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Abstract

We built upon Angelopoulos et al. (2009) and we employ a dynamic general equilib-
rium 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 in 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 sec-
tor 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 behaviour
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 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.

Keywords:  Growth Accounting, Rent Seeking, Institutions, Dynamic General
Equilibrium.

JEL: E62, E32, 017, 040.

The views expressed in this paper are those of the authors and do not necessarily
reflect those of Eurobank and the Bank of Greece.

*Division of Economic Analysis and Financial Market Research, Eurobank Ergasias SA,

email: sggogos@aueb.gr
"Economic Analysis and Research Department, Bank of Greece, email: dpapageorgiou@bankofgreece.gr
'Department of Economics, Athens University of Economics and Business, email: vvassilaQaueb.gr



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.!

Figure 1: Detrended Real per Capita GDP and TFP Factor, 1973-2013
(a) Last Fourty Years (b) Before Depression (c) Crisis
1973-2013 1973-1979 1979-1995
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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 feeded 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

'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; = ——#t—, where g, is the gross trend growth rate
Gir ~YTo
and Tj is the starting year of the detrending period. For gy, 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.



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 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 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 (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, by introducing rent seeking activities which in turn
lead to an unproductive use of resources, allows us to endogenize 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

3 The representative firm produces a homogenous product using private capital,

activities.
public capital (e.g., public infrastructure) productive work and the available technology. The
government levies distortionary taxes and uses the revenues to finance public consumption,
public investment, lump-sum transfers and fiscal privileges to rent seekers (privileged transfers,
subsidies and tax treatments).! We solve for a symmetric decentralized competitive 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...Ny).
Their population grows at a constant rate equal to gy = Nﬁ,—tl The lifetime utility of the
representative household 5 is:

> 8"V (C + G HY) 1)
t=T,
where 0 < 3 < 1 is the time discount factor, C" is consumption expenditures of the rep-
resentative household h, Ef is per household public consumption, H[ is the respective hours
of leisure and the parameter ¢ 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:

(et +oay (')

1—0

U (C} + Gy, HYY) = (2)
where 0 < v < 1 is the consumption share parameter and o > 0 is the curvature parameter.
The representative household h receives a rental rate, r;, and a wage rate, wy, for its capital,
K, and productive work services, n"L!. TFurthermore, it receives a share of profits, I,
as a shareholder of firms, and per household lump-sum transfers from the government, @z.
Moreover, given a total contestable prize (public privileges) denoted as ©,R; it receives rents

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).
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(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+7)Cr + 1 = (1 — Hwn L} + r K — 7% (r, — ) K]
(1 — nt) Lh
Ny

Z (1 — n?) L?
h=1

where 0 < 7§ < 1,0 < 71 < 1 and 0 < 7§ < 1 are the effective tax rates on private consumption

+(1-rH)m 4+ G+

O R, (3)

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, nl'L? and rent seeking activities,
(1 —nl) 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:

Kth+1 =(1-0") KZL + Ith (6)

where I is investment expenditures and 6" is the respective constant depreciation rate parame-
ter. Each household h acts competitively by taking prices, policy and economy-wide variables
as given. More specifically, it chooses a vector of quantities { K7, Cf', nl!, L'}, to maximize
equations (1) and (2), subject to (3), (4), (5) and (6). The first order necessary conditions are:

Uy (CF + G, HY) _ 1 (1 —r)wni + bl O 1%
U . C’h_i—waC,Hh 1+Tc t t N¢
o (Cl+0G,, HY) t ST (1-nl) L
=1
L 1G4 eGy 1 D Lon
v h—LF 1+ (1 =7 )weny + Ol @)
t
(1 — n?) Lh
=1
R
(1 = Y, = - 1 (8)
Z (1 — n?) Lh

h=1

>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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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 (C! + UG, S B (7 1) ety (10)

2.2 Firms

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

v/ = (&))" (&)™ (Qt)l_%_ag (11)

where 0 < o, < 1,0 < oy < 1,and 0 < 1 — o, — oy < 1, are the output elasticities of private

function:

capital, K], public capital (per firm), K, 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 — t+1

wide Varlables as given, and chooses, in each period ¢, the quantity of productive work, Q,{ ,

. The representative firm f acts competitively by taking prices, policy and economy-

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

QmaXfo v —w,Qf — K] (12)
t

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

th we get the following two optimality conditions:

—Qp—Qyg

= (1— 0y — o)Ay (Kf) (K9)™ (Qt> (13)
ro= g (K1) @)™ (@) (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 @: in per household terms), public investment, G% (or @; in per
firm terms), and lump-sum transfers, G (or @z in per household terms). Thus, the government

budget constraint is:

Nt . Mt . Nt —
G +Y G+> G =(1-0)R (15)
h=1 =1 h=1



where
Ny Ny Ny Nt
Ry=tiw Y nfLp+7f(ry— )Y K+ Y T +70> CF (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:
K{,=(1-0)K{+G, (17)
Thus, we have six policy instruments (G§, G¢, G, 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, Gt.

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

> (L—n) Lt

@t = 51& A=l

¥ (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 (DCE)

We solve for a symmetric decentralized competitive equilibrium (DCE). More specifically, the
DCE consists of a vector of quantities for the representative household, {Y;*, C! I TIh K th+1> nh,
L}, H]'}e2. . a vector of quantities for the representative firm v/ Kl Qf }¢21, and a vector
of prices {wy,r}¢27, , such that, given sequences for the exogenous variables {A;, Ny, &, }2, ,
the policy instruments variables {5?,_@1, Eﬁ, T, Ty, TE }e2, » the initial private capital stock K7
and the initial public capital stock K ?0: (i) Given prices {w;,7:};°7, , the vector of quantities
for the household {Y;", C}', I} TI}', K}y, ny', L}, H'}?2 . solves the household’s maximization
problem, (ii) Given prices {wy, 7 };2, , the vector of quantities for the firm v/ Kkl of nf Fem,
solves the firm’s maximization problem, (iii) Given prices {w,:}{2r, , the vector of quantities
for the household {C}, K[y, nl', L} TI}}2°, satisfies the government budget constraint, (iv)
Given the vectors of quantities for households and firms, {Y;"*, Cf', I]", 11}, K['y nf, L}, H'}32
v/ Kkl Qf 1l }2 1, the vector of prices {wy,r,}{, 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 Nt
YvI=Nv (19)
f=1 h=1
M, Ny
Yool => Ly (20)
f=1 h=1



ZKf ZKh (21)
an ZHh (22)

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, Ch, [h 117 KthH,
Ki i, np, Ll H v/, K/, Qf, 11{, R, ©,, w, 4, and one policy instrument variable which is

endogenously-residually determined, @i, in each period t.

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:

we = (1 — oy — ) ARG (K7)™ (e Ly) """ (23)

re = ap A KT (KD) (nyLy)' 00

Y, = AK? (K))™ (nyLy)' ™

(24)

(25)

I, =Y, —wn L, — i K, (26)
(14+7)Ce+ I = (1 — r)wene Ly + 1Ky — 7y (ry — V) Ky + (1= 7)) I + G} + OB, (27)
N,h = H, + L, (28)

Kign=01-"K;+ 1, (29)
(30)

K, =01-8)K/+Gi 30

1— th—l—lp(;f 1 ( I ()t“t)
— = 1— + 31
NG, Toe \(I et 31)

—y(1—0o - —1)(1—0o

(Ct+1 + ¢Gt+1)1 V=) (Nt+1h - Lt+1)(7 =)
(Ct +¢G§)1—’y(1—0’) (Ntﬁ_ Lt)('y_l)(l_o')

1475

= B (1 (= ) s = ) (32)
@th
1— rhw, = —%
( Tt)wt (1 _ nt) Lt (33)
Rt = TiwtntLt + Tf (Tt — 6p) Kt + Tth =+ TfCt (35)
. (1 — nt) Lt
=& (36)

where 8 = [%¢%. 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, I, Iy, Ky, K7y, ny, Ly, Hy, Ry, ©y, wy, 1y and one policy instrument variable which is

endogenously-residually determined, G¢, in each period ¢.



3 Data

In order to perform the growth accounting exercise and then simulate our model economy, we
must calibrate our model’s parameters, 6%, ¢, o, ay, ¥, 0, B, v, gy and g4 assign values to
the exogenous variables, Ay, Ny, &, G¢, G¢, 7¢, 7L and 7F, and produce series for the private and
public capital stock, K; and K. 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., 6” and ¢7. Third,
we produce estimates for the output elasticities of private capital, c,, public capital, oy, and
productive work, 1 — o, — ay. Fourth, we produce series for the effective tax rates, 7¢, 71, 77.
Fifth, we calibrate the parameters v, o, 3, v, gy 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:

Yi=Ci+ 1L+ 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:
Ci=Y,— I, - 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 vari-
able which we take directly from the official databases (the other five, that is, A;, &,, 7¢, 71 and
TF 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.

6Since 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.



Figure 2: Public Consumption and Investment as Shares of GDP, 1960-2013
(a) Public Consumption (b) Public Investment
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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 Gt. In order to obtain
values for the private and public capital stock depreciation rate parameters, 0¥ and 67, and for
the respective initial values, K7, and K7, , 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
1 Y, 0.34% (39)
{=1970
2013
1 MK
t=1970 "t

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 Z & (41)
Yoo 10 S, Ve

1970
KIQQGU — i ﬁ (42)
Yieoo 10 S, Ve

Equations (29), (30), and (39) to (42) constitute two systems of 55 equations in 55 uknowns
(Ko, K1,...K303, 6" and K§, K7....K3,5, 07). The solution of these two systems, along with
the private and public capital stock series, imply 67 = 3.96%, [;113:3 = 1.3576 and ¢ = 2.59%,
Kaseo — (.3621.

Y1960

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 to1983, 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.,

10



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).

Figure 3: Capital Stock (Private and Public),1960-2013
(a) Capital - Output Ratio (b) Growth Rate (c) Public over Private
of Capital Stock Capital Stock
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3.3 Output Elasticities

In order to get values for the output elasticities, o, ay and 1 — a;, — a4, 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
7. 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

Yy — NIT,

where CEPF is total compensation of employees that belong to dependent employment, C' E5¥

Labour share; = (43)

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 a, equal to the average value of the ratio of public investment over
GDP, %f 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

"From 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.

8Qur choice to take the average over the period 1970-2011 is due to data availability. More specifically, time
series for net indirect taxes are available from 1970 to 2013 and for employer’s social security contributions
from 1965 to 2011.
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compute the elasticity of private capital (or private capital income share) residually, that is,

a, =1—156.60% — 3.01% = 40.39%.

3.4 Effective Tax Rates

To compute series for the effective tax rates 7¢, 71, and 7F, we follow Papageorgiou (2012) and
we adopt a variation from the methodology of Mendoza et al. (1994).° 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 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 sign 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%.

Figure 4: EffectiveTax Rates, 1970-2011
(a) Consumption (b) Labour (c) Capital

Percent (%)
Percent (%)
Percent (%)
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3.5 Calibration for Parameters ¢, o, 5, v, gy and g4

For the parameter of substitutability between private and public consumption in utility, 1,
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. 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, 7, 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,

9For details see Appendix B.
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B, is calibrated using the Euler equation (eq. 32). This is written in the following way:

Copr+9GS,, 1—y(1-0) Nesih—Loss (v=1)(1-0o)
5 o Ci+yGS N¢h—Lg

(44)

147§ Y:
e (14 (1 = rha) eyt — )

Given time series for Cy, G¢, N, Ly, 75, Y;, K, and values for the parameters v, v, o, h, a,
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 gn equal to 1.0113 and 1.0052 respectively. The former corresponds to a value of 1.02
for g, """ 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:

Table 1: Calibration
Experiments 1 2 3

Substitutability Parameter ¢ =0 ¥ =05 ¢ =1

Parameters
v 0.2749 0.3038 0.3303
I} 0.9496 0.9510 0.9523

Parameters with common values to all 3 experiments

& 69 o y ga gn h o
3.96% 2.59% 43.40% 3.01% 1.0113 1.0052 5096 2

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., Y; = A, K;" (K?)* (n,L;)' """, to produce series for TFP, A;, we
need to have at our disposal series for Y;, Ky, K/, n;, 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 o, 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:

_ A _ _ Y
(1—-7)(1 Rap O‘g) T (45)
A

The economic rationale that lies behind equation (45) has as follows: ceteris paribus, an increase

ng =

in the effective tax rate on labour income induces households to decrease their fraction 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, &,,
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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 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 1987-1979. 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 (¢p = 1).

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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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% (v = 0), 89.32% (v = 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%
(v =0), 82.23% (p = 0.5) and 82.70% (¢» = 1) in 1991 to 71.24% (v» = 0), 71.57% (¢ = 0.5)
and 71.77% (v = 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

10The series for the variable of tax revenues, Ry, is constructed using equation (57), series for Y, Cy, Ky, 7¢,

7t, 7% and calibrated values for a?, a9 and 6”.
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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% (v = 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% (¢ = 1) in 2007
it once again decreased to levels close to 60% in 2011 (61.89% (¢ = 0), 61.67% (x> = 0.5) and
61.45% (¢» = 1)). Finally, in 2013 it jumped to 67.63% (¢» = 0), 67.98% (¢» = 0.5) and 68.20%

(w=1).

Table 2: Long-Run Solutions for Rent Seeking Activity

Variable Description Long-Run
Substitutability Parameter Solution
Ty 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%
1 = 0.5 (Experiment 2) 36.38%
1 =1 (Experiment 3) 26.80%
QtT?t Extracted Rents as % of GDP
1 = 0 (Experiment 1) 15.62%
¢ = 0.5 (Experiment 2) 13.50%
1 =1 (Experiment 3) 9.91%

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, @tTft. 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% (¢ = 0), 13.50% (¢» = 0.5) and 9.91% (¢» = 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., 1, 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.
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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 seeking
Ny

> (1-np)Lk
per capita effort, i.e., 2= N

variable, &,, can be considered as a proxy for the quality of institutions of the economy. Given

translates into rent extraction, i.e., ©,. Hence, the exogenous

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.

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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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 con-
ditions, investment profile, internal conflict, external conflict, corruption, military in politics,
religious tensions, law and order, ethnic tensions, democratic accountability 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 improvement in the quality of a country’s

institutions while for our model’s rent seeking technology variable &, a higher value indicates

HUseful 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 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, demo-
cratic 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
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;, Ky, 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, 75. As a result:

Y:

At - p o . —a (46)
K7 (K7)™ (nLy)' ~r ™

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:

Vi= (14750 + L+ G+ Gl (47)

2For example, in 2013, Greece’s CPI score was 40 (rank: 80th out of a sample of 177 countries).
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The resulting TFP series is as follows:

— Y,
At = N . l—ap—a <48)
K7 (KY)™ (ngLe) 77"

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:

]E\z_Al — (I}it)le%(}}(/j)l—%—% njtV[:t (49)
or in natural logarithms
1n%:m1n/1t+ﬁm%+$p_%m%gﬂ ”;VL: (50)
with oLy L
In N, =Inn;+1In N (51)

_op g
where A, e is the TFP factor, (%) P is the private capital factor, (%g) P g
the public capital factor and ”]fv—ff 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, ]](,—tt 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 oflreal per capital GDP is driven

—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 ¢ (our
choice for ¢ affects the variable n; and as a result it also affects n;L; and Ay, 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
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variable ny, ie., V; = AJK[7 (K9)* L, "7, 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)) help us to move our research one step further since it allow 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 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) = 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% (v» = 0), 0.01% (¢» = 0.5) and -0.51%
(¢p = 1), respectively. On the other hand the average annual growth rate of the TFP factor
(net) was -1.75% (¢ = 0), -1.49% (¢ = 0.5) and -0.97% (¢» = 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.

Figure: 7 Detrended TFP Factor
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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% (i) = 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% (v = 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% (¢ = 0), 0.04% (¢» = 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% (v = 0), 41.14% (¢» = 0.5) and 41.74% (¢ = 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% (v = 0), 4.15% (¢» = 0.5) and 4.70%
(¢» = 1). Under the specifications ¢y = 0 and @ = 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 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 ¢ = 0), i.e., 1.43% (¢» = 0),
2.15% (¢ = 0.5) and 2.70% (v = 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% (v = 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% (¢ = 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).

13These numbers are computed as follows: during the period 1979-1995 the average annual growth rate of the
the TEFP factor (gross) was -1.33%. Hence, on average, there was a gap of 3.33 percentage points between that
rate and the 2% trend. According to our new growth accounting exercise this gap now becomes 1.97 (¥ = 0),
1.96 (¢p = 0.5) and 1.94 (¢p = 1). As a result, rent seeking activities - reflected in the fraction of productive
time - can account for the 40.84% (%, ¥ =0), 41.14% (W, ¥ =0) and 41.74% (% P =0)
of the gap between the average annual growth rate of the TFP factor (gross) and the 2% trend.
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Table 3: Accounting for Growth - Average Annual Changes, %

Growth Accounting
Components

Real per Capita GDP
TFP Factor (net)
TFP Factor (gross)
Private Capital Factor
Public Capital Factor
Labour Factor

Fraction of Productive Time
Per Capita Non Leisure Time

Real per Capita GDP
TFP Factor (net)
TFP Factor (gross)
Private Capital Factor
Public Capital Factor
Labour Factor

Fraction of Productive Time

Per Capita Non Leisure Time

Real per Capita GDP
TFP Factor (net)
TFP Factor (gross)
Private Capital Factor
Public Capital Factor
Labour Factor

Fraction of Productive Time

Per Capita Non Leisure Time

_//_
0.06
_/QA
_//_
_//_
-1.93

Before Depression Crisis

1973-1979 1979-1995

v=0 ¢Yv=05 ¢v=1 v=0 =05 ¢P=1

2.13 -//- -//- -0.07 -//-

-1.7%5  -149  -0.97 0.03 0.04

-0.66 -//- -//-  -1.33 -//-

3.50 -//- -//- 1.68 -//-

0.11 -//- -//- 0.12 -//-

0.27 0.01 -0.51  -1.90 -1.91

0.89 0.62 0.11 -1.35 -1.36

-0.62 -/~ -/~ 054 -//-
Recovery Post Depression
1995-2001 2001-2007

b=0 =05 =1

b=0 =05 =1

3.13
3.43
3.52
-1.20
-0.03
0.93

0.18
0.75

_//_
4.15
_/7L
_//_
_//_
0.20

New Crisis
2007-2013

b=0 =05 =1

-//-
4.70
_/74
_//_
_//_
-0.34

3.83
3.99
3.80
-0.60
-0.02
0.47

-0.17
0.64

_//_
4.06
_/74
_//_
_//_
0.40

-0.24
_/7L

-//-
4.11
_/7L
_//_
_//_
0.35

Last Fourty Years

1973-2013

b=0 =05 =1

-3.88
-4.64
-5.52
4.37
0.34
-3.96

-0.88
-3.08

_//_
-0.45
_/7L
_//_
_//_
-3.15

-0.07
_/QA

_//_
-6.05
_/74
_//_
_//_
-2.55

0.53
_/QL

0.75

0.17
-0.36
1.58

0.11

-1.10

-0.54
-0.56

_//_
0.21
_/74
_//_
_//_
-1.14

-0.58
_/QA

_//_
0.29
_/7L
_//_
_//_
-1.23

-0.67
_/74

The subperiod 2007-2013 was marked by an abrupt fall of real per capita GDP. The average
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% (¢p = 0),
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-5.45% (¢ = 0.5) and -6.05% (¢ = 1) and second, the labour factor decreased by -3.96%
(v = 0), -3.15% (» = 0.5) and -2.55% (v» = 1). The decline of the labour factor 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% (¢ = 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!, 7%, 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, Ky, K7 and R, (in aggregate terms), in each period t:

l—ap—ag

1 (=1 —a,— ortay
Y, = (A (scpy) s (LT 0 = o) (52)
A
Y,=Ci+ Ky — (1=K, + G+ G (53)
1— ¢ 1
y Ctj- i/JGt _ Cft& (54)
Y Nth — Lt 1 + T Nt

— -0 - —1)(1—0o
(Co1 + ¢Gf+1)1 R (Niy1h — LHl)(7 =)
(Ot +T/]G§)17’Y(170) (Ntﬁ_ Lt)(’y_l)(l_o—)

L+ 7§ < k Yin )
=B—L 1+ (1 —75)(a — & 55
T (LT =) (55)
K{,=Q1-0)K]+G, (56)
Ry=(Th(1—ap — ay) + 78 (p + ) Vs + 75C, — TFOP K, (57)

Solving for the DCE equilibrium path involves choosing sequences of Y;, Cy, Ly, K41, K[|, and
R;, such that the system of equations (52) to (57) has a unique solution, given sequences of
{Ai, &, N, GS, Gy, 75, 7, T} }2,» the initial private and public capital stock Kr,, K7, , and 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 dynamic system
by assuming that our economy converges to a balanced growth path at some finite date 7.
Our system is thus reduced to:

For t = TU7TO + 1, T1

1—&p—&g
1—7h)(1— a, — ay) optag

R
ey

Y = (A (Kf)™) e ((
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Y, = Ci+ Ky — (1= 0") Ky + G + G (59)

1—~C, G¢ 1 R
Rl R (60)
,7/ Nth_Lt ]'—l_Tt Nt
Kfy = (1-0) K] +G, (61)
R, = (Tff (1—ap—ay) +71F (o, + ag)) Y, 4+ 7¢C, — TROP K, (62)

For t = TU7TO + 1, T1 —1

- —o - —1)(1—0o
(Cor + waﬂ)l Ve (Niy1h — Ltﬂ)(7 =)
(Ct _l_q/)Gg)l*’y(l*U) (Ntﬁ_ Lt)(’y_l)(l_a)

1+7¢ < . Y )
="t (14+(1—7" N« — P 63
61 . ( 1) (ap Kooy ) (63)
1
Kr1=g4 " " gnKrp, (64)

This is a system of 6(7) — Ty + 1) equations, in 6(7; — Ty + 1) uknowns, i.e., the respective out-
put, private consumption, private capital, public capital, non leisure time and public revenues
sequences. We set Ty = 1970 and 77 = 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
Conesalet al. (2007) do. We assume that after 2013 they grow at a constant growth rate equal

l—ap—a . . . 7. .
to g4 ¥ "?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 7F = 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,
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%) 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.

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
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.

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% (b = 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).

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%

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

15Tt 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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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 quantitative 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 qualitatively 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).

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 improve-
ment 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;y (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 substitution 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: Ly, 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%).

5.1.3 Crisis: 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

16The 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.

1"The 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.
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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).

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.

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 underestimate
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).

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
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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.

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).

5.1.6 New Crisis: 2007-2013

For the new crisis subperiod our model predicts the steep drop of real per capita GDP observed
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 specifically, 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).

27



Table 4: Average Annual Changes in Real per Capita GDP, %

Growth Accounting Experiments
Components =0 Y =0.5 =1
1 2
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) 011 013 -//~ 012 -//- 012
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 -//- L7
TFP Factor -1.7%5  -1.77  -1.49 -1.56 -0.97 -1.08
Capital Factor (Private) 3.50 414 -//- 399 -//-  3.96
Capital Factor (Public) 011 013 -//~- 013 -//- 013
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 -387 -//- -3.81 -//- -3.24
1979-1995
Real per Capita GDP -0.07 -036 -//- -037 -//- -0.38
TFP Factor 0.03 -0.03 0.04 0.00 0.06 0.04
Capital Factor (Private) 168 117 -//- 117 -//- 118
Capital Factor (Public) 012 o013 -//- 013 -//- 013
Labour Factor -1.90 -1.63 -191 -1.67 -193 -1.72
Fraction of Productive Ttme -1.35 -1.23 -1.36 -097 -1.39 -0.82
Per Capita Non Leisure Time -0.54 -0.41 -//- -0.70 -//- -0.90
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Table 5: Average Annual Changes in Real per Capita GDP, %

Growth Accounting Experiments
Components =20 Y =10.5 =1
1 2 3
Data Model Data Model Data Model
1995-2001
Real per Capita GDP 313 207 -//- 204 -//- 201
TFP Factor 3.43 2.25  4.15 292  4.70 3.40
Capital Factor (Private) -1.20 -088 -//- -096 -//- -1.04
Capital Factor (Public) -0.03 0.03 -//- 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 383 373 -//- 394 -//- 415
TFP Factor 3.99 4.05 4.06 4.09 4.11 4.12
Capital Factor (Private) -0.60 -0.74 -//- -056 -//- -0.37
Capital Factor (Public) -0.02 -0.02 -//- -003 -//- -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 -//- -3.81
TFP Factor -4.64 -3.66 -545 -4.37 -6.05 -4.86
Capital Factor (Private) 437 427 -//- 448 -//-  4.66
Capital Factor (Public) 034 03 -//- 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 Y =0 =05 =1
1 2 3
Data Model Data Model Data Model

1973-2013 (1973=100)

Dtr Real per Capita GDP 61.18 5291  -//-  53.69 -//-  54.63
Dtr TFP Factor 48.39 4753 49.23 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 71.13 -//- 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 -//- 12707 -//- 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 10548 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 72,55 7331 7281 73.59 73.26
Capital Factor (Private) 130.85 120.59 -//- 120.63 -//- 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 75.91

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 Y =0 =05 =1
1 2 3
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) 93.00 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 111.7v6 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 -//- 96.71 -//-  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  98.57 87.23 9827 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 7128 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 73.92 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 -//- 8021 -//-  75.99
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Figure 8: Data vs Model: Detrended Real per Capita GDP
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Figure 9: Data vs Model: Capital Factor (Private)
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Figure 10: Data vs Model: Fraction of Productive Time
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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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6 Concluding Remarks

In this study we investigated whether a dynamic general equilibrium model with a government
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. Second, by con-
ducting 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 National
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 activ-
ity", 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 Employ-
ment and Labour Market Statistics (database).

(g) OECD (2014), "OECD Economic Outlook No. 95", OECD Economic Outlook: Statis-
tics and Projections (database).

(h) OECD (2013), "OECD Economic Outlook No. 93", OECD Economic Outlook: Statis-
tics and Projections (database).

(i) OECD (2010), "OECD Economic Outlook No. 88", OECD Economic Outlook: Statis-
tics and Projections (database).

(j) European Commission, Ameco - The annual macro-economic database.

(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 Accounting and
Total Factor Productivity, Country Details 1950-2013".
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(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 period:
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).

GR.10: Gross Government Fixed Capital Formation, unit: millions of euros, time period:
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:
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1960-2013, source: (g) and (i).

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

().
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 euros,
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).
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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.10) « 82,
GRC.2 = G: For real public investment we construct the following series, Gi = GR.10% $&2.

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

GR. GR.
GR.14 % Wa? —GRC.1—-GR.3 % Wf'

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

PK; _ GR.11-GR.12
Yy GR.1

as consumption of private fixed capital over GDP, GRC.1 = I; and equations (29) and (41).

GRC.5 = K,: For the construction of real private capital stock K; we use

GRC.6 = K{: For the construction of real public capital stock K7 we use 61{5 L= %%‘112

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

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

TCESP = GRICCRIY 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 GRO.34+¢+GR.3x SE-2
& = Y  GR33+h—GRCA

*

(14+GRC.11)*GR.33
(GRC11%xGRC.T+GRC13+(ap+ay))x(GR2-GR.14x S22 ) ~GRC.13+(GR.11-GR.12) $%2 4+ GRC.11+GRC.3”

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

_ LGR.2
(1-GRCA2)+GRO.7+ 20 2 T
Thus we get n; = s :

GR.33
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1
* .
(GRC.11+GRC.T+GRC.13%(ap+ay))+(GR.2-GR.14x 222 ) —GRC.13+(GR.11-GR.12) $E2 L GRC.11+GRC'3

GR.1

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

ng = GRC9, Ly = GRC4, GRC.7, oy is the average of GG%}IO over the period 1970-2013,

1—ay— GRC.7T =, and Y; = GR.2 — GR.14 % 22 in equation (46).

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

GRC.12 = Ti: For the construction of the effective tax rate on labour income see Appendix B.

GRC.13 = 7F: For the construction of the effective tax rate on net capital income see Ap-
pendix B.

Specifications for the Construction of Tables

Table 1: For § we take the average of

1—0)—1
GR.2; g — 1=y~
GRC<3t+'¢’GR‘3t*GRA1t GR.33;xh—GRC.44 t=m=e)
GRO.3;4 1 46 GR 3y, 1% i 2ttl R334y eh=GRCAp 4y
5 — t+ +1*GRI over the period 1970-
_ TR 251 b

GR.2y11-GR.14; 1%
GRC 541

1+GRC.114
I+GRC 11,4

| 14+(1-GRC.13441)*((1—ag—GRC.7)* GR I

—8P)

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 vari-
ables n;, ©; and @fot.

Table 3: Average annual differences of the natural logarithm of real per capita GDP (at
1

market prices), % = gg%,.TFP factor, A, """ = GRC.10@re7, private capital factor,

K.\ Torms  (GRO.5Y aeGRCT : . KP\Toras _ (GROG\ " Enenst
<7t> = (m) , public capital factor, (W) = (m) ,
labour factor, ”jvft = GROG‘%‘%%CA, fraction of productive time, n;, and per capita non-leisure
time, ﬁ,—tt

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 % = 55323 and A; "7
(we use the TFP factor series from Gogos et al. (2014b)).

GR.3 GEx GR.1

Figure 2: (a) values of the variable Zz5 = n*gé;;iRGQR.l ; and (b) values of the variable
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GR10 _  GixSR1

GR1 ~ YxS¢EliGR14"

Figure 3: (a) index values of the variables %t = CGACS and KTtiq = CGHCS (b) annual per-
centage changes of the variables K; = GRC.5 and K} = GRC.6 and (c) values of the variable
K{ _ GRCS6

K¢ — GRC5"

Figure 4: (a) values of the variable GRC.11 = 7¢, (b) values of the variable GRC.12 = 7% 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 values
of the variable GR.35 and §, = GRC'8.

. 1
Figure 7(a) to 7(f): Detrended, 2%, index values of the variables A, “* " = GRC.10Grc7
1
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 % = S8Z  the

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

p 1—ag—GRC.7

Figure 9(a) to 9(f): The solid line is the index value of (%) T (Ghes) ereT

GR.2 ’

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 ]’if—i = GHC4  the dashed line

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

. . . . . . Kt _ GRC5
Figure 12(a) to 12(f): The solid line is the detrended, 2%, index value of ' = 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 ]{]—tt = Ghol

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 % = GhC3

the dashed line is the respective series from model’s solution (experiment 1).
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Appendix B. EffectiveTax Rates, 7¢, 7L, 7%

To compute series for the effective tax rates 7¢, 7!, and 7F, we follow Papageorgiou (2012)
and we adopt a variation from the methodology of Mendoza et al. (1994). First, when we com-
pute 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 marginal, 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 house-
holds (NPISH’S) final consumption expenditures (FCE). The tax revenues are general taxes
(GT 2100) and excises (EXC 5121).®

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

Cc
T

(65)

Effective Income Tax Rate (T,’})

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 com-
ponent is taken residually by subtracting from households net operating surplus and mixed
income (HGOSMI - HCFC) compensation of the self-employed. The tax revenues are taxes on
income, profits, and capital gains of individuals (TTPCGI 1100).

TIPCGI(1100)

TCEPE — $5C(2200) — SSC(2100) + TCESE — S5C(2300)
+HGOSMI — HOFC — TCESE

h _
Ty = W

TIPCGI(1100)
TCEPE — $§5C(2200) — SSC(2100) — SSC(2300) + HGOSMI — HCFC

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

=7 =y (66)

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 p = 1.6.

18The numbers in the parentheses are the codes of the specific tax revenues in the OECD tax statistics
database.
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Effective Labour Tax Rate (Ti)

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 (TCEDE — 85C(2200) — SSC(2100) + TCESE — SSC(2300))
+S55C(2000) + T'PW (3000)
TCEPE - TCOESE

Effective Capital Tax Rate (77})

The tax revenues are computed as follows: We add to tax revenues from households capital
income, taxes on income, profits, and capital gains of corporations (TTPCGC 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

k _
Ty =

where CFC is consumption of fixed capital.
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