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Abstract

We built upon Angelopoulos et al. (2009) and we employ a dynamic general equilibrium
model in order to examine the interrelated role of rent seeking activities, institutions and
government policy variables, like tax rates and public spending, on Greece’s economic
performance during the last fourty years. We focus on the period 1979-2001. According to
Kehoe and Prescott (2002, 2007) this period can be characterized as a great depression.
The model is the standard neoclassical growth model augmented with a government
sector and an institutional structure which creates incentives for optimizing agents to
engage in rent seeking contests in order to extract rents from the government. This
behavior creates a cost to the economy in the form of an unproductive use of resources.
Our main findings are as follows: First, in terms of the path of key macroeconomic
variables, our model fits the data quite well. Second, by conducting a growth accounting
exercise we find that during the period 1979-1995 a non negligible proportion of the
decline of total factor productivity (TFP) can be accounted for rent seeking activities.
Third, our model produces an index which can be interpreted as a measure of the quality
of institutions in the Greek economy. Our model based index exhibits a resemblance with
the internal country risk guide (ICRG) index which is widely used in the literature as a
proxy for the quality of a country’s institutions.
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1 Introduction

Over the period 1979-2001 the Greek economy experienced a substantial business cycle.
More specifically, during the subperiod 1979-1995 (crisis phase) the average annual growth
rate of real per capita GDP was -0.07% and during the subperiod 1995-2001 (recovery phase)
the respective figure was 3.13%. According to Kehoe and Prescott (2002, 2007) the whole
period, i.e., 1979-2001, can be defined as a great depression. The authors characterize a
period as a great depression if there is a large, rapid and sustained deviation of real per

capita GDP from trend.!
(Insert Figure 1 about here)

In Gogos et al. (2014a) we asked whether the standard neoclassical growth model can
account for Greece’s poor economic performance during the period 1979-2001. The answer
was affirmative. The observed total factor productivity (TFP) series once fed into the model
could generate an equilibrium path for most of the key macroeconomic variables which was
very close to the data. Our motivation in choosing the neoclassical growth model as our
main theoretical vehicle was based on the statistics that we present in Figure 1. These stem
from a standard growth accounting exercise based on a neoclassical production function. In
Figure 1 we display in terms of indices the paths of real per capita GDP and of the TFP
factor for the period 1973-2013 after removing a linear 2% trend growth rate.? Looking at
Figure 1 we observe that in the case of the Greek economy there exists a strong positive
correlation between real per capita GDP and the TFP factor. Hence, given our analysis in
Gogos et al. (2014a) our main "diagnosis" was as follows: In order to explore in more depth
the Greek great depression episode we need to investigate possible factors that lie behind
the path of TFP. In the literature the standard candidate factors are government policy and
institutions (e.g. see Prescott (1998) and Kehoe (2003)).

In Gogos et al. (2014b) we investigated whether the introduction of a government sector
could improve our model’s ability to mimic the data. We found that a model with constant
distortionary taxes, public consumption, public investment and constant relative risk aver-
sion (CRRA) preferences could move our artificial economy closer to the data relative to the
standard neoclassical setting. However, even under that setting, the most important factor
in accounting for Greece’s economic performance was the TFP factor. Furthermore, we did
not model the link between government policy variables and TFP. That is, in Gogos et al.

(2014b) we used almost the same exogenous series for TFP as the one we used in Gogos et

'Kehoe and Prescott (2002, 2007) set three quantitative criteria for a period to be defined as a great
depression. The Greek economy for the period 1979-2001 strictly meets these criteria. For quantitative
details see Gogos et al. (2014a).

2We define detrended real per capita GDP as follows: 7; = ——=1t—, where gy, is the gross trend growth

gtr yTO
rate and Ty is the starting year of the detrending period. For g;. we choose a value equal to 2% which is the

average annual growth rate of real per capita GDP of the US economy (industrial leader) during the 20th
century. The detrended TFP factor is computed in the same way. Furthermore, for the difference between
the definition of the TFP and the TFP factor see subsections 4.6.3 and 4.7.



al. (2014a). The differences in the two studies lied on the inclusion of government policy
variables and on a more rich propagation mechanism but not on the TFP series. Thus, the
"measure of our ignorance", i.e. the TFP series, in Gogos et al. (2014b) remained the same
as that in Gogos et al. (2014a).

In this study we introduce rent seeking activities and institutional factors in the model
with the government sector of Gogos et al. (2014b). More specifically, the model, based
on the work of Angelopoulos et al. (2009), is the standard neoclassical growth model aug-
mented with a government sector and an institutional structure which creates incentives
for optimizing agents to engage in rent seeking contests in order to extract rents from the
government (e.g. see Park et al. (2005)). This behaviour creates a cost to the economy in
the form of an unproductive use of resources. Our motivation is based on the fact that it
is widely recognized in the literature that institutional factors play an important role for a
country’s aggregate economic performance (e.g. see Prescott (1998), Hall and Jones (1999),
Bergoeing et al. (2002) and Angelopoulos et al. (2011)). Furthermore, introducing rent
seeking activities which in turn lead to an unproductive use of resources, allows us to endo-
genize the observed drop in the TFP series during the period 1979-1995 (see Figure 1(c)).
In our analysis we follow the same methodological steps as those in Gogos et al. (2014 a and
b). First we perform a growth accounting exercise. There we decompose the growth rate of
real per capita GDP into three factors. These are, the TFP factor, the capital factor and
the labour factor. Then we try to identify and quantify the sources of the movements of
the growth accounting components. As sources of variation we use the following exogenous
variables: TFP, quality of institutions, population, public consumption and investment and
effective tax rates.

Our main findings are as follows: First, in terms of the path of key macroeconomic
variables, our model fits the data quite well. Second, by conducting a growth accounting
exercise we find that during the period 1979-1995 a non negligible proportion of the decline
of total factor productivity (TFP) can be accounted by rent seeking activities. Third, our
model produces an index which can be interpreted as a measure of the quality of institutions
in the Greek economy. Our model based index exhibits a resemblance with the internal
country risk guide (ICRG) index which is widely used in the literature as a proxy for the
quality of a country’s institutions.

The structure of the paper is as follows: Section 2 presents the model along with the
conditions that characterize the decentralized competitive equilibrium. Section 3 presents
the data, the calibration of the parameters of our model and the growth accounting exercise.
Section 4 presents transition dynamics. Section 5 presents the results. Finally, Section 6

concludes.



2 The model

We build upon Angelopoulos et al. (2009). Our model is a dynamic general equilibrium
model with a public sector. The artificial economy consists of a large number of infinitively
lived identical households, a large number of identical firms, and a public sector. There is no
uncertainty (we assume perfect foresight), all markets clear and all variables are measured
in real terms. The representative household chooses paths of consumption, capital, leisure
and the allocation of non leisure time between productive work (labour) and rent seeking
activities.> The representative firm produces a homogenous product using private capital,
public capital (e.g. public infrastructure), productive work and the available technology.
The government levies distortionary taxes and uses the revenues to finance public consump-
tion, public investment, lump-sum transfers and fiscal privileges to rent seekers (privileged

4 We solve for a symmetric decentralized com-

transfers, subsidies and tax treatments).
petitive equilibrium (DCE) where: (i) each individual household and each individual firm
maximize their own utility and profits respectively, taking market prices and government
policy as given, (ii) the government budget constraint is satisfied and (iii) all markets clear

through price flexibility.

2.1 Households

Each period of time ¢ there is a large number of identical households N; (h = 1,2,3...N;).

Their population grows at a constant rate equal to gy = Njﬁf—jl The lifetime utility of the

representative household A is:

>_5U(Cr 4G} (1)
t=T,
where 0 < 8 < 1 is the time discount factor, C!' is consumption expenditures of the
representative household h, @: is per household public consumption, H}* is the respective
hours of leisure and the parameter ¢ €[0,1] is a measure of the degree of substitutability
between private and public consumption in utility. For the instantaneous utility function,

we use the following constant relative risk aversion (CRRA) form:

(1 +ue) () )

l1—0c

U (CF + 0, HY) =

(2)

where 0 < v < 1 is the consumption share parameter and ¢ > 0 is the curvature parameter.
The representative household h receives a rental rate, r;, and a wage rate, w,, for its capital,
K, and productive work services, n"L!. Furthermore, it receives a share of profits, 117,

as a shareholder of firms, and per household lump-sum transfers from the government, @i.

3As in Angelopoulos et al. (2009), we assume that households consume their available time for rent
seeking activities while being at work.
4For a list with specific fiscal privileges see Tanzi (1998), Angelopoulos et al. (2009) and Hillman (2009).



Moreover, given a total contestable prize (public privileges) denoted as ©, R; it receives rents
(a share of that prize) generated by the non leisure time in rent-seeking activities. Here we
decide the contestable prize to be a proportion of total revenues. Thus, the household’s

budget constraint is:

(1+ Tf)Cth + [th =(1- Tt)wtnt Lh + rtKh T (Tt 5p)Kth

1—nl)Lh
U= H on (3

(1 — nt) Lh
h=1
where 0 < 7¢ < 1,0 < 7} < 1 and 0 < 7F < 1 are the effective tax rates on private consump-
tion expenditures, productive work income, net capital income and profits respectively. The
terms R; and ©; with 0 < ©; < 1, denote tax revenues and the economy-wide degree of rent
extraction respectively. In what concerns household’s i time endowment, for every period
t it has at its disposal h available hours for leisure and non leisure activities.” It further
divides its non leisure time, i.e., work time, L between productive work, nfL" and rent

seeking activities, (1 — n?) L, thus:
h=H"'+L (4)

Ly =npLy+ (1—n}) L} (5)

The variable 0 < nf' < 1 denotes the fraction of non leisure time that the household devotes
to productive work and 0 < 1 — n” < 1 denotes the fraction of non leisure time devoted to
rent seeking activities. Finally, household’s h capital stock evolves according to the following
equation:

Ky = (1= 0" K + I} (6)

where I is investment expenditures and &7 is the respective constant depreciation rate
parameter. Fach household A acts competitively by taking prices, policy and economy-wide
variables as given. More specifically, it chooses a vector of quantities { K}, ,, Cf', n}', L}}52,.
to maximize equations (1) and (2), subject to (3), (4), (5) and (6). The first order necessary

conditions are:

Ugn (CM + oG, H! . h
ch (Mt t) 413 t Z(l—n?)L?

"Here we make the following assumption: each day the household has 14 hours available for leisure and
non leisure activities. Then each year the available hours for leisure and non leisure activities for each
household are 14x7x52=5096.
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(9)
The optimality conditions are completed with the transversality condition for household’s h

capital stock:

lim B Uey (CF + 4Gy, HY) Ky =0

= lim 3 (CF +9G) "7 (=) T K =0 (10)

2.2 Firms

Each period of time t there is a large number of identical firms M; (f = 1,2,3...M;). The
representative firm f produces a homogeneous product, Y;f , using the following production
function:

v/ = (kD) @)™ (@) (1)
where 0 < oy, < 1,0 < ay < 1,and 0 < 1 -0, —ay < 1, are the output elasticities of private
capital, K], public capital (per firm), K7, and productive work, Q7 respectively. Following
Lansing (1998) we make the assumption that the production function exhibits constant re-
turns to scale to all three inputs and as a result the firm f earns an economic profit equal
to the difference between the value of output and the payments made to its private inputs.
The variable A, is total factor productivity (TFP) which grows at an exogenously given rate,
ga = Az—ﬂ:l. The representative firm f acts competitively by taking prices, policy and

economy-wide variables as given, and chooses, in each period ¢, the quantity of produc-

tive work, Q{ , and private capital, th , in order to maximize profits, H{ :

max I/ =Y/ — w,Q! — r K/ (12)
Qf ki



subject to equation (11). Taking the first order necessary conditions with respect to Q{ and

th we get the following two optimality conditions:

—Qp—Qg

we = (1— ay — ay)A, (th)% (K7)™ (Q{) (13)

l—ap—ay

re = apAy (K{)apl (?f)ag <Qf> (14)

2.3 Government

The government collects tax revenues, R;, by taxing private consumption expenditures,
income from productive work, net capital income and profits. Rent seekers extract ©,R;,
with 0 < ©; < 1. Then, the government uses the remaining tax revenues (1 — ©;) R; in
order to finance public consumption, G¢ (or Gy in per household terms), public investment,
G! (or @i in per firm terms), and lump-sum transfers, G% (or @i in per household terms).

Thus, the government budget constraint is:

Ny My N
¢ —t —t
Y G+Y G+> G =(1-0)R, (15)
h=1 f=1 h=1
where
Ny Ny N Ny
Rt:TithnﬁL?—i—Tf(rt—(5”)2[({’4—7?21_[?—1—7?20? (16)
h=1 h=1 h=1 h=1

Furthermore, public investment, G, is used to augment the public capital stock, K7, whose

law of motion has as follows:
Kl =(1-0") K] +Gj (17)

Thus, we have six policy instruments (G¢, Gi, Gt, 7¢, 71 and 7F) out of which one will be
residually determined to satisfy the government budget constraint. Unless otherwise stated,

we choose this variable to be lump-sum transfers, G'.

2.4 Economy-wide rent extraction

To complete our model we must specify the economy-wide degree of rent extraction, i.e.,
0 < ©; < 1. Again we build upon Angelopoulos et al. (2009) and assume that ©; increases

with per capita rent seeking activities. Using a linear specification, we assume:

Ny

> (1 -n) L

@t = 51& A=l

N (18)

where &, > 0 is a technology variable that translates rent seeking effort into rent extraction.

Higher values of &, indicate a more "efficient" rent seeking technology, through permissive



legal systems and permissible corruption, etc. Thus, £, can be considered as a proxy for the

level of institutional quality, with higher values indicating worse institutions.®

2.5 The decentralized competitive equilibrium

We solve for a symmetric decentralized competitive equilibrium (DCE). More specifically, the
DCE consists of a vector of quantities for the representative household,{Y;*, Ch, Il TI% Kt’ﬂrl, np,
L}, H]'}22 . a vector of quantities for the representative firm v/ K. of 1l }¢2 1, and a vec-
tor of prices {wy, 74 }72 1, , such that, given sequences for the exogenous variables { A;, Ny, &} 7, ,
the policy instruments variables {é:,@i,@i, ¢, 7L Tf}fiTO, the initial private capital stock
K7} and the initial public capital stock F?FO: (i) Given prices {wy, 7}, the vector of
quantities for the household {Y,", Cf', I}" I}, K[\ |, n}', L}, H{'}72, solves the household’s
maximization problem, (ii) Given prices {wy,r}{°r , the vector of quantities for the firm
v/ K/, Qf uf }e 1, solves the firm’s maximization problem, (iii) Given prices {wy, 7:}%7
the vector of quantities for the household,{C}, K}, n}', L', TI}'}$2,,  satisfies the govern-
ment budget constraint, (iv) Given the vectors of quantities for households and firms,
(Y, Cp i g, Kpy g, L, HE Y2, (Y K QFL T 352, the vector of prices {wy, )52,
is such that all markets clear. Thus, in each period ¢, the market clearing conditions for

the goods market, the labour market, the private capital stock market and profits, are

respectively:
M, N
Sov=yow (19
f=1 h=1
M, N
D Qf =) mLi (20)
f=1 h=1
M, N
S K=Y K o
f=1 h=1
M, N
o=y e
F=1 h=1

Hence, the DCE is summarized by equations (3), (4), (6) to (9) and (11) to (22). This is
a system of eighteen equations in seventeen endogenous variables, that is Y*, Cl I TI},
KMy, Ky, np, Ly, HY v/, K/, Qf, 11/, R, ©,, wy, r,, and one policy instrument variable

which is endogenously-residually determined, @z, in each period t.

OWe treat the quality of institutions, &,, as exogenous. See Angelopoulos et al. (2009) for a more general
case where the quality of institutions is treated as an endogenous variable depending on the share of output
that the government earmarks for the financing of courts, inspectors, police, prisons, etc. We leave such an
extension for future research.



2.6 The aggregate economy

In terms of aggregate quantities, the DCE can be reduced to a system in fourteen equations

and fourteen unknowns. These are:

wy = (1= oy — ag) AK" (KP)™ (nyLy) " (23)
re = ap Ky (KY)™ (neLy) ' 00 (24)

Y, = A (KP)™ (ngLy) '~ (25)

Ht = }/t — wtntLt — Tth (26)

(]. + Tf)ct + It == (1 — Ti)wtntLt + Tth - Tf(rt — 5P)Kt —+ (]. — Tf) Ht + Gi + @th (27)

Ntﬁ - Ht + Lt (28)
Kt+1 == (1 - 517) Kt + It (29)
Kiyy = (1= 0) K7 + G, (30)
1 —’}/Ct—F'LpGg 1 ( I @th)
— = 1-— + 31
v Nh—IL, 147 (1 = 7p)winy L, (31)

- —0o - —1)(1—0o
(Co1 + waﬂ)l Vo) (Niyrh — Lt+1)(7 =)
(Ct +¢G§)17’y(170) (Ntﬁ_ Lt)(’Y*].)(].*O')

1+ 7¢
= TT?; (1+ (1 =75)(repa — 07)) (32)
@th
1— 7w, = —1
( Tt)wt (1 _ nt) Lt (33)
Rt = TiwtntLt + T? (Tt — (')‘p) Kt + T?Ht + Tfot (35)
o (1 — nt) Lt
o —¢ ¢ (30

where 5 = [3%¢%. Hence, the DCE in aggregate terms is summarized by equations (23) to
(36). This is a system of fourteen equations in thirteen endogenous variables, that is , Y;,
Cy, It, Iy, Ky, K7y, ny, Ly, Hy, Ry, Oy, wy, ¢ and one policy instrument variable which is

endogenously-residually determined, G?, in each period t.

3 Data

In order to perform the growth accounting exercise and then simulate our model economy,
we must calibrate our model’s parameters, 6%, ¢7, o, oy, ¥, 0, B, 7, gy and g assign
values to the exogenous variables, A;, N;, &, G¢, Gi, 7¢, 7L and 7F, and produce series

for the private and public capital stock, K; and K} (details for the data are provided in

10



Appendix A). To do so we work as follows: First, we match up our model’s variables and
data. Second, we compute series for the private and public capital stock, K;, K, along with
values for the respective depreciation rate parameters, i.e. 0 and ¢?. Third, we produce
estimates for the output elasticities of private capital, o, public capital, o, and productive
work, 1 — a,, — ay. Fourth, we produce series for the effective tax rates, 7¢, 74, 7F. Fifth,
we calibrate the parameters ¢, o, 3, v, gnv and g4. Finally, we compute series for the
technology variable that transforms rent seeking effort to rent extraction, &,, for the fraction

of productive work time, n;, and for TFP, A;.

3.1 Match up model’s variables and data

All data have been extracted from OECD and Groningen Growth Development Center
(GGDC) databases. Our model economy is a closed one with a public sector. Hence, the

income identity takes the following form:
Y, =Ci+ L+ G+ Gl (37)

We define output, Y;, as real gross domestic product (at factor prices), private investment,
I;, as real private gross fixed capital formation, public consumption, G, as real general
government final consumption and public investment, G, as real government fixed capital
formation.” Using the income identity we obtain private consumption, C, residually. That
is:

Co=Y,— L -G -G, (38)

In Figure 2 we present the evolution of public consumption and public investment as shares
of GDP during the period 1960-2013. Clearly, the former variable followed an upward trend
path. More specifically, from the early 1970s to the late 2000s it increased by approximately
10 percentage points (from 10.20% in 1973 to 20.54% in 2009). The latter variable fluctuated
around a band of 1.72% (minimum value in 2011) to 4.68% (maximum value in 1961) with
an average value equal to 3.16%.

Finally, except from public consumption and public investment, the other exogenous
variable which we take directly from the official databases (the other five, that is, A;, &,
7¢, 7t and 7F, are constructed) is population (number of households), N;. In order to
be consistent with the structure of our artificial economy where all people are capable of

working, we match up this variable with data series for working age population.

(Insert Figure 2 about here)

"Since all series share a common price (one good economy), consistency requires to transform all variables
from nominal to real terms with the same deflator, that is, the GDP deflator. Furthermore, we convert real
gross domestic product from market prices to factor prices by subtracting from it net indirect taxes, that
is, taxes less subsidies on production and imports.

11



3.2 Private and public capital stock

To compute the private and public capital stock series we apply the perpetual inventory
method. To do so, we employ the two rules of motion for private and public capital stock
(eq. 29 and 30) along with the series for private and public investment, i.e., I; and Gi. In
order to obtain values for the private and public capital stock depreciation rate parameters,
0¥ and ¢, and for the respective initial values, Kz, and K%O, we follow Conesa et al. (2007)
and we impose two restrictions. These are as follows: First, for the period 1970-2013, the
ratio of consumption of fixed capital over GDP must be equal with that in the data. For

the private and the public sector it holds:

2013

1 P K,

— = 10.34

i = 1034% (39)
t=1970
2013

1 SYKY

— ~1.32 4

o v 32% (40)
t=1970

Second, the capital-output ratio in the initial period (in our case 1960) must be equal to the

average capital-output ratio over the period 1961-1970. Thus:

1970

K960 _ 1 K (41)
Yigeo 10 5= Y

1970
% = € Etg (42)
Yigeo 10 Y,

t=1961
Equations (29), (30), and (39) to (42) constitute two systems of 55 equations in 55 uknowns
(Ko, K1,...K2013, 0" and K, K7,... K35, 07). The solution of these two systems, along with
the private and public capital stock series, imply 6* = 3.96%, I;f;fg = 1.3576 and 67 = 2.59%,
K, _
Vs = 0.3621.

As Figure 3 depicts, both the private and the public capital-output ratio followed an

upward trend path (capital deepening) during the last 53 years. More specifically, in the
early 1960s the growth rate of the public capital stock was higher than the respective figure
of the private sector, while for the period 1965 to 1983, the average annual growth rate
of the private capital stock was higher by approximately 2.76 percentage points (8.60% vs
5.84%) compared to that in the public sector. As a result, the ratio of the public over the
private capital stock decreased by 9.83 percentage points, that is, from 26.67% to 16.84%.
During the next thirty years, i.e., 1983 to 2013, given an average annual growth rate of the
private capital stock, 2.22%, and of the public capital stock, 2.91%, the same ratio increased
by 3.88 percentage points, that is, from 16.84% to 20.72%. Finally, given the path of the
Greek output from 1979 to 2013, the private capital-output ratio increased by 80.86% (from
2.0704 to 3.7444) and the public capital-output ratio by 96.47% (from 0.3949 to 0.7759).

(Insert Figure 3 about here)

12



3.3 Output elasticities

In order to get values for the output elasticities, oy, oy and 1 — o, — ay, we work as
follows: The perfect competitive labour market structure dictates that the wage rate is
equal to the marginal product of labour. As a result, the output elasticity with respect to
labour is equal to the respective income share. To compute the labour income share we
take into account the fact that in the Greek economy the self-employed are a considerable
fraction of total employment ®. Hence, to avoid an underestimation of the labour share
parameter we produce an estimate for total compensation of the self-employed (e.g. see
Gollin (2002)). We do that by dividing total compensation of employees (net of employer’s
social security contributions) with total dependent employment and then multiplying this
with total self-employment. The result is a constructed annual rate for total compensation
of the self-employed. Finally, we add the latter figure to total compensation of employees

and then we divide this number with real GDP at factor prices. Hence:

CEPE + CEJF
Y, — NIT;

Labour share; = (43)
where CEPE is total compensation of employees that belong to dependent employment,
CESF is the imputed total compensation of the self-employed and NIT is net indirect
taxes, i.e, indirect taxes less subsidies on production and imports. Taking the average of
equation (43) over the period 1970-2011, we compute a value for the labour share parameter
equal to 56.60%.°

In what concerns the output elasticities of private and public capital stock, we follow
Baxter and King (1993) and we set «, equal to the average value of the ratio of public
investment over GDP, % In the Greek economy, during the period 1970-2013, this ratio
was equal to 3.01%. Finally, given the computed values of the output elasticities of labour
and public capital, we compute the elasticity of private capital (or private capital income

share) residually, that is, a, = 1 — 56.60% — 3.01% = 40.39%.

3.4 Effective tax rates

To compute series for the effective tax rates 7¢, 71, and 7%, we follow Papageorgiou (2012)
and we adopt a variation from the methodology of Mendoza et al. (1994).1° Looking at
Figures 2(a) and 4(b) we observe that during the period 1970 to 2013 the effective tax rate
on labour income followed a somewhat similar pattern like the one that public consumption

as a share of GDP did (a correlation coefficient equal to 0.88). More specifically, we note

8From 1970 to 2013 the average ratio of the self-employed over total employment was 38.67%. However,
during that period this ratio followed a downward trend path. In fact it decreased by 20.41 percentage
points, that is, from 49.98% in 1970 to 29.57% in 2013.

90ur choice to take the average over the period 1970-2011 is due to data availability. More specifi-
cally, time series for net indirect taxes are available from 1970 to 2013 and for employer’s social security
contributions from 1965 to 2011.

OFor details see Appendix B.
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two subperiods of a steep increase, that is, from 15.77% in 1975 to 25.08% in 1986 and
from 22.98% in 1992 to 31.94% in 1998. In terms of the path of the effective tax rate on
net capital income, we observe a big jump from 1993 to 2000 (10.69% to 30.84%) and a
big fall from 2000 to 2010 (30.84% to 19.64%). During the 1990s, the signing of Maastricht
treaty and the strategic goal of entering the European Monetary Union (EMU) led the Greek
government to reduce its public deficit and in order to meet that goal it tried to increase
its revenue by increasing the tax rates on labour and capital income (e.g. see Kollintzas
(2000)). Finally, in what concerns the path of the effective tax rate on private consumption
expenditures, it increased remarkably between 1980 to 1987 (8.74% to 19.08%), and then it
fluctuated around a band of 14.47% (minimum value in 1989) to 19.08% (maximum value

in 1987) with an average value equal to 17.23%.

(Insert Figure 4 about here)

3.5 Calibration for parameters v, o, 5, v, gy and gx

For the parameter of substitutability between private and public consumption in utility, v,
we examine three different cases. Therefore, we run three experiments. In case 1 we set its
value equal to 0, in case 2 equal to 0.5 and in case 3 equal to 1. Obviously, the two polar
cases are 1 and 3. In the former we treat public consumption as a waste of resources (e.g see
Angelopoulos et al. (2009) and Papageorgiou (2012)), while in the latter we treat private
and public consumption as perfect substitutes.!! Note that the value of parameter 1) affects
the magnitude of the wealth effect triggered by changes in public consumption. The higher
the value of ¢, i.e. higher degree of substitutability between public and private consumption,
the lower the wealth effect. Also, as we explain below, the value of the parameter affects
the fraction of the productive time and the constructed time series for the rent seeking
technology. For the utility curvature parameter, o, we choose the usual value used in the
literature, i.e., 2. In what concerns the consumption share parameter, v, we set its value
equal to 0.2749, 0.3038 and 0.3303. These values correspond to experiments 1, 2 and 3
respectively. Our choice is consistent with an average value (1970-2013) for the fraction of
productive time, n;, equal to 75%. This figure is close to the respective long run solution (for
the case of Greece) in Angelopoulos et al. (2009). The time discount factor, /3, is calibrated
using the Euler equation (eq. 32). This is written in the following way:

Coir+0Gs, 1—v(1—0) Nepih—Lisa (v=1)(1-0)
5 Ci+yGS Ni¢h—Lg

(44)

14-7¢ Y:
e (14 (1= rha) eyt — )

HOf course, public and private consumption goods can also be complements (see e.g. Fiorito and
Kollintzas (2004)). We follow most of the relevant literature by treating public consumption as either a
waste of resources or substitute to private consumption.
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Given time series for Cy, G¢, Ny, Ly, 7¢, Y;, K, and values for the parameters v, v, o, h, ayp
and 0", we take the average of equation (44) over the period 1970-2010 and we compute a
value for the time discount factor equal to 0.9496, 0.9510 and 0.9523. As was the case with
the parameter v these values correspond to the three experiment of our model. Finally, we
set g4 and gy e<1_1ua1 to 1.0113 and 1.0052 respectively. The former corresponds to a value
of 1.02 for gxo"ﬁ while the latter is the average (1970-2013) value of the working age

population in Greece. Our model’s calibrated parameter values are summarized in Table 1:

(Insert Table 1 about here)

3.6 Construction of variables ¢,, n; and A;
3.6.1 Rent seeking technology and fraction of productive time

To construct series for the exogenous variables, &, and A;, we follow the real business cycles
(RBC) methodology tradition and use our model’s equations. Given the specific aggregate
production function, i.e., V; = AK (K9)* (nyL;)'"* ", to produce series for TFP, A,,
we need to have at our disposal series for Y;, K3, K7, ny, L; and values for o, and «,. Having,
data for Y; and L, (from OECD database), constructed series for K; and K/, and calibrated
values for oy, and oy, the only missing variable is the households’ fraction of productive time,
n;. To construct series for n;, along with series for the technology variable that transforms
rent seeking effort to rent extraction, that is, ,, we use equations (23) (31), (33) and (36).
More specifically, the variable n; is computed using the following equation:

— M1 =a, — Y
(L)1 = oy — ) )
Sy

ng =

The economic rationale that lies behind equation (45) has as follows: ceteris paribus, an
increase in the effective tax rate on labour income induces households to decrease their frac-
tion of productive time for two reasons. First, it decreases the compensation of productive
work and second, it increases the contestable prize (through an increase in tax revenues)
which is available for rent extraction. On the other hand, an increase in the level of rent
seeking technology, &,, makes the extraction of public rents less costly and therefore creates
incentives for households to decrease their fraction of productive time.!?

In Figure 5 we present the paths, from 1973 to 2013, for the technology variable that
transforms rent seeking effort to rent extraction and for households’ fraction of productive
time. Given the equations that we use to construct series for the rent seeking technology
variable, &, (eq. 23, 31, 33 and 36), its value depends, among other variables and parameters,

on the value of the substitutability parameter (sp), 1. Since we examine three different

specifications for this parameter we also have to produce three different series for £,, n; and

12The series for the variable of tax revenues, Ry, is constructed using equation (57), series for Y;, Cy, Ky,
7¢, 7L, 7F and calibrated values for o, a9 and §.
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consequently for A;. As Figure 5 depicts the variables &, and n; follow the same general
path under the three specifications.

In terms of the path of the rent seeking technology variable (see Figure 5(a)) we observe
that during the period 1973-2000 there was a decline in its index value (base year 1973=100)
from 100 to 46.13 (¢» = 0), 49.31 (¢ = 0.5) and 52.94 (¢» = 1). This path was a result of
a steep decrease during three subperiods, that is, mid-1970s, mid-1980s and mid-1990s.
Exceptions to that general declining path were the subperiods 1979-1981 and 1987-1989.
During the former there was an increase by 4.23 index units (¢» = 0), 4.64 (¢» = 0.5) and
5.30 (¢ = 1), while during the latter the increase was 9.32 (¢» = 0), 8.64 (¢» = 0.5) and 8.27
(¢» = 1). Finally, from 2000 to 2013, with an exception of the period 2005-2007 (a drop by
5.37 index units (¢» = 0), 4.62 (¢ = 0.5) and 4.11 (¢» = 1) ), we observe an increase by 12.85
index units (¢ = 0), 10.69 (¢» = 0.5) and 9.16 (¢ = 1).

(Insert Figure 5 about here)

In what concerns the path of households’ fraction of productive time, after reaching a
value of almost 90% in the late 1970s (peak in 1978, 88.82% (¢ = 0), 89.32% (¢» = 0.5) and
89.63% (¢» = 1)) it abruptly decreased during the subperiod 1979-1982 (in 1982, 76.49%
(¢ =0), 76.83% (¢ = 0.5) and 77.03% (¢» = 1)). Then, until 1991, it oscillated around a
mean of approximately 79% and afterwards it experienced its second steep decrease from
81.55% (1) = 0), 82.23% (1) = 0.5) and 82.70% (¢ = 1) in 1991 to 71.24% (1 = 0), 71.57%
(¢ = 0.5) and 71.77% (¢ = 1) in 1995. Hence, according to our model’s equations and the
data, during the crisis phase (1979-1995) of the Greek great depression episode there was a
cumulative drop in households’ fraction of productive time by approximately 18 percentage
points, i.e. in 1979 for every 60 minutes of recorded non leisure hours, 6.60 minutes were
consumed for non productive uses (quest of privileges from the government, ©,R;) while in
1995 the same figure was almost tripled to 17.40 minutes. Since that period was marked
by a major drop in Greek economy’s TFP (see Figure 1(c)) the above analysis can serve
as a candidate factor in explaining that change (see the next subsection with the growth
accounting exercise).

During the next 18 years (1995-2013) households’ fraction of productive time fluctuated
around a mean of 68% with not negligible variations. Looking at the southeast side of
Figure 5(b) we observe two subperiods of a major decline and two subperiods of a sharp
increase. More specifically, from 73.66% (¢» = 0), 73.77% (¢ = 0.5) and 73.80% (¢ = 1)
in 1997 households’ fraction of productive time fell to 63.60% (¢ = 0), 62.13% (¢» = 0.5)
and 61.00% (¢ = 1) in 2005. Then, after increasing to 71.29% (¢» = 0), 68.26% (¢» = 0.5)
and 66.05% (v = 1) in 2007 it once again decreased to levels close to 60% in 2011 (61.89%
(¢ = 0), 61.67% (¢ = 0.5) and 61.45% (¢» = 1)). Finally, in 2013 it jumped to 67.63%
(v =0), 67.98% (» = 0.5) and 68.20% (¢ = 1).

(Insert Table 2 about here)

16



Although our research interest focuses on the comparison between the equilibrium paths
of the endogenous variables of our model with those in the data, in Table 2 we present
the long-run solutions (three experiments) of our model with respect to the following three
endogenous variables: households’ fraction of productive time, n;, economy-wide degree of
rent extraction, O, and extracted public rents as a percentage of GDP, @tT?t. Our calibrated
to the Greek economy model suggests that households devote 70.29% (¢ = 0), 73.24%
(¢» = 0.5) and 78.86% (¢ = 1) of their non leisure time to productive uses and the economy-
wide degree of rent extraction takes the values of 41.85% (¢ = 0), 36.38% (¢» = 0.5) and
26.80% (¢ = 1). The numbers of the latter variable translate to favoured public spending
and tax privileges equal to 15.62% (v» = 0), 13.50% (¢» = 0.5) and 9.91% (¢p = 1) as a
percentage of GDP. Finally, it is worth pointing out that according to our model’s long-
run solutions there exists an inverse relationship between the value of the substitutability
parameter, i.e., ¥, and rent seeking activity. The higher the former, that is, the degree
of substitutability between private and public consumption goods increases, the lower the
latter, that is, households increase their fraction of productive time and the economy-wide

degree of rent extraction decreases.

3.6.2 Official vs model based indices: the case for the exogenous variable ¢,

As mentioned in the former subsection, when we simulate our artificial economy, the series
for the exogenous variable, &,, that we feed into our model, is constructed using our model’s
equations and the data. The rent seeking technology variable shows how "easily" rent
>~ (1-nt)at

h=

seeking per capita effort, i.e., translates into rent extraction, i.e. ©;. Hence,

Ny
the exogenous variable, &,, can be considered as a proxy for the quality of institutions of
the economy. Given rent seeking per capita effort, a higher value for £, (lower institutional
quality) indicates higher rent extraction. Before using the constructed series of £, to simulate
our model economy, it would be fruitful for our analysis to ask whether the aforementioned
series, presented in Figure 5(a) and reproduced in Figure 6, display any resemblance with
available indices that can be considered as proxies for the quality of institutions of the Greek
economy. An affirmative answer to that question would give support, partially at least, to
our choice to use the specific series for the exogenous variable &,. In order to address this
issue we present two widely used indices. These are: the International Country Risk Guide
(ICRG) index constructed by a private firm named Political Risk Services (PRS) Group
Inc., and the Corruption Perceptions Index (CPI) produced by Transparency International
a non-governmental organization that monitors corruption for a big sample of countries (e.g.

177 countries for the 2013 edition).!® For the former index the data are available for the

period 1984-2005 while for the latter they are available for the period 1995-2013.

(Insert Figure 6 about here)

13Useful information about these two indices (methodology etc.) can be found at the following two internet
sites: for the ICRG index, www.prsgroup.com, and for the CPI index, www.transparency.org.
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The ICRG dataset includes 22 variables in three subcategories. These are: the political,
the financial and the economic risk subcategory. As Angelopoulos et al. (2011) point out
many economists have used the political risk subcategory as a measure of the quality of
a country’s institutions. This subcategory takes values between 0 (highest political risk)
and 100 (lowest political risk) and includes 12 variables. These are: government stability,
socioeconomic conditions, investment profile, internal conflict, external conflict, corruption,
military in politics, religious tensions, law and order, ethnic tensions, democratic account-
ability and bureaucracy quality. The first 5 variables take values between 0 (min) to 12
(max), the following 6 between 0 (min) and 6 (max) and the last one between 0 (min) and
4 (max). The sum of the values of these variables leads to the formation of the political risk
subcategory index. Given that a higher value of this index can be interpreted as an improve-
ment in the quality of a country’s institutions while for our model’s rent seeking technology
variable &, a higher value indicates the opposite (a lower quality of institutions), to compare
the two series we take the reciprocal of the political risk index. Furthermore, we do not
sum up all the twelve subcomponents but instead we choose the following 5: government
stability, investment profile, corruption, democratic accountability and bureaucracy quality.
We construct two indices, one from the ICRG dataset and one from the constructed series
of the variable &,, with 1984 as the base year. The two indices are presented in Figure 6(a).
We observe that the ICRG index follows a path very similar to the one that our model’s
rent seeking technology index follows during the period 1984-2005. It displays both the
downward path of the 1990s and the reverse of that trend in the 2000s. Furthermore, the
correlation coefficient is equal to 0.90 (if instead of 5 we sum up all the 12 variables of the
political risk index then the correlation coefficient drops to 0.82).

The other official index which can be considered as a proxy for the quality of a country’s
institutions is the CPI. According to Transparency International the CPI "ranks countries
and territories based on how corrupt their public sector is perceived to be. A country or
territory’s score indicates the perceived level of public sector corruption on a scale of 0
(highly corrupt) to 100 (very clean)".!* Furthermore, the CPI generally defines corruption
as "the misuse of public power for private benefit". As was the case with the ICRG index
we must take the reciprocal of the CPI so as to make it comparable with the rent seeking
technology variable of our model. In Figure 6(b) we display the two series from 1995 to 2013
(base year 1995). Although the correlation coefficient between the two indices is very weak
(but positive), i.e. 0.15, there are some subperiods where the CPI follows a similar path like
the one that the variable &, follows (e.g. 1995-1997, 2000-2002, 2004-2007 and 2008-2009).
On the contrary, during the subperiods 1997-2000, 2002-2004 and 2011-2013 the two indices
follow paths with entirely opposite directions.

Generally speaking the above analysis reveals a similarity between the variability of the

rent seeking technology variable &, and that of a two official indices that can be considered as

“For example, in 2013, Greece’s CPI score was 40 (rank: 80th out of a sample of 177 countries).
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proxies for the quality of a country’s institutions. Most important of all, these two indices,
i.e. ICRG and CPI, are entirely exogenous to our model. This fact gives support to our

choice of choosing our model based series for the exogenous variable &,.

3.6.3 Total factor productivity

Having time series for Y;, Ki, K{, n;, L; and values for o, and «,, we compute the TFP
series using the aggregate production function. As in Conesa et al. (2007), the exogenous
TFP series which we feed into our model is obtained using as a series for output, real GDP
at factor prices. We do that because we want our TFP exogenous series to be net of net
indirect taxes. These taxes are modeled explicitly with the use of the effective tax rate on

private consumption expenditures, 7§. As a result:

Y,
At = o g\ ' l—ap—a (46)
K7 (KY)™ (ngLe) 77"

In the growth accounting exercise, when we report the contribution of TFP to growth we

calculate TFP as conventionally measured, that is using real GDP at market prices, thus:
Y, = (1 +79)C + I, + G + G (47)

The resulting TFP series is as follows:

-~

T Yi
At = ap g\ g l—ap—ay
K7 (K7)™ (neLy)

(48)
where T is the base year (for Greece this is 2005).

3.7 Growth accounting

In order to perform the growth accounting exercise we modify the aggregate production (e.g.

see Kehoe and Prescott (2002, 2007)) in the following way:

1/; _ Al Oép ag & - ap 9 Kg - ap g ntLt (49)
N, Y Y Ny

or in natural logarithms

}/;g 1 (87 Kt (0% Kg ntLt
hn—=— " A +—2 In—"4+—9  In_—t 4] 50
nNt 1—ap—agn t+1—ap—ozgnY;+1—ozp—ozgnYt+n N, (50)

with
n L
In ]t\ft lnnt—klnﬁi (51)
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1 p %9
where A, **~*¢ is the TFP factor, (%) 7P g the private capital factor, (KTf) PO g

the public capital factor and "va—fzf is the labour factor. The latter factor (per capita hours

of productive work) can be divided into two terms, the fraction of productive time, n;, and

per capita non leisure time, f]—i In the absence of shocks our model economy converges to a

balanced growth path. Along that path the private capital factor, the public capital factor
and the labour factor remain constant (the fraction of productive time and per capita non

leisure time remain constant). As a result, the growth rate of real per capital GDP is driven
1

—ap—ag

exclusively by the growth rate of the TFP factor, that is, g,

In Table 3 we present the growth accounting exercise. We divide the period 1973-
2013 into 5 subperiods, these are: 1973-1979 (before depression), 1979-1995 (crisis), 1995-
2001 (recovery), 2001-2007 (post depression) and 2007-2013 (new crisis). Taking annual
differences of equation (50) we compute the growth rate of real per capita GDP as the sum
of the growth rate of the TFP factor (net of the fraction of productive time n;), the private
capital factor, the public capital factor and the labour factor. Furthermore, using equation
(51), we compute the growth rate of the labour factor as the sum of the growth rate of the
fraction of productive time and per capita non leisure time.

Since we examine three different cases with respect to the substitutability parameter 1
(our choice for ¢ affects the variable n, and as a result it also affects n,L; and A;, e.g. see eq.
(46)) we present three, partially different, growth accounting exercises. There the average
annual growth rate of real per capita GDP, the private capital factor, the public capital
factor and per capita non leisure time is the same in all three cases (we use the symbol -/ /-
to denote that the value of a variable remains the same across the columns of Table 3). On
the other hand, the average annual growth rate of the TFP factor (net), the labour factor
and the fraction of productive time takes different values in all three specifications.

The term TFP Factor (gross, i.e., including the fraction of productive time) refers to the
respective growth accounting exercise when the production function does not includes the
variable ng, ie., Y, = A, K™ (K9)* L, “""®. That was the case in Gogos et al. (2014b).
Under that setting the growth rate of per capita non leisure time coincided with that of the
labour factor, i.e. all hours of work (non leisure time) were considered as productive. Hence,
any variations in the fraction of productive time showed up as variations in the TFP factor
(gross). The growth accounting setting that we adopt in this study (based on the model of
Angelopoulos et al. (2009)) helps us to move our research one step further since it allows
us to identify and quantify a proportion of the sources of the variability in the TFP factor
(gross) observed in Gogos et al. (2014b), i.e. the "measure of our ignorance" unfolds.

Looking at Table 3 we observe that during the whole period 1973-2013 the average annual
growth rate of real per capita GDP was less than half of the 2% trend, i.e. 0.75%. This poor
growth performance was a result of a negative growth rate -1.10% (¢ = 0), -1.14% (¢ = 0.5)
and -1.23% (¢ = 1) of the labour factor and of a very weak but positive contribution 0.17%
(¢ =0), 0.21% (¢ = 0.5) and 0.29% (¢ = 1) of the TFP factor (net). It is worth noting
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that the decline of the labour factor was produced by a negative average annual growth rate
of the fraction of productive time (-0.54% (¢» = 0), -0.58% (¢» = 0.5) and -0.67% (¢ = 1))
and of the per capita non leisure time (-0.56%). The main engine of growth was the private
capital factor with an average annual growth rate of 1.58%. The contribution of the public
capital factor was of the same magnitude as that of the TFP factor (net), i.e., 0.11%.

The subperiod 1973-1979 (before depression) was marked by a growth performance
(2.13%) close to the 2% trend. The contribution of the private capital factor, the public
capital factor and the labour factor was 3.50%, 0.11% and 0.27% (¢ = 0), 0.01% (¢» = 0.5)
and -0.51% (v = 1), respectively. On the other hand the average annual growth rate of the
TFEFP factor (net) was -1.75% (¢ = 0), -1.49% (¢ = 0.5) and -0.97% (v = 1). Hence, the
positive growth rate of the private capital factor fully offsetted the negative growth rate of

the TFP factor and that led to an increase of real per capita GDP.
(Insert Figure 7 about here)

During the crisis phase (1979-1995) of the Greek great depression episode the average
annual growth rate of real per capita GDP was -0.07%. The contribution of the labour
factor was negative with an average annual growth rate of -1.90% (¢ = 0), -1.91% (¢ = 0.5)
and -1.93% (¢ = 1). This was a result of a decrease of the fraction of productive time by
-1.35% (¢ = 0), -1.36% (¢» = 0.5) and -1.39% (¢» = 1) and of a decline of the per capita non
leisure time by -0.54%. The contribution of the private and the public capital factor was
positive with an average annual growth rate of 1.68% and 0.12% respectively. Furthermore,
the average annual growth rate of the TFP factor (net) was close to zero, i.e., 0.03% (1) = 0),
0.04% (v = 0.5) and 0.06% (¢ = 1). In the respective growth accounting exercise in Gogos
et al (2014b), the contribution of the TFP factor (gross) was -1.33% (see the row TFP Factor
(gross) on the northeast side of Table 3). Hence, according to our new growth accounting
exercise, on average, during the period 1979-1995, 40.84% (¢ = 0), 41.14% (¢» = 0.5) and
41.74% (v = 1) of the gap between the growth rate of the TFP factor (gross) and the 2%
trend can be attributed to rent seeking activities (see Figure 7(c)).

The subperiod 1995-2001, i.e. the recovery phase, was marked by an aggregate economic
performance well above the 2% trend growth rate. More specifically the average annual
growth rate of real per capita GDP was 3.13%. The main engine of growth was the TFP
factor (net) with an average annual growth rate of 3.43% (¢ = 0), 4.15% (v» = 0.5) and
4.70% (¢ = 1). Under the specifications ¢» = 0 and 1 = 0.5 the contribution of the labour
factor was positive (0.93% and 0.20%) whereas under the specification ¢) = 1 it was negative
(-0.34%). These differences, given the average increase of the per capita non leisure time
(0.75%), stem from the path of households’ fraction of productive time. Under the first
specification it experienced an average annual growth rate of 0.18%, while the respective
figures under the other two specifications were -0.55% and -1.09%. Finally, the contribution
of the private and the public capital factor turned negative with an average annual growth

rate of -1.20% and -0.03% respectively. For this particular subperiod rent seeking activities
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can not explain the gap of 1.52 percentage points between the growth rate of the TFP factor
(gross) and the 2% trend (see Figure 7(d)). On the contrary, according to our new growth
accounting exercise that gap now becomes wider (with an exception of the specification
1 =0), ie., 1.43% (v» = 0), 2.15% (¢p = 0.5) and 2.70% (b = 1).

The supberiod 2001-2007 is close to be characterized as one of a balanced growth path.
The average annual growth rate of real per capita GDP was 3.83% and the workhorse for this
economic performance was the TFP factor (net) with a contribution of 3.99% (¢ = 0), 4.06%
(¢ = 0.5) and 4.11% (¢» = 1). The private and the public capital factor continued their
declining path with an average annual growth rate of -0.60% (half of the respective figure
in the 1995-2001 subperiod) and -0.02% respectively. On the other hand the contribution of
the labour factor was positive with an average annual growth rate of 0.47% (v = 0), 0.40%
(¢ =0.5) and 0.35% (¢ = 1). This was a result of a positive average annual growth rate of
the per capita non leisure time of 0.64%. The respective figure for the fraction of productive
time was -0.17% (¢ = 0), -0.24% (¢ = 0.5) and -0.29% (¢ = 1).

(Insert Table 3 about here)

The subperiod 2007-2013 was marked by an abrupt fall of real per capita GDP. The av-
erage annual growth rate was -3.88%. This steep contraction in aggregate economic activity
was a result of two factors. First, the TFP factor (net) experienced a decline of -4.64%
(¢ = 0), -5.45% (¢ = 0.5) and -6.05% (¢» = 1) and second, the labour factor decreased
by -3.96% (v = 0), -3.15% (v = 0.5) and -2.55% (1) = 1). The decline of the labour fac-
tor was mostly produced by the decrease of the per capita non leisure time (-3.08%). The
average annual growth rate of the fraction of productive time was -0.88% (i) = 0), -0.07%
(¢ = 0.5) and 0.53% (¢» = 1). Finally, the private and the public capital factor had a
positive contribution to real per capita GDP growth of 4.37% and 0.34% respectively.

The main question that we address in this study is whether the observed exogenous series
of TFP, A, the rent seeking technology variable (a proxy for the quality of institutions) &,,
the effective tax rates, 7¢, 7%, 7F, the public sector GDP components, G¢, G and population,
N, can account for the aforementioned growth accounting characteristics presented in Table
3. The answer is affirmative. Our model performs well vis-a-vis the data. Furthermore, a
non negligible proportion of the decline of the TFP factor (gross) observed in Gogos et al.

(2014b), is endogenized and is attributed to rent seeking activities

4 Solving for the DCE path

After doing some algebra we end up with the following six equations in six unknowns, i.e.,Y;,

Cy, Ly, K41, K| and R, (in aggregate terms), in each period t:

l—ap—ag

Y = (AK (Kf))wries ((1 )] Gk e ag)) (52)
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Solving for the DCE equilibrium path involves choosing sequences of Y;, Cy, L;, K;.1,

Kg

(55)
(56)

(57)

t+1

and Ry, such that the system of equations (52) to (57) has a unique solution, given sequences

of {A:, &, Ny, GS,GY, ¢, 7t 7812 the initial private and public capital stock K, K7 , and
t t t t t t Jt=Ty 0 To

the corresponding transversality condition. We follow Gogos et al. (2014 a and b) and we

convert the above system of infinite equations with infinite unknowns into a tractable dy-

namic system by assuming that our economy converges to a balanced growth path at some

finite date 7T;. Our system is thus reduced to:

For t = T(],TO + 1, Tl
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(63)

(64)

This is a system of 6(7; — Ty + 1) equations, in 6(7} — Ty + 1) uknowns, i.e. the respective

output, private consumption, private capital, public capital, non leisure time and public
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revenues sequences. We set Ty = 1970 and 7 = 2269. Thus, we solve the system for 300
periods.

Since data, for TFP, population and public consumption and investment are available
until 2013, and for the effective tax rates until 2011, we make the following assumptions
regarding the path that they follow for the period after 2013 and 2011 respectively. For TFP
we assume that for 2014 and 2015 follows a proportionally similar path to the respective
OECD projections for real per capita GDP and after 2015 increases smoothly until 2020
when it reaches its trend growth rate g4. In what concerns population we assume that after
2013 it grows at its annual average growth rate over the period 1970-2013, that is gy. For
the rent seeking technology variable we assume that after 2013 it follows a smooth path
trajectory (with a constant annual proportional rate of change) and in 2020 it reaches the
same value that it had in 2001. After 2020 we assume that its value remains constant. As
Figures 5 and 6 display, the value of the rent seeking technology variable in 2013 was higher
relative to 2001. As a result for the period 2013-2020 we assume that there is a continuous
improvement in the quality of Greece’s institutions. Our assumption is consistent with one of
the main goals of the relatively recently signed two Greek economic adjustment programmes
(2010 and 2012) which is the modernizing of the state and of the public administration.

In what concerns public consumption and investment we make the same assumption

as Conesa et al. (2007) do. We assume that after 2013 they grow at a constant growth
1

1— — . . . o1 .
rate equal to g, " "’ gn. This assumption is necessary for our equilibrium to converge to

a balanced growth path. Finally, as regards the tax rates we assume that they retain the
same values as those in 2011, that is 7¢ = 17.99%, 7. = 34.69%, and 7% = 23.19%.

5 Numerical experiments

In this Section we compare the growth accounting from the data with that from our artificial
economy. Furthermore, we present our model’s performance (in figures) relative to the time
paths of real per capita private capital stock, real per capita private investment and real per
capita private consumption. Our results are presented in Tables 4 (average annual changes,
%) and 5 (levels) as well as in Figures 8 to 14. More specifically, Table 5 depicts the
index values corresponding to the growth accounting exercise. It shows the index values of
detrended real per capita GDP, detrended TFP factor, private capital factor, public capital
factor, labour factor, fraction of productive time and per capita non leisure time relative to
their respective values in the beginning of the whole period 1973-2013 and in the beginning of
each of the five subperiods, i.e. 1973-1979, 1979-1995, 1995-2001, 2001-2007 and 2007-2013.

(Insert Table 4 about here)

As noted in the former subsections we run three numerical experiments. Experiments 1,

2 and 3 (e.g. see Tables 4 and 5) correspond to the cases where ¢ =0, ¢ = 0.5 and ¢ = 1
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respectively. In experiment 1 we treat public consumption as a waste of resources and in
experiment 3 as a perfect substitute of private consumption. In what concerns Figures 8 to
14, we present the equilibrium paths (only for experiment 1), along with the data, for the
following seven variables: detrended real per capita GDP, private capital factor, fraction
of productive time, per capita non leisure time, detrended real per capita private capital
stock, detrended real per capita private investment and detrended real per capita private

consumption.

(Insert Table 5 about here)

5.1 Data vs model
5.1.1 Last fourty years: 1973-2013

For the 1973-2013 period as a whole all the experiments of our model underestimate the
increase of real per capita GDP (0.75% in terms of growth rates).!> Experiments 1, 2 and 3
predict an average annual growth rate of 0.39%, 0.43% and 0.47% respectively (see Table 4).
In terms of detrended index values (see Table 6) experiments 1, 2 and 3 produce a cumulative
decline of real per capita GDP equal to -47.09%, -46.31% and -45.37% respectively (-38.82%
in the data). As we mentioned in the subsection with the growth accounting exercise,
the workhorse of the aforementioned growth performance was the private capital factor
(1.58%). On the contrary, the contribution of the labour factor was negative (-1.10% (¢ =
0), -1.14% (¢ = 0.5) and -1.23% (¢» = 1)). Our model reproduces well these growth
accounting characteristics. More specifically, in terms of the path of the private capital
factor, experiments 1, 2 and 3 predict an average annual increase of 1.48%, 1.51% and 1.55%
respectively, and in terms of the path of the labour factor the respective figures are -1.34%,
-1.37% and -1.46%.'® Moreover, our artificial economy performs well in terms of predicting
the breakdown of the average annual growth of the labour factor. It underestimates the
decrease of the fraction of productive time (-0.54%, -0.58% and -0.67% in the data vs -
0.49%, -0.39% and -0.47% in the model) and it overestimates the decrease of the per capita
non leisure time (-0.56% in the data vs -0.85%, -0.98% and -0.99% in the model).

(Insert Table 6 about here)

15Unless otherwise stated, our results are presented in terms of average annual growth rates.

16Tt is worth pointing out that all three experiments of our model predict the same equilibrium path for
the public capital stock (in all the experiments we have used the same equation, i.e., (61), for the law of
motion of public capital stock, the same calibrated value for the constant depreciation rate parameter, the
same exogenous series for public investment and the same initial value for the public capital stock). As a
result, in Tables 4 to 7 any differences in the solutions of the three experiments with respect to the predicted
path of the public capital factor reflect the respective differences in terms of the predicted path of real per
capita GDP.
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5.1.2 Before crisis: 1973-1979

For the subperiod 1973-1979 our model succeeds in reproducing the path of real per capita
GDP. More specifically, experiments 1, 2 and 3 predict an average annual growth rate of
1.84%, 1.76% and 1.77% respectively (2.13% in the data). In what concerns the path of
the private capital factor all the experiments overestimate its increase (3.50% in the data
vs 4.14%, 3.99% and 3.96% in the model, and 23.36% in the data vs 28.17%, 27.07% and
26.86% in the model in terms of levels). On the other hand, in terms of the path of the
labour factor our results are mixed. Experiments 1 and 2 diverge both qualitatively and
quantitatively from the data (0.27% and 0.01% in the data vs -0.66% and -0.81% in the
model) while experiment 3 diverges only in quantitative terms (-0.51% in the data vs -
1.24% in the model). Finally, although our model accounts for - in qualitative terms - the
breakdown of the average annual growth rate of the labour factor, it misses its path in
quantitative terms. All the experiments predict a big jump of the fraction of productive
time (0.89%, 0.62% and 0.11% in the data vs 3.21%, 3.00% and 2.00% in the model) and a
steep decline of the per capita non leisure time (-0.62% in the data vs -3.87%, -3.81% and
-3.24% in the model).

(Insert Table 7 about here)

The increase in the equilibrium series of the fraction of productive time is attributed to
the decrease of the rent seeking technology exogenous variable, &, (see Figure 5(a)). The
improvement in the "quality of institutions" (rent seeking becomes more costly) induces
households to decrease (increase) the fraction of their non leisure time that devote to rent
seeking activities, 1 — n; (productive work). Furthermore, the decrease of the TFP factor
(see Figure 7(b)), the increase of the effective tax rate on labour income (from 15.31% in
1973 to 20.04% in 1979) and the increase of public consumption (from 10.20% in 1973 to
14.41% in 1979 as a share of GDP) create a substitution and a negative wealth effect.!” On
the one hand the former creates incentives to households to decrease their non leisure time
to productive work, n;L;, (labour factor). On the other hand the latter creates incentives
to households to increase their non leisure time, L;. According to our results the substi-
tution effect dominates the wealth effect and households decrease their non leisure time to
productive work.'® Finally, since the fraction of productive time, n;, has increased and the
non leisure time to productive work, n,L;, has decreased, the non leisure time, L;, has to
decrease so as to overshoot the increase of the fraction of productive time (-3.87% vs 3.21%,
-3.81% vs 3.00 and -3.24% vs 2.00%).

17The negative wealth effect becomes smaller as we go from the specification 1) = 0, i.e. public consumption
is treated as a waste of resources, to ©» = 1, i.e. public and private consumption are treated as perfect
substitutes.

18The decrease of the TFP factor and the increase of the effective tax rate on labour income also affect
households fraction of productive time (see equation (45)). The former has both a negative and a positive
effect since it decreases the compensation of productive work and the contestable prize (through public
revenues). The latter has a negative effect since it decreases the net compensation of productive work and
increases the contestable prize.

26



(Insert Figure 8 about here)

5.1.3 Cerisis: 1979-1995

For the crisis phase of the Greek great depression episode our model fits the data quite well.
In terms of the path of real per capita GDP all the experiments overestimate its decrease.
Experiments 1, 2 and 3 predict an average annual growth rate of -0.36%, -0.37% and -0.38%
respectively (-0.07% in the data). These growth rates translate to a cumulative decline
of detrended real per capita GDP equal to -31.21%, -31.32% and -31.42% respectively (-
27.99% in the data). In what concerns the main contributing factor for that poor growth
performance, i.e. the labour factor, our model performs well vis-a-vis the data. More
specifically, all the experiments underestimate the decrease that we observe in the data
(-1.90%, -1.91% and -1.93% in the data vs -1.63%, -1.67% and -1.72% in the model and
-26.20%, -26.33% and -26.61% in the data vs -23.01%, -23.44% and -24.09% in the model
in terms of levels). Furthermore, in terms of the breakdown of the labour factor all the
experiments underestimate the decrease of the fraction of productive time (-1.35%, -1.36%
and -1.39% in the data vs -1.23%, -0.97% and -0.82% in the model), experiments 2 and 3
overestimate the decline of the per capita non leisure time (-0.54% in the data vs -0.70% and
-0.90% in the model) while experiment 1 underestimates it (-0.54% in the data vs -0.41% in
the model).

(Insert Figure 9 about here)

The subperiod 1979-1995 was marked by big increases in the effective tax rates on private
consumption expenditures, labour (productive work) income and net capital income (see
Figure 4). Furthermore there was an increase of public consumption as a share of GDP
(see Figure 2). As was the case with the analysis of the 1973-1979 subperiod, these changes
create a substitution and a negative wealth effect. According to our model’s results the
former effect dominates the latter and our experiments produce an equilibrium series for the
labour factor with a negative average annual growth rate. In what concerns the economic
rationale that lies behind the decline of the fraction of productive time we observe two
opposite effects. On the one hand the aforementioned increases in the effective tax rates
create incentives to households to reduce their fraction of productive time (see equation
(45)). On the other hand, the subperiod 1979-1995 was also characterized by a decrease in
the rent seeking technology variable. This change increases the relative cost of rent seeking
activities and consequently creates incentives to households to increase their fraction of
productive time. According to our model’s response, the former effect dominates the latter
and the fraction of productive time decreases, i.e. the effect from the improvement in the
quality of institutions does not manage to counterbalance the effect from the increase of the

effective tax rates.

(Insert Figure 10 about here)
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5.1.4 Recovery: 1995-2001

For the recovery phase, i.e. 1995-2001, our model produces an equilibrium path for real per
capita GDP which accounts for the 2/3 of the respective increase in the data. According to
our results, experiments 1, 2 and 3 produce an average annual growth rate of 2.07%, 2.04%
and 2.01% respectively, lower relative to the data by nearly 1 percentage point (3.13%). In
terms of the path of the private capital factor all the experiments of our model underes-
timate its decrease (-1.20% in the data vs -0.88%, -0.96% and -1.04% in the model) and
in terms of the path of the labour factor experiments 1 and 2 underestimate its increase
(0.93% and 0.20% in the data vs 0.67% and 0.05% in the model) while experiment 3 slightly
overestimates its decrease (-0.34% in the data vs -0.38% in the model). In what concerns
the breakdown of the labour factor the results of our model are mixed. Here experiment 3
dominates. It produces an equilibrium path for the fraction of productive time (-1.09% in
the data vs -1.16% in the model) and for the per capita non leisure time (0.75% in the data
vs 0.78% in the model) which is very close to the data. On the other hand experiments 1
and 2 diverge qualitatively from the data in terms of the per capita non leisure time. The
former predicts an average annual growth rate of -0.97% and the respective figure for the
latter is -0.56% (0.75% in the data). Finally, experiment 1 overestimates the increase of the
fraction of productive time (0.18% in the data vs 1.64% in the model) and experiment 2

underestimates it increase (-0.55% in the data vs -0.06% in the model).
(Insert Figure 11 about here)

The subperiod 1995-2001 was characterized by a boost in the TFP factor, an increase
in the effective tax rate on labour income, a steep increase of the effective tax rate on net
capital income and a decline in the rent seeking technology variable.!® In experiment 1 the
increase of the fraction of productive time is attributed to the increase of the TFP factor
and the decrease of the rent seeking technology variable. These changes counterbalance the
effect from the increase of the effective tax rates. This result does not hold for experiments
2 and 3. There the increase of the TFP factor is higher and the decrease of the rent
seeking technology variable is lower relative to the respective figures in experiment 1. More
specifically, in experiment 2 the effect from these changes is slightly counterbalanced from
the effect of the increase of the effective tax rates, i.e. the fraction of productive time
decreases with an average annual growth rate of -0.06%. In experiment 3 the drop of the

fraction of productive time is even higher.

(Insert Figure 12 about here)

9 As stated in Gogos et al. (2014a), the increase in TFP coincides with the beginning and gradual
implementation of structural reforms aimed at the financial liberalization, as well as the deregulation in
goods and services markets.
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5.1.5 Post depression: 2001-2007

For the post depression subperiod our model performs very well vis-a-vis the data. In terms
of the path of real per capita GDP, experiments 1, 2 and 3 predict an average annual
growth rate of 3.73%, 3.94% and 4.15% respectively (3.83% in the data). In what concerns
the private capital factor, experiment 1 overestimates its decrease (-0.60% in the data vs -
0.74% in the model) and experiments 2 and 3 underestimate it (-0.56% and -0.37%). Finally,
in terms of the path of the labour factor all the experiments are very close to the data. More
specifically, experiment 1, 2 and 3 predict an average annual growth rate of 0.43%, 0.44%
and 0.45% respectively (0.47%, 0.40% and 0.35% in the data).

Looking at the middle panel of Table 5 we observe that our model does not succeeds
to reproduce the breakdown of the labour factor into its two components. Although it fits
the data in qualitative terms it fails to reproduce the data series in quantitative terms.
Experiments 1, 2 and 3 predict an average annual change for the fraction of productive time
equal to -2.19%, -2.28% and -2.43% respectively (-0.17%, -0.24% and -0.29% in the data)
and the respective figures for the per capita non leisure time are 2.62%, 2.71% and 2.88%
(0.64% in the model).

(Insert Figure 13 about here)

5.1.6 New crisis: 2007-2013

For the new crisis subperiod our model predicts the steep drop of real per capita GDP ob-
served in the data. Experiments 1, 2 and 3 predict an average annual growth rate of -4.08%,
-3.93% and -3.81% respectively (-3.88% in the data). In terms of detrended index values
the respective figures are (see the lower panel of Table 7) -30.51%, -29.84% and -29.35%
(-29.67% in the data). Except from the TFP factor, the other contributing factor that led
to that sharp drop of real per capita GDP was the labour factor. All the experiments of
our model reproduce this growth accounting fact, although they overestimate its decrease
since they predict an average annual growth rate of -5.04%, -4.37% and -3.95% respectively
(-3.96%, -3.15% and -2.55% in the data). In what concerns the decomposition of the labour
factor our model succeeds to reproduce the data series in quantitative terms. More specif-
ically, experiments 1, 2 and 3 predict an average annual growth rate for the fraction of
productive time equal to -2.66%, -0.70% and 0.63% respectively (-0.88%, -0.07% and 0.53%
in the data). The respective figures for the per capita non leisure time are -2.37%, -3.67%
and -4.58% (-3.08% in the data). Finally our model fits the data well in terms of the path
of the private capital factor (4.37% in the data vs 4.27%, 4.48% and 4.66% in the model).

(Insert Figure 14 about here)
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6 Concluding remarks

In this study we investigated whether a dynamic general equilibrium model with a govern-
ment sector, rent seeking activities and institutional factors can account for Greece’s poor
economic performance over the period 1979-2001. Our main findings are as follows: First, in
terms of the path of key macroeconomic variables, our model fits the data quite well. Sec-
ond, by conducting a growth accounting exercise we find that during the period 1979-1995 a
non negligible proportion of the decline of total factor productivity (TFP) can be accounted
by rent seeking activities. Third, our model produces an index which can be interpreted
as a measure of the quality of institutions in the Greek economy. Our model based index
exhibits a resemblance with the internal country risk guide (ICRG) index which is widely

used in the literature as a proxy for the quality of a country’s institutions.
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Appendix A. data

Details on the sources of the data and the construction of the variables, parameters, figures
and tables are provided below. First, we present all the variables (along with their sources)
that we use in our analysis for the Greek economy. Second, we provide technical details for
the construction of some key variables and parameters. Third, we present the specifications
for the construction of all tables and figures. All data have been extracted from two data
sources, OECD and Groningen Growth Development Center (GGDC) databases. Further-
more, we have used data (only for presentation purposes) from Transparency International
a non-governmental organization that monitors corruption for a big sample of countries and

from Political Risk Services (PRS) Group Inc.

(a) OECD (2014), "Aggregate National Accounts: Gross domestic product”, OECD Na-

tional Accounts Statistics (database).

(b) OECD (2014), "Aggregate National Accounts: Disposable income and net lending/borrowing",
OECD National Accounts Statistics (database).

(c) OECD (2013), "Aggregate National Accounts: Population and employment by main
activity", OECD National Accounts Statistics (database).

(d) OECD (2013), "Detailed National Accounts: Non-Financial Accounts by Sectors",
OECD National Accounts Statistics (database).

(e) OECD (2013), "Revenue Statistics: Greece", OECD Tax Statistics (database).

(f) OECD (2014), "Labour Force Statistics: Population and labour force", OECD Em-
ployment and Labour Market Statistics (database).

(g) OECD (2014), "OECD Economic Outlook No. 95", OECD Economic Outlook: Sta-

tistics and Projections (database).

(h) OECD (2013), "OECD Economic Outlook No. 93", OECD Economic Outlook: Sta-

tistics and Projections (database).

(i) OECD (2010), "OECD Economic Outlook No. 88", OECD Economic Outlook: Sta-

tistics and Projections (database).

(j) European Commission, Ameco - The annual macro-economic database.
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(k) The Conference Board Total Economy Database (January 2014), "Output, Labour,
and Labour Productivity, Country Details 1950-2013".

(1) The Conference Board Total Economy Database (January 2014), "Growth Account-
ing and Total Factor Productivity, Country Details 1950-2013".

(m) Political Risk Services (PRS) Group Inc. - International Country Risk Guide (ICRG)

index.

(n) Transparency International - Corruption Perceptions Index (CPI).

Variables for the Greek economy (last update: 26/4/2014)

GR.1: Gross Domestic Product, unit: millions of euros, time period: 1960-2013, source: (a).

GR.2: Gross Domestic Product, unit: millions of 2005 euros, time period: 1960-2015,

source: (a) and (g).

GR.3: Final Consumption Expenditure: General Government, unit: millions of euros,

time period: 1960-2013, source: (a).

GR.4: Final Consumption Expenditure: Households, unit: millions of euros, time pe-
riod: 1960-2013, source: (a).

GR.5: Final Consumption Expenditure: Non Profit Institutions Serving Households, unit:

millions of euros, time period: 1960-2013, source: (a).

GR.6: Gross Capital Formation, unit: millions of euros, time period: 1960-2013, source:

(a).

GR.7: Gross Capital Formation, unit: millions of 2005 euros, time period: 1960-2013,

source: (a).

GR.8: Gross Fixed Capital Formation, unit: millions of euros, time period: 1960-2013,

source: (a).

GR.9: Gross Fixed Capital Formation, unit: millions of 2005 euros, time period: 1960-
2013, source: (a).
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GR.10: Gross Government Fixed Capital Formation, unit: millions of euros, time pe-

riod: 1960-2013, source: (g) and (i).

GR.11: Consumption of Fixed Capital, unit: millions of euros, time period: 1960-2013,

source: (b).

GR.12: Government Consumption of Fixed Capital, unit: millions of euros, time period:

1960-2013, source: (g) and (i).

GR.13: Households Consumption of Fixed Capital, unit: millions of euros, time period:

1960-2013, source: (g) and (i).

GR.14: Taxes less Subsidies on Production and Imports, unit: millions of euros, time

period: 1970-2013, source: (a).

GR.15: Taxes on Income, Profits, and Capital Gains: Individuals (1100), time period:
1965-2011, source: (e).

GR.16: Taxes on Income, Profits, and Capital Gains: Corporations (1200), time period:
1965-2011, source: (e).

GR.17: Social Security Contributions (2000), time period: 1965-2011, source: (e).

GR.18: Social Security Contributions: Employees (2100), time period: 1965-2011, source:

(e)-

GR.19: Social Security Contributions: Employer’s (2200), time period: 1965-2011, source:
(e).

GR.20: Social Security Contributions: Self-Employed or Non Employed (2300), time pe-
riod: 1965-2011, source: (e).

GR.21: Taxes on Payroll and Workforce (3000), time period: 1965-2011, source: (e).

GR.22: Recurrent Taxes on Immovable Property (4100), time period: 1965-2011, source:
(e).

GR.23: Taxes on Financial and Capital Transactions (4400), time period: 1965-2011,
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source: (e).
GR.24: General Taxes (5110), time period: 1965-2011, source: (e).
GR.25: Excises (5121), time period: 1965-2011, source: (e).

GR.26: Compensation of Employees, unit: millions of euros, time period: 1970-2013,

source: (g) and (i).

GR.27: Households Gross Operating Surplus and Mixed Income, unit: millions of eu-
ros, time period: 1970-2013, source: (g) and (i).

GR.28: Total Employment, unit: thousands of persons, time period: 1961-2013, source:
(g) and (i).

GR.29: Total Dependent Employment, unit: thousands of persons, time period: 1961-
2013, source: (g) and (i).

GR.30: Hours Worked per Employee, unit: hours, time period: 1960-2013, source: (c)
and (h).

GR.31: Total Annual Hours Worked, unit: thousands of hours, time period: 1960-2013,

source: (k).

GR.32: Labour Compensation Share, unit: percentage, time period: 1990-2011, source:

(1).

GR.33: Working Age Population, unit: thousands of persons, time period: 1960-2013,
source: (f), (i) and (j).

GR.34: International Country Risk Guide (ICRG) index, time period: 1984-2005, source:
(m).

GR.35: Corruption Perceptions Index (CPI), time period: 1995-2013, source: (n).
Construction of variables and parameters

GRC.1 = I;: For real private investment we construct the following series, I; = (GR.8 —

GR.
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GRC.2 = G:: For real public investment we construct the following series, Gi = GR.10 *

GR.2
GR.1°

GRC.3 = C;: For real private consumption we construct the following series, C; = GR.2—

G G
GR.14 % E82 — GRC.1 — GR.3 * &2

GRC.4 = L;: For labour hours we construct the following series, L; = GR.28 * GR.30.

oP Kt GR.11-GR.12
- GR.1

GRC.5 = K: For the construction of real private capital stock K; we use
as consumption of private fixed capital over GDP, GRC.1 = I, and equatlons (29) and (41).

GRC.6 = K7: For the construction of real public capital stock K} we use 51? - GGIEIQ as

consumption of public fixed capital over GDP, GRC.2 = G and equations (30) and (42).

GRC.7 =1 — a,—a,: To compute the labour share parameter we use TCEP¥ = GR.26,

TCESF = GRICGRI 4 (GR.28 — GR.29), Y, = GR.1, NIT = GR.14 and we take the

average (1970-2011) of equation (43).

GRC.8 = &,: As noted in the main text of this study, to construct series for the rent

seeking technology variable we use equations (23), (31), (33) and (36). Thus we get

1—y GRC.3+9Y*GR.3% gg:?

§ = = T GR3-GRO

(1+GRC.11)+*GR.33

*
(GRC.11xGRC.7+GRC.13%(ap+ag))* (GR 2—GR.14x 1 f) —GRC.13%(GR.11-GR.12) &2 L GRC.11xGRC.3’

GRC.9 = n;: To construct series for the fraction of productive time we use equation (45).

_ GR.2
(1—GRC.A2)+GRCO.7+ 2= A GRT
Thus we get n;, = SRS '

GR.33

1
* .
GRC.11+GRC.T+GRC.13%(op+ag))*(GR2—GR.14x 52 _GRC.13+(GR.11-GR.12) &2 L GRC.11+GRC.3
pTEg GR.1 GR.1

GRC.10 = A;: For the construction of TFP series we plug K; = GRC.5, K = GRC.6,

n, = GRC.Y, L, = GRC.4, GRC.7, oy is the average of %%110 over the period 1970-2013,

1—a,— GRC.7T = oy, and V; = GR.2 — GR.14 x $&2 i equation (46).

GRC.11 = 7§: For the construction of the effective tax rate on private consumption ex-

penditures see Appendix B.

GRC.12 = 7.: For the construction of the effective tax rate on labour income see Ap-

pendix B.

GRC.13 = 7F: For the construction of the effective tax rate on net capital income see
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Appendix B.
Specifications for the construction of tables

Table 1: For § we take the average of

l1-0)—1
GR.2; ( _ 1) (1—
( GRC34+yYGR3yx a1, ) ( GR.33;*h—GRC.4; ) (1=m)(1=2)

GR.24 4 GR.33;,1xh—GRC.4
ﬁ GRC.3411+¢¥GR.3; 1% CRT, t4+1 t+1

over the period 1970-

GR.2; 11
GR.2441—-GR144 1% gpits

Tyl sp
GRC.5;41 —4?)

1+GRC.11
@;mﬁ* 1+(1—GRC.13;4 1)%((1—ag—GRC.T)x

2010. For details on the computation of v see subsection 3.6

Table 2: These are the long-run solutions (experiments 1, 2 and 3) of the following variables

O.R
ng, ©; and .

Table 3: Average annual differences of the natural logarithm of real per capita GDP (at

market prices), % = gg%,.TFP factor, A, **~*? = GRC.10@rc7, private capital factor,

K 2 CROS 1-ag—GRC.T K9 Tz GRC.6 1-ap—GRC.T

Ky ) 77 __ . GRC.7 : : Ky V7T . GRC.T

<Yt> = ( GRo ) , public capital factor, <Yt ) ( eI ) ,
labour factor, ”fof = %, fraction of productive time, n;, and per capita non-leisure
; Lt

time, N

Table 4 and 5: The columns that present the data are the same as these in Table 3.

The other three columns are derived from model’s solutions.

Table 6 and 7: The variables are the same as these in Tables 4 and 5. For detrended, 2%,
index values we use the formula presented in footnote 2. For index values we use the same

formula without the trend parameter.

Specifications for the construction of figures

1
Figure 1(a) to 1(f): Detrended, 2%, index values of the variables Yt = GE2 and A,/ ="~

N, ~ GR.33
(we use the TFP factor series from Gogos et al. (2014b)).

c, GR.1

Figure 2: (a) values of the variable &3 — ¥ *ggﬁRGZR. — and (b) values of the variable
GR10 _ _ Gi*grs

GR1 = VixSE14GR14"

g9
Figure 3: (a) index values of the variables % = GHCS and KTf = CHCS (b) annual
percentage changes of the variables K; = GRC.5 and K/ = GRC.6 and (c) values of the
: K{ _ GRC6
variable 7- = Zra7.

Figure 4: (a) values of the variable GRC.11 = 7¢, (b) values of the variable GRC.12 = 7!
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and (c) values of the variable GRC.13 = 7F.

Figure 5: (a) index values of the variable §, = GRC.8 and (b) values of the variable

Figure 6: (a) index values of the variable GR.34 and ¢, = GRC.8, and (b) index val-
ues of the variable GR.35 and &, = GRC'S.

Figure 7(a) to 7(f): Detrended, 2%, index values of the variables A, " “ = GRC.10crc=
and A, """ (we use the TFP factor series from Gogos et al. (2014b)).

Figure 8(a) to 8(f): The solid line is the detrended, 2%, index value of % = Sz,

the dashed line is the respective series from model’s solution (experiment 1).

1-ag—GRC.7

Figure 9(a) to 9(f): The solid line is the index value of (%) et = (GRCS)ToRoT

the dashed line is the respective series from model’s solution (experiment 1).

Figure 10(a) to 10(f): The solid line is the index value of n, = GRC.9, the dashed

line is the respective series from model’s solution (experiment 1).

Figure 11(a) to 11(f): The solid line is the index value of ﬁ,—j = GHC4 the dashed

line is the respective series from model’s solution (experiment 1).

. ) ‘T e ~ K: _ GRCS5
Figure 12(a) to 12(f): The solid line is the detrended, 2%, index value of it = Zp=s,

the dashed line is the respective series from model’s solution (experiment 1).

Figure 13(a) to 13(f): The solid line is the detrended, 2%, index value of ]{,—ft = ghcl

the dashed line is the respective series from model’s solution (experiment 1).

Figure 14(a) to 14(f): The solid line is the detrended, 2%, index value of % = GhCs

the dashed line is the respective series from model’s solution (experiment 1).
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Appendix B. effective tax rates, 7¢, 7, 7F

To compute series for the effective tax rates 7¢, 7%, and 7%, we follow Papageorgiou (2012)
and we adopt a variation from the methodology of Mendoza et al. (1994). First, when
we compute the tax base on labour income we take into account the labour income earned
from the self-employed. Doing this, makes the specific tax rate series consistent with our
labour share parameter estimate. Second, since in our theoretical framework decisions, from
households and firms, are taken at the margin we set the income tax rates, 7. and 7F, equal
to their effective marginal rates. In order to convert the effective average taxes rates to mar-
ginal, we follow Prescott (2002) and we simply multiply the first by a factor of 1.6. Given
data on tax bases (consumption, income, and investment) and tax revenues, the marginal

effective tax rates are computed as follows:
Effective consumption tax rate (7¢)

We define the tax base as the sum of households (H) and nonprofit institutions serving
households (NPISH’S) final consumption expenditures (FCE). The tax revenues are general
taxes (GT 2100) and excises (EXC 5121).%

B GT(5110) + EXC(5121)
 H FCE+ NPISH'S FCE — GT(5110) — EXC(5121)

C
Ty

(65)

Effective income tax rate (77')

To compute series for labour and capital income tax rates, we begin by computing the
aggregate marginal tax rate on household income. We define the tax base as the sum of
compensation of employees (net of employer’s (2200) and employees (2100) contributions
to social security (SSC)), imputed compensation of the self-employed (net of self-employed
or non-employed contributions to social security (SSC 2300)), and households’ non labour
income. The last component is taken residually by subtracting from households’ net operat-
ing surplus and mixed income (HGOSMI - HCFC) compensation of the self-employed. The

tax revenues are taxes on income, profits, and capital gains of individuals (TIPCGI 1100).

} TI1PCGI(1100)
TCEPE — §5C(2200) — SSC(2100) + TCESE — S5C(2300)
+HGOSMI — HCFC — TCESE

20The numbers in the parentheses are the codes of the specific tax revenues in the OECD tax statistics
database.
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T1PCGI(1100)

~ "TCEDE — 55C(2200) — SSC(2100) — SSC(2300) + HGOSMI — HCFC
(66)

where HCFC is households’ consumption of fixed capital. The progressivity of the income

h
= T

tax system implies that marginal tax rates tend to be larger than the average tax rates we
are computing. The term p is an adjustment factor that transforms average tax rates to

marginal tax rates. We follow Prescott (2002) and we set u = 1.6.
Effective labour tax rate (7!)

The tax revenues are computed as follows: We add to tax revenues from households’ labour
income, social security contributions (SSC 2000) and taxes on payroll and workforce (TPW

3000). The tax base is simply the total labour income.

Th (TC’EDE — §5C(2200) — SSC(2100) + TCESE — SSC(2300))
+SS5C(2000) + T'PW (3000)
TCEPE + TCESE

Effective capital tax rate (Tf)

The tax revenues are computed as follows: We add to tax revenues from households’ cap-
ital income, taxes on income, profits, and capital gains of corporations (TIPCGC 1200),
recurrent taxes on immovable property (RTIP 4100), and taxes on financial and capital

transactions (TFCT 4400). The tax base is simply the total net capital income.

1 (HGOSMI — HCFC — TCES?) + TIPCGC(1200)
+RTIP(4100) + TFCT(4400)
GDP — NIT — CFC — TCEPE — TCESE

(68)

k _
Ty =

where CFC is consumption of fixed capital.
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Figure 1: Detrended Real per Capita GDP and TFP Factor, 1973-2013
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Figure 2: Public Consumption and Investment

(a) Public Consumption

(b) Before Depression
1973-1979

== Dtr Real per Capita GDP

105 ===Dtr TFP Factor

100 B
8 |
— 950§ Bl
] \
@ \
5 90 \‘ b
< \ L s

-
g 8 \‘ "" Swge” s
= Y ”
-
80| e -
75 B : B
; ; ; ; ;
1973 1974 1975 1976 1977 1978 1979

Year

(e) Post Depression

2001-2007

== Dtr Real per Capita GDP
===Dtr TFP Factor

115 B

100)

Index (2001

; ; ; ; ;
2001 2002 2003 2004 2005 2006 2007
Year

Percent (%)

(c) Crisis
1979-1995

== Dtr Real per Capita GDP
===Dtr TFP Factor

100

100)
8

Index (1979

\, -, B
N, e =N
- TN

Nowe

; i ; ; ; ; ;
1979 1981 1983 1985 1987 1989 1991 1993 1995
Year

(f) New Crisis
2007-2013

=== Dtr Real per Capita GDP
109 : 7| ===Dtr TFP Factor

100)

Index (2007

~
e
65 Ssa

; ; ; ; ;
2007 2008 2009 2010 2011 2012 2013
Year

as Shares of GDP, 1960-2013
(b) Public Investment

Percent (%)
©

1

8 L L L L I I L
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

; R ; I
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Year

Figure 3: Capital Stock (Private and Public),1960-2013
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Figure 4: EffectiveTax Rates, 1970-2011
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Figure 5: Rent Seeking Technology and Fraction of Productive Time, 1973-2013
(a) Rent Seeking Technology (b) Fraction of Productive Time
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Figure 6: Rent Seeking Technology, Official and Model Based Indices, 1984-2013
(a) ICRG and Model: 1984-2005 (b) CPI and Model: 1995-2013
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Figure 8: Data vs Model: Detrended Real per Capita GDP
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Figure 11
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Figure 12: Data vs Model: Detrended Real per Capita Capital Stock (Private)
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Figure 13: Data vs Model: Detrended Real per Capita Consumption (Private)
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Figure 14: Data vs Model: Detrended Real per Capita Investment (Private)
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Table 1: Calibration

Experiments 1 2 3

Substitutability Parameter ¢ =0 ¥ =05 ¢ =1

Parameters
¥ 0.2749 0.3038 0.3303
I} 0.9496 0.9510 0.9523

Parameters with common values to all 3 experiments

or 69 Qp Qg gA gnN h o
3.96% 2.59% 43.40% 3.01% 1.0113 1.0052 5096 2

Table 2: Long-Run Solutions for Rent Seeking Activity

Variable Description Long-Run
Substitutability Parameter Solution
T Fraction of Productive Time
1 = 0 (Experiment 1) 70.29%
1 = 0.5 (Experiment 2) 73.24%
1 =1 (Experiment 3) 78.86%
O, Rent Seeking Extraction
1 = 0 (Experiment 1) 41.85%
¥ = 0.5 (Experiment 2) 36.38%
1 =1 (Experiment 3) 26.80%
etTff Extracted Rents as % of GDP
1) = 0 (Experiment 1) 15.62%
1 = 0.5 (Experiment 2) 13.50%
1 =1 (Experiment 3) 9.91%
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Table 3: Accounting for Growth - Average Annual Changes, %

Growth Accounting Before Depression Crisis
Components 1973-1979 1979-1995
b=0 =05 =1 =0 =05 =1
Real per Capita GDP 2.13 -//- -//-  -0.07  -//- -//-
TFP Factor (net) -1.75  -1.49  -097  0.03 0.04 0.06
TFP Factor (gross) -0.660 -//- -//-  -1.33 -//- -//-
Private Capital Factor 3.50 -//- -//-  1.68 -//- -//-
Public Capital Factor 0.11 -//- -//-  0.12 -//- -//-
Labour Factor 0.27 0.01 -0.51  -1.90 -1.91 -1.93
Fraction of Productive Time  0.89 0.62 011 -135 -1.36 -1.39
Per Capita Non Leisure Time -0.62  -//- -/~ -0.54 -//- -//-
* 40.84 41.14 41.74
Recovery Post Depression
1995-2001 2001-2007
b=0 =05 =1 =0 =05 =1
Real per Capita GDP 3.13 -//- -//-  3.83 -//- -//-
TFP Factor (net) 343 415 470 399  4.06 411
TFP Factor (gross) 3.52 -//- -//- 3.80 -//- -//-
Private Capital Factor -1.20 -//- -//-  -0.60  -//- -//-
Public Capital Factor -0.03  -//- -//- -0.02 -//- -//-
Labour Factor 0.93 0.20 -0.34 047 0.40 0.35
Fraction of Productive Time  0.18 -0.55  -1.09 -0.17 -0.24 -0.29
Per Capita Non Leisure Time — 0.75 -//- -/~ 0.64 -//- -//-
New Crisis Last Fourty Years
2007-2013 1973-2013
b=0 =05 =1 =0 =05 =1
Real per Capita GDP -3.88  -//- -//- 0.75 -//- -//-
TFP Factor (net) 464 -545 605 017 021 0.29
TFP Factor (gross) -5.52 -//- -//-  -0.86 -//- -//-
Private Capital Factor 4.37 -//- -//-  1.58 -//- -//-
Public Capital Factor 0.34 -//- -//- 011 -//- -//-
Labour Factor -3.96 -3.15 -2.55  -1.10 -1.14 -1.23
Fraction of Productive Time -0.88  -0.07 053 -0.54  -0.58 -0.67
Per Capita Non Leisure Time -3.08 -//- -/~ -0.56  -//- -//-

* During the period 1979-1995 the average annual growth rate of the TFP factor (gross) was

-1.33%. Hence, on average, there was a gap of 3.33 percentage points between that rate

and the 2% trend. Based on our new growth accounting exercise this gap now becomes

3.33—1.97)
1.97

of the gap between the average annual growth rate of the TFP factor (gross) and the 2% trend.

1.97 for 1» = 0. As a result, rent seeking activities can account for the 40.84% (
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Table 4: Average Annual Changes in Real per Capita GDP, %

Growth Accounting Experiments
Components =0 v =0.5 =1
1 2 3
Data Model Data Model Data Model

1973-2013
Real per Capita GDP 07 039 -//- 043 -//- 047
TFP Factor 0.17 0.12 0.21 0.16 0.29 0.25

Capital Factor (Private) 1.58 148 -//- 151 -//- 1.55
Capital Factor (Public) 011 o013 -//- 012 -//- 0.2
Labour Factor -1.10  -1.34 -1.14 -1.37 -1.23 -1.46

Fraction of Productive Time -0.54 -0.49 -0.58 -0.39 -0.67 -0.47
Per Capita Non Leisure Time -0.56 -0.85 -//- -098 -//- -0.99

1973-1979
Real per Capita GDP 213 184 -//- 176 -//- 177
TFP Factor -1.75  -1.77  -149 -1.56 -097 -1.08

Capital Factor (Private) 3.50 414  -//- 399 -//-  3.96
Capital Factor (Public) 011 013 -//- 013 -//- 0.13
Labour Factor 027 -066 0.01 -0.81 -0.51 -1.24

Fraction of Productive Time  0.89  3.21  0.62 3.00 0.11  2.00
Per Capita Non Leisure Time -0.62 -3.87 -//- -3.81 -//- -3.24

1979-1995
Real per Capita GDP -0.07 -0.36 -//- -037 -//- -0.38
TFP Factor 0.03 -0.03 0.04 0.00 0.06 0.04

Capital Factor (Private) 168 117  -//- 117 -//-  1.18
Capital Factor (Public) 012 o013 -//- 013 -//- 013
Labour Factor -1.90 -1.63 -191 -1.67 -193 -1.72

Fraction of Productive Time -1.35 -1.23 -1.36 -0.97 -1.39 -0.82
Per Capita Non Leisure Time -0.54 -041 -//- -0.70 -//- -0.90
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Table 5: Average Annual Changes in Real per Capita GDP, %

Growth Accounting Experiments
Components =0 v =0.5 =1
1 2 3
Data Model Data Model Data Model

1995-2001
Real per Capita GDP 313 207 -/~ 204 -//- 201
TFP Factor 3.43 225 415 292  4.70 3.40
Capital Factor (Private) -1.20 -0.88 -//- -096 -//- -1.04
Capital Factor (Public) -0.03 003 -//- 0.03 -//- 0.03
Labour Factor 093 067 020 005 -0.34 -0.38

Fraction of Productive Time  0.18 1.64 -0.55 -0.06 -1.09 -1.16
Per Capita Non Leisure Time 0.75 -097 -//- -056 -//- 0.78

2001-2007
Real per Capita GDP 38 373 -//- 394 -//- 415
TFP Factor 3.99 4.05 406 409 411 4.12
Capital Factor (Private) -0.60 -0.74 -//- -056 -//- -0.37
Capital Factor (Public) -0.02 -0.02 -//- -0.03 -//- -0.04
Labour Factor 047 043 040 044 035 045

Fraction of Productive Time  -0.17 -2.19 -0.24 -2.28 -0.29 -2.43
Per Capita Non Leisure Time 0.64 262 -//- 271 -//- 288

2007-2013
Real per Capita GDP -3.88 -4.08 -//- -393 -//- -381
TFP Factor -4.64 -3.66 -5.45 -4.37 -6.05 -4.86

Capital Factor (Private) 437 427  -//- 448 -//-  4.66
Capital Factor (Public) 034 035 -//- 034 -//- 033
Labour Factor -3.96 -5.04 -3.15 -437 -255 -3.95

Fraction of Productive Time -0.88 -2.66 -0.07 -0.70 0.53  0.63
Per Capita Non Leisure Time -3.08 -2.37 -//- -3.67 -//- -4.58
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Table 6: Levels, Indices

Growth Accounting Experiments
Components =0 Y =0.5 Y =1
1 2 3
Data Model Data Model Data Model

1973-2013 (1973=100)

Dtr Real per Capita GDP  61.18 5291  -//- 5369 -//-  54.63
Dtr TFP Factor 48.39 4753 4923 4830 50.95 50.06

Capital Factor (Private) 188.28 181.11 -//- 183.11 -//- 186.15
Capital Factor (Public) 104.34 105.15 -//- 105.07 -//- 104.97
Labour Factor 64.36 5846 63.26 57.78 61.13 55.85

Fraction of Productive Time  80.64 82.19 79.26 85.44 76.58 82.85
Per Capita Non Leisure Time 79.82 7113  -//- 6762 -//- 6741

1973-1979 (1973=100)

Dtr Real per Capita GDP ~ 100.88 99.14 -//- 98.68 -//-  98.76
Dtr TFP Factor 79.92  79.86 81.21 80.88 83.76  83.22
Capital Factor (Private) 123.36 128.17 -//- 127.07 -//- 126.86
Capital Factor (Public) 100.66 100.76  -//- 100.78 -//-  100.78
Labour Factor 101.64 96.13 100.03 95.28 96.98  92.84

Fraction of Productive Time  105.48 121.26 103.81 119.71 100.65 112.78
Per Capita Non Leisure Time 96.36 79.28  -//- 7959  -//- 8232

1979-1995 (1979=100)

Dtr Real per Capita GDP 7201 6879 -//- 6868 -//-  68.58
Dtr TFP Factor 73.18 7255 7331 7281 73.59  73.26
Capital Factor (Private) 130.85 120.59 -//- 12063 -//- 120.73
Capital Factor (Public) 101.89 102.14 -//- 102.15 -//- 102.15
Labour Factor 73.80 76.99 73.67 76.56 73.39 7591

Fraction of Productive Time  80.52  82.17 80.38 85.60 80.07 87.73
Per Capita Non Leisure Time 91.65 93.69 -//- 8943 -//-  86.52
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Table 7: Levels, Indices

Growth Accounting Experiments
Components =0 Y =0.5 Y =1
1 2
Data Model Data Model Data Model
1995-2001
Real per Capita GDP 107.15 100.55 -//- 100.38 -//-  100.20
TFP Factor 109.06 101.63 113.94 105.79 117.72 108.89
Capital Factor (Private) 93.06 9485 -//- 9441 -//-  93.97
Capital Factor (Public) 99.84 100.18 -//- 100.19 -//- 100.20
Labour Factor 105.76 104.12 101.23 100.30 97.98 97.73
Fraction of Productive Time  101.09 110.34 96.75 99.67 93.65 93.26
Per Capita Non Leisure Time 104.63 94.36  -//- 100.64 -//- 104.80
2001-2007
Real per Capita GDP 11176 111.04 -//- 11249 -//- 113.93
TFP Factor 112.83 113.25 113.31 113.51 113.65 113.68
Capital Factor (Private) 96.44 9564 -//- 9671 -//-  97.78
Capital Factor (Public) 99.85 99.88 -//-  99.82 -//-  99.75
Labour Factor 102.86 102.63 102.43 102.67 102.12 102.75
Fraction of Productive Time — 98.99  87.71 9857 87.23 98.27 86.46
Per Capita Non Leisure Time 10391 117.01 -//- 11769 -//- 118.65
2007-2013
Real per Capita GDP 70.33 6949 -//- 7016 -//-  70.65
TFP Factor 67.23 71.28 64.05 68.30 61.78 66.33
Capital Factor (Private) 129.98 129.17 -//- 13083 -//- 132.29
Capital Factor (Public) 102.05 102.11  -//- 102.06 -//- 102.02
Labour Factor 78.87 7392 82.79 76.92 85.84 78.92
Fraction of Productive Time — 94.87  85.23 99.59 95.90 103.25 103.86
Per Capita Non Leisure Time 83.13 86.73 -//- 80.21 -//- 7599
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