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Abstract
This paper follows the great depression methodology of Kehoe and Prescott (2002, 2007) to
study the importance of total factor productivity (TFP) in the Greek economic crisis over the
period 2008-2017. Using growth accounting and the neo- classical growth model, the paper
shows that exogenous changes in TFP are crucial for the Greek depression. The theoretical
model reproduces quite well the decline in economic activity over 2008-2013 and the
subsequent period of slow recovery found in the data. Nevertheless, it is less successful in
predicting the magnitude of the decline in output and the labour factor. In addition, including
financial frictions and risk shocks into the neoclassical growth model, does not significantly
improve the model’s performance.
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Introduction

Greece experienced an increase in the real per capita GDP by around 45% over the
period 1995-2007 with an average growth rate of 3.48%. As Figure 1 illustrates, this boom
was followed by a dramatic economic downturn. Notably, real per capita output dropped
about 26% from 2008 to 2013. In fact, Greece suffered one of the longest and deepest
recessions of advanced economies to date.
This paper studies the importance of total factor productivity (TFP) in the Greek
economic crisis over the period 2008-2017 following the great depression methodology
developed by Kehoe and Prescott (2002, 2007). According to this methodology, the
period 2008-2017 can be characterized as a great depression. The approach we follow
can be summarized as follows. First, we examine the growth accounting characteristics
of the actual data over the 2000-2017 period and decompose the changes in output into
three factors: changes in inputs of labour, changes in capital inputs and changes in TFP.
Then, we employ two widely known macroeconomic models: the basic neoclassical growth
model (NG hereafter) and the neoclassical growth model augmented to include financial
frictions and risk shocks in the spirit of Bernanke, Gertler, and Gilchrist (1999) (BGG
hereafter). We calibrate the models and solve for the competitive equilibrium. We then
feed the observed TFP series into each model and generate artificial data for the main
aggregate economic variables over the period 2000-2017. Finally, we compare the growth
accounting characteristics of the actual data to those of the artificial economies.
The results suggest that the TFP factor is crucial in accounting for the Greek depression over 2008-2017. The labour factor also played an important role, especially after
2012. The NG model reproduces quite well the decline in economic activity over 2008-2013
and the subsequent period of slow recovery found in the data. However, the magnitude
of the decline in output and the labour factor is smaller than in the data. In addition,
we augment the basic model to include financial frictions and risk shocks. Our goal is to
examine whether the presence of financial frictions and changes in aggregate uncertainty
can improve the performance of the model.1 Results remain very close to the predictions
of the basic model. Finally, both models perform quite well in capturing the rise in output
observed in the pre-crisis period (2000-2007).
Many academic studies have recently focused on the Greek crisis. In the context of
Dynamic Stochastic General Equilibrium (DSGE) models, Gourinchas, Philippon, and
Vayanos (2017) find that fiscal consolidation accounted for approximately 50% of the
output drop. They also show that much of the remainder drop (around 40%) can be
explained by the increase in funding costs for the private sector and the sovereign crisis.
In a similar spirit, Chodorow-Reich, Karabarbounis, and Kekre (2019) find that lower external demand for traded goods and contractionary fiscal policies account for the largest
fraction of the Greek depression. Furthermore, they show that a decline in total factor productivity substantially amplified the depression. Economides, Papageorgiou, and
Philippopoulos (2017) suggest that the fiscal policy mix adopted in the years 2000-2009,
1

Hardouvelis, Karalas, Karanastasis, and Samartzis (2018) show that economic uncertainty explains
a large fraction of the decline in GDP during the crisis.
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Figure 1: (a) Real per capita GDP; (b) Real per Capita GDP Growth Rate
jointly with the deterioration in institutional quality and, specifically, in the degree of protection of property rights, can explain essentially all the total loss in GDP between 2010
and 2015 (around 26%). Dellas, Malliaropulos, Papageorgiou, and Vourvachaki (2017)
show that the fiscal consolidation measures in Greece can explain most of the decline in
GDP when the informal sector is taken into account. The existence of an informal sector
significantly amplifies the effects of fiscal policy.2
2

For studies related to the Greek crisis see among many others Ardagna and Caselli (2014), Ioannides
and Pissarides (2015), House and Tesar (2015), Kollintzas, Papageorgiou, Tsionas, and Vassilatos (2018a);
Kollintzas, Papageorgiou, and Vassilatos (2018b) and the references therein.
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We are interested in examining the role of productivity growth in the Greek crisis
because it has been found as an important determinant in the majority of depression
episodes in the twentieth century that are comparable in magnitude to the Greek one.
As already mentioned, most studies on the Greek crisis rely on DSGE models and adopt
a number of exogenous shocks such as productivity shocks, financial shocks, interest rate
shocks, trade shocks etc. in order to identify the drivers of the recession. Compared to
these studies, our work follows the great depression methodology that relies on general
equilibrium models and growth accounting that decomposes changes in output to changes
in labour and capital inputs and productivity growth. Additionally, relative to previous
work we also examine the role of financial frictions and changes in the aggregate uncertainty by incorporating a financial accelerator mechanism and risk shocks. The paper
extends the literature on great depressions and the analysis provides a diagnostic tool to
determine the factors that could increase our understanding regarding the Greek crisis.
The fact that the depression in Greece is driven to a large extent by the drop in TFP and
the labour factor, indicates the need to identify the factors that shaped the decline in TFP
and employment. The study most related to this paper is the work of Gogos, Mylonidis,
Papageorgiou, and Vassilatos (2014). They use the neoclassical growth model and employ
the great depression methodology for Greece over the period 1979-2001. They find that
the period 1979-1995 can be characterised as a great depression and that changes in TFP
were crucial in accounting for the 1979-1995 Greek great depression episode. Thus, according to the great depression methodology Greece has experienced two great depression
episodes in only three decades.3

2

The definition of great depressions

According to Kehoe and Prescott (2002), a downturn of real per capita GDP over the
time period D “ rT0 , T1 s can be labelled as a great depression if three conditions relating
output to its trend are met.
Let us first define de-trended real per capita GDP in period t, ỹt , as the ratio of real
per capita GDP, yt , over trend real per capita GDP, g t´T0 yT0 ,
ỹt “

yt
t´T
g 0 yT0

(1)

where g is the gross trend growth rate, T0 is the starting year of the de-trending period
and yT0 is the real per capita GDP at T0 . We define the trend growth rate g as the average
growth rate in the full sample period (1995:2017) which is 0.74%.
The three conditions that need to be fulfilled for an economic downturn to be labelled
a great depression are:
1. The deviation of the per capita GDP from its trend must be sufficiently negative
3

See Kehoe (2003) and Kydland and Zarazaga (2002) for Argentina’s two great depression episodes
over the period 1974-2002.
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(20% or larger). That is, there is some year t in such that:
yt
t´T
g 0 yT0

ď 80%.

2. The deviation must occur rapidly (with a negative deviation of 15% in the first
decade). That is, there is some year t ď T0 ` 10 such that:
yt
t´T
g 0 yT0

ď 85%.

3. The deviation must be sustained, in the sense that real per capita GDP cannot
return to trend growth rate for a decade. That is, there are no T 2 and T 1 in D,
T 2 ě T 1 ` 10, such that
yT 2
ě 100%.
2 ´T 1
T
g
yT 1
As can be seen in Figure 2, the Greek economy during the period 2008-2017 strictly meets
all the above criteria. The year 2008 is identified as the starting year of the depression.
This is also clear from the two previous graphs, indicating the year 2008 as the peak of
the business cycle. According to our terminology, T0 “ 2008. Real per capita GDP is
characterized by a sharp and large fall following 2008. By 2013, real per capita GDP has
decreased about 26.18% below its trend. Furthermore, by 2011 the drop of real per capita
GDP was already more than 15% below its trend (notably 18.02%). Therefore both the
first and second criteria are met. The third criterion requires that real per capita GDP
should not grow at the trend growth rate of 0.74% during any decade over the depression
period. Although the data available is up to the year 2017, it is clear that on average the
real per capita GDP does not grow at a 0.74% growth rate. Looking at Figure 2 confirms
that this criterion is also met. Consequently, the Greek economy for the period 2008-2017
meets all the aforementioned criteria identifying this period as a great depression.

3

The model

In this section we present the two models that are employed in the study. The presentation here takes advantage of the similarities the two models share. Section 3.1 describes
the NG model while Section 3.2 presents the financial frictions BGG model. In both
models, the only exogenous source of fluctuations is the total factor productivity (TFP).
In addition, the agents have perfect foresight, which means that they fully anticipate the
future paths of productivity.
3.1

The neoclassical growth model

In the canonical neoclassical growth model there are two types of agents: households
and firms. Firms’ role in the model is to produce consumption goods by combining capital
and labour borrowed from the households. Households are the owners of capital which
they lend to the firms at a cost specified from the rental rate of capital and they also work
in the production firm where their compensation is their marginal product of labour.
6
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Figure 2: Detrended Real per Capita GDP 2008-2017
Households.— There is a continuum of households with identical preferences. Households work and get their labour wage, invest in capital receiving the rental rate of capital,
and retain the profits of the non-financial firms.
The preferences of the representative household take the mostly standard following
form:
8
ÿ
χ
β i rlnpCt`i q ´
L1`
(2)
t`i s,
1
`

i“0
Ct denotes the per capita consumption of the household members and Lt the supply of
labour. β P r0, 1s is the discount factor,  is the inverse Frisch elasticity of labour supply,
χ ą 0 is the relative utility weight of labour and t ` i is the time subscript.
The household allocates funds to consumption and transfers wealth across time and
states by investing It . We assume that the holding capital bears no risk and we call the
rental rate of capital Zt . The household’s financial resources originate from its labour
income, Wt is the real wage, capital returns and the net payouts to the household from
ownership of both non-financial firms Πt . The budget constraint of the representative
household is:
Ct ` It “ Wt Lt ` Πt ` Zt Kt .
(3)
Furthermore, the law of motion of capital is:
Kt`1 “ It ` p1 ´ δqKt .

(4)

The problem of the representative household is to choose Ct , Lt , Kt`1 in order to
maximize its utility (2) subject to the budget constraint (3) and the law of motion of
capital (4) at every period.
Let uc,t denote the marginal utility of consumption and Λt,t`1 denote the household’s

7

discount factor (the intertemporal marginal rate of substitution):
Λt,t`1 ” β

uc,t`1
,
uc,t

(5)

uc,t “ Ct´1 .
Let λ be the Lagrange multiplier associated with the household problem, the Lagrangian
is
L“

8
ÿ
i“0

β i lnpCt`i q ´

(
χ
1`
Nt`i
` λt rWt Lt ` Πt ` Zt Kt ´ pCt ` Kt`1 ´ p1 ´ δqKt qs .
1`

The first order conditions yield:
BL
: uc,t ´ λt “ 0
BCt
BL
: ´λt ` βλt`1 pZt`1 ` p1 ´ δqq “ 0
BKt`1
BL
: ´χLt ` λt Wt “ 0
BLt

(6)
(7)
(8)

Combining (6) and (7) we get the two standard intertemporal and intratemporal equations
of the NG model: namely the Euler equation
Λt,t`1 rZt`1 ` p1 ´ δqs “ 1

(9)

and by combining (6) and (8) the optimality condition for labour supply
uc,t Wt “ χLt .

(10)

Production.— The production process is limited to the production of a consumption
good.
Goods producers.— Goods producers combine capital and labour both rented from
households to produce goods under a constant returns to scale production function. Production is subject to a total factor productivity shock At .
Yt “ At pKt qα L1´α
.
t

(11)

The decision problem of the goods producers is to choose Kt and Lt in order to maximize
their profits. Profit maximization implies standard input demands for labour and capital:
Wt “ p1 ´ αq
Zt “ α

` K t ˘α
Lt

` Lt ˘1´α
Kt
8

.

Resource constraint.— The resource constraint of the model implies aggregate
demand to be equal with aggregate supply:
Yt “ Ct ` It .
Lastly, to be consistent with the BGG framework that follows, we call the gross return
on capital net of depreciation as Rk,t “ Zt ` p1 ´ δq.
3.2

The financial frictions model

The economy of the financial frictions model, a version of the Bernanke et al. (1999),
is populated by five agents: Households, entrepreneurs, bankers, capital and consumption good producers. Contrary to the NG model, the representative household is not the
direct owner of capital which is now being intermediated by banks from households to entrepreneurs. Households hold bank deposits which are the only source of bank funding and
banks provide loans to the entrepreneurs which use credit to buy capital. Put it simply,
households are the lenders of the entrepreneurs with banks acting as an intermediary.
What gives rise to the financial accelerator mechanism, is the addition of the capital
goods producers and the non-linear adjustment costs. Tobin’s q, the price of capital, creates an extra feedback mechanism in the perturbations of the model, namely the financial
accelerator. In detail, the financial accelerator mechanism describes a feedback process
between price of capital and entrepreneur’s net worth. Think of a negative shock in aggregate demand which leads to a fall in entrepreneur’s net worth. The entrepreneur now is
unable to buy the amount of capital purchased before the shock due to lower equity. This
leads to a reduction in the capital price. The feedback mechanism is turned on because
lower capital price leads to a further reduction to net worth. This process continues until
the economy reaches a new equilibrium with lower capital price and net worth value.
Households.— There is a continuum of households with preferences defined in a
similar manner as in the NG model by (2). Household members are divided according
to their occupation. Within each household there are two different member types: $
workers and p1 ´ $q entrepreneurs. Household members differ in the way they obtain
earnings. Workers supply labour and entrepreneurs manage the non-financial firms. All
return their earnings back to their families.4 Lastly, within the family there is perfect
consumption insurance.
The household allocates funds to consumption and bank deposits Dt . We assume that
deposits bear no risk and we call the riskless gross return to deposits, Rt (the interest
factor). The rest of the household income sources are the wage income and the profits
from the non-financial corporations. Therefore, the budget constraint of the representative
household is:
Ct ` Dt`1 “ Wt Lt ` Πt ` Rt Dt .
(12)
4

This approach follows Gertler and Kiyotaki (2010) and allows for within-household heterogeneity but
also sticks to the representative approach representation. Abstracting from the entrepreneurs’ consumption makes the model presentation simpler.
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The problem of the representative household is to choose Ct , Lt , Dt in order to maximize its utility (2) subject to the budget constraint (12) at every period.
Let λ be the Lagrange multiplier associated with the household problem, the Lagrangian is
L “ Et

8
ÿ
i“0

β i lnpCt`i q ´

(
χ
1`
Nt`i
` λt rWt Lt ` Πt ` Rt Dt ´ pCt ` Dt`1 qs .
1`

The first order conditions yield:
BL
: uc,t ´ λt “ 0
BCt
BL
: ´λt ` βλt`1 pRt`1 q “ 0
BDt`1
BL
: ´χLt ` λt Wt “ 0
BLt

(13)
(14)
(15)

Combining (13) and (14) we get the two standard intertemporal and intratemporal equations of the NG model; namely the Euler equation:
Λt,t`1 Rt`1 “ 1

(16)

and by combining (13) and (15) the optimality condition for labour supply
uc,t Wt “ χNt .

(17)

Entrepreneurs.— Each entrepreneur i purchases raw capital Ki,t`1 from the capital
goods producers at price Qt in a competitive market and funds this purchase with equity
E
Ni,t`1
and credit LN Si,t`1 obtained from the financial institutions. The entrepreneur’s
balance sheet is:
E
Qt Ki,t`1 “ LN Si,t`1 ` Ni,t`1
.
(18)
The entrepreneur transfers the purchased capital to the retail firm in order to produce
goods. Capital yields its marginal product Zt`1 . At the end of the period, she sells the
undepreciated capital back to the capital goods producer at price Qt`1 . Therefore, the
average return per nominal unit invested in period t is:
Rk,t`1 “

rZt`1 ` p1 ´ δqQt`1 s
.
Qt

(19)

In every period t an idiosyncratic shock ψi transforms the newly purchased Ki,t`1
raw units of capital into ψi Ki,t`1 effective units of capital. It is assumed that ψ follows
a unit-mean log normal distribution. The idiosyncratic shock is drawn from a density
f pψt q. Following Christiano, Motto, and Rostagno (2014) we call the standard deviation
of logpψq denoted by σψ , the risk shock. It is the cross sectional dispersion in ψ and it
is allowed to vary over time. This will introduce another source of fluctuations in the
10

model’s perturbations in addition to the TFP.
A threshold value of ψi called ψ̄t`1 divides the entrepreneurs that cannot pay back the
loan and interest from those who can repay. It is defined by
Rl,t`1 LN Si,t`1 “ ψ̄t`1 Rk,t`1 Qt Ki,t`1 .

(20)

Rl,t`1 is the rate to be decided in the debt contract between the entrepreneur and the
banker. When ψi ě ψ̄t`1 the entrepreneur repays the bank the amount Rl,t`1 LN Si,t`1
keeps the profits equal to ψ̄t`1 Rk,t`1 Qt Ki,t`1 ´ Rl,t`1 LN Si,t`1 and continues production.
If ψi ă ψ̄t`1 the entrepreneur has negative net worth resulting in bankruptcy and default.
When an entrepreneur defaults, her assets are then being acquired by a bank paying also
a bankruptcy cost µ to be defined momementariry. The probability of default is then
given by:
ż ψ̄
ppψ̄q “
f pψqdψ.
(21)
0

The expected net worth of the entrepreneurs is
rp1 ´ Γt pψ̄t`1 qqRk,t`1 Qt Ki,t`1 s,
where

(22)

ż ψ̄t`1
Γt pψ̄t`1 q “

ψf pψqdψ ` ψ̄t`1 p1 ´ ppψ̄t`1 qq.

(23)

0

is the fraction of net capital received by the lender, and 1´Γt pψ̄t`1 q represents the average
weight of the entrepreneurs’ gains.
If there was no cost to the banker to observe the idiosyncratic shock ψi,t , then there
would be state-contingent contracts that would perfectly insure the banker. Instead,
in order to make entrepreneurs’ default costly for the banking sector, ψi is costlessly
observed by the entrepreneur, but it is not observed by the lender unless he pays a
fraction of their ex-post revenues. Specifically, the financial intermediary must pay a
“monitoring cost” to observe the borrower’s realized return on capital. This follows the
“costly state verification” illustration proposed by Townsend (1979). Monitoring costs
can be interpreted as legal costs that the banks pay in the case of borrowers’ default.
This cost destroys part of the capital produced by the project and equals a proportion µ
of the gross pay-off of the firms capital, i.e. µψi,t`1 Rk,t`1 Qt Ki,t`1 .
The optimal contract maximizes the expected profits of the entrepreneur under the
condition that the expected return on lending is no less that the opportunity cost of
lending. In other words, for the financial intermediary to continue extending credit to
entrepreneurs, their expected return from credit must be always greater or equal to the
opportunity cost of its funds. The opportunity cost is the riskless rate Rt . The loan
contract must satisfy:
ż ψ̄t`1
p1 ´ µqRk,t`1 Qt Ki,t`1

ψf pψqdψ ` p1 ´ ppψ̄t`1 qqRl,t`1 Li,t`1 ě Rt Li,t`1 .
0

11

(24)

The left hand side shows the expected gross return that the financial intermediary receives
over all realizations of the shock and the right hand side the intermediary’s opportunity
cost of lending.
Using (18) and (23), the zero profit condition (24) becomes :
E
Rk,t`1 Qt Ki,t`1 rΓt pψ̄t`1 q ´ µGt pψ̄t`1 qs ě Rt pQt Ki,t`1 ´ Ni,t`1
q,

(25)

where µGt pψ̄t`1 q are the expected monitoring costs paid by the bank:
ż ψ̄t`1
Gt pψ̄t`1 q “

ψf pψqdψ.
0

The optimal contract for the entrepreneur solves the entrepreneur’s expected net worth
(22) subject to the zero profit condition (25).
Let L be the Lagrangian of the maximization problem and λet the Lagrange multiplier
associated with the zero profit condition.
e
e
Ě
Ě
L “ r1 ´ ΓpψĚ
t`1 qRk,t`1 Qt Kt`1 s ` λt rRk,t Qt Kt rΓpψt`1 q ´ µGpψt`1 qs ´ Rt`1 pQt Kt ´ Nt qs.

The first order and Kuhn-Tucker conditions for the maximization problem are:
BL
e
Ě
Ě
: 1 ´ ΓpψĚ
t`1 qRk,t`1 ` λt rΓpψt`1 q ´ µGpψt`1 qRk,t`1 ´ Rt`1 s “ 0
BKt
BL
e 1 Ě
1 Ě
: ´Γ1 pψĚ
t`1 q ` λt rΓ pψt`1 q ´ µG pψt`1 qs “ 0
B ψĚ
t`1

(26)
(27)

From equation (27) we get
λt “

Γ1 pψĚ
t`1 q
.
1
Ě
Γ pψt`1 q ´ µG1 pψĚ
t`1 q

(28)

Inserting (28) to (26) we get:
Rk,t “

Γ1 pψĚ
t`1 q
Rt ,
1
1 Ě
1 Ě
Ě
Ě
Ě
pΓpψt`1 q ´ µGpψt`1 qqΓ pψt`1 q ` p1 ´ ΓpψĚ
t`1 qqpΓ pψt`1 q ´ µG pψt`1 q

which gives the external finance premium as shown in the BGG:
Rk,t`1 “ ρpψĚ
t`1 qRt`1
where the external finance premium ρpψĚ
t`1 q is given by
ρpψĚ
t`1 q “

Γ1 pψĚ
t`1 q
.
1
1 Ě
1 Ě
Ě
Ě
Ě
rpΓpψt`1 q ´ µGpψt`1 qqΓ pψt`1 q ` p1 ´ ΓpψĚ
t`1 qpΓ pψt`1 q ´ µG pψt`1 qqs

The above equation demonstrates how the assumption of financial frictions eliminates
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the arbitrage between the risk free rate and the capital returns. In the NG model described
above ρpψĚ
t`1 q is equal to 1, and both returns are equalized. This could happen here in the
limiting case of zero monitoring costs and a zero default probability when the idiosyncratic
shock threshold approaches zero.
Aggregation.— At the end of the period t a fraction σE,t of entrepreneurs continues
and the rest disappears and is replaced by an equal number of workers. This assumption
ensures that entrepreneurs will not fund all investments from their own accumulated
capital. The probability of remaining is a constant parameter calibrated such as to target
a specific leverage ratio for the entrepreneurs.5 The new entrants receive a start up fund
transferred from the old entrepreneurs which is equal to a proportion ξE of their wealth.
By the law of large numbers the aggregate net worth for every entrepreneurs i at the end
of the period t is p1 ´ Γt´1 qψ̄t Rk,t Qt´1 ki,t . Integrating over all entrepreneurs we get the
aggregate net worth at the end of period t where capital letters denote aggregate variables.
E
Nt`1
“ pσE,t ` ξE qp1 ´ Γt´1 pψst qqRk,t Qt´1 Kt .

Production.— The production process is limited to the production of a consumption
good. In order to introduce the price of capital, the model has the addition of the capital
goods producers.
Goods producers.— Goods producers are owned by the entrepreneurs who provide the
capital needed. Producers combine the capital with labour rented from the households
to produce goods under a constant returns to scale production function. Production is
subject to a total factor productivity shock. We skip the formal presentation of this sector
since is identical with the one of the NG model.
Capital goods producers.— Capital goods producers produce new capital and sell it
to entrepreneurs at a price Qt . Investment on capital It is subject to adjustment costs.
Therefore, the new law of motion of capital is
Kt`1

´ I ¯
t
˜
“ It r1 ` f
s ` p1 ´ δqKt .
It´1

(29)

where the adjustment cost function f˜ captures the cost of investors to increase their
capital stock:
˜
¸
˜
¸2
I
η
I
τ
τ
f˜
“
´ 1 Iτ
Iτ ´1
2 Iτ ´1
and η is the inverse elasticity of net investment to the price of capital. Their objective is
to choose tIt u8
t“0 to solve:
˜
¸ *
"
8
ÿ
I
τ
max
Λt,τ Qt It ´ r1 ` f˜
Iτ s .
Iτ
I
τ ´1
τ “t
5

This follows Gertler and Kiyotaki (2010), Gertler and Karadi (2011) and Gertler, Kiyotaki, and
Queralto (2012).
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The solution to the decision problem of the investors yields the competitive price of capital:
´ I ´ I
¯ η´ I
¯2
¯¯
Iτ2`1 ´ Iτ
τ
τ
τ
Qt “ 1 ` η
´1 `
´ 1 ´ ηΛt,τ 2
´1 .
Iτ ´1 Iτ ´1
2 Iτ ´1
Iτ Iτ ´1
Banks.— Each bank j allocates its funds to credit LN Sj,t`1 . It funds its operations
by receiving deposits from households Dj,t`1 “ LN Sj,t`1 remunerated at the discount
rate Rt . From the above specification and by the law of large numbers, it follows that the
bank’s balance sheet is:
LN St`1 “ Dt`1 .
(30)
Resource constraint.— The resource constraint of the economy is:
Yt “ Ct ` It ` µGt pψ̄t qRk,t Qt Kt .
Final output may be either transformed into consumption good, invested or used up in
monitoring (bankruptcy) costs. All the model’s equations are presented in Appendix C.

4

Data & calibration

In this section we describe the data and the calibration procedure for the two models.
The data sources are Eurostat and the Bank of Greece, unless otherwise indicated and
span the period 1995-2017.
4.1

Data

In order to apply the great depression methodology, we need to match some of the
model’s variables with the data. The first step is to construct a time series for the capital
stock and total factor productivity that we use for the growth accounting exercises.
4.1.1

Capital stock

In order to obtain a time series for the real capital stock, Kt , we follow the procedure
described in Conesa, Kehoe, and Ruhl (2007). Taking as given the equation for the law
of motion of capital:
Kt`1 “ It ` p1 ´ δqKt ,
(31)
we need data on real investment expenditure, a value for the depreciation rate, δ, which
we assume to be constant, and an initial value for the real capital stock, K0 .
To obtain δ we need the series of average consumption of fixed capital-to-GDP ratio
observed in the data. The value of this ratio over the period 2000-2017 is 16.29%, that is:
2017
1 ÿ δKt
“ 16.29%.
23 t“2000 Yt

(32)

The initial value for the capital-to-output ratio is chosen to be equal to the average of the
14

ratio for the period 1995-2000:
2000
K1995
1 ÿ Kt
“
.
Y1995
5 t“1996 Yt

(33)

We use the period 1995-2000 to obtain the initial value for the capital stock as in a way
that minimizes the impact of the ad-hoc initial value on the constructed series. Given
that the period of interest is the 2008-2017, the impact of the capital starting value is
small. Equations (31), (32) and (33) constitute a system of 24 equations in 24 unknowns
(K1995 , K1996 , ...K2017 and δ). The solution to this non-linear system yields an annual
depreciation rate equal to δ “ 0.051.
4.1.2

Labour share

To compute the labour share in output (1 ´ α), we assume that each self-employed
earns an imputed labour income equal to the average wage rate of the employees. Then,
we add total compensation of the self-employed to total compensation of employees and
divide this number with GDP at factor prices (that is GDP minus taxes less subsidies on
production and imports). Then we take the average for the period 1995-2008:
1´α“

T CE DE ` T CE SE
,
Yt ´ N IT

where T CE DE is total compensation of employees, T CE SE is the imputed total compensation of the self-employed, and N IT is net indirect taxes. This yields an annual capital
share in output α = 0.45. That is in line with previous estimates for the Greek economy
(see e.g. Gogos et al. (2014) and Papageorgiou (2012)).
4.1.3

TFP

Having constructed the capital stock series and given the data for real GDP, Yt , hours
of work, Lt , and the value for the capital share parameter, α, calculated above, the TFP
is computed as a residual from the aggregate production function (11):
At “
4.2

Yt
.
α 1´α
Kt L t

Calibration

The model is calibrated to the Greek economy at an annual frequency using data
from the period 1995-2008, the pre-crisis period. The parameters of the NG model are
a subset of the parameters of the BGG. We treat the BGG as our main model and we
calibrate it to match certain data characteristics. As a result, the common parameters of
the two models have the same values for both models. All the calibrated parameters are
summarized in Table 1. Most of the parameters are calibrated so that the model yields
the average values of the Greek economy macro variables in the data.
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The discount factor, β, is parametrized such that the model yields a 5.1% annual
risk free interest rate which corresponds to the average of the benchmark 10 year Greek
bond from 1995-2008. We compute the depreciation rate, δ, and the capital share, α,
following the two procedures analysed above. This yields an annual depreciation rate of
capital equal to 0.051 and a capital share equal to 0.45. Finally, we set the inverse Frisch
elasticity of labour, , and the inverse elasticity of net investment to the price of capital
(the capital adjustment cost parameter) η as in Balfoussia and Papageorgiou (2016).
The preference parameter χ, which is the weight given to consumption relative to
leisure, is calibrated consistent with a labour allocation equal to 22% of time which is the
average value of per capita hours of work in the data.6 . This yields χ equal to 11.781 for
the BGG model and 6.86 for the NG model. Regarding the parameters that are related to
the model with financial frictions, we calibrate the monitoring costs parameter, µ, so that
the model produces an external finance premium for non-financial corporations (NFCs)
equal to 1.912%. This is the average difference between banks’ interest rates on new
business loans and a weighted average interest rate on new deposits from non-financial
corporations up to 2008. The implied value of µ is 0.0025. We calibrate the distributed
income of the exiting to the new entrepreneurs, E, as the annual distributed income of
non-financial corporations relative to their net worth, which is 3.4% in the data. Next,
we calibrate the volatility of the idiosyncratic risk shock, σψ˚ , assuming a default rate for
NFCs equal to 3%, which is in the range of estimates found in Charalambakis (2015). The
value of the idiosyncratic shock is found to be equal to 0.954. Finally, we set the fraction
of entrepreneurs that continue to the next period to 0.912 so that the model produces the
loan-to-GDP ratio found in data and which is equal to 64.8%.

5

Growth accounting

For our growth accounting analysis we follow the approach of the great depressions
methodology literature (see Hayashi and Prescott (2002) and Kehoe and Prescott (2007)).
We proceed by calculating each factor from the actual data and then we plot the factors
against the real per capita GDP path.
The aggregate production function can be written as:
1
Yt
“ At1´α
Nt

ˆ

Kt
Yt

α
˙ 1´α

Lt
Nt

(34)

and in natural logarithms:
ln

Yt
1
α
Kt
Lt
“
ln At `
ln
` ln .
Nt
1´α
1 ´ α Yt
Nt

(35)

where Nt is the working age population. We decompose real per capita GDP into three
1

α

t 1´α
factors: The TFP factor, At1´α , the capital factor, p K
q
and the labour factor,
Yt

6

Lt
.
Nt

For the series of per capita hours work to be compatible with the model economy, we assume that
the time endowment is (365 days* 16 hours per day) = 5840 hours per year)
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Parameters Value
β
χ

µ
σE
σψ˚
ξE
δ
α
η

Definition

Households
0.951
Discount rate
11.781 (BGG) Relative utility weight of labour
6.864 (NG)
0.500
Inverse Frisch elasticity of labour supply
Entrepreneurs
0.0025
Monitoring Costs
0.912
Fraction of entrepreneurs survived
0.954
Steady-state cross sectional dispersion of ψ
0.034
Entering entrepreneurs initial capital
Firms
0.051
Depreciation of capital
0.456
Capital share
Capital Goods Producers
1.500
Inverse elasticity of net investment to the price of capital
Table 1: Parameter Values

Note that in the balanced growth path TFP grows at a constant rate: At`1 “ g p1´αq At ,
where g is the trend growth of real per capita GDP. Thus, the TFP factor grows at the
constant rate g and the capital and labour factors remain constant. Consequently, the
growth rate of per capita GDP is driven only by the growth rate of the TFP factor. When
the economy is off the balanced growth path, changes in the capital and labour factors
contribute to the growth rate of real per capita GDP.7
To enhance understanding, tables 2 and 3 show the growth accounting characteristics
of the data. Table 2 shows the data levels of the four factors at the end of each sub-period
considered. The values are normalized with the value of each variable at the beginning of
each period. Table 3 presents the average annual growth of each variable of interest for
the three sample sub-periods.
Figure 3 shows the evolution of the real per capita GDP together with the three growth
accounting factors. The top part of Figure 3 shows the evolution of the variables spanning
the time 1995-2017 normalized by the value of each factor at 1995. The bottom part of
Figure 3 shows the evolution of the factors in the period 2008-2017 normalized by each
factors’ value at the year 2008, the onset of the great depression in Greece.
As subplot a of Figure 3 and Table 3 illustrate, the period 1995-2007 can be characterized as an expansion period during which the real per capital GDP increased by 45.45%
relative to 1995 and had an average growth rate equal to 3.41% over the period 2000-2007.
The growth of GDP was driven extensively by the TFP factor that increased by 33.46%
(2.23% in growth terms). The labour factor also had a positive contribution, particularly
in the post-2001 period, and increased by around 7.85% (0.99% in growth terms). The
7

See Barro (1999) and Aghion and Howitt (2007) for a review of the growth accounting methodology.
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Components

Data

2007 (2000 = 100)
Detrended Real per Capita GDP 120.60
TFP Factor
108.96
Capital Factor
95.21
Labour Factor
107.18
2017 (2008 = 100)
Detrended Real per Capita GDP 74.99
TFP Factor
86.70
Capital Factor
117.12
Labour Factor
88.68
Table 2: Data Growth Accounting (levels)
Components

Data

2000-2007
Real per Capita GDP 3.41
TFP Factor
2.23
Capital Factor
0.20
Labour Factor
0.99
2008-2017
Real per Capita GDP -2.46
TFP Factor
-2.88
Capital Factor
1.76
Labour Factor
-1.33
2000-2017
Real per Capita GDP 0.07
TFP Factor
-0.88
Capital Factor
1.20
Labour Factor
-0.25
Table 3: Data Growth Accounting (average annual changes)
capital factor increased as well in the same time span by 2.54% with an average growth
rate equal to 0.2%.
Turning to subplot (b) of Figure 3 and the great depression period, 2008-2017, real per
capita output has been reduced by 19.86% compared to its value in 2008 with an average
growth rate equal to -2.46%. The TFP factor had a significant and negative contribution
equal to -2.88%. The labour factor also declined significantly (by 11.32%), and had a
negative contribution to the GDP growth equal to -1.33%. By contrast, the capital factor
increased this period by 17.12% with an average growth rate equal to 1.76%.
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Figure 3: (a) Growth Accounting 1995-2017 (Index 1995=100); (b) Growth Accounting
2008-2017 (Index 2008=100)
An important takeaway from the growth accounting exercise is the decrease in the
TFP and the labour factors and the increase in the capital factor. The rise in the capital
factor is clear after 2001 and even more in Figure 3 showing the recession periods. More
specifically, the capital factor increased by 17.12% during the period 2008-2017 which
is mainly driven by the sharp decline in output.8 It started from the value of 3.270
8

Note that the perpetual inventory method we use to construct the capital stock series assumes that
the capital input is fully utilized and the depreciation rate is constant. However, capital utilization
declined during the crisis in Greece, which means that the capital input may have decreased more than
our constructed series suggest. Chodorow-Reich et al. (2019) provide evidence for the evolution of the

19

in 2008, reaching a first peak of 4.165 in 2013 amidst the depression episode. Then as
GDP started to grow gradually the capital factor scaled down to 3.95 in 2017. The capital
factor increase is consistent with other studies on the Greek economy (Gogos et al. (2014))
where the authors use the same growth accounting methodology for the period 1971-2001.
Other great depression episodes in other countries present the same pattern as well (see
for example Hayashi and Prescott (2002) for the case of Japan, Bergoeing, Kehoe, Kehoe,
and Soto (2002) for the case of Mexico, and Conesa et al. (2007) for the case of Finland).

6

Quantitative analysis

In this section we present the findings of the perfect foresight solution of the two
models, namely the NG model and the financial frictions BGG model. We split our
sample in two different time spans: the “before crisis” period, 2000:2007, and the “great
depression” period, 2008:2017. Lastly, we provide a full sample analysis for the period
2000:2017. We begin our analysis by presenting the two models when the only source of
fluctuations is the TFP factor. Next, we show how the analysis changes when we include
changes in the idiosyncratic risk of the BGG model.
We provide a number of different statistics and exercises in order to compare the
predictions of the two models with the actual data. Table 4 shows the levels of GDP
per capita, capital, labour and TFP factors from the perfect foresight simulation of each
model along with the data levels of the same variables at the end of each sub-period. The
values are normalized with the value of each variable at the beginning of each period.
Table 5 presents the average annual growth of each variable from the models’ simulation
and the data.
Overall, the predicted variable levels and growth rates of both models are very close to
the values corresponding in the data. TFP fluctuations seem to be an important factor in
explaining the performance of the Greek economy in both the pre-crisis and the post-crisis
periods using either the BGG or the NG models. Notably, both models can account well
for the great depression episode especially in terms of the real per capita GDP. The annual
average GDP growth in data for the depression period is -2.46% while BGG predicts a
drop of 2.61% and the NG a 2.97% reduction. Both models also perform well in terms
of the levels of the real per capital GDP, although they underestimate the decline in the
level of GDP after 2013. The models’ performance is less robust in the pre-crisis period
with a deviation from the true real per capita GDP growth rate of almost 1 percentage
point (2.33% in the BGG model compared to a 3.41% in the data). The two models
perform equally well in predicting the capital factor values and the NG scores better in
predicting the behaviour of the labour factor. This can be attributed to the lower relative
utility weight of labour implied by the NG model. In general, as shown in Beaudry and
Portier (2002), the elasticity of labour supply is important in capturing the behaviour of
labour factor during depressions. We provide a sensitivity analysis with respect to this
parameter in Appendix B.
capital utilization since 2007 in Greece.
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Components

Data

BGG

NG

2007 (2000 = 100)
Detrended Real per Capita GDP 120.60 117.58 119.17
TFP Factor
108.96 108.96 108.96
Capital Factor
95.21 97.78 96.22
Labour Factor
107.18 104.59 105.99
2017 (2008 = 100)
Detrended Real per Capita GDP 74.99
TFP Factor
86.70
Capital Factor
117.12
Labour Factor
88.68

78.38
86.70
107.15
95.29

76.52
86.70
107.81
89.38

Table 4: Data, BGG and NG models (levels)
Components

Data

BGG

NG

2000-2007
Real per Capita GDP 3.41
TFP Factor
2.23
Capital Factor
0.20
Labour Factor
0.99

2.33
2.23
-0.63
0.64

2.51
2.23
-0.55
0.83

2008-2017
Real per Capita GDP -2.46
TFP Factor
-2.88
Capital Factor
1.76
Labour Factor
-1.33

-2.61
-2.88
0.81
-0.54

-2.97
-2.88
1.15
-1.25

2000-2017
Real per Capita GDP 0.07
TFP Factor
-0.88
Capital Factor
1.20
Labour Factor
-0.25

-1.02
-0.88
0.11
-0.25

-0.80
-0.88
0.37
-0.29

Table 5: Data, BGG and NG models (average annual changes)
6.1

Pre-crisis 2000:2007

Figure 4 shows the results of the simulations together with the data for the precrisis period 2000-2007. All model and data variables are expressed relative to their 2000
value. For the BGG model, the reported real per capita GDP is net of default costs.
The detrended real per capita Greek GDP increased by 20.6%. Clearly, both models
successfully capture this increasing behaviour of Greek GDP during that period. In terms
of levels, both models overestimate the rise in GDP compared to the actual data until
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2004 and underestimate it after 2005, when Greek per capita GDP skyrockets. This is also
evident from the average annual changes presented in Table 5. While the GDP annual
growth in data is 3.41%, the BGG predicts a 2.33% and the NG 2.51% growth every year.
Regarding the capital factor, although the data shows that steadily increases, both
models show a gradual drop until 2004 followed by an increase after 2006, thereby generating a negative contribution of the capital factor to the GDP growth rate. A possible
explanation that the model does not predict the path of the capital-to-output ratio in the
data, is the reduction in capital taxes that observed in Greece over the 2000-2007 period.
As found in Papageorgiou, Efthimiadis, and Konstantakopoulou (2012), the effective tax
rate on capital income decreased by around 5 percentage points over that period and this
may had a positive effect on capital formation. Nevertheless, the capital factor seems to
play a minor role for the GDP behaviour in this period.
In terms of the labour factor, both models predict its increase with the NG model to
perform better in what concerns the predicted contribution to the GDP growth (0.83%
vs 0.99% in the data).
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Figure 4: Pre - Crisis Period. Index (2000=100)

6.2

Great depression 2008:2017

Figure 5 shows the model and data paths of the four macro variables relative to their
2008 value. As before, for the BGG model, the reported real per capita GDP is net of
default costs. The Greek great depression period is characterised by a drop of real per
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capita GDP of 26.3% between 2008 and 2013 and a subsequent stagnation period. Both
models match those two facts relatively well. They move synchronous with the data and
capture well the output drop and the timing of the subsequent output stabilization. In
terms of levels, the NG model succeeds well in producing the drop in output over the
2008-2012 period, while the NGG model slightly overestimates the drop in output during
this period. Nevertheless, both models do not capture the full magnitude of the output
drop after 2013. The reason is that both models underestimate the large reduction in the
labour factor after 2013. The NG and BGG models predict a drop in output of about 1.5
and 3 percentage point lower than in the data. In terms of output growth rates, the BGG
model outperforms the NG model and produces an average growth rate equal to 2.6%
(2.41% in the data). The NG model generates an average growth rate of 2.97% because
it overestimates the drop in output over the period 2015-2016. On the other hand, the
NG model scores better.
In predicting the capital factor path, both models perform similarly, underestimating
its true path given by the data by almost 10 points. The labour factor path given by
the data is undoubtedly better matched by the NG model.9 The BGG model performs
poorly as regards capturing the labour factor. It is able to encapsulate only the negative
sign of the labour factor growth during the great depression period. The higher implied
labour elasticity for the NG model relative to the BGG model in the baseline calibration
provides a potential explanation for the different predictions of the two models.
To enhance the understanding of the propagation mechanism and the role of financial
frictions, Figure 6 shows the paths for the price of capital, consumption, investment
and the riskless interest rate for both models. All variables except interest rates are
expressed as relative deviations from their first period value. Interest rates are reported
as percent deviations from the initial period. In the BGG model, there is an additional
effect arising from the financial accelerator mechanism. In particular, there is a reduction
in the Tobin’s Q, the price of capital, that leads to a reduction in the net worth of
entrepreneurs and an increase in the financial premium. This reduces the demand for
capital and thus investment. At the same time, the increase in the deposit interest rate
reduces consumption in the BGG model substantially more than in the NG model in
which consumption increases due to the drop in interest rates. Since agents can perfectly
predict the future (increasing) path of interest rates, their intertemporal substitution
decision leads to more bank deposits which in this frictionless credit setting leads to
a higher volume of loans. Therefore, investment falls by less than in the NG model.
The reduction in consumption, in absolute terms, is even lower than the reduction in
investment in the BGG model. This leads to a lower GDP per capita during the crisis
predicted by the BGG. The fast recovery of investment in the BGG model after 2012,
pushes higher levels of real per capita GDP to the NG.
In Appendix A we present also the same experiment for the Full Sample period 20009

The underestimation of the capital-to-output ratio might be due to the fact that our analysis ignores
the role of capital utilization, which declined during the crisis. Consequently, the capital input may have
decreased more than our constructed capital stock series suggest. Kydland and Zarazaga (2002) also find
that the basic neoclassical model underestimates the increase in the capital-to-output ratio for the case
of Argentina.
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2017. In sum, the results suggest that TFP has strong explanatory power for the Greek
economy in the respective periods studied in the paper, followed by the labour factor.
This is consistent with the relevant studies that find the productivity factor as the most
important factor in accounting for depressions. Given its residual definition, TFP may
reflect a number of factors that lie behind its evolution, such as openness to foreign
competition, labour market organisation, financial systems, government regulations in
production, tax systems etc. (see Kehoe and Prescott (2002, 2007)). If we want to
explore in more detail the Greek crisis, we need to identify potential factors that shaped
the formation of TFP. Some possible explanations regarding the evolution of the TFP
path before 2008, include the financial liberalisation in the early 1990s, as well as the
decline in interest rates and borrowing costs that led to a credit boom. At the same time,
the economic policies adopted during the run-up to the European Monetary Union (EMU)
and the reduction in inflation, may also have contributed to the evolution of TFP during
the same period (see also Gogos et al. (2014)). Concerning the crisis period after 2008,
as reported in Economides et al. (2017); Economides, Papageorgiou, and Philippopoulos
(2020), the dramatic deterioration in the quality of institutions (the degree of protection
of property rights) played an important role in the drop of TFP. Financial frictions such as
the inability to access international credit markets and the reduction in credit availability
may have contributed significantly to the evolution of TFP during the crisis period (see
Gourinchas et al. (2017)). Although the BGG model includes financial frictions, the
results indicate that the presence of financial frictions alone does not significantly change
the propagation mechanism of TFP shocks, consistent with the findings of Jermann and
Quadrini (2012) for the US economy. To investigate the importance of financial shocks in
explaining the drop in GDP after 2013, in the next Section we augment the analysis to
also include risk shocks in the spirit of Christiano et al. (2014).
6.3

The BGG model with exogenous change in risk

In the previous analysis, we showed the performance of the models when the TFP
series was the only source of fluctuations. In this section, we take advantage of the
BGG model’s rich setting and we add one more source of exogenous disturbance in the
model to see whether it improves the model’s performance particularly after 2013, where
the model cannot produce the big decline in the real per capital GDP. The exogenous
shock we introduce is the the cross sectional dispersion in ψ, the idiosyncratic shock
each entrepreneur receives. Our goal is to examine if changes in aggregate economic
uncertainty had an impact on the macroeconomy. This risk shock as introduced by
Christiano et al. (2014) is proxied by two economic uncertainty indices for Greece. The
first is by Hardouvelis et al. (2018) and the other from Fountas, Karatasi, and Tzika
(2018).10 To enhance intuition both indices are plotted in Figure 7 relative to the value of
the indexes in 2008. The indices behave similarly on the period 2006-2010, but they show
significant differences before and after that. Furthermore, the index by Fountas et al.
(2018) is much more volatile than the one of Hardouvelis et al. (2018) especially during
the great depression period.
10

Both indices follow the newspaper-based methods in Baker, Bloom, and Davis (2016).
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Figure 5: Crisis Period. Index (2008=100)
In the financial frictions model, when the idiosyncratic variance of the entrepreneurs
increases, there is higher risk and there is substantial dispersion in the outcomes across
entrepreneurs. When risk is high, the spread between the loan and the deposit rate
increases and bankers are averse to providing credit. Lower credit leads to lower capital
purchases by entrepreneurs and hence less investment. As a result aggregate demand falls
leading to an economic downturn.
Results for the great depression period are plotted in Figures 8 for the uncertainty
index of Fountas et al. (2018) and in Figure 9 for the uncertainty index of Hardouvelis
et al. (2018). On the bottom right panel of the figures both the exogenous TFP and risk
shocks are plotted. The more volatile, especially after 2008, index of Fountas et al. (2018)
reinforces a greater economic downturn of the financial frictions model bringing it closer
to the actual data. On the other hand, using the index of Hardouvelis et al. (2018) does
not change the model’s predictions significantly, since the index does not increase much
relative to its value in 2008.
In fact, with the exception of the periods 2015-2016, its value after 2012 is lower than
in 2008. In the case of Fountas et al. (2018) the value of the index almost doubles in 2015
producing a bigger downturn. Still the model cannot predict the large drop in GDP. Due
to low monitoring costs of the model’s calibration, we need large changes in the index so
that as to have a significant impact on the economy. Sensitivity analysis suggests that an
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increase in the monitoring costs increases the impact of the impact shock.11 Additionally,
since the agents have perfect foresight of the future risk shocks, this makes the impact of
smaller magnitude. A departure from the perfect foresight hypothesis would enhance the
11

Results are available by the authors upon request.
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difference of the two series.
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Figure 8: Both TFP and Risk shocks (uncertainty index of Fountas et al. (2018))

7

Conclusion

Greece, at the onset of the financial crisis, experienced a severe recession. Greek real
per capita output dropped by around 26 percent from 2008 to 2013. In this paper we
identify and investigate Greece’s great depression episode in 2008-2017 from a neoclassical
perspective following the literature commenced by Kehoe and Prescott (2002). To pursue
this we employ the neoclassical growth model, as well as the neoclassical growth model
enriched with financial frictions and risk shocks. We assess the predictive power when the
TFP is exogenous. Our results suggest that changes in TFP are important in accounting
for the Greek great depression. Given the exogenous path of TFP both models predict a
big decline in economic activity since 2008 and until 2013, and a relatively slow recovery
for the period 2013-2017 as found in the data. However, both models predict a lower than
actually observed decline in output and the labour factor after 2013. The addition of risk
shocks brings the model with financial frictions closer to the data, but still cannot capture
the big drop in the level of GDP. Our analysis provides a diagnostic tool to determine
the factors that could increase our understanding regarding the Greek crisis and provide
directions for future research. The fact that the economic downturn is driven to a large
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Figure 9: Both TFP and Risk shocks (uncertainty index of Hardouvelis et al. (2018))
extent by the drop in TFP and the labour factor, signals the need to identify the factors
that shaped the decline in these variables and augment the propagation mechanism of the
model so that to reduce the dependence of the results to the behaviour of the exogenous
TFP. In this respect, the quality of institutions, fiscal policy and the inability to access
international credit markets, would probable play important roles. Moreover, given that
capital utilization decreased significantly during the crisis, it would be interesting to augment the model to include variable capital utilization so that to examine the implications
for the capital input and TFP. We leave all of these for future research.
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Appendix A

Model predictions: full sample 2000-2017

In this Appendix section we provide the results of our main experiment for the full
sample 2000-2017. Observing the full sample we can have a more complete insight of how
the two models perform relative to the data. Figure 10 shows the path of per capita GDP,
capital, labour and TFP factor for the period 2000:2017. All variables are expressed in
terms of their 2008 value. Both models perform well in capturing the recession as we have
already seen in the Great Depression section. At the same time both models overestimate
the increase of the 2000:2008 period when GDP is plotted relative to its 2008 value.
As we’ve already seen, both models lack in their prediction of the capital factor and,
especially during crisis, labour factor is predicted better by the NG.
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Appendix B

Sensitivity analysis: changes in the elasticity of
labour supply

The elasticity of labour supply is of particular interest in contemporary macroeconomic
models since it crucially determines how employment, and hence output, responds to
fluctuations in productivity. There is a long-standing debate between macro and microestimates of the labour supply elasticity.12 Micro studies typically estimate small labour
12

See Chetty, Guren, Manoli, and Weber (2011), Keane and Rogerson (2012) among others.
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supply elasticities (0-0.5) while macro models’ calibration imply a higher number for this
elasticity (around 2-4).
Determining the robustness of the predictions of the two models is a crucial point for
our analysis. In this section, we present the models’ simulations for different values of the
intertemporal elasticity of substitution in labour supply. Comparisons between different
model calibrations regarding the labour supply elasticity are motivated by Beaudry and
Portier (2002) who perform a similar exercise for the French Depression in the 1930’s
using a similar methodology. They find that the two versions of their model with low and
high labour elasticity produce very different results.
Our baseline calibration implies a labour supply elasticity of 2 ( is 0.5), consistent
to recent studies calibrated to the Greek economy. We perform four different simulations
for each of the two models reducing each time the labour supply elasticity. Equivalently,
bringing its value closer to the micro estimates. The Frisch inverse elasticity of labour
supply varies from 0.5 (baseline) to 2 meaning a range of the labour supply elasticity
from 2 to 0.5. Our goal is to identify the importance the elasticity plays in our models’
predictions. Results for the Greek great depression period are plotted in Figure 11 for the
NG model and in Figure 12 for the BGG.
Not surprisingly, a small change in the labour supply elasticity changes both models’
path. We firstly focus on the NG model performance shown in Figure 11. Under our
baseline calibration, the main predictive advantage of the NG model relative to the BGG
was the estimation of the labour factor path. Up to 2012, the predicted path was very
close to the true one with a small deviation of 3 points until 2017. In the present exercise,
as the parameter dictating the labour elasticity increases and the labour elasticity declines
this predictive ability is no longer present, at least in the same level. A change of 0.5 in
 (from 0.5 to 1) changes the predicted labour factor path by 5 points. As the elasticity
continues to decrease, the deviation of the predicted labour factor from the true path
increases. This has direct effects on the estimation of per capita GDP. The predicted
path for the per capita GDP underestimates the recession as elasticity increases. Lastly,
the change in the parameter is bringing capital factor path slightly closer to the data.
The performance of the BGG model, (Figure 12) is also affected by the elasticity
changes but significantly less than the NG. In particular, in contrast to the NG, the
estimates of the real per capita GDP are very stable along the parameter space. The
deviations from the true path of the labour factor increase as the elasticity goes up while
capital factor is brought closer to the true path.
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Figure 11: Changes in the labour supply elasticity : NG
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Appendix C

Model equations

Financial Frictions Model
Production
Kt`1 “ It ` p1 ´ δqKt
Yt “ At Ktα L1´α
t
˜ ¸α
Kt
Wt “ p1 ´ αq
Lt
˜ ¸1´α
Lt
Zt “ α
Kt
´ I ´ I
¯ χ´ I
¯2
¯
I 2 ´ Iτ
τ
τ
τ
Qt “ 1 ` χ
´1 `
´ 1 ´ χΛt,τ τ `1
´
1
Iτ ´1 Iτ ´1
2 Iτ ´1
Iτ2 Iτ ´1
rZt`1 ` p1 ´ δqQt`1 s
Rk,t`1 “
Qt
Households
uc,t “ pCt q´1
uc,t`1
Λt,t`1 ” β
uc,t
Λt,t`1 Rt`1 “ 1
uc,t Wt “ χNt
Entrepreneurs & Debt Contract
Qt Kt “ LN St ` NtE
NtE “ Rk,t Qt Ki,t ´ Rl,t LN St
Rl,t LN St “ ψ̄t Rk,t Qt Kt
NtE “ pσE,t ` ξ e qp1 ´ Γpψ̄t`1 qqRk,t`1 Qt Kt`1
NtE φE
t “ Qt Kt
Rk,t Qt Kt rΓpψ̄t`1 q ´ µGpψ̄t`1 qs ě Rt`1 pQt Kt ´ NtE q
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ż ψ¯t
ppψ̄t q “
f pψ, ´0.5pσψ q2 , σψ2 qdψ
0

Γpψ̄t q “ Gpψ̄t q ` ψ̄t p1 ´ pq
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ż ψ¯t
ψf pψ, ´0.5pσψ q2 , σψ2 qdψ
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Neoclassical Growth Model
Production
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