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Abstract

The economic meltdown since 2008-9 has created disinflation, and even deflation in some
countries in the Euro-area, in a period with large debt overhang, creating the condition for
a continuing financial market stress in the Euro-area. As disinflation and deflation push up
the real interest rate, while growth and income declines, the leveraging problem becomes
more severe and the economy risks shifting into a regime with high insolvency risk, high
financial stress, rising credit spreads, possibly accompanied by strong adverse macroeconomic
feedback loops. Investigating the consequences of those magnifying feedback loops, given the
debt deflation, we demonstrate the possibility of unstable dynamics and downward spirals
in the presence of regime-dependent macro feedback loops, using a theoretical model with
decentralized matching mechanisms on both labor and financial markets. To explore the
amplifying linkages between deflation, output, labor and financial markets, we employ a new
solution procedure called NMPC to solve our models variants for out-of-steady-state dynamics.
We empirically explore deflationary trends in Europe and employ a Global VAR (GVAR)
model for a large euro area macro data set to estimate the impact of deflation on output.
Moreover, we use a four variable Multi-Regime VAR (MRVAR) model with regime dependent
IRs to study deflationary as well as well as the financial risk drivers in a MRVAR setting. New
measures for financial risk drivers are employed and multi-regime IRs for output, inflation
rates, interest rates and financial stress are explored. We also study regime changes in central
macro relationships such as regime change in the credit - output link, the Phillips curve and
in Okun’s law.
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1 Introduction

The financial and economic meltdown and the large drop in output and employment after 2007-8
has created disinflation — and in some countries even a deflation — in a period with large debt
overhang, invoking the Fisher debt deflation process of the 1930s. Yet, New Keynesian studies
have found that neither the US nor the Euro-area has shown a collapse of the inflation rate despite
the significant drop in output. Much research started to explain why the inflation rates moved
down so slowly and have not been falling as much as expected.! The process of disinflation and
deflation in the Euro-area is slow.? Yet, does the EU face a period of debt deflation and the risk
of a protracted recession? Moreover, will a regime of financial instability re-emerge, exacerbating
deflationary risks?

There are a few recent studies exploring such scenarios. The study by Werning (2011), adapting
a shorter horizon, deals with those issues in terms of a liquidity crisis. He employs a linear quadratic
macro model with central banks minimizing the loss from output and inflation gap, and shows for
the linearized macro model with an output equation and Phillips curve that as inflation turns into
dis-inflation, or deflation, the real interest rate tends to rise and the liquidity trap emerges, even
if the interest rate is already at the zero bound. This occurs with slowly moving prices, as in the
New Keynesian model, and becomes worse with fully flexible prices. Yet in this short-run model
there is neither an evolution of debt nor a regime change in the financial market that could amplify
the above process.

Another important recent study takes into account the evolution of debt and predicts a pro-
longed recession and a period of negative growth or slow growth in Europe, looking at debt build-up
and debt overhang (see Krugman and Eggertsson (2011)3). EK in their work refer back to the
Fisher debt-deflation study of the 1930s and more generally to the Fisher-Minksy-Koo approach.
In EK, a sudden deleveraging shock will lead to falling prices, thus increasing real debt which
in turn will decrease spending, thereby amplifying the adverse effects on prices — generating the
typical downward spiral of a debt deflation. Yet the overall deflationary process seems to be slow.

Regarding the evolution in the US and the Euro area one might not go so far as to invoke
spiraling deflationary pressures, as the above two studies do, but what one obviously can observe
is some debt overhang? and a dis-inflationary process in most countries, with some Southern
European countries even sliding into a deflation. At the same time there is still severe, and
sporadically rising, financial market stress, in particular in some countries in Southern Furope.
The issue is then whether there will be a dis-inflationary process that triggers a debt deflation
spiral, and to what extent will it be magnified through a jump to high financial stress, high credit
spreads, as well as strong adverse macroeconomic feedback loops, which all could contribute to
generate a protracted period of recession.’

Another important issue is that the Euro-area is characterized by significant heterogeneity.
This suggests that US type monetary and fiscal policies will not capture sufficiently the diversity
in the Euro-area. A uniform monetary and financial market policy as well as growth and labor
market policies may be limited in their effects. For example QE for the entire Euro-area might
overlook the specific bottlenecks in credit flows, quantity constraints, and default risk areas.®

In the spirit of the above studies, and the need for permitting more heterogeneity in the EU, we
introduce a dynamic macro model which allows for decentralized matching mechanisms on labor

1See Christiano et al. (2014).

2In the Great Depression the output level dropped from 1929 to 1932 by roughly 32 % and the price level declined
in the same time period by 22%, see Marglin (2009), see also Fisher (1933). Though the drop in output in some
Southern Euro-area countries was also high, prices dropped much less in the Euro-area since 2007-8, see figure 1.

3Some authors have discussed this also under the topic of a secular stagnation.

4A recent report by McKinsey (2015) seems to offer fresh evidence of this. Beside private and sovereign debt
overhang, see Borio et al. (2015), there is also significant bank debt overhang, see Schleer et al. (2014)

5There is related literature that maintains that a prolonged recession could be a result of a deep financial shocks
with strongly affected banking system Borio et al. (2015) or as a result of a hysteresis effects after episodes of long
term underutiliztion of capacity and unemployment. For further causes of low growth and prolonged recessions, due
to slowing innovations, Gordon (2016), excess savings, Summers (2014) and multiple policy issues, Lo and Rogoff
(2015). Yet as mostly agreed the leading cause seems to be the debt overhang, see Lo and Rogoff (2015)), Jimeno
(2015).

6See Brunnermeier and Sannikov (2014b).



and financial markets, allowing for a more extensive analysis of heterogeneities across EU countries.
Building on Ball and Mazumder (2014), and Gross and Semmler (2015), but similar to Werning
(2011), we introduce a Phillips curve driving the rate of change of the inflation rate. Moreover, as
in Krugman and Eggertsson (2011), we allow the build-up of debt to be impacted by the price level.
On the other hand, financial market stress can accelerate contractionary forces, and can prevent
recoveries from taking place, leading to a prolonged recession and unemployment. We show that
there may be both dis-inflationary — or deflationary — and credit market mechanisms working to
produce such effects. Those forces are possibly creating macroeconomic instabilities and regime
changes. Since the EK model assumes nominal debt contracts, deflation itself, the Fisher effect,
will be a contractionary force. On the other hand, if debt contracts are in real terms, or represent
inflation-adjusted one-period debt, the contractionary debt deflation effect might be reduced.” Yet,
the financial market contraction may still be amplifying.

The forces resulting from a debt-overhang and disinflation/deflation are working through the
product and asset price dynamics and then through credit channels. In our model, there is lever-
aged investment and borrowing by households from the credit market, mediated through financial
intermediaries, as well as bond issuing. Contracting credit markets and higher credit spreads —
caused by previous excess leveraging and higher cost of borrowing — can create severe macro feed-
back effects and regime changes and financial market stress, so that households and firms also face
credit constraints and rising credit spreads, such that overall aggregate demand tends to fall.®

When aggregate demand falls, households, firms and banks can default, which in turn create
greater financial market stress, larger credit spreads, lower aggregate demand and so on. At the
same time, on the price side, one can observe some disinflation or worse, deflation, affecting the
above dynamics. Even though the nominal interest rate may be at a lower bound, if there is
disinflation the real interest rate rises. If aggregate monetary policy cannot manage to generate a
declining or negative real interest rate by increasing inflation, then a lower bound — possibly the
zero-lower bound — of the interest rate binds, output stays low and unemployment rises.

Debt deflation and financial market risk drivers accelerate downturns, possibly creating lock-
ins into a prolonged period of a recession. This is basically working as positive feedback loops
between the product market, price dynamics, credit and financial market and economic activity,”
where there might be excess savings, accompanied by a long lasting recession and unemployment,
or even a secular stagnation, as Summers (2014) and others have predicted. In this sense it is not
a deleveraging shock but rather a slow process of debt-disinflation or debt-deflation, accompanied
by rising financial market stress and credit spreads, that is causing the long-lasting recession. This
way monetary policy faces great challenges and might not be effective on the aggregate level.

Our matching mechanisms on the labor market follows Merz (1995) and Ernst and Semmler
(2010). The matching mechanism on the credit market is handled through financial intermediation
mechanisms, similar to Wasmer and Weil (2004) and Cui and Radde (2014). Both mechanisms
potentially allow for heterogeneity and can be employed to study the financial macro linkages in a
multi-period model. We do this without building on an infinite horizon model of the macroeconomy,
where agents usually have rational expectations and smooth consumption in the infinite horizon
context, and experience preference, technology and policy shocks, yet regime changes do not occur.
Usually in this context, models are linearized and only small deviations from the steady state are
allowed for, and large shocks are difficult to account for.'?

In contrast, our approach permits to study the credit-macro feedback mechanisms in a multi-
period model without assuming an infinite time decision horizon. As to the solution method, our
model will not be solved locally through local linearization around the steady state, as used in
DYNARE, or globally by Dynamic Programming, as in Ernst and Semmler (2010), but by non-
linear model predictive control (NMPC), which has recently been developed by Gruene and Pannek

"This has been an argument against the Krugman and Eggertsson (2011) model.

8See Blanchard and Leigh (2013). Those positive feedback loops are already mentioned in Fisher (1933).

9This naturally shows up in some measures of capacity utilization. Many recent DSGE models have started
working with endogenous capital utilization and financial market, for example cost of capital when issuing bonds.
A relationship between capital utilization and the “user cost of capital” is also postulated by Keynes (1936).

10The models by Werning (2011) and also Krugman and Eggertsson (2011) are also infinite horizon models and
solved through local linearizations.



(2011) and applied in Gruene et al. (2015). This numerical method allows for approximating the
accurate dynamics of the model by an N-period receding horizon model which will provide us
with an approximate solution for the decision and state variables. Though the NMPC numerical
method approximates the infinite time horizon model, with time periods N becoming very large,
the NMPC permits one to explore important issues, such as the rise of important constraints and
regime switching, in a model with a shorter time horizon.

In the empirical part we explore the impact of policy effects in typical regimes, such as booms
and recessions. We then take the model to the data and estimate and apply a multi-regime VAR
(MRVAR), as used Mittnik and Semmler (2013)), and Schleer and Semmler (2015), and Schleer
et al. (2014).!! But since we want to study also deflationary risk drivers, in addition to financial
risk drivers, our MRVAR employed here is higher dimensional and the MRVAR and the IRFs work
with four important macro variables such as output, inflation rate, credit spread and financial
stress.

The remainder of the paper is as follows. The next section presents some stylized facts concern-
ing debt-deflation dynamics and considers the differences between different world regions. Section
3 presents the theoretical model with decentralized labor and credit market matching mechanisms,
that introduces inflation and the dynamics of the price level and their impact on the capital stock,
leveraging, output gap and employment. Section 4 studies the financial risk drivers in a model
with endogenous regime change in the finance-macro link. In section 5 the higher dimensional
MRVAR methodology is applied to detect nonlinearities and regime changes in the link between
output, inflation rate, credit spread and financial stress. The IRFs for shocks on those variables
are explored in an econometric regime-change model. Some policy conclusions are drawn in section
6. A final section concludes. Technical details and some explorations of regime dependent macro
laws can be found in the appendix.

2 Stylized facts and GVAR results

Stylized facts of the Euro-area demonstrate the precarious deflationary trends in the EU as com-
pared to other regions of the world such as the US and Japan. This can be shown making use of a
large-scale Global Vector Autoregression model (GVAR) developed by Cesa-Bianchi et al. (2014)
and applied in Binder and Gross (2013).

Let us first establish to what extent there has been disinflation or even deflationary pressures
in the EU. Figure 1 demonstrates that deflation is particularly prevalent in the Southern countries
(Italy, Spain, Portugal and Greece). In contrast, Northern countries (Germany, France, Austria)
only show disinflation. Nevertheless, despite the sharp rise of unemployment among Southern
FEuropean countries, the drop in inflation remains relatively modest, an issue we will explore below.

1'We can allow for regime switching, as can be found in recent DSGE models, see Schorfheide (2005) and Farmer
et al. (2009). There, however, it is assumed that the Euler equation, based on an infinite horizon solution, holds.



Figure 1: Unemployment and inflation during the crisis: EU North vs. EU South
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Using the GVAR methodology put forward by Binder and Gross (2013) allows to explore the
relative importance of the deflationary mechanism for the EU, Japan, US and United Kingdom.
GVAR allows for a large scale econometric approach to model the economic interdependence in
macro variables not only for time series data but also permits to model the interdependencies across
countries. Using trade-weights, the interlinkages between countries can be studied by combining a
set of country-specific VARs that contain weighted foreign variable vectors. This approach permits
to model simultaneously a large number of countries, and a broad set of economic time series
variables in one model. Usually, modelling an unrestricted conventional VAR is not feasible due
to the large number of parameters. The GVAR shows how one can set up and use multiple cross-
sections, while, at the same time, studying time series data of countries and regions. In our set-up,
we use the inflation rates, GDP growth, equity market performance, short and long term interest
rates, raw material and oil prices and exchange rates.'?

The results of the GVAR study show that the EU has recently revealed stronger deflationary
trends than the US, UK, and Japan. In many EU countries there is not only disinflation, but there
is also deflation and a threat of a deflationary spiral. The impact on output, inflation rates and
interest rate is studied with the GVAR model using a large macro data set for the EU, US, UK,
and Japan.'®

Figure 2: GVAR results - Deflation shock on GDP
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Figure 2 shows the response of GDP to a deflationary shock in the Euro area, UK, Japan, and
the US. It reveals that there is a much stronger deflationary pressure in the EU than in Japan,
US and United Kingdom. Though many economists thought that Japan went through a period of
deflationary pressure, it seems to look even more severe for the EU now.

3 Vulnerability through debt-deflation

The basic model that serves as a starting point for our theoretical considerations is described in
appendix 2. In this section, we want to start by introducing the inflation rate and price level effects
into our macro dynamics with leveraging. In the next section, we will introduce financial market
reactions, and macro feedback loops, resulting from higher leveraging of the agents in the economy.

As mentioned, after the Great Recession researchers where wondering why the inflation rate
did not quickly drop but moved down only very moderately. This is in contrast to the Great
Depression, where the price level dropped by roughly 25 percent.!* To understand the slowly
moving debt-deflation risk drivers, we introduce inflation and price level dynamics into our basic
model.

3.1 A model with debt dynamics and inflation

We follow the recent literature on slow inflation dynamics by letting the change of the inflation
rate be driven by a slightly modified new type of a Phillips curve, such as in Werning (2011) and
in Gross and Semmler (2015). We augment the basic model of appendix 2 with inflation and price
level dynamics and incorporate their impact on the evolution of debt. The augmented core model
then reads as follows:

N N Cl—n
max / U (Cy, Ny)e Pt = / L eNX e Pt
Ce.Ze, Ve Jo 0 1—- n

Nt :mL (St‘ut,Vt) *O'Nt (1)
Kt:mB(It/PhBt/Pt)—(SKt (2)

s.t.

dt = T‘dt - %(U[Ptn (Kt,ANt) - ptCt - P,:It - (St) (1 - Nt) - C . Vt - ¢(gth)]) - 7Ttdt (3)

Here, C; represents aggregate consumption, Y;: aggregate production, A : (exogenous) labor
productivity, F;: available financial funds through savings and external borrowing, B; = F; — Cy:
offered bonds to firms, r : the nominal interest rate, N;: employment, V;: vacancies and ¢(g:K3)
represent adjustment cost and bond issuing cost. In addition to costly search on the labor market,
issuing bonds adds another cost factor to the macroeconomic resource constraint, with per-period
flow costs ¢(g:K:), representing bond issuing and adjustment costs. The preferences are over
consumption flows, Cy, and employment, V.

The dynamics of eq. (1) represent the evolution of employment with the labour force normalized
to one. Eq. (2) denotes the evolution of the capital stock and eq. (3) represents the dynamics of
aggregate debt in real terms (for both households and firms).!> Our debt dynamics is written in
a standard way if one allows for borrowing of the private (or public), possibly also from abroad.'®
Moreover, we have deflated the nominal variables — including the debt level — by the price level P,
and we have to add the term 7;d; with 7; the inflation rate.!”

In eq. 3, the term [.| represents external borrowing (> 0) or repayment (< 0), in the former
case used for excess spending over domestic income. Moreover, we assume F; = uCy, 4 > 1.

MFor the price level fall, see Marglin (2009), and for the impact of price level fall and income fall on credit risk
and bank defaults, see Bernanke (1983), but also Fisher (1933).

15We could also allow for sovereign debt here, though we do not specify what fraction of debt is driven by
households, firms or the public sector.

16see Blanchard and Fisher (1989, ch.2) and Blanchard (1983).

17We hereby assume that the capital stock in (2) is already deflated.



Thus, consumption can be smoothed intertemporally, but investment funds might be restricted.
This means investment is more scrutinized through decentralized financial market matching mech-
anisms,'® but if there is a consumption boom, more investment funds will also be available on the
credit market.®

Moreover, search costs, ® (s), are assumed to be fixed, with constant search effort s = 0.2. The
function m” (s - Uy, V) in eq. (1) represents a decentralized matching function on the labor market.
Given the decentralized matching process m” (s - U, V) the job finding rate of the unemployed will
be m”(se:U, Vi) /iy, which — assuming constant search intensity — will depend on the vacancies posted
by firms and the unemployment rate.2® The job finding rate is thus the ratio of the numbers of
new hires divided by the number of workers searching for jobs. With higher unemployment and
lower vacancies the job finding rate is lower.2!

On the credit market there is also a decentralized matching mechanisms, defined by m? (Z;, B;),
which represents the decentralized matching mechanisms for the credit market. Both matching
functions for labor and credit markets display constant returns to scale and are represented by
a Cobb-Douglas functions with exponents gop=0.5 and ¢; = 0.5. The parameters o, § are the
separation rate and depreciation rate of capital, and v is our regime switching parameter which
will be either 1 or 0, depending on the degree of leverage permitted in the economy.

Partly because of recent empirical evidence and partly to avoid modelling the supply of funds,
we have made the supply of funds for firms’ investments a function of the supply of funds F, — C;.
Given the external funding and the consumption decision, a fraction of funds can be used for
providing bond offering to be matched with the demand for bonds arising from firms’ desired
investment Z;. Funding for consumption will be available from domestic and external sources, but
investment funding will be obtained on the credit market by the decentralized matching process
on the credit market.

As in the basic model we assume that consumption is a direct decision variable and investment is
expressed as intended investment, Z, to be matched with the supply of bonds, given by F;—C}. This
assumption allows us to work with a lower dimensional system. It also could be interpreted that
the screening and monitoring of investment funding takes place more extensively than funding for
smoothing consumption. In the context here, consumption is only indirectly constrained, namely
through the state variables and the dominant component of demand as the IMF (2015) study seems
to suggest.

Finally, we have to formulate how we obtain the inflation rate and construct the price level P;.
Similar to some New Keynesian literature we assume that inflation rate and the price level adjust
slowly.??2 As in the NK view we can then proxy the inflation dynamics by the output gap and a
proxy for an expected inflation rate. Here, however, we are working with the rate of change of the
inflation rate.

Y,
Y*

T =B(5 — 1)+ 1% (4)

We let the change of the inflation rate respond to the output gap and some expectation term.
Using eq. (4) we rely on demand and cost pressure arguments but because of numerical reasons
we have chosen a short-cut of the Phillips curve. The inflation adjustment eq. (4)2* follows

18In principle, this allows us to study more properly the heterogeneity of the euro area credit market.

19T his, for example, was likely to be the situation in Spain before the financial meltdown of the years 2007-9. Of
course, there are likely to be constraints for households’ borrowing as well, which will be discussed in section 4. For
a more general empirical result on the dominance of household behavior on borrowing and a sluggish response of
investment demand, see IMF (2015).

20This gives rise to the usual Beveridge curve.

21For details, including also time varying labor market participation rates, see Christiano et al. (2014).

22Usually the Calvo price setting procedure or the Mankiw quadratic adjustment cost of prices are employed to
get sticky prices. Our subsequent formulation is not inconsistent with views that presume that prices are driven
by marginal cost and expected inflation rates, see Keen and Wang (2007). There is then shown that through a
linearization the usual Phillips curve relationship is then proxied through a local output gap and expected inflation
rate.

23Flaschel et al. (2007) write the inflation rate being determined by © = By (u* — u) + ﬂy(;;

— 1) + k7€



in principle Rudebusch and Svensson (2002) as employed in Werning (2011).24 In RS, however,
inflation responds in a discrete time manner to time lags of the endogenous variables, to the output
gap and a moving average of inflation rate, with the latter term proxying expected inflation. In
our case, we have formulated a model corresponding to Rudebusch and Svensson, but written in
continuous time, using the rate of inflation as a differential equation. Note that starting with the
derivative of the inflation rate might make sense, since the inflation rate does not jump and in
many EU countries still tends to be slightly positive though the change of the inflation rate itself
was negative for a long time and now the inflation rate slowly turns to be negative too.

The inflation rate expression, 1, represents the inflationary climate — of the change in inflation
rates — in which the current inflation dynamics is operating. The climate variable 1, is thus a
magnitude that is related to the medium run and can be viewed to be updated in an adaptive
fashion, as explained in the footnote for eq. (4). Our inflation climate variable is constructed in
a similar way as in Ball and Mazumder (2014) who introduce some smooth process of inflation
expectations by anchoring the inflation expectations in survey data.

Note that our inflation dynamics could be interpreted as based on cost push pressures and
demand pressures,?® affected by the output gap and thus capacity utilization. Note also that in
eq. (4) we only use goods’ price inflation and thus assume that wage and price inflation do not
differ much when averaged over the medium-run. Wage cost pressure that firms are facing could
be formulated in a second term. For a detailed analysis of the stability properties of such price
and wage Phillips curves, see Flaschel et al. (2007). Empirical evidence on slowly moving inflation
rates, justifying to focus on the change of inflation rate, as in eq. (4) is given in Gross and Semmler
(2015) and in appendix 5, where a regime dependent Phillips curve is studied.

An important reason why there is disinflation rather than deflation — or the inflation does not
become strongly negative as much research recently has pointed out — is that during contractions,
such as the recent one, the demand pressure will reduce prices but the risk premia and credit
spreads increase credit costs, in particular for credit on working capital, pushing up costs.?® So
there is a cost push as well as a demand effect working, preventing the inflation rate from falling
less than one would expect.

Lastly we need to introduce the aggregate price level dynamics, since this is used in egs. (2)-(3).
The price level dynamics can be defined through the following differential equation:

Pt:ﬂ-t (5)

Note that eq. (5) can be used to determine a price index, starting with Py = 1, that represents
the integrated inflation rates as a solution of eq. (5), so as to obtain P;.

The following parameters for the NMPC solutions are used: p = 1.3 and 8 = 035, k = 0.1,
p=r=20.03, =0.03, c =0.04, « =0.36, A =1, £ =0.07, x =5, e = 1. The parameter v is set
to one, which means there are no credit constraints (if set to zero there are credit constraints). In
our numerical solution algorithm we start with a price level Py = 1, integrate the inflation rates
following eq. (5) to obtain P; and deflate appropriately the nominal variables such as the demand
for firms’ funds and the bond supply, Z;/P;, B/ P;, in eq.(2). We also deflate debt service in eq.

with 7¢ = Bre(m — 7¢). In the first equation, the first term on the right hand side defines the unemployment
gap (representing pressure from the labor market) and the second the output gap (representing pressure from the
product market), see Flaschel et al. (2007)). The second equation, a differential equation, defines an expectational
term, the inflation climate, with a path toward a steady state inflation rate. The expectational term represents the
change of the climate inflation and can be interpreted as in Ball and Mazumder (2014) as an anchor of inflation
rates, as a consensus forecast of CPI inflation or as inflation climate, similar to Flaschel et al. (2007), see also Gross
and Semmler (2015) and their use of survey data. In our eq. 4 we have only used the first term of the inflation
dynamics 7¢, and we have set nf =7¢. In our subsequent numerical solutions we use eq. 4 for an inflation dynamics,
and thus employ only the output gap and let the dynamics of 7€, being generated by some moving average of the
change of inflation rates.

24\Werning (2011), however assumes a form where the current change of the inflation rate is anchored in the purely
forward looking form of the agents’ behavior, and thus he has a negative sign for the output gap. Econometric
evidence for this formulation seems to be very weak as Gordon (2011) and Ball and Mazumder (2014) argue. This
criticism does not hold for Rudebusch and Svensson (2002). We follow more the latter approach.

25see also Christiano et al. (2014).

26For details, see Christiano et al. (2014)
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Figure 13: Impulse-response functions in different financial regimes: Euro area

32



Figure 14 compares the reaction of both the unemployment and the inflation rate with respect
to a positive unemployment rate shock for the two regimes of financial stress. For the two different
regimes Panel A depicts results for the Euro-area periphery country group whereas Panel B presents
the results for the Euro-area core country group. The blue lines depict the reaction of the economy
in periods of low financial stress, the green the reaction when financial stress is high.

As can be seen from the different charts, the reaction of unemployment to a adverse shock on
the labor market is very similar in both regimes with unemployment increasing over the five years
following the shock. Small differences exist between the two regimes in the Euro-area core country
group where, notably, the unemployment rate rises further when financial stress is low. More
significant are, however, the differences in inflation dynamics between the two regimes. In both
country groups, inflation declines much more strongly in periods of high financial stress. Note that
the disinflationary pressure is even stronger in the high financial stress regime among Euro-area
core countries, highlighting one of the challenges to Euro-area periphery countries have been facing
during the crisis: Despite record-high unemployment rates, inflation rates fell only very gradually
such as to restore competitiveness in these countries. Our estimates reflect this strong persistence
of inflation dynamics in these countries, as discussed in sects. 2 and 3.
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Figure 14: Regime-dependent Phillips curve, ZEW-FCI as exogenous transition variable: Euro-area
core vs. periphery

5.3 Regime-dependent Okun’s law

Finally, we want to present results that also confirm some nonlinearities with respect to output
growth and unemployment reduction. This relationship has been called Okun’s law, that output
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growth drives employment and thus reduces unemployment. We want to explore here, again
using our VSTAR method, with the ZEW FCI as transition variable, whether the unemployment

reduction is also regime dependent, whereby the regime is again defined by high or low financial
stress.
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Figure 15: Regime-dependent Okun’s law, ZEW-FCI as exogenous transition variable: Euro area
core vs. periphery

Overall, as can be seen from the two left graphs of Panel A and B of figure 15, a positive shock
on output reduces the unemployment more in the periphery countries than in the core countries
(see the scale), but if there is financial stress in the periphery countries, the growth has a larger
success on reduction of unemployment if the growth rate is increased. Moreover, the second round
effect of growth on growth is stronger in the South than in the North. This means that a higher
growth rates in the Southern countries are useful targets to bring up employment in the South.

6. Data

We are estimating a 4 dimensional MRVAR for France and Germany with change in the index of
industrial production, change in inflation rate, interest rate, and the ZEW FCI index (see Schleer
et al. (2014)) as the endogenous threshold variable. The index of industrial production and the
inflation rate are taken from Eurostat. The interest rate was obtained from the MFI interest rate
statistics by the ECB®'. The dataset for France and Germany runs from 2003 until 2013 on a
monthly basis.

8lhttps://sdw.ecb.europa.eu/browse.do?node=2018774
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A 4 dimensional MRVAR is estimated for Spain and Italy as well. Here we use the change in
GDP, inflation rate, interest rate, and the ZEW FCI index as endogenous threshold variable as
well. However, the sources differ: for change in GDP and inflation we use the data provided by the
GVAR project (Smith and Galesi (2014)), while the GVAR data, together with the MFI interest
rate statistics of the ECB®2, were used for computing the interest rate. The data runs from 1980
until 2013 on a quarterly basis.

Smith and Galesi (2014) obtain their data from the International Financial Statistics (IFS)
provided by the IMF. GDP is a real index with base year 2005 (concept: Gross Domestic Product,
Real Index, Quarterly, 2005 = 100), while the inflation rate represents changes in consumer prices
(concept: Consumer Prices, All items, Quarterly, 2005 = 100).

For Spain and Italy we also utilize the long-term interest rate of the GVAR project (concept:
Interest Rates, Government Securities, Government Bonds concept) and augment it with long-term
borrowing from the MFT interest rate statistics. The interest rate was computed the following way:
from 1980 until 2003 we use the GVAR data which has been detrended by a linear trend. From
2003 until 2013 the GVAR interest rate is substituted for the MFI interest rate.

82https://sdw.ecb.europa.eu/browse.do?node=2018774
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