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Abstract

We estimate, from a Bayesian approach, a medium-scale DSGE model with sev-
eral rigidities and enriched with the financial accelerator of Bernanke et al. (1999),
for three alternative periods: The Great Depression, The Stagflation and The Great
Recession. We compare the different sources of fluctuations among the subsamples
explaining which shocks drove the instability of each period and which frictions
were especially important. Moreover we carry out an optimal monetary policy
analysis in order to assess, up to which extent, the crisis could have been miti-
gated. We demonstrate that the model is able to capture the historical evidences
of each period and that monetary policy could have been a powerful tool during

the three crisis.

1 Introduction

New Keynesian models are nowadays widely used for monetary policy. These models
are typically estimated using long time series. However, how do these models per-
form when we consider very specific subsamples where different shocks cause huge
fluctuations in the economy?. In particular, does the model that we consider capture
the different features that characterized three different crisis as the Great Depression
the Stagflation and the Great Recession?. The aim of this model-based analysis is to
enlighten which the main sources of fluctuation in three different crisis are and con-

trast them with the historical evidences. We investigate the similarities and highlight



the differences which may explain their causes. We compare the Great Depression
with the Great Recession, the two big financial crisis of the modern economic history.
Moreover, we also consider another crisis whose causes seem to be rather different, the

Stagflation.

The first exercise that we carry out is the comparison of the rigidities across the three
samples. For instance, some researches, as Dighe (1997), state that wage rigidity was
unusually high during the Great Depression and it played a crucial role in the con-
sequences of the crisis. Other researches claim that financial frictions are the main
cause of both the Great Depression (Kobayashi, 2004) and the Great Recession (Zhen
and Rios-Rull, 2016). Therefore, we assess the empirical importance of these rigidities
and compare them across the different sample periods in order to evaluate their role in
each crisis. We find that financial and investment frictions are crucial during the three
crisis. The wage stickiness, in contrast with other researchers results, is not especially

high.

Moreover, we also identify the role of the shocks that affected the economy in each sam-
ple. In such a way we can enlighten the shocks that causes each crisis and their trans-
mission mechanism. For instance, Barsky and Kilian (2001) claim that the Stagflation
was not caused, up to some extent, by an increase in the oil prices, but it is mainly
driven by a monetary issue. In the case of the Great Depression and the Great Reces-
sion we assess the role of the financial shocks in contrast to other important sources
of fluctuations in that periods as the monetary or the investment-specific technology
shock. We provide results that are in line with the historical evidences. Therefore, we
can claim that the model is able to capture the main features of each period and, con-
sidering our seven observables, the model identifies the causes of each crisis. We find
that the shocks that mainly cause the Great Depression are the risk premium shock,
that represents the burst of the financial bubble, and the monetary policy shock, that
represents the failure of an inappropriate monetary policy. The price markup shock
identifies the oil crisis as the main driving force of the Stagflation whereas the Great
Recession was mainly caused by the investment-specific technology shock that cap-

tures the bubble of the real state sector.



Finally, considering the estimated parameters of the model we carry out an optimal
monetary policy analysis across the different samples. We implement a objective func-
tion for the Central Bank whose targets are the stabilization of inflation, potential
output growth, interest rate and growth of interest rate. Once we estimate the optimal
parameters of the Taylor rule we conduct a counterfactual simulation of each period
considering the actual realization of the shocks and the optimal behavior of the Cen-
tral Bank. In such a way, we are able to assess the role of monetary policy in each crisis
and the capability of the Central Bank had to refrain them. For instance, Friedman
and Schwartz (1967) claimed that the severity of the Great Depression was due to the
wrong monetary policies. We assess this issue and look for similarities in the other two
crisis under the framework of our model. We find that this optimal monetary policy
could have eliminate the drop in output during the 30’s. Regarding the Stagflation, the
effects of monetary policy on output are limited but it could have decreased substan-
tially the inflation that characterized this period. Finally, the Great Recession could
have been mitigated through this optimal monetary policy reducing the drop in out-

put and labor and its length.

The structure of the paper is as follows. Section 2 summarize the model and present
the log-linearized version. Section 3 briefly explains the methodology used in the esti-
mation of the DSGE, mentions the data set sources and described the prior distribution
of the parameter that we choose. Section 4 explains the results, i.e. the posterior distri-
bution of the parameters, the impulse-response functions, the variance decomposition
and the historical variance decomposition. Section 5 presents the optimal monetary

policy computation and the counterfactual simulations. Finally, section 6 concludes.

2 The model

In this paper, we consider a medium-scale DSGE model. The model considers several
nominal and real rigidities that together with various exogenous shocks allow us to
match the main features of the US business cycle. The model is similar to the well-

known New Keynesian models presented by Smets and Wouters (2003, 2005, 2007)



and Christiano, Eichenbaum and Evans (2005). The rigidities are considered in or-
der to capture the persistence of the macroeconomic variables, whereas the exogenous

shocks processes hit the economy giving rise to the business cycle.

In this section we provide an overview of the model and present the log-linearized
equations that characterized the equilibrium. The demand side of the model economy
is compounded by households who choose consumption, hours worked, investment
(capital stock), capital utilization and bonds. Hours worked are homogeneously sup-
plied from households to an intermediate labor union. This union differentiates the
labor and supply it to the intermediate good sector. Moreover, households rent capital
to intermediate good sector and decide how much accumulate depending on the ad-
justment cost. The intermediate good firms choose their production inputs (labor and
capital) and sell a differentiated good to the final sector that close the circle selling a
homogeneous good to the household. Both intermediate good sector and labor union
supply a differentiated good, and consequently, they are assumed to have some degree
of market power. Moreover both wage and price stickiness are modeled a la Calvo.
In addition to these nominal rigidities, we also consider that prices which are not re-

optimized are indexed to past inflation realizations.

Moreover, as in De Graeve (2008), the model is enriched throughout an endogenous fi-
nancial sector. More precise, we consider the financial accelerator of Bernanke, Gertler
and Gilchrist (1999). This specification considers that a fraction of the households are
entrepreneurs who own the stock of capital and choose the degree of utilization. They
borrow money from financial intermediaries at an interest rate which is determined
by the interest rate established by the central bank plus a premium which depends
on the entrepreneurial net-worth. This premium is justified by the existence of an
idiosyncratic shock that affect to the productivity of each entrepreneur that the bank
cannot observe (due to the linearity assumption this idiosyncratic shock does not show
up in the log-linearized equations, what makes the model more tractable). The en-
trepreneurs face a survival probability that captures the creation and closure of firms.
Moreover it avoids the possibility that an entrepreneur becomes rich enough to be

self-financing. Since the survival probability is assumed to be constant the number of



entrepreneurs is constant. The entrepreneurs’ net-worth comes from the profits accu-
mulated from the investment in previous period. The financial friction is determined
by the survival probability of the entrepreneurs, inasmuch as new entrepreneurs in-
corporate in the market with a proportion of the net-worth of the previous period.
The financial intermediaries are characterized by a representative and perfectly
competitive bank. In addition to fund entrepreneurs, banks issue deposit liabilities to

households.

2.1 The log-linearized model

Since the model is the Smets and Wouters (2005) model with some minor changes and
the financial accelerator is introduced as described in Bernanke, Gertler and Gilchrist
(1999) in this section we simply describe the log-linearized equations that characterize
the general equilibrium of this model economy. All variables are expressed in log-

deviations from their steady states.

Households

The utility function is non-separable in consumption and labor and incorporates habit
formation. From the optimality conditions of the household maximization problem

we get the following Euler equation.
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the elasticity of intertemporal substitution, R}’ — E;7t;, is the real interest rate and the

risk premium shock, €?, that is assume to follow a AR(1) process.

As in Smets and Wouters (2007), the Household supply of labor and the labor union,
that have market power and can just adjust prices with probability 1 - &, give rise to

the following equation for wages:
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where the term in brackets is the wage mark-up, the parameter g is the discount factor,
the parameter y,, is the degree of past inflation indexation in wage and A,, measures

the degree of competition in the labor market. Moreover the disturbance €} captures

the wage mark-up shock, and it is assumed to follow an AR(1) process.

Supply side

We assume that the aggregate production function is a Cobb-Douglas function, where

the inputs are capital and labor:
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where « is the capital share in the production, ¢ — 1 represents the share of fixed costs
in production, 1 represents the elasticity of capital utilization and € is a AR(1) pro-

cess that captures the productivity shocks.

As usual the labor demand is determined by the marginal productivity of labor:
Lk
lt:wt‘f‘(l‘i‘i)rt +kt—1 (4:)

Firms have some degree of market power. Moreover they are able to adjust prices with
probability 1 —&,. Therefore from the firm profit maximization we get the so-called

New Keynesian Phillips curve:
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The term in brackets is the price mark-up, the parameter y, represents the degree of

indexation of past inflation and the disturbance €/ captures the price mark-up shock.

This disturbance is assumed to follow a AR(1) process.



Entrepreneurs and financial sector

Capital-good producers turn out the capital and sell it to entrepreneurs at price g;.
Entrepreneurs are the owners of the capital. Therefore, they choose the level of invest-
ment. Since investment is subject to adjustment cost we get the following equation:
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where ¢ is the the parameter that captures the investment adjustment cost and the

disturbance €! is a AR(1) process that represents the investment-specific technology

shock.

The capital stock evolves in the following way:
kt+1 = (1 —T)kt+Tit+T€£ (7)

where 7 is the depreciation rate of capital.

Aggregate real expected return to capital is determined by the rental rate of capital

r{ﬂrl plus the increase of its value:
1-7 7k
EtRItCH = Rk Eiqri1 + ﬁEtrﬁl — 4t (8)

where R¥ and 7* are the steady state return to capital and rental rate, respectively.

The equilibrium condition describes that entrepreneurs finance their investment up to
the point in which the cost of the external finance is equal to the expected return of
capital:

EtRIZH = —€E¢[np1 — qr —kpe1 |+ RY — 4ty +€? (9)

where the brackets contain the net worth of the entrepreneurs (r,,1) and the gross price
of capital (g4k;1), this difference is the proportion of the project that the entrepreneur
is not able to self-finance, and consequently, requires external funding. The parameter
€ is the elasticity of external finance premium to this entrepreneurial financial health.
Therefore, a higher value of this parameter would make the interest rate spread more

sensible to the proportion of the investment for which entrepreneurs need external



funding. Moreover, the spread is also characterized by an exogenous, € process that
captures the fluctuations of this risk premium that the financial frictions are not able

to describe. This disturbance is assumed to follow a AR(1) process.

Entrepreneurial net-worth accumulation is given by profits of the survival entrepreneurs.
This profit is defined as the difference between the revenue from holding capital and

the cost of external finance. The log-linearized equation is as follows:

=k [ K
M1 = VRk [ﬁ(RI:_Et—lRIt()"‘Et—lRI;"'”t (10)

. . K . .
where y is the survival rate of entrepreneurs and N is the steady state capital net-
worth ratio. From this equation we observe that the variations in the net worth are
mostly explained by the unexpected changes in the real return. Therefore, under this

framework one of the main sources of volatility is the change in assets price.

Markets clearing condition

The market clearing condition is augmented by considering the cost of capital uti-
lization and bankruptcy. Nevertheless, as De Graeve (2008) claims, this terms are

negligible under reasonable parametrization.
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Central Bank

Finally we close the model with a Taylor rule that react to inflation, changes in in-
flation, output gap and changes in output gap. The gap is defined as the difference

between the rigid and flexible economy.
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3 Methodology: Bayesian estimation and Data

Methodology

Due to the complex structure of the model, in order to estimate the parameters and
shocks, we consider a Bayesian approach!. More precise we use the Markov Chain
Montecarlo’s Method applying the Metropolis-Hasting algorithm?. The first step in
the estimation of a DSGE model is the evaluation of its likelihood. The Kalman filter
generates projections of the state of the linear model given an information set of ob-
served time series. Basically the Kalman filter generates a projection of the state space
at time t given the information at time t-1 and computes the likelihood of this pro-
jection. The likelihood computed for t = 2,..., T are added to compute the likelihood
of the model. The MH-MCMC algorithm pass the initial values of the parameters ©
through the Kalman filter which computes the likelihood. Then, the algorithm pro-
pose an update of © following a random walk ©; = ©;_1 + x€;. Where « is a scalar
which control the size of the jump of the proposed update (according to Roberts, Gel-
man and Gilks, 1997, the optimal acceptance rate is 0.234, therefore we calibrate this
parameter to achieve it) and ¢; is assume to be a IID and normally distributed with
mean 0 and variance 1. Thereupon, the algorithm pass the proposed update through
the Kalman filter to get the likelihood and it decides whether to accept the new draw

of keep the previous one according to the following rule:

o Prob(0]Y;)
Prob(©;_1|Y;)
where Y; are the observed time series. Then, the candidates are accepted if @ > 1 and
rejected with probability 1 -« if @ < 1. The likelihood of the parameters given the time
series is computed through the Bayes theorem:
Prob(Y:|©;) Prob(©,)

Prob(©|Y;) =
(®il:) [ Prob(Y,,©)d®

where Prob(Y;|©)) is computed through the kalman filter and Prob(®,) represents the

prior distributions.

1For a more detailed explanation about the estimation techniques see Fernandez-Villaverde (2010) or An and

Schorfheide (2007).

2For the estimation and the computation of the optimal monetary policy we use the software Dynare



We repeat this procedure 3 million times in order to ensure the convergence of all
the parameters. We consider two blocks of draws in order to check this convergence.
Finally, in order to compute the mean and standard deviation of the parameters we
only consider the second half of the draws in order to get rid of the effects of the initial

values of the parameters on the draws.

The data and the priors

The observables we consider in the model are the real per capita output, consumption,
investment, hours worked, wages, inflation and interest rate. I do not include financial
data as obserbables since, as De Graeve (2008) points out, it is problematic to find a
proxy for the finance premium or net worth of entrepreneurs that would be consistent
with the model dynamics. Output, investment, consumption and wages are linearly
detrended. For the Stagflation and the Great Recession data is taken from the U.S.
Bureau of Economic Analysis and U.S. Bureau of Labor Statistics. Nevertheless, in the
case of the Great Depression quarterly data is not available in these databases. There-
fore, GNP, consumption and investment are taken from the data set provided by Balke
and Gordon (1986). GNP deflator is taken from the National Bureau of Economic Re-
search’s Macro History. In order to express the data in per capita terms we construct
quarterly data in population interpolating the annual data provided by Chari, Kehoe,
and McGrattan (2002). Interest rate is taken from the NBER data set. Hourly earnings
in manufacturing are taken from Hanes (1996) whereas hours worked are taken from

Chari, Kehoe, and McGrattan (2002).

We choose the prior distribution considered in Smets and Wouters (2003 and 2007)
for most of the parameters. The priors of the parameters related with the financial
accelerator are chosen consistently with De Graeve (2008). A detailed description of

these prior distribution can be found in these papers.

10



4 Estimation results

4.1 Parameters estimates

In this section we show the posterior maximization of the parameters considered in
the model for the three alternative periods. In both tables, 1 and 2, we show the 90%
highest posterior density intervals below the posterior mean of each parameter. Col-
umn one shows the estimation for the Great Depression and columns two and three

show the estimation for the Stagflation and the Great Recession respectively.

Table 1 shows the estimated values of the structural parameters of the model. The
first four parameters of this table are the parameters that determine the effects of the
financial accelerator. More precisely, higher values of these four parameters amplify
the effects of the financial frictions on the economy. From the estimated values of
these parameters we observe that the financial frictions play an important role in the
three crisis (the relative importance of these frictions will be assessed afterwards) but
they are remarkably high during the Stagflation period. For instance, the elasticity
of external finance premium reach a level of 0.08 which is remarkably higher than the
value that Bernanke et al. (1999) consider in their simulations (this calibration is based
on realistic values of bankruptcy rates and monitoring cost). In comparison with the
results of De Graeve (2008) who gets an elasticity of 0.1047 we may think that the fi-
nancial frictions were not extremely relevant in these periods, nevertheless, we get a
higher value for the capital net-worth ratio for the three periods what, indeed, points
in the opposite direction. Moreover, the estimated values of the survival probability
of entrepreneurs also indicate that financial frictions were important, especially in the
Stagflation and in the Great Recession, where the values reach 0.98 and 0.97 respec-
tively. These findings are consistent with other researches that claim that financial
frictions are crucial in the Great Depression (Kobayashi, 2004) and the Great Reces-

sion (Zhen and Rios-Rull, 2016)

Regarding the rigidity of investment we observe that in the three periods the invest-
ment adjustment cost parameter is estimated to be rather high. Comparing the three

estimations with the results of Smets and Wouters (2007), who report a value of 5.74,
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the estimations for the Stagflation is especially higher. On the other hand, we observe
that the rigidity of consumption characterized by the habit formation parameter is re-

markably higher in the Great Depression.

Turning to the nominal rigidities, we find that the stickiness of wages is not as high as
other studies have pointed. For example, Dighe (1997) states that wage rigidity was
unusually high during the Great Depression and it played a crucial role in the conse-
quences of the crisis. Indeed, it seems that the wage rigidity could have played a more
important role in the other two considered crisis. On the other hand price stickiness is

estimated to be extremely high in both Great Depression and Great Recession.

Regarding the coefficients of the Taylor rule, we observe the main difference in the
interest rate smoother parameter which was much lower during the Stagflation. This
indicates that the nominal interest rate was more volatile during this period, what may

means that Central Bank was more conducting a more interventionist monetary policy.

Table 2 shows the estimated values of the parameters associated with the shock pro-
cesses. We observe that the persistence of the productivity shock is substantial. The
main important differences across periods arise in the persistence of the risk premium,
investment and price mark-up shocks. The former has a noticeable importance in the
Great Depression whereas the latter is crucial during the Stagflation and the invest-
ment shock presents a higher persistence during the Great Recession. Moreover, it
is worthy to mention that, although the Calvo parameter of wages is the lowest dur-
ing the Great Depression, the persistence of the wage mark-up shock is substantially
greater. Nevertheless, the most interesting fact that Table 2 shows is the differences on
the variances of the shocks between the Great Depression and the other two periods.
Looking at the estimation of the structural and shock processes parameters we notice
that the Great Recession and the Stagflation are characterized by higher rigidities than
the Great Depression. This fact may indicate that the crisis experienced during the 30’s
could be caused and aggravated by remarkably volatile shocks and rigidities played a

secondary role.
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Table 1: Posterior distribution of the Structural parameters

Prior Distribution ~ Great Depression Stagflation Great Recession
Parameter Description
Type  Mean/Std  (1923:1-1940:4)  (1964:1-1982:4) (2003:1-2017:4)
_ R 1,0146 1,0140 1,0129
RK Steady State return to capital Normal 1.015/0.002
(1,011-1,017) (1,01-1,02) (1,01-1,02)
I . . 1,54 1,81 1,93
T SS ratio of capital to networth Normal 2/0,25
(1,11-1,93) (1,51-2,10) (1,59-2,26)
. - 0,93 0,98 0,97
Y Survival probability of entrepeneurs Beta 0,95/0,02
(0,90-0,96) (0,97-0,99) (0,96-0,98)
Elasticity of external finance premium 0,06 0,08 0,07
€ Normal 0,05/0,02
to entrepreneurial Financial health (0,04-0,09) (0,06-0,11) (0,05-0,09)
. 6,33 7,66 6,90
[ Investment adjustment cost Normal 4/1,5
(4,27-8,21) (5,09-9,97) (4,83-8,97)
0,32 2,07 1,59
[ Risk aversion Normal 1,5/0,37
(0,06-1,75) (1,64-2,51) (0,77-2,17)
. . 0,61 0,48 0,48
h Habit formation Normal 0,7/0,1
(0,45-0,76) (0,38-0,60) (0,34-0,65)
0,49 0,04 0,74
P Elasticity of capital utilization Gamma  0,2/0,075
(0,28-0,67) (0,03-0,05) (0,51-0,98)
. 1,36 1,42 1,50
¢ Fixed cost Normal  1,25/0,125
(1,12-1,81) (1,28-1,56) (1,35-1,65)
.. 2,40 1,47 1,43
oy Elasticity of labor supply Normal 2/0,75
(1,31-2,61) (0,64-2,22) (0,61-2,18)
0,66 0,77 0,79
Ew Calvo’s Lottery for wage Beta 0,5/0,1
(0,54-0,79) (0,71-0,83) (0,74-0,84)
. 0,94 0,69 0,92
& Calvo’s Lottery for prices Beta 0,5/0,1
(0,93-0,95) (0,61-0,78) (0,90-0,95)
. . .. 0,69 0,65 0,41
Yw Indexation of past inflation in wages Beta 0,5/0,15
(0,50-0,87) (0,48-0,81) (0,18-0,64)
. . .. 0,36 0,25 0,22
¥ Indexation of past inflation in NKPC Beta 0,5/0,15
(0,14-0,50) (0,10-0,36) (0,10-0,33)
. . 1,50 1,45 1,51
Tn Response to inflation Normal 1,5/0,1
(1,34-1,65) (1,30-1,59) (1,35-1,68)
o . 0,09 0,19 0,09
TAx Response to change in inflation Gamma 0,3/0,1
(0,05-0,12) (0,10-0,27) (0,05-0,12)
0,93 0,77 0,91
p Interest rate smoother Beta 0,75/0,1
(0,91-0,95) (0,71-0,83) (0,88-0,94)
0,06 0,07 0,14
ry Response to output gap Gamma 0,125/0,05
(0,02-0,17) (0,02-0,12) (0,09-0,19)
0,08 0,16 0,04
Ay Response to output gap change Gamma 0,063/0,05
(0,05-0,07) (0,07-0,24) (0,01-0,07)
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Table 2: Posterior distribution of the parameters associated with the shocks processes

Prior distribution ~ Great Depression Stagflation Great Recession
Parameter Description
Type  Mean/Std  (1923:1-1940:4)  (1964:1-1982:4) (1995:1-2017:4)
. .. 0,92 0,98 0,93
Pa Persistence of productivity shock Beta 0,5/0,2
(0,89-0,96) (0,96-0,99) (0,89-0,97)
. . . 0,92 0,32 0,78
ob Persistence of risk premium shock Beta 0,5/0,2
(0,85-0,98) (0,11-0,48) (0,63-0,93)
. . . 0,76 0,93 0,86
Pg Persistence of public spending shock ~ Beta 0,5/0,2
(0,60-0,997) (0,86-0,98) (0,77-0,96)
. 0,43 0,53 0,92
pi Persistence of Investment shock Beta 0,5/0,2
(0,14-0,76) (0,38-0,67) (0,87-0,97)
. 0,47 0,24 0,14
Pw Persistence of Wage mark-up shock Beta 0,5/0,2
(0,25-0,69) (0,10-0,38) (0,10-0,18)
. . 0,42 0,92 0,24
fp Persistence of Price mark-up shock Beta 0,5/0,2
(0,19-0,64) (0,87-0,98) (0,05-0,40)
0,80 0,56 0,53
o(ef) Std of productivity shock Gamma 0,25/2
(0,64-0,96) (0,48-0,64) (0,46-0,60)
5 ) ) 0,19 0,09 0,16
o(ef) Std of risk premium shock Gamma 0,25/2
(0,09-0,30) (0,07-0,11) (0,07-0,26)
G . . 1,28 0,62 0,49
o(er) Std of publics spending shock Gamma  0,25/2
(1,10-1,47) (0,53-0,70) (0,43-0,55)
I 2,28 0,68 0,42
o(ep) Std of Investment shock Gamma 0,25/2
(1,48-2,98) (0,51-0,84) (0,33-0,50)
R . 0,15 0,38 0,11
o(n;) Std of monetary policy shock Gamma  0,25/2
(0,12-0,18) (0,32-0,44) (0,09-0,12)
» ) 0,20 0,09 0,11
o(n;) Std of price mark-up shock Gamma  0,25/2
(0,14-0,26) (0,06-0,13) (0,08-0,14)
0,54 0,20 0,46
a(n) Std of wage mark-up shock Gamma  0,25/2
(0,39-0,69) (0,16-0,24) (0,40-0,52)

4.2  What are the main driving forces behind each crisis?
4.2.1 Variance decomposition

The variance decomposition of the key variables of the economy can shed light on the
causes of each crisis. Table 3 shows this variance decomposition of some selected vari-
ables for the Great Depression, the Stagflation and the Great Recession from top to
bottom. As a common feature of all the periods we observe that the wage mark-up
shock is not an important source of fluctuation, except for explaining the volatility
of wage during the Great Depression and Great Recession. The productivity shock

and the investment shock play a crucial role during the three periods. Moreover, the
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importance of the risk premium shock is substantial. Therefore, in addition to the
endogenous financial sector, the exogenous process characterized by this shock is a

cornerstone in the determination of the interest rate spread.

Regarding the Great Depression, the monetary policy shock accounts for one fifth of
the volatility of output. This number is much higher than in the other two crisis, what
indicates that the monetary policy conducted during this period may have exacerbated
the severity of the Great Depression as pointed by Friedman and Schwartz (1967). The
risk premium shock also plays a remarkable role explaining the volatility of not just

output but most of the variable.

During the period that considers the Stagflation, the price mark-up shock relative im-
portance in explaining the volatility of output and consumption is higher than in the
other two periods, especially than in the Great Recession when the shock is almost
negligible. This fact captures the rise of the oil price that had a significant impact on

the economy.

The most important shock during the Great Recession is the investment shock. It ex-
plains more than the half of the volatility of output and labor, almost 80% of the spread
volatility and around 47% of the volatility of consumption and investment. These facts
are consistent with the interpretation of the Great Recession as a crisis caused by the
burst of the real estate bubble. In the beginning, investment on the housing sector
was extremely efficient and, therefore, and important part of the output and labor
was based on it. Nevertheless, when the bubble burst the investment on this sector
which represented a significant part of the economy became inefficient, provoking the
well-known crisis.

It is noteworthy that, under the framework of this model, one important difference
between the Great Recession and the Great Depression arises. The bubble created in
the former seems to be caused by an investment shock whereas in the later the higher
relative weight of the risk premium may indicates that the bubble of the 20’s is caused

by this shock.
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Finally, we observe that the differences across the variance decomposition of the al-
ternative periods is significant. Therefore, the model is able to capture the different
features that characterized each period and properly identify the shocks that drove

the fluctuations. These results stress the power of the model for policy analysis.

Table 3: Variance decomposition of some selected variables

Great Depression

Parameter Description Output Consumption Investment Labor Inflation Wage Interestrate Spread
o(ef) Productivity shock 28,0% 16,1% 1,2% 2,7% 0,7% 3,7% 6,9% 1,2%
o(eB) risk premium shock 15,6% 27,4% 28,8% 26,3% 7,8% 7,3% 52,6% 36,1%
U(E,G Publics spending shock  6,1% 13,2% 0,2% 8,6% 0,1% 0,1% 2,0% 0,6%
o*(ef) Investment shock 17,9% 33,5% 61,8% 16,5% 1,9% 6,7% 8,6% 56,1%
o(qu) Monetary policy shock 18,9% 5,5% 5,0% 25,8% 6,4% 10,0% 12,0% 2,6%
a(el) Price mark-up shock 11,9% 3,2% 2,8% 13,5%  745% 11,8% 8,7% 2,3%
a(ey) Wage mark-up shock 1,6% 1,2% 0,3% 6,6% 8,6% 60,4% 9,3% 1,1%
Stagflation
Parameter Description Output Consumption Investment Labor Inflation Wage Interestrate Spread
o(ef) Productivity shock 48,0% 75,6% 16,8% 51,5%  38,7%  68,3% 51,4% 24,1%
O'(SF) risk premium shock 1,2% 3,8% 10,5% 1,5% 0,4% 0,0% 2,1% 18,5%
o*(e? Publics spending shock  12,6% 3,0% 5,3% 15,5% 3,2% 0,0% 5,4% 4,9%
o(ef) Investment shock 16,8% 5,4% 59,6% 19,8% 9,1% 0,4% 17,5% 44,6%
a(nR) Monetary policy shock 1,0% 0,8% 0,8% 1,1% 0,8% 0,0% 1,6% 0,7%
o(el) Price mark-up shock 19,4% 10,1% 6,3% 8,8% 44,4%  30,1% 20,2% 6,7%
a(ef) Wage mark-up shock 1,0% 1,4% 0,7% 1,8% 3,4% 1,2% 1,8% 0,6%

Great Recession

Parameter Description Output Consumption Investment Labor Inflation Wage Interestrate Spread
o(ef) Productivity shock 17,1% 27,9% 3,3% 19,2% 2,5% 21,8% 14,4% 1,8%
o*(ef risk premium shock 12,1% 18,7% 46,3% 13,5% 4,5% 2,6% 19,8% 18,2%
O’(EtG) Publics spending shock  8,0% 2,2% 0,3% 9,1% 0,4% 0,2% 3,7% 0,3%
a(el) Investment shock 55,1% 46,8% 46,5% 52,3% 8,6% 43,6% 50,2% 78,6%
a(nR) Monetary policy shock 5,1% 2,6% 2,8% 4,1% 1,8% 4,1% 6,1% 0,9%
(r(ef) Price mark-up shock 2,5% 1,3% 0,6% 1,3% 79,7% 7,6% 4,2% 0,1%
o(ef) Wage mark-up shock 0,1% 0,6% 0,2% 0,5% 2,5% 20,2% 1,7% 0,2%

4.2.2 Impulse response functions

In this section we focus on the impulse response functions (IRF) of some selected vari-
ables of the economy in order to assess how they react to different shocks in each of the
crisis. In all the figures the black line represents the Great Recession, the discontinu-

ous black line represents the Stagflation and the dotted grey line represents the Great
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Depression.

Figure 1 shows the IRF to a productivity shock. All the responses are qualitatively
similar across periods. We observe that the reaction of output and consumption dur-
ing the Great recession is less steep than in the other two periods. This is due to lower
estimated value for fixed costs and higher habit formations. The productivity shock
has a remarkable effect on investment, inflation and interest rate during the Stagfla-
tion. This is caused by the higher reaction of the Central bank to changes in output

and its much lower interest rate smoother parameter.

Figure 2 shows the IRF to a risk premium shock. An interesting remark of this IRF
is the huge effect of the risk premium shock on labor and wage during the Great De-
pression. Chari, Kehoe and McGrattan (2007) argue that the biggest contribution to
explain the Great Depression is the labor wedge. hey also claim that a DSGE model
that analyses the Great Depression may replicate this fact through the financial sector.
In our model, the risk premium is able to substantially affect wages and labor. Never-
theless, the response of wage is much more persistent than the response of labor due

to the wage stickiness, what may be capturing this labor wedge.

Regarding the monetary policy shock showed in Figure 3, we observe that the response
of output, consumption, labor and wage during the Great Depression was huge in com-
parison with the other periods. Therefore, as pointed in previous section, the monetary
policy played a crucial role in this crisis. Moreover, it is also remarkable the aggressive

response of inflation to this shock during the Stagflation.

In figure 4 we observe that the price mark-up shock had a minor role during the Great
Recession, as claimed in the previous section but the responses during the other two
periods are rather aggressive. Moreover, the response of the interest rate during the

Stagflation is much higher due to the lower interest rate smoother parameter.
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Figure 1: Impulse Response Function to a Productivity shock
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Figure 3: Impulse Response Function to an monetary policy shock
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Figure 4: Impulse Response Function to a Price mark-up shock
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4.2.3 Historical variance decomposition

In the previous sections we looked at the variance decomposition and the IRF in order
to have a picture about which the main sources of volatility were and how they were
transmitted over the economy. In this section we analyze which specific shocks are
the cause of each crisis looking at the historical variance decomposition. The histor-
ical variance decomposition shows the cumulative effect of a given structural shock
on each variable at every given point in time. Figures 5 to 7 represents the historical
variance decomposition of detrended output. Then, zero in the vertical axis represents
the trend of output, the black line is the actual detrended output and the bars are the
contribution of each shock to the fluctuation of this variable at a certain point in time.

Therefore, adding up the bars we get the actual detrended output.

Figure 5 shows the historical variance decomposition of output in the period that con-
tains the Great Depression. A significant rise of the output is experienced during the
20’s. The technological changes that characterizes this period (like the car industry) is
captured in the model by the positive investment shocks and the decrease of the prices
represented by the price mark-up shock. Moreover, we can observe that the exogenous
risk premium also play a crucial role in the rise of the output. This means that the risk
premium shock reduce the net-worth that the entrepreneurs need to self-finance, or in
other words, the external funds become cheaper. Therefore, investment becomes more
attractive.

Nevertheless, in 1929 these risk premium shocks decrease exponentially until negative
shocks realize making investment much less attractive. This is how the model repro-
duce the Stock Market Crash of 1929 and the beginning of the Great Depression. This
crisis is characterized as a huge and lengthy meltdown of the capital accumulation. Af-
ter the 1929 crash labor and consumption drops dramatically, and therefore, the return
on capital also drops. In consequence, the demand contraction shrinks the returns of
investment, giving rise to the so-called multiplier effect. Moreover, we observe that
monetary policy was conducted in a way in that magnified the severity of the crisis. At
the beginning of the 30’s, while the economy was collapsing and the employment was

rapidly increasing, the Federal Reserve increased the interest rate. Moreover, in 1931,
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the US government was concerned about the possible outflow of capital to overseas
markets, and consequently, they increased the interest rate in an unprecedented way.
This shocks are captured by the model and explained a substantial part of the crisis
as Figure 5 shows. Nevertheless, during the New Deal the Federal Reserve and the
Roosevelt government announced a new objective of the monetary policy: “monetary
policy will help to restore the economic growth”. We observe that monetary policy
shocks vanishes, what means that the monetary policy is well captured by the Taylor
rule. As we analyze in the following section, the features of this crisis allows monetary
policy to be rather helpful in the mitigation of this recession.

Moreover, the countercyclical productivity shock that is noticeable during the 20’s is
able to explain the high employment rates accounted during these years. In contrast
to RBC models, negative productivity shocks in New Keynesian models raise employ-
ment rates as more workers are needed to produce the quantity of output demanded

at a fixed price.

After the golden age the US economy suffer a crisis with unprecedented features. This
crisis is the Stagflation and the historical variance decomposition is showed by figure
6. During this period a new problem appears in the US economy: high rates of infla-
tion. In order to define a beginning for this economic phase we choose the Vietnam
war in 1965. Before 1965 inflation was barely 1%. Nevertheless, in 1966 inflation
reached 1.6%, the following year 2.9%, three years after 5.7% and finally in 1974 in-
flation reached 11% in annual base. Nevertheless, the main cause of the high inflation
was not the effort of winning the Vietnam war but the so-called oil crisis. During the
golden age US was one of the main producers of oil. However, among other reasons,
due to the increase of the car sector, the consumption of oil exceed the production This
situation empowered the new cartel, OPEC, that became the main oil supplier of US
and Europe. In 1973, as a response to the political support of Israel, the OPEC carried
out an oil supplied interruption. Since the oil demand is extremely inelastic, the price
increased exponentially what provoked an increase of the production costs of almost
all the sectors. Figure 6 shows how these cost-push shocks are the main reason of
this recession. Heretofore, the US economy was characterized by the so-called Phillips

curve. High levels of inflation were contemporary with high level of employment and
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output, and viceversa. High inflation was caused by a high employment rates, wages
increase and this rise is transmitted to prices. On the other hand, high unemployment
decrease wages and, consequently inflation drops. The repeated sequence of this rela-
tion meant the wide acceptance of the ideas defined by the Keynesians (like Keynes,
1936, Hicks, 1937 and Modigliani, 1944). Indeed, president Nixon would even go so
far as to say that "now, we are all Keynesians”. Therefore, policy-makers only had
to decide the optimal combination of unemployment and inflation. Nevertheless, the
Stagflation broke this idea. As we observe in figure 6 this crisis is mainly driven by
a cost-push shock that moves employment (and output) and inflation in opposite di-
rections, making the exercise defined by the Phillips curve impossible and creating a
dilemma in the objectives of the Central Bank. In the following section we will analyze

the optimal monetary policy that could have been carried out.

As we observe in the section where we explain the model, equation 6 describes the
investment decision. Investment depends on the value of capital which is determined
by the actual value plus the investment shock. Therefore, we can interpret this shock
as an artificial increase of the value of capital. Therefore, as figure 7 shows, the his-
torical variance decomposition clearly identifies the cause of the Great Recession as
an investment shock issue. During the years before the Great Recession we observe
a sequence of high and persistent investment shocks that artificially rise the price of
capital, and consequently, investment grows significantly making output be above its
trend. This means that investment was extremely profitable at this moment but be-
cause of an exogenous reason, what can be interpreted as a bubble. This shocks is
basically capturing the increase of the profitability of investing in the real state indus-
try. Nevertheless, once this exogenous process vanishes and even takes high negative
values from 2007 onward, investment became extremely inefficient and this provokes
a sharp and lengthy drop in output. Moreover, it is also worthy to note the response
of the US government to the burst of the bubble. The US government thought, as Key-
nesians would have suggested, that the way of solving this crisis was to stimulate the
demand throughout public spending. Nevertheless, the recession was that deep that
the public spending was not able to stimulate the demand since the drop of labor was

not sufficiently offset. On the contrary, the public spending generates a crowding-out
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effect on investment and consumption deepening the crisis. Moreover, during the fol-
lowing years we observe negative public spending shocks that capture the austerity

policies that the indebtedness of the previous attempt of solving the crisis caused.

=20

1923,

1966: 1

Figure 5: Great Depression: Historical variance decomposition of output

-ii | i N i

I I
d

BORRNER.

1925.2 1927.4 1930.2 1932.4 1935,1 1937.4 1940.2

Figure 6: Stagflation: Historical variance decomposition of output

BCRERERL

1 1 | 1
19671 19682 1969:3 1970:4 19721 1973:2 1978:2 19793

23

Initial values

Monetary policy shock

Wage mark-up shock

Price mark-up shock

Investment shock

Public spendings shock

Risk premium shock

Productivity shock

Initial values

Monetary policy shock

Wage mark-up shock

Price mark-up shock

Investment shock

Public spendings shock

Risk premium shock

Productivity shock



Figure 7: Great Recession: Historical variance decomposition of output
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5 Optimal Monetary Policy analysis

In the previous section we described the main features of each period and we match
the estimated shocks with the historical evidences. In this section we analyze how
monetary policy could have mitigated the effects of each crisis. In order to do so we
consider that the Central Bank had complete information about the values of the es-
timated parameters and the variances of the shocks (but not the actual realization).
Moreover, we assume that the Central Bank aim is to minimize the following objective
function:

Z =1k + AT -y 0.5 R +0.5 (R, —R,_)?

where y&%? is the output gap, which is defined as the difference between the rigid and
flexible economy. This period loss function incorporates an interest rate variability and
interest rate smoothing objective. These components are adopted to capture observed
inertial behavior in the interest rates. Moreover, we consider as an objective the growth
in potential output since it is less sensitive to measurement errors than a policy based
on the level of the output gap (Orphanides et al., 2000). The weight for inflation is
normalized to 1 and the rest of the weights are interpreted as the relative importance
with respect to the inflation objective. We conduct the analysis for A equal to 0.5and 1,

in order to show how robust is the optimal policy for alternative calibration. Therefore,
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subject to the previous period losses function and the model economy structure, we
conduct an analysis of the optimal policy rule.

More precisely, calibrating the model with the estimated parameters showed in Ta-
bles 1 and 2 we are able to simulate the model and generate alternative time series.
Depending on the calibration of the Taylor rule the obtained time series generate a dif-
ferent value for the objective function. Applying the Montecarlo’s method we compute

the values of the parameters of the Taylor rule that minimize this objective function.

Table 4: Optimal Taylor Rule Coefficient for the Alternative periods

Great Depression Stagflation Great Recession
Estimated A =0,5 A=1 | Estimated A=0,5 A=1| Estimated A=05 A=1
n 1,50 4,34 5,23 1,45 2,47 2,64 1,51 4,55 4,98
Tan 0,09 -0,32 -0,36 0,19 -0,46  -0,50 0,09 -0,32  -0,32
ry 0,06 0,44 0,6 0,07 0,14 0,2 0,14 0,19 0,30
Tay 0,08 0,69 0,96 0,16 0,77 1,07 0,04 0,40 0,66

Table 4 shows a comparison between the estimated and the optimal parameters of
the Taylor rule for each period. We observe that the optimal response to inflation is
much more aggressive in all the periods than the estimated response. Another inter-
esting result is that the optimal response to inflation changes is negative for all the
periods whereas the estimation of the actual responses are all positive. The optimal
responses to the output gap are the parameters that suffer less changes respect to the
estimated response, but it is still higher. Regarding the estimated responses to the
output gap growth we find that it is substantially smaller than the optimal responses.
These results suggest that the monetary policy could have been conducted in a much
better way during all the periods. Indeed, in the following analysis we show how

would have been each period if these monetary polices had been applied.

Figures 8 to 10 show the counterfactual simulation of the realization of output,
labor and inflation for each different period. We use the optimal monetary policies
presented above to simulate the dynamics of the model considering the actual (esti-

mated) realization of the shocks.
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Regarding the Great Depression we observe that under both calibrations of the objec-
tive function the optimal monetary policy rule would have completely mitigated the
crisis. These optimal policies not just prevent the drop of output but also elevate it
above its trend. In the case of labor the optimal policies eliminate the dramatic down-
fall that characterizes the Great Depression. In terms of inflation the optimal policies
achieve similar rates to the actual inflation rates with the exception of the third quar-
ter of 1933 where the inflation rate reach 2.46 in quarterly base. Nevertheless, the
annual inflation of that year under the optimal policy is 4.87 in annual base what is
not problematic since this is just an off-chance event. This huge improvement of the
counterfactual simulations with respect the actual data is attainable since the shocks
that provoked the crisis were risk premium shocks and it was aggravated by wrong
monetary policy. Since the risk premium shock moves output and inflation in oppo-
site direction, an optimal monetary policy allows the stabilization of both variables

simultaneously.

Figure 9 shows the counterfactual simulation of the Stagflation. The main source of
fluctuations of this period is the price mark-up shock. The particularity of this shock
is that moves inflation and output (and labor) in opposite directions, something that
Keynesians did not consider. Then, for the first time the government faced the trade-
off between stabilizing output and stabilizing inflation. Nevertheless, during the 70’s
they did not stabilize any of them. The optimal policy, for both calibrations, reacts
stronger to inflation. Therefore, we observe that the Central Bank partially stabilizes
inflation. However, regarding output and labor the difference between the counter-
factual simulations and the actual data are negligible, and in the case of A = 0.5 the
optimal policy reports even a higher drop in output and labor. Indeed, the policy
that advocates for stabilizing inflation is what actually happened years after, during
the so-called Volker-Greenspan period, when government focused on decreasing the
extremely high inflation rate relegating the stabilization of output in a second plane.
At the end of 1979, Volcker explained that the Federal Reserve would start a non-
borrowed reserves operating procedure that will lead to a more volatile interest rate
but will rein the high inflation.

Our findings are in contrast to other researchers conclusions, like Barsky and Kilian
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(2001). They claim that a substantial part of Stagflation could have been avoided if
the Federal reserve would not have permitted major monetary expansions, inasmuch
as they conclude that the Stagflation was a monetary phenomenon. Nevertheless, we
find that this crisis was caused by supply shocks and, therefore, any kind of monetary

policy that they could propose would have worsened the recession.

Figure 10 shows the counterfactual simulation of the Great Recession. We observe that
the optimal policy substantially mitigates the effects of the 2007 crisis. During the
first part of the decade the simulation of the output roughly match the actual data.
Nevertheless, once the negative investment shock realizes the optimal policy rule is
able to stem the decline up to some extent. This is due to the fact that monetary policy
is able to offset the risk premium shocks that caused a significant drop of consumption.
These shocks capture the credit squeeze generated by the loss of confidence of the
markets after the burst of the real state sector bubble. Hence, as we observe in figure 10
the cost in inflation of this policy is almost negligible with respect to the gain derived

from reducing significantly the drop and the length of output during the 2007 crisis.

Figure 8: Great Depression: Actual Data vs Counterfactual Simulation.
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Figure 9: Stagflation: Actual Data vs Counterfactual Simulation.
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6 Conclusions

In this paper we estimate a medium-scale DSGE model for three alternative periods:
The Great Depression, The Stagflation and The Great Recession. We find that this
model is able to capture the different features that characterized each period and prop-
erly identify the shocks that drove the fluctuations. These results stress the power of

the model for policy analysis and to perform an accurate diagnosis of each crisis.

We compare the different sources of rigidities across the three crisis. We find that the
price rigidity was significantly high during the Great Depression and the Great Reces-
sion and, in contrast with other results as Dighe (1997), the wage rigidity during the
Great Depression was not especially high. Moreover, the habit formation parameter
is substancially higher during the Great Depression. Regarding the persistence of the
alternative shock we observe that their estimated values enlighten the main causes of
each crisis since the persistence of the risk premium shock was especially high during
the Great Depression, the persistence of price mark-up shock was rather high during
the Stagflation and the persistence of investment shock was significantly higher during

the Great Recession.

Regarding the sources of fluctuations of each crisis we observe that the causes are
rather different. The Great Depression was caused by risk premium shocks and un-
wise monetary policies whereas the Great Recession was caused by the burst of the
real state sector that is captured by the model through the investment shock and was
aggravated by the confidence loss of the market that increased the risk premium con-
tracting the demand. The Stagflation represents a completely different crisis inasmuch
as was provoked by the oil crisis and then, policy makers suffered the trade-off be-
tween stabilizing inflation or potential output. This crisis is mostly captured by the
price mark-up shock. These model estimation results match the historical evidences
rather precisely. Therefore, we can conclude that this medium-scale model with fi-
nancial frictions is able to capture the main features of each period and, consequently,

provide trustable results.
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The counterfactual simulation under the optimal policy shows the strength that mon-
etary policy has. To some extent, monetary policy had the ability to mitigate all the
three crisis. In the case of the Great Depression the benefits of a well-conducted policy
would have been rather large, it could even have refrained the crisis. Concerning the
Great Recession, the optimal monetary policy would have not had the same power as
in the Great Depression but it would have mitigated the drop of output with almost
no costs in inflation by boosting the demand. As pointed before, the policy makers
during the Stagflation had to face the trade-off between stabilizing inflation or poten-
tial output and therefore, the optimal monetary policy in this case is not as powerful
as in the two other crisis. Nevertheless, we find that this monetary policy would have
remarkably decrease the high level of inflation that characterized this period, just as

Volcker’s aim was during the 80’s.
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