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Abstract

Decreases (increases) in long-term interest rates caused by compressions (di-
lations) of term premiums could be financially expansive (contractive) and
might require monetary policy restraints (stimulus). This paperuses measures
of the term premium calculated by Adrian et al. (2013) to perform Bayesian
estimations of a Markov-switching vector autoregression (MS-VAR) model as
Hubrich and Tetlow (2015), finding evidence of theimportance of allowing for
switching parameters (nonlinearities) and switching variance (non-Gauss-
ian) when analyzing macrofinancial linkages in the United States. Using the
specification with the best fit to the data of two Markov states for parameters
and three Markov states for variances, we estimate a Markov-switching dy-
namic stochastic general equilibrium (MS-DSGE) macroeconomic model with
JSinancial frictions in long-term debt instruments developed by Carlstrom et
al. (2017) to provide evidence on how financial conditions have evolved in
the US since 1962 and how the Federal Reserve Bank has responded to the
evolution of term premiums. Using the estimated model, we perform a coun-
terfactual analysis of the potential evolution of macroeconomic and finan-
cial variables under alternative financial conditions and monetary policy
responses. We analyze six episodes with the presence of high financial frictions
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and/or medium and high shocks volatility. In three of them there was a high
monetary policy responseto financial factors: 197804-1983Q4 which helped
tomitigateinflation at the cost of economic activity, and the 19900Q2-199304
and 2010Q1-2011Q4 episodes in which the high response served to mitigate
economic contractions. Meanwhile, in the three episodes where low response
to financial factors is observed, if the monetary authority had responded more
aggressively, from 197101-1978Q3 it could have attained lowerinflation at
the cost of lower GDP, from 20000Q4-2004Q4 it could have delayed the GDP
contraction to 2002Q3, but this would have been deeper and inflation larg-
er, and in 2006Q1-2009Q4 it might have precipitated the GDP contraction.
The presence of high financial frictions and high shock volatility makes re-
cessions deeper and recoveries more sluggish showing the importance of the
Jfinancial-macroeconomic nexus.

Keywords: monetary policy, term-structure, financial frictions, Markov-
switching VAR, Markov-switching DSGE, Bayesian maximum likelihood
methods.

JEL classification: E12, E43, E44, E52, E58, C11.

To the extent that the decline in forward rates can be traced to a decline in

the term premium [...] the effect is financially stimulative and argues for
greater monetary policy restraint, all else being equal. Specifically, if spend-
ing depends on long-term interest rates, special factors that lower the spread
between short-term and long-term rates will stimulate aggregate demand.
Thus, when the term premium declines, a higher short-term rate is required to
obtain the long-term rate and the overall mix of financial conditions consis-
tent with maximum sustainable employment and stable prices.

“Reflections on the Yield Curve and Monetary Policy,”

Ben S. Bernanke, chairman, Federal Reserve Bank,
March 20, 2006.

1.INTRODUCTION

heabove quotesstatesthatyields onlong-term debtand specially
the term premium, whichis the extracompensationrequired
byinvestorsforbearinginterestrateriskassociated with short-
termyieldsnotevolvingas expected, areanimportant determinant

160 A. Ortiz, S. Cadavid, G. Kattan



CYCLICAL MOVEMENTS OF GDP, FEDERAL FUNDS RATE
AND TERM PREMIUM: 1961Q1-2017Q4

Correlations
GDP and term premium: —0.53
federal funds rate and term premium: -0.36
GDP and federal funds rate: 0.47
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Note: This figure shows the deviation of each original series from its HP filter. Gpp
is the real gross domestic product (GDPC1 in Fred Economic Data from the Federal
Reserve Bank of St. Louis), federal funds rate is the effective federal funds rate
(FEDFUNDS also in Fred Economic Data), and term premium is the 10-year
Treasury term premium computed following the methodology of Adrian et al.
(2013) and reported by the Federal Reserve Bank of New York (ACM10TP).

ofaggregate demand.' Italso underlies that the monetaryauthority
should respond to term premium movements to stabilize the effects
thatthefinancialsector could have in the macroeconomy. However,
this task is complicated by the fact that the term premium is not ob-
served and because the mechanisms through which developments
in long-term debt instruments affect the macroeconomy are not
completely understood.

The Federal Reserve Bank of New York reports a measure of the
term-premium calculated by Adrian et al. (2013) which we will use

! Rudebusch et al. (2006) show that a decline in the term premium has

typically been associated with higher future GDP growth.
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in this study. Before discussing some of the potential mechanisms
linking developments in long-term debt markets and the macro-
economy, itisusefultolookatthe cyclical movements between gross
domestic product (GDP), the federal fundsrate, and the term premi-
um.?Figure 1 showsthe difference between the observed seriesand
the ones produced by applying a Hodrick Prescott filter. There is a
strong negative correlation of -0.53 between the cyclical components
of GDP and the term premium. Meanwhile the correlation among
the cyclical components of the federal funds rate and the term pre-
mium is —0.36, and the correlation among the cyclical components
of GDP and the federal funds rate is 0.47.

To further investigate the relation between long-term debt mar-
kets and the macroeconomy, we estimate a Markov-switching vec-
tor autoregressive model (MS-VAR) following Hubrich and Tetlow
(2015), where we replace the post-December 1988 Federal Reserve
Board staff’s financial conditions index with the post-January 1962
term premium, to identify stress events. First, we analyze if the data
favors a Markov-switching specification where coefficients and /or
variances can switchrelative to atime-invariant Gaussian VAR mod-
el. Ourresultsshow that the bestfitisattained when we allow for two
independent Markov states governing the coefficient switchingand
three independent Markov states governing the variance switching
inall equations, providing evidence of nonlinear and non-Gaussian
phenomena.Second, using that preferred specification, we identify
the probability of being in a specific coefficient and a specific vari-
ance state. Third, the impulse response functions show big differ-
ences in the transmission of shocks across different coefficient and
variance regimes.

Guided by the two-coefficient switching and three-variance
switching specification of our MS-VAR, we modify the macroeco-
nomic modelwithfinancial frictionsinlong-term debtinstruments
developedin Carlstrometal. (2017) to a Markov-switching dynamic
stochastic general equilibrium (MS-DSGE) version. This model helps
us to: I)study how financial conditions, as measured by the degree

We thank Robert E. Lucas for his suggestion of having the high-frequency
movements removed using astatistical filter to showif thereisalong-run
relation between these three series in a similar way he did to analyze
inflation and money growth at <https:/ /files.stlouisfed.org /files/
htdocs/publications /review /2014 /Q3 /lucas.pdf>.
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financial frictions and volatilities of credit market shocks, have
evolved in the US since 1962; 2) measure how the Federal Reserve
hasresponded tothe evolution of term premiums; and 3)to perform
counterfactual analysis of the potential evolution of macroeconomic
and financial variables underalternative financial conditions, mon-
etary policy responses, and credit shock volatilities.

The counterfactual exercisesallow to separatelyanalyze the effects
offinancialfrictions, monetary policyresponses and the volatility of
credit market shocksin the evolution of macroeconomic and finan-
cialvariables. We analyze six episodes when the estimation assigns a
high probability® to high financial frictionsand /or medium or high
shockvolatilities. Inthree of them, 1978(Q4-19830Q4, 19900Q2-19930Q4,
and 2010Q1-2011Q4, the estimation suggests that monetary policy
wasresponsive to financial conditions with short-terminterestrates
having a high elasticity to the term premium of —1.16. In the other
three episodes, despite the presence of worsening financial condi-
tions,in 1971Q1-1978Q3,2000Q4-2004Q4,and 2006Q1-2009Q4, the
estimation suggests that there wasalowresponse to financial factors
with an elasticity of =0.24. The high monetaryresponse allowed the
authority to mitigate inflation at the cost of economic activityin the
1978Q4-1983Q4 episode and to mitigate economic contractions in
the 19900Q2-19930Q4 and 2010Q1-2011Q4 episodes. If the monetary
authorityhad responded more aggressively, whenitdecided not to,
itwould have attained lower inflation at the cost of lower GDP in the
1971Q1-1978Q3 episode, would have delayed the GDP contraction
to 2002Q3, but it would have been deeper and inflation larger in
20000Q4-2004Q4, and it might have precipitated the GDP contrac-
tion in 2006Q1-2009Q4. The presence of high financial frictions
and high shock volatility makes recessions deeper and recoveries
more sluggish.

The rest of the paper is organized as follows. Section 2 presents
the MS-VAR model including its specification and results. Section
3 presents a MS-DSGE version of a model of segmented financial
markets where financial institutions net worth limits the degree of
arbitrage across the term structure (a financial friction), a loan-in-
advance constraint that increases the private cost of purchasing in-
vestment goods (creating real effects of the financialfrictions), and

® We refer to large probability if the probability of a given Markov-state
is larger or equal than 50 percent.
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an augmented monetary policy with response to the term premi-
um. Section 4 discusses the solution and estimation techniques of
the MS-DSGE model. Section 5 presents the results showing first the
parameter estimates; then the impulse response functions for the
differentregimesassociated to financial frictions, monetary policy
and credit shock volatilities; after this we present the regimes prob-
abilities; and finally, counterfactual exercises to analyze the role of
financial frictions, monetary policy and credit shock volatilities in
the evolution of financialand macroeconomicvariablesin the 1962-
2017 period. Section 6 presents our conclusions.

2. MS-VAR MODEL

In this section we present the MS-VAR model specification and the
estimationresultswhich 1)provide evidence on the benefit of allow-
ing for Markovswitchingin coefficientsand variances, while identi-
fying the model with the best goodness-of-fit to the data, 2)give the
coefficient and variances regime probabilities for the model with
thelargest posteriormode, and 3)reporttheimpulse response func-
tions comparing the behavior for each coefficient-variance pair.

2.1 Model Specification

We introduce a MS-VAR to explore if macroeconomic and financial
data provide evidence of switching parameters and switching vari-
ance, and to identify periods of high financial stress in the studied
sample for the US economy, and hence highlight the importance of
introducingthesefeaturesinastructural modelling framework. We
follow the approach presented by Hubrich and Tetlow (2015), which
estimatesaMS-VAR using the financial stressindex to measure finan-
cial stress, but instead, we propose to use the term premium calcu-
lated by Adrian et al. (2013), that we will also use in our structural
MS-DSGE, to measure financial frictions.

This specification adopts the spirit of smoothly time-varying pa-
rameters in VAR models presented by Primiceri (2005), Cogley and
Sargent (2005), and Bianchi and Melosi (2017). Following the no-
tation of Hubrich and Tetlow (2015), the nonlinear system can be
written as follows:

164 A. Ortiz, S. Cadavid, G. Kattan



iAo (55 )~ (50 )+ 2B (st = ()

=1

where y, isan nx 1 vector of endogenousvariables and Apand A, are
nx n matricesthat containsthe parameters of the contemporaneous
andlagged endogenousvariables, respectively; z, isa nx 1 matrix of
exogenous variables, and B is a nx n matrix that includes parame-
ters of the exogenous variables. The unobserved states variables s;
and s/ control the operating regimes for the coefficients and cova-
riance matrix, respectively. These latent variables evolve according
to first-order Markov processes* with transition matrixes of proba-
bilities H® and H”, respectively.

We use quarterly data-series for asample from 1962Q1 to 2017Q3.
Intheestimation we use five variables: the log differences of monthly
personal consumption expenditures, C;, logdifferences of CPIexclud-
ingfood and energy prices, P, nominalinterestrate, R, growthinthe
nominal M2 monetary aggregate, M,, and the term premium, T Py
which corresponds to the data vector y, = [Ct P R M, TP J’ .
We use the Treasuryterm premium estimated by Adrian etal. (2013),
available at the Federal Reserve Bank of New York website. All the
otherdataaretakenfromthe Federal Reserve Bank of St. Louis. Fol-
lowing Simsetal. (2008), standard Minnesota priorsareintroduced
to perform the Bayesian estimation.

2.2 Estimation Results

2.2.1 Is There Markov-switching in Coefficients
and/or Variances?

To determine if the data favors a Markov-switching specification
where coefficients and /or variances can switch relative to a time-
invariant Gaussian VAR model, we compare the goodness of fit of
alternative models. Specifically, use #c¢to designate the possible
states of the Markov chains that govern the slope and intercepts of
the coefficients, and #v toindicate the possible states of the Markov
chain governing the switching variance of the system, where #=1, 2,
and 3. In addition, we could restrict shifts in structural parameters
to be constrained to a particular equation(s), indicating by post-
fixing the letter(s) of the variable(s), [={}, C, P, R, M, T P, where {}

Pr(sty =j‘s[y71 =k)=p;k, Lk=12,... 1, fory:{c,v}.

Targeting Long-term Rates in a Model 165



MS-VAR ESTIMATION RESULTS

Model specification Posterior density
2c3v -1,961.13
2cRM3v -1,986.39
2cTPRM3yv -1,996.48
2cRM C3v -2,008.31
1c3v -2,014.16
2c¢TP3v -2,039.96
3c3v -2,052.12
2c¢TPCP3v -2,066.24
2¢TP C3v -2,071.41
2cTPR3v -2,074.19
2c2v -2,087.19
lc2v -2,091.26
2clv -2,116.98
lclv -2,134.26

Note: Posterior modes are in logarithms for the estimated models.

represents a null entry where parameters are allowed to change in
allequations. Then,amodellabeled as 1clvcorrespondsto the time-
invariant Gaussian VAR model, while 2¢lv has two regimes for the
coefficients with variations in all the equations and one regime for
thevariances, and 2¢T P R3v has two regimes for the coefficients re-
stricted to the term premium and interest rate equations and three
regimes for the variances.

Table 1 displays the posterior mode for each specification of the
model. The modelsare ordered according to the goodness-of-fit cri-
teria at the mode. Two results are worth noting: First, all the speci-
fications allowing for regime switch are preferred to the constant
model version, 1clv; second, the model with the best performance
is 2¢3v, which allows for two-states in the Markov chain that controls
the parameters in coefficients and intercepts simultaneously in all
the equations of the system and three-states in the Markov chains
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Figure 2
SMOOTHED PROBABILITIES OF MS-VAR COEFFICIENTS
AND VARIANCES REGIMES

PROBABILITY OF HIGH COEFFICIENT REGIME
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Note: The top panel reports the probability of a high-stress coefficient regime. The
second panel reports the probabilities for the medium- and high-stress regimes.

that control variances; thisresultis similar to the selected specifica-
tionin the estimation reported by Hubrich and Tetlow (2015) using
the financial stress index for monthly data running from 1988M12
to 2011M12.

2.2.2 Probabilities of Switching Coefficients
and Variance States

Figure 2 displays the smoothed probabilities at the posterior mode
for the high stress coefficient and the high and medium stress vari-
ance for the 2¢3vMS-VAR model, which is the one with the best fit to
the data.

The MS-VAR estimation identifies 12 quarters (5.5% of the MS-VAR
sample thatrunsfrom 1962Q4 to 2017Q1) with alarge probability of
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beingin a high-stress coefficient state and the remaining 206 quar-
ters (94.5%) of a low-stress coefficient state. Meanwhile, regarding
variance switching the estimation identifies 32 quarters (14.7%) of
high probability of beingin a high-stressvariance state, 49 quarters
(22.5%) of medium-stress variance state and 137 quarters (62.8%)
of low-stress variance state. We reserve the historical narrative of
theregime switchingin coefficientsand variancesto subsection 5.4
when we analyze the regime switches of the DSGE models.

2.2.3 MS-VAR Impulse Response Functions

Figure 3 displays theimpulse response functions for the 2c¢3vMS-VAR
model, whichisthe onewith the bestfittothe data. There we see that
the varying coefficients and the varying volatilities generate differ-
ent responses for any given variable. The important differences in
magnitude and persistence for the high (reds) versus low (blues) co-
efficientregimes, whichyieldsadistorting scalein some responses,
are notable. Also, there are significant differencesin the responses
when comparingthe high (darker color), medium and low variance
regimes. For example, foraterm premium shock, ahigh coefficient
regime has a transitory effect on term premiums, a sharp drop in
consumption growth andraisinginterestrates, which contrast with
the low coefficient regime where the effect on term premium lasts
longer, and thereisno contractionin consumption growth, neither
changes in interest rates. Another example is the behavior of the
variablesto aninterest rate shock, where underthe high coefficient
regime, the term premium raisessharply, and consumption growth
declines, with the exception when the high coefficientregime inter-
sectswith the lowvarianceregime (which onlyoccurredin 2003Q4)
where some of the dynamics are closer to the low coefficient regime.
Our estimations are consistent with empirical econometric ap-
proaches that model the role of financial frictions as a source of
shockamplification allowing for Markov-switching dynamics using
VAR models for the US economy (see Davig and Hakkio, 2010; and
Hubrich and Tetlow, 2015). Guided by the evidence in this MS-VAR of
varying coefficients and variances, we now move to a MS-DSGE mod-
elwith macrofinancial linkages to analyze potential mechanisms.
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3. MS-DSGE MODEL

Althoughthelessrestrictive MS-VAR econometric approach allows us
toidentifyregime switches, it does not allow us to give an economic
interpretation to the changes in parameters and variances. We will
explore the possibilitythat the observed regime changesarerelated
to shifts in financial conditions through changes in financial fric-
tions and the volatility of credit market shocks. To do so, we use the
model proposed by Carlstrom et al. (2017), and allow for two coeffi-
cientregimesassociated tofinancialfrictionsand three variancere-
gimesordered bythevolatility of credit market shocks. Inaddition, to
analyze if monetary policyresponded to those financial conditions,
we allow for two independent regime shifts of a term premium-aug-
mented monetary policy interest rate reaction function. Using the
model, we will identify how financial frictions, credit market shock
volatilities, and monetary policy have evolved in the US since 1962.
The estimated model will provide us with a consistent framework
to perform counterfactual analysis of what could have happened
under alternative financial conditions, credit shock variances and
monetary policy responses.

3.1 Model

Thissection presentsthe key elements ofthe DSGEmodelin Carlstrom
etal. (2017) with our Markov-switching modification in the parame-
tersthat capture financialfrictions, monetary policy responses and
stochastic volatility of all the shocks in the model. Potential regime
changesinfinancial frictionsare captured by changesin the param-
eter associated with financialintermediaries’ portfolio adjustment
costs, v, , whichisalsorelated to the financial intermediaries (FIs)
holdup problem. We use astate variable, étff ,todistinguish thelevel
of financialfriction regime at time ¢. Meanwhile, for regime chang-
esin the monetary policy’s response to the term premium, we use a
statevariable, g}”” ,todifferentiate among elasticities of short-term
interestrates to the term premium 7, regimeattime . Concurrent-
ly, toallow for regime changesin the stochastic volatilities we model
athird independent Markov-switching process and use a state vari-
able &™ to distinguish the volatility regime at time t.

The economy consists of households, financial intermediaries,
and governmentagencies. Many of the ingredients are standard with
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CONSUMPTION SHOCK

Figure 3
IMPULSE RESPONSE FUNCTIONS FOR THE FIVE EQUATIONS
OF THE 2C3V MS-VAR
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Figure 3 (Cont.)
IMPULSE RESPONSE FUNCTIONS FOR THE FIVE EQUATIONS

OF THE 2C3V MS-VAR
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variance volatility regime.

Targeting Long-term Rates in a Model

171



the chiefnovelty comingfrom their assumptions on household-FIin-
teractions. Specifically, households do not have access tolong-term
debt markets, while FI do, creating a credit market segmentation.
Householdsface aloan-in-advance constraint to finance investment
which gives market segmentation arelevantrole forreal allocations.
FIs have a hold-up problem as they can default on depositors who
could onlyrecoverafraction (1-¥,) ofthe FI'sassets, where ¥, isa
decreasingfunction of FI'snetworth, creating afinancial-accelerator
type of mechanism. FIs face portfolio adjustment costs which limits
its ability to respond to changes in the government’s relative supply
of long-term debt having effects on lending and investment, as net
worth and deposits cannot quicklysterilize central bank long-term
debt purchases. Finally, the central bankinterest rate reaction func-
tion is augmented with a potential response to the term-premium.
These are the key elements of the macro-financial-monetary policy
nexus of the model highlighted here.

In Carlstrom etal. (2017), the reader can find the other elements
ofthe modelasthe description of households’ supply of monopolis-
tically specialized labor asin Erceg et al. (2000), which serves to in-
troduce wage rigidities and wage markup shocks. Also, there is the
description of the perfectly competitive final good producer prob-
lem which yields the aggregation of a continuum of intermediate
goods for aggregate supply. The monopolistic competitive inter-
mediate goods producers’ problem is introduced as in Yun (1996).
These firms are also used to introduce neutral technology shocks
and price rigidities and price markup shocks. The new capital pro-
ducers’ problem which transforms investment goods into new capi-
tal goods through an investment adjustment costs and introduces
an investment-specific technology shock.

3.1.1 Households

Each household chooses consumption, C,; labor supply, H,; short-
term depositsin the FI, D,;investment bonds, F;;investment, I,;and
next-period physical capital K+ to maximize the optimization prob-
lem given by:

) Hl+r7

S My t+s
E max E()Zﬂ e ln(ct+s _th+s—l)_L )
C.H,.D,,F 1K, s=0 1+T)
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subject to:

D, F,
3] C,+—=L+ P, + =L<WH, + RIK,
K K
D F —«xF,_
~T, + =L Rt_1+Q‘( Lt 1)+divt,
K F
4] K. <(1-8)K, +1,,
B prr < Qt(Ft _KFt—l) _ Q.
t = - :
F F

Before defining the variables and parameters, it is important to
highlight that households do not have access to long-term bonds,
while FIs do, creating a market segmentation. Also, very important
for the macrofinancial nexus, Equation 5 is aloan-in-advance con-
straint through which allinvestment purchases must be financed by
issuing investment bonds, I, thatare purchased bythe FI. The endog-
enous behavior of the distortionrelated to the Lagrange multiplier
oftheloan-in-advance constraintis fundamental for the real effects
arising from market segmentation.

In this optimization, ke (O, 1) is the degree of habit for-
mation, B'e€(0, 1) is the discount factor which has intertem-
poral preferences shocks, ¢, which follows the stochastic
Process 1m, =P 1y +0,, cui €y where Oy ol is the standard de-
viation of the stochastic volatility of the intertemporal preferences
&y, ~iid N(O, o2 ), whose & subscript denotes that it is allowed
tochangeacrossregimesattime ¢. We follow the same conventionin
thenotation for each shock. Aside from this switching volatility, the
household problem does not have switching coefficients.

Equation 3 tells us that households sources of income are labor
supply with real wage W; capital rentsatarealrate R/'; previous pe-
riod deposit holdings with gross nominal interest rate R, ;; new is-
sues of perpetuities of investmentbonds CI, = F, —kF,_; with price Q
and dividend flow from the FIs div,. Households use their resources
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to pay lump-sum taxes 7T, consume, deposit at FIs, buy investment
goodswithareal price of capital P* and pay for outstanding invest-
ment bonds. P, is the price level. Meanwhile, Equation 4 is the stan-
dard capital accumulation equation with depreciation rate § and,
asalready mentioned, Equation 5 is the loan-in-advance constraint
forinvestment purchases.

3.1.2 Financial Intermediaries

Financial intermediaries choose net worth, N,, and dividends to
maximize its value function, V,, to solve the optimization problem
given by:

B V, = max E, Z(ﬂg )j Adeiij’

N, ,div, =0

subject to the resource constraint:

divt+N,[l+f(Nt)]£ I:(R;L_th—l)Lt—l"'th—IJNt—l

fia
b
and the incentive compatibility constraint that ensures that the FI
repays deposits, given that depositors can seize at most a fraction
(1-¥,) of the FI's assets:

D,
E BV 2 WERL, [;fﬂvt j

t

where ¢ (0, 1) isanadditional impatience rate to prevent that the
short-term and long-term market segmentation vanishes through
the excessiveaccumulation of net worth, A, is the household’s mar-
ginal utility of consumption.

Regarding the resource constraint, FIs uses accumulated net
worth, N,, and short-term liabilities, D, tofinance investment bonds,
F,,and the long-term bonds B,. The FI's balance sheetis thus given by

B F D . . .
L0, +210, ==+ N, = L,N, where Q,isthe price ofanew-debtissue

F F F
1+x0Q,

attime ¢ and where R,fL = [ j isthereturnonlending, th isthe
-1
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interestrate ondeposits. Ontheleft-hand side of Equation 7, those
profitsare used to distribute dividendsand accumulate net worth

Voel! ( Ny — Ny 2
2 Nxx

that dampens the ability of the FI to adjust the size ofits portfolio in
response to shocks. The el subscriptindicates that this financial
market segmentation parameter, which is related to financial fric-
tions, is allowed to change across regimes at time ¢.

Egin

tXt+1

which has an adjustment cost function f(N;)

Assuming that ¥, =® {1 +— ( J } isafunction of networth
t

inasymmetric manner with f(N,), the binding incentive constraint
8, whichyields leverage as a function of aggregate variables but in-
dependent of each FI’s net worth, is given by

P RE F, RE
n Et_tAHll:( I?I _1JL +1:| (DtLtEtAHl t_ﬂ'

d
})t+1 1 Pt+l Rz

Then, the FI's optimal accumulation decision is given by

AJUEN S (N + (V)] = BB (RE - ROL + Y

t+1

where @, = ¢’ isa credit shock that in logarithms follows an AR(1)
process:
§1 = (1= Py s + Ppthi1 + 0,5 i

where o, ... isthe standard deviation of the stochastic volatility of
the credit shock, gy, ~iid N(O, G;f), whose f,"’"l subscript denotes
that it is allowed to change across regimes at time ¢. When we allow
forregime switchingin volatilities, regimes will be classified by the
magnitude of this shock.

Increasesin ¢, will exacerbate the hold-up problem, and act as
credit shocks, which will increase the spread and lower real activity.
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3.1.3 The Effect of Financial Friction

Togain furtherintuition of the financialfrictions, firstlog-linearize
the FIincentive compatibility constraint (equation 9) and the FI op-
timal net worth accumulation decision (equation 10) to get

L

1 1L
m E, (’"tﬁl _’}):Ulﬂ' {w}’%

and

_ SLSS L (S — l)LSS
Vg 1M {m}? “”"’f){m’lt

where v=(L; - 1)71 is the elasticity of the interest rate spread to
leverage; s denotes the gross steady-state premium. Equation 12 is
quantitatively identical to the corresponding relation in the more
complex costly state verification environment of Bernanke et al.
(1999). Combining 10 and 11, we get the following expression:

1
m E, (ﬁﬁl_ﬁ)zL_W%é//nt +(s=1)¢,.

This expression shows the importance of ¥, /s for the supply
of credit. If y (= =0, the supply of creditis perfectly elastic, inde-
pendent of the ﬁnanc1a11ntermed1arles networth. Vel becomes

larger, the financialfriction becomes more intense, and the supply of
creditdepends positively on the financialintermediaries’ networth.

3.1.4 Fiscal Policy

Fiscal policyis entirely passive. Government expendituresare set to
zero. Lump-sum taxes move endogenously to support the interest
payments on the short-and long-term debt.

3.1.5 Debt Market Policy

We consider a policy regime of exogenous debt. Long-term debt is
assumed to follow
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b b
b, = prb1 + pab_g + €t

where § = ln(ij and could fluctuate due to long bond purchases

(QE) or changes in the mix of short debt to long debt in its maturity.
AnAR(2) processisincluded to be consistent with the QE policyand
denote the persistence of the monetary policy shock.

3.1.6 Central Bank Policy

We assume that the central bank follows a term premium (¢p,) aug-
mented Taylor rule over the short rate (T-bills and deposits):

gap

m 1n (Rl ): pR,gy"'/’ 11’1 (lel )+ (1 +pR,§,”"’ ) (Tu,{"”/' Hl + &M y;

+ Tpen o, ) + O, w0

where yzga[) = (Y; - th )/th denotes the deviation of output from its
flexible price counterpart, 7,is CPIinflation rate, and ¢,; is an ex-
ogenousand autocorrelated policy shock with AR(1) coefficient p,,.
The coefficient pgw captures the degree of persistence of the in-
terestrate, and the parameters © zem > Tyems and Ty capturethe
elasticity of the interest rate to inflation, output gap, and term pre-
mium, respectively. & indicates that these parameters can change
acrossregime at time ¢. We will order regimes according to the rela-
tive response to the term premium.

The term premium is defined as the difference between the ob-
servedyield onaten-yearbond and the correspondingyieldimplied
by applying the expectation hypothesis of the term structure to the
series of short rates.
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4. SOLUTION AND ESTIMATION
OF THE MS-DSGE MODEL

4.1 MS-DSGE Model Solution Methods

Giventhatthe traditional stability concepts for constant DSGE mod-
els does not hold for the Markov-switching case, to solve the linear
version of the model we use the solution method proposed by Maih
(2015),° which uses the minimum state variable® concept to present
the solution of the system in the following form:

X (s )ZT(@XP’QSP )XH (S8 )+R(§tv0[a05p )gz,

where 7"and R matrices contain the model’s parameters. X, stands
for the (nx 1) vector of endogenous variables, &, isthe (kx 1) vector
of exogenous processes.

Asmentioned in the previous section, we introduce the possibil-
ity of regime change for two structural parameters (sp) and to shock
volatilities(vol) through three independent Markov chains: g/ / £
and g”"l respectively. The three chains denote the unobserved re-
gimes associated with the market segmentation, Woel ! monetary
policyresponse to the term premium, Typer s andvolatilities. These
processes are subject to regime shifts and take on discrete values
i€{l, 2}, while regime one implies high absolute values for param-
eters of market segmentation, the monetary policy response to the
term premium and volatilities, and the opposite is true for low pa-
rameters.’

The three Markov chains are assumed to follow a first-order pro-
cesswith the following transition matrices, respectively:

Hi:(HIQ e Jforz =ff, mp, vol,
Hy  Hyy

Based in perturbation methods as the approach presented by Barthé-
lemy and Marx (2011) and Foerster et al. (2014).

6 See McCallum (1983).

The identification for each regime will be described in detail in sub-
section 4.4.
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where Hij :p(spt = j|s;bt_1 :i), for i, j=1,2. Then, H;; stands for the
probability of being in regime j at ¢ given that one was in regime ¢
at -1

Variousauthors have focused on the concept of mean square sta-
bility solutions® for 17. As is emphasized by Maih (2015) and Foer-
ster (2016), this condition implies finite first and second moments
in expectations for the system:

19| lim B[ X,.; |=%,

Jj—o©

20 lim B[ X, X/, |=3.

J—>o

Additionally, as pointed by Costaetal. (2006) and Foerster (2016),
thesolution of the system 17 given that the matrix T(E¥,0%, H) does
notsatisfy the standard stability condition, anecessary and sufficient
condition of mean square stabilityimplies thatall the eigenvalues of
the matrix ¥ are in the unit circle (Alstadheim et al., 2013):

L

m v-(Ho1,)

1,1,

Finally, to complete the state form of the model, 17 is combined
with the measurement Equation 22:

m Ytobx — MXt ,

where Y are the observables.

4.2 MS-DSGE Model Estimation Methods

The standard Kalman filter cannot be used to compute the likeli-
hood, because of the presence of unobserved states of the Markov

8 See Costa et al. (2006); Cho (2014); Foerster et al. (2014); and Maih
(2015).
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chains, thefilteringinferences must be conditioned on information
ofthe currentand past state of the system, s, and s,-;, respectively. If
the filter considersall the possible paths of the system, in each itera-
tion, these will be multiplied by the number of possible regimes, 4.
In afewnumber of steps, the number of paths of the systems would
increase makingthe computation of the problem infeasible as point-
edbyAlstadheim etal. (2013). To make treatable this problem, Kim
and Nelson (1999) propose an approximation that averages across
states.” Following the approach outlined in Alstadheim et al. (2013)
and Bjernland etal. (2018), an averaging operation (collapse) is ap-
plied during the filtering procedure. This form of calculation has
computational savings and similar numeric results to the Kim-Nel-
son approach (Kim and Nelson, 1999; Bjgrnland etal., 2018).

This paperusesthe Bayesian approach to estimate the model with
the following procedure:

1) We compute the solution of the system using an algorithm
foundinMaih (2015) and employing amodified version of the
Kim and Nelson (1999) filter to compute the likelihood with
the prior distribution of the parameters.

2) Construct the posterior kernel result from stochastic search
optimization routines."

3) We use the mode of the posterior distribution as the initial
value for a Metropolis-Hasting algorithm," with 500,000 it-
erations, to construct the full posterior distribution.

4) Utilizing mean and variance of the last 100,000 iterations, we
compute moments.

9 Thisalgorithm involves running the Kalman-filter for each of the paths
and taking aweighted average using the weights given by the probability
assigned to each path from the filter proposed in Hamilton (1989).

!9 Provided in the RISE toolbox.

"' With an acceptance ratio of « = 0.28.
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CALIBRATED PARAMETERS

Parameter Value
B 0.99
a 0.33
1 0.025
s 0.85
El) =€, 5
10 6
s 0.01
Ry /B
(1-x)" 40

4.3 Database

We use USdatafrom 1962Q1 to 2017Q3 for the estimation of the mod-
el. The database takes the original series reported in Carlstrom et
al. (2017) but extend the sample from 2008Q4 to 2017Q3.
Quarterlyserieswere selected for the annualized growth rates of
real GDP, real gross private domestic investment, realwages, inflation
rate-personal consumption expenditureindex-and real wages."* The
laborinputserieswas constructed substituting the trend component
from the nonfarm business sector (hours of all persons) series. The
series for the federal funds rate is obtained averaging monthly fig-
ures downloaded from the Federal Reserve Bank of St. Louis’s web-
site. Additionally, for the term premium, we take the Treasuryterm
premiaseriesfromthe Federal Reserve Bank of New York’s website,
estimated by Adrian etal. (2013). Alldataare demeaned.

2 Defined as nominal compensation in the nonfarm business sector
divided by the consumption deflator.
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4.4 Prior Specification

Following Carlstrom et al. (2017), we calibrate several parameters
to match the long-run features of the US data, which are reported
in Table 2. Regarding the nonswitching block of parameters in the
model, following Bjgrnland etal. (2018), rather than setting means
and standard deviations for the prior densities, these are set using
quantiles of the distributions. Specifically, we use 90% probability
intervals of the respective distribution to uncover the underlying
hyperparameters, based on the results reported by Carlstrom etal.
(2017). The choice of prior distributions for the constantand switch-
ing parameters are displayed in the right panel of Tables 3 and 4,
respectively.

For identification purposes, we characterized the high finan-
cial market segmentation regime, étff =1, to be aregime where
credit market present high portfolio adjustment cost (that is,
Yool o >l//n,§'//:2). Meanwhile, for regime changes in the mone-
tary policy’s response to term premium, we define, &= 1, to be the
regime where the central bank responds strongly to changes in this
variable (that is, ‘Ttp,élmp:l > ‘Ttpélmp:‘z ). The model also allows for re-
gime switching in all the shocks; thus we let the volatility shocks to
follow an independent three-state Markov-process. Then, we indi-
cate the high, medium and low volatility regimes, g‘;’”l= 1, é;’”l= 2,
and étm’l = 3, respectively, which implies the following nonlinear re-
SUriCtioN: Oy coi_y > Ozl g >0y el _g.

5. MS-DSGE ESTIMATION RESULTS

5.1 Parameter Estimation

In this section, we report the posterior parameter estimates. The
Bayesian estimation uses the posterior mode as initial value. Table
3reportsthe estimates of the constant parameters, while Table 4 re-
ports the estimates of the switching parameters, shocks standard
deviations, and elements of the transition matrices. We focus our
discussion on the results of the switching elements.

The firstthingtonoticeisthattherearebig differencesinthe pa-
rameter that characterizes the financial frictions related to the fi-
nancialintermediaries’ hold-up problem. Remember thatif y,= 0,
the supply of creditis perfectly elastic, independent of the financial
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POSTERIOR MEANS, MODES, AND PROBABILITY INTERVALS,
AND PRIOR PROBABILITY INTERVALS OF THE CONSTANT-BLOCK

PARAMETERS
Posterior Prior

Parameter  Density ~ Mean  Mode 10% 90 % 10% 90 %

n Gamma 1.4324 1.4633 1.1024 1.7624 1.2673 2.7526
h Beta 0.6890 0.7014 0.6367 0.7412 0.5760 0.6687
Vi Gamma 3.4380 3.2967 2.9914 3.8846 2.1857 4.3639
L Beta 0.4118 0.4201 0.2103 0.6133 0.2752 0.5610
Ly Beta 0.5109 0.5157 0.3987 0.6231 0.4085 0.6205
Kpe Beta 0.1000 0.0966 0.0014 0.1986 0.0104 0.1544
Ky Beta 0.0057 0.0054 0.0020 0.0093 0.0001 0.0004
Pa Beta 0.9659 0.9412 0.9421 0.9898 0.9841 0.9997
Py Beta 0.8483 0.8364 0.7853 0.9112 0.8281 0.9122
Py Beta 0.9919 0.9871 0.9878 0.9960 0.9682 0.9963
Pk Beta 0.5312 0.5501 0.4302 0.6322 0.4945 0.8405
Pu Beta 0.3798 0.3706 0.3556 0.4039 0.1036 0.3027
P Beta 0.2240 0.2503 0.0516 0.3963 0.0646 0.2515
Pm Beta 0.9126 0.9361 0.9316 0.9936 0.9212 0.9751
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POSTERIOR MEANS, MODES, AND PROBABILITY INTERVALS,
AND PRIOR MEANS AND STANDARD DEVIATIONS
OF THE SWITCHING-BLOCK PARAMETERS

Switching parameters, variances, and transition matrices

Posterior Prior

Standard
Parameter ~ Density ~ Mean Mode 10% 90%  Mean  deviation

V,e//.1  Uniform 1.9778 1.9928 1.6412 2.3143 1.00  0.50
¥,e/f=s  Uniform 0.1060 0.0870 0.0124 0.1996 1.00  0.50
Tperor  Normal  -1.1597 -1.2100 -1.2280 -1.0914 -1.00  0.50
Tpew-s  Normal -0.2395 —0.3352 -0.3564 -0.1226 -0.50  0.50
Prem-1 Beta 0.6507 0.8016 0.5401 0.7612 0.50  0.30
Prem-2  Beta 0.7957 0.8016 0.7401 0.8512 0.50  0.30
T.ewi  Normal  1.3659 1.2864 1.2813 1.4505 150  0.50
T.ewos  Normal  1.7504 1.6697 1.6532 1.8477 150  0.50
Tyewo Normal — 0.1330  0.1276  0.1123  0.1538  0.50  0.30

Tyer=2  Normal  0.0778 0.0771 0.0635 0.0921 0.50 0.30

Inv.

Tgio1 ' 7.5666 7.5643 6.1589 8.9712 0.50 1.0
gamma

Cpgriy 1OV 4.0118 4.1237 3.1283 4.8953 0.50  1.00
gamma

Cperizy OV 3.8361 3.8928 3.0082 4.6640 0.50 1.0
gamma

Cpgria OV 0.7868 0.8025 0.7581 0.8154 0.50 1.0
gamma

Cogrg 1V 0.6029 0.6087 0.5664 0.6394 0.50  1.00
gamma

oy OV 0.4463 0.4314 03733 0.5192 050  1.00
gamma
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Posterior Prior

Standard

Parameter  Density Mean Mode 10% 90 % Mean  deviation

O e =1 Inv. 7.6323 7.6133 7.6041 7.6604  0.50 1.00
gamma

O g7 =2 Inv. 4.3343 4.2359 4.0826 4.5860  0.50 1.00
gamma

O e =3 Inv. 2.1677 2.1365 2.0281 2.3072  0.50 1.00
gamma

O, =1 Inv. 0.4639 0.3254 0.2815 0.6462  0.50 1.00
gamma

O p, £ =2 Inv. 0.1371 0.1282 0.0953 0.1789  0.50 1.00
gamma

O p, £ =3 Inv. 0.1100 0.1088 0.0944 0.1255  0.50 1.00
gamma

O ke, 27 =1 Inv. 0.4100 0.4068 0.3741 0.4459  0.50 1.00
gamma

O b, 1! =2 Inv. 0.3119 0.3047 0.2826 0.3411 0.50 1.00
gamma

O ke, g2 =3 Inv. 0.2422 0.2389 0.2217 0.2627  0.50 1.00
gamma

Oy, g0l =1 Inv. 1.1244 1.0900 1.0818 1.1670  0.50 1.00
gamma

O, 01 =2 Inv. 0.5095 0.4953 0.4862 0.5327  0.50 1.00
gamma

Oy, =3 Inv. 0.4305 0.4257 0.3989 0.4621 0.50 1.00
gamma

O, =1 Inv. 0.2338 0.2223 0.2146 0.2530  0.50 1.00
gamma

O, =2 Inv. 0.0838 0.0793 0.0723 0.0953  0.50 1.00
gamma

O el =3 Inv. 0.0677 0.0635 0.0559 0.0795  0.50 1.00
gamma

i Dirichlet 0.2072 0.2126  0.1803 0.2341  0.05 0.03

H{{ Dirichlet 0.2003 0.1974 0.1696 0.2310  0.05  0.03
HY Dirichlet 0.0850 0.0845 0.0719 0.0981  0.05  0.03

Hé"{’ Dirichlet 0.0374 0.0443 0.0216 0.0532  0.05 0.03
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Posterior Prior

Standard
Parameter  Density Mean Mode 10% 90 % Mean  deviation

Hf%l Dirichlet 0.0144 0.0100 0.0053 0.0235  0.05 0.03

H]”’él Dirichlet 0.0697 0.0660 0.0560 0.0833  0.05 0.03
H{ﬁl Dirichlet 0.1719 0.1801 0.1528 0.1910  0.05 0.03
Hg[}%l Dirichlet 0.1907 0.1803 0.1697 0.2117  0.05 0.03

H%’ﬁl Dirichlet 0.1728 0.1811 0.1459 0.1996  0.05 0.03

H;"’QZ Dirichlet 0.1776 0.1816 0.1569 0.1982  0.05 0.03

Note: The reported priors for Dirichlet distributions correspond to the resultant
transition probabilities of the respective hyperparameters combination.

intermediaries’ net worth, while as y, becomes larger, the finan-
cialfriction becomes more intense and the supply of credit depends
positively on the financial intermediaries’ net worth. As is shown
later in Figures 4 and 5, the high financial frictions regime, with
Yool o = 1.98, gives an important role to financial factors into the
macroeconomic determination; while the low financial frictions
regime, with Yoo/l = 0.11, is close to a frictionless case, where fi-
nancial factors do not determine macroeconomic outcomes. The
transition matrix has arelatively high probability of regime switch-
ing with a H{Qf =21% probability of moving from high to low finan-
cial frictions and HJ{ =20% probability of moving from a low to a
high financial frictions regime.

Regarding monetary policy, whenitrespondsstronglyto the term
premium, étmp =1, the posterior mean of the policy rule is

In(R,)=0.65In(R,_;)+(1-0.65)(1.37x, +0.13y5 ~1.161p, );

meanwhile, for the low response regime, é,mp =0, we have
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In(R,) = 0.80In(R,_;)+(1-0.80)(1.75, +0.08yF" ~0.241p, ).

AsshowninFigures4and 5, the model dynamicsare differentas
the central bank’sresponse to the term premium is more aggressive.
The policyrules exhibitimportant differencesacrossregimesinthe
persistence of interest rates and the relatively weights on inflation
and output gap. The transition matrix has arelatively low probabil-
ity of regime switching with a H{"Y =9% probability of moving from
high to low interest rate response to the term premium and only
H}! =4% probability of moving from a low to a high interest rate
response regime.

Thestandard deviations of the seven shocksincluded in the mod-
el can change across regimes. High, medium and low volatility re-
gimes are classified by the size of the standard deviation o u of
the creditshocks &5 ,. Remember that this shock, by increasing the
interest rate spread, lowers real activity. It is noticeable that for the
seven shocks the 90% confidence intervals of the high volatility re-
gimes are larger than those of medium volatility regimes, which in
turnarelargerthan those of lowvolatilityregimes."” The probabilities
of exitinga high volatility regime are H{% =1% to mediumvolatility
and H{’”f =7% tolowvolatility. The probabilities of exitingamedium
volatilityregimeare H3} =17% tohighvolatilityand Hj% =19% tolow
volatility. Finally, the probabilities of exiting alow volatility regime

vol

are H3| =17% to highvolatilityand H;f’gl =18% to medium volatility.

5.2 Impulse Response Functions

This subsection presentstheimpulseresponse functionsinresponse
toaone-standard deviation shock to credit, ¢4, and monetary pol-
icy, omp. Theimpulse responses to a one-standard deviation shock
to neutral technology, o,, investment-specific, ,, price markup,
O, wage markup, o,, and intertemporal preference, o, are in-
cluded in the Annex. Each graph has 12 lines which depict the re-
sponses under the two alternative financial friction (H Seg. and L

* The only exceptions are the 90% confidence intervals for the medium
and low volatility regimes for credit and monetary policy shocks, which
exhibit some overlap, but the medium volatility means are larger than
the low volatility ones.
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Seg.), the two monetary policy response to term premium (H TP
Resp.and LT P Resp.), and the three-credit-shockvolatility (H Vol.,
MVol.and L Vol.) regimes. High financial frictionsregimesare pre-
sented in red-like colors, while low ones are presented in blue-like
colors. High monetary policy response regimes are presented in
solid lines, while low ones are presented in dashed lines. High vola-
tility regimes have the darkest colors, medium mild tones, and low
ones are in the lightest tones.

Figure 4 shows the impulse response functions of selected vari-
ables to a one-standard deviation credit shock. An unexpected in-
crease of the credit shock increases the 10-year bond yield and the
term premium. Keeping everything else constant, the effect of this
shock on the term premium is larger if the economy is in a high fi-
nancial friction regime (reds) or if the interest rate response to the
term premium is low (dashed). The costlier financing causesa drop
ininvestment, with the effect beinglarger under high financial fric-
tions (reds) or lowinterest rate response (dashed). Despite the tran-
sitoryincrease in output, it eventually drops with the decline being
larger under high financial frictions (reds) and low interest rate re-
sponse (dashed). Inflation and nominal interest ratesincrease more
under low financial frictions (blues) and high interest rate response
(solids). Obviously, the larger the volatility of the shock (darkest),
the greater the amplification of the responses.

Figure 5 shows the impulse response functions of selected vari-
ables to a one-standard deviation monetary policy shock. The un-
expected increase lowers investment, output, and inflation, with
larger dropswhen monetary policy has alow term premium interest
rate elasticity (dashed). The term premium increase is higher when
there are financial frictions (reds) and when interest rate response
is low (dashed).

5.3 Regime Probabilities

The estimation provides us the probabilities of the high and low fi-
nancialfrictionsand monetary policyresponse to the term premium
regimes. Figure 6 shows the smoothed probabilities of each regime.
The Bayesian maximum likelihood estimation of the MS-DSGE mod-
elidentifies 59 quarters (27% of the sample that runs from 1962Q1
to 2017Q4) when financial frictions, measured by the financial in-
termediaries’ portfolio adjustment costs to their net worth, had a
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large probability of being high with the following relevantintervals:
1971Q1-1971Q4,1976Q3-1978Q3, 1983Q4-1985Q4, 1990Q2-1991Q2,
2002Q3-2003Q3,2006Q1-2008Q1,and 20090Q2-2010Q1. Also, there
are 43 quarters when the interest rate response to the term premi-
um is estimated high with the following intervals: 1978Q4-1983Q4,
199002-1993Q4, and 2010Q1-2011Q4. In addition, the MS-DSGE
model estimation has 34 quarters of large probability of high credit
shockvolatility, 46 quarters (20.6%) with large probability of medium
credit shock volatility and 142 quarters (64%) with large probabil-
ity of low credit shock volatility. In subsection 5.4 of counterfactual
analysiswe provide a historical narrative of the mostrepresentative
of these regime switching episodes.

Comparing the MS-VAR and MS-DSGE there are 17 quarters (8%)
whichareatthesame time high-stressvariance and high creditshock
volatility, 24 quarters (11%) that are at the same time medium-stress
variance and medium creditshockvolatility, and 99 quarters (45%)
that are identified both as low-stress variance and low credit shock
volatility states. However, from Figure 7 the intersection of the two
modelsyields 43 quarters (20%) thatare identified at the same time
both either medium or high-stress variance and medium and high
creditshockvolatility. These quartersare 1971Q1, 19730Q2-1974Q1,
1975Q2and Q3, 1981Q3-1983Q4, 1993Q2, 1996Q4-1997Q1, 1997Q4-
1981Q1,2003Q3,2004Q1and Q2,2008Q3and Q4,2011Q3-2014Q3,
2015Q4,and 2016Q2 and Q3.

In the next subsection we review the most relevant episodes.

5.4 Counterfactual Analysis

To explore the characteristics of the MS-DSGE model with multiple
parametersand variancesregimes, in this exercise we generate coun-
terfactual series based on conditional forecast simulations. Particu-
larly, this analysis will permit us to have an idea of what could have
happened iffinancial frictions, monetary policy regimes, and vola-
tility regimes would have remained constant, one atatime, in each
of six selected episodes.

Inwhatfollows, we will examine two blocks of counterfactual sim-
ulation exercises when financial frictions and /or financial credit
shockswere estimated as high or medium, which are shown chrono-
logicallyin Figures 8-13. Figures 9, 10,and 13 correspondstothe three
episodesinwhich the monetary policy posture was responsive to the
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Figure 6
REGIME PROBABILITIES OF THE MS-DSGE MODEL
AT THE POSTERIOR MODE

A. PROBABILITY OF THE HIGH RESPONSE TO TERM PREMIUM REGIME
1.0
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B. PROBABILITY OF THE HIGH SEGMENTATION REGIME
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C. PROBABILITIES OF THE VOLATILITY REGIMES
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B High volatility [0 Medium volatility
Notes: Panel A depicts the probability of the high response to term premium regime;

panel B, the probability of the high segmentation regime; and panel C, the
probabilities of the high and medium volatility regimes.
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COMPARISON OF MS-VAR HIGH AND MEDIUM FRICTIONS STATES,
AND MS-DSGE HIGH AND MEDIUM CREDIT SHOCK VOLATILITIES

1.0
0.9 1 W 1 [ F |
0.8
0.7
0.6
0.5
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High + Medium stress variance state MS-VAR

—— High + Medium stress credit shock Ms-DSGE

Note: The gray area reports the probabilities of the high and medium stress regime
variance (as a sum) for the Ms-vaAR model. The black solid line reports the probabili-
ties of the high and medium stress regime variance (as a sum) for the Ms-pDsGE model.

term premium in the intervals 1978Q4-1983Q4, 1990Q2-19930Q4,
and 2010Q1-2011Q4, respectively. Meanwhile, Figures 8, 11, and 12
arethree episodesinwhich theinterestrate response to the term pre-
mium was low. These episodes correspond to the intervals: 1971Q1-
1978Q3, 2000Q4-2004Q4, and 2006Q1-2009Q4, respectively. To
complement the evidence, Table 5 reports the mean and standard
deviation of each variable, in deviation from steadystate, under the
alternative counterfactuals for the analyzed episodes.
Counterfactual figures show alternative paths where only one
feature of the regime switching can change, while keeping every-
thing else constant. Red lines compare counterfactual according to
the degree of financial frictions, red solid lines show the potential
evolution of the variables under high credit market segmentation,
while red dashed lines report potential evolution for the low finan-
cial frictions case. Green lines compare counterfactual according
to the monetary policy response to the term premium; green solid
lines show the case of high policy response and green dashed lines
oflow reaction. Blue lines compare counterfactual under different
degrees of credit shockvolatility, bluesolid lines are the hypothetical
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behavior under high volatility, blue dashed lines report the medi-
um volatility case, and blue dotted lines report a scenario when low
creditshockvolatility had prevailed during the analyzed period. The
solid blacklineisthe datain deviation fromsteadystate. Each figure
presents four quarters before the regime switch, and conditions the
fifth observation which correspondsto first quarter of the episode,
say 1971Q1 or 1978Q4, to be the same and then let the conditional
forecasts differ for each case, sayhigh financialfrictions while using
other estimated transition matrices for monetary policy response
and shocksvolatility. In our attempt to determinate the role of each
specificregime, weisolate the effects of the several sources of regime
changes in the model."*

Since the start of our sample in 1962Q2 and until 1971Q1, the es-
timation assigns a high probability to a low credit market segmen-
tation [y, .7/_o =0.11 (0.01, 0.20)] and low credit shock volatility
[04emi_g =3.83 (3.00, 4.67)] regime."” This despite the 1966 credit
crunch and the Vietnam War expenses run by the government, the
tighter monetary policyin 1967Q3 and 1968Q3, and that according
to the NBER’s Business Cycles Dating Committee there was an eco-
nomic contraction from 1969Q4 to 1970Q4. During this period, the
estimation assignsahigh probabilityto alowinterest rate response to
the term premium [ 7, g _o ==0.24 (=0.36,-0.12)]. Given that there
is scant evidence of regime switching of either financial frictions,
financial shocks or monetary policy response during this 1962Q2-
1971Q1 period, we do not perform a counterfactual exercise for it.

In contrast, in the 31 quarters running from 1971Q1 to 1978Q3,
our estimationidentifies 15 quarterswith a high probability of credit

14 Following Sims and Zha (2006) and Bianchi and Ilut (2017), to isolate
the effects of changesin the financial frictions mechanisms or monetary
policy rules, we remove the credit shocks and monetary policy shocks
intherespective simulations. For the counterfactuals that analyze chan-
ges in the monetary policy we remove the Taylor rule shock and keep
the other sequence of shocks unaltered; while for the counterfactuals
that examine the effects of the segmentation changes, we remove the
credit shock and keep the other sequence of shocks changeless. For
the counterfactuals that simulate the prevalence of the three volatility
shocks, all the sequence of shocks remain invariable.

> The only exceptions are 1964Ql and 1964Q4 when there is a high pro-
bability of high credit market segmentation, and 1967Ql when there is
a high probability of a medium credit shock variance [ 6 zu_y =4.01
(3.13, 4.90)].
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market segmentation [y, .//_; =1.98 with a 90% probability inter-
valin (1.64, 2.31)] and 14 quarters of high probability of high credit
shockvariance [0 zu_; = 7.57 (6.16,8.97)]. Despite these financial
factors, in this whole period, the estimation does not provide evi-
dence of a high interest rate response to the term premium even
when the Federal Reserve raised ratesin 1971Q3 and 1972Q1 to fight
inflation. It is important to keep in mind that during this period,
Richard Nixonunilaterally cancelled the international convertibil-
ity of the US dollar to gold in 1971Q3; the world economy faced the
1973Q3 oil shock due to the Organization of the Petroleum Export-
ing Countries’ embargo; and the US government ran deficits to pay
for the Vietnam war and President Lyndon Johnson’s Great Society
Programs. Also, according to the NBER’s Commiittee, there was an
economic contraction from 1973Q4 to 1975Q1.

Figure 8 shows the first counterfactual exercise focused on this
episode when as mentioned there is a high a probability of regime
switchesrelated to financial frictions and shocksvolatility. In 1971Q1,
the term premium was above its steady-state level, interest rates
dropped from 8.98% in December 1970 to 3.72% in February 1971,
GDP growth was below steady state and inflation was low but above
steady state. Comparing the effects of financial frictions, the red
solid line of high credit market segmentation partially explains
why the term premium dropped sharply, inflation rose, the inter-
est rates increased, and output growth was smaller, relative to the
red dashed line of low credit market segmentation where the term
premium would have stayed closer to steady state, there would have
beenamore moderateincreaseininflation, interest rateswould have
increased less, and output growth would have been bigger than the
data. Obviously, there were other important domestic and external
factors affecting the economy, but these factors would have been
present regardless of the level of financial frictions. The opening
quote in the paper by Bernanke talks about the dangerous effects
of persistent deviations of the term premium from its steady state,
here wesee thathigh credit market segmentation caused these devi-
ationsto be larger and more persistent. What could have happened
if the monetary authority had responded more aggressively to the
term premium (solid green versus dashed green lines)? Interest
rates would have remained lower during the whole episode, and al-
though inflation would have been slightly higher until 1973Q2, for
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the remaining ofthe sample (1973Q3-1978Q3) itwould have been on
average 1% lower thanwith a 100% probability of high response and
1.2% lower than the data. The trade-off to this important inflation
reduction is that output growth would have been lower by 0.5%. If
shocksvolatility hasbeen lower (dotted blue), inflation and interest
rates would have been lower and less volatile, while average output
growth would have been higher than the data.

Figure 9 shows the first time when our estimation assigns a high
probability to a high interest rate response to the term premium [
Ty =—1.16 (-1.20, -1.10)] from 1978Q4 to 1983Q4. In this epi-
sode, the estimation assigns a high probability to high credit mar-
ketsegmentationin 1980Q1 and 1980Q2, 198203 and 1982Q4, and
1983Q4. Meanwhile, the estimation assigns a high probability of a
high credit shock volatility from 1981Q3 to 1984Q4. With inflation
and interest rates rising during the late 1970s and early 1980s, sav-
ings and loan institutions that had regulation on maximum inter-
est rates that they could pay to depositors saw their funding base
eroded, while the fixed-rate interest that they earned in their mort-
gagesrepresented large valuation lossesin their assets. Despite the
DepositoryInstitutions Deregulation and Monetary Control Act of
1980, which prompted industry deregulation, it turned out insuffi-
cient eventually requiring taxpayer’s bailout.

The high interest rate response to term premium, which accord-
ingtothe estimation started three quarters before Paul Volcker were
appointed as Federal Reserve’s chairman, came when the term pre-
miumwas below steadystate, inflation wasrelatively high and rising,
interest rates were also rising, and GDP was above trend. In 1979Q4
there wasanegative oil supplyshockrelated to the Iraqand Iran war.
The NBER’s Commiittee identifiestworecessionsin this episode, from
1980Q1 to 1980Q3 and from 1981Q3 to 19820Q4.

Whatiftheinterestrateresponse had notchanged (dashed green
line) relative to a fully credible regime switch in monetary policy
(solid green line)? With a low response interest rate, the term pre-
mium would have been much lower deviating from the steady state
until 1982Q1, GDP would have expanded, but at the cost of much
higher inflation, which eventually would have required higher in-
terest rates. Meanwhile, if credit shock volatility would have been
lower (dotted blue), the term premium would have been closer to
the steady-state level, with lower inflation and interest rates without
excessive GDP fluctuations.
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Figure 10 displays the counterfactual exercise for our next ana-
lyzed episode is 1990Q2 to 1993Q4 when interest rate response to
theterm premiumisalso estimated high with high probability. Start-
ingin 1990Q)3, the Federal Open Market Committee lowered inter-
estrates from 8.25% to 4% by the end of 1991 and to 3% by 19920Q3.
Meanwhile, the NBER’s Committee datesa contraction from 19900Q3
to 1991Q1.

The estimation assigns a high probability to high financial fric-
tions from 1990Q2 to 1991Q2 and on 1993Q1 and 1993Q2, while
creditshockvolatilityhasahigh probability of being of medium mag-
nitudein 1990Q4 and from 1993Q1 to 1993Q3. The Federal Depos-
itsand Insurance Corporation (FDIC) experienced animprovement
after president George H. W. Bushresponded to the problemsin the
banking and thriftindustries which have their origins two decades
before. By the end of 1991, nearly 1,300 commercial banks either
failed orrequired failing assistance from the FDIC causingits severe
undercapitalization. The main overarching provisions of the FDIC
Improvement Act, which was implemented in 1994, include prompt
corrective action and least cost resolution. This process was followed by
the Riegle-Neal Act of September 1994 that allowed banks to branch
atintra-and interstate levels.

Inthis episode, term premium was below the steady state but rose
quickly. Alowresponseto term premium (green dashed) would have
implied asharper cutininterestratesand alongerand deeperreces-
sion, while a fully-credible high response policy (green solid) would
have cut interest rates less, but earlier, and could have shortened
and mitigated the recession. According to the low response policy,
term premium would have spiked, and there could have been ahuge
economic contraction in 1992Q]1. Regarding financial frictions,
it calls the attention that with higher credit market segmentation
(solid red) the term premium would have raised less, interest rates
would have fallen more since 1990Q3 and the GDP growth recovery
would have been stronguntil 1993Q1 when the observed high finan-
cial frictions dragged GDP growth. Low shocks volatility (blue dot-
ted) would have implied a lower term premium, and the recession
would have been smaller despite less aggressive interest rate cuts,
while high volatility (blue solid) would cause higher term premium
and amuch deeper recession.

Figure 11 shows the counterfactual exercise for our next ana-
lyzed episodeis 2000Q4 to 2004Q2 when there isa high probability
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of medium credit shock volatility from 2000Q4 to 2001Q3 and from
2003Q3 to 2004Q2, and of high financial frictions in 2001Q4 and
from 2002Q3 to 2003Q3. Itis important to mention thatin 19990Q4
President Bill Clinton signed into law the Financial Services Mod-
ernization Act, commonly called Gramm-Leach-Bliley Act. Thislaw
repealed the Glass-Steagall Act and gave the Federal Reserve new su-
pervisory powers. With this legislation, it was intended to promote
the benefits of financial integration for consumers and investors,
while safeguarding the soundness of the banking and financial sys-
tems. Now the commercialand investment banking, separated since
1933, would not have restrictions of integration between them lead-
ing to the creation of the financial holding groups (Mahon, 2013).
The most common case is the merger and acquisition of Travelers
Group with Citicorp, forming the nowadays well-known Citigroup.
In this period the Federal Reserve also played an active role as a su-
pervisor of the financial holding companies (FHC). The Federal
Reserve supervises the consolidated organization, while primarily
relying on the reports and supervision of the appropriate state and
federal authorities for the FHC subsidiaries, taking the role of an
umbrella supervisor. This necessity surge because these large FHC
had risk spread across their subsidiaries but managed it as a con-
solidated entity.

In this episode there is a low probability of a high monetary pol-
icy response to the term premium. The NBER’s Committee dates a
contraction from 2001Q1 to 2001Q4 and starting in January 2001;
the Federal Open Market Committee cutinterestrates 11 timesthat
year from 6.5% to 1.75%. Comparing the greenlines, we see that with
a more responsive monetary policy rate, that had lowered interest
rates more steeply, would have resulted in a lower term premium
and it might have delayed an output contraction until 2002Q3, but
the contraction might have ended being more severe, while infla-
tionwould have been larger. The red dashed line provides evidence
that if high financial frictions had not been present the economy
would have experienced astronger recoverysince 2002Q3. The sol-
id blue line shows that if shocks had been high, the economy would
have suffered amuch more volatile cycle with higher term premium,
much lower interest rates, greater output contraction, and even a
prolonged deflation.

Figure 12 displays the counterfactual exercise for our next ana-
lyzed episodeis 20060Q1 to 2009Q4 when there is a high probability
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of medium creditshockvolatilityin 20060Q3,2008Q2, and 2008Q3,
and high volatilityin 2008Q4, while high frictions are identified in
20060Q1-2008Q1 and 20090Q2-2010Q]1. Despite being the episode
directly related with our opening quote, where recently appointed
Chairman Bernanke was highlighting the risks of financially stim-
ulative declinesin the term premium and the need of greater mon-
etary policy restraint, in this episode there is a low probability of a
high monetary policy response to the term premium.

This episodeis preceded bya Federal Reserve’s funds target that
in June 30, 2004, started an upward trend from the 1% prevailing
since June 25, 2003, to 2.25% by the end of 2004, and 4.25% by the
end of 2005. During the first half of the year the Federal Open Mar-
ket Committee added other four 0.25% increments to 5.25% by June
2006. What could have happened if monetary policy was more re-
sponsive towards the term premium? According to the counterfac-
tual, the solid green line shows that this would have implied rising
interest rates by an additional 2%, which would have significantly
slowed down economic activity. However, GDP growth did not have
thelarge boom-bust cycle implied bya 100% probability of low mon-
etary policy response as depicted by the dashed green line.

The comparison of the red solid line of high financial frictions
andred dashed line of low financial frictions allows us to see the im-
portantrole that credit market imperfections played in the 2007Q4
to 2009Q2 output contraction. The presence of high financial fric-
tions also allows us to understand why the Federal Reserve need-
ed to be so aggressive lowering interest rates during the recession
lowering them to 4.25% by the end of 2007 and to [0%-0.25%] on
December 16, 2008. Meanwhile, the comparison of the three blue
lines related to the magnitude of shocks volatility shows that if this
hadremained highin 2009Q1 and 2009Q2, the output contraction
would have deepened.

This period includes the most critical events of the subprime cri-
sis. According to Calomirisand Haber (2014), there isno consensus
among scholars, practitioners, and politicians about the key causes
of the subprime crisis. Some theories explaining this crisis include
the creation of newandriskier financial securitieslike the mortgage
back securities and other financial derivatives; the excessive risk
taking by government-sponsored enterprises such as Fannie Mae
and Freddie Mac; and the Bush-era free market ideology. Pushing
Fannie and Freddie to purchase highly leveraged risky mortgages
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to increase the liquidity and the capability of the lenders to extend
more credits targeted to specific borrowers had huge effects on the
mortgage markets. The mortgage securities market was highly un-
regulated. Financial indicators such as the LIBOR /OIS spread gave
signs of stress and uncertainty in the US economy. Rating agencies
played abigroleinthisevent. Creditratingsassigned byratingagen-
cies affected the allocation of risk capital in the economy. Higher
creditratings allowed firms to borrow at better terms and thus posi-
tivelyaffectafirm’svalue (Baeetal., 2015). After the market crash, the
Federal government of the USand the Federal Reserve took unprec-
edented actions. Fannie Mae and Freddie Mac became government
owned bank after their bailout. Liquidity-support programs were
designed tosupportthedifferent marketsindistress (Calomirisand
Haber, 2014). Asameasure of prevention and supervision, President
Obama passed the Dodd-Frank Acttoreformand regulate the bank-
ing system through the creation of aseries of governmental agencies.

Figure 13 shows the counterfactual exercise for ourlast analyzed
episodeis 2010Q1 to 2011Q4when thereisahigh probability ofa high
interest rate response to the term premium. Financial frictions are
estimated to be high in 2010Q4 and 2011Q4, while medium credit
shockvolatilityhasahigh probability of having taken placein 2010Q2
and from 2011Q2to0 2011Q4. Itisimportant to have in mind that the
FederalReserve fundsrate wasinazero-lower bound from December
2008 to December 2015. The economy was recovering from areces-
sion, and the term premium was above the steadystate. The behavior
ofthe term premium is followed closely by the one of high monetary
policyresponse, high financialfrictions, and medium and lowshocks
volatility. The high interestrate response would have implied lower-
inginterest rates by anadditional 1.5% in 2010Q4, which compares
to an average —0.95% in 2010Q4 and -1.23% in 2011 according to
the quantitative easingadjusted shadow interest rate in Wuand Xia
(2015). Iffinancial frictions had been low during the entire episode
GDP growth could have always been above the observed level, while
if responsive monetary policy had been fully credible GDP growth
would have been also higher until 2011Q2.

Intheaftermath of the 2007-2009 crisis, President Barack Obama
noticed that “the financial sector was governed by antiquated and
poorly enforced rules that allowed some to take risks that endan-
gered the economy.” The US Congress, the White House, and the
Federal Reserve took actions to improve the actual regulation of
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the financial sector. By the last quarters of 2009, these authorities
begantheir participationin the craft ofthe Dodd-Frank Wall Street
Reform and Consumer Protection Act.

In2010Q1, Federal Reserve announced QE2, buying USD 600 bil-
lioninlong-term Treasurysecurities and reinvestment of proceeds
from prior mortgage-backed security purchases. By this time, Ber-
nanke began hissecond term as Federal Reserve chairman. Also, the
Dodd-Frank financial reform became law, and the Federal Reserve
issued guidelines for evaluatinglarge bank holding companies’ cap-
ital action proposals. By 2011, the Consumer Financial Protection
Bureau opened its doors, procuring the health and protection of
the consumers supervising disclosure of banks, lenders, and other
financial companies. Around the globe, Greece admitted a deficit-
to-GDP ratio of 12% (2009Q4) so that the International Monetary
Fund and the European Central Bank ran the first rescue plan and
completed it two quarters later. By the third quarter of 2011 the Fi-
nancial Stability Board cleared to purchase sovereign bonds.

6. CONCLUSIONS

Inthis paper, we use a MS-VAR to provide evidence of theimportance
of allowing for switching parameters (nonlinearities) and switch-
ing variance (non-Gaussian) when analyzing macrofinancial link-
ages in the US. Using the preferred specification of two regimes in
coefficients and three regimes in volatilities, we modify the DSGE
model in Carlstrom et al. (2017) by allowing Markov-switching in
the parameters that capture financial frictions, monetary policy re-
sponses, and stochastic volatility. Classifying regimes as high and
low financial frictions, high and low interest rate response to term
premiumand high, medium, and low credit shock volatility; we per-
form a Bayesian estimation of the model to identify those regimes.
The Bayesian maximum likelihood estimation of the MS-DSGE mod-
elidentifies 59 quarters (27% of the sample that runs from 1962Q1
to 2017Q4) when financial frictions, measured by the financial in-
termediaries’ portfolio adjustment costs to their net worth, had a
large probability of being high with the following relevant inter-
vals: 1971Q1-19710Q4, 1976Q3-1978Q3, 1983Q4-1985Q4, 1990Q2-
1991Q2, 20020Q3-2003Q3, 2006Q1-2008Q1, and 20090Q2-2010Q1.
Also, there are 43 quarters (19.3%) when the interest rate response
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tothe term premium is estimated high with the following intervals:
19780Q4-19830Q4,199002-19930Q4, and 2010Q1-2011Q4. In addition,
the MS-DSGE estimation has 34 quarters (15.2%) of large probability
ofhigh creditshockvolatility, 46 quarters (20.6%) with alarge prob-
ability of medium credit shock volatility and 142 quarters (63.7%)
with a large probability of low credit shock volatility.

We analyzed six episodeswhen financial frictionswere highand /
or credit shocks volatility was either medium or high denoting dis-
ruptions in financial markets. In three of those episodes, 1978Q4-
198304, 19900Q2-19930Q4, and 2010Q1-2011Q4, short-term interest
rates had a high response to the term premium. In the other three
periods of financial distress, 1971Q1-1978Q3,2000Q4-2004Q4, and
2006Q1-2009Q4, short-terminterest rateshad alowresponse. Coun-
terfactual exercisesallowed us toanalyze what could have happened
under alternative credit market conditions and monetary policyre-
sponses. These counterfactuals provide evidence of the amplifying
effects of financialfactors and the role that monetary policy has had
mitigating financially driven business cycles.

ANNEX

Impulse Response Functions

Thisannex showstheimpulse response toaone-standard deviation
shock to neutral technology, o,, investmentspecific, o, price
markup, o,,, and intertemporal preference,
0,,- Asdescribed in the text, each figure has 12 lines which depict
the responses under the two alternative financial friction (H Seg.
and L Seg.), the two monetary policy response to term premium (H
TP Resp.and L TP Resp.), and the three credit shock volatility (H
Vol.,M Vol.and L. Vol.) regimes. High financial frictionsregimes are
presented in red-like colors, while low ones are presented in blue-
like colors. High monetary policyresponse regimesare presented in
solid lines, while low ones are presented in dashed lines. High vola-

a’
wage markup, o

w?

tility regimes have the darkest colors, medium mild tones, and low
ones are in the lightest tones.
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