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Financial Stress, Regime Switching s
and Macrodynamics

Pu Chen and Willi Semmler

20.1 Introduction

Since the seminal papers on cointegration by Engle and Granger [7] and Johansen
[16] vector error correction model (VECM) has been widely used to model
macroeconomic time series. The virtue of VECM is that it permits to test both
the economic concepts of equilibrium and the adjustment process towards the
equilibrium. Then, the long-run equilibrium relations as well the adjustment to the
equilibrium can be empirically testable. However, the phenomena of business cycles
point to differences in the adjustment process during different phases of the business
cycle. Hence, regime switching vector autoregressive models have been used by
many researchers, such as Hamilton [11], Mittnik et al. [18] and Chen et al. [5], to
take into account the impact of the different phases in the business cycle. Balke et
al. [3] combine these two classes of models and present the regime switching vector
error correction models. Since then, regime switching VECM has been applied in
numerous empirical analysis.

Balke et al. [3] applied threshold VECM to reflect discrete adjustment responses
to a cointegrating relationship when it is “too far from the equilibrium”. The cointe-
gration relation is obtained through a regression relying on the super consistency of
the least square (LS) estimator. The model specification is verified through tests of
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the existence of the threshold nonlinearity. Hansen et al. [12] propose a maximum
likelihood estimation for a two regime threshold VECM, where the switching
variable is also the endogenous cointegrating relationship. A grid search algorithm
is proposed to estimate both the cointegration vector and the threshold value for
the regime classification simultaneously. An R package is available for this class of
threshold VECMs.!

Most empirical research works of threshold VECMs follow the approach pro-
posed in Hansen et al. [12], Bec et al. [4], Saikkonen [20, 21]. They present a more
general class of regime switching error correction models, where the number of
regimes can be more than two and the switching can be a discontinuous adjustment
or a continuous smooth transition. Saikkonen [21] points out a difficulty in this class
of models is “to determine theoretically the exact number of /(1) components in the
models”. Hence, it is inconclusive how to test the cointegration rank in this class of
models. Common to the mentioned regime switching error correction models is that
the cointegrating relations are linear, and the adjustments are nonlinear or switching.
The thresholds are determined endogenously.

Gonzalo et al. [9] take a different approach to regime switching error correction
models. In their models, the cointegrating relations are switching whereas the
adjustment is linear. The switching variable is an exogenously stationary variable.
This approach is less attractive as the switching long-run equilibrium relations are
hard to justify. In addition, leaving an influencing variable not included in the
VECM is also hard to justify. In this chapter, we will present a specific regime
switching VECM where the cointegrating relation is linear, while the switching is
determined by a stationary variable in the system.

20.2 Self-exciting Threshold Cointegrated Autoregressive
Model

We consider a regime switching autoregressive model of order p that consists of
two regimes:

L—1
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ISee Stigler et al. [22] for more details.
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where X; is a p dimensional vector, § is a p X r matrix with p > r, § is called
cointegration vectors, r is called cointegration rank, f;_, is the threshold variable
observed at time # — d, and the regimes are defined by the prespecified threshold
values —oo =19 < 7 < 00.For f;_y = g(AX;, 1, AXj12,...,AXj—q), e,
the threshold variable is a function of the lagged endogenous variables

Ji—a = 8(AXj 11, AX 12, ..., AXj1—q) = Xj -1,

i.e., the threshold variable is simply a component of X, with one lag. 7 is the thresh-
old value. The model is called self-exciting threshold cointegrated autoregressive
model of order L with two regimes, and it is denoted as SETCIAR(L, d, 2).

Our model differs from many threshold VECMs mentioned in the previous
section in that the switching variable is an 7(0) (integrated of order 0) variable
which does not involve any estimation. In addition, the threshold value t is such
that the sample can be separated into two different regimes by a suitable setting.

This setting simplifies many technical issues in parameter estimation and speci-
fication tests. In principle, the data analysis could be conducted in the two separate
subsamples, each of which is a conventional VECM. The only issue of concern is
how to take into account the restriction of the same cointegration relations across
the two regimes to increase the efficiency of estimation.

20.2.1 Test of Cointegration Rank

As described in the last section, the test of the cointegration rank could be done
in principle in two separate subsamples. This approach might, however, lead to
conflicting results with respect to the cointegration rank in the two subsamples.
We use the fact that the cointegration space is identical in the two regimes and
test the cointegration rank in the whole sample. The procedure can be described as
follows:

* Run the auxiliary regression:

L-1 L-1
AXi =R+ 37V AXilix;, <+ AT AX N, e
i=1 i=1
(20.2)
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(20.3)
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* Calculate the eigenvalues of
S B S, (20.4)

with ordered eigenvalues M>hy>... >4 p- These eigenvalues can be used to
calculate the Johansen test statistics. Following [15], we have the trace test:

P
La—Lo=—T Z log(1 — A;). (20.5)
i=r+1

The critical value for the tests can be found in [17].

20.2.2 Parameter Estimation

Following Lemma 13.1 in [17], after a proper normalization, the eigenvectors of
(20.4) that correspond the r largest eigenvalues span the cointegration space and
hence are consistent estimator of 8. After obtaining a consistent estimator of ,3,
the other regime-dependent parameters can be estimated through the following
regression:
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In the above regression we plug in the estimated ﬁX (—1 as a regressor. Because

B is consistent, then the estimator &, <z§l(i) are consistent fori = 1,2 and [ =
1,2,..., L —1.

20.2.3 Test of Switching

A key hypothesis of the regime switching VECM in (20.1) is the existence of two
regimes. This should, however, be tested against the data. To test the null of no
switching against the alternative of switching, a likelihood ratio test can be applied,
given that the cointegrating relations have consistently been estimated. This boils
down to testing the following parameter restrictions in the linear regression of
(20.6):

1 1 2 2
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20.3 Test of the Model on Economic Data

The dynamic interaction between financial stress and real output has drawn renewed
attention of many researchers after the global financial crisis. Mittnik et al. [18,
19] develop a decision theoretical model that results in asymmetric interaction in
different regimes. Mittnik et al. [18] and Chen et al. [5] apply regime switching VAR
models to take into account the nonlinearity in the data. Following this approach,
we apply a regime switching vector error correction model to investigate asymmetric
adjustments to the equilibrium in different regimes.

We consider three variables in our study: the IMF financial stress index, the
industrial output index, and the short-term interest rate. These three variables are
chosen to be a measure of the real output, a measure of the financial stress, and a
measure of the policy responses, respectively. The data are from IMF and OECD
statistics.
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The IMF Financial Soundness Indicators (FSI) is available for a large number
of EU countries [1].2 The IMF’s (2011) FSI® refers to three major sources and
measures of instability, namely: (1) a bank related index—a 12-month rolling
beta of bank stock index and a Ted or interbank spread, (2) a security related
index—a corporate bond yield spread, an inverted term spread, and a monthly stock
returns (measured as declines), 6-month rolling monthly squared stock returns and
finally, (3) an exchange rate index—a 6-month rolling monthly squared change
in real exchange rates. All three sets of variables are detrended and scaled with
their standard deviations in order to normalize the measures. Both the Industrial
Production Indices and the short run interest rates are taken from the OECD
Statistics.

20.3.1 Discrimination of Regimes

Identification of regimes is critical in modelling a Multi-Regime VAR (MRVAR)
model [8, 19]. While many researches identify the regimes based on the sign and
the size of the error correction term, which represent deviations from the long-
run equilibrium, we identify the regime by the periods of the interest rate cuts or
the periods of interest rate hikes. Typically during recession periods of a business
cycle, we observe consecutive interest rates cuts, while during expansion periods,
we observe rate hikes. Interest rate cuts and interest rate hikes reflect different policy
responses to different economic circumstances, which aim at adjusting the economy
to the long-run equilibrium state. This way of identification of the regimes simplifies
the model specification and inference. In principle, we could divide the cointegration
analysis in two separate subsamples of the respective regimes. However, a joint

2The Federal Reserve Bank of Kansas City and the Fed St. Louis have also developed a general
financial stress index, called KCFSI and STLFSI, respectively. The KCFSI and the STLFSI take
into account the various factors generating financial stress. The KC index is a monthly index, the
STL index a weekly index, to capture more short run movements, see also Hatzius et al. [13].
Those factors can be taken as substitutes for the leverage ratios as measuring financial stress. See
also the Bank of Canada index for Canada, i.e., Illing and Lui [14]. Both the KCFSI and STLFSI
include a number of variables and financial stress is related to an: (1) increase in the uncertainty
of the fundamental value of the assets, often resulting in higher volatility of the asset prices, (2)
increase in uncertainty about the behaviour of the other investors, (3) increase in the asymmetry of
information, (4) increase in the flight to quality, (5) decrease in the willingness to hold risky assets,
and (6) decrease in the willingness to hold illiquid assets. The principle component analysis is then
used to obtain the FSI. Linear OLS coefficients are normalized through their standard deviations
and their relative weights computed to explain an FSI index. A similar procedure is used by Adrian
and Shin [2] to compute a macro economic risk premium. We want to note that most of the variables
used are highly correlated with credit spreads. The latter have usually the highest weight in the
index, for details see Hakkio and Keeton [10, Tables 2-3].

3This is published for advanced as well for developing countries, see IMF (2008) and IMF FSI
(2011).
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analysis will increase the efficiency of the inference and also avoid the problem that
we might obtain two different sets of cointegration relations.

20.3.2 Model Specification

The specification of the model consists of the following three steps:

e Test of unit roots in the time series

Country USA DEU FRA ITA ESP

log(I P)

ADF 0.0100 0.02396 0.2013 0.1491 0.4520
PP 0.5449 0.1041 04711 0.4966 0.7575
CFSI

ADF 0.7328 0.6946  0.3821 0.2185 0.2185
PP 0.9481 0.8363  0.8438 0.841 0.8410
R

ADF 0.4813 0.0907 0.1197 0.0427 0.0972
PP 0.8503 0.5502  0.5597 0.4685 0.4166

» Selection of the lag length in a two regime VAR in level L, for a system consisting
of three variables y; = (log(I P;), CFSI;, R;)’.
The results of the lag selection using the BIC criteria are summarized in the
following table:

Country USA DEU FRA ITA ESP
Lag length regime 1 2 2 2 2 2
Lag length regime 2 2 2 2 2 2

» Testing the cointegration rank in a two regime VECM for the selected lag length
L — 1. The following tables show the results of Johansen trace test for the five
countries respectively:

USA teststatistic critical_value
r <=0 | 24.5834318 21.49
r <=1 | 9.4880552 15.02
r <=2 | 0.7729179 8.19
DEU teststatistic critical_ value
r <=0 | 31.709765 21.49
r <=1 | 11.640522 15.02
r <=2 | 1.955265 8.19

FRA teststatistic critical_ value
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r <=0 | 41.628683 21.49
r <=1 | 15.789192 15.02
r <=2 | 1.084153 8.19
ITA teststatistic critical_ value
r <=0 | 32.67530 21.49
r <=1 | 10.07149 15.02
r <=2 | 1.95474 8.19
ESP teststatistic critical_ value
r <=0 | 26.58546122 21.49
r <=1 | 13.46680497 15.02
r <=2 | 0.02376718 8.19

The test results show that only in the system of FRA there are two cointegration
relations, while in all other four countries there is only one cointegration relation
in the system respectively.

* Model selection based on information criteria to discriminate between one
regime VECM and two regime VECM. We estimate a standard one regime
VECM and a two regime VECM for a system consisting of three variables
yr = (FSI;, 1P, R;). We use AIC to discriminate between a VECM or an
MRVECM. The AIC is given by

M

. n+3
AIC(M. p1.p2) =Y [T,- log |¥;| + 2n (npj +, )} , (20.7)
j=1

where M = 2 is the number of regimes; p; is the autoregressive order of regime
Js T is the number of observations associated with regime j; b3 j is the estimated

covariance matrix of the residuals of regime j; and n denotes the number of
variables in the vector y;.*

Country USA DEU FRA ITA  ESP
AICOR 198.6 358.8 100.3 299.2 2125
AICMR 346 327.6 7377 238.6 180.7

The values of the AIC criteria of the one regime models are all larger than those
of the AIC criteria of the two regime models. Hence the AIC information criteria
favour the two regime VECMs.

4The AIC takes into account for possible heterogeneity in the constant terms, cj, and residual
covariance, X, across regimes. This AIC criterion is also applied in Mittnick and Semmler [18].
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* Test of regime switching
Since a one regime VACM can be seen as a multi-regime with identical
parameters in the different regimes, we can test the existence of multi-regimes
through testing the null of equal parameters across different regimes against the
alternative of unequal parameters in different regimes.

1 1 2 2
Ho: @D, 0", ... ¢V ) =@?,¢?,...6%)

1 1 2 2
Ha: @, ¢, 00 ) #@?, 02, ... )

Country USA DEU FRA ITA ESP
p-value 1.005E—13 0.00010 6.47E—08 6.84E—10 9.98E—06

The test results show clearly that the null of one regime is rejected in all five
countries, i.e., the data support the specification of regime switching VECMs.
This is consistent with the results of model selection based on the AIC criteria.

20.3.3 Impulse and Response

The following impulse response functions (see Fig.20.1) are the within-regime
impulse response function (see Ehrmann [6] for more details). They can be used
to trace out short run dynamics of the system. The impulses are all a one unit
impulses, the responses are the responses of the system in (20.1), i.e., they are the
industrial output, the financial stress index and the short run interest rate denoted by
(I P, FSI;, R;), respectively.

The three graphs on the first row are responses of (I P;, FSI;, R;) to a one unit
positive impulse of 7 P. The graphs on the second row are responses to the shock of
a one unit increase in F'S1. The graphs in the third row are responses to the shock
of a one unit increase in R. The first three rows are impulse responses in the rate-cut
regime. The second three rows are impulse responses in the non-rate-cut regime. We
observe:

* A one unit output shock will have a long lasting positive effect on the output
over 20 periods. The effects are stronger in the non-rate-cut regime than in the
rate-cut regime. In the rate-cut regime the effects of the output shock on F'S7 and
R are statistically insignificant, in the non-rate-cut regime the output shock will
decrease the financial stress and decrease the short-term interest rate.

* A one unit financial stress shock has lasting effects on the financial stress in both
regimes over 20 quarters. Its effects are more persistent in the non-rate-cut regime
than in the rate-cut regime. The shock has negative effects on the output in both
regimes. Interestingly, the shock has opposite effects on the short-term interest
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R response to IP shock

R response to R shock

R response to IP shock

Fig. 20.1 Impulse response function of the rate-cutting and the non-rate-cutting regimes USA
showing that: (1) a positive output shock may have positive effect on the output, almost no effect on
FSI and R in the rate-cut regime, and a negative effect in the non-rate-cut regime on financial stress
short-term interest rate; (2) a positive financial stress shock has positive effects on the financial
stress in non-rate-cut and rate-cut regimes, negative effects on the output in both regimes, opposite
effects on the short-term interest rate; (3) a positive interest rate shock has positive effects on
the short-term interest rate, a negative impact on the output in the non-rate-cut regime, a positive
impact in the rate-cut regime, a positive effect on the financial stress in the non-rate-cut regime,
and negligible in the rate-cut regime
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Fig. 20.1 (continued)

rate. While in the rate-cut regime the financial stress shock will decrease the
short-term rate, in the non-rate-cut regime it will increase the short-term interest
rate.

The one unit interest rate shock has lasting effects on the short-term interest rate.
Its effects are significantly larger in the non-rate-cute regime than in the rate-cut
regime. The interest rate shock has different effects in the two regimes. While
in the non-rate-cut regime an interest hike shock has a negative impact on the
output, it has a positive impact on the output in the rate-cut regime, though the
effects are not statistically significant. In the non-rate-cut regime, the interest
rate shock will increase the financial stress; its effect in the rate-cut regime is
insignificant.

The following graphs (see Fig.20.2) are the impulse response functions of

Germany. The three graphs on the first row are responses of (I P, FSI, R) to a
one unit impulse of I P. The three graphs in the second row are responses to FS1I.
The first three rows contain the responses in the rate-cut regime and the second three
rows contain the responses in the non-rate-cut regime.

A one unit output shock will have a long lasting positive effect on the output
over 20 periods. The effects are similar and statistically significant in both the
non-rate-cut regime and the rate-cut regime. The one unit output shock has no
statistically significant effect on the financial stress and the short-term interest
rate in both regimes.

The shock of a one unit increase in financial stress index has lasting effects on
the financial stress in both regimes. While in the rate-cut regime the effects die
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Fig. 20.2 Impulse response function of the rate-cutting and non-rate-cut regimes in DEU showing
that: (1) A positive output shock may have positive effect on the output, almost no effect on F' S/
and R in the rate-cut regime, and a negative effect in the non-rate-cut regime on financial stress
short-term interest rate; (2) A positive financial stress shock has positive effects on the financial
stress in non-rate-cut and rate-cut regimes, negative effects on the output in both regimes, opposite
effects on the short-term interest rate; (3) A positive interest rate shock has positive effects on the
short-term interest rate, a negative impact on the output in both regimes, a positive (but statistically
insignificant) effect on the financial stress in the non-rate-cut regime and rate-cut regime
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Fig. 20.2 (continued)

out after 20 periods, the effects remain significant in the non-rate-cut regime. The
shock has negative effects on the output in both regimes. However, the effects in
the non-rate-cut regime are stronger than in the rate-cut regime. The shock has
a negative effect on the short-term interest rate in the rate-cut regime, while its
effects in the non-rate-cute regime are statistically insignificant.

A one unit interest rate shock has lasting effects on the short-term interest rate in
the non-rate-cut regime. Its effects in the rate-cute regime vanish after 10 periods.
The unitary shock (one unit positive impulse) in interest rate has a negative effect
on the output in both regimes, though the effects are not statistically significant.
In both regimes, the shock of one unit increase in the short-term interest rate will
increase the financial stress, although these effects are not statistically significant.

The next diagrams are the impulse response functions for Italy (see Fig.20.3).

The orders of the IRFs are organized in the same way as in the previous graphs. In
the Italian case we observe:

A one unit output shock will have a lasting effect on the output in both regimes.
The effect is slightly stronger in the non-rate-cut regime. Its effects on the
financial stress and the short-term interest rate are statistically insignificant in
both regimes.

A one unit financial stress shock has a significant negative impact on output in
both regimes. The effects are stronger in the non-rate-cut regime. The effects of
the financial stress shock on financial stress die out in the rate-cut regime after 15
periods, while the effects remain persistent in the non-rate-cut regime. Notably,
the responses of the short-term interest rate are negative in the rate-cut regime,
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Fig. 20.3 Impulse response function of the rate-cutting and the non-rate-cutting regimes ITA
showing that: (1) A positive output shock may have positive effect on the output and no statistically
significant effect on FSI and R; (2) A positive financial stress shock has positive effects on the
financial stress in non-rate-cut and rate-cut regimes, negative effects on the output in both regimes,
opposite effects (but statistically not significant) on the short-term interest rate; (3) A positive
interest rate shock has positive effects on the short-term interest rate, a positive impact on the
output in both regimes and no effect on the financial stress
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Fig. 20.3 (continued)

but positive in the non-rate-cut regime, though the effects are not statistically
significant.

* While a one unit interest rate shock has no significant effects on the financial
stress in both regimes, it has positive impact on output in both regimes. The
shock has positive and persistent effects on the short-term interest rate in both
regimes. The effects are stronger in the rate-cut regime.

Because the impulse response functions of the four European countries are by and
large very similar (see Figs. 20.2, 20.3, 20.4 and 20.5), we summarize the features
of the IRFs in the following Table 20.1.

* While the responses of / P to F'SI are negative and significant in both regimes,
the responses of /P to R are in most cases statistically insignificant in both
regimes. The responses of I P to an output shock are statistically significant and
long lasting in both regimes.

» The responses of F'SI to financial stress shocks are decreasingly lasting in both
regimes. However, while the responses will die out in the rate-cut regime, the
responses remain positive in the non-rate-cut regime permanently. The responses
of FSI to interest rate shocks and to output shocks are statistically insignificant
in both regimes.

» The responses of R to output shocks are statistically insignificant in both regimes.
Notably, the responses of R to a financial stress shock are negative and significant
in the rate-cut regime, while the responses are positive and significant in the non-
rate-cut regime. The responses of R to short-term interest rate shocks are in most
cases persistently lasting in both regimes.



330

4

-2

-6

4

-2

-6

4

-2

-6

4

-2

-6

Fig. 20.4 Impulse response function
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Fig. 20.4 (continued)

20.4 Concluding Remarks

Using the IMF financial stress index and OECD industrial production index and
short-term interest rate data, for the USA, the EU countries, our regime switching
vector error correction model enables us to conduct a parallel analysis in different
regimes. By using the regime switching VECM, we could show that the responses
are asymmetric in the two different regimes, namely the rate-cut regime and the
non-rate-cut regime.

Generally, the financial stress shocks have a large and persistent negative impact
on the real side of the economy, and the impact is stronger in the non-rate-cut regime
than in the rate-cut regime. This asymmetric impact of financial stress on the real
side of the economy is because rate cuts as an instrument of the monetary policy
are often aimed at reducing the financial stress and hence offset the impact of the
latter on the real activity, while in the rate hikes regime increase in interest rate
will worsen the financial stress, enforcing the adverse effect of the latter on the real
activities.

Looking at the impact of real activities on the financial stress: they are statisti-
cally insignificant in both regimes. Empirically, we find that financial stress shocks
have asymmetric effects on the short-term interest rate, depending on the regime the
economy is in. Overall, in the rate-cut regime a financial stress shock will decrease
the short-term rate while in the non-rate-cut regime the shock will increase the short-
term rate though in some cases the effects are not statistically significant.
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Fig. 20.5 Impulse response function of the rate-cutting and the non-rate-cutting regimes ESP
displaying similar results of Fig. 20.3
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Fig. 20.5 (continued)

While there is heterogeneity across countries with smaller countries showing
weaker channels in the financial-real interaction, there is more similarity in larger
economies. Across countries, there are common features in the sense that the
European countries show very similar response patterns in the two regimes,
respectively.
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Table 20.1 Summary of the results of the impulse response functions for Germany, France, Italy

and Spain
Response of IP

DEU (RC)

IP shock Temporally decreasing
FSI shock  Negative and significant
R shock Insignificant

(NRC)

IP shock Temporally decreasing
FSI shock  Negative and significant
R shock Insignificant

FRA (RC)

IP shock Positive lasting
FSIshock  Insignificant

R shock Insignificant

(NRC)

IP shock Positive lasting
FSIshock  Insignificant

R shock Insignificant

ITA (RC)

IP shock Persistently lasing

FSI shock  Negative and significant
R shock Positive and significant
(NRC)

IP shock Temporal increasing
FSI shock  Negative and significant
R shock Insignificant

ESP(RC)

IP shock Constantly lasting
FSIshock  Insignificant

R shock Temporally positive
(NRC)

IP shock Temporal increasing
FSI shock  Negative and significant
R shock Insignificant
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