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Abstract

This paper studies the effect of a monetary policy shock in the euro
area on the main Estonian economic and financial variables between
2000 and 2012. Using a standard structural vector autoregression (SVAR)
model we find strong and persistent effects on Estonian GDP, private
consumption, corporate investment and imports. A monetary policy
shock has also strong and sluggish effects on the housing loan and con-
sumer credit interest rates. The estimated reaction of Estonian GDP and
the GDP deflator-based inflation rate is about four times stronger than
the reaction of euro area-wide aggregates. The Estonian money market
interest rate (the 3-month Talibor) reacts about twice as strongly as the
euro area money market interest rate (the 3-month Euribor). We also
show that this finding is sensitive to the inclusion of the data from the
years of the recent financial and economic crisis. We conjecture that
household interest rates can play an important role in propagating mon-
etary policy shocks in Estonia.
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Non-technical summary

Understanding the transmission of monetary policy shocks across the euro
area countries plays an important role in policy decisions and in communicat-
ing the policy strategy. There is some recent evidence that the financial and
economic crisis might also have affected the transmission of monetary policy
shocks. The paper looks at the effects of a euro area monetary policy shock
on the Estonian real economy between 2000Q1 and 2012Q4 and documents
possible changes in the transmission mechanism.

We find that a euro area monetary policy shock has very strong effects on
the Estonian economy. The shock (22bp, 1 standard deviation) in the euro
area money market interest rate (the 3-month Euribor) increases the Estonian
money market interest rate (the 3-month Talibor) on impact by 11bp. The
effect is strongly amplified later, peaking at 34bp the year after. Housing loan
and consumer credit interest rates react equally strongly and sluggishly. Only
the business loan interest rate reacts little.

The Estonian GDP level declines persistently, reaching the lowest point
of —1.8% after eight quarters and converges slowly. Private consumption and
corporate investment also contract strongly, consumption by a maximum of
2.7% and investment by 5.2%. As with the result for output, they also con-
verge slowly. The GDP deflator-based inflation rate initially increases, but
then drops by 0.6 percentage points. after six quarters and converges back
to the baseline after three years. Estonian exports shrink by a maximum of
2.2% and imports by 4.2%. The effects of the shock on the euro area economy
are, compared to Estonian impact, one quarter of the size in absolute mag-
nitude. Euro area output also falls persistently, dropping below —0.4%. The
GDP deflator-based inflation rate drops the quarter after the shock by more
than 0.1 percentage points, but converges fast.

As the identified euro area monetary policy shock is identical by construc-
tion for the euro area and for Estonia, our evidence suggests that Estonian
economic and financial data are volatile at least partly because of internal am-
plification. We conjecture that the strong reaction of GDP and its components
can be partly assigned to amplified pass-through to housing loan and consumer
credit interest rates. We conjecture that the trade channel is less likely to be
responsible for the large effects observed in the macroeconomic aggregates.
The results show that exports decrease by about the same magnitude as GDP,
but by substantially less than imports, and somewhat less than private con-
sumption. So although foreign demand plays a role in amplifying the shock,
stronger effects are generated by domestic demand.

The period of study includes data from the recent financial and economic
crisis. In addition Estonia went through a period of financial deepening and



a credit boom in the first half of the decade. In order to analyse the sensitiv-
ity of the results to these events, we carry out two sensitivity exercises and
find that the effects of monetary policy shocks vary over time. First, when
we use time dummies for the crisis period, we find that the impact of the euro
area monetary policy shock on the Estonian variables is somewhat smaller.
For example compared to the benchmark results, the reaction of GDP is half
as strong when the information from the crisis years (2008 and 2009) is re-
moved from the data. In this case Estonian GDP drops by only 0.8%, which
is half as much as with the benchmark results. Second we also estimate mod-
els on shorter time periods to see which years cause the changes in the IRFs.
Using rolling time-windows we see that with the late 2008 and early 2009
data included in the estimation and the first years dropped from the sample,
the effects of monetary policy shocks are strong. These findings fit with the
anecdotal evidence for the first half of the sample that monetary policy shocks
where not among the major drivers of the economy.
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1. Introduction

Understanding the effects of monetary policy shocks across the euro area
countries plays a crucial role in policy making and in communicating the pol-
icy strategy. More so because the recent financial and economic crisis might
have affected the transmission of monetary policy shocks. In this paper we
ask how monetary policy shocks in the euro area affect the main Estonian
economic and financial variables. We give some evidence of what the main
possible transmission and propagation channels are in Estonia. We also look
at how the recent financial and economic crisis and possible extreme observa-
tions in the data affect the results.

The estimated structural VAR model shows that a negative monetary policy
shock in the euro area of one standard deviation (an increase in the 3-month
Euribor of 22 basis points (bp)) has a strong impact on the Estonian economy.

e Estonian GDP follows a hump-shaped response, reaching the lowest
point of —1.8% after eight quarters and converging very slowly to the
baseline. Private consumption and corporate investment also contract
strongly, peaking at 2.7% and 5.2% respectively, and converging slowly.

e The GDP deflator-based inflation rate initially increases by 0.4 percent-
age points (pp), but then falls to —0.6pp after three quarters and con-
verges back to the baseline after three years.

e Exports and imports shrink by 2.2% and 4.2% respectively. Employ-
ment falls after 10 quarters by 1.3% and real wages by 1.2%.

e All Estonian interest rates increase over several quarters, before con-
verging back to the baseline. The Estonian money market interest rate
(the 3-month Talibor) rises on the impact by 11bp and peaks around
34bp after a year. Housing loan and consumer credit interest rates react
sluggishly, reaching the peak between three and four quarters after the
initial shock. The business loan interest rate reacts little, by a maximum
of 13bp. The effect of the business loan interest rate is small, especially
when compared to that of the housing loan and consumer credit interest
rates, which increase by 38 and 40bp respectively.

e Euro area GDP falls persistently. The GDP deflator-based inflation rate
drops the quarter after the shock, and converges fast. The reaction of
Estonian GDP and the GDP deflator-based inflation rate is about four
times stronger than that of the euro area-wide aggregates. The Estonian
money market interest rate, the 3-month Talibor, reacts about twice as



strongly as the euro area money market interest rate, the 3-month Euri-
bor.

Our evidence suggests that Estonian economic and financial data is volatile
at least partly because of internal amplification. By construction the identified
monetary policy shock is identical for the euro area and for Estonia but money
market and the three loan type specific interest rates amplify the reaction of
economic variables'. Not only does the Estonian money market interest rate
increases together with the 3-month Euribor at the quarter of the shock, but it
continues to increase while the euro area interest rate converges in five quar-
ters. Moreover, housing loan and consumer credit interest rates increase by
about the same magnitude as the Talibor. The reaction of the business loan
interest rates is more muted than that of Estonian money market interest rate.

During the last thirteen years, Estonian data has high variance, include
several extreme values and possible outliers. The residuals of the estimated
equations have fat tales and are skewed. As a robustness exercise, we remove
some of the variance in the data by including dummies. First, we find that after
adding dummies in the Estonian equations, the impact of a monetary policy
shock in the euro area on the Estonian variables is smaller. By adding dummies
only to the period of the global financial and economic crisis from 2007Q3 to
2010Q2, we see the strong impact of the crisis as, for example, the reaction
of GDP is half what it is in the benchmark results when the crisis years are
removed from the data, with Estonian GDP dropping by only 0.8%. We also
estimate models for shorter time periods to see which years cause the changes
in the transmission mechanism. Using the rolling time-window approach we
confirm the results from the approach using dummies. We observe a strong
impact from the crisis period, especially the years 2008 and 2009.

We use a 7-dimensional structural vector-autoregressive model (SVAR) to
identify monetary policy shocks in the euro area. Benchmark model includes
three euro area variables (GDP, the GDP deflator-based inflation rate and the
3-month Euribor) and four Estonian variables (GDP, the GDP deflator-based
inflation rate, the 3-month money market interest rate Talibor?, and one addi-
tional economic or financial variable (private consumption, corporate invest-
ment, exports, imports, employment, real wages or various loan type interest
rates on housing loans, consumer credit and non-financial corporate loans)).

"However, our results cannot fully exclude the possibility that the risk premium compo-
nent in loan type specific interest rates reacts to the substantial and persistent drop in GDP. If
this were true, then the interest rate on business loans could move similarly.

The Bank of Estonia stopped collecting Estonian money market interest rate data from
January 2011 as Estonia joined the euro area. We use Talibor until 2010Q4 and the 3-month
Euribor thereafter.



The data cover the period from 2000Q1 to 2012Q4 and main results are shown
on the impulse response functions (IRF).

We identify monetary policy shocks in the euro area using a standard short-
run restriction scheme based on a simple Taylor rule based argument. The
interest rate is set by a central banker who observes contemporaneous euro
area GDP and inflation. The interest rate has no contemporaneous effect on
economic variables. For the Estonian block we follow a similar information
and impact structure, but close down feedback from the Estonian variables to
the European variables. Estonian economic aggregates are not contemporane-
ously affected by the euro area interest rate, through as an exception we allow
Estonian interest rates to react contemporaneously to the euro area interest
rate.

Although Estonia has only been a member of the euro area since 2011,
the currency board arrangement from 1992 to 2010 with the initial peg to the
Deutsche Mark and later peg to the euro made the Estonian economy sensitive
to the monetary policy shocks in the euro area and reduced local monetary
disturbances. Therefore, we think that analysing the effects of monetary policy
shocks using historical data is a relevant and valid exercise.

Our identification scheme is comparable to that of many SVAR papers, and
for example Angeloni et al. (2002), Jacobs et al. (2003) and Giannone et al.
(2012) estimate similar models for the euro area, while Christiano et al. (1999)
and Christiano et al. (2005) do likewise for the USA. Peersman and Smets
(2001) and Mojon and Peersman (2001) document the effects of a monetary
policy shock in the euro area on individual countries using pre-euro data and
find considerable heterogeneity across countries. Instead Elbourne and Haan
(2005) estimate the effect of a monetary policy shock in the euro area on 10
accession countries, including Estonia.

Our benchmark results for Estonia are closest to the findings of Jeenas
(2010) who uses a similar set-up, but for a different data period. He also finds
that Estonian GDP and inflation react more strongly than the same variables
for the euro area. The effects of the monetary policy shock in the euro area
on Estonian and euro area inflation in his paper are close to our results. He
also finds some evidence of the price puzzle in Estonian inflation. Léttemie
(2003) also finds that all Estonian interest rates increase after the shock for
several quarters, before converging back to the baseline. At the same time the
euro area money market interest rate starts converging immediately after the
initial move. The results for housing loan and consumer credit interest rates
are different from the evidence found by Giannone et al. (2012) who show that
different loan type interest rates react substantially less than the money market
interest rate.



The paper is organized as follows. Section 2 introduces the model. Section
3 presents the data and stylized facts. Section 4 presents the main results for
the Estonian variables. Section 5 contains a discussion of the possible effects
of extreme observations in the Estonian data and robustness analysis. Section
6 concludes the paper.

2. The Model

The effect of a monetary policy shock in the euro area is estimated using a
structural VAR model. The reduced form VAR is given by:

Ty = Bxp1 + Uy, (1)

where x; is a vector of variables used, subscript ¢ refers to the time index, %
is the reduced form parameters and u; is a vector of reduced form errors.

We study quarterly data for Estonia and the euro area. For the main results
we use the following 7-dimensional data vector:

z; = [AGDPFY APCFE AGDPdefF* IF¥ AGDPFA AGDPdefF* 14,
(2)
where AG D P; denotes the first difference of the logarithm of per capita real
gross domestic product, APC; denotes the first difference of the logarithm
of per capita real private consumption, and AGD Pdef,; is the annualized
quarter-on-quarter GDP deflator-based inflation rate. I, is the 3-month money
market interest rate. Superscripts FFE and E'A denote the Estonian and euro
area variables respectively.

In order to identify a monetary policy shock we use a standard short-run
restriction scheme based on the Taylor rule. The structural form VAR is given
by:

Ax; = Bri_1 + ¢4, (3)

where ¢, = Au, is the vector of structural innovations, and B = A% .

More specifically we assume the contemporaneous effects matrix A and
the parameter matrix on the lagged values B have the following restrictions:

o EE—EE o EA—EE
A= {OCEE%EA -0 aEA—>EA} . 4)
BEEHEE BEAHEE‘
B = {5EE—>EA -0 BEA%EA} . &)

We do not allow any feedback from Estonian variables to the euro area
economic and financial variables, so the bottom left corners of the A and B



matrices are restricted to zero. The other parameters in matrix B are left un-
restricted. In order to identify the shock we allow contemporaneous GDP and
the GDP deflator-based inflation rate to have an effect on the euro area interest
rate, but not vice versa (o?47F4 is lower triangular). Again we do not allow
any effect from Estonian variables on the euro area variables (o754 = (),

The block on the effects of the euro area variables on Estonian variables is:

EASEE  EASEE
U re Yg o
— —

EA—EE _ ) Q91 Q9o 0 (6)
« = FEA—EE , FEA—EE 0

a31A 0432A M

EASEE EA-SEE EASEE

Og1 Qs Qy3

We allow the Estonian money market interest rate to react contemporane-
ously to the changes in the euro area money market interest rate, but do not
allow Estonian economic aggregates and the GDP deflator-based inflation rate
to react contemporaneously to Estonian and euro area interest rates (the first
three entries in the last column of the matrix are restricted to zero). If we
include Estonian different loan interest rates (housing loans, consumer credit
or business loans) in the equation, then we should allow the euro area interest
rate to have contemporaneous effects on the different Estonian loan interest
rates as follows:

EA-EE , EA—EE

Qqy &3P) 0

EA-EE _EA—EE  EA—EE
EA—EE _ ) (9 Q9o Qa3 (7)
«Q = FEA—EE , EA—EE .

a%’lA EE O[%ZA EE EAO EE

— — —
Qg1 o) Q3

Finally the contemporaneous restrictions between Estonian variables are
recursive, but the restrictions have no effects on the results:

1 0 0 0
EE—EE
EE—EE _ ) Q91 1 0 0 (8)
« = EE—EE EE—EE 1
Oé?}’;lE EE &%QE EE _ EE—EE 0
— — —
Oy e¥D) Qg3 1

As the length of the data sample is limited, we cannot include all the Esto-
nian variables of interest in the SVAR simultaneously, because the degrees of
freedom drops rapidly. We include the additional variables in the SVAR one
by one, replacing the private consumption series. We always keep the inter-
est rate, GDP and the GDP deflator-based inflation rate in the SVAR in order
to reduce omitted variable bias. Given the exogeneity restriction of Estonian
data to the euro area data, the identified shock remains the same even when



the composition of the SVAR changes: the reaction of the euro area variables
18 identical, but the effect of the Estonian variables can differ.

Our identification approach is also similar to that employed in various pa-
pers using US or euro area data, e.g. Bernanke and Gertler (1995), Soares
(2011), Christiano et al. (1996) and Giannone et al. (2012). In the analysis
of Estonian data, our approach is similar to the analysis done for the mon-
etary transmission network of the ECB by Peersman and Smets (2001) and
Angeloni et al. (2002). More recently Jeenas (2010) used a similar scheme
for identifying the effects of monetary policy shocks in the euro area on the
Estonian economy. Figure 14 in Appendix 1 reviews the estimated effects of
monetary policy shocks in the euro area on the Estonian money market inter-
est rate, GDP and the inflation rate, while Figure 15 in Appendix 1 shows the
estimated effects of monetary policy shocks in the euro area. For a more de-
tailed review of the literature about the empirical method, data and results see
Tables 5, 6 and 7 in Appendix 1.

3. Data

For the main results we use data for the period from 2000Q1 to 2012Q4.
The length of the time series is firmly restricted by the availability of good
quality data for the Estonian economy. The data consists of the main Estonian
and euro area economic variables and we use the population aged 15 to 64
for per capita adjustment. A list of the euro area and Estonian data is given
in Appendix 2 Tables 8 and 9. The main Estonian economic variables are
presented in Figure 1.

Figure 2 plots the Estonian 3-month nominal money market interest rate
(I), and loan interest rates by three loan types: the housing loan interest rate
(I HOME), the consumer credit interest rate (I CONS) and the business loan
interest rate (I BUSN). All interest rates except consumer credit have a down-
ward trend that is linked to falling risk premium charged by the banks. A linear
trend is added to all Estonian interest rates in the estimated models and the lin-
ear trend for the consumer credit interest rate series can pick up the increasing
risk premium charged by the banks.

The three euro area time series used in the SVAR are presented in Figure
3. The overall dynamics of the euro area variables are similar to those of their
Estonian counterparts. However, the mean and the variance of the Estonian
GDP growth rate and the GDP deflator-based inflation rate are higher.

The stylized facts about the business cycle for Estonian variables give back-
ground for understanding the relationship between the Estonian variables and

10
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Estonian and euro area GDP. Following Kydland and Prescott (1990), we use
HP filtered data (A = 1600) on levels (differently from the SVAR). Table 1
shows the volatility of Estonian and euro area economic and financial data.
The HP filter is known to be a robust method of separating cycles from the
trend and discussing the stylized facts of the cycle. However, as the HP filter
is two-sided and uses information from future periods which is not observable
to the policy maker, it should not be used in the structural estimation of VAR
models.

Table 1: Business cycle indicators

Variable St.dev. Ratio to GDPFE  Ratio to GDPFA

GDPFE 5.0 1.0 3.7
PCEE 5.3 1.1 3.9
INVEE 15.2 3.0 11.1
EXPFE 8.9 1.8 6.6
IMPEE 11.9 2.4 8.8
EMPLEE 3.3 0.7 2.4
WAGESFE 3.6 0.7 2.6
GDP def'® 64 1.3 4.7
I HOMEFE 1.1 0.2 0.8
I CONSFE 1.6 0.3 1.2
I BUSNEE 0.8 0.2 0.6
IFE 1.1 0.2 0.8
GDPFA 1.4 1.0
PCEA 0.5 0.4
INVEA 3.4 2.5
EMPLEA 0.6 0.5
WAGESFA 0.2 0.2
GDP deff* 0.7 0.5
IEA 0.9 0.6

Notes: Calculated from data used in this paper for 2000Q1 to 2012Q4. GDP — real gross domestic product, PC — real
private consumption, INV —real corporate investment, EXP — real exports, IMP — real imports, EMPL — employment,
WAGES - real wages, GDP def — the GDP deflator-based inflation rate, I HOME - the housing loan interest rate,
I CONS - the consumer credit interest rate, | BUSN — the business loan interest rate, IEE — 3-month Talibor, IEA —
3-month Euribor. Superscript EE stands for Estonia and EA for the euro area.

Estonian GDP is about 3.7 times more volatile than the GDP of the euro
area. Although the most volatile component of GDPEE is corporate invest-
ment, like in the euro area, relative volatility to GDP is lower in Estonia. In
contrast to the situation in the euro area, private consumption in Estonia is
more volatile than GDP. Estonian imports are also very volatile, especially
relative to exports. Relative to GDP, Estonian employment is as volatile as
that in the euro area, but we observe remarkable differences in wages, with

14



Estonia having a fairly high level of wage volatility. It is not unexpected for a
small country to have a relatively high level of volatility in comparison to the
aggregate euro area data, but the quantitative difference is high. There are also
several differences in the relative importance of the components of GDP and
the volatility of macro aggregates to GDP.

Table 2 presents the correlation of economic and financial indicators with
Estonian real GDPEE, It shows that to some extent GDP has forecasting power
on many macroeconomic aggregates. However the GDP deflator-based infla-
tion rate seems to have predicting power for GDP dynamics. The table also
shows that financial indicators have small contemporaneous correlation with
GDP, but there is some evidence that interest rates lead the dynamics in GDP.

Table 2: Correlation of economic and financial indicators with Estonian real
GDPEE

Variable Lags and leads

Lt—4 Tt—3 Tt—2 Tt—1 Tt Tt41 LTt42 LTt43 Lt44
GDPFE 033 058 077 092 .00 092 077 058 033
PCFE 023 048 069 085 095 095 0.86 0.72 0.53
INVEE 024 046 067 082 0091 090 082 066 046
EXPFE 045 060 0.73 079 079 069 048 023 -0.01
IMPFE 0.45 0.63 0.79 0.89 0091 082 062 038 0.12

EMPLEE 001 021 046 067 083 093 09 079 0.62
WAGESEE  —0.18 0.05 021 036 050 056 059 061 0.59
GDP defft 030 033 034 039 025 033 014 -001 -0.06
IHOME®E 051 -043 -033 -022 -005 015 031 047 0.64
ICONS®E 018 -0.16 -0.14 -0.15 -006 -0.02 -0.10 0.12 0.10
IBUSNEE 064 051 -035 -0.12 008 028 048 057 0.62
IEE -0.69 -0.57 -040 -0.19 005 033 057 075 0.85
GDPFA 0.18 044 068 083 090 086 070 051 0.30

Notes: Lagging means correlation between GDP; and PC.; (forecasting power of PC on GDP); leading means
correlation between GDP; and PCy (forecasting power of GDP on PC). Data from 2000Q1 to 2012Q4. GDP — real
gross domestic product, PC — real private consumption, INV — real corporate investment, EXP — real exports, IMP —
real imports, EMPL — employment, WAGES - real wages, GDP def — the GDP deflator-based inflation rate, | HOME
— the housing loan interest rate, | CONS — the consumer credit interest rate, | BUSN — the business loan interest rate,
IFE — 3-month Talibor, IFA — 3-month Euribor. Superscript EE stands for Estonia and EA for the euro area.

4. Results

This section presents the main results. We visualise the effects of mone-
tary policy shocks using impulse response functions. We accumulate the IRFs
of the variables that are used in the SVAR in first differences (GDP, private
consumption, corporate investment, exports, imports, employment and real
wages) with the exception of the GDP deflator-based inflation rate, which is

15



shown as the inflation rate. The benchmark SVAR has two lags. All point
estimates of IRFs are presented together with their centred 68% confidence
intervals, calculated using the non-parametric bootstrap. The 68% intervals
are approximately plus/minus one standard deviation. This allows the reader
to visually depict plus/minus two or three standard deviations as well. The
68% confidence intervals are also popular in the recent SVAR literature.

Figure 4 shows the reaction of Estonian and euro area GDP, GDP deflator-
based inflation rates and money market interest rates. A standard deviation
increase in the Euribor of 22bp dies out after five quarters. The Talibor in-
creases on impact by 11bp, reaches 34bp by the fourth quarter, and converges
back to zero by the eighth quarter.

GDP EE GDP def EE I EE

0.5

%
o

-0.5

GDP EA I EA
0.25
0.05 0.2
ol. 0.15
0.1
o - Qo
¥ -0.05 g 005
-0.1 o
015 -0.05
-0.1
5 10 15 20 5 10 15 20
quarters quarters quarters

Figure 4: Estimated impulse responses of Estonian and euro area GDP, the
GDP deflator-based inflation rates and the money market interest rates to a

contractionary monetary policy shock in the euro area
Note: The solid line describes point estimate and dashed lines 68% confidence intervals.

In the quarter after the shock, the Estonian GDP deflator-based inflation
rate increases by about 0.4pp, but subsequently falls to —0.6pp Inflation stays
below zero for about three years. There is some evidence of the price puz-

16



zle, but it is statistically not significant. The price puzzle is well documented
for many countries (for example, see Christiano et al. (2005) for the USA and
Mojon and Peersman (2001) for countries in the euro area). We find no evi-
dence of the price puzzle for the euro area GDP deflator-based inflation rate,
which falls one quarter after the shock by 0.1pp, is then volatile, and converges
back to zero after four years.

The effect of the shock on the GDP level is strong and persistent. Euro area
GDP falls by about 0.4%, reaching its lowest point after two years. Estonian
GDP drops by 1.8% and also reaches the bottom after two years. The reaction
of Estonian GDP is more than four times stronger than that of euro area GDP.

These results are similar to the estimates of Jeenas (2010). In a different
7-dimensional SVAR he also finds that a 25bp increase in the 3-month Euribor
leads to a 1.5% decrease in Estonian GDP. However euro area GDP drops
by more than in our model. The effects of the monetary policy shock in the
euro area on Estonian and the euro area inflation are almost identical in his
paper. Jeenas (2010) also finds some evidence of the price puzzle in Estonian
inflation.

Our estimates for the euro area effects are about twice as strong as the
findings of Weber et al. (2011) who use the same identification scheme and
the euro area data from 1996 to 2006. The difference is mainly due to the
inclusion of data from the great recession. In the robustness analysis we show
that our estimates are very close to their estimates when we use data from 2000
to 2007.

The monetary policy shock in the euro area also has strong effects on sev-
eral other Estonian economic indicators. Figure 5 plots the IRFs estimated
in separate SVAR models for private consumption, corporate investment, em-
ployment, real wages, imports and exports. These Estonian variables give a
broader picture of monetary policy transmission in Estonia. As Estonian vari-
ables do not affect euro area variables (a«”F7F4 = (), the IRFs for the euro
area data are identical and therefore not reported.

All variables follow a hump-shaped response. Private consumption drops
by 2.7% and corporate investment by 5.2%. Employment and real wages de-
crease to a lesser extent, falling by only 1.3% and 1.2% and reaching their
lowest levels around 10 quarters after a monetary policy shock in the euro
area. Exports decrease by around 2.2% by the eighth quarter and converge
near the baseline after four years. Imports drop by 4.2% and stay low after-
wards. The relatively small reaction of exports compared to the change in
Estonian GDP leaves little room for the argument that foreign demand is the
main driver of the strong reaction found in the economic aggregates. Instead
the strong reaction of imports shows that there is a steep drop in domestic
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Figure 5: Estimated impulse responses of additional Estonian macroeconomic

variables to a contractionary monetary policy shock in the euro area
Note: The solid line describes point estimate and dashed lines 68% confidence intervals.
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demand.

Figure 6 plots IRFs for the different Estonian loan interest rates. We use
these three variables for two reasons. Firstly they are interesting as they show
the money market interest rate pass-through to Estonian three loan type spe-
cific loan interest rates. Secondly they offer a possible explanation for the
strong impact observed on the real economy.

| HOME EE | CONS EE | BUSN EE

-~

) 10 15 20 5 10 15 20 5 10 15 20
quarters quarters quarters

Figure 6: Estimated impulse responses of loan type specific interest rates to a

contractionary monetary policy shock in the euro area
Note: The solid line describes point estimate and dashed lines 68% confidence intervals.

The housing loan interest rate rises on impact by about 12bp and increases
by up to 38bp the year after, later converging slowly to zero. Strong con-
temporaneous pass-though is expected as a majority of housing loans have
interest rates that are fixed to the 6-month Euribor with an added risk pre-
mium. The pass-through to the housing loan interest rate is not direct as the
dynamics of the 6-month Euribor interest rate are somewhat different to those
of the 3-month Euribor and the risk premium charged on top of the Euribor
is variable. The consumer credit interest rate has almost no contemporaneous
pass-through, but reaches 40b. after a year and converges back to the base-
line after 10 quarters. The reaction of the business loan interest rate shows
that there is no contemporaneous pass-through. The business loan interest rate
increases by only 13b. after two quarters.

Our results show that Estonian data are volatile at least partly because of
internal amplification. By construction the identified shock is identical for
the euro area and for Estonia, but the reaction of the Estonian variables is
stronger. Our conjecture is that the interest rates have been at least partly
responsible for the amplification of the monetary policy shock in the euro area.
In addition we find that housing loan and consumer credit interest rates react
very strongly and sluggishly. An increase in the money market interest rate
leads to a stronger increase in these interest rates.
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The strong reaction of consumer credit and housing loan interest rates
stands in contrast to the findings for the euro area of Giannone et al. (2012).
They find that interest rates for consumer credit, housing and corporate loans
react substantially less than the money market interest rate. Similarly, the im-
mediate pass-through of Estonian loan interest rates is also smaller than one.
In contrast the Estonian money market, housing loan and consumer credit in-
terest rates react more than twice as strongly as the euro area money market
interest rate.

This indicates that the interest rates are an important transmission and am-
plification channel in monetary transmission. Our results show that the foreign
demand channel is of secondary importance as Estonian exports react by as
much as GDP. In contrast, Estonian imports, which are affected by domestic
demand, react about twice as strongly as Estonian GDP.

In this paper we have not looked at the reaction of loan quantities to mon-
etary policy shocks in the euro area. We conjecture that Estonian private con-
sumption and housing loan interest rates are very sensitive to financial condi-
tions and play a substantial role in the monetary policy transmission mecha-
nism.

5. Robustness analysis and the importance of the
great recession

In this section we present the results for the stability and robustness anal-
ysis. We concentrate on the sensitivity to different lag lengths, the size of the
SVAR, and possible effects of the length of the time series and of extreme
observations in the sample. This sheds light on potential structural breaks
without formally testing for them. Formal testing is prone to giving mislead-
ing results because of the low degrees of freedom and the possible structural
break at the end of the sample.

The autoregressive model is known to be a good approximation of the un-
derlying moving average process only when a sufficient number of lags are
included. We also estimated models with three and four lags (results not
shown). In the models with three and four lags the qualitative results remained
the same, although the precision of the estimates deteriorated due to multi-
collinearity. The models with one lag SVAR were unstable and theoretically
less interesting as they are not able to generate a hump-shaped response for
the economic variables.

We also estimated a smaller model with six variables (Estonian and euro
area GDPs, GDP deflator-based inflation rates, and money market interest
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rates). All other assumptions were the same as in the 7-dimensional SVAR.
The results remained qualitatively unchanged. The only difference in the re-
sults was that the reaction of the Estonian variables was in some cases quan-
titatively somewhat smaller. Missing variable bias is likely to be small as the
estimated IRFs for the main variables in the various models remain largely
unchanged.

5.1. Sensitivity to extreme observations

Ordinary least squares estimations are known to be sensitive to outliers and
extreme values in the data. As the Estonian data have high variance, especially
during the recent crisis episode, we therefore remove some of the variance by
including dummies as a robustness exercise. The residuals of the benchmark
model also have fat tails and are somewhat skewed. The use of dummies will
give an indication of how much IRFs depend on the extreme observations.
Dummies are used only in the Estonian data, because the aim is to analyse the
euro area monetary policy transmission mechanism in Estonia, and from the
benchmark model we saw stronger reactions in the Estonian variables than in
the euro area aggregates.

After estimating the model we identify potential extreme observations in
the data by analysing the residual time series and histograms. After that we
include dummies for the most extreme observations and then re-estimate the
model and repeat the residual analysis and dummy introduction. The maxi-
mum number of dummies allowed by the equation was set at 12, but in some
cases fewer dummies were used if the quantitative results remained unchanged
or reversed the sign of the impulse response. Table 3 shows how many dum-
mies are included in the final models.

Table 3: Number of dummies in models

Model with GDP Additional variable GDP def 1
PC 8 6 7 7
INV 8 3 5 3
EXP 12 8 7 7
IMP 11 8 10 6
EMPL 9 8 8 7
WAGES 6 9 9 6

I HOME 8 11 7 7

I CONS 8 12 7 7

I BUSN 8 8 7 7
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Figure 7 plots the results with the dummies included for the three main Es-
tonian variables. The observed increase in GDP is somewhat lower. The GDP
deflator-based inflation rate declines after the shock and does not show the
price puzzle. The money market interest rate behaviour is largely unchanged,
increasing by only a few basis points less than in the benchmark model.

GDP EE GDP def EE I EE
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Figure 7: Estimated impulse responses of Estonian and euro area GDPs, the
GDP deflator-based inflation rates and the money market interest rates to a
contractionary monetary policy shock in the euro area. Dummies used in the

Estonian data equations
Note: The solid line describes point estimate and dashed lines 68% confidence intervals.

Figure 8 plots the results for private consumption, corporate investment,
exports, imports, employment and wages. The use of dummies reduces the
impact of monetary policy shock the most in private consumption and corpo-
rate investment (see benchmark results, Figure 5).

Figure 9 plots the results for the different loan interest rates. Dummies did
not reduce the reactions (for comparison see benchmark results Figure 6). On
the contrary, all variables showed stronger movements after the shock.

We can also discuss the effects of the recent financial and economic crisis
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Figure 8: Estimated impulse responses of additional Estonian macroeconomic

variables to a contractionary monetary policy shock in the euro area. Dummies
used in Estonian equations
Note: The solid line describes point estimate and dashed lines 68% confidence intervals.
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Figure 9: Estimated impulse responses of loan type specific interest rates to

a contractionary monetary policy shock in the euro area. Dummies used in
Estonian equations
Note: The solid line describes point estimate and dashed lines 68% confidence intervals.
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on monetary transmission. By looking at the Estonian time-series dynamics
we use dummies for the period from 2007Q3 to 2010Q2. Dummies are used
for three different sub-periods — 2007Q3 to 2008Q2, 2007Q3 to 2009Q2, and
2007Q3 to 2010Q2 — and named the one-year, two-year and three-year models
with dummies.

The three panels in Figure 10 plot the results with the dummies included
for the three main Estonian variables. The money market interest rate dynamic
is largely unchanged from the benchmark model, but the increase on impact
is somewhat stronger at 19bp. The GDP deflator-based inflation rate does not
show the price puzzle, but the decline is stronger in all models with dummies
than in the benchmark results. The reaction of GDP is smaller in the two-year
and three-year models with dummies, hinting that the amplified reaction in the
benchmark model was due to the strong impact of the crisis years.

The effects of the shock on additional Estonian economic and financial
variables depend on the inclusion of crisis years in the data. The differences
are bigger when dummies are used for the period from 2007Q3 to 2009Q2 and
from 2007Q3 to 2010Q2 (results not presented). Estonian macroeconomic
variables react less strongly, and for example the reaction is smaller in the
one-year model with dummies for employment, which falls after the shock by
0.7%, and for real wages, which fall after the shock by 0.8%. In the two-year
model with dummies the reaction is smaller for private consumption, which
falls after the shock by 0.3%, and for imports, which fall after the shock by
1.2%. However, there are still signs of the price puzzle in the GDP deflator-
based inflation rate.

The money market interest rate increases less, though interest rates for
some loan type increase by more than in benchmark model. The reaction
of some variables (corporate investment, exports and real wages) change signs
when dummies are used for the period from 2007Q3 to 2009Q2 and from
2007Q2 to 2010Q2.

5.2. Stability of results over time

Giannone et al. (2012) find evidence that during the crisis period, from Au-
gust 2007 to August 2010, the cyclical behaviour in some financial variables,
such as longer term loans, deposits and longer term interest rates, changed.
Ciccarelli et al. (2013) also find that the crisis years have affected economic
and financial developments in individual countries.

Testing for the changes in transmission with limited time series and a pos-
sible structural break in the later part of the sample is statistically complicated.
However, in order to get some indication of possible changes, we use the sim-
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Figure 10: Estimated impulse responses of Estonian GDP, the GDP deflator-
based inflation rate and the money market interest rate to a contractionary
monetary policy shock in the euro area. Dummies used in the Estonian data

equations for different time periods indicated for each panel separately
Note: The solid line describes point estimate and dashed lines 68% confidence intervals.
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ple approach of estimating the model in different rolling time-windows. The
approach gives an intuitive understanding of possible changes in the euro area
monetary policy transmission mechanism.

Table 4 shows how the whole period is divided into 24 rolling time-windows
of 29 quarters (7 years and 1 quarter). The first period is from 2000Q1 to
2007Q1, the second is from 2000Q2 to 2007Q2, etc. We use 29 quarters of
data as it allows us to estimate the first SVAR model in a period with no finan-
cial crisis reaching up to the second half of 2007. By adding quarters to the
end and subtracting from the beginning, the initial stage of the financial crisis
and the subsequent sovereign debt crisis are covered. Shortening the period
further becomes difficult as the degrees of freedom drop drastically.

Table 4: Time-windows

Time-window Beginning Ending

1 Ql Ql
2 Q2 Q2
3 2000 03 2007 03
4 Q4 Q4
5 Ql Ql
6 Q2 Q2
; 2001 03 2008 03
8 Q4 Q4
9 Ql Q1
10 Q2 Q2
" 2002 03 2009 03
12 Q4 Q4
13 Ql Ql
14 Q2 Q2
s 2003 03 2010 03
16 Q4 Q4
17 Ql Q1
18 Q2 Q2
19 2004 03 2011 03
20 Q4 Q4
21 Ql QI
22 Q2 Q2
53 2005 03 2012 03
24 Q4 Q4

Estimation of the models for the early period showed no (or even reverse)
effects of monetary policy in either the euro area or Estonia. If we look at the
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periods until 2009, a contractionary monetary policy shock leads to a small
but persistent increase in the GDP deflator-based inflation rate and the GDP
level in both the euro area and Estonia (see Figure 11). The euro area result
is similar to the result of Weber et al. (2011) for the period 1999-2006. The
Estonian results are in line with the anectotal evidence that probably monetary
policy shocks in the euro area did not play an important role in the Estonian
economy until the economic slowdown. Contradicting the spirit of our re-
sults, Médnnasoo (2007) finds that during the years between 1994 and 2004 the
number of firms failing in Estonia decreases after an interest rate hike.

GDP EE GDP def EE | EE
6 10— 0.6 ¥
0.4 o

O

2 0 I

=J =3 *
> + + > o +V +
0 Rt ———— R o -02 BT
+ Wy 0
+ - +
, WE ¥ "‘"+.,_+.,_ 5 04
+ + -0.6 +
+ 4
-4 -5 -0.8
0 10 20 0 10 20 0 10 20
GDP EA GDP def EA I EA
0.4 0.25 0.3
o
0.2 0.2 0.2
Ry %% Twnd |
O
(O] 0.151% ° 017y by
02+ 01} o _ o s e
X R O
o D° o +
04 W 005} + + -0.1
P g +++|-+ +
-0.6 0 + G -0.2 + +"'+'-+++.,.
+ 4 +
-0.8 + -0.05 0 "y -0.3
-1 -0.1 -0.4
0 10 20 0 10 20 0 10 20
timewindow period timewindow period timewindow period

Figure 11: Estimated impulse responses of Estonian and euro area GDP, the
GDP deflator-based inflation rates and the money market interest rate to a con-

tractionary monetary policy shock in the euro area using rolling time-windows
Note: The solid line (—) describes the immediate IRF to the variable of each time-window. The circle (O) describes
the IRF after 4 quarters (1 year) of each time-window. The cross (4) describes the IRF after 8 quarters (2 years) of
each time-window.

For the period before the crisis years we also get opposite reactions from
those of the benchmark results for other Estonian macroeconomic variables
(see Figures 12 and 13). The dynamics of exports, imports, real wages, cor-
porate investment and private consumption follow the behaviour of Estonian
GDP. The results for exports and real wages are somewhat stronger in the mod-
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els with time-windows, meaning the impact of the beginning of the 2000s is
important for the benchmark model.
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Figure 12: Estimated impulse responses of additional Estonian macroeco-
nomic variables to a contractionary monetary policy shock in the euro area
using rolling time-windows

Note: The solid line (—) describes the immediate IRF to the variable of each time-window. The circle (O) describes

the IRF after 4 quarters (1 year) of each time-window. The cross (<) describes the IRF after 8 quarters (2 years) of
each time-window.

The estimated effects look very close to our benchmark results when the
data from the last quarters of 2008 and first quarters of 2009 are included in
the sample. Some of the models for data periods ending in the middle of the
crisis are hard to estimate and the SVAR models become unstable. But then the
results stabilize and stay close to our benchmark results for the later samples,
although the magnitude might be a little muted. This holds again both for the
euro area and for Estonia.
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Figure 13: Estimated impulse responses of Estonian loan type specific interest
rates to a contractionary monetary policy shock in the euro area using rolling

time-windows

Note: The solid line (—) describes the immediate IRF to the variable of each time-window. The circle (O) describes
the IRF after 4 quarters (1 year) of each time-window. The cross (+) describes the IRF after 8 quarters (2 years) of
each time-window.

6. Conclusion

In this paper we estimate the transmission of the monetary policy shocks
in the euro area to Estonian economic and financial variables. We find that a
22 basis points increase in the euro area money market interest rate increases
the Estonian money market interest rate by a maximum of 34 basis points and
leads to a substantial increase in the housing loan and consumer credit interest
rates. The shock brings down Estonian GDP by almost 1.9% and the GDP
deflator-based inflation rate by 0.6 percentage points.

We conclude that the trade channel is less likely to be responsible for the
large effects observed in the macroeconomic aggregates. Exports decrease by
substantially less than imports, private consumption or GDP. We conjecture
that the strong reaction of GDP and its components can be partly assigned to
a large increase in housing loan and consumer credit interest rates.
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Appendix 1. Literature overview
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Figure 14: Effects of a monetary policy shock in the euro area on the Estonian
money market interest rate, GDP and the inflation rate, literature overview

Notes: Horizontal axis represents quarters after the shock. For the interest rate, 1 quarter signifies the reaction at the
time of the shock. For GDP and inflation, 1 quarter stands for the effect the quarter after.
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Figure 15: Effects of a monetary policy shock on the euro area variables,
literature overview

Notes: Horizontal axis represents quarters after the shock. For the interest rate 1 quarter signifies the reaction at the
time of the shock. For GDP and inflation, 1 quarter stands for the effect the quarter after.
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Appendix 2. Data sources

Table 8: Data sources for Estonia from 2000Q1 to 20120Q4

Variable Transf. Source
GDP log Eurostat: GDP and main components - volumes [namq_gdp_k]
diff. (gross domestic product at market prices, chain linked volumes,
2005=100, seasonally adjusted and adjusted data by working days).
GDP log Eurostat: GDP and main components - volumes [namq_gdp_k]
deflator diff. and GDP and main components - Current prices [namq_gdp_c]
(gross domestic product at market prices, chain linked volumes,
2005=100, seasonally adjusted and adjusted data by working days).
Talibor level Eurostat: 3-month rates for Estonia, quarterly data [irt_h_mr3_q].
Private log Eurostat: GDP and main components - volumes [namq_gdp_k]
consumption diff. (final consumption expenditure of NPISH, chain linked volumes,
2005=100, seasonally adjusted and adjusted data by working days).
Corporate log Eurostat: GDP and main components - volumes [namq_gdp_k]
investment diff. (gross fixed capital formation, chain linked volumes, 2005=100,
seasonally adjusted and adjusted data by working days).
Exports log Eurostat: GDP and main components - volumes [namq_gdp_k] (ex-
diff. ports of goods and services, chain linked volumes, 2005=100, sea-
sonally adjusted and adjusted data by working days).
Imports log Eurostat: GDP and main components - volumes [namq_gdp_k]
diff. (imports of goods and services, chain linked volumes, 2005=100,
seasonally adjusted and adjusted data by working days).
Wages log ECB: Estonia - Compensation Per Employee, current prices,
diff. national currency, working day and seasonally adjusted, Index
[ESA.Q.EE.Y.1000.COMEMP.0000.TTTT.V.N.I]; deflated by the
consumer price index.
Employment log Eurostat: Population and employment - quarterly data
diff. [namqg_aux_pem] (total employment, domestic concept, 1000
persons, seasonally adjusted and adjusted data by working days).
The housing level Eesti Pank: Table 3.7.3 Interest rates of loans granted to households
loan interest by loan type and currency.
rate
The consumer  level Eesti Pank: Table 3.7.3 Interest rates of loans granted to households
credit interest by loan type and currency.
rate
The business level Eesti Pank: Table 3.7.2 Interest rates of loans granted to non-

loan interest
rate

financial corporations by borrower’s main economic activity.
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Table 9: Data sources for the euro area from 2000Q1 to 2012Q4

Variable Transf. Source

GDP log Eurostat: GDP and main components - volumes [namq_gdp_k]
diff. (gross domestic product at market prices, chain linked volumes,

2005=100, seasonally adjusted and adjusted data by working days).

GDP log Eurostat: GDP and main components - volumes [namq_gdp_k]
deflator diff. and GDP and main components - Current prices [namq_gdp_c]

(gross domestic product at market prices, chain linked volumes,
2005=100, seasonally adjusted and adjusted data by working days).

3-month level ECB: Money market rates/Euribor three-month funds/Monthly av-
Euribor erage [SU0316].
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