions state that: 

 

                

 

 

 

 

Inada conditions guarantee the stability of economic growth in neoclassical growth model 

(Inada, 1962). Solow (1956) uses the Cobb-Douglas production function, 

)1,0(,))()(()()( 1 ∈= − ααα tLtAtKtY , where α is a share of capital and 1-α is a share of labour 

which satisfies all of the above stated properties. 

Basic structure of the Solow model consists of three elements: two types of agents (households 

and firms), perfect competition (everybody takes prices as given), and Closed type of economy (total 

savings equals total investments). The latter case shows a close link between the neoclassical growth 

theory and the macroeconomic theory where in the closed type economy total savings equals total 

investments. 

Households in the Solow model have constant number of identical households, own the capital 

stock, rent the capital stock to firms, supply labour inelastically, earn labour wage and rental income, 

and save a constant fraction of disposable income (consume the other fraction). There are many 

identical profit maximizing firms which hire capital to produce the homogeneous output. 

The Cobb-Douglass production function with incorporated assumptions listed above (closed 

type of economy, homogeneous households and firms, technological change, etc) reveal the following 

steady-state solution of income to per capita form: 
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where, 

*










L

Y
 is steady-state output or GDP per capita- 

         A  –  Level of technology 

                       s   –  Savings rate 

                      d    –  Capital depreciation rate (this is a parameter) 

                      gA   –  Rate of technological progress   

                      n    –  Growth rate of population 

 

According to (5) the Solow model predicts that countries with higher savings rate, lower 

population rate, and more sophisticated technologies are richer. From (5) economic growth depends 

on savings rate, technological progress and population growth rate.  

 

2.2.2 Convergence hypothesis 

Berkmen (2011) analyses the fiscal consolidation (policy actions faced towards debt reduction) 

in the example of Japan using another theoretical framework than neoclassical growth theory. The 

author states that policy actions aimed at reducing public debt and enhancing economic growth are 

short-run decisions.  Policy effects on economic growth are also found as short-run decisions in the 

neoclassical growth theory (Jones, 1997). 

The last element which makes the neoclassical growth theory relevant to the problems 

investigated in this paper is the convergence hypothesis. 

The Solow model predicts that all countries in the world will have exactly the same long-run 

economic growth rate (Jones, 1997). In reality, however, the growth rate of different countries does 

not approach the same rate. The mismatch between the Solow model’s predictions about the same 

long-run economic growth rates and actual different economic growth rates of countries was amended 

by convergence hypothesis which states that, at least under certain circumstances, “backward” 

countries will grow faster than rich countries in order to close the gap between these two groups 

(Gerschenkeron, 1952; Abramovitz, 1986). 

Gerschenkeron (1952) and Abramovitz (1986) introduced the convergence hypothesis and 

provide historical evidence of convergence, whereas Baumol (1986) provides statistical evidence 

documenting convergence for a certain group of countries. The applicability of the convergence 

hypothesis in some countries, and the absence of convergence for other groups as in Baumol (1986) 

led convergence hypothesis to split into two categories: absolute convergence and conditional 

convergence.  
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Absolute convergence hypothesis states that poorer countries will grow faster than richer 

countries, whereas conditional convergence hypothesis states that poorer countries will grow faster 

than richer countries if analysis on each country’s own steady state will be conditioned. The latter case 

implies that poorer countries tend to grow faster than richer ones within a particular group of countries 

which have the same steady state. 

Checherita and Rother (2010) apply conditional convergence equation for their sample of 12 

European countries that relates the GDP per capita growth rate to the initial level of per capita income 

and other control variables: 

 

itititit xcapGDPg εϕβα +++=+ ')/ln(1          (6) 

 

where i denotes country, t denotes  time, 

          1+itg is annual growth rate of GDP per capita, 

          itcapGDP )/ln(  is natural logarithm of the initial level of GDP per capita 

          itx'  is vector of control variables 

         itε  is the error term 

 

Conditional convergence hypothesis is not rejected if β  has negative sign (Jones, 1997). 

The dataset constructed for this paper contains 21 OECD countries with different economic 

growth rates, therefore a neoclassical growth theory with conditional convergence equation will be 

considered.  

 

2.3 Data 

Investigation of the policy effect on the economic growth is conducted using a sample of 21 

OECD countries, namely, Australia, Austria, Belgium, Canada, Denmark, Finland, France, Greece, 

Iceland, Ireland, Italy, Japan, Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, 

Switzerland, United Kingdom, and the United States. OECD economic outlook No 87, OECD 

statistical database, World databank, Trading economics, and databases of the Central banks and 

Fiscal authorities of the respective countries formed a dataset spanning the period of last 40 years 

starting from 1970.  
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2.4 Data description 

It should be mentioned that much historical macroeconomic data suffers due to missing values, 

and the sample used in this paper is not an exception. 

Acceptable techniques for coping with missing values include: mean substitution, casewise 

deletion, and pairwise deletion techniques (Burke, 1998). Mean values, which are constant values, can 

be substituted for missing values, but this technique allows for invariability resulting in artificially 

increased R-squared value. 

Casewise deletion technique drops a whole observation if any of the variables in the model have 

a missing value. In contrast, pairwise deletion technique drops an observation for a particular variable 

in a model if that model has a missing value. The latter technique seems to be more efficient and keeps 

an observation, thus allowing a higher number of observations when compared with casewise deletion. 

Despite the effectiveness of pairwise deletion technique, casewise deletion is a common way of 

treating missing values and is used as a default technique in statistical software. Applying casewise 

deletion technique to our sample implies that out of 840 observations, only 805 will remain to estimate 

the model proposed in this paper. 

Based on the fact that our sample is not extremely unbalanced (missing values vary from 1 to 17 

depending on variable), and in order to keep all of the observations in model estimations, the 

imputation method will be used (not a constant value substitution) (Royston, 2005). Applying this 

method allows us to have more robust estimates and more valid inferences. 

Variables that characterize economic growth (proxied by GDP per capita growth rate) in our 

model are: initial level of GDP per capita(in natural logarithm), gross domestic savings, population 

growth rate, gross fixed capital formation, government expenditure, official exchange rate, tax 

revenues, long-term interest rate on government bonds, and debt. 

 

Initial level of GDP per capita 

The natural logarithm of the initial level of GDP per capita is not an indicator of the economic 

growth; rather it is used to test the validity of the theoretical framework which we are going to exploit. 

We expect a negative correlation between economic growth and log initial level of GDP per capita. 

 

Gross domestic savings 

Gross domestic savings is the difference between disposable income and the consumption of 

individuals and firms. Gross domestic savings is a factor influencing on economic growth that heavily 

depends on the habits of individuals and firms. Gross domestic savings is expected to have a positive 

impact on economic growth.  
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Population growth rate 

Population growth rate which might be influenced by sudden immigration (e.g., political, 

economical, environmental, etc) will shift the steady-state income per capita, and the capital stock, 

which may result in economic downturn for the first several periods. In this case, an economy will 

reach its long-run steady-state, despite the increased population. Therefore, one can expect a negative 

correlation with economic growth. 

 

Gross fixed capital formation 

Gross fixed capital formation measures the value of net fixed assets acquired by an economy, 

and is a good proxy for capital stock (Checherita and Rother, 2010). According to the Solow model, an 

increase in capital stock results in negative economic growth, and follows a recovery as a case 

involving sudden increase in population (Jones, 1997).     

 

Government expenditure 

In macroeconomic theory, government expenditure (or government investment) is a fiscal 

adjustment designed to increase the domestic output. This mechanism is explained by multiplier effect 

(the ratio between change in total output and change in government expenditure): 1 dollar spent by 

government increases total output more than by 1 dollar (Case and Fair, 2003). However, empirical 

works document a negative relationship between government expenditures and economic growth 

(Barro, 1995; Alesina and Ardagna, 2009). Therefore, the effect of government expenditure on 

economic growth is indeterminate.  

 

Official exchange rate 

The Solow model of economic growth considers a closed-type economy which does not apply 

to the countries in our dataset. Official exchange rate (local currency unit (LCU) per U.S. dollar) 

allows countries in the dataset to be influenced by external shocks. An increase in exchange rate 

(depreciation of LCU) would results in an immediate increase in exports. As exports are a component 

of GDP, it results in GDP growth (Husted and Melvin, 2006). 

 

Tax revenues 

Taxes along with government expenditures are fiscal policy tools. A negative correlation 

between economic growth and taxes is specified in macroeconomic theory (Fu et al., 2003; Case and 

Fair, 2003). An increase in taxes leads to a decrease in consumption, and incentives to work, 

diminishing economic growth. This implies that taxes may have a negative influence on economic 

growth. 
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Long-term interest rate on government bonds 

The long-term interest rate on government bonds determines the optimal money holding and 

bond holding, thus affecting economic growth through the money supply (Case and Fair, 2003). The 

long-term interest rate was chosen because it contains the impact of inflation. We expect a negative 

coefficient estimate for this variable. 

 

Debt 

Debt as a sum of internal and external debt expressed as a share of GDP is expected to be 

negatively correlated with economic growth.  

Debt, government expenditure, tax revenue, and long-term interest rate on government bonds 

are endogenous variables as they can be influenced by policy actions. 

 

2.5 Model 

The initial empirical model is presented by the following equation: 

 

 

 

where: 

kitg +  = the annual GDP per capita growth, %  

1, −tigβ  
= the annual GDP per capita growth from the previous period, 

% 

itPCGDP _ln  = the initial level of GDP per capita (in log)  

itSavings  = gross savings as a share of GDP 

itgrowthP _  = population growth rate, % 

itCapform  = gross fixed capital formation as a share of GDP  

itTaxes  = total tax revenues as a share of GDP 

iteExpenditur  = Government expenditures as a share of GDP  

itInterest  = long-term interest rate on government bonds 

itDebt  = debt as a share of GDP 

itExchange  = official exchange rate, LCU/USD 

iu  = unobserved effect  

 

Estimating this model will produce biased and inconsistent results due to the presence of 

unobserved effect, endogeneity of the policy variables and debt variable in the equation. 

Culture, religion, location, economical, and political systems, etc constitute unobserved effects 

in equation (7). As our dataset consists of 21 different countries, it is natural to expect the presence of 

heterogeneous cultural effects. Culture can influence economic growth through the labour force 

(7) 
itiititititit

itititittikit

uExchangeDebtInteresteExpenditurTaxes

CapformgrowthPSavingsPCGDPgg

ελγγγγ

δδδδβα

+++++++

+++++= −+

4321

43211, __ln
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structure, e.g. if women are not allowed to work.   Cultural effects can be very large, encompassing 

millions lost in a work force. The effect of culture on the economic growth is therefore economically 

significant. However, it is almost impossible to find observations for such phenomenon like culture. 

Moreover, such variables are time invariant. Time invariant variables violate the randomness 

assumption in most of the panel-data estimation methods; and subvert the relevance of the applied 

method. In addition, unobserved effects lead to biased coefficient estimates in model estimations 

(Wooldridge, 2001). 

Unobserved effects have been removed from the regressions through the taking of first 

differences for all variables. Given our dynamic panel-data model: 

 

 

 

 

first differencing yields the following equation where unobserved effects are excluded from the model: 

 

 

 

 

Given the strong potential for endogeneity in equation (7) (low or negative economic growth 

leads to high debt level) and simultaneity (economic growth is a function of the debt, but in turn debt 

can be a function of the economic growth, etc) the instrumental variable approach is applied as 

suggested in Judson and Owen(1999), Hiebert et al. (2002), and Wooldridge(2001). 

This paper uses Arrelano-Bond estimator to express the dynamic nature of economic growth 

and to solve common growth equation problems such as: unobserved effects, endogeneity, and 

simultaneity (Drukker, 2008). The Arrelano-Bond estimator starts by transforming all regressors (by 

differencing) and uses GMM (Generalized Method of Moments) framework. In addition, one-step 

GMM (GMM1) without restriction will be applied. Simulation results show that one-step GMM is 

more efficient than two-step GMM, without a restriction on how many lagged dependant variables to 

be used as instruments (Judson and Owen, 1999). Wooldridge (2001) states that imposing restrictions 

on the number of lagged dependant variables, which are supposed to be used as instruments for 

endogenous variables, may lead to a poor performance of GMM estimator.  The validity of the 

Arrelano-Bond dynamic panel-data estimation method depends on two post estimation specification 

tests, namely Sargan test of overidentifying restrictions and Arrelano-Bond test for zero 

autocorrelation in first-differenced errors (Drukker, 2008).  The null hypothesis in Sargan test is that 

overidentifying restrictions are valid, which implies that instrumental variables are strictly exogenous 

and model is correctly specified. Rejection of the null hypothesis signals a weakness of instrumental 

variables and invalidity of the model. An incorrect specification of the model may cause 

(7) 
itiititititit

itititittikit

uExchangeDebtInteresteExpenditurTaxes

CapformgrowthPSavingsPCGDPgg

ελγγγγ

δδδδβα

+++++++

++++++= −+

4321

43211, __ln

(8) 
itititititit

itititittikit

ExchangeDebtInteresteExpenditurTaxes

CapformgrowthPSavingsPCGDPgg

ελγγγγ

δδδδβ

∆+∆+∆+∆+∆+∆+
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autocorrelation in the error terms, which is the crucial assumption in any dynamic panel-data models 

(Drukker, 2008). The null hypothesis in Arrelano-Bond test for zero autocorrelation in first-

differenced errors is that there is no autocorrelation. Rejection of the null hypothesis of no serial 

autocorrelation implies that the model is not valid. To note, ordinary least squares (OLS) and Fixed-

effects methods are not applicable to the dynamic panel-data estimations, because                           in 

equation (8) will be correlated by construction which violates assumptions of both methods, thus 

making them inapplicable (Wooldridge, 2001; Drukker, 2008).  However, when the time span is 

sufficiently wide, this dynamic panel-data bias becomes insignificant and a more straightforward 

fixed-effects also known as least squares dummy variable method (LSDV) works (Roodman, 2006). 

Roodman (2006) states that if the number of groups N is small then the Arrelano-Bond autocorrelation 

test may become unreliable and if the time span T is wide the number of instruments tend to expand 

and the null hypothesis of overidentifying restrictions’ validity in Sargan test will be rejected.  

Estimation of the equation (8) with OLS method leads to the overestimation of the coefficients while 

LSDV method leads to the underestimation of the coefficients. Good estimators are those whose 

coefficients of the lagged dependant variable lie between or at least very close to the coefficients of the 

lagged dependant variable estimated by OLS and LSDV method (Roodman, 2006). This paper 

provides four estimation methods applied to equation (8), namely OLS, LSDV, 2SLS, and GMM 

method where the preference to the most appropriate estimation method will be given according to the 

post estimation tests and the coefficient estimates of the lagged dependant variable.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

itti
andg ε∆∆
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3. EMPIRICAL RESULTS 

 

3.1 Summary statistics 

Summary statistics are used to show the basic features of data such as mean values and standard 

deviation. They can also be used to see how many observations are missing. Table 3.1.a. discovers that 

only three variables have complete number of observations, namely, GDP per capita, population 

growth rate and government expenditure. 

 

 

Variable Observations Mean 
Standard 

deviation 
Min Max 

GDP per capital growth 838 2.0759 2.5822 -8.4494 13.2726 

Log GDP per capita 840 9.8082 0.4305 8.3937 10.6485 

Gross domestic savings 832 22.7994 6.0052 3.3042 70.7 

Population growth rate 840 0.6572 0.5577 -4.5258 3.7994 

Gross fixed capital 

formation 
839 22.5618 3.9431 13.8606 36.5801 

Government expenditure 840 
18.9930 

 
4.2046 7.8297 29.9030 

Official exchange rate 839 
20.3403 

 
59.0991 0.1222 379.3203 

Total tax revenues 823 
19.2630 

 
11.3873 0.0555 62.4807 

Long-term interest rate on 

government bonds 
836 8.8175 4.9934 1.0032 42.25 

Debt-to-GDP ratio 833 46.4433 29.6829 3.2791 183.7781 
 

 

 

Table 3.1.b. summarizes variables after imputation procedure. It can be seen that all variables 

are free from missing observations. Mean values and standard deviations have not changed 

dramatically, i.e. they are almost unchanged.  

Minimum tax collections in Table 3.1.b. constitute 0.0555% of GDP. As a matter of fact, such 

low values for tax collections are mathematically possible, whereas economically not (Miles and 

Scott, 2005).  The reason for such low value is that OECD statistical database has incomplete 

observations for tax revenues for early 1970
th
.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.1.a. Summary statistics for original data 
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Variable Observations Mean Standard 

deviation 
Min Max 

GDP per capital growth 840 2.0739 2.5795 -8.4494 13.2726 

Log GDP per capita 840 9.8082 0.4305 8.3937 10.6485 

Gross domestic savings 840 22.7772 5.9826 3.3042 70.7 

Population growth rate 840 0.6572 0.5577 -4.5258 3.7994 

Gross fixed capital 

formation 
840 22.5613 3.9410 13.8606 36.5801 

Government expenditure 840 18.9930 4.2046 7.8297 29.9030 

Official exchange rate 840 20.3025 59.0740 0.1222 
379.320

3 

Total tax revenues 840 19.1585 11.2989 0.0555 62.4807 

Long-term interest rate on 

government bonds 
840 8.8340 4.9876 1.0032 42.25 

Debt-to-GDP ratio 840 46.4527 29.5830 3.2791 
183.778

1 
 

 

 

 

 

 

 

 

3.2 Multicollinearity 

Correlation between two or more random regressors in the model causes a problem of 

multicollinearity. There is a rule of thumb regarding multicollinearity: if correlation between any pairs 

of variables exceeds 0.7 then one of the variables should be excluded from regression (Hill et al, 

2008). Multicollinearity is a serious issue, because two collinear variables in the regression would 

result in ‘wrong’ signs. Table 3.2.a. contains correlation matrix for all 10 variables. 

 

 

 

 

 

 GROWTH GDP_PC Savings P_growth Capform Expenditure Exchange Taxes Interest Debt 

GROWTH 1.0000          

GPD_PC -0.1579 1.0000         

Savings 0.2405 0.1250 1.0000        

P_growth -0.1379 0.0378 -0.0572 1.0000       

Capform 0.2158 -0.1833 0.5087 0.2133 1.0000      

Expenditure -0.2089 0.1444 -0.3690 -0.1749 -0.4862 1.0000     

Exchange 0.0292 0.0316 0.0491 0.0176 0.1939 -0.2128 1.0000    

Taxes -0.2310 0.5310 -0.2853 0.0014 -0.4149 0.4930 -0.0557 1.0000   

Interest -0.0014 -0.4359 -0.1518 0.0152 0.1034 0.0049 -0.0279 -.04559 1.0000  

Debt -0.1079 0.0098 -0.3108 -0.2357 0.4363 0.2827 0.2362 0.2713 -0.1829 1.0000 

Table 3.1.b. Summary statistics for original data with imputed values 

 

Table 3.2.a.  Correlation table 
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Table 3.2.b. shows a correlation table for three variables: Gross fixed capital formation in 

private sector, government sector and total economy.  It can be seen that these three variables are 

highly correlated.  In order to avoid multicollinearity problem in our regressions only indicators for the 

total economy are considered for the purposes of this paper. 

 

3.3 Normality test 

Normality of a distribution is required to test for outliers. Table 3.3.a shows that only variable 

Expenditure has a normal distribution, thus other statistical tests for detecting outliers can help to 

detect outliers in Expenditure. There are three types of tests for outliers: Grubbs 1, Grubbs 2, and 

Grubbs 3. If Grubbs 1 test identifies an outlier, then Grubbs 2 and Grubbs 3 tests can be applied for 

further, advanced identification of outliers (Burke, 1998).  Grubbs 1 test for outliers does not identify 

any outliers at 1% significance level for variable Expenditure (Table 3.3.b).   

 

 

 

Variable 

 

Observations 

 

Pr(Skewness) 

 

Pr(Kurtosis) 

             ----joint---- 

Adj chi2(2)        Prob>chi2 

GROWTH 840 0.001 0.000 46.82 0.0000 

lnGDP_PC 840 0.000 0.063 18.85 0.0001 

Savings 840 0.000 0.000 . 0.0000 

P_growth 840 0.456 0.000 . 0.0000 

Capform 840 0.000 0.027 51.96 0.0000 

Expenditure 840 0.504 0.255 1.74 0.4181 

Exchange 840 0.000 0.000 . 0.0000 

Taxes 840 0.000 0.192 28.77 0.0000 

Interest 840 0.000 0.000 . 0.0000 

Debt 840 0.000 0.000 . 0.0000 

 

 

 

  Private sector General government      Total economy 

Private sector 1.0000   

General government         0.9127 1.0000  

Total economy         0.9989 0.9307 1.0000 

Table 3.3.a.  Skewness/Kurtosis test for normality 

 

Table 3.2.b. Correlation table for the gross fixed capital formation by sectors: private, 

government, and total economy. Source: AMECO 
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Mean : 18.9930 

Standard deviation : 4.2046 

Number of values : 840 

Outlier detected ? No  

Significance level : 0.01 (two-sided) 

Critical value of Z :  4.3556 

 
The normality test has revealed only one normally distributed variable (Expenditure) which was 

tested for outliers. Even if the outlier tests had identified an outlier, it should be removed only with 

experience and identification of a particular cause (Burke, 1998). In our dataset there are 840 annual 

observations for each variable. A mean value of Debt is 46.45% whereas 222 observations for this 

variable are greater than mean value, 83 observations are greater than 90%. Reinhart and Rogoff 

(2010b) use a dataset containing 1186 annual observations where 96 of observations for Debt-to-GDP 

ratio are over 90%. Authors find this piece of information highly valuable, because it is important for 

governments to see how economic growth will be affected by such extreme volumes of debt.  

Exclusion of extreme values from a dataset would not allow us to observe and predict fiscal and 

monetary policy actions in high debt level scenarios. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.3.b. Grubbs 1 test for outliers. Variable: Expenditure 
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3.4 Regression results and post estimation tests 

The equation for economic growth (8) is estimated using different estimators and the results are 

presented in Appendix 1.  Based on the multiple regression results in Appendix 1, the following tables 

are constructed for the comparison reasons of four estimation methods: 

 

 

          OLS GMM LSDV 2SLS 

GROWTH Coefficient Coefficient Coefficient Coefficient 

L1.GROWTH 0.4253*** 0.3628*** 0.3645*** 0.0887** 

lnGDP_PC -0.7083** -3.4173*** -3.3229*** -59.4759*** 

Savings 0.0141 -0.0100 0.0022 -0.4976 

P_growth -0.1944 -0.3917** -0.3609* 0.6867* 

Capform -0.1259*** -0.2154*** -0.2118*** -0.0456 

Taxes -0.0452*** -0.0165 -0.0170 -0.0397 

Expenditure 0.0248 -0.1079* -0.0916 -0.0876 

Interest -0.0567** -0.1109*** -0.1079*** -0.2136*** 

Debt -0.0061* -0.0044 -0.0042 0.0047 

Exchange 0.0034** 0.0060** 0.0054* -0.0129 

Constant 11.7623*** 43.5070*** 41.8715*** 1.0217*** 

Note * - 10%, ** - 5%, *** -1% significance levels 

 

 

 

 

 OLS GMM LSDV 2SLS 

GROWTH Coefficient Coefficient Coefficient Coefficient 

L1.GROWTH 0.4202*** 0.3504*** 0.3517*** 0.0793* 

lnGDP_PC -0.9046*** -5.2009*** -5.1715*** -59.3018*** 

Savings 0.0134 -0.0012 0.0003 -0.0488 

P_growth -0.2123 -0.3667* -0.3603* 0.6343* 

Capform -0.1189*** -0.1885*** -0.1882*** -0.0052 

Taxes -0.0302 0.0947** 0.0950** 0.1932 

Taxes2 -0.0004 -0.0020*** -0.0020** -0.0055** 

Expenditure 0.0338 -0.1022* -0.0979 -0.1202 

Interest -0.1510** -0.3344*** -0.3317*** -0.6984*** 

Interest2 0.0029** 0.0066*** 0.0066*** 0.0117*** 

Debt 0.0056 0.0148 0.0143 0.0270 

Debt2 -0.0001 -0.0002** -0.0002** -0.0002 

Exchange 0.0037** 0.0031 0.0031 -0.0100 

Constant 13.6143*** 59.9775*** 59.5555*** 0.9998*** 

Note * - 10%, ** - 5%, *** -1% significance levels 

 

Table 3.4.a. Comparison of four estimation methods: a basic empirical model 

 

Table 3.4.b.  Comparison of four estimation methods: a basic empirical model with Tax, Interest 

and Debt squared 
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OLS GMM LSDV 2SLS 

Debt levels GROWTH Coefficient Coefficient Coefficient Coefficient 

L1.GROWTH 0.3643*** 0.3342*** 0.3454*** 0.1980* 

lnGDP_PC -0.7275 -8.6767*** -9.5803*** -76.3346*** 

Savings 0.0033 0.0335 0.0329 -0.1260 

P_growth -0.2256 -0.0876 -0.1246 1.1180** 

Capform -0.0989* -0.3377*** -0.2744*** -0.0804 

Taxes -0.0516** 0.0664 0.0709 -0.1449 

Expenditure 0.0317 0.0050 0.1150 -0.1300 

Interest -0.0552* -0.0803 -0.0526 -0.1769** 

Debt -0.0228 -0.0087 -0.0386 0.0192 

Exchange 0.0052 0.0464 0.0009 -0.0056 

Debt 0-30% 

 

Constant 11.8797* 92.8600*** 99.0176*** 1.3945*** 

L1.GROWTH 0.4119*** 0.2896*** 0.3678*** 0.0324 

lnGDP_PC -0.3461 -11.3593*** -2.0570* -45.4076*** 

Savings -0.0243 -0.1146 -0.1089* -0.1807* 

P_growth -0.2067 0.1105 -0.2472 0.6512 

Capform -0.0805* -0.1760** -0.1977** -0.1855 

Taxes -0.0427** 0.1594* -0.0505 0.1320 

Expenditure -0.0168 0.0681 -0.0565 0.0625 

Interest -0.0621 -0.2045*** -0.1429** -0.1656* 

Debt 0.0036 0.0330** -0.0004 0.0214 

Exchange 0.0073** -0.0137 -0.0068 -0.0257 

Debt 30-60% 

 

Constant 8.4171* 115.3051*** 31.8517* 0.6093** 

L1.GROWTH 0.3524*** 0.2116** 0.2438** -0.0005 

lnGDP_PC -1.1587** 3.2938 0.9077 -53.5681*** 

Savings 0.1528** 0.0097 0.0347 0.01860 

P_growth -0.1292 -0.7297 0.3736 -0.7797 

Capform -0.3386*** -0.3030* -0.2886** 0.3493* 

Taxes -0.0450* -0.2456*** -0.2588*** -0.1036 

Expenditure -0.0088 -0.0064 0.0100 -0.1412 

Interest -0.0438 -0.3565*** -0.4279*** -0.4348*** 

Debt -0.0076 0.0276 0.0151 0.0348 

Exchange -0.0082 -0.1480*** -0.0999* -0.1846*** 

Debt 60-90% 

 

Constant 18.9569** -15.9061 7.0752 1.0719*** 

L1.GROWTH 0.1388 0.1240 0.1125 0.0752 

lnGDP_PC -7.6886*** -3.5033 -3.7303 -32.5606* 

Savings 0.2414** 0.1983* 0.1622 0.0515 

P_growth -2.8094** -1.4836 -1.2385 -2.2436 

Capform -0.1593 -0.2751* -0.3270* 0.0828 

Taxes -0.1920*** -0.3397*** -0.3763** -0.3179 

Expenditure 0.0580 -0.1154 -0.2249 -0.2727 

Interest -0.5307*** -0.5914*** -0.6273*** -0.6696** 

Debt -0.0266 -0.0206 -0.0285 0.0273 

Exchange 0.0004 0.0107 0.0181 0.0161 

Debt>90% 

 

Constant 85.7647*** 53.1232 60.5055* 0.3021 

Note * - 10%, ** - 5%, *** -1% significance levels 

 

What can be learned from the above tables? First of all, an instrumental variable (2SLS) 

approach, which should be the most consistent estimation method, turns out to be a poor estimator. For 

instance, in Table 3.4.a, OLS and LSDV estimations reveal a confidence range for good estimators 

using the coefficient estimates of a lagged dependant variable L1.GROWTH which is between 0.4253-

Table 3.4.c. Comparison of four estimation methods: a basic empirical model estimated with a 

threshold method 
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0.3645. 2SLS estimator is out of this range because a coefficient estimate of L1.GROWTH (0.0887) is 

less about 4 times than the lowest boundary (0.3645). The reason is that 2SLS works well only under 

homoskedasticity. A first difference equation (8) does not allow the disturbances itε∆
 

to be 

independent and identically distributed (Roodman, 2006). 2SLS exhibits a poor performance in all 

subsequent estimations as well (Tables 3.4.b. and 3.4.c). 

An Arrelano-Bond estimator which uses GMM framework has coefficient estimates of a lagged 

dependant variable which lie in a credible range based on OLS and LSDV methods. Tables 3.4.a and 

3.4.b document a credible range of 0.4253-0.3645 and 0.4202-0.3518 respectively and GMM 

estimator appears to be a reliable estimator at first glance. The coefficient estimates of L1.GROWTH 

using a GMM estimator lie in a credible range using a threshold method as well (Table 3.4.c). 

GMM estimation (Appendix 1, Tables A10-A12) documents a weak specification of the model. 

A Sargan test of overidentifying restrictions and Arrelano-Bond test for autocorrelation are presented 

at the bottom of each of those tables. Table A10 and Table A11 show the probability values of 0.0031 

and 0.0063 for Sargan test respectively. The number of instruments used in a basic empirical model is 

749, whereas 765 instruments are employed in a basic empirical model with Tax, Interest and Debt 

squared. Arrelano-Bond test for zero autocorrelation in a basic empirical model reports a probability 

value of 0.0754, while in the same model with Tax, Interest and Debt squared a probability is 0.0695 

which shows a consistency of the applied method. However, test results are unreliable as the number 

of groups (there are 21 countries in the dataset) is small and less than the time span T. An Arrelano-

Bond estimator works well in applications where N is large and T is small. A presence of exceeding 

number of instruments over number of groups should give a rise to a researcher’s concern (Roodman, 

2006). 

With 21 regression groups, it is impossible to increase this number over the instruments, 749 

and 765, (a number of instruments reported in Tables A10 and A11) and/or it is impossible to go the 

other way, i.e. decrease the number of instruments below 21. These constraints in modelling economic 

growth with a GMM estimator leads to a consideration of other estimation techniques.  

Table A12 (Appendix 1) presents regression results of a basic empirical model estimated with a 

threshold method using Arrelano-Bond estimator. The probability value in Sargan test is 0.2683 and 

0.2197 in Arrelano-Bond test for zero autocorrelation in the first-differenced errors. Both post 

estimation tests indicate the validity of the estimator, but with the number of instruments again exceed 

ing the number of groups, the estimator is made irrelevant. 

OLS estimator in line with 2SLS estimator works well only under homoskedasticity (Hill et al, 

2008). Therefore, a first difference equation (8) does not allow estimating a growth equation 

consistently by OLS. 
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As it is suggested in Roodman (2006) an LSDV method is appropriate when T is sufficiently 

large (as in our case; T=40). Tables A1-A10 (Appendix 1) show that GMM estimation coefficients are 

very close to the LSDV estimation coefficients. This is a direct evidence of the fact that a dynamic 

panel-data bias disperses as T approaches to infinity, suggesting that LSDV method is valid to use 

(Judson and Owen, 1999;  Roodman, 2006). 

A test for a serial correlation in the fixed effect residuals is the only step left for making 

consistent inferences based on this estimator. The following equation is designed to check for serial 

correlation in LSDV errors: 

)9(ˆˆ
1,10 ittiit r++= −εδδε

 

 

where itε̂ are fixed effect residuals predicted from equation (7). 

We want to test 027.0
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T
H δ  of no serial correlation against an 

alternative 027.0: 11 −≠δH  of serial correlation.  

 

 

Table 3.4.d shows regression results of equation (9) repeated for three different models: Model 

1 – a basic empirical model (equation (7)); Model 2 – model 1 with Tax, Interest, and Debt squared; 

Model 3 – a basic empirical model with a threshold method. 

 

P-value suggests the evidence of no serial correlation in all three models. 

 

 

 

 

 

 

 

 

 

 

GROWTHL .1  Coefficient The null hypothesis Standard error P-value 

Model 1 0.028 -0.027 0.038 0.1504 

Model 2 0.038 -0.027 0.038 0.0881 

Model 3 -0.0063 -0.027 0.1316 0.8759 

Table 3.4.d. Tests for a serial correlation in LSDV errors 
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3.5 Result analysis 

In the previous section we found LSDV method to be the most appropriate estimator for our 

economic growth equation. A table below (Table 3.5.a) presents a basic empirical model estimated by 

LSDV estimator: 

 

 

 

GROWTH Coefficient Standard error P>|z| 
Number of 

observations/groups 
L1.GROWTH 0.3645 0.0390 0.000 798/21 
lnGDP_PC -3.3229 0.6374 0.000 798/21 
Savings 0.0022 0.0248 0.928 798/21 
P_growth -0.3609 0.2028 0.076 798/21 
Capform -0.2118 0.0338 0.000 798/21 
Taxes -0.0170 0.0184 0.354 798/21 
Expenditure -0.0916 0.0606 0.131 798/21 
Interest -0.1079 0.0231 0.000 798/21 
Debt -0.0042 0.0047 0.375 798/21 
Exchange 0.0054 0.0030 0.067 798/21 
Constant 41.8715 6.3464 0.000 798/21 

 
R-squared = 0.2723 

 
Results in the table show that all coefficient estimates are of expected signs, where: population 

growth rate (P_growth), gross fixed capital formation (Capform), total tax revenues (Taxes), long-term 

interest rate on government bonds (Interest) are negatively associated with economic growth. Official 

exchange rate (Exchange) and lagged dependant variable (L1.GROWTH) have a positive relationship 

with economic growth. Conditional convergence hypothesis is not rejected since lnGDP_PC – an 

initial level of GDP per capital has a negative sign and it is highly significant.  

The variable for Government expenditure has a negative sign, and matches our expectations 

with regard to its insignificance is explained in the theory (Slemrod et al, 1995; Miles and Scott, 

2005). Slemrod et al. (2005) state that even more sophisticated statistical techniques could not 

establish a clear link between economic growth and the size of government (Government expenditure). 

The insignificant relationship between these two variables should not be a surprise, because 

government size efficiency depends on the quality of goods and services and transfers it provides 

(Miles and Scott, 2005). 

While there are neither theoretical nor technical explanations for Savings to be statistically 

insignificant, some statistical techniques suggested by Checherita and Rother (2010) to solve the 

insignificance problem of a variable Debt. The authors suggest including a squared Debt in line with 

other explanatory variables into the equation, implying that there is a non-linear relationship between 

economic growth and debt-to-GDP ratio. A linear modelling of a non-linear relationship between any 

Table 3.5.a. LSDV estimation: A basic empirical model 
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variables may lead to a statistical insignificance (linear model will produce high standard errors in this 

case) (Hill et al, 2008). 

Taxes (i.e. Total tax revenues) displays the expected negative sign, but it is highly insignificant.  

An insignificance of this variable is caused by a linear specification of the model in Table 3.5.a where 

in reality there might be a non-linear relationship between them. Taxation theory says that the 

marginal cost of taxation in terms of distortions increases with revenue, and there is a limit to how 

much revenue a government can collect (Miles and Scott, 2005), suggesting an inverted-U shaped 

relationship between economic growth and tax revenues. Table 3.5.b presents a basic empirical model 

where squared variables of Taxes and Debt are included because of a non-linear relationship. A 

squared variable of Interest is also included into the model in Table 3.5.b, because there is a strong 

belief that governments are limited to increase/decrease the long-term interest rate on government 

bonds infinitely in order to decelerate/accelerate economic growth. 

A basic empirical model with a non-linear specification (with Taxes, Interest, and Debt squared) 

and with relevant coefficient signs indicates an optimal collection of tax revenues, optimal debt 

holding, optimal money holding and optimal bond holding.  

 

 

GROWTH Coefficient Standard error P>|z| 
Number of 

observations/groups 
L1.GROWTH 0.3517 0.0386 0.000 798/21 
lnGDP_PC -5.1715 0.7757 0.000 798/21 
Savings 0.0003 0.0249 0.990 798/21 
P_growth -0.3603 0.2004 0.073 798/21 
Capform -0.1882 0.0339 0.000 798/21 
Taxes 0.0950 0.0429 0.027 798/21 
Taxes2 -0.0020 0.0007 0.002 798/21 
Expenditure -0.0979 0.0618 0.113 798/21 
Interest -0.3317 0.0563 0.000 798/21 
Interest2 0.0066 0.0015 0.000 798/21 
Debt 0.0143 0.0114 0.210 798/21 
Debt2 -0.0002 0.0001 0.022 798/21 
Exchange 0.0031 0.0030 0.299 798/21 
Constant 59.5555 7.5373 0.000 798/21 

 
R-squared = 0.2984 

 
It can be seen from Table 3.5.b. that a variable Taxes became is significant and a coefficient 

estimate of Taxes (0.095) and Taxes2 (squared taxes; -0.002) demonstrate an inverted-U shaped 

relationship between the total tax collections and the economic growth. Although Debt is not 

significantly different from zero (p-value=0.210) but its coefficient estimate (0.014) and the 

coefficient estimate of Debt2 (squared debt; -0.0002) suggest an inverted-U shaped relationship 

between a Debt-to-GDP ratio and an economic growth. A long-term interest rate on government 

bonds, Interest (-0.33), and its squared counterpart, Interest2 (0.007), suggest U-shaped relationship 

Table 3.5.b. LSDV  estimation: A basic empirical model with Taxes, Interest, and Debt squared 
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between a long-term interest on government bonds and an economic growth. U-shaped relationship 

implies that once an interest rate reaches its optimum then it will positively affect an economic 

growth. The absence of Interest2 in the model (Table 3.5.b) does not change other coefficient 

estimates dramatically. 

Table 3.5.c. summarizes a discussion around a basic empirical model with Tax, Interest, and 

Debt squared which contains a point estimate of the turning points of the above mentioned variables. 

Graphical expression of Table 3.5.c. can be found in Appendix 2.  According to the calculations in 

Table 3.5.c. an optimum tax collection should not exceed 23.75% of GDP. Tax collections beyond 

23.75% of GDP will lead to the deleterious consequences. LSDV estimation of a dynamic nature of 

the economic growth (equation (8)) reveals debt turning point of 41%. This finding is very close to the 

findings of Patillo et al. (2002) where a total external debt-to-GDP for 93 developing countries for a 

period 1969-96 has a turning point of 35-40%. 

 

 

 

 Turning points 

Total tax revenues 23,75% 

Long-term interest rate on 

government bonds 
25,1% 

Debt-to-GDP 41% 

 

Results suggest that, an economy will experience an economic growth once a long-term interest 

rate on government bonds exceeds 25.1%, ceteris paribus. An optimal value of the interest rate on 

government bonds (25.1%) seems to be overestimated, because this value is too distant from the 

average value (8.83%). One possible explanation for overestimated interest rate is a non-normal 

distribution of a variable (Barnett and Lewis, 1994). 

Moreover, this finding is controversial to the theory behind the investments. Interest rate affects 

an economic growth through investments. A low interest rate means a higher present value, therefore, 

a high level of investment and a high interest rate is incompatible phenomena. The equation 10 gives a 

mathematical expression of this mechanism: 

 

 

 

 

 

 

Table 3.5.c. Turning points for Total tax revenues, Long-term interest rate on government 

bonds and Debt-to-GDP ratio 
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As we may note from equation (11), as an interest rate approaches to the infinity, discount factor 

approaches to zero, thus making investments very risky implying that there will not be any investment.  

Thus, the U-shaped relationship between a long-term interest rate on government bonds and an 

economic growth which has been discovered in Table 3.5.b is contradictive to a mechanism and an 

intuition behind a time value of money. Therefore, a quadratic specification method appears to be 

irrelevant in predicting an optimal value of interest rate.  

 

3.5.1 A threshold method 

A non-linear specification of the relationship between total tax revenue and total government 

debt with economic growth is supported by macroeconomic theory, and previous empirical studies. 

This gives us strong insights into how these particular variables affect economic growth. However, it 

is still unclear whether other variables, such as Savings, Capital formation, Expenditure reach their 

optimum. By looking at Table 3.5.b. in Section 3.5 we discover that Savings, Capital formation and 

Expenditure have linear slopes. For instance, in a time of peace (no wars, no natural disasters and no 

recessions, etc) government expenditure tends to be lower than it would be in a time of above 

mentioned distortions. However, a multiple regression result in Table 3.5.b shows linear and 

insignificant slope estimates for Expenditure (-0.0098) as well as for Savings (0.0003) and Capital 

formation (-0.1883). In order to get a more realistic picture, we suggest constructing a model in which 

a time of peace and distortions reflected by different debt levels (a categorical variable which contains 

four categories of debt: Debt level 0-30%; 30-60%; 60-90% and over 90%) where low levels of debt 

(0-30%) would imply a peace time, whereas a debt level over that range would imply a period of 

economic deformation. This type of modelling allows observing a change in the long-term interest rate 

with respect to the different debt scenarios (adding Interest2 (Table 3.5.b) led to a controversial result, 

see section 3.5). 

Applying a threshold method yields the results (Table 3.5.1.a) which are consistent with a fiscal 

consolidation policy, Ricardian equivalence proposition and Keynesian economics. A more detailed 

discussion is provided below. 

According to fiscal consolidation policy the debt level increases along with tax collections in 

order to repay a central government debt (Berkmen, 2011). Tax revenue is positively correlated with 

economic growth when the debt-to-GDP ratio is below 30%. Ceteris paribus, a 10% increase in tax 

collections when a debt-to-GDP reaches 60-90% and over 90% distorts economic growth by 

approximately 2.6% and 3.8% respectively. 
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Debt levels 
 

0-30% 30-60% 60-90% Over 90% 
Variable Coefficient estimates 
L1.GROWTH 0.3454*** 

(0.0730) 
 

0.3678*** 
(0.0625) 

 

0.2438** 
(0.1113) 

 

0.1125 
(0.1434) 

 
lnGDP_PC -9.5803*** 

(2.0837) 
 

-2.0570* 
(1.2160) 

 

0.9077 
(2.3421) 

 

-3.7303 
(4.1224) 

 

Savings 0.0329 
(0.0407) 

 

-0.1089* 
(0.0625) 

 

0.0347 
(0.1203) 

 

0.1622 
(0.1120) 

P_growth -0.1246 
(0.3246) 

 

-0.2472 
(0.4150) 

 

0.3736 
(0.7139) 

 

-1.2385 
(1.1682) 

Capform -0.2744*** 
(0.0648) 

 

-0.1977** 
(0.0618) 

 

-0.2886** 
(0.0911) 

 

-0.3270* 
(0.1706) 

 

Taxes 0.0709 
(0.0532) 

 

-0.0505 
(0.0356) 

 

-0.2588*** 
(0.0705) 

 

-0.3763** 
(0.1221) 

 
Expenditure 0.1150 

(0.1887) 

 

-0.0056 
(0.1124) 

 

0.0100 
(0.2709) 

 

-0.2249 
(0.2738) 

Interest -0.0526 
(0.0458) 

 

-0.1429** 
(0.0463) 

 

-0.4279*** 
(0.1222) 

 

-0.6273*** 
(0.1429) 

 
Debt -0.0386 

(0.0318) 
 

-0.0004 
(0.0152) 

 

0.0151 
(0.0258) 

 

-0.0285 
(0.0178) 

 
Exchange 0.0009 

(0.0244) 
 

-0.0068 
(0.0098) 

 

-0.0999* 
(0.0543) 

 

0.0181 
(0.0126) 

 
* - 10%, ** - 5%, *** -1% significance levels 

Notes 
Standard errors are in parentheses 

 
 

The Ricardian equivalence proposition, known as Barro-Ricardo equivalence theorem 

(Buchanan, 1976) can explain much of the results in Table 3.5.1.a, though its assumption of perfect 

capital markets, ignorance of the economic growth and the population growth were challenged by 

Feldstein (1976).  

Ricardo (1846) was the first to propose that a government can increase spending either by tax 

collections or by issuing bonds (thereby increasing debt). In both cases, household savings should 

increase as a consequence of decreased consumption. When the debt-to-GDP level reaches a range 

60-90% and over 90%, a coefficient estimate of Savings changes from 0.0347 to 0.1623 respectively 

(both coefficient estimates are statistically insignificant, Table 3.5.1.a).  

Table 3.5.1.a. Behaviour of various economic forces with respect to the different debt scenarios 
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As we may note, this mechanism is a symmetric reflection of Keynesian economics (Case and 

Fair, 2003). In Keynesian economics, when government increases taxes, individuals spend less and 

save more. In order to collect money by issuing bonds, a government should provide a higher rate of 

return (interest rate) on bonds, especially in high debt scenarios that lead to a decreased money holding 

by a population. In both cases, output will decline. 

Though both the Barro-Ricardo equivalence theorem and Keynesian economics predict an 

increased savings rate when a government finances its spending through either tax collection or bond 

issuing, Keynesian economics is preferable because the Barro-Ricardo equivalence theorem suggests 

that output or aggregate demand will stay unchanged regardless of the method of government 

financing.  

The effect of government expenditure and the long-term interest rate on economic growth is 

worth mentioning. At a debt level of 60-90%, a 10 percent increase in government expenditure 

increases economic growth by approximately 0.1%. When the debt level exceeds 90%, which implies 

economic turmoil, a 10 percent increase in government expenditure decreases economic growth by 

approximately 2.2%, holding all other things constant. When a debt-to-GDP ratio reaches 60-90% 

range, a 5% increase in Interest decreases economic growth by approximately 2.1% and approximately 

3.1% when a debt-to-GDP ratio is over 90%, ceteris paribus. 

 

3.5.2 Model predictions 

Application of a conditional convergence equation and a threshold method in the present study 

of the economic growth shows a close fit between the theory of economic growth and reality. 

However, how well our empirical model (7) would predict economic growth rates for the last 40 years, 

i.e. how close are predicted economic growth rates to observed ones? In order to answer this question 

a new variable – Predicted economic growth rate (PR_GROWTH) has been generated after estimating 

equation (7) with a threshold method using LSDV estimator. Results are presented in table 3.5.2.a. It 

can be seen from mean values that predicted values (1.98) are very close to observed values (2.02). 

The difference between predicted and actual values (0.4) comes from the difference in the number of 

observations. Regarding the highest economic growth performance, our model predicts 9.8%, while 

the observed highest economic growth is 11.96%.  

 

 

Variable Observations Mean Standard deviation Min Max 

PR_GROWTH 798 1.98 1.56 -6.97 9.8 

GROWTH 819 2.02 2.54 -8.44 11.96 

 

Table 3.5.2.a. Predicted and observed economic growth rates 
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Figure 3.5.2.a. The highest growth performances, mean tax revenue and interest rate sorted 

by different debt levels 

Figure 3.5.2.a shows the maximum economic growth rates, mean tax collections and interest 

rate sorted by different debt categories. To note, mean values for variables Taxes and Interest are 

plotted because it is impossible to find optimal values at each range of government debt level given 

that relationships among the economic growth and the policy variables are linear when a threshold 

method is applied (Table 3.5.1.a, section 3.5.1.), (see also Reinhart and Rogoff (2010b)).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.5.2.b. presents summary statistics for Interest and Taxes sorted by debt categories and 

with the relevant slope estimates obtained from multiple regression results from Table A6 (Appendix 

1). For instance, when a debt-to-GDP ratio is over 90%, there are 83 observations for Taxes; its 

minimum value is 8.29% of GDP whereas a maximum value is 62.48% of GDP. Besides this huge 

variation (8.29%-62.48%) Taxes has a linear slope estimate of -0.38 given that a debt-to-GDP ratio is 

over 90%. This implies that no matter by how much a government increases total tax revenues, the 

economic growth will be reduced by the same factor (-0.38,) when a debt-to-GDP ratio is over 90%.   
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Variable Obs. Mean 

Standard 

deviation 
Min Max Slope 

Taxes 275 14.6225 11.2237 0.0555 54.9330 0.0709 
Debt 0-30% 

Interest 275 9.9179 6.1815 2.0955 42.25 -0.0526 

Taxes 343 20.1408 11.1495 0.9181 55.4718 -0.0505 
Debt 30-60% 

Interest 343 8.4783 4.0989 3.3508 39.4583 -0.1429** 

Taxes 139 23.8423 10.4918 2.0488 56.5435 -0.2588*** 
Debt 60-90% 

Interest 139 8.4297 4.0953 1.5414 20.2150 -0.4279*** 

Taxes 83 22.2846 7.8402 8.2948 62.4807 -0.3763** 
Debt>90% 

Interest 83 7.3899 4.6566 1.0032 20.6666 -0.6273*** 

Note * - 10%, ** - 5%, *** -1% significance levels 
 

 

 

 

 

When the debt-to-GDP ratio is between 0-30%, the highest economic growth rate is 9.8% where 

a mean tax revenue and a long-term interest rate on government bonds are 14.62% and 9.92% 

respectively. At a debt level of 30-60%, the highest economic growth rate is 6.81% where mean tax 

revenue and a long-term interest rate on government bonds are 20.14% and 8.48% respectively. The 

highest economic growth rate of 6.36% is possible where mean tax revenue and a long-term interest 

rate on government bonds are 23.84% and 8.43% respectively when a debt-to-GDP ratio is between 

60-90%. At the extremely high debt level (over 90%) the highest economic growth rate is 7.7% where 

a combination of mean taxes and interest rate constitutes 22.28% and 7.39% respectively. 

Turning points found in Table 3.5.c. using a quadratic specification between economic growth 

and policy variables (Section 3.5) show a close link between the findings in Figure 3.5.2.a using a 

threshold method.  In Section 3.5 we found that an economy will experience the highest growth rate 

when a debt-to-GDP ratio is below 41%, and when total tax collections do not exceed 23.75% of GDP. 

By looking at Figure 3.5.2.a we can observe that the highest growth performance (9.8%) is reached 

when a debt-to-GDP ratio is between 0-30 percent, whereas total tax collections constitute 14.62% of 

GDP. Therefore, the results obtained from both methods confirm each other excepting for the case of 

interest rate. 

 

 

 

 

 

 

 

 

Table 3.5.2.b. Summary statistics for Taxes and Interest sorted by debt categories 
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Figure 3.5.3.a. The Swedish case: the highest growth performances, mean taxes and      

interest rate 

3.5.3 Monetary versus fiscal policy: which combination gives the highest growth performance in 

Sweden? 

Predicted values of economic growth rate (the highest possible for a given debt category) and 

the mean values of a total tax revenue as share of GDP and a long-term interest on government bonds 

for Sweden are plotted in Figure 3.5.3.a.  

Sweden, which is known for its heavy taxation (in 2009 total tax revenues/GDP was 40.82%), 

has never experienced a government debt (as a share of gross domestic product) over 90%. Our model 

predicts the highest economic growth rate of 2.4% at the debt level 0-30% whereas mean tax and long-

term interest rate on government bonds are 7.68% and 8.8% respectively. The average government 

debt in Sweden is 46.20% so it is less likely to observe in the nearest future that total tax collections 

would decline and constitute 7.68% of GDP.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When government debt is in the range of 30-60%, the average total tax collections and a long-

term interest rate on government bonds are 29.79% and 8.54% respectively, whereas the highest 

possible growth rate of economy is 2.32%. When government debt is between 60-90%, total tax 

collections average to 32.45% of GDP, a long-term interest rate on government bonds changes slightly 

and averages to 8.2% and the highest growth rate of economy under this scenario is 3.9%. Figure 

3.5.3.a. shows that the Swedish government does not tend to collect money by raising a debt (a mean 
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long-term interest rate on government bonds does not change dramatically across different debt 

levels).  

As theory suggests, varying tax collections to reflect business cycles creates more distortions 

than constant tax collections (Miles and Scott, 2005). Figure 3.5.3.b shows that on average for the last 

40 years there has been roughly a 10% increase in tax collections in Sweden for each decade - which is 

the evidence of a fiscal instability and huge distortions (low levels of tax revenue on the plot for early 

1970
th
 are due to a poor quality of OECD dataset which has been mentioned in Section 3.1). 

The analysis of Figures 3.5.3.a and 3.5.3.b suggests that Sweden should reduce tax collections 

and establish a more constant tax collection system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5.3.b. The Swedish case: a trend of total tax revenues, % of GDP 
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4. CONCLUSIONS 

 

The present study analyses the impact of monetary and fiscal policies on economic growth 

given a particular level of a debt-to-GDP ratio. This paper distinguishes itself from previous studies in 

three respects. First, previous investigations of policy effects on economic growth have studied 

monetary and fiscal policies separately, while this paper studies these policy effects on economic 

growth simultaneously in one model, and determines an optimal value of  tax revenue as well as an 

optimal level of a government debt. 

Second, previous studies use either a quadratic specification method or a threshold method in 

their analyses, while this study exploits both methods in one paper, which has not been performed 

before. This approach allows us to collate obtained results from both methods.  

Finally, the accuracy of our coefficient estimates and optimal values of government debt level, 

tax revenue and interest rate are controlled by using state-of-art, advanced estimation techniques. 

Based on a thorough analysis of different estimation techniques, we propose LSDV estimator which is 

a consistent estimator given different properties of our dataset and post estimation tests. We provide a 

discussion of the methodological issues associated with different estimation frameworks which have 

been used in previous studies. 

To fulfil the purpose of this study, annual data for a period from 1970 to 2009, consisting of 840 

observations from 21 OECD countries has been constructed. According to the empirical results from 

the quadratic specification method, developed economies demonstrate intolerance to a debt level 

exceeding 41% of GDP. This turning point of a debt-to-GDP ratio has been found through 

constructing a dynamic nature of economic growth as well as a quadratic relationship between an 

economic growth and a debt-to-GDP ratio. Moreover, the highest economic growth is achieved when a 

total tax revenue constitute 23.75% of GDP. Results also suggest that a quadratic specification method 

is irrelevant in predicting an optimal value of interest rate. 

Application of a threshold method to our study of the policy effect on economic growth shows a 

close fit with several theoretical frameworks. Furthermore, both a threshold method and a quadratic 

specification method show that an economy experiences the highest economic growth rate when a 

debt-to-GDP level is below 41%. While a quadratic specification method enables us to estimate the 

optimum values of tax revenue and a government debt level which lead to the highest growth rate of 

economy, a threshold method allows us to predict the highest growth rate of economy when a 

government debt is below 41% of GDP, which turned out to be approximately 9.8%.   The results 

obtained from the threshold method confirm the findings of a quadratic specification method, which is 

evidence of the robustness of predictions. 

Economic growth is influenced by many factors, as it can be seen from our regression results, 

but if we consider a policy effect on economic growth and move our discussion to that ground, a fiscal 

policy effect on economic growth remains to be the most significant one compared to a monetary 
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policy effect. The same conclusion can be drawn by analysing a case specific example of Sweden 

where the tax collections increased by roughly 10% each decade for the last 40 years. These findings 

suggest heavy tax cuts in Sweden, however, a high tax collection might be explained by a high 

standard of living, which in turn requires a colossal government investment in a healthcare, an 

education (free) and so on. Quantative methods can not reveal the effectiveness of such investments 

and a preference is given to a qualitative measure of such expenses and hence taxes (Slemrod et al, 

1995).  

While the above mentioned factors necessarily complicate researchers’ work to make relevant 

inferences and policy implications, it is clear that countries should pursue an indebtedness policy. The 

extent of tax collections and/or long-term interest rate on government bonds should be settled with 

respect to a government debt level (or state of an economy).  

The present methods of determining an optimal value of interest rate appears to be irrelevant, 

whereas the development of more advanced theoretical and empirical methods would be an avenue for 

further research.  
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APPENDIX 1 

 

 

 

GROWTH Coefficient Standard error P>|z| 
Number of 

observations 
L1.GROWTH 0.4253 0.0350 0.000 798 
lnGDP_PC -0.7083 0.2405 0.003 798 
Savings 0.0141 0.0177 0.425 798 
P_growth -0.1944 0.1545 0.208 798 
Capform -0.1259 0.0280 0.000 798 
Taxes -0.0452 0.0109 0.000 798 
Expenditure 0.0248 0.0249 0.318 798 
Interest -0.0567 0.0199 0.005 798 
Debt -0.0061 0.0033 0.066 798 
Exchange 0.0034 0.0015 0.021 798 
Constant 11.7623 2.4343 0.000 798 

     
R-squared = 0.2378 

 

 

 

GROWTH Coefficient Standard error P>|z| 
Number of 

observations 
L1.GROWTH 0.4202 0.0352 0.000 798 
lnGDP_PC -0.9046 0.2670 0.001 798 
Savings 0.0134 0.0181 0.459 798 
P_growth -0.2123 0.1570 0.176 798 
Capform -0.1189 0.0284 0.000 798 
Taxes -0.0302 0.0281 0.281 798 
Taxes2 -0.0004 0.0005 0.422 798 
Expenditure 0.0338 0.0250 0.202 798 
Interest -0.1510 0.0525 0.004 798 
Interest2 0.0029 0.0015 0.046 798 
Debt 0.0056 0.0098 0.562 798 
Debt2 -0.0001 0.0001 0.143 798 
Exchange 0.0037 0.0015 0.012 798 
Constant 13.6143 2.7337 0.000 798 

     
R-squared=0.2440 

 

 

 

 

 

 

 

 

 

 

Table A1. OLS estimation: A basic empirical model 

Table A2. OLS estimation: Model 2: A basic empirical model with Taxes, Interest, and Debt squared 
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GROWTH Coefficient Standard error P>|z| 
Number of 

observations 

L1.GROWTH 0.3643 0.0630 0.000 259 

lnGDP_PC -0.7275 0.4461 0.104 259 

Savings 0.0033 0.0307 0.913 259 

P_growth -0.2256 0.2550 0.377 259 

Capform -0.0989 0.0563 0.080 259 

Taxes -0.0516 0.0225 0.023 259 

Expenditure 0.0317 0.0456 0.487 259 

Interest -0.0552 0.0322 0.087 259 

Debt -0.0228 0.0241 0.344 259 

Exchange 0.0052 0.0037 0.155 259 

Debt 0-30% 

Constant 11.8797 4.2824 0.006 259 

R-squared=0.2204 

L1.GROWTH 0.4119 0.0584 0.000 329 

lnGDP_PC -0.3461 0.4394 0.431 329 

Savings -0.0243 0.0366 0.506 329 

P_growth -0.2067 0.2662 0.438 329 

Capform -0.0805 0.0479 0.094 329 

Taxes -0.0427 0.0168 0.011 329 

Expenditure -0.0168 0.0456 0.712 329 

Interest -0.0621 0.0390 0.113 329 

Debt 0.0036 0.0143 0.798 329 

Exchange 0.0073 0.0033 0.028 329 

Debt 30-60% 

Constant 8.4171 4.5379 0.065 329 

R-squared=0.2204 

L1.GROWTH 0.3524 0.0902 0.000 132 

lnGDP_PC -1.1587 0.5850 0.050 132 

Savings 0.1528 0.0519 0.004 132 

P_growth -0.1292 0.3835 0.737 132 

Capform -0.3386 0.0647 0.000 132 

Taxes -0.0450 0.0267 0.094 132 

Expenditure -0.0088 0.0651 0.892 132 

Interest -0.0438 0.0551 0.428 132 

Debt -0.0076 0.0201 0.704 132 

Exchange -0.0082 0.0060 0.168 132 

Debt 60-90% 

Constant 18.9569 6.6495 0.005 132 

R-squared=0.4507 

L1.GROWTH 0.1388 0.1292 0.286 78 

lnGDP_PC -7.6886 1.6232 0.000 78 

Savings 0.2414 0.0766 0.002 78 

P_growth -2.8094 0.8503 0.002 78 

Capform -0.1593 0.1369 0.249 78 

Taxes -0.1920 0.0507 0.000 78 

Expenditure 0.0580 0.1183 0.625 78 

Interest -0.5307 0.1020 0.000 78 

Debt -0.0266 0.0170 0.123 78 

Exchange 0.0004 0.0032 0.883 78 

Debt>90% 

Constant 85.7647 14.4291 0.000 78 

R-squared=0.6405 

 

 

 

Table A3. OLS  estimation: Model 3: A basic empirical model estimated with a threshold method 
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GROWTH Coefficient Standard error P>|z| 
Number of 

observations/groups 
L1.GROWTH 0.3645 0.0390 0.000 798/21 
lnGDP_PC -3.3229 0.6374 0.000 798/21 
Savings 0.0022 0.0248 0.928 798/21 
P_growth -0.3609 0.0248 0.076 798/21 
Capform -0.2118 0.0338 0.000 798/21 
Taxes -0.0170 0.0184 0.354 798/21 
Expenditure -0.0916 0.0606 0.131 798/21 
Interest -0.1079 0.0231 0.000 798/21 
Debt -0.0042 0.0047 0.375 798/21 
Exchange 0.0054 0.0030 0.067 798/21 
Constant 41.8715 6.3464 0.000 798/21 

     
R-squared = 0.2723 

 

 

 

 

GROWTH Coefficient Standard error P>|z| 
Number of 

observations/groups 
L1.GROWTH 0.3517 0.0386 0.000 798/21 
lnGDP_PC -5.1715 0.7757 0.000 798/21 
Savings 0.0003 0.0249 0.990 798/21 
P_growth -0.3603 0.2004 0.073 798/21 
Capform -0.1882 0.0339 0.000 798/21 
Taxes 0.0950 0.0429 0.027 798/21 
Taxes2 -0.0020 0.0007 0.002 798/21 
Expenditure -0.0979 0.0618 0.113 798/21 
Interest -0.3317 0.0563 0.000 798/21 
Interest2 0.0066 0.0015 0.000 798/21 
Debt 0.0143 0.0114 0.210 798/21 
Debt2 -0.0002 0.0001 0.022 798/21 
Exchange 0.00315 0.0030 0.299 798/21 
Constant 59.5555 7.5373 0.000 798/21 

     
R-squared = 0.2984 

 

 

 

 

 

 

 

 

 

 

 

Table A4. LSDV estimation: A basic empirical model 

Table A5. LSDV  estimation:  Model 5: A basic empirical model with Taxes, Interest, and                          

Debt squared 
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GROWTH Coefficient Standard error P>|z| 
Number of 

observations/groups 

L1.GROWTH 0.3454 0.0730 0.000 259/16 

lnGDP_PC -9.5803 2.0837 0.000 259/16 

Savings 0.0329 0.0407 0.418 259/16 

P_growth -0.1246 0.3246 0.701 259/16 

Capform -0.2744 0.0648 0.000 259/16 

Taxes 0.0709 0.0532 0.184 259/16 

Expenditure 0.1150 0.1887 0.543 259/16 

Interest -0.0526 0.0458 0.252 259/16 

Debt -0.0386 0.0318 0.226 259/16 

Exchange 0.0009 0.0244 0.970 259/16 

Debt 0-30% 

Constant 99.0176 19.5915 0.000 259/16 

R-squared within=0.2906 

L1.GROWTH 0.3678 0.0625 0.000 329/20 

lnGDP_PC -2.0570 1.2160 0.092 329/20 

Savings -0.1089 0.0625 0.083 329/20 

P_growth -0.2472 0.4150 0.552 329/20 

Capform -0.1977 0.0618 0.002 329/20 

Taxes -0.0505 0.0356 0.156 329/20 

Expenditure -0.0565 0.1124 0.616 329/20 

Interest -0.1429 0.0463 0.002 329/20 

Debt -0.0004 0.0152 0.975 329/20 

Exchange -0.0068 0.0098 0.485 329/20 

Debt 30-60% 

Constant 31.8517 11.9808 0.008 329/20 

R-squared within=0.2083 

L1.GROWTH 0.2438 0.1113 0.031 132/16 

lnGDP_PC 0.9077 2.3421 0.699 132/16 

Savings 0.0347 0.1203 0.773 132/16 

P_growth 0.3736 0.7139 0.602 132/16 

Capform -0.2886 0.0911 0.002 132/16 

Taxes -0.2588 0.0705 0.000 132/16 

Expenditure 0.0100 0.2709 0.971 132/16 

Interest -0.4279 0.1222 0.001 132/16 

Debt 0.0151 0.0258 0.557 132/16 

Exchange -0.0999 0.0543 0.068 132/16 

Debt 60-90% 

Constant 7.0752 24.7788 0.776 132/16 

R-squared within=0.3448 

L1.GROWTH 0.1125 0.1434 0.435 78/5 

lnGDP_PC -3.7303 4.1224 0.369 78/5 

Savings 0.1622 0.1120 0.152 78/5 

P_growth -1.2385 1.1682 0.293 78/5 

Capform -0.3270 0.1706 0.060 78/5 

Taxes -0.3763 0.1221 0.003 78/5 

Expenditure -0.2249 0.2738 0.414 78/5 

Interest -0.6273 0.1429 0.000 78/5 

Debt -0.0285 0.0178 0.114 78/5 

Exchange 0.0181 0.0126 0.153 78/5 

Debt>90% 

Constant 60.5055 35.9318 0.097 78/5 

R-squared = 0.5762 

 

 

 

 

Table A6. LSDV  estimation: Model 6: A basic empirical model estimated with a threshold method 
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GROWTH Coefficient Standard error P>|z| 
Number of 

observations/groups 
L1.GROWTH 0.0887 0.0421 0.035 777/21 
lnGDP_PC -59.4759 5.1332 0.000 777/21 
Savings -0.4976 0.0427 0.244 777/21 
P_growth 0.6867 0.2642 0.009 777/21 
Capform -0.0456 0.0697 0.513 777/21 
Taxes -0.0397 0.0691 0.565 777/21 
Expenditure -0.0876 0.1571 0.577 777/21 
Interest -0.2136 0.0434 0.000 777/21 
Debt 0.0047 0.0169 0.780 777/21 
Exchange -0.0129 0.0121 0.285 777/21 
Constant 1.0217 0.1562 0.000 777/21 

     
R-squared = 0.2897 

 

 

 

 

GROWTH Coefficient Standard error P>|z| 
Number of 

observations/groups 
L1.GROWTH 0.0793 0.0414 0.055 777/21 
lnGDP_PC -59.3018 5.0697 0.000 777/21 
Savings -0.0488 0.0420 0.245 777/21 
P_growth 0.6343 0.2600 0.015 777/21 
Capform -0.0052 0.0693 0.939 777/21 
Taxes 0.1932 0.1282 0.132 777/21 
Taxes2 -0.0055 0.0026 0.032 777/21 
Expenditure -0.1202 0.1557 0.440 777/21 
Interest -0.6984 0.1027 0.000 777/21 
Interest2 0.0117 0.0023 0.000 777/21 
Debt 0.0270 0.0375 0.471 777/21 
Debt2 -0.0002 0.0003 0.453 777/21 
Exchange -0.0100 0.0119 0.398 777/21 
Constant 0.9998 0.1543 0.000 777/21 

     
R-squared = 0.3176 

 

 

 

 

 

 

 

 

 

 

 

Table A7. 2SLS estimation: A basic empirical model 

Table A8. 2SLS  estimation: Model 8: A basic empirical model with Taxes, Interest, and          

Debt squared 
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GROWTH Coefficient Standard error P>|z| 
Number of 

observations/groups 

L1.GROWTH 0.1980 0.0731 0.007 247/16 

lnGDP_PC -76.3346 9.3464 0.000 247/16 

Savings -0.1260 0.0596 0.833 247/16 

P_growth 1.1180 0.3850 0.004 247/16 

Capform -0.0804 0.1159 0.488 247/16 

Taxes -0.1449 0.1438 0.313 247/16 

Expenditure -0.1300 0.3208 0.685 247/16 

Interest -0.1769 0.0795 0.026 247/16 

Debt 0.0192 0.0582 0.741 247/16 

Exchange -0.0056 0.0370 0.878 247/16 

Debt 0-30% 

Constant 1.3945 0.3257 0.000 247/16 

R-squared within=0.3687 

L1.GROWTH 0.0324 0.0677 0.632 320/19 

lnGDP_PC -45.4076 7.8315 0.000 320/19 

Savings -0.1807 0.0965 0.061 320/19 

P_growth 0.6512 0.5025 0.195 320/19 

Capform -0.1855 0.1171 0.113 320/19 

Taxes 0.1320 0.1310 0.314 320/19 

Expenditure 0.0625 0.2718 0.818 320/19 

Interest -0.1656 0.0612 0.007 320/19 

Debt 0.0214 0.0252 0.395 320/19 

Exchange -0.0257 0.0184 0.162 320/19 

Debt 30-60% 

Constant 0.6093 0.2447 0.013 320/19 

R-squared within=0.2955 

L1.GROWTH -0.0005 0.0980 0.996 132/16 

lnGDP_PC -53.5681 12.7162 0.000 132/16 

Savings 0.01860 0.1263 0.883 132/16 

P_growth -0.7797 0.8306 0.348 132/16 

Capform 0.3493 0.1825 0.056 132/16 

Taxes -0.1036 0.0985 0.293 132/16 

Expenditure -0.1412 0.3053 0.643 132/16 

Interest -0.4348 0.1254 0.001 132/16 

Debt 0.0348 0.0260 0.181 132/16 

Exchange -0.1846 0.0506 0.000 132/16 

Debt 60-90% 

Constant 1.0719 0.3230 0.001 132/16 

R-squared within=0.3955 

L1.GROWTH 0.0752 0.1546 0.626 78/5 

lnGDP_PC -32.5606 18.5466 0.079 78/5 

Savings 0.0515 0.2167 0.812 78/5 

P_growth -2.2436 1.6610 0.177 78/5 

Capform 0.0828 0.2597 0.750 78/5 

Taxes -0.3179 0.2846 0.264 78/5 

Expenditure -0.2727 0.4058 0.502 78/5 

Interest -0.6696 0.2146 0.002 78/5 

Debt 0.0273 0.0528 0.604 78/5 

Exchange 0.0161 0.0172 0.348 78/5 

Debt>90% 

Constant 0.3021 0.5205 0.562 78/5 

R-squared = 0.2454 

 

 

 

 

Table A9. 2SLS  estimation: Model 9: A basic empirical model estimated with a threshold method 
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GROWTH Coefficient Standard error P>|z| 
Number of 

observations/groups 
L1.GROWTH 0.3628 0.0372 0.000 777/21 
lnGDP_PC -3.4173 0.6114 0.000 777/21 
Savings -0.0100 0.0249 0.687 777/21 
P_growth -0.3917 0.1980 0.048 777/21 
Capform -0.2154 0.0325 0.000 777/21 
Taxes -0.0165 0.0176 0.347 777/21 
Expenditure -0.1079 0.0590 0.068 777/21 
Interest -0.1109 0.0221 0.000 777/21 
Debt -0.0044 0.0046 0.344 777/21 
Exchange 0.0060 0.0029 0.040 777/21 
Constant 43.5070 6.1047 0.000 777/21 
Number of instruments=749 

Hypotheses tests 
Test The null hypothesis P-value 

Sargan test of 

overidentifying restrictions  
Overidentifying restrictions are valid 0.0031 

Arrelano-Bond test for zero 

autocorrelation in first-

differenced errors 
No autocorrelation 0.0754 

 

 

 

 

GROWTH Coefficient Standard error P>|z| 
Number of 

observations/groups 
L1.GROWTH 0.3504 0.0367 0.000 777/21 
lnGDP_PC -5.2009 0.7418 0.000 777/21 
Savings -0.0012 0.0237 0.957 777/21 
P_growth -0.3667 0.1916 0.056 777/21 
Capform -0.1885 0.0322 0.000 777/21 
Taxes 0.0947 0.0410 0.021 777/21 
Taxes2 -0.0020 0.0006 0.001 777/21 
Expenditure -0.1022 0.0594 0.085 777/21 
Interest -0.3344 0.0535 0.000 777/21 
Interest2 0.0066 0.0015 0.000 777/21 
Debt 0.0148 0.0109 0.173 777/21 
Debt2 -0.0002 0.0001 0.015 777/21 
Exchange 0.0031 0.0029 0.272 777/21 
Constant 59.9775 7.1955 0.000 777/21 
Number of instruments=765 

Hypotheses tests 
Test The null hypothesis P-value 

Sargan test of overidentifying 

restrictions  
Overidentifying restrictions are valid 0.0063 

Arrelano-Bond test for zero 

autocorrelation in first-

differenced errors 
No autocorrelation 0.0695 

 

Table A10. Arrelano-Bond dynamic panel-data estimation: A basic empirical model 

  

Table A11. Arrelano-Bond dynamic panel-data estimation: Model 11: A basic empirical model 

with Taxes, Interest, and Debt squared 
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GROWTH Coefficient Standard error P>|z| 
Number of 

observations/groups 

L1.GROWTH 0.3342 0.0694 0.000 247/16 

lnGDP_PC -8.6767 2.5596 0.001 247/16 
Savings 0.03350 0.0391 0.391 247/16 
P_growth -0.0876 0.3061 0.775 247/16 
Capform -0.3377 0.0743 0.000 247/16 
Taxes 0.0664 0.0666 0.319 247/16 
Expenditure 0.0050 0.1822 0.978 247/16 
Interest -0.0803 0.0492 0.102 247/16 
Debt -0.0087 0.0319 0.783 247/16 
Exchange 0.0464 0.0307 0.130 247/16 

Debt 0-30% 
Number of 

instruments=243 

Constant 92.8600 23.4721 0.000 247/16 
L1.GROWTH 0.2896 0.0561 0.000 320/19 

lnGDP_PC -11.3593 1.9858 0.000 320/19 

Savings -0.1146 0.0720 0.112 320/19 

P_growth 0.1105 0.4029 0.784 320/19 

Capform -0.1760 0.0727 0.015 320/19 
Taxes 0.1594 0.0598 0.008 320/19 

Expenditure 0.0681 0.1470 0.643 320/19 

Interest -0.2045 0.0425 0.000 320/19 

Debt 0.0330 0.0131 0.012 320/19 

Exchange -0.0137 0.0087 0.114 320/19 

Debt 30-60% 
Number of 

instruments=321 

Constant 115.3051 19.0437 0.000 320/19 

L1.GROWTH 0.21169 0.0949 0.026 132/16 
lnGDP_PC 3.2938 3.2241 0.307 132/16 

Savings 0.0097 0.1112 0.930 132/16 

P_growth -0.7297 0.6806 0.284 132/16 

Capform -0.3030 0.1132 0.007 132/16 
Taxes -0.2456 0.0689 0.000 132/16 

Expenditure -0.0064 0.2178 0.976 132/16 
Interest -0.3565 0.0934 0.000 132/16 

Debt 0.0276 0.0198 0.163 132/16 

Exchange -0.1480 0.0416 0.000 132/16 

Debt 60-90% 
Number of 

instruments=133 

Constant -15.9061 30.4739 0.602 132/16 

L1.GROWTH 0.1240 0.1250 0.321 78/5 

lnGDP_PC -3.5033 3.7476 0.350 78/5 
Savings 0.1983 0.1028 0.054 78/5 

P_growth -1.4836 1.0048 0.140 78/5 

Capform -0.2751 0.1422 0.053 78/5 
Taxes -0.3397 0.1010 0.001 78/5 

Expenditure -0.1154 0.2275 0.612 78/5 
Interest -0.5914 0.1223 0.000 78/5 

Debt -0.0206 0.0147 0.162 78/5 

Exchange 0.0107 0.0102 0.293 78/5 

Debt>90% 
Number of 

instruments=79 

Constant 53.1232 33.5449 0.113 78/5 

     

Hypotheses tests 
Test The null hypothesis P-value 

Sargan test of overidentifying restrictions  Overidentifying restrictions are valid 0.2683 

   

Arrelano-Bond test for zero autocorrelation in 
first-differenced errors 

No autocorrelation 0.2197 

 

 

 

 

 

 

 

 

 

Table A12. Arrelano-Bond dynamic panel-data estimation: Model 12: A basic empirical model 

estimated with a threshold method 
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Figure A1. Effect of tax revenues on economic growth 

Economic growth 

Total tax revenues 

Figure A2. Effect of the long-term interest rate on economic growth 

Economic growth 

Long-term interest rate on government bonds 
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Figure A3. Effect of debt on economic growth 

Economic growth 

Debt-to-GDP ratio 


