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Abstract

This thesis investigates the impact of financial stress on monetary policy in Norway. Financial
distress has a negative impact on the economy, and if the shocks are large enough, it may
possibly lead to a recession in the economy with sustained deflationary pressure, low
production and high unemployment rates. The manner and extent to which the central bank
reacts to counteract the effects of financial stress may thus be key in avoiding longer spells of
reductions in the economic growth of a country. This thesis will investigate the impact of
financial stress on the monetary policy decisions in Norway— both how large the effect has

been and whether the central bank has responded ex ante or ex post to financial stress.

The effect of financial stress on the monetary policy is estimated using an augmented Taylor
rule using monthly data from 1998 to 2011. All regressors are treated as endogenous in a
model framework where the parameter capturing the effect of financial instability is time
varying. The results show a negative relationship between financial instability and monetary
policy decisions. That is, the estimation results imply that an increase in the financial stress
index contributes to lower interest rates. The effect is found to be larger in late 2008, when a
full-blown financial crisis hit the global economy, than during the rest of the period covered
by my sample. Furthermore, the estimates suggest that the central bank reacted more

aggressively after an increase in financial stress had occurred than before such an increase.
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1 Introduction

In recent years, especially in the wake of the recent financial crisis, interest in the impact of
financial imbalances on monetary policy decisions has increased. The Norwegian central
bank’s core responsibilities include the promotion of price stability by the means of monetary
policy, as well as promoting financial stability and contributing to robust and efficient
financial infrastructures and payment systems®. As an example of the latter, the Deputy
Governor of Norges Bank, Jan F. Qvigstad, argued that increased financial turmoil abroad
calls for a monetary ease, in a press release dated December 14™ 20112. The authority has also
taken extraordinary measures in order to cope with threats of financial stress in recent years,
e.g. by the easing of collateral requirements®. The central bank also points to changes in the
economic environment abroad that are needed to be taken into account when adjusting its

interest rates (Norges Bank, 2012).

In light of this, this master thesis investigates the impact of financial distress on monetary
policy decisions in Norway in recent years. Furthermore, | investigate the reaction from the
Norwegian central bank when financial stress increases as well as the nature of the response,
i.e. the size and timing of the central bank reaction. That is, the thesis examines whether the
monetary authority in Norway has reacted to financial stress, and if this has been an ex ante or

ex post response.

By applying an augmented Taylor rule in a time-varying parameter framework, | estimate the
effect of financial stress on interest rates. | estimate a Taylor-type rule with endogenous
regressors by first utilizing the two-stage least squares method. The model is later estimated
by letting the coefficient in which the effect of financial instability is measured vary across
time. The index measuring financial stress is based on an index developed by the International
Monetary Fund, and uses different measures of financial stress in the bank sector, stock

market and exchange rate market; see Cardarelli et al. (2011).

In recent years, there has been an increased interest in this field of research. Empirical
findings imply that central banks in recent years have decreased their interest rates in cases of

increased financial instability (Baxa et al., 2011). There is also evidence that points to the

! http://ww.norges-bank.no/en/about/mandate-and-core-responsibilities/
2 http://www.norges-bank.no/en/about/published/press-releases/2011/key-rate-14-december/
® http://www.norges-bank.no/en/about/financial-turbulence-and-norges-bank/steps-taken-by-norges-bank/



http://www.norges-bank.no/en/about/mandate-and-core-responsibilities/
http://www.norges-bank.no/en/about/published/press-releases/2011/key-rate-14-december/
http://www.norges-bank.no/en/about/financial-turbulence-and-norges-bank/steps-taken-by-norges-bank/

central bank being asymmetric in its response towards financial stress, by decreasing its
interest rates more in periods of stress than during normal times (Borio and Lowe, 2004).
Additionally, in periods during which banks have difficulties in attaining credit, this can be
counteracted by monetary policy easing (Cecchetti and Li, 2008).

The evidence apprehended in this thesis suggests that the Norwegian central bank has
decreased its interest rates when financial stress has increased heavily. Specifically, there was
a rather big decrease in interest rates as a response to the massive increase of financial stress
following the financial turmoil in 2008.

The thesis is organized as follows. Section 2 gives an overview of literature in the field.
Section 3 provides the modelling framework. Section 4 describes the data utilized in

estimating the model. Section 5 presents the econometric results. Finally, section 6 concludes.



2 Literature

In recent years, there has been an increased interest in studying how monetary policy
decisions are affected by financial imbalances. Results from Bernanke and Gertler (1995) and
Bernanke et al. (1999) suggest that the financial sector may amplify shocks to the real
economy — the so-called financial accelerator effect. There is, however, disagreement
concerning the extent to which the central bank should include a measure of financial
instability in its reaction function. Bernanke and Gertler (1999) claim that the central bank
should not respond to asset prices, a finding that is supported by Bernanke and Gertler (2001).
On the other hand, Akram et al. (2007) and Akram and Eitrheim (2008) find that there may be
gains from responding to asset prices. There is also some evidence suggesting that the
monetary authorities have decreased their interest rates after the occurrence of financial stress
(Baxa et al., 2011; Bulit and Cihak, 2008).

Bernanke et al. (1999) include credit-market frictions in a standard macroeconomic model,
and show that the frictions propagate both nominal and real shocks to the economy, e.g.
through a monetary contraction or expansion. Their findings suggest that even relatively small

shocks to the economy will be amplified through the financial accelerator effect.

Bernanke and Gertler (1995) find that the effect of a monetary contraction tends to have an
impact on the consumers demand quite rapidly, whereas the effect on the production side
comes with a lag and is far more persistent. Furthermore, they show that the financial
accelerator works through two channels— the balance sheet channel and the bank lending
channel. A monetary tightening works directly through the balance sheet channel of the
borrowers by decreasing their net cash flows and collateral values. For the firms, there is also
an indirect effect with a longer lag than the direct effects. That is, a monetary contraction
tends to reduce the consumers’ spending, through their decreased budget balance, while the
firms’ short-term costs are rigid. This will over time decrease the net worth of firms. The
other channel, through which the financial friction is affected, is the bank lending channel. An
increase in the interest rates will increase financial friction through the decrease in the supply

of loans from commercial banks.

According to Bernanke and Gertler (1999), inflation-targeting central banks should not
respond to asset prices. This is further backed up in Bernanke and Gertler (2001), where they



found that the policy rules minimizing the volatility in output gap and inflation were so-called
aggressive inflation targeting regimes. That is, by responding to increasing asset prices as
well as inflation, the volatility in both output and inflation increased. Moreover, they found
that the optimal policy never involved an interest rate response to stock prices.

Akram et al. (2007) show that there may be gains from pursuing financial stability for an
inflation-targeting central bank. It is, however, highly dependent on the nature of the shock.
By estimating an augmented Taylor rule, they find that the response to credit shocks yield
higher volatility in both output gap, inflation and the interest rate than the simple Taylor rule.
For house price shocks the results show that the augmented rule outperforms the simple

Taylor rule when looking at the volatility in output gap and inflation.

Akram and Eitrheim (2008) expand the framework used in Akram et al. (2007). Their results
show that an interest rate rule that responds to exchange rates, house prices, equity prices or
credit growth lower the volatility of both inflation and the output gap compared to a Taylor-
type rule with interest rate smoothing. They also find that including these variables in the
interest rate rule tends to increase the interest rate volatility, which in turn might increase the
degree of financial instability. Furthermore, their findings suggest that pursuing stability of
the exchange rate tends to increase the interest rate volatility more than the other rules.

In Christiano et al.’s (2008) model, booms in asset prices are correlated with a strong growth
in credit. They suggest that the monetary authority includes a measure for credit growth in
their Taylor rule. That is, in their model there is a monetary tightening when credit growth is
strong. Furthermore, they show that this will reduce the magnitude of the boom-bust cycle.

Baxa et al. (2011) estimate the effect of a financial stress index on the interest rate setting in
five countries: the U.S, the U.K, Sweden, Canada and Australia. The authors estimate a
modified Taylor rule with time-varying parameters. This approach allows them to look at the
effect of the different variables on monetary policy rates through time. They find that there
are significant reductions in the interest rate during periods of financial instability.
Furthermore, the results show that the effect is larger in the most recent period of financial

distress, i.e. during the global financial crisis of 2008- 2009.

Mishkin (2009) argues that aggressive monetary policy easing during financial distress is

effective, as it tends to minimize the likelihood of adverse feedback loops. That is, since



negative shocks to the financial sector have a tendency to reduce the value of collateral and
thereby increase credit frictions, an aggressive central bank may alleviate some of these

frictions by cutting its policy rates.

Fuhrer and Tootell (2008) investigate whether the Federal Reserve explicitly targets stock
prices in its interest rate decisions, and find little evidence that it has responded directly to

stock values other than through its impact on the monetary policy goal variables.

Cecchetti and Li (2008) research the impact of capital requirements on monetary policy. They
find that capital requirements are pro-cyclical in the case of a passive monetary authority.
Furthermore, their results show that optimal monetary policy can counteract the pro-cyclical
impact of capital requirements, i.e. a tightening of credit. In a model framework that includes
loan supply, loan demand and bank deposits, the authors estimate the impact of capital
requirements on monetary policy by minimizing a loss function subject to the model

framework.

Bulit and Cihak (2008) use an augmented Taylor rule, with measures of financial sector
vulnerability included, to see if the monetary authority responds to financial instability. They

report some evidence in support of this hypothesis.

Chadha et al. (2004) find statistically significant, though small, effects of asset prices and
exchange rate changes on monetary policy. They interpret the evidence in the direction of
these effects being asymmetric in their impact on interest rate setting. That is, the central bank
is likely to react quite aggressively on misalignments that might act to destabilize the

economy.

Moreover, Borio and Lowe (2004) find evidence that point in the direction of asymmetric
interest rate decision in the face of financial imbalances. That is, central banks generally
loosen their policy beyond normal when bubbles burst, but do not tighten it in the build-up of

these imbalances.

Siklos and Bohl (2008) include asset prices as instruments in monetary policy rules, and find
that this improves the model fit. Their results suggest that asset prices are part of the

information set used in the determination of policy responses to inflation and output gap.



3 Model of interest rate setting

In line with Clarida et al. (1998, 2000), | will assume that the central bank sets its nominal

interest rate according to a forward-looking rule:

(1) 7 =7+ BE[mesi|Qe] —miyy) + VE[}’t+j|Qt] + w(Elersk Q] — efir)

where {7 is the target interest rate, 7 is the policy neutral rate, m,,; is the inflation rate at time
t+i, 7/, ; is the central bank’s target inflation rate. y,, ; is the output gap, defined as the
difference between the realized and potential output in period t+j. e;, is the exchange rate at
time t+k, while e/, may be interpreted as a steady state level or desired level of the exchange
rate. E is an expectation operator conditional on the information, Q,, available for the central

bank when monetary policy decisions are made.

This model is an expansion of the interest rate rule presented by Clarida et al. (1998), since |
have included the exchange rate in my model. In that respect, the model | use is somewhat
similar to the one utilized in de Andrade and Divino (2005). The exchange rate variable is
included since my data set includes a time period when the central bank aimed to stabilize the
exchange rate. Thus, one would expect that the exchange rate has had an impact on the central
bank’s interest rate setting decision. Moreover, Norges Bank has often pointed out that they
take the exchange rate into account when making their interest rate decision, even after the

inflation targeting regime was implemented.

Goodfriend (1991) points to the tendency the central bank has in not adjusting its interest rate
target immediately. Specifically, as argued by Clarida et al. (1998), a simple Taylor-type rule,
e.g. Eq. (1), does not capture the central bank’s propensity to smooth interest rates over time.
That is, the central bank has a tendency to adjust its interest rate somewhat sluggishly to avoid
highly volatile interest rates, which may act destabilizing on the real economy. Therefore, I

assume that the interest rate adjusts gradually to the target rate in the following manner:

Q=011+ (A — o),

where o € [0,1) is a measure of the central bank’s degree of interest rate smoothing.
Specifically, the parameter captures the tendency central banks have in adjusting the interest

rate somewhat sluggishly toward their target.



Since one would expect the central bank to also adjust their policy rates in situations of
financial turmoil, a variable measuring financial instability should be included. Insertion of

(1) into (2) and including a term for financial instability, x,, yields:

B)r=>0- Q)[f + B(E[mesil Q] — mpyy) + VE[}’t+j|Qt] + u(Eler+rl Q] — e:+k)]

+0or—1 + 6Xtim

Due to the inclusion of unobservable future dated variables in the former expression, the
policy rule is rewritten in order to eliminate these and instead include observable future dated
variables. Imposing this assumption, and defining « = 7 — fr/,; — uel x, (3) can be

rewritten in the following way:
@Dr=0- Q)[Of + Beyi +VYesj + :uet+k] + 01t—1 + 6Xm + &,

Where the error term is defined as: &, = —(1 — Q) {B(E[me+ilQ] — 7ei) + V(E[ye+j19:] —
yt+j) + u(Eles1x Q] — ec41)}. Consequently, the error term is a linear combination of the
forecast errors of inflation, output gap and the exchange rate, where it is assumed that
E[mq4i19Q¢], E[ij |Qt], and E[e;,,|Q;] are the central bank’s forecasts of the

aforementioned variables.

However, the fact that the central bank’s objective has changed through the years, in my
sample from a stable exchange rate regime to the current inflation targeting regime, indicates
that there are some difficulties by using the constant parameter rule described in (4). This can
be overcome by dividing the sample into different sub-samples, as in Clarida et al. (2000).
Valente (2003) argues that one should apply a more general, nonlinear model rather than a
linear time-invariant model. His argument in favour of a nonlinear model is strengthened as
the test for parameter stability is rejected. Nevertheless, one can estimate the policy rule under
different regimes in two alternative ways. That is, one may use a state-dependent Markov-
switching model as Valente (2003), or a state-space model with time-varying parameters as in
Kim (2001), Kim and Nelson (2003) and Trecroci and Vassalli (2009).

Since the shifts in the central bank’s regimes are more likely to follow a smooth transition
rather than an abrupt and sudden change, | will employ a model where the parameters vary
through time. In addition, the weights the central bank puts on its objectives are also likely to

vary within each regime, which further strengthens the argument of using a time-varying



parameter model. That is, the central bank is likely to vary the emphasis it puts on its
objectives, e.g. the inflation rate, both across regimes and within each regime. These shifts are
likely to happen more smoothly rather than abruptly as in the Markov-switching model. In
Norway, the transition from an exchange rate targeting regime to an inflation targeting regime
was a gradual one. Furthermore, there might also be changes in the weights put on the

variables in the objective function due to changes in the central bank management.

The inclusion of a measure for financial instability also points in the direction of having a
model in which the parameters vary across time. One would expect that shocks stemming
from financial instability would strike the economy with different power at different points in
time. In that respect, a time-varying parameter model provides a viable alternative to the state-

dependent Markov-switching model.

As in Kim (2006) I will consider a model where the coefficients are allowed to vary across
time, and where the regressors are endogenous. In contrast to Kim (2006), however, | will use

time-invariant parameters in the equations for the endogenous regressors.

I will use a model framework as presented by Baxa et al. (2011), which is found by rewriting
(4) along the lines of Kim (2006), resulting in the following model in a state-space

framework:

G)re=>0- Qt)[a’t + Bttt t VeYesj T :utet+k] + 0tTe—1 + OeXeym + &

(6) ar = a1 + 9y 01, ~ 1.1.d.N(0,05)
(7) Be = Be—1 + Uz 09 ~ 1.1.d.N(O, 052)
(8) ¥t = Ve—1 + VU3, 93¢ ~ 1.1.d.N(O, 053)
(9) e = peq + 94y 04 ~ 1.1.d.N(0,05,)
(10) 6; = 8;_1 + Us; O ~ i.1.d.N(0,05))
(11) 0y = 0¢—1 + ez D¢ ~ i.1.d.N(0,05)
(12) ey = Zi_nT + 00 , ¢ ~ 1.1.d.N(0,1)



(13) yi4j = Zi_nk + 0.6, ,6¢ ~ 1.1.d.N(0,1)
(14) ety = Zi_g + oyv; ,Up ~ 1.1.d.N(0,1)
(15) xt+m = Z{'—TLX + O-Eft ,ft ~ 1.1 d.N(O,l)

Equation (5) is the time-varying representation of the time-invariant policy rule, i.e. Eq. (4).
Egs. (6) — (11) show how the parameters are assumed to vary across time. The movements of
the parameters are represented by random-walk processes without a drift, where unexpected
movements in the parameter values are picked up by the error terms. Egs. (12) — (15)
demonstrate the relationship between the endogenous right-hand side variables in (5), m;.;,
Ye+j» €r+k and X1, and their instrumental variables, represented by the vector Z;. The
instruments that will be used, are lagged values of the inflation rate, the output gap, the
exchange rate, the interest rate and foreign interest rate, along with lagged values of oil price

inflation, foreign interest rates, foreign output gap and foreign inflation.

The covariance between the error terms in (5) and the standardized errors in (12) — (15), are
defined as py,s0¢, Pee0¢, Pye0, AN pg 0., Where p;. denotes are the correlation coefficients

between residual i and «.

In the model framework above, the parameters in the equations for the endogenous regressors
(equations 12 — 15) are assumed time-invariant. By contrast, Kim (2006) and Kim and Nelson

(2006) assume time-varying parameters for the endogenous right-hand-side variable.

Consistent estimates of the coefficients in (5) are obtained by estimation in two steps. In the
first step, (12) — (15) are estimated. In this step, standardized prediction errors of the residuals
in the equations for the endogenous right-hand-side variables in the policy rule are found.
Furthermore, as is done in Kim and Nelson (2006), the error terms in (5) and (12) — (15) are
decomposed utilizing the Cholesky method. Hence, the error term in (5) is allowed to be

rewritten as follows:

(16) &, = PpeO:Pt t Pce0:Ct + PpeOeVe + pfso-sft + G

e ~N(O, (1 - p2s — p — P2 — PE: )02



Inserted into (5), the standardized residuals from (12) — (15) act as bias correction terms,
thereby securing unbiased and consistent estimates. Specifically, the correction terms are

included due to the endogeniety of the right-hand-side variables in (5).

Insertion of (16) into (5) yields the following equation to estimate:

ANr=Q0- Qt)[at + B (meyi) + VeVe+j T+ Htet+k] + 0¢Te—1 + 8eXpym +

Ppc0ePt + Pce0sCt t Pye0:V + pfso-egt + (t

In the second stage of the estimation, | estimate (17) along with (6) — (11) by employing the
Varying Coefficients (VC) method proposed by Schlicht (1981, 2005) and Schlicht and
Ludsteck (2006). In contrast to Kim and Nelson (2006), who use the maximum likelihood
estimator through the Kalman filter to estimate the parameters in (17), the VC method
suggested by Schlicht and Ludsteck (2006) is a generalization of the ordinary least squares
method. Rather than minimizing the sum of squares, Y.7_; {2, their VC method minimizes the
weighted sum of squares X7, {2+ 0, X 1_ 92 + 0,37 92+ -+ 0, X 1_, 92. The
weights, 6;, are defined as the inverse variance ratio of the residuals from eq. (5), &, and the

error terms of the time-varying parameters, 9, formally defined as 6; = Ji

Moreover, the time-average of the parameters in (17) coincides with the GLS estimate of the
fixed parameters, i.e. (1/1) Y. @; = dgLs, Where a denotes the parameters in (17) that is to be

estimated.

This method has several advantages when estimating the modified Taylor-rule. First, no initial
values are needed, as the estimator uses an orthogonal parameterization (Schlicht & Ludsteck,
2006).

Schlicht and Ludsteck (2006) also compare the estimator generated by the VC-method with
the corresponding estimator produced by estimation through utilization of the Kalman filter.
The performance of the two estimation methods is quite similar. However, the ease of
estimation through applying the VC-method is greater than the Kalman filter, as no initial
values are needed. They conclude that the VC-method is preferable for estimating linear

models with parameters that are following a random walk.

10



4 Data

All data are monthly observations, with the first observation being August 1998 and the last
being December 2011. During this period, the central bank changed its objective from
keeping a stable exchange rate to keeping a stable inflation rate. The era of the floating
exchange rate regime was officially abandoned in 2001, from which the objective of the

monetary authority has been to keep a stable inflation rate.

To represent the monetary policy interest rates, | use the three month Norwegian Interbank

Offered Rate (NIBOR). In general, Norges Bank’s liquidity policy is able to ensure that the
money market interest rate stays close to the policy rate, which is its overnight deposit rate.
However, during the recent financial crisis, there was occasionally relative large divergence

between the policy rate and money market interest rates. Source: Norges Bank.

The inflation rate is measured as the 12-month percentage change in the consumer price
index, excluding energy prices (CPI-AE). Starting in 2001, Norges Bank has had an explicit
inflation target rate of 2.5 per cent, where the targeted inflation rate is the change in CPI
adjusted for tax changes and excluding energy goods (CPI-ATE). Due to the limited number

of observations based on this measure, | use CPI-AE as a proxy. Source: Statistics Norway.

The output gap is calculated as the log deviation of actual output from an estimated trend. The
trend is calculated using an HP filter with the smoothing parameter set to 129 600. The output
data consists of seasonally adjusted quarterly GDP in Norway*, and is measured in millions of
Norwegian Kroner. As my data set consists of monthly data, | obtained monthly output data

by linearly interpolating the quarterly data. Source: Statistics Norway.

The data from the last few quarters will typically be revised at a later point in time, and may
thus not be alike for samples collected at different periods. To avoid this problem, the
difference in the unemployment rate from its natural level could be used as a proxy for the
output gap. There are some advantages from using the unemployment rate, such as the
availability of monthly data and that the data will not be revised. That is, there are no

uncertainties concerning the data gathered, as opposed to the use of the output gap. I will use

* The data used are the Statistics Norway series called “Value added at basic prices. Current prices (NOK
million), for Total Industry.”

11



monthly data for the unemployment rate, and construct the proxy for the gap as the log
unemployment rate divided by the log natural rate of unemployment, which is set to 3.5 per

cent. Source: Statistics Norway.

As a measure of the exchange rate, | will use the monthly growth rate of the import weighted
exchange rate, 144. It is the nominal effective exchange rate measured as a geometric average

over Norway’s 44 most important trading partners. Source: Norges Bank.

Finally, the set of instruments consists of monthly data for oil price inflation, average 12-
month inflation rate for the G7 countries, the average nominal short term interest rate for the
Euro economies and the output gap for the 27 European Union countries, measured as the
deviation of the logged average gross production from its trend, where the trend is calculated
using an HP filter with the smoothing parameter set to 129 600. Sources: FRED St. Louis
Fed, OECD, EuroStat.

Financial Stress Index (FSI)

The variable measuring the degree of financial instability is based on the index created by
Cardarelli et al. (2011). However, due to data availability the index presented in this thesis is
somewhat different from the one constructed by them. All sub components of the index are
demeaned and standardized. That is, | have subtracted the arithmetic mean and divided by the
standard error. The financial stress index (FSI) is constructed as the sum of seven
components, the beta for the banking sector, the spread between the NIBOR and the overnight
lending rate, the inverted term spread, stock market return, stock market volatility and finally
the exchange market volatility. The index itself is also demeaned and standardized.

The banking sector beta is a measure of the risk of the banking sector, and is defined as the
covariance between the banking and market returns divided by the variance of the market.
This measure gives an indication of how risky the banking sector is — the higher the value of
beta the more risky is the banking sector stocks. As a proxy for the banking market
performance in the Norwegian stock market I use the stock price of Norway’s largest bank,
DNB. The returns are measured as the twelve month growth in the DNB stock and the market

index. Source: Oslo Bars.

As a proxy for the TED spread used by Cardarelli et al. (2011), I use the spread between the

overnight lending rate and the three month NIBOR. Since the overnight lending rate is

12



considered to be safer than the interbank rate, this provides a measure of uncertainty in the
interbank market as it captures the premium that banks charge over the overnight lending rate
to lend out money in the interbank market. An increase in the spread corresponds to an
increase in the premium and thus increased uncertainty in the interbank market. Source:

Norges Bank.

The inverted term spread is calculated as the government overnight lending rate minus the
NIBOR long term rate, the NIBOR 12-month rate. Hence, an increase in the term spread
shows that there are increased difficulties in attaining short-term funding, indicating increased

uncertainty in the banking sector. Source: Norges Bank.

The stock market returns are computed as the monthly change in the stock market index
multiplied by minus one. By multiplying the returns with minus one, a drop in the stock prices
corresponds to an increase in the index. Source: Oslo Bars.

Stock market volatility is measured as the six-month backward-looking moving average of the
squared monthly returns of the stock market. An increase in the time-varying volatility

measure corresponds to increased uncertainty in the stock market. Source: Oslo Bars.

The foreign-exchange market volatility is measured as the six-month backward-looking
moving average of the squared monthly growth rate of the nominal effective exchange rate

and captures the amount of stress in the foreign exchange rate market. Source: IMF.

Figure 1 below shows the evolution of the financial stress index, as well as bank related
stress, stock market stress and instability in the exchange rate market. As seen from the figure,
financial stress caused by negative shocks to the bank sector was the biggest contributor to the
massive increase in the FSI in 2008. Moreover, it is clear that the stress was great during the
latest financial crisis of 2008- 2009, for all the financial sectors covered by the index.
However, it is evident that the biggest shocks to the index came through the stock market, as
well as the banking sector. There are two large shocks to the banking sector, resulting in a
small, second shock to the index around 2010. The massive increase in the banking sector and
stock market sub indexes illustrates the nature of the last financial crisis, which was initiated
in the banking sector before it spilled over to the real economy. Furthermore, it is clear from
looking at the figure that during what might be dubbed normal times, the index fluctuates

around O, in the interval of -1 to 1.
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Figure 1: The evolution of the financial stress index (FSI) and its sub indexes. In the top left
corner is the FSI, in the top right corner is the FSI for the bank sector, in the bottom left
corner is the FSI for the stock market, and finally, in the bottom right corner is the FSI for the
exchange rate. The bank sector FSI is defined as the sum of the banking beta, the TED spread
proxy and the inverted term spread variables, the stock market FSI is defined as the sum of
the stock market returns and stock market volatility variables, and the exchange rate market
FSI is simply the exchange rate volatility variable. The sub indexes are demeaned and
standardized.

Moreover, by having a glance at Figure 2 below, in which the evolution of the variables
included in the stress index are depicted, it is easily seen that stress caused by shocks to the
banking beta is the largest contributor to the stress seen in the most recent financial turmoil.
This increase represents an amplification of the banking sector risk. Furthermore, the graph
representing the TED spread, which is proxied by the spread between the overnight lending
rate and the three month NIBOR, suggests that the increase in the interbank rate over the
overnight lending rate in 2007 has been persistent. Together with the inverted term spread, the

evolution of the interest rates suggests that short-term borrowing has been relatively harder to
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receive and long-term borrowing relatively easier for the banks after 2007 than in the period
up until 2007. That is, it seems as though the risk premium the banks charge each other in the
interbank market has been persistent, even though the central bank has kept its interest rates
low, ultimately resulting in a tougher climate in the interbank market. The graphs also show
that the volatility in the stock market increased abruptly in 2008. Around the same time, the
stock market returns measure increased heavily. Keeping in mind that this corresponds to a
decrease in the actual returns, it is clear that these three graphs capture the increased risk and
uncertainty in the securities market. Additionally, the volatility of the exchange rate increased

rapidly in the same period, implying a higher degree of uncertainty in the exchange rate

market.
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Figure 2: The evolution of the variables measuring financial stress in which the FSI is
constructed from. In the upper left corner is the Banking beta, the upper right corner the TED
spread proxy, to the left in the middle is the inverted term spread, to the right in the middle is
the stock market returns, in the bottom left corner is the stock market volatility, and finally, in
the bottom right corner is the exchange rate volatility.
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5 Econometric Analysis

Based on the theoretical model, | anticipate that an increase in the expected rate of inflation
results in an increase in the interest rate, due to the inflation target embedded in the Taylor
rule. As Norway has had an inflation targeting regime the last decade, the effect of inflation
on interest rates should be stable or even slightly decreasing, if the central bank is able to
anchor inflation expectations, which in turn might diminish the central bank’s need to act
aggressively towards changes in the inflation rate. Moreover, the time horizon at which the
central bank wants the inflation rate to approach its target has increased since the introduction
of the inflation targeting regime. This effect might give results corresponding to a decrease in
the aggressiveness towards inflation from the earlier parts of the inflation targeting regime to

the more recent parts of the sample.

Through the effects that an increase in the output gap has on the inflation rate, one would
expect an increase in the output gap to be followed by an increase in the interest rate. When
using the deviation of the unemployment rate from its natural rate, it is expected that an

increase in this measure will tend to have an expansionary effect on monetary authority.

As an increase in the exchange rate variable corresponds to a depreciation of the Norwegian
Krone, one would expect that this would lead to an increase in the interest rate. Moreover, the
response of an exchange rate depreciation should be larger during the period with a stable
exchange rate regime than during the inflation targeting regime, when the exchange rate has

been floating.

Moreover, by implementing a model with time-varying parameters, | am able to see whether
the emphasis put on inflation and the exchange rate actually varies across time.

An interesting question in this study is how the financial stress index affects the interest rate.
This variable is likely to have a negative effect on the interest rate. That is, as the degree of
financial distress increases, | anticipate the central bank to decrease the interest rate in order
stabilize the financial side of the economy. As the degree of financial instability is likely to
vary across time, the utilization of a time-varying parameter model will help capture the
differing in the effect this variable has on the interest rate. Additionally, by employing this
type of model, one could also explore if the central bank adjusts its interest rate in the build-
up of financial instability. That is, the model exposition can be used to check whether the
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interest rate is adjusted solely ex post or if there is an ex ante component in the interest rate

adjustment to financial stress.

5.1 Estimation

I have estimated the model by utilizing different methods. The estimation procedures are
repeated using both the output gap constructed from the production data and by using the
deviation of the unemployment rate from its natural rate as an output gap proxy. The model is

estimated in the three following ways:

- First, the estimation is carried out by running the regression as a two-stage least
squares. In the first stage, the endogenous regressors in the Taylor rule, equations (12)
— (15), are estimated. In the second stage, the Taylor rule, equation (4), is estimated.
The estimation procedure has been implemented while applying different lags and
leads for the right-hand-side variables in the final estimation step. That is, the interest
rate was estimated by applying different lags and leads for the fitted values of the
right-hand-side variables. Moreover, this procedure is executed using data from the

official inflation targeting regime, i.e. from April 2001 until December 2011.

- Second, the process is repeated for the preferred lag-/lead structure by the means of
recursive estimation so as to find the evolution of the coefficients in the final Taylor
rule. This estimation is implemented using data from August 1998, using twelve

observations for initialization.

- Finally, | estimate the Taylor rule by the means of the varying coefficients method,
keeping the coefficients with a stable time path constant. That is, some of the
coefficients in (17) are time-invariant, i.e. do not follow a random walk. Consistent
estimates of the coefficients in (17) are provided by estimation in two steps. In the
first, | estimate the endogenous right-hand side variables, given by egs. (12) — (15),
and store the standardized residuals, ¢, ¢;, v;, &;. In the second step, | estimate the
model with time-varying parameters, i.e. equations (17) and (6) — (11), using the fitted
values of the regressors. Estimation using time-varying coefficients is carried out in
order to isolate the effect of financial stress on the interest rate setting over time. The
estimation is carried out using observations from August 1998, as the estimation

process does not work with fewer observations.
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I will to begin by turning to the case where the output gap is constructed as the deviation of

the log production from its trend.

In estimating eq. (4) by employing the two-stage least squares method, | have chosen different
lags and leads for the variables in order to find the structure that yields the best results. |
estimated the model using 0, 6, 9 and 12 leads for the inflation rate and exchange rate
variables, -3,-1, 0, 1, 3, 6, 9 and 12 leads for the output gap and finally -3, -2, -1, 0, 1 and 2
leads for the financial stress index, where -3, -2 and -1 leads refers to 1, 2 and 3 lags. That is,
with reference to the model specification above, i=k=0, 6, 9, 12, j=-3,-1,0, 1, 3,6, 9, 12 and
m=-3,-2,-1,0,1, 2.

5.2 Estimation results

5.2.1 Estimating using output gap

Two stage least squares estimation

In the tables below, the results are presented, with the deviation of log production from its
trend being used as the output gap. The rest of the right-hand side variables in the Taylor-type
rule are the inflation rate, the per cent monthly growth in the nominal exchange rate and the

financial stability index.
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Table 1: Results from two-stage least squares estimation, with a lead of 1 period on the
financial stress index.

re=(1-¢) [“ + By + Ve T Het+k] toreg + 08X, + &

i=k _j m Q o p Y H 6
0 -3 1 Coefficient 0,98752  -0,00239 0,02361 1,70379  -0,03601 -0,14056
p-value 0 0,8734 0,6145 0,0068 0,0898 0,0001

0 -1 1 Coefficient 0,98108  -0,00036 0,03107 1,97446  -0,03384  -0,14088
p-value 0 0,9797 0,5022 0,0012 0,1046 0,0001

0 0 1 Coefficient 0,97894  0,00138  0,02885 2,08506  -0,04279  -0,13037
p-value 0 09222 0,526 0,0003 0,0385 0,0001

0 1 1 Coefficient 0,97606 0,00394 0,02631 2,54234  -0,05369  -0,11962
p-value 0 0,7734 0,5477 0 0,0083 0,0002

0 3 1 Coefficient 0,97622 0,01115 0,00051 3,40812 -0,06539  -0,07653
p-value 0 0,3689 0,9896 0 0,0005 0,0059

0 6 1 Coefficient 0,99197  0,00320 -0,01466  2,75894  -0,04988  -0,04731
p-value 0 08171 0,7353 0 00128 0,1317

0 9 1 Coefficient 1,00169  -0,01369 0,02097 2,21223  -0,03193  -0,07292
p-value 0 0,3545 0,6502 0,0001 0,1383 00273

0 12 1 Coefficient 1,00360  -0,02011 0,03552 1,07810  -0,04214  -0,09843
p-value 0 0,2282 0,4839 0,0619 0,0714 0,0051

6 -3 1 Coefficient 0,97956  -0,03626 0,16581 1,06593  -0,01673  -0,19369
p-value 0 0,0164 0,0007 0,0926 0,4164 0

6 -1 1 Coefficient 0,97253  -0,03104 0,16348 1,66180 -0,02374  -0,19822
p-value 0 0,0295 0,0005 0,0058 0,2339 0

6 0 1 Coefficient 097113  -0,03052  0,16493 1,62004  -0,02334  -0,19043
p-value 0 00314 0,0003 0,0046 02278 0

6 1 1 Coefficient 0,97024  -0,02557 0,15011 1,91774  -0,02541  -0,17926
p-value 0 0,0674 0,0008 0,0004 0,1791 0

9 -3 1 Coefficient 0,97394  -0,03152  0,16464  0,99521 0,04843  -0,16655
p-value 0 0,0376 0,0003 0,1333 0,0209 0

9 -1 1 Coefficient 0,96885  -0,02596 0,15531 1,27006 0,04812  -0,16195
p-value 0 0,0688 0,0004 0,0402 00175 0

9 0 1 Coefficient 0,96898  -0,02581 0,15408 1,17531 0,04779  -0,15467
p-value 0 0,0707 0,0005 0,0476 0,0167 0

9 1 1 Coefficient 0,96817 -0,02119  0,13983 1,50250  0,04494  -0,14776
p-value 0 0,1302 0,0014 0,0078 0,0212 0

12 -3 1 Coefficient 0,98978  -0,04506 0,17289 0,33160  -0,02617 -0,16154
p-value 0 0,0048 0,0001 0,6384 0,2293 0

12 -1 1 Coefficient 0,98092  -0,03397 0,15318 0,82208 -0,01614  -0,15639
p-value 0 0,0331 0,0005 0,249 0,46 0

12 0 1 Coefficient 0,98000 -0,03328  0,15208 0,78774  -0,01761  -0,15177
p-value 0 0,0347 0,0006 0,2385 0,4088 0

12 1 1 Coefficient 0,97641  -0,02495 0,13124 1,32706  -0,01569  -0,14691
~ p-value 0 0,0999 0,0026 0,0332 0,4469 0
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Table 2: Results from two-stage least squares estimation, with a lag of 1 period on the
financial stress index.

re=01-0) [“ + By + YV + Her+k] torg + Xy + &

i=k _j m Q o p Y 1 0
0 -3 -1 Coefficient 0,96486  -0,01783 0,13898 2,60888 -0,03144  -0,25804
p-value 0 01157 0,0004 0 0,0564 0

0 -1 -1 Coefficient 0,97236  -0,01922 0,12215 1,64398  -0,02977 -0,21731
p-value 0 0,1109 0,0029 0,0007 0,0872 0

0 0 -1 Coefficient 0,97426  -0,01816 0,11334 1,50173  -0,03557  -0,20256
p-value 0 01414 0,0062 0,0018 0,0464 0

0 1 -1 Coefficient 0,97333  -0,01505  0,10382 1,80389  -0,04394  -0,18757
p-value 0 02187 0,0109 0,0002 0,0145 0

0 3 -1 Coefficient 0,97453  -0,00825 0,07586 2,69464  -0,05502  -0,14818
p-value 0 0,4702 0,0461 0 0,0011 0

0 6 -1 Coefficient 0,98804  -0,02271 0,08967 1,95516  -0,03951  -0,15336
p-value 0 0,0655 0,0312 0 0,0261 0

0 9 -1 Coefficient 0,99454  -0,03892  0,13338 1,93232  -0,02300  -0,18557
p-value 0 0,0016 0,0013 0 0,2033 0

0 12 -1 Coefficient 0,99410  -0,04174 0,14119 0,87502  -0,03415  -0,20178
p-value 0 0,0027 0,0019 0,0782 0,0825 0

6 -3 -1 Coefficient 0,95940 -0,03613  0,21632 1,59506  -0,02963  -0,26660
p-value 0 0,0012 0 0,0013 0,0642 0

6 -1 -1 Coefficient 0,96488  -0,04234 022372 0,88108  -0,03720  -0,24840
p-value 0 0,0003 0 0,059 0,0231 0

6 0 -1 Coefficient 0,96678  -0,04550  0,22997  0,56644  -0,03637 -0,24393
p-value 0 0,0001 0 02177 0,0279 0

6 1 -1 Coefficient 0,96692  -0,04373 0,22349 0,65436  -0,03685  -0,23822
p-value 0 0,0003 0 0,1586 0,0258 0

9 -3 -1 Coefficient 0,95984 -0,02156  0,16607 1,63181 0,03693  -0,22025
p-value 0 0,0709 0 0,0036 0,0328 0

9 -1 -1 Coefficient 0,96507  -0,03309  0,19157  0,57752  0,03030 -0,20156
p-value 0 0,0068 0 0,2592 0,0826 0

9 0 -1 Coefficient 0,96745  -0,03833 0,20381 0,16534 0,02891  -0,19986
p-value 0 0,0023 0 0,7451 0,0993 0

9 1 -1 Coefficient 0,96699  -0,03625  0,19766 030816  0,02877 -0,19702
p-value 0 0,0041 0 0,5452 0,099 0

12 -3 -1 Coefficient 0,97254  -0,02624 0,15154 1,29911  -0,01021  -0,21107
p-value 0 0,0435 0 0,0353 0,571 0

12 -1 -1 Coefficient 097754  -0,03777 0,17735 0,25061  -0,01610  -0,19270
p-value 0 0,0058 0 0,6706 0,3878 0

12 0 -1 Coefficient 0,98043  -0,04402  0,19176 -0,17318  -0,02004  -0,19237
p-value 0 0,0014 0 0,7605 02723 0

12 1 -1 Coefficient 0,97855  -0,03947  0,18060  0,12716 -0,01791  -0,19064
p-value 0 0,0039 0 0,8193 0,3191 0
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Tables 1 and 2 above depict the cases where the central bank adjusts its interest rates in
response to an expected increase in the financial stress index and in response to past shocks to
the financial stress index, respectively. That is, Table 1 shows the effects on the different
parameters in the Taylor-type rule when the central bank is assumed to have an ex ante
approach toward adjusting its monetary policy following an increase in the financial stress
index. Table 2 shows the results when the opposite is assumed — namely that the central bank

has an ex post policy towards financial stress.

From Tables 1 and 2 above, it can be seen that the model specification which yields the most
reasonable results is a structure where the inflation rate and exchange rate are led nine periods
(i=k=9) ahead and the output gap is led one period (j=1); that is, when it is assumed that the
central bank adjusts its interest rates in response to expected changes in the inflation rate and
exchange rate nine periods ahead and the output gap one period ahead. Both for a one period
lead (m=1; see Table 1) and a one period lag (m=-1; see Table 2) on the financial stress index,
this yields significant results for the inflation rate, the exchange rate, the financial stress index

and the interest rate smoothing parameter, and mostly significant results for the output gap.

For this specification, both Tables show that there is a positive relationship between the
inflation rate and the interest rate, implying that a unit increase in the expected inflation rate
results in an interest rate increase by the central bank. Conversely, a reduction in the expected
inflation rate will cause the central bank to decrease its interest rates. Moreover, an increase in
the expected exchange rate results in an increase in the interest rates. That is, an expected
depreciation of the Norwegian Krone tends to yield a monetary contraction through increased
interest rates. It can also be seen that there is a positive relationship between the expected
output gap and interest rates. Thus, increased economic activity leads to higher interest rates.

The interest rate smoothing parameter, g, is also positive and significant for all specifications.

Moreover, conferring Table 1, an increase in the financial stress index one period ahead yields
a negative response by the central bank, in that it is found to reduce the interest rate when the
financial stress index is expected to increase in the next period. That is, if the central bank
expects the financial stress index to increase by one unit one period ahead, it decreases the
interest rate by 0.148 percentage points. The same effect is evident when having a glance at
Table 2, where it can be seen that an increase in the financial stress index last period results in

a slashing of the interest rate by the central bank. Specifically, a unit increase in the stress
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index one period ago brings about a decrease of the interest rate by the central bank of 0.197

percentage points in this period.

Hence, it can be seen that an ex ante policy towards financial stress yields a lower interest rate
cut than with an ex post policy. That is, with reference to the tables above, if the central bank
adjusts its interest rates to respond to past shocks to the financial stress index, it decreases
interest rates by more than if it adjusts its interest rates due to an expected increase in the
index. These results suggest that the central bank is more concerned with financial stress after
it has occurred rather than being pre-emptive by adjusting its interest rates in order to

minimize future financial stress.

These results could be intuitively explained, as financial stress stemming from the bank sector
and stock market might be difficult to forecast and thus react to ex ante. Additionally, by
loosening its policy during episodes of financial stress originating in the banking sector, the
central bank adds liquidity to the bank market which in turn may reduce the likelihood of
crisis that reach systemic proportions. The larger the stress to the financial sector, the higher
the probability that the drainage of liquidity may spill over to the real economy and cause low

inflation and weak economic growth.

Furthermore, Tables 1 and 2, as well as Tables A1 — A4 in Appendix A.1, show that an
increase in the financial stress index yields an interest rate reduction. There are also similar
results from applying different lags and leads to the financial stress index; suggesting that the
central bank is more aggressive in its response toward financial stress ex post rather than ex

ante.

Some of the specifications also yield somewhat counterintuitive results. First, the results
show, in both tables, that for all but 9 leads on the exchange rate (k=9), for all other leads and
lags in the output gap and the financial stress index, an increase in the variable leads to a
decrease in the interest rate. This corresponds to the central bank lowering its interest rate if

there is an expected depreciation of the exchange rate, thus further fueling the depreciation.

Second, in Table 1, with a specification of a one period lead on the financial stress index and
a six period lead on the output gap, it is shown that an increase in the inflation rate today
makes the central bank decrease its rate of interest. Hence, this result claims that the central

bank fuels inflation by decreasing its interest rates in the case of growth in the inflation rate.
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Moreover, the rather low values of the impact of the inflation rate on the interest rate, suggest
that a unit increase in the inflation rate gives less than a unit increase in the real rate of
interest, which in turn implies that the interest rate rule is destabilizing or accommodative to
shocks to the economy. Table Al also show similar results for a specification of 0 lags or
leads on the inflation rate, different lag and lead structures of the output gap, as well as two

leads on the financial stress index.

Third, from Table 2, if the central bank responds to an increase in the output gap this period
as well as an expected increase in the inflation and exchange rate twelve periods into the
future, it can be seen that the impact of an increase in the output gap brings about a reduction
in the interest rates. That is, if the economy goes through a rough patch with a decrease in

production, these results state that the central bank increases its interest rates.

Finally, from Table 1, it can be seen that for some specifications, the interest rate smoothing
parameter yields a value above 1, which violates the assumptions of this coefficients being

between 0 and 1.

For other specifications of different leads and lags, the tables show mixed results. The
relationship between the inflation rate and the interest rate is positive and mostly significant.
As already stated, for nearly all specifications the results states that an increase in the
expected exchange rate impacts the interest rate negatively, with some of the results being
significant and others not. For all lead and lag structures, the estimates of the smoothing

parameter yields significant results.

For other lead and lag structures of the monetary authority’s reaction towards the financial
stress index, the results are similar to the ones described above. These results is presented in

Tables A1 — A4 in appendix A.1, which show the estimation results for m=2, 0, -2, -3.

Recursive estimation

For further estimation, some of the lead specifications can thus easily be removed when
estimating recursively. Immediately, an instant response to inflation rate and exchange rate
may be removed from further estimation, as well as leads of -3, -1, 0, 3, 6, 9 and 12 for the
output gap. For the exchange rate, leads of 6 and 12 can also be ruled out due to the
insignificance of the coefficient for these lead lengths. That is, I will in the following assume
that the central bank adjusts its interest rate in response to expected changes in the output gap
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one period ahead and expected changes in the inflation rate and exchange rate 9 periods
ahead. Specifically, as the lead structure in the estimation that follow I will use i=k=19, j=1
and m=-3,-2,-1,0, 1, 2.

By recursively estimating the Taylor equation specified by eq. (4), | am able to find an
estimated time path of the coefficients. The figures below show the recursive graphics of

different lead length specifications for the financial stress index.
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Figure 3: Recursive graphics, panels a- ¢. The plots show the time paths of the coefficients in
the Taylor-type rule. In each panel, the top left graph is inflation, top right graph is the output

gap, the bottom left graph is the exchange rate and the bottom right graph is the financial

stress index.
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Figure 4: Recursive graphics, panels d- f. The plots show the time paths of the coefficients in
the Taylor-type rule. In each panel, the top left graph is inflation, top right graph is the output
gap, the bottom left graph is the exchange rate and the bottom right graph is the financial
stress index.
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The figures show that the different coefficients all vary somewhat across time. However, the
jumps in the beginning of all the plots might be attributed to the initialization. Thus, the
inflation rate, output gap and exchange rate seem to demonstrate a steady convergence in all
panels. For the financial stress index, the coefficient drops around 2008, seemingly giving a
negative effect on the interest rate setting. This abrupt fall in the stress indicator fits well with
the latest financial turmoil where it was seen that interest rates were reduced in the wake of

the increased stress to the financial sector.

Time- varying coefficients estimation

In employing the varying coefficients method, | will therefore keep all the coefficients but the
financial stress index parameter constant in order to isolate the time-varying effect of financial
instability on the interest rate. The exchange rate coefficient could also have been included as
a time-varying parameter. However, as my previous results have shown that the effect of the

exchange rate on monetary policy is minimal, I will therefore treat it as time-invariant.

Thus, the time-varying model that is to be estimated is:

(18) 1. = (1 — o)[a + B(r1o0) + VYVis1 + Heryol + 071 + SeXpm +
Ppe0:Pt + PceO0¢eCt + PypeOeVs + pfso-s’ft + (t

(19) 6, = 6¢—1 + 9

In the estimating the equation above, | have once more used different lags and leads for the

financial stress index, with m= -3, -2, -1, 0, 1, 2.

The time-varying impact of changes in the financial stress index on the interest rate for the

different lags and leads are showed in the figures below.
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Figure 5: Time-paths for all lags and leads on the financial stress index. That is, d_x is the
time-path of the financial stress coefficient when the financial stress index is led x periods,
while 6_-X is the time-path of the financial stress coefficient when the stress index is lagged x
periods. Figures for each of the time-paths can be found in appendix A.2.

Figure 5 above show the time-varying effect of financial stress on the interest rate for m=2, 1,
0, -1, -2, -3, and demonstrates that there is an abrupt drop in the impact of financial stress on
the interest rate in late 2008. The effect is especially evident when estimating using lagged
data, i.e. the time-paths dubbed 6_-1, 6_-2 and _-3. The effect also seems to become smaller
when assuming that the central bank acts less sluggish to the increased stress in the financial
sector. That is, the negative interest rate response is largest for 6_-3, and it can be seen that
the effect diminishes as m increases. Moreover, the effect is smaller when the model
specification assumes that the central bank acts to counteract the effects of financial stress.
That is, the evidence suggests that the central bank decreases its interest rate more ex post
than ex ante as a result of an increase in financial stress. In the most recent period of financial
turmoil, the central bank lowered the interest rate by roughly 0.7 basis points three months

after a unit increase in the financial stress index, whereas the decrease in the interest rate was
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about 0.4 percentage points as a response to an expected unit increase in the stress index two

periods ahead.

These results are comparable to those found by Baxa et al. (2011), who estimate the impact of
financial stress on interest rates for five countries. They find that there was in fact a reduction
in interest rates when financial instability increased, especially during the last period of
financial distress, in 2008. Moreover, the results are supported by Borio and Lowe (2004), in

that the central bank is asymmetric in its response towards financial instability.

Moreover, it can be seen that interest rate increases also exist as an effect of increased
financial stress. Specifically, the plot named &_1in Figure 5 shows a large increase for the
estimation with m= 1, i.e. when the central bank responds to an expectation of a change one
period ahead. Depending on the nature of the expected increase in financial stress, i.e. from
which sector the shock is initiated, an interest rate increase may serve to amplify a situation
with financial distress. That is, if there is a shock to the financial sector through an increase in
the risk premium in the interbank market, this effect may be propagated if the central bank
increases its interest rates. Furthermore, as financial instability may cause reduced output and
inflation, increasing the interest rates might make matters worse by further amplifying a
potential economic decline. The time-path of the 6_1 plot in Figure 5, that there is an increase
in the interest rate as a result of increased financial stress, can also be seen as a lowering of

the interest rates by the central bank as it anticipates a decrease in the financial stress index.

5.2.2 Estimating using unemployment as an output gap proxy

In what follows, | will turn to the case where the output gap is being proxied by the deviation
of the unemployment rate from its natural rate. The inflation rate, the exchange rate and
financial stress index are all defined as before. | have gone through the same steps of
estimation as above, i.e. estimation of (4) by estimation through the use of the two-stage least
squares method, recursively estimating (4) and finally estimating (18) — (19) by utilizing the
varying coefficients method.

Two stage least squares estimation

In the first estimation process, | once more estimate the augmented Taylor rule using different

lags and leads for the inflation rate, exchange rate, output gap proxied by unemployment rate
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date and the financial stress index. The lags and leads used were the same for the inflation
rate, exchange rate and the stress index, with i=k=0,6, 9, 12 and m=-3, -2, -1, 0, 1, 2. The
leads for the output gap proxy were j=-1,0, 1, 3, 6, 9, 12.

The results apprehended through the two-stage least squares estimations procedure can be
seen in Tables 3 and 4 below, as well as in Tables A5 — A8 in appendix A.1. In Tables 3 and
4, the estimation results using m=1, -1 are depicted, the estimation results using m=2, 0, -2, -3

are found in the tables in the appendix.
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Table 3: Results from two-stage least squares estimation, with a lead of 1 period on the
financial stress index.

re=(1-0) [a + By + VY4 + Het+k] tor. g +6xyy, te

i=k__j 0 o B Y i} 0
0 -1 Coefficient 0,97641 0,19061 -0,08322  -0,87576  -0,03186  -0,10732
p-value 0 0 0,0738 0 0,0984 0,0004

0 0 Coetficient 0,97786 0,17554  -0,07392  -0,81224  -0,03108  -0,09960
p-value 0 0 0,1086 0 0,1077 0,0009

0 1 Coefficient 0,97932 0,16376  -0,06666  -0,76429  -0,03294  -0,09333
p-value 0 0 0,1463 0 0,0898 0,002

0 3 Coefficient 0,98254 0,15034  -0,04980  -0,72948  -0,03356  -0,09304
p-value 0 0 0,2683 0 0,0877 0,0021

0 o6 Coefficient 0,98943 0,12121 -0,02170  -0,64205 -0,03609  -0,09908
p-value 0 0,0002 0,633 0 0,0756 0,0015

0 9 Coetficient 0,99590 0,11497  -0,01386  -0,64913 -0,04299  -0,09703
p-value 0 0,0002 0,7594 0 0,0359 0,0019

0 12 Coefficient 1,00334 0,11127  -0,02467  -0,64150  -0,05049  -0,08678
p-value 0 0,0003 0,5976 0 0,017 0,0061

6 -1 Coefficient 0,97350 0,10795 0,06703  -0,63305  -0,02023  -0,16318
p-value 0 0,0413 0,2601 0,0035 0,3048 0

6 0 Coefficient 0,97399 0,09597 0,07371  -0,57915  -0,01705  -0,15628
p-value 0 0,0613 0,2136 0,0055 0,373 0

6 1 Coefficient 0,97551 0,08343 0,08110  -0,52672  -0,01594  -0,15204
p-value 0 0,0903 0,1639 0,0083 0,4045 0

6 3 Coefficient 0,97730 0,08585 0,08093  -0,54814  -0,01763  -0,14898
p-value 0 0,0521 0,1398 0,0026 0,3521 0

9 -1 Coefficient 0,96877 0,09476 0,07710  -0,55377 0,03698  -0,14517
p-value 0 0,0943 0,1881 0,0178 0,0696 0

9 0 Coefficient 0,97026 0,08374 0,08063  -0,50421 0,03683  -0,13848
p-value 0 0,1319 0,1768 0,027 0,0682 0

9 1 Coefficient 0,97207 0,06975 0,08830  -0,44533 0,03592  -0,13450
p-value 0 0,1994 0,1413 0,045 0,074 0

9 3 Coefficient 0,97365 0,08044 0,07776  -0,49563 0,03751  -0,12951
p-value 0 0,1055 0,1742 0,0155 0,0597 0

12 -1 Coefficient 0,97504 0,08661 0,08048  -0,53734 -0,01823  -0,15146
p-value 0 01625 0,164 0,0356 03773 0

12 0 Coefficient 0,97588 0,07611 0,08415 -0,48864  -0,01685 -0,14431
p-value 0 0,2135 0,155 0,051 0,413 0

12 1 Coefficient 0,97672 0,06540 0,08967  -0,44181 -0,01691 -0,13930
p-value 0 0,2657 01278 0,0663 0,411 0

12 3 Coetficient 0,97868 0,07357 0,07813 -0,47841 -0,01666  -0,13470
p-value 0 0,1961 0,1887 0,041 0,416 0
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Table 4: Results from two-stage least squares estimation, with a lag of 1 period on the
financial stress index.

re=(1-0) [a + By + VY4 + Het+k] tor. g +6xyy, te

i=k _j m 0 o B Y i} 0
0 -1 -1 Coefficient 0,96998 0,14033 0,03183 -0,74467  -0,02332  -0,19903
p-value 0 0,0001 0,4334 0 0,1405 0

0 0 -1 Coefficient 0,97081 0,13265 0,04249  -0,72162  -0,02124  -0,19943
p-value 0 0,0001 0,2842 0 0,1779 0

0 1 -1 Coefficient 0,97191 0,12715 0,04859  -0,70399  -0,02165  -0,19814
p-value 0 0,0001 02168 0 0,1704 0

0 3 -1 Coefficient 0,97485 0,11656 0,06757  -0,68790  -0,02264  -0,20216
p-value 0 0,0001 0,077 0 0,1508 0

0 6 -1 Coefficient 098117 0,08955 0,08920  -0,59921 -0,02550  -0,20267
p-value 0 0,001 00221 0 0,1222 0

0 9 -1 Coefficient 0,98781 0,07760 0,09331 -0,56828  -0,03232 -0,19591
p-value 0 0,0029 0,0184 0 0,0557 0

0 12 -1 Coefficient 0,99441 0,06981 0,08720  -0,54082  -0,03812 -0,19083
p-value 0 0,0074 0,0333 0 0,0299 0

6 -1 -1 Coefficient 0,96507 0,04426 0,17090  -0,40202  -0,03406  -0,23928
p-value 0 0,2871 0,0004 0,0179 0,0287 0

6 0 -1 Coefficient 0,96563 0,04270 0,17163  -0,39683  -0,03262  -0,23721
p-value 0 0,2835 0,0003 0,0148 0,0356 0

6 1 -1 Coefficient 0,96629 0,03897 0,17503  -0,38419  -0,03204  -0,23616
p-value 0 0,3014 0,0002 0,0131 0,0388 0

6 3 -1 Coefficient 0,96795 0,04822 0,16884  -0,43344  -0,03344  -0,23371
p-value 0 0,1492 0,0001 0,002 0,0287 0

9 -1 -1 Coefficient 0,96307 0,06715 0,12540  -0,44813 0,02879  -0,20295
p-value 0 0,1456 0,0096 0,0182 0,0818 0

9 0 -1 Coefficient 0,96422 0,06518 0,12425  -0,44044 0,02838  -0,20038
p-value 0 0,152 0,011 0,0187 0,0863 0

9 1 -1 Coefficient 0,96546 0,05760 0,12893  -0,41070 0,02749  -0,19887
p-value 0 0,1919 0,008 0,0242 0,0976 0

9 3 -1 Coefficient 0,96747 0,06531 0,12124  -0,45020 0,02864  -0,19575
p-value 0 0,1015 0,0085 0,007 0,081 0

12 -1 -1 Coefficient 0,96871 0,10473 0,07372  -0,59726  -0,01916  -0,20162
p-value 0 0,0404 01204 0,0044 02554 0

12 0 -1 Coefficient 0,96991 0,10544 0,06928  -0,59947  -0,01833 -0,19830
p-value 0 0,0395 0,1536 0,0043 0,276 0

12 1 -1 Coefficient 0,97170 0,09795 0,07238  -0,57019  -0,01892  -0,19531
p-value 0 0,0507 01373 0,0057 0,2623 0

12 3 -1 Coefficient 0,97521 0,09894 0,06595 -0,58082  -0,01881 -0,19146
p-value 0 0,037 01725 0,0032 0,2626 0
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The results in Tables 3 — 4 above show similar results as the ones obtained when using the
output gap instead of the deviation of the unemployment rate from its natural rate. That is, for
a structure using nine leads on the inflation and exchange rate, as well as a lag of one period
on the output gap proxy, the 2SLS estimation again yields the most reasonable results. To be
precise, the results show that an expected increase in the inflation rate or exchange rate nine
periods ahead yields an interest rate increase. For the inflation rate, a target horizon of six
months also gives results that state that the central bank increases its interest rate when the
inflation increases. Unsurprisingly, an increase in the unemployment rate also leads the
central bank to a lower the interest rate. Hence, if the unemployment gap is to increase
through an increase in the level of unemployment, the central bank wants to counteract a
possible economic downturn by reducing the interest rate. This relationship holds for all lead
and lag specifications of the model, both the estimation results shown in Tables 3 and 4 above
and Tables A5 — A8 in appendix A.1. The interest rate smoothing parameter is positive and

significant in both tables above.

Moreover, an increase in financial stress leads to a monetary expansion, through a decrease in
the interest rates. This result applies for all lead and lag structures imposed on the financial
stress index. In general, the results also show that an increase in the financial stress index has
a bigger impact on the interest rate setting decision when it is assumed that the monetary
authority adjusts its interest rates in the same period as or after the increase in the stress index
has occurred, rather than due to an expected increase. Specifically, the impact of financial
stress is greater when the model is estimated using a lag structure rather than a lead structure
on the financial stress index. This can, once more, be interpreted as the central bank being

more aggressive towards financial stress ex post rather than ex ante.

For the more counterintuitive results, it can once again be seen from Table 3 that if the
monetary authority adjusts the interest rate according to an increase in inflation rate and
exchange rate today, as well as an increase in the unemployment rate gap 12 periods ahead;
the interest rate smoothing parameter is above 1, which, as already noted, violates the
assumption that this parameter should take a value between 0 and 1. Moreover, from Table 3
it can be seen that, for a 0 lead on the inflation rate and for all lags and leads on the output gap
proxy, an increase in the inflation rate yields a reduction of the interest rate. This is quite
counterintuitive, as this means that the central bank fuels inflation, as cutting the interest rates

in the case of an inflation rate increase in turn leads to an increase of the inflation rate. Hence,
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in this model specification, the initial inflation rate increase may ultimately lead to a case
where inflation ultimately spirals out of control. Both Tables 3 and 4, as well as Tables A5-
A8, also show that an increase in the exchange rate, i.e. a nominal depreciation, for most
model specifications tends to cause a reduction in the interest rates, which will cause a further

depreciation of the exchange rate.

Recursive estimation

In the next step, | will estimate the augmented Taylor rule through recursive estimation. The
object of this procedure is once again to identify the coefficients that seem to exhibit
somewhat unstable time-paths. Moreover, | will remove some of the leads and lags used when
estimating by the means of the two-stage least squares method. Specifically, | assume that the
central bank’s target horizon for the inflation rate and exchange rate is nine months, whereas
the target horizon for the output gap is one period, giving i= k =9 and j= 1. For the financial

stress index, | will use all the different leads and lags as above, with m=-3, -2, -1, 0, 1, 2.

Below are the graphs showing the recursive graphics. They present estimated time-path

results when running the regression with different lead lengths for the financial stress index.
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Figure 6: Recursive graphics, panels a- ¢. The plots show the time paths of the coefficients in
the Taylor-type rule. In each panel, the top left graph is inflation, top right graph is the output
gap, the bottom left graph is the exchange rate and the bottom right graph is the financial
stress index.
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stress index.
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Once more, all the coefficients are somewhat unstable in the early parts of the sample, for all
different leads and lags for the financial stress index. However, the plots suggest that the
time-paths of the coefficients become more stable after the initial unstable phase, with the
exception of a sudden drop in the coefficient measuring financial instability’s impact on the

interest setting decisions of the monetary authority.

Time- varying coefficients estimation

In estimating the model using the varying coefficients method, I will assume that most of the
coefficients are time-invariant. As the plots above suggest convergence toward a steady-state
for all parameters but the one measuring the impact of financial stress on the interest rate, |
assume that all coefficients but the latter are time-invariant. Furthermore, | will utilize the

specification given by eqgs. (18) — (19), namely:

(18) e = (1 — o)[a + B(Tr40) + VYVi41 + Hersol + 0Trq + SXpim +
Ppe0:Pt + P¢e0:Ce + Pye0eVs + Pereft + (t

(19) 6 = 6¢-1 + U,

The time-varying results for the financial stress index coefficient are presented below, for
different leads and lags imposed on the financial stress index.
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Figure 8: Time-paths for all lags and leads on the financial stress index. That is, 8_x is the
time-path of the financial stress coefficient when the financial stress index is led x periods,
while 6_-X is the time-path of the financial stress coefficient when the stress index is lagged x
periods. Figures for each of the time-paths can be found in appendix A.2.

In the time-varying plots in Figure 8 above, it is evident that the occurrence of financial
distress in late 2008 led the central bank to decrease the interest rate. Specifically, for all
specifications of leads and lags on the financial stress index, in late 2008, the monetary
authority responded by cutting its interest rate by at least 0.25 basis points per unit increase in
the stress index. The largest cut is seen when the model is estimated under the assumption that
the central bank was rather sluggish in its response, which can be seen looking at the plots for
d -1,6 -2,and 6 _-3 in Table 8 above. In particular, the plot named & -3 in the figure above
show that three months after the initial shock, the interest rate was reduced by more than 0.7
basis points by the monetary authority, either by lowering its policy rates, through open
market operations, or both, ultimately resulting in a drop in the interbank rate. As the stress
index increased by more than three units at its peak, this result means that the reduction in the

interest rates were roughly 2.1 basis points three months after the increase in the stress index.

It can also be seen from the figure above that the expansionary effect on monetary policy

decreases as the time elapsed since the financial stress occurred tends to zero. Additionally,
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the evidence from the figures suggests that there is a double-dip in the central bank’s response
to the financial distress in 2008, except for in the specifications where the central bank
responds three periods after the initial shock and two periods prior to an expected shock. This
suggests that the initial slashing of the interest rates was not enough, and that a second cut in

the interest rates was needed.

Moreover, it can also be seen, by conferring the plots dubbed & 2 and ¢ 1, that the interest
rate was increased in response to an increase in financial stress in 2003. These results are
especially evident when assuming that the central bank adjusts its interest rate when there is
an expected increase in financial instability. That is, plot 3 2 shows that there is a monetary
contraction when financial stress is expected to increase two periods ahead. The increase in
the interest rate as a result of an increase in the financial stress index is, however, at its peak
in the case where it is assumed that the central bank adjusts the interest rate to an expected
increase in the financial stress index one period ahead. As an increase in the stress index
might lead to a contraction in the real economy, through higher unemployment and lower
inflation, an increase in the interest rate may act so as to propagate a possible economic

downturn.

39



6 Conclusion

In this thesis, | have looked at the impact of increased financial stress on monetary policy in
Norway. Periods of financial instability affect the real economy through their negative impact
on the supply of credit. A situation with credit rationing tends to slow down the economy.
Hence, shocks to the economy originated in the financial sector might spread to the real
economy and thereby cause deflationary pressure and setbacks in production. For that reason,
I found it interesting to investigate the Norwegian Central bank’s response to such shocks.
The thesis sought to find an answer to the size and timing of the central bank’s response, i.e.,
by how much it reduced its interest rates and if it responded before or after the shock had

occurred.

By estimating a Taylor-type rule in a model framework where the parameter measuring the
effect of financial stress on interest rates was time-varying, the effect of an increase in the
financial stress index was found. The augmented Taylor rule was also estimated using the
two-stage least squares method. The interest rate estimated was the three month interbank
rate, which also captures open market operations executed by the central bank, thus covering

more of the set of instruments the monetary authority can utilize.

The results showed that there was a negative impact of a shock to the financial sector on the
interest rates. That is, the estimation results implied that an increase in the financial stress
index caused the central bank to decrease its interest rates. Moreover, by applying the time-
varying coefficients method to the model, it was clear that the past financial crisis caused the
central bank to be more expansionary in its policy than usual towards financial stress. The
findings also suggested that the monetary authority reacted more on the increase in financial
instability ex post than ex ante. That is, there seemed to be a more aggressive reaction towards
financial stress after the impact rather than a reaction towards an expected increase in the

stress index.
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Appendices

A.1 Tables

Table A 1: Results from two-stage least squares estimation, with a lead of 2 periods on the
financial stress index, estimating using the output gap constructed from production data.

r.=(1-0) [0-' + pmy + YYiij + #€r+k] +orq +0x ., &

i=k _j m 0 o B Y H 8
0 -3 2 Coefficient 0,99125 0,00611 -0,01905 1,34458 -0,04130 -0,09318
p-value 0 0,7018 0,6895 10,0375 0,0689 00157

0 -1 2 Coefficient 0,98468 0,00794 -0,00981 1,73965 -0,03835 -0,09968
p-value 0 0,5971 0,8344 10,0069 0,0849 0,0085

0 0 2 Coefficient 0,98033 0,00936 -0,00474 2,08520 -0,04569 -0,09978
p-value 0 0,5198 0,918 0,0008 0,0359 0,0056

0 1 2 Coefficient 0,97646 0,01042 0,00162 2,71140 -0,05531 -0,09986
p-value 0 0,4528 0,9705 0 0,0085 0,0027

0 3 2 Coefficient 0,97670 0,01410 -0,01125 3,59351 -0,06585 -0,06820
p-value 0 0,2539 0,7691 0 0,0005 00146

0 6 2 Coefficient 0,99070 0,01146 -0,04148 2,92295 -0,05422 -0,01776
p-value 0 0,4062 0,3252 0 0,0084 0,5633

0 9 2 Coefficient 1,00008 -0,00070 -0,02228 2,37361 -0,03846 -0,02435
p-value 0 0,9629 0,6276 0 0,0857 0,4685

0 12 2 Coefficient 1,00272 -0,00735 -0,00885 1,12561 -0,04829 -0,05244
p-value 0 0,6684 0,8616 0,0578 0,0491 0,1431

6 -3 2 Coefticient 0,98501 -0,03348 0,14185 0,81279 -0,01344 -0,16199
p-value 0 0,0409 0,0055 02221 0,537 0

6 -1 2 Coefficient 0,97653  -0,02640  0,13659  1,62382  -0,01921  -0,17013
p-value 0 0,0837 0,005 00116 0,3619 0

6 0 2 Coefficient 0,97211 -0,02446 0,14057 1,89228 -0,01829 -0,17073
p-value 0 0,0992 0,0031 0,0022 0,3654 0

6 1 2 Coefficient 0,97042 -0,01953 0,12803 2,32896 -0,02174 -0,16464
p-value 0 0,1746 0,005 0,0001 0,2662 0

9 -3 2 Coefficient 0,97827 -0,03656 0,17152 0,64080 0,04534 -0,14878
p-value 0 0,0281 0,0004 0,3476 0,04 0

9 -1 2 Coefficient 0,97096 -0,02709 0,15386 1,19367 0,04767 -0,14570
p-value 0 0,0772 0,001 0,0656 0,0249 0

9 0 2 Coefficient 0,96883 -0,02365 0,14651 1,40390 0,04881 -0,14304
p-value 0 0,1138 0,0015 0,025 0,0187 0

9 1 2 Coefficient 0,96782 -0,01840 0,13065 1,85569 0,04491 -0,13947
p-value 0 0,2037 0,0036 0,0016 0,0256 0

12 -3 2 Coefficient 0,99591 -0,05397 0,18896 -0,06490 -0,03336 -0,15124
p-value 0 0,0017 0 0,9275 0,1449 0

12 -1 2 Coefficient 0,98397 -0,03845 0,16074 0,65220 -0,02047 -0,14342
p-value 0 0,0228 0,0005 0,3761 0,3706 0

12 0 2 Coefficient 0,98003 -0,03256 0,14872 0,98168 -0,01880 -0,14175
p-value 0 00472 0,0012 0,1621 0,397 0

12 1 2 Coefficient 097618 -0,02286 0,12385 1,67563 -0,01709 -0,14028
p-value 0 01428 0,0054 0,0097 0.4231 0
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Table A 2: Results from two-stage least squares estimation, with a lead of O periods on the
financial stress index, estimating using the output gap constructed from production data.

re=(1-¢) [“ + B + YV + ,uet_,_k] tory + 08Xyt

i=k_Jj Q o p Y il 0
0 -3 Coefficient 0,97713  -0,02107 0,12140  2,50323  -0,01757  -0,24558
p-value 0 0,0957 0,004 0 0,3325 0

0 -1 Coefficient 0,97650  -0,01875 0,11115 2,06561  -0,01803  -0,21559
p-value 0 0,1424 0,0096 0,0001 0,3314 0

0 0 Coefficient 0,97673  -0,01606 0,09963 1,92867 -0,02726  -0,19546
p-value 0 0,2153 0,0204 0,0001 0,148 0

0 1 Coefficient 0,97540  -0,01268 0,08989 221439 -0,03775 -0,17816
p-value 0 0,3209 0,032 0 0,0452 0

0 3 Coefficient 0,97684  -0,00495 0,05784 298273  -0,05138 -0,13204
p-value 0 0,6799 0,1372 0 0,0037 0

0 6 Coefficient 0,99213  -0,01720 0,05951 2,24954  -0,03529  -0,12434
p-value 0 0,1931 0,1681 0 0,0627 0,0001

0 9 Coefficient 1,00015  -0,03600 0,10755 2,03791  -0,01539 -0,16101
p-value 0 0,0077 0,0144 0 04325 0

0 12 Coefficient 1,00110  -0,04051 0,11790 1,02464  -0,02470  -0,17906
p-value 0 0,0079 0,0146 0,0512 0,2467 0

6 -3 Coefficient 0,97260  -0,04306 0,20862 1,58994  -0,03295 -0,26236
p-value 0 0,0005 0 0,0028 0,0551 0

6 -1 Coefficient 0,97084  -0,04242 0,20900 1,48430  -0,04093  -0,24949
p-value 0 0,0005 0 0,003 0,0176 0

6 0 Coefficient 0,97087  -0,04392 0,21375 1,21922  -0,03858  -0,23992
p-value 0 0,0004 0 00115 00225 0

6 1 Coefficient 0,97075  -0,04090 0,20352 1,34195  -0,03887  -0,22957
p-value 0 0,001 0 0,0046 0,0204 0

9 -3 Coefficient 0,96904  -0,02904 0,16998 1,59892 0,04387 -0,21704
p-value 0 0,0219 0 0,0062 0,0148 0

9 -1 Coefficient 0,96880  -0,03219 0,17885 1,08633 0,03964  -0,19933
p-value 0 0,0108 0 0,0433 0,027 0

9 0 Coefficient 0,97018  -0,03515 0,18529 0,76231 0,03905  -0,19224
p-value 0 0,0062 0 0,1448 0,0284 0

9 1 Coefficient 0,96980  -0,03236 0,17633 0,93899 0,03751 -0,18617
p-value 0 0,0116 0 0,0664 0,0337 0

12 -3 Coefficient 0,98505  -0,03798 0,16144 1,09348  -0,02866  -0,21071
p-value 0 0,0054 0 0,0837 0,1297 0

12 -1 Coefficient 0,98285  -0,03894 0,16717 0,64366  -0,02592  -0,19294
p-value 0 0,0063 0 0,2986 0,1846 0

12 0 Coefficient 0,98364  -0,04227 0,17578 0,34402  -0,02892  -0,18852
p-value 0 0,003 0 0,5585 01318 0

12 1 Coefficient 0,98163  -0,03665 0,16110  0,71778  -0,02731  -0,18448
p-value 0 0,0088 0,0001 0,2024 0,1472 0
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Table A 3: Results from two-stage least squares estimation, with a lag of 2 periods on the
financial stress index, estimating using the output gap constructed from production data

r.=(1-0) [“ + By + VY4 + Her+k] + 01+ 0Xy &

i=k _j m Q o p Y 1 0
0 -3 -2 Coefficient 0,95849  -0,01220 0,13283 2,10263  -0,04071 -0,23079
p-value 0 0,3041 0,0016 0,0001 0,0193 0

0 -1 -2 Coefficient 096763  -0,01517 0,11761 1,12283  -0,03794  -0,19639
p-value 0 0,2313 0,0075 0,0236 0,037 0

0 0 -2 Coefficient 0,96924  -0,01439 0,11089 1,05128  -0,04151  -0,18662
p-value 0 0,2671 0,0129 0,0355 0,0258 0

0 1 -2 Coefficient 0,96799  -0,01182 0,10341 1,43306  -0,04975  -0,17561
p-value 0 0,3604 0,0195 0,0045 0,0078 0

0 3 -2 Coefficient 0,96778  -0,00149 0,06695 2,66060  -0,06220 -0,13136
p-value 0 0,8998 0,1021 0 0,0004 0

0 6 -2 Coefficient 098035 -0,01771 0,09060 2,06112  -0,04546  -0,14583
p-value 0 0,1439 0,0354 0 00111 0

0 9 -2 Coefficient 0,98562  -0,03305 0,13404 1,90115  -0,03032  -0,17648
p-value 0 0.0075 0,0021 0,0001 01017 0

0 12 -2 Coefficient 0,98334  -0,03363 0,13895 0,67508  -0,04306  -0,19301
p-value 0 0,015 0,0034 0,1885 0,0326 0

6 -3 -2 Coefficient 0,95303  -0,02763 0,20097 1,05228  -0,02379  -0,23192
p-value 0 0,0213 0 0,0471 0,174 0

6 -1 -2 Coefficient 0,95738  -0,03653 0,22033 0,23768  -0,02646  -0,22261
p-value 0 0,0032 0 0,6373 0,1358 0

6 0 -2 Coefficient 0,95897  -0,04045 0,23005  -0,07299  -0,02533  -0,22436
p-value 0 00013 0 0,8853 0,1547 0

6 1 -2 Coefficient 0,95811 -0,03741 0,22160 0,15337  -0,02637 -0,22078
p-value 0 0,0035 0 0,7682 0,1393 0

9 -3 -2 Coefficient 0,95274  -0,01538 0,16152 1,20508  0,04529  -0,19431
p-value 0 02214 0 0,0384 0,0138 0

9 -1 -2 Coefficient 0,95889  -0,02933 0,19340 0,07504 0,03843  -0,18312
p-value 0 0,0222 0 0,8893 0,0361 0

9 0 -2 Coefficient 0,96109  -0,03542 0,20927  -0,35020 0,03673  -0,18709
p-value 0 0,0069 0 0,5204 0,0444 0

9 1 -2 Coefficient 0,95977  -0,03204 0,20071  -0,11572  0,03793  -0,18529
p-value 0 0,015 0 0,8348 0,0373 0

12 -3 -2 Coefficient 0,96541  -0,02170 0,15270 0,83785  -0,00121  -0,18506
p-value 0 0,1164 0,0001 0,1913 0,9496 0

12 -1 -2 Coefficient 097175  -0,03573 0,18412  -0,25343  -0,00981 -0,17475
p-value 0 0,0134 0 0,6823 0,6191 0

12 0 -2 Coefficient 0,97445  -0,04263 0,20153  -0,69501 -0,01268 -0,17954
p-value 0 0,0032 0 02514 0,5071 0

12 1 -2 Coefficient 097140  -0,03611 0,18651 -0,27687  -0,00864  -0,17832
p-value 0 0,0118 0 0,647 0,6472 0
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Table A 4: Results from two-stage least squares estimation, with a lag of 3 periods on the
financial stress index, estimating using the output gap constructed from production data

r.=(1-0) [“ + By + VY4 + Her+k] + 01+ 0Xy &

i=k _j m Q o p Y 1 0
0 -3 -3 Coefficient 0,95950  -0,00548  0,10271 1,51936  -0,06504  -0,18668
p-value 0 0,6706 0,0261 0,0056 0,0006 0

0 -1 -3 Coefficient 0,96889  -0,00982  0,09366  0,73275  -0,05998 -0,16416
p-value 0 0,4707 0,0502 0,164 0,0019 0

0 0 -3 Coefficient 0,96919  -0,00908  0,08996  0,79571  -0,06266  -0,15833
p-value 0 0,5159 0,0661 0,14 0,0014 0

0 1 -3 Coefficient 0,96639  -0,00301 0,07480 1,43568  -0,07022  -0,14219
p-value 0 0,8265 0,1211 0,0084 0,0004 0

0 3 -3 Coefficient 0,96657  0,00884  0,03189  2,85922  -0,07872  -0,09306
p-value 0 04778 0,473 0 0 0,0025

0 6 -3 Coefficient 0,97908  -0,01042  0,06743 2,31944  -0,06215  -0,11755
p-value 0 0,3981 0,1367 0 0,0009 0,0002

0 9 -3 Coefficient 0,98340  -0,02427  0,10698 1,89660  -0,05138  -0,14509
p-value 0 0,0597 0,023 0,0002 0,0098 0

0 12 -3 Coefficient 0,97998  -0,02470  0,11445 0,56125  -0,06717  -0,16527
p-value 0 0,0838 0,0241 0,3092 0,0018 0

6 -3 -3 Coefficient 0,95595  -0,02958  0,19874 -0,22839  -0,02356  -0,18548
p-value 0 0,033 0,0001 00,6944 0,2387 0

6 -1 -3 Coefficient 0,956275  -0,03164  0,20511 -0,37788  -0,02279  -0,18938
p-value 0 0,024 0 0,523 0,2551 0

6 0 -3 Coefficient 0,954668  -0,02438  0,18376  0,15806  -0,02491  -0,17965
p-value 0 0,0853 0,0004 0,796 0,2156 0

6 1 -3 Coefficient 0,957378  -0,00176  0,09793 2,01139  -0,03207  -0,12497
p-value 0 0,8929 0,0487 0,001 0,0944 0,0001

9 -3 -3 Coefficient 0,95158  -0,01390  0,15717  0,51848  0,04528  -0,15060
p-value 0 0,3251 0,0004 0,4143 0,0285 0

9 -1 -3 Coefficient 095703  -0,02607  0,18604 -0,35109  0,03973  -0,15128
p-value 0 0,0666 0,0001 0,5635 0,0508 0

9 0 -3 Coefficient 0,95792  -0,03024  0,19853  -0,62921 0,03849  -0,15784
p-value 0 0,0369 0 0,315 0,0575 0

9 1 -3 Coefficient 0,95542  -0,02233 0,17694  -0,09094  0,04127  -0,15001
p-value 0 01219 0,0003 0,8868 0,0411 0

12 -3 -3 Coefficient 0,96336  -0,01981 0,14935 020425  0,00456  -0,14152
p-value 0 0,1976 0,0005 0,769 08318 0

12 -1 -3 Coefficient 0,96955  -0,03204  0,17649  -0,60998  -0,00384  -0,14144
p-value 0 0,0426 0,0001 0,3725 0,8594 0

120 -3 Coefficient 0,97056  -0,03601 0,18807 -0,86791  -0,00391  -0,14780
p-value 0 0,0223 0 0,2016 0,8519 0

12 1 -3 Coefficient 096576  -0,02486  0,16103  -0,14558  0,00199  -0,14166
p-value 0 0,1084 0,0005 0,8302 0,9235 0
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Table A 5: Results from two-stage least squares estimation, with a lead of 2 periods on the
financial stress index, estimating using the output gap proxied by the deviation of the

unemployment rate from the natural rate of unemployment.

re=(1-0) [a + By + VY4 + Het+k] tor g+ 68Xy, te

i=k__j Q o p Y i} 0
0 -1 Coefficient 0,97819 0,20134  -0,11431  -0,89533  -0,03528  -0,08337
p-value 0 0 0,0132 0 0,0777 0,0069

0 0 Coefficient 0,97848 0,19040  -0,10401  -0,85266  -0,03415  -0,07822
p-value 0 0 0,0205 0 0,0869 0,0096

0 1 Coefficient 0,97971 0,17731  -0,09734  -0,79587  -0,03677  -0,06885
p-value 0 0 00,0296 0 0,0665 0,022

0 3 Coefficient 0,98266 0,16240  -0,08388 -0,74600  -0,03822  -0,06234
p-value 0 0 0,0571 0 0,0587 0,0378

0 o6 Coefficient 0,98941 0,13366  -0,05988 -0,65364  -0,04109  -0,06364
p-value 0 0,0001 0,1801 0 0,0504 0,0394

0 9 Coefficient 0,99609 0,12700  -0,05078  -0,66141 -0,04816  -0,06254
p-value 0 0,0001 0,2538 0 0,0227 0,0433

0 12 Coefficient 1,00354 0,12495 -0,06064  -0,66456  -0,05562 -0,05283
p-value 0 0,0001 0,1862 0 0,0106 0,0917

6 -1 Coefficient 0,97652 0,12911 0,02911  -0,70396  -0,01995  -0,13905
p-value 0 0,0189 0,6324 0,0019 0,3335 0

6 0 Coefficient 0,97433 0,12787 0,03109  -0,69325 -0,01355  -0,13063
p-value 0 0,015 0,6032 0,0013 0,4952 0

6 1 Coefficient 0,97559 0,11411 0,03852  -0,63330  -0,01221  -0,12377
p-value 0 0,0237 05138 0,0021 0,5384 0,0001

6 3 Coefficient 0,97904 0,10818 0,03971 -0,61606  -0,01401 -0,11683
p-value 0 0,0186 0,48 0,0011 0,4771 0,0002

9 -1 Coefficient 0,97072 0,08837 0,07873  -0,52825 0,03855  -0,13035
p-value 0 0,1335 0,202 0,0291 0,0694 0

9 0 Coefficient 0,97008 0,09467 0,06945  -0,54807 0,03970  -0,12305
p-value 0 0,099 0,2623 0,0201 0,0573 0

9 1 Coefficient 0,97181 0,08060 0,07604  -0,48682 0,03885  -0,11731
p-value 0 0,1519 0,2247 0,0339 0,0618 0,0001

9 3 Coefficient 0,97578 0,08622 0,06330  -0,51353 0,03801  -0,10959
p-value 0 0,099 0,2961 0,016 0,0618 0,0003

12 -1 Coefficient 0,97849 0,06638 0,09721  -0,46495  -0,02059  -0,13928
p-value 0 0,2979 0,1062 0,0767 0,3398 0

12 0 Coefficient 0,97640 0,07605 0,08648  -0,49605 -0,01937  -0,13216
p-value 0 0,2292 0,1585 0,056 0,3669 0

12 1 Coefficient 0,97705 0,06443 0,09209  -0,44345 -0,01908  -0,12585
p-value 0 0,2893 01327 0,0746 0,3737 0

12 3 Coetficient 0,97921 0,06328 0,08736  -0,43916  -0,01854  -0,11927
p-value 0 0,2773 01576 0,0658 0,3826 0
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Table A 6: Results from two-stage least squares estimation, with a lead of O periods on the
financial stress index, estimating using the output gap proxied by the deviation of the

unemployment rate from the natural rate of unemployment.

re=(1-0) [a + By + VY4 + Het+k] tor. g +6xyy, te

i=k__j Q o p Y i} 0
0 -1 Coefficient 0,97519 0,15684  -0,00374  -0,80277 -0,01528  -0,17258
p-value 0 0 0,9325 0 0,3902 0

0 0 Coefficient 0,97665 0,14275 0,00651  -0,74621  -0,01424  -0,16803
p-value 0 0,0001 0,8817 0 0,4248 0

0 1 Coefficient 0,97761 0,13775 0,01237  -0,73025 -0,01468  -0,16670
p-value 0 0,0001 0,7754 0 0,4108 0

0 3 Coefficient 0,98053 0,12659 0,02915 -0,70631 -0,01466  -0,16808
p-value 0 0,0001 0,4912 0 04152 0

0 6 Coefficient 0,98703 0,09865 0,05598 -0,62263 -0,01795 -0,17268
p-value 0 0,0009 01919 0 0,3341 0

0 9 Coefficient 0,99322 0,09058 0,06083 -0,61327  -0,02517  -0,16737
p-value 0 0,0014 01579 0 0,1819 0

0 12 Coefficient 1,00048 0,08285 0,05202  -0,58585 -0,03186  -0,15809
p-value 0 0,0038 0,2468 0 0,105 0

6 -1 Coefticient 0,97211 0,06522 0,13548  -0,49325 -0,02627  -0,21549
p-value 0 0,1598 0,0109 0,0092 01276 0

6 0 Coefficient 0,97294 0,05012 0,14601  -0,42904  -0,02393  -0,21194
p-value 0 0,2659 0,0059 0,0189 0,154 0

6 1 Coefficient 0,97359 0,04693 0,14902  -0,41872  -0,02332  -0,21067
p-value 0 0,2717 0,0039 0,0161 0,164 0

6 3 Coefficient 0,97527 0,05288 0,14529  -0,45355 -0,02468  -0,20790
p-value 0 0,1638 0,0028 0,0041 0,1368 0

9 -l Coefficient 0,96874 0,07779 0,10669  -0,50257 0,03285  -0,18574
p-value 0 01219 0,0415 0,0153 0,0685 0

9 0 Coefficient 0,97042 0,06196 0,11531  -0,43482 0,03268  -0,18100
p-value 0 0,2105 0,0308 0,0322 0,0681 0

9 1 Coefficient 0,97146 0,05611 0,11863  -0,41195 0,03185  -0,17933
p-value 0 0,2435 0,0256 0,0374 0,076 0

9 3 Coefficient 0,97335 0,06348 0,11097  -0,44906 0,03304  -0,17561
p-value 0 0,1468 0,0283 0,0136 0,0632 0

12 -1 Coefficient 0,97543 0,09734 0,07643  -0,59002  -0,02813  -0,18981
p-value 0 00772 01362 0,0093 01276 0

12 0 Coefficient 0,97698 0,08122 0,08444  -0,51947  -0,02651 -0,18291
p-value 0 0,1365 0,1086 0,0201 0,1513 0

12 1 Coefficient 0,97827 0,07661 0,08568  -0,50132  -0,02691 -0,18026
p-value 0 0,1525 0,1049 0,0224 0,1458 0

12 3 Coefficient 0,98109 0,07785 0,07958  -0,51102  -0,02651 -0,17604
p-value 0 0,1273 01317 0,0155 0,1503 0
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Table A 7: Results from two-stage least squares estimation, with a lag of 2 periods on the
financial stress index, estimating using the output gap proxied by the deviation of the

unemployment rate from the natural rate of unemployment.

re=(1-0) [a + By + VY4 + Het+k] tor. g +6xyy, te

i=k__j m Q o p Y i} 0
0 -1 -2 Coefficient 0,95969 0,14308 0,04191  -0,73865  -0,04090  -0,19750
p-value 0 0 03138 0 0,009 0

0 0 -2 Coefficient 0,96069 0,13442 0,05280 -0,71113  -0,03886  -0,19769
p-value 0 0,0001 0,1946 0 0,0129 0

0 1 -2 Coefficient 0,96195 0,12943 0,05943  -0,69710  -0,03880  -0,19777
p-value 0 0 01383 0 0,0129 0

0 3 -2 Coefficient 0,96460 0,11817 0,08012 -0,67967  -0,04042  -0,20297
p-value 0 0 10,0393 0 0,0093 0

0 6 -2 Coefficient 0,97120 0,08942 0,10143 -0,58141 -0,04306  -0,20275
p-value 0 0,001 0,0109 0 0,0085 0

0 9 -2 Coefficient 0,97793 0,07594 0,10584  -0,54116  -0,04879  -0,19692
p-value 0 0,0036 0,0092 0 0,0037 0

0 12 -2 Coefficient 0,98441 0,06780 0,09884  -0,51040  -0,05434  -0,19089
p-value 0 0,01 0,0193 0 0,0019 0

6 -1 -2 Coefficient 0,95288 0,07329 0,14467  -0,47644  -0,02999  -0,22381
p-value 0 0,0862 0,0032 0,0068 0,0665 0

6 0 -2 Coefficient 0,95365 0,07098 0,14594  -0,46884  -0,02829  -0,22148
p-value 0 0,0819 0,0025 0,0054 0,0824 0

6 1 -2 Coefficient 0,95477 0,06591 0,15005  -0,45147  -0,02794  -0,22040
p-value 0 0,0875 0,0014 0,0048 0,0858 0

6 3 -2 Coefficient 0,95669 0,07046 0,14802 -0,48216  -0,02928  -0,21818
p-value 0 0,0401 0,0008 0,0009 0,0683 0

9 -1 -2 Coefficient 0,95150 0,10668 0,09099  -0,56920 0,03806  -0,19301
p-value 0 0,0263 0,062 0,004 0,024 0

9 0 -2 Coefficient 0,95319 0,10313 0,09035  -0,55573 0,03739  -0,18980
p-value 0 0,0285 0,0657 0,0042 0,0267 0

9 1 -2 Coefficient 0,95515 0,09204 0,09742  -0,51284 0,03597  -0,18803
p-value 0 0,0416 0,045 0,0062 0,0336 0

9 3 -2 Coefficient 0,95766 0,09575 0,09279  -0,53707 0,03750  -0,18451
p-value 0 0,0192 0,044 0,0018 0,0251 0

12 -1 -2 Coefficient 0,95621 0,13024 0,05700  -0,66417  -0,00240  -0,19282
p-value 0 00155 0,2444 0,0025 0,8897 0

12 0 -2 Coefficient 0,95766 0,13216 0,05118  -0,67204  -0,00180  -0,18944
p-value 0 0,014 0,3057 0,0022 09172 0

12 1 -2 Coefficient 0,96025 0,12215 0,05562 -0,63373 -0,00313  -0,18621
p-value 0 0,0191 0,2652 0,003 0,8565 0

12 3 -2 Coefficient 0,96423 0,12069 0,05054  -0,63500  -0,00305  -0,18157
p-value 0 0,0145 0,3084 0,0019 0,8598 0
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Table A 8: Results from two-stage least squares estimation, with a lead of 2 periods on the
financial stress index, estimating using the output gap proxied by the deviation of the
unemployment rate from the natural rate of unemployment.

re=(1-0) [a + By + VY4 + Het+k] tor. g +6xyy, te

i=k__j m Q o p Y i} 0
0 -1 -3 Coefficient 0,95529 0,14940 0,02086  -0,72618  -0,05920  -0,16692
p-value 0 0,0001 00,6585 0 0,0006 0

0 0 -3 Coefficient 0,95644 0,14161 0,03141  -0,70329  -0,05730  -0,16751
p-value 0 0,0001 0,4947 0 0,0009 0

0 1 -3 Coefficient 0,95739 0,13558 0,04088  -0,68795  -0,05751  -0,16874
p-value 0 0,0001 0.3719 0 0,0009 0

0 3 -3 Coefficient 0,96001 0,12529 0,05739  -0,66809  -0,05851 -0,17043
p-value 0 0,0001 0,1991 0 0,0008 0

0 6 -3 Coefficient 0,96737 0,09374 0,07794  -0,55600  -0,06165  -0,16877
p-value 0 0,0021 0,0891 0 0,0008 0

0 9 -3 Coefficient 0,97416 0,08368 0,08131 -0,53386  -0,06630  -0,16321
p-value 0 0,004 0,0801 0,0001 0,0004 0

0 12 -3 Coefficient 0,98108 0,07756 0,07172  -0,51134  -0,07122  -0,15605
p-value 0 0,0082 0,1373 0,0002 0,0002 0

6 -1 -3 Coefficient 0,94756 0,10595 0,09081  -0,55434  -0,02364  -0,17812
p-value 0 0,0323 0.1039 0,0066 0,2129 0

6 0 -3 Coefficient 0,94874 0,10707 0,08885  -0,56234  -0,02199  -0,17534
p-value 0 00228 0,1035 0,0039 0,2438 0

6 1 -3 Coefficient 0,94976 0,10220 0,09358  -0,54693  -0,02140  -0,17437
p-value 0 0,0213 0,0775 0,0031 0,2557 0

6 3 -3 Coefficient 0,95238 0,10024 0,09609  -0,55117  -0,02288  -0,17145
p-value 0 0,0118 0,0559 0,0011 0,2204 0

9 -1 -3 Coefficient 0,94637 0,12603 0,05766  -0,60614 0,03847  -0,15536
p-value 0 0,0242 00,2978 0,0083 0,046 0

9 0 -3 Coefficient 0,94824 0,12839 0,05224  -0,61874 0,03771  -0,15236
p-value 0 00175 0,3432 0,0055 0,0496 0

9 1 -3 Coefficient 0,95017 0,12085 0,05647  -0,59131 0,03603  -0,15067
p-value 0 0,02 00,2992 0,006 0,061 0

9 3 -3 Coefficient 0,95334 0,11984 0,05496  -0,59676 0,03807  -0,14575
p-value 0 0,0106 00,2879 0,0024 0,046 0

12 -1 -3 Coefficient 0,94906 0,14736 0,03180  -0,69349 0,00187  -0,16002
p-value 0 0,02 05717 0,007 0,9242 0

12 0 -3 Coefficient 0,95047 0,15587 0,02091 -0,72981 0,00220  -0,15758
p-value 0 0,0124 0,7124 0,004 0,9103 0

12 1 -3 Coefficient 0,95286 0,15039 0,02182  -0,71077 0,00079  -0,15467
p-value 0 0,0129 0,6993 0,004 0,9677 0

12 3 -3 Coefficient 0,95770 0,14584 0,01834  -0,70086 0,00072  -0,14845

p-value 0 0,01 0,7426 0,0027 0,9705 0



A.2 Time-varying plots of the financial stress effect
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Panel a: Taylor rule estimated with time-varying coefficient for the FSI, and m= 2.
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Figure A 1: Time-paths for all lags and leads on the financial stress index, where & _x is the
time-path of the financial stress coefficient when the financial stress index is led x periods,
and 6_-X when the stress index is lagged x periods. The effect is estimated using the output

gap constructed from production data.
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Panel c: Taylor rule estimated with time-varying coefficient for the FSI, and m= 0.
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Panel d: Taylor rule estimated with time-varying coefficient for the FSI, and m= -1.

Figure A 2: Time-paths for all lags and leads on the financial stress index, where §_X is the
time-path of the financial stress coefficient when the financial stress index is led x periods,
and 6_-X when the stress index is lagged x periods. The effect is estimated using the output
gap constructed from production data.
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Panel e: Taylor rule estimated with time-varying coefficient for the FSI, and m=-2.
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Panel f: Taylor rule estimated with time-varying coefficient for the FSI, and m= -3.

Figure A 3: Time-paths for all lags and leads on the financial stress index, where & _x is the
time-path of the financial stress coefficient when the financial stress index is led x periods,

and 6 _-X when the stress index is lagged x periods. The effect is estimated using the output
gap constructed from production data.
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Panel b: Taylor rule estimated with time-varying coefficient for the FSI, and m= 1.
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Figure A 4: Time-paths for all lags and leads on the financial stress index, where d x is the
time-path of the financial stress coefficient when the financial stress index is led x periods,
and 6_-Xx when the stress index is lagged x periods. The effect is estimated using the output
gap proxied by the deviation of the unemployment rate from the natural rate of
unemployment.
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Panel d: Taylor rule estimated with time-varying coefficient for the FSI, and m= -1.

Figure A 5: Time-paths for all lags and leads on the financial stress index, where § x is the
time-path of the financial stress coefficient when the financial stress index is led x periods,
and 6_-X when the stress index is lagged x periods. The effect is estimated using the output
gap proxied by the deviation of the unemployment rate from the natural rate of
unemployment.
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Panel e: Taylor rule estimated with time-varying coefficient for the FSI, and m= -2.
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Panel f: Taylor rule estimated with time-varying coefficient for the FSI, and m= -3.

Figure A 6: Time-paths for all lags and leads on the financial stress index, where & x is the
time-path of the financial stress coefficient when the financial stress index is led x periods,
and 6_-X when the stress index is lagged x periods. The effect is estimated using the output
gap proxied by the deviation of the unemployment rate from the natural rate of
unemployment.
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