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Abstract 

Although macroeconomic effects of asset purchases are intensively discussed, the 
literature addressing “tapering” is rather thin. Using a broad definition of tapering 
the study considers three tapering scenarios within a Dynamic Stochastic 
Equilibrium Model: A reduction of net purchases in the expansionary stage, the 
announcements of an earlier exit, and a faster than expected exit. In all three 
cases the effects on long-term yields are positive and negative on output growth 
and inflation. Quantitatively, the effects are rather modest, however. 
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EXECUTIVE SUMMARY 
Background 

The Governing Council decided on the calibration of the extended Asset Purchase Programme 
(APP) beyond the end of 2017. In the design of the exiting process, the ECB has to take into 
account the consequences on the size of its balance sheet. Against this background, the study 
first gives a short overview of the literature on the effects of asset purchase programmes by 
central banks. It then discusses the macroeconomic effects of alternative exit paths for the 
ECB’s balance sheet policies, using a calibrated Dynamic Stochastic General Equilibrium 
(DSGE) Model. 

Aim 

• There is a rich literature on the effects of asset purchases by central banks on financial 
markets and the macro-economy. The estimates for the US, UK, the euro area and 
Japan range between +0 to +3.1 percentage points for GDP growth and +0.4 to 4.2 
percentage points, depending on the country and programme considered. 

• However, the literature on the effects of different exit strategies from asset purchases 
is still rather thin. Therefore, the potential effects of ending the asset purchases can 
in its simplest form be gauged by flipping the sign of the estimated effects of the 
initiation of these programs 

• We model the time path of the APP programme within a macroeconomic model for the 
euro area that incorporates financial friction and preferred habitat. 

• We use the model to analyse the effects of tapering (reducing expansionary pace, exit 
or selling additional bonds before mature) on EA output growth and inflation. 
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 GENERAL INFORMATION 

KEY FINDINGS 

• We use a broad definition of tapering and model three tapering scenarios: A reduction 
of net purchases in the expansionary stage (”reducing expansionary pace”), the 
announcement of starting to reduce the stock of long-term debt held by the central 
bank (”early exit”) and a faster exit (”selling before mature”) 

• In all three cases we find negative effects on output growth and inflation and positive 
impacts on long-term yields. The impact varies in size and in the intertemporal profile. 
While reducing pace in the expansionary stage has only minor consequences, an early 
exit, modelled as starting to phase out after two instead of four years, is associated 
with lower output growth (annualized -0.05 pp on impact) and lower inflation 
(annualized -0.1 pp on impact).  
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 LITERATURE REVIEW 
There is a rich literature on the effects of asset purchases by central banks on financial 
markets and the macro-economy. This section provides a brief review of this literature: first, 
some introductory papers about asset purchases are mentioned. Then, estimation results of 
several papers concerned with the effects of asset purchases on the economy are 
summarized. Finally, a brief overview of papers addressing “tapering” and exit strategies 
from asset purchases is given, although the literature on these issues is still rather thin. 
Therefore, the potential effects of ending the asset purchases can in its simplest form be 
gauged by flipping the sign of the estimated effects of the initiation of these programs, which 
gives a rough estimate of the potential contractionary impact of a withdrawal of the stimulus. 

Several papers provide a good overview of the literature on asset purchases. Ihrig et al 
(2015) give an introduction to the monetary policy instruments available to the Fed, including 
regular open market operations and the setting of the federal funds rate target, but also 
asset purchases, or LSAPs (Large Scale Asset Purchases), as they are typically called in the 
US context. They also discuss different possible paths towards a post-LSAP normalization of 
monetary policy (see below). Doh (2010) sketches economic theories on the term structure 
of interest rates and explains how, according to the preferred-habitat theory, bond yields can 
be affected by supply shifts. The author also discusses how asset purchases can be an 
attractive tool for lowering long-term bond yields, particularly if market participants are 
highly risk averse. Gagnon et al (2010) discuss the mechanisms through which asset 
purchases theoretically affect the economy (see below). 

Most studies on the macroeconomic effects of asset purchases examine interventions by the 
Federal Reserve System (Fed), the European Central Bank (ECB), the Bank of England (BoE), 
or the Bank of Japan (BoJ). This strand of the literature can roughly be divided into two 
groups: one group of papers studies the effects on long-term yields, since this is one of the 
main channels through which asset purchases are thought to operate. Scholars have used 
different methods to estimate this effect: some papers use event studies (e.g. Joyce et al, 
2011), while others rely on econometric analyses of yield curves (e.g. Gagnon et al, 2010). 
De Santis (2016), in an attempt to circumvent difficulties associated with an event study 
approach, uses market news to capture more of the long-term yield change caused by asset 
purchases. The other main part of the literature focuses on the effects of asset purchases on 
main macroeconomic indicators such as GDP growth and inflation. For this, estimates of 
effects on long-term yields are typically plugged into a macroeconomic model such as a 
Dynamic Stochastic General Equilibrium (DSGE) model (e.g. Del Negro et al, 2016) or a 
Vector Autoregressive (VAR) model (e.g. Bridges and Thomas, 2012; Kapetanios et al, 2012). 
In both groups of papers – those focusing on long-term yields and those focusing on GDP 
growth and inflation – estimates of the effects vary considerably. However, some broad 
conclusions can be drawn from them nonetheless.1 

Concerning the effects of asset purchases on long-term yields, the estimated effects range 
from -0.1 percentage points (pp) to -1 pp (see Table 1). This is consistent with an important 
aspect of the rationale behind engaging in asset purchases: by buying up a considerable 
fraction of long-term assets in the market, the central bank hopes to drive up prices – and 
hence, drive down the yields – of the remaining long-term assets in the market. As Altavilla 
et al (2015) point out, the effect of asset purchases on long-term bond yields in the US and 
UK appears to have been particularly strong for those interventions that occurred at a time 
of severe financial market distress. This is different in the euro area: here, the ECB’s Asset 
Purchase Programme (APP), was only implemented in 2015, at a time when financial markets 
                                           
1  The different asset purchase programmes have different sizes in terms of value of purchased assets as a share 

of GDP. This should be kept in mind when comparing their estimated effects.  
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had calmed down considerably compared to the panic of 2008. Yet, the APP is considered 
reasonably successful in driving down long-term asset yields: Andrade et al (2016) report 
that on average, scholars find the APP to have led to a reduction of 10-year government bond 
yields in the euro area of 0.4 pp. One possible explanation for this sizeable reduction despite 
comparably stable market conditions is that this relatively high market stability might have 
facilitated spill-over effects to asset types not targeted by the APP (cf. Altavilla et al, 2015).  

De Santis (2016) and others have pointed out that a substantial part of the effect of the APP 
on long-term yields in the euro area had already occurred before the official announcement 
by Mario Draghi in 2015: in 2014, already, the ECB communication about APP was clear 
enough for markets to understand and react to it. This suggests that the so-called “signalling 
channel” – corroborating expectations that the policy interest rate will remain low for a 
prolonged period of time – was important for the effect on long-term yields. This is in line 
with the findings in Bauer and Rudebusch (2014), who argue that the signalling channel is 
typically the main transmitter of asset purchases on long-term yields. Another channel of 
transmission that is emphasized in the literature is the “portfolio balance channel” (cf. 
Vayanos and Vila, 2009). Here, the idea is that investors have preferences for particular 
maturity segments of government bonds, and that asset purchases reduce the yields on that 
debt. A third transmission channel is the “expectations channel” (e.g. Woodford, 2004), 
which reflects that asset purchases can reduce uncertainty by managing expectations about 
main macroeconomic indicators.  

Table 1: Selected estimation results of asset purchases 

 

The part of the literature which focuses on the effects of asset purchases on macro-economic 
indicators finds that the effects on both GDP growth and inflation are in virtually all cases 
positive. However, there is considerable variation in the size of the estimated effects. 
Assuming a 1 percentage point decline in long-term government bond yields, Kapetanios et 
al (2012) find a peak GDP growth effect of +1.5 pp and an inflation effect of +1.25 pp for 

Program Authors Methodology Effect (in perc. 
Points) 

Fed QE1 (12/08-
03/10) 

Weale and Wieladek 
(2012) 

Bayesian VAR +1.1 GDP growth 
+1.2 inflation 

 Gagnon et al (2010) Time-Series Analysis, 
Event Study 

-0.4  to -0.8 long-term 
premiums (10y) 

Fed QE2 (11/10-
06/11) 

Falagardia (2013) Simple DSGE model +0.9 GDP growth 
+0.4 inflation 

 Chen et al (2012) DSGE model, preferred 
habitat framework 

+0.3 GDP (long-term) 

BoE QE1 (03/09-
1/10) 

Kapetanios et al 
(2012) 

Different VARs +1.5 GDP growth 
+1.3 inflation 

 Pesaran and Smith 
(2012) 

Ex-post policy 
ineffectiveness test 

+0 GDP growth 

 Weale and Wieladek 
(2012) 

Bayesian VAR +3.1 GDP growth 
+4.2 inflation 

ECB QE (03/15-
today) 

Hohberger et al (2017) Open-economy DSGE 
model 

+0.4/0.7 GDP growth 
+0.5/1 inflation (wo/w 
ZLB) 

 Andrade et al (2016) Model by Gertler and 
Karadi (2013) 

+1.1 GDP growth 
+0.4 inflation 

ECB non-standard 
policy (0.25pp  drop 
in two-year rate)             

Hachula et al (2016) Structural VAR +0.5 GDP level 
+0.3 price level 
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the BoE’s first round of purchases in 2009-10. By contrast, and making the same assumptions 
about bond yield changes, Pesaran and Smith (2012) find that an initial GDP growth effect 
of +1 pp is quickly reversed and that a year after the intervention, no significant effect 
remains. Weale and Wieladek (2012) also examine the BoE’s first round of purchases and 
find a GDP growth effect of +3.1 pp and an inflation effect of +4.2 pp. They also study the 
Fed’s first asset purchase programme (2009-2010) and find a GDP growth effect of +1.1 pp 
and an inflation effect of +1.2 pp. Falagardia (2013) examines the Fed’s second purchase 
programme (2010-2011) and finds a peak effect of +0.9 pp on GDP growth and of +0.4 pp 
on inflation. Chen et al (2012) simulate the Fed’s second programme in an estimated 
medium-scale DSGE model and find that while its initial effect on GDP growth is rather small, 
it is long-lasting (+0.25 pp six years after the beginning).  

There are comparably few studies about the effects of the ECB’s APP (2015-today) since, 
having been announced in 2015, it is rather recent and still under way. Hohberger et al 
(2017) estimate its GDP growth and inflation effects and find them to be +0.4 pp and +0.5 
pp, respectively. Andrade et al (2016) find a similar effect on inflation (+0.4 pp) but a 
considerably larger GDP growth effect of +1.1 pp. Hachula et al. (2016) estimate a structural 
VAR model to quantify the average effect of ECB non-standard policy and find that an 
unanticipated drop in the average euro area sovereign two-year rate leads to an increase in 
the level of GDP and consumer prices by about 0.5 percent and 0.3 percent, respectively. 

Recently, the literature has begun to address the issue of monetary policy normalization as 
central banks are reducing the size of their balance sheets. Following remarks by Fed 
Charmain Ben Bernanke in 2013, “tapering” has become a widely-used term for describing 
such a reduction. Given the turbulent reaction of financial markets to Bernanke’s tapering 
announcement, central banks have become wary of the risks of premature or overly explicit 
announcements of monetary policy normalization.  

While a number of papers examines the effects of Bernanke’s “Taper Tantrum” on emerging 
markets (Aizenman et al, 2015; Avdjiev and Takáts, 2014; Mishra et al, 2014), comparably 
little attention has been paid to analyzing domestic consequences or assessing different paths 
towards monetary policy normalization. Exceptions include Lee (2016), who examines the 
effects of the Taper Tantrum and finds that they were “fundamental and persistent rather 
than financial and transitory” (Lee, 2016), and Bisschop et al (2016), who find that during 
the Taper Tantrum, households and money market funds, in particular, engaged in procyclical 
selling of euro area bond portfolios, thereby aggravating price shocks. Ihrig et al (2015) 
explain how the interest rate on excess reserves will be the primary tool for the Fed to drive 
the federal funds rate back up. Feroli et al (2014) conclude that turbulences like those 
following Bernanke’s 2013 tapering announcement are likely to occur again whenever 
investors expect monetary policy to tighten. Krishnamurthy and Vissing-Jorgensen (2013) 
emphasize the importance of how an exit from purchase programmes is communicated to 
the public. Employing different models, they find that asset prices react immediately to the 
news of a future termination of asset purchases. 
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 THE MODEL 

3.1. Model Setup 
To evaluate the macroeconomic effects of a stepwise reduction in the asset purchases of the 
ECB, we use a similar model as Chen et al. (2012). The model is described in more detail in 
the Annex. In their study, the authors evaluate the second Large-Scale Asset Purchase 
(LSAP-II) programme of the Federal Reserve by employing a DSGE model featuring 
segmentation in US bond markets. To rationalize the existence of both long- and short-term 
government bonds, two types of households - unrestricted and restricted households - are 
introduced in an otherwise standard DSGE model with nominal and real rigidities (Christiano 
et al. 2005, Smets and Wouters 2007). The two household types provide differentiated labour 
which is combined by competitive labour agencies in a composite input for production, and 
either consume their labour income or invest in government bonds. Competitive capital 
producers transform consumption goods into capital which is then used as a second input 
besides labour by monopolistic competitive firms for production of intermediate goods. 
Competitive final goods producers use intermediate goods to create a homogeneous final 
consumption good. The central bank engages in both unconventional asset purchases and 
conventional interest rate policy to conduct monetary policy, and the government finances 
fiscal policy expenses by issuing short- and long-term bonds. 

Whereas unrestricted households are allowed to trade in both short- and long-term bond 
markets, restricted households only have access to long-term bonds. Although in reality it is 
not possible to separate households literally into these categories, the assumption of market 
segmentation and separation of those two household types captures the observation that a 
fraction of the private sector saves through pension funds and other intermediaries that are 
specialized in the market of long-term securities. On the other hand, unrestricted agents can 
be thought of as standing in for agents that save through highly liquid assets such as 
commercial bank deposits. However, they pay a transaction cost when substituting long-term 
bonds against short-term bonds and vice versa, which gives rise to a risk premium paid on 
long-term bonds in the model. The key implication from market segmentation and household 
heterogeneity is that only a part of agents in the economy can arbitrage away differences in 
risk-adjusted returns between long- and short-term bonds. This introduces a friction that 
provides a rationale for asset purchase programmes having an effect on macroeconomic 
developments: due to the segmentation, the yield curve matters for aggregate demand, such 
that monetary policy affects the real economy not only via the short-term policy rate, but via 
interventions on long-term bond markets that affect long-term interest rates. 

The macroeconomic relevance of both short- and long-term rates gives rise to monetary 
policy interventions that can still affect the economy even when the nominal short-term policy 
rate is at the zero lower bound (ZLB) and cannot be reduced further. In the model, we allow 
for a ZLB constraint on policy rates and assume this constraint to be binding for an extended 
period of time. By intervening in government bond markets, the central bank can, by causing 
additional demand for bonds, reduce the risk premium on existing long-term bonds and thus 
affect the long-term bond yield. Thus, asset purchases by the central bank result in a 
flattening of the yield curve.  

The main channel through which APP affects the real economy is a segmented bond market 
combined with imperfect arbitrage. A decrease of long-term government bonds at the 
market, bought by the central bank, leads to an increasing bonds price and a reduction of 
the long-term yields. In case of a segmented bond market restricted households react with 
shifting their intertemporal consumption profile. Therefore, they consume more today which 
increases output growth. On contrary, households adjust their portfolio up to some 
transaction costs if markets were not segmented. They would sell long-term bonds and buy 
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short-term bonds immediately such that the yield to maturity on the long-term bond declines. 
However, the expected returns for long- and short term assets stay constant over time, which 
does not create real effects. This effect is amplified if the central bank announces the short-
term interest rate to be fixed at the lower bound for an extended period (forward guidance). 
The reason is the following. The QE-induced higher output growth leads to higher inflation. 
Without a fixed interest rate, the monetary policy would typically react to higher output 
growth and inflation by increasing the policy rate. This would have contractionary effects on 
output growth and inflation. However, a commitment to leave the policy rate at the zero 
lower bound will eliminate this contractionary impulse and amplify the effects of the APP. 
More precisely, the policy rate is not bounded from below because of non-negativity but from 
above by the announcement of the central bank. By simulating the APP scenario with and 
without the ZLB, we can see that the effect on GDP growth and inflation are roughly doubled. 

Following the DSGE literature we calibrate the parameters in order to match the economic 
structure of the Euro area (See Table 1 in Annex). We simulate the time path of the net 
purchase programme in our baseline scenario (See Figure 5 in Annex) to compare our model 
results with those from the literature. Initially, the level of long-term bonds in the hands of 
the public has been reduced by 25 percent of its steady state value, while the central bank 
asset purchase balance increases by the same amount. Similar to the findings in the literature 
our model simulation suggests that the APP has increased output growth by roughly +0.7 pp 
and inflation by around +1 pp annualized on impact. 

3.2. Tapering Shocks 
Before we start with the analysis we clarify some general aspects of how we model the 
tapering process.  

First, our goal is not to evaluate the whole APP programme. Therefore, we do not consider 
past announcements about the size and duration of the programme. Since we are interested 
only in the macroeconomic effects of tapering we start our analysis from the most recent 
announcement on October 26, 2017 where Mario Draghi announced a reduction in the pace 
of APP from around 60 billion Euro per month to 30 billion Euro per month.  

Second, similarly we do not consider past announcements about the duration of holding the 
interest rate at the lower bound (forward guidance). However, for the future path we assume 
that the short-term interest rate is fixed at least until the exit phase starts.2 

Third, according to the last announcement, monetary policy will be still expansionary until 
3Q2018 but with a lower degree. We define tapering broadly as a process that reduces the 
degree of expansion or the total amount of government bonds held by the ECB. Therefore, 
according to our definition tapering can even start in an expansionary phase. Since we face 
high uncertainty about the turning point (net purchases are zero), a phase of reinvestment 
(net purchases stay zero) and the timing of the exit phase (net purchases become negative), 
we avoid to model tapering over the entire time path. Instead, we model tapering “shocks” 
in each stage of the APP programme and compare the macroeconomic effects of those 
alternative scenarios. In all scenarios we assume that households and firms expect the policy 
rate to be fixed for five quarters at the lower bound. Afterwards they expect the central bank 
to use a Taylor rule.  

  

                                           
2  Therefore, agents in the model do not face uncertainty about the end of a fixed policy rate. 
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Figure 1: Tapering scenarios 

 

Baseline scenario (blue line) 

In our baseline scenario net purchases are set to 90 billion Euro/quarter until the 3rd quarter 
of 2018 to mimic the latest ECB announcement. We further assume that from 4Q2018 
onwards the ECB will keep buying (“1st stage”) until the long-term bond stock reaches its 
legal maximum amount that corresponds to one third of all long-term bonds in the market. 
Given an unchanged pace this will be reached in 3Q2019. Afterwards we assume that similar 
to the US FED, the ECB will keep the stock fixed by reducing the net purchases to zero and 
uses the principal payments from matured bonds to reinvest into new long-term government 
bonds (“2nd stage”). The second stage lasts for four years until the 3Q2023. Then the narrow 
definition of tapering or rather the exit (“3rd stage”) begins and the ECB reduces the net 
purchases. In principal the ECB has different options to reduce the net purchases. We assume 
that the ECB follows a “natural way” holding the long-term bonds until maturity. In the data, 
the weighted average maturity of bonds held by the ECB is 7.8 years. Assuming that the 
maturity stays constant over time, the stock will on average decline by 0.25/7.8 percent per 
quarter of its initial value. Therefore, in our baseline scenario the stock of long-term debt 
held by the ECB will be zero in 3Q2031. Other additional options are purchasing additional 
bonds, but at a lower fraction than those who mature or selling additional bonds before they 
mature. 

Defining tapering very broadly we then simulate three specific scenarios which reduce net 
purchases and the stock of long-term bonds held by the central bank (Table 2): 

1) Reducing the expansionary pace 

We analyse the effects of a reduction to the expansionary degree on output growth and 
inflation. Instead of expanding at the same pace the ECB reduces the quarterly net purchases 
to 60 billion Euro after 3Q2018. Under this assumption the long-term bond stock held by the 

Reducing the 
expansionary 
pace 

Early exit 

Selling before 
mature 
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central bank reaches its legal maximum in 3Q2020. Afterwards it follows the time path of the 
baseline scenario. The difference of the time paths between both scenarios can be used to 
measure the macroeconomic impact of reducing the expansionary pace. 

2) Early exit  

An exit is presumably the narrowest definition of a tapering shock. We expect that the exit 
will not come immediately but rather 2-4 years after purchases have stopped. When the 
target amount was reached in the United States the US FED decided to keep the stock of 
long-term bonds constant for two years. Principal payments from matured bonds were 
reinvested into new long-term government bonds such that the net purchases were zero. A 
similar policy is announced by the ECB, but without any concreteness about the duration. In 
our baseline we assumed that the ECB follows 4 years. In this alternative early exit scenario 
we assume that the ECB will exit like the US FED after two years, but reduces the debt stock 
held with the same rate as in the baseline. Therefore, the whole programme will end in 
3Q2029. The difference to the baseline then measures the macroeconomic effect of an exit 
earlier than expected. 

3) Selling before maturity 

Finally, the exit process per se can have a different pace than we assume in the baseline 
scenario. Here, the time path is determined by the term structure of the portfolio. 
Alternatively, the ECB could increase the speed of tapering by selling additional bonds before 
maturity. We thus assume that the ECB will reduction rate will be 1.5 times higher than in 
the baseline scenario. We choose this rate in order to end up exactly at the same date 
(3Q2029) as in the “early exit” scenario. This makes it easier to compare these two scenarios 
independently from the baseline. 

Table 2: Baseline scenario and alternative scenarios of tapering 

Scenario 1st 
Expansionary 

stage 

2nd 
Reinvestment 

stage 

3rd exit 
stage 

(actual 
tapering) 

“Baseline” 90 bn €/q until 
3Q2019 

0 bn €/q until 
3Q2023 

-80 bn €/q 
until 3Q2031 

“Reducing pace” 

 

90 bn €/q until 
3Q2018 

60 bn €/q until 
3Q2020 

0 bn €/q until 
3Q2023 

-80 bn €/q 
until 3Q2031 

“Early exit” 90 bn €/q until 
3Q2019 

0 bn €/q until 
3Q2021 

-80 bn €/q 
until 3Q2029 

“Selling before 
mature “ 

90 bn €/q until 
3Q2019 

0 bn €/q until 
3Q2023 

-104 bn €/q 
until 3Q2029 
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3.3. Scenario analysis 

Reduction of the expansionary pace 

The transition path in Figure 2 depicts the effect of reducing the degree of expansion (“1st 
stage extended”, red dotted line). Real GDP growth and inflation are around 0.005 pp 
annualized on impact lower as in the baseline scenario. This suggests that a reduction in the 
speed of expansion has only modest negative effects on GDP growth and inflation.  

Figure 2: Macroeconomic effects of reducing the expansionary pace 

 
Note: All transition paths are obtained as differences between the reduced expansion scenario and the baseline 
scenario (See 2.2). All variables are denoted in percentage points. 

Until 1Q2019 the short-term interest rate does not differ between both scenarios. However, 
after 4 quarters the policy rate will be lower in the “reducing pace” scenario, because also 
output growth and especially inflation are lower.  

Early exit 

If the ECB purchase less long-term bonds as those who mature, the stock of bonds held by 
the central bank declines. As Figure 3 shows, output growth and inflation both decrease upon 
impact. Qualitatively these are the opposite effects from an extension of the APP. Given that 
governments and firms have to refinance themselves after the bonds held by the central 
bank are matured, the absolut value of long-term bonds at the market will increase. This will 
reduce the bond price and increase yields. Because of the segmented market structure 
restricted long-term investors cannot re-allocate their portfolio but start to save a higher 
fracion of their income. Quantitatively, GDP growth falls by 0.05 pp/per quarter or 0.2 pp in 
the initial year. Inflation is lowered by around 0.3 pp in the initial year. In comparison to the 
initialization of the APP, these effects are rather small. While the effect on inflation is negative 
during the full simulation period, the effect on output growth turns positive once the ECB 
increases the short-term rate above its lower bound. Tapering creates a trade-off between 
lower GDP growth today and higher GDP growth in the future. With lower output growth and 
inflation today, agents expect the central bank to raise the interest rate less than in the 
baseline scenario (or expect a prolonging of the ZLB period). Therefore, consumption and 
investment demand become more expansionary. 
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Figure 3: Macroeconomic effects of an early exit 

 
Note: All transition paths are obtained as differences between the early exit scenario and the baseline scenario 
(See 2.2). All variables are denoted in percentage points. 

Selling before maturity 

In the last scenario we concentrate on the pace of the balance sheet decline. If the central 
bank chooses a steeper adjustment path than agents expect today by selling additional 
bonds, output growth and inflation both decrease relative to the baseline scenario.  

Figure 4: Macroeconomic effects of selling before maturity 

 
Note: All transition paths are obtained as differences between the selling before maturity scenario and the 
baseline scenario (See 2.2). All variables are denoted in percentage points.  
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Compared with the “Early exit” scenario, which has exactly the same duration, the 
fluctuations in GDP growth are less pronounced. The effects are around -0.08 pp annualized  
on impact and +0.01 pp/quarter afterwards. The negative response of the inflation rate is 
also more muted if the central bank prolongs the duration of reinvestment and uses a higher 
pace to reduce long-term debt holdings instead of exiting earlier but at a moderate speed. 

3.4. Summary and critical discussion 
We define tapering as the process to return to the initial situation (steady state) of the central 
bank long-term debt balance. Following this broad definition we model three stylized 
scenarios relative to a baseline tapering scenario: lowering the amount of net purchases 
bought (“Reducing the expansionary pace”), starting to reduce the stock of long-term held 
earlier (“Early exit”), and increasing the reduction speed (“Selling before mature”). We find 
that reducing the pace either in the expansionary or increasing it in the contractionary stage 
has smaller effects than the announcement to phase out earlier than expected. This result 
could be interpreted as warning against surprising markets with an “early exit” which may 
be desirable to counteract future positive shocks to GDP growth or inflation. 

Quantitatively, the reduction of the pace by a two third (60 bn/quarter) of the actual pace 
until 3Q2018 (90 bn/quarter) goes hand in hand with lower output growth and inflation by 
around +0.005 pp annualized on impact. An early exit after half of the time (assumed to be 
2 years instead of 4 years) leads to a reduction of initial output growth and inflation around 
0.05 and 0.1 pp/quarter in the first year and an increase of the long-term yield by roughly 
0.05 pp. In comparison, if the central bank still reinvests into long-term bonds for 4 years 
but starts additionally to sell bonds, the tapering process will have a lower impact on output 
growth, inflation and the long-term yield. 

The effects we have simulated are based on a stylized model which includes two main 
channels through which an APP affects the macro-economy: The portfolio rebalancing effect 
leads to a change in the intertemporal consumption profile of households, additionally 
keeping the policy rate at the zero lower bound stimulates the economy. The mixture leads 
to significant real effects at each stage of the APP process. Nevertheless, the literature 
discusses more channels through which asset purchases can affect the real economy. There 
are also the exchange rate and credit supply channel. The latter is rudimentary incorporated, 
but the borrowing limits of banks, corporate firms and even government could have further 
nonlinear amplifying effects. Finally, the model does not consider country or region specific 
differences. However, when the ECB uses additional selling before maturity, it could become 
difficult to sell national government bonds in the same fraction as they are held in the ECB’s 
portfolio. If market participants only sell one national type of long-term bond, tapering could 
have larger distributional effects across countries than in the beginning. 
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ANNEX 

Model equations 
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All variables except the interest rate and the inflation are expressed in percentage deviation 
from their steady state value. Interest rate and inflation rate are defined as difference to 
their steady state values in percentage points. 
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Figure 5: Baseline scenario and the ZLB 

 
All impulse response functions are simulated on the baseline tapering shock (See 2.2). All variables are denoted in 
percentage points. 
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Euro Area Calibration 

Table 3: Model calibration 

Parameter Name Notation Value Target/Information 

Depreciation rate  δ 0.025 Structural parameter 

Capital productivity α 0.22 Smets, Warne, Wouters (2014) 

Capital adjustment 
costs 

C 4.65 Smets, Warne, Wouters (2014) 

Price mark-up ΛP 0.48 Smets, Warne, Wouters (2014) 

Wage mark-up ΛW 0.53 Smets, Warne, Wouters (2014) 

Trend growth p.a. γ 0.22 Smets, Warne, Wouters (2014) 

Trend inflation p.a. Π 0.55 Smets, Warne, Wouters (2014) 

Price rigidity ζP 0.85 Smets, Warne, Wouters (2014) 

Wage rigidity ζW 0.74 Smets, Warne, Wouters (2014) 

Inverse Labor supply 
elasticity 

ψ 4.65 Smets, Warne, Wouters (2014) 

Capital adjustment 
costs 

S 0.46 Smets, Warne, Wouters (2014) 

Interest rate 
smoothing 

Φr 0.8565 Smets, Warne, Wouters (2014) 

Inflation target Φp 1.5979 Smets, Warne, Wouters (2014) 

Output growth target Φy 0.321 Smets, Warne, Wouters (2014) 

Duration D 32 Average maturity=~8 years 

Bond market ratio BLMW_r 0.8 Average between 1Q1990-3Q2009 

Discount factor 
unrestricted HH 

β u 0.9927 Burlon et al (2016) 

Discount factor 
restricted HH 

β r β u/(1+ ζbar) Burlon et al (2016) 



Policy Department A: Economic and Scientific Policy 
 

 24 PE 607.368 

Habit formation h 0.8 Burlon et al (2016) 

Risk aversion 
unrestricted HH 

σ u 1.42 Burlon et al (2016) 

Risk aversion 
restricted HH 

σ r 1.42 Burlon et al (2016) 

Share of restricted 
HH 

ω r 0.1 Burlon et al (2016) 

Share of unrestricted 
HH 

ω u 0.9 Burlon et al (2016) 

Relative discount 
factor 

Θrel 1.073 Chen et al (2012) 

Elasticity Term 
premium 

ξ 0.0035 Chen et al (2012) 

Relative consumption Crel 0.976 Chen et al (2012) 
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	Executive SUMMARY
	Background
	The Governing Council decided on the calibration of the extended Asset Purchase Programme (APP) beyond the end of 2017. In the design of the exiting process, the ECB has to take into account the consequences on the size of its balance sheet. Against this background, the study first gives a short overview of the literature on the effects of asset purchase programmes by central banks. It then discusses the macroeconomic effects of alternative exit paths for the ECB’s balance sheet policies, using a calibrated Dynamic Stochastic General Equilibrium (DSGE) Model.
	Aim
	 There is a rich literature on the effects of asset purchases by central banks on financial markets and the macro-economy. The estimates for the US, UK, the euro area and Japan range between +0 to +3.1 percentage points for GDP growth and +0.4 to 4.2 percentage points, depending on the country and programme considered.
	 However, the literature on the effects of different exit strategies from asset purchases is still rather thin. Therefore, the potential effects of ending the asset purchases can in its simplest form be gauged by flipping the sign of the estimated effects of the initiation of these programs
	 We model the time path of the APP programme within a macroeconomic model for the euro area that incorporates financial friction and preferred habitat.
	 We use the model to analyse the effects of tapering (reducing expansionary pace, exit or selling additional bonds before mature) on EA output growth and inflation.
	1.  GENERAL INFORMATION
	KEY FINDINGS
	 We use a broad definition of tapering and model three tapering scenarios: A reduction of net purchases in the expansionary stage (”reducing expansionary pace”), the announcement of starting to reduce the stock of long-term debt held by the central bank (”early exit”) and a faster exit (”selling before mature”)
	 In all three cases we find negative effects on output growth and inflation and positive impacts on long-term yields. The impact varies in size and in the intertemporal profile. While reducing pace in the expansionary stage has only minor consequences, an early exit, modelled as starting to phase out after two instead of four years, is associated with lower output growth (annualized -0.05 pp on impact) and lower inflation (annualized -0.1 pp on impact). 
	2. LITERATURE REVIEW
	There is a rich literature on the effects of asset purchases by central banks on financial markets and the macro-economy. This section provides a brief review of this literature: first, some introductory papers about asset purchases are mentioned. Then, estimation results of several papers concerned with the effects of asset purchases on the economy are summarized. Finally, a brief overview of papers addressing “tapering” and exit strategies from asset purchases is given, although the literature on these issues is still rather thin. Therefore, the potential effects of ending the asset purchases can in its simplest form be gauged by flipping the sign of the estimated effects of the initiation of these programs, which gives a rough estimate of the potential contractionary impact of a withdrawal of the stimulus.
	Several papers provide a good overview of the literature on asset purchases. Ihrig et al (2015) give an introduction to the monetary policy instruments available to the Fed, including regular open market operations and the setting of the federal funds rate target, but also asset purchases, or LSAPs (Large Scale Asset Purchases), as they are typically called in the US context. They also discuss different possible paths towards a post-LSAP normalization of monetary policy (see below). Doh (2010) sketches economic theories on the term structure of interest rates and explains how, according to the preferred-habitat theory, bond yields can be affected by supply shifts. The author also discusses how asset purchases can be an attractive tool for lowering long-term bond yields, particularly if market participants are highly risk averse. Gagnon et al (2010) discuss the mechanisms through which asset purchases theoretically affect the economy (see below).
	Most studies on the macroeconomic effects of asset purchases examine interventions by the Federal Reserve System (Fed), the European Central Bank (ECB), the Bank of England (BoE), or the Bank of Japan (BoJ). This strand of the literature can roughly be divided into two groups: one group of papers studies the effects on long-term yields, since this is one of the main channels through which asset purchases are thought to operate. Scholars have used different methods to estimate this effect: some papers use event studies (e.g. Joyce et al, 2011), while others rely on econometric analyses of yield curves (e.g. Gagnon et al, 2010). De Santis (2016), in an attempt to circumvent difficulties associated with an event study approach, uses market news to capture more of the long-term yield change caused by asset purchases. The other main part of the literature focuses on the effects of asset purchases on main macroeconomic indicators such as GDP growth and inflation. For this, estimates of effects on long-term yields are typically plugged into a macroeconomic model such as a Dynamic Stochastic General Equilibrium (DSGE) model (e.g. Del Negro et al, 2016) or a Vector Autoregressive (VAR) model (e.g. Bridges and Thomas, 2012; Kapetanios et al, 2012). In both groups of papers – those focusing on long-term yields and those focusing on GDP growth and inflation – estimates of the effects vary considerably. However, some broad conclusions can be drawn from them nonetheless.
	Concerning the effects of asset purchases on long-term yields, the estimated effects range from -0.1 percentage points (pp) to -1 pp (see Table 1). This is consistent with an important aspect of the rationale behind engaging in asset purchases: by buying up a considerable fraction of long-term assets in the market, the central bank hopes to drive up prices – and hence, drive down the yields – of the remaining long-term assets in the market. As Altavilla et al (2015) point out, the effect of asset purchases on long-term bond yields in the US and UK appears to have been particularly strong for those interventions that occurred at a time of severe financial market distress. This is different in the euro area: here, the ECB’s Asset Purchase Programme (APP), was only implemented in 2015, at a time when financial markets had calmed down considerably compared to the panic of 2008. Yet, the APP is considered reasonably successful in driving down long-term asset yields: Andrade et al (2016) report that on average, scholars find the APP to have led to a reduction of 10-year government bond yields in the euro area of 0.4 pp. One possible explanation for this sizeable reduction despite comparably stable market conditions is that this relatively high market stability might have facilitated spill-over effects to asset types not targeted by the APP (cf. Altavilla et al, 2015). 
	De Santis (2016) and others have pointed out that a substantial part of the effect of the APP on long-term yields in the euro area had already occurred before the official announcement by Mario Draghi in 2015: in 2014, already, the ECB communication about APP was clear enough for markets to understand and react to it. This suggests that the so-called “signalling channel” – corroborating expectations that the policy interest rate will remain low for a prolonged period of time – was important for the effect on long-term yields. This is in line with the findings in Bauer and Rudebusch (2014), who argue that the signalling channel is typically the main transmitter of asset purchases on long-term yields. Another channel of transmission that is emphasized in the literature is the “portfolio balance channel” (cf. Vayanos and Vila, 2009). Here, the idea is that investors have preferences for particular maturity segments of government bonds, and that asset purchases reduce the yields on that debt. A third transmission channel is the “expectations channel” (e.g. Woodford, 2004), which reflects that asset purchases can reduce uncertainty by managing expectations about main macroeconomic indicators. 
	Table 1: Selected estimation results of asset purchases
	The part of the literature which focuses on the effects of asset purchases on macro-economic indicators finds that the effects on both GDP growth and inflation are in virtually all cases positive. However, there is considerable variation in the size of the estimated effects. Assuming a 1 percentage point decline in long-term government bond yields, Kapetanios et al (2012) find a peak GDP growth effect of +1.5 pp and an inflation effect of +1.25 pp for the BoE’s first round of purchases in 2009-10. By contrast, and making the same assumptions about bond yield changes, Pesaran and Smith (2012) find that an initial GDP growth effect of +1 pp is quickly reversed and that a year after the intervention, no significant effect remains. Weale and Wieladek (2012) also examine the BoE’s first round of purchases and find a GDP growth effect of +3.1 pp and an inflation effect of +4.2 pp. They also study the Fed’s first asset purchase programme (2009-2010) and find a GDP growth effect of +1.1 pp and an inflation effect of +1.2 pp. Falagardia (2013) examines the Fed’s second purchase programme (2010-2011) and finds a peak effect of +0.9 pp on GDP growth and of +0.4 pp on inflation. Chen et al (2012) simulate the Fed’s second programme in an estimated medium-scale DSGE model and find that while its initial effect on GDP growth is rather small, it is long-lasting (+0.25 pp six years after the beginning). 
	There are comparably few studies about the effects of the ECB’s APP (2015-today) since, having been announced in 2015, it is rather recent and still under way. Hohberger et al (2017) estimate its GDP growth and inflation effects and find them to be +0.4 pp and +0.5 pp, respectively. Andrade et al (2016) find a similar effect on inflation (+0.4 pp) but a considerably larger GDP growth effect of +1.1 pp. Hachula et al. (2016) estimate a structural VAR model to quantify the average effect of ECB non-standard policy and find that an unanticipated drop in the average euro area sovereign two-year rate leads to an increase in the level of GDP and consumer prices by about 0.5 percent and 0.3 percent, respectively.
	Recently, the literature has begun to address the issue of monetary policy normalization as central banks are reducing the size of their balance sheets. Following remarks by Fed Charmain Ben Bernanke in 2013, “tapering” has become a widely-used term for describing such a reduction. Given the turbulent reaction of financial markets to Bernanke’s tapering announcement, central banks have become wary of the risks of premature or overly explicit announcements of monetary policy normalization. 
	While a number of papers examines the effects of Bernanke’s “Taper Tantrum” on emerging markets (Aizenman et al, 2015; Avdjiev and Takáts, 2014; Mishra et al, 2014), comparably little attention has been paid to analyzing domestic consequences or assessing different paths towards monetary policy normalization. Exceptions include Lee (2016), who examines the effects of the Taper Tantrum and finds that they were “fundamental and persistent rather than financial and transitory” (Lee, 2016), and Bisschop et al (2016), who find that during the Taper Tantrum, households and money market funds, in particular, engaged in procyclical selling of euro area bond portfolios, thereby aggravating price shocks. Ihrig et al (2015) explain how the interest rate on excess reserves will be the primary tool for the Fed to drive the federal funds rate back up. Feroli et al (2014) conclude that turbulences like those following Bernanke’s 2013 tapering announcement are likely to occur again whenever investors expect monetary policy to tighten. Krishnamurthy and Vissing-Jorgensen (2013) emphasize the importance of how an exit from purchase programmes is communicated to the public. Employing different models, they find that asset prices react immediately to the news of a future termination of asset purchases.
	3. THE MODEL
	3.1. Model Setup
	3.2. Tapering Shocks
	3.3. Scenario analysis
	3.4. Summary and critical discussion

	To evaluate the macroeconomic effects of a stepwise reduction in the asset purchases of the ECB, we use a similar model as Chen et al. (2012). The model is described in more detail in the Annex. In their study, the authors evaluate the second Large-Scale Asset Purchase (LSAP-II) programme of the Federal Reserve by employing a DSGE model featuring segmentation in US bond markets. To rationalize the existence of both long- and short-term government bonds, two types of households - unrestricted and restricted households - are introduced in an otherwise standard DSGE model with nominal and real rigidities (Christiano et al. 2005, Smets and Wouters 2007). The two household types provide differentiated labour which is combined by competitive labour agencies in a composite input for production, and either consume their labour income or invest in government bonds. Competitive capital producers transform consumption goods into capital which is then used as a second input besides labour by monopolistic competitive firms for production of intermediate goods. Competitive final goods producers use intermediate goods to create a homogeneous final consumption good. The central bank engages in both unconventional asset purchases and conventional interest rate policy to conduct monetary policy, and the government finances fiscal policy expenses by issuing short- and long-term bonds.
	Whereas unrestricted households are allowed to trade in both short- and long-term bond markets, restricted households only have access to long-term bonds. Although in reality it is not possible to separate households literally into these categories, the assumption of market segmentation and separation of those two household types captures the observation that a fraction of the private sector saves through pension funds and other intermediaries that are specialized in the market of long-term securities. On the other hand, unrestricted agents can be thought of as standing in for agents that save through highly liquid assets such as commercial bank deposits. However, they pay a transaction cost when substituting long-term bonds against short-term bonds and vice versa, which gives rise to a risk premium paid on long-term bonds in the model. The key implication from market segmentation and household heterogeneity is that only a part of agents in the economy can arbitrage away differences in risk-adjusted returns between long- and short-term bonds. This introduces a friction that provides a rationale for asset purchase programmes having an effect on macroeconomic developments: due to the segmentation, the yield curve matters for aggregate demand, such that monetary policy affects the real economy not only via the short-term policy rate, but via interventions on long-term bond markets that affect long-term interest rates.
	The macroeconomic relevance of both short- and long-term rates gives rise to monetary policy interventions that can still affect the economy even when the nominal short-term policy rate is at the zero lower bound (ZLB) and cannot be reduced further. In the model, we allow for a ZLB constraint on policy rates and assume this constraint to be binding for an extended period of time. By intervening in government bond markets, the central bank can, by causing additional demand for bonds, reduce the risk premium on existing long-term bonds and thus affect the long-term bond yield. Thus, asset purchases by the central bank result in a flattening of the yield curve. 
	The main channel through which APP affects the real economy is a segmented bond market combined with imperfect arbitrage. A decrease of long-term government bonds at the market, bought by the central bank, leads to an increasing bonds price and a reduction of the long-term yields. In case of a segmented bond market restricted households react with shifting their intertemporal consumption profile. Therefore, they consume more today which increases output growth. On contrary, households adjust their portfolio up to some transaction costs if markets were not segmented. They would sell long-term bonds and buy short-term bonds immediately such that the yield to maturity on the long-term bond declines. However, the expected returns for long- and short term assets stay constant over time, which does not create real effects. This effect is amplified if the central bank announces the short-term interest rate to be fixed at the lower bound for an extended period (forward guidance). The reason is the following. The QE-induced higher output growth leads to higher inflation. Without a fixed interest rate, the monetary policy would typically react to higher output growth and inflation by increasing the policy rate. This would have contractionary effects on output growth and inflation. However, a commitment to leave the policy rate at the zero lower bound will eliminate this contractionary impulse and amplify the effects of the APP. More precisely, the policy rate is not bounded from below because of non-negativity but from above by the announcement of the central bank. By simulating the APP scenario with and without the ZLB, we can see that the effect on GDP growth and inflation are roughly doubled.
	Following the DSGE literature we calibrate the parameters in order to match the economic structure of the Euro area (See Table 1 in Annex). We simulate the time path of the net purchase programme in our baseline scenario (See Figure 5 in Annex) to compare our model results with those from the literature. Initially, the level of long-term bonds in the hands of the public has been reduced by 25 percent of its steady state value, while the central bank asset purchase balance increases by the same amount. Similar to the findings in the literature our model simulation suggests that the APP has increased output growth by roughly +0.7 pp and inflation by around +1 pp annualized on impact.
	Before we start with the analysis we clarify some general aspects of how we model the tapering process. 
	First, our goal is not to evaluate the whole APP programme. Therefore, we do not consider past announcements about the size and duration of the programme. Since we are interested only in the macroeconomic effects of tapering we start our analysis from the most recent announcement on October 26, 2017 where Mario Draghi announced a reduction in the pace of APP from around 60 billion Euro per month to 30 billion Euro per month. 
	Second, similarly we do not consider past announcements about the duration of holding the interest rate at the lower bound (forward guidance). However, for the future path we assume that the short-term interest rate is fixed at least until the exit phase starts.
	Third, according to the last announcement, monetary policy will be still expansionary until 3Q2018 but with a lower degree. We define tapering broadly as a process that reduces the degree of expansion or the total amount of government bonds held by the ECB. Therefore, according to our definition tapering can even start in an expansionary phase. Since we face high uncertainty about the turning point (net purchases are zero), a phase of reinvestment (net purchases stay zero) and the timing of the exit phase (net purchases become negative), we avoid to model tapering over the entire time path. Instead, we model tapering “shocks” in each stage of the APP programme and compare the macroeconomic effects of those alternative scenarios. In all scenarios we assume that households and firms expect the policy rate to be fixed for five quarters at the lower bound. Afterwards they expect the central bank to use a Taylor rule. 
	Figure 1: Tapering scenarios
	/
	Baseline scenario (blue line)
	In our baseline scenario net purchases are set to 90 billion Euro/quarter until the 3rd quarter of 2018 to mimic the latest ECB announcement. We further assume that from 4Q2018 onwards the ECB will keep buying (“1st stage”) until the long-term bond stock reaches its legal maximum amount that corresponds to one third of all long-term bonds in the market. Given an unchanged pace this will be reached in 3Q2019. Afterwards we assume that similar to the US FED, the ECB will keep the stock fixed by reducing the net purchases to zero and uses the principal payments from matured bonds to reinvest into new long-term government bonds (“2nd stage”). The second stage lasts for four years until the 3Q2023. Then the narrow definition of tapering or rather the exit (“3rd stage”) begins and the ECB reduces the net purchases. In principal the ECB has different options to reduce the net purchases. We assume that the ECB follows a “natural way” holding the long-term bonds until maturity. In the data, the weighted average maturity of bonds held by the ECB is 7.8 years. Assuming that the maturity stays constant over time, the stock will on average decline by 0.25/7.8 percent per quarter of its initial value. Therefore, in our baseline scenario the stock of long-term debt held by the ECB will be zero in 3Q2031. Other additional options are purchasing additional bonds, but at a lower fraction than those who mature or selling additional bonds before they mature.
	Defining tapering very broadly we then simulate three specific scenarios which reduce net purchases and the stock of long-term bonds held by the central bank (Table 2):
	1) Reducing the expansionary pace
	We analyse the effects of a reduction to the expansionary degree on output growth and inflation. Instead of expanding at the same pace the ECB reduces the quarterly net purchases to 60 billion Euro after 3Q2018. Under this assumption the long-term bond stock held by the central bank reaches its legal maximum in 3Q2020. Afterwards it follows the time path of the baseline scenario. The difference of the time paths between both scenarios can be used to measure the macroeconomic impact of reducing the expansionary pace.
	2) Early exit 
	An exit is presumably the narrowest definition of a tapering shock. We expect that the exit will not come immediately but rather 2-4 years after purchases have stopped. When the target amount was reached in the United States the US FED decided to keep the stock of long-term bonds constant for two years. Principal payments from matured bonds were reinvested into new long-term government bonds such that the net purchases were zero. A similar policy is announced by the ECB, but without any concreteness about the duration. In our baseline we assumed that the ECB follows 4 years. In this alternative early exit scenario we assume that the ECB will exit like the US FED after two years, but reduces the debt stock held with the same rate as in the baseline. Therefore, the whole programme will end in 3Q2029. The difference to the baseline then measures the macroeconomic effect of an exit earlier than expected.
	3) Selling before maturity
	Finally, the exit process per se can have a different pace than we assume in the baseline scenario. Here, the time path is determined by the term structure of the portfolio. Alternatively, the ECB could increase the speed of tapering by selling additional bonds before maturity. We thus assume that the ECB will reduction rate will be 1.5 times higher than in the baseline scenario. We choose this rate in order to end up exactly at the same date (3Q2029) as in the “early exit” scenario. This makes it easier to compare these two scenarios independently from the baseline.
	Table 2: Baseline scenario and alternative scenarios of tapering
	3rd exit stage (actual tapering)
	2nd Reinvestment stage
	1st Expansionary stage
	Scenario
	-80 bn €/q until 3Q2031
	0 bn €/q until 3Q2023
	90 bn €/q until 3Q2019
	“Baseline”
	-80 bn €/q until 3Q2031
	0 bn €/q until 3Q2023
	90 bn €/q until 3Q2018
	“Reducing pace”
	60 bn €/q until 3Q2020
	-80 bn €/q until 3Q2029
	0 bn €/q until 3Q2021
	90 bn €/q until 3Q2019
	“Early exit”
	-104 bn €/q until 3Q2029
	0 bn €/q until 3Q2023
	90 bn €/q until 3Q2019
	“Selling before mature “
	Reduction of the expansionary pace
	The transition path in Figure 2 depicts the effect of reducing the degree of expansion (“1st stage extended”, red dotted line). Real GDP growth and inflation are around 0.005 pp annualized on impact lower as in the baseline scenario. This suggests that a reduction in the speed of expansion has only modest negative effects on GDP growth and inflation. 
	Figure 2: Macroeconomic effects of reducing the expansionary pace
	/
	Note: All transition paths are obtained as differences between the reduced expansion scenario and the baseline scenario (See 2.2). All variables are denoted in percentage points.
	Until 1Q2019 the short-term interest rate does not differ between both scenarios. However, after 4 quarters the policy rate will be lower in the “reducing pace” scenario, because also output growth and especially inflation are lower. 
	Early exit
	If the ECB purchase less long-term bonds as those who mature, the stock of bonds held by the central bank declines. As Figure 3 shows, output growth and inflation both decrease upon impact. Qualitatively these are the opposite effects from an extension of the APP. Given that governments and firms have to refinance themselves after the bonds held by the central bank are matured, the absolut value of long-term bonds at the market will increase. This will reduce the bond price and increase yields. Because of the segmented market structure restricted long-term investors cannot re-allocate their portfolio but start to save a higher fracion of their income. Quantitatively, GDP growth falls by 0.05 pp/per quarter or 0.2 pp in the initial year. Inflation is lowered by around 0.3 pp in the initial year. In comparison to the initialization of the APP, these effects are rather small. While the effect on inflation is negative during the full simulation period, the effect on output growth turns positive once the ECB increases the short-term rate above its lower bound. Tapering creates a trade-off between lower GDP growth today and higher GDP growth in the future. With lower output growth and inflation today, agents expect the central bank to raise the interest rate less than in the baseline scenario (or expect a prolonging of the ZLB period). Therefore, consumption and investment demand become more expansionary.
	Figure 3: Macroeconomic effects of an early exit
	/
	Note: All transition paths are obtained as differences between the early exit scenario and the baseline scenario (See 2.2). All variables are denoted in percentage points.
	Selling before maturity
	In the last scenario we concentrate on the pace of the balance sheet decline. If the central bank chooses a steeper adjustment path than agents expect today by selling additional bonds, output growth and inflation both decrease relative to the baseline scenario. 
	Figure 4: Macroeconomic effects of selling before maturity
	/
	Note: All transition paths are obtained as differences between the selling before maturity scenario and the baseline scenario (See 2.2). All variables are denoted in percentage points.
	Compared with the “Early exit” scenario, which has exactly the same duration, the fluctuations in GDP growth are less pronounced. The effects are around -0.08 pp annualized  on impact and +0.01 pp/quarter afterwards. The negative response of the inflation rate is also more muted if the central bank prolongs the duration of reinvestment and uses a higher pace to reduce long-term debt holdings instead of exiting earlier but at a moderate speed.
	We define tapering as the process to return to the initial situation (steady state) of the central bank long-term debt balance. Following this broad definition we model three stylized scenarios relative to a baseline tapering scenario: lowering the amount of net purchases bought (“Reducing the expansionary pace”), starting to reduce the stock of long-term held earlier (“Early exit”), and increasing the reduction speed (“Selling before mature”). We find that reducing the pace either in the expansionary or increasing it in the contractionary stage has smaller effects than the announcement to phase out earlier than expected. This result could be interpreted as warning against surprising markets with an “early exit” which may be desirable to counteract future positive shocks to GDP growth or inflation.
	Quantitatively, the reduction of the pace by a two third (60 bn/quarter) of the actual pace until 3Q2018 (90 bn/quarter) goes hand in hand with lower output growth and inflation by around +0.005 pp annualized on impact. An early exit after half of the time (assumed to be 2 years instead of 4 years) leads to a reduction of initial output growth and inflation around 0.05 and 0.1 pp/quarter in the first year and an increase of the long-term yield by roughly 0.05 pp. In comparison, if the central bank still reinvests into long-term bonds for 4 years but starts additionally to sell bonds, the tapering process will have a lower impact on output growth, inflation and the long-term yield.
	The effects we have simulated are based on a stylized model which includes two main channels through which an APP affects the macro-economy: The portfolio rebalancing effect leads to a change in the intertemporal consumption profile of households, additionally keeping the policy rate at the zero lower bound stimulates the economy. The mixture leads to significant real effects at each stage of the APP process. Nevertheless, the literature discusses more channels through which asset purchases can affect the real economy. There are also the exchange rate and credit supply channel. The latter is rudimentary incorporated, but the borrowing limits of banks, corporate firms and even government could have further nonlinear amplifying effects. Finally, the model does not consider country or region specific differences. However, when the ECB uses additional selling before maturity, it could become difficult to sell national government bonds in the same fraction as they are held in the ECB’s portfolio. If market participants only sell one national type of long-term bond, tapering could have larger distributional effects across countries than in the beginning.
	references
	 Aizenman, J., M. Binici, M. M. Hutchison (2015): The Transmission of Federal Reserve Tapering News to Emerging Financial Markets, NBER Working Paper No. 19980. 
	 Altavilla, C., G. Carboni and R. Motto (2015): Asset purchase programmes and financial markets: lessons from the euro area, ECB working paper No. 1864.
	 Andrade, P., J. Brockengelder, F. De Fiore, P. Karadi, O. Tristani (2016): The ECB’s asset purchase programme: an early assessment, ECB working paper No. 1956.
	 Andres, J., J. López-Salido, E. Nelson (2004): Tobin´s imperfect asset substitution in optimizing general equilibrium, in: Journal of Money Credit and Bankig, vol. 36(4):665-90.
	 Avdjiev, S., E. Takáts (2014): Cross-border bank lending during the taper tantrum: the role of emerging market fundamentals. BIS Quarterly Review, September 2014: 49-60.
	 Bauer, M. D. and G. D. Rudebusch (2014): The Signaling Channel for Federal Reserve Bond Purchases. International Journal of Central Banking 10(3): 233-289. 
	 Bisschop, S. S., M. Boermans, J. Frost (2016): A shock to the system? Market illiquidity and concentrated holdings in European bond markets, De Nederlandsche Bank Occasional Studies Vol. 14-1. 
	 Bridges, J. and R. Thomas (2012): The impact of QE on the UK economy – some supportive monetarist arithmetic, Bank of England working paper No. 442.
	 Burlon, L., A. Gerali, A. Notrapietro, M. Pisani (2016): Macroeconomic effectiveness of non-standrard monetary policy and early exit. A model-based evaluation, Bank of Italy Working Paper No. 1074.
	 Chen, H., V. Curdia, A. Ferrero (2012): The macroeconomic effects of large-scale asset purchase programmes, in: Economic Journal, 122(Novermber).
	 De Santis, R. A. (2016): Impact of the asst purchase programme on euro area government bond yields using market news, ECB working paper No. 1939. 
	 Del Negro, M., G. Eggertsson, A. Ferrero, N. Kiyotaki (2011): The Great Escape? A Quantitative Evaluation of the Fed’s Liquidity Facilities, Federal Reserve Bank of New York Staff Report No. 520. 
	 Doh, T. (2009): The Efficacy of Large-Scale Asset purchases at the Zero Lower Bound, Federal Reserve Bank of Kansas City article available at https://www.kansascityfed.org/PUBLICAT/ECONREV/PDF/10q2Doh.pdf
	 Christiano, L., M. Eichenbaum, C. Evans (2005): Nominal rigidities and the dynamic effect of a shock to monetary policy, in: Journal of Political Economy, 113(1):1-45.
	 Falagardia, M. (2013): Evaluating Quantitative Easing. A DSGE Approach, MPRA Paper No. 49457. 
	 Feroli, M., A. K. Kashyap, K. L. Schoenholtz, H. Song Shin (2014): Market Tantrums and Monetary Policy, Chicago Booth Research Paper No. 14-09. 
	 Gagnon, J., M. Raskin, J. Remache, B. Sack (2010): Large-Scale Asset purchases by the Federal Reserve: Did They Work?, Federal Reserve Bank of New York Staff Report No. 441.
	 Gambetti, L. and A. Musso (2017): The macroeconomic impact of the ECB’s expanded asset purchase programme (APP), ECB Working Paper No. 2075.
	 Gertler, M. and P. Karadi (2013): QE 1 vs. 2 vs. 3…: A Framework for Analyzing Large-Scale Asset purchases as a Monetary Policy Tool. International Journal of Central Banking 9(S1): 5-53.
	 Hachula, M., M. Piffer, M. Rieth (2016): Unconventional Monetary Policy, Fiscal Side Effects and Euro Area (Im)balances, DIW Berlin Discussion Paper 1596. 
	 Hohberger, S., R. Proftis, L. Vogel (2017): The macroeconomic effects of quantitative easing in the Euro Area: Evidence from an Estimated DSGE Model, EUI Working Papers ECO 2017/04.
	 Ihrig, J.E., E.E. Meade, G.C. Weinbach (2015): Monetary Policy 101: A Primer on the Fed’s Changing Approach to Policy Implementation, Board of Governors of the Federal Reserve System Discussion Series 2015-047. 
	 Joyce, M., M. Tong, R Woods (2011): The United Kingdom’s quantitative easing policy: design, operation and impact. Bank of England Quarterly Bulletin 51(3): 200-212. 
	 Kapetanios, G., H. Mumtaz, I. Stevens, K. Theodoridis (2012): Assesing the Economy-Wide Effects of Quantitative Easing. The Economic Journal 122: F316-F347. 
	 Krishnamurthy, A. and A. Vissing-Jorgensen (2013): The Ins and Outs of LSAsset purchases. Federal Reserve Bank of Kansas City Proceedings – Economic Policy Symposium – Jackson Hole: 57-111. 
	 Lee, S. (2016): REITs and the Taper Tantrum. Journal of Property Investment and Finance 34(5): 457-464. 
	 Mishra, P., K. Moriyama, P. N’Diaye, L. Nguyen (2014): Impact of Fed Tapering Announcements on Emerging Markets, IMF Working Paper 14/109
	 Pesaran, M. H. and R. P. Smith (2012): Counterfactual Analysis in Macroeconometrics: An Empirical Investigation into the Effects of Quantitative Easing, CESifo Working Paper No. 3879. 
	 Smets, F. and R. Wouters (2007): Shocks and Frictions in US Business Cycles: A Bayesian DSGE Approach, in: American Economic Review, vol. 97(3):586-606.
	 Smets, F., A. Warne, R. Wouters (2014): Professional forecasters and real-time forecasting with a DSGE model, in: International Journal of Forecasting, vol. 30(4):981-995.
	 Vayanos, D. and J.-L. Vila (2009): A Preferred-Habitat Model of the Term Structure of Interest Rates, NBER Working Paper No. 15487. 
	 Weale, M. and T. Wieladek (2016): What are the macroeconomic effects of asset purchases? Journal of Monetary Economics 79: 81-93. 
	 Woodford, M. (2004): Interest and Prices: Foundations of a Theory of Monetary Policy. Princeton: Princeton University Press. 
	Annex
	Model equations
	Euro Area Calibration

	/
	/
	All variables except the interest rate and the inflation are expressed in percentage deviation from their steady state value. Interest rate and inflation rate are defined as difference to their steady state values in percentage points.
	Figure 5: Baseline scenario and the ZLB
	/
	All impulse response functions are simulated on the baseline tapering shock (See 2.2). All variables are denoted in percentage points.
	Table 3: Model calibration
	Target/Information
	Value
	Notation
	Parameter Name
	Structural parameter
	0.025
	δ
	Depreciation rate 
	Smets, Warne, Wouters (2014)
	0.22
	α
	Capital productivity
	Smets, Warne, Wouters (2014)
	4.65
	C
	Capital adjustment costs
	Smets, Warne, Wouters (2014)
	0.48
	ΛP
	Price mark-up
	Smets, Warne, Wouters (2014)
	0.53
	ΛW
	Wage mark-up
	Smets, Warne, Wouters (2014)
	0.22
	γ
	Trend growth p.a.
	Smets, Warne, Wouters (2014)
	0.55
	Π
	Trend inflation p.a.
	Smets, Warne, Wouters (2014)
	0.85
	ζP
	Price rigidity
	Smets, Warne, Wouters (2014)
	0.74
	ζW
	Wage rigidity
	Smets, Warne, Wouters (2014)
	4.65
	ψ
	Inverse Labor supply elasticity
	Smets, Warne, Wouters (2014)
	0.46
	S
	Capital adjustment costs
	Smets, Warne, Wouters (2014)
	0.8565
	Φr
	Interest rate smoothing
	Smets, Warne, Wouters (2014)
	1.5979
	Φp
	Inflation target
	Smets, Warne, Wouters (2014)
	0.321
	Φy
	Output growth target
	Average maturity=~8 years
	32
	D
	Duration
	Average between 1Q1990-3Q2009
	0.8
	BLMW_r
	Bond market ratio
	Burlon et al (2016)
	0.9927
	β u
	Discount factor unrestricted HH
	Burlon et al (2016)
	β u/(1+ ζbar)
	β r
	Discount factor restricted HH
	Burlon et al (2016)
	0.8
	h
	Habit formation
	Burlon et al (2016)
	1.42
	σ u
	Risk aversion unrestricted HH
	Burlon et al (2016)
	1.42
	σ r
	Risk aversion restricted HH
	Burlon et al (2016)
	0.1
	ω r
	Share of restricted HH
	Burlon et al (2016)
	0.9
	ω u
	Share of unrestricted HH
	Chen et al (2012)
	1.073
	Θrel
	Relative discount factor
	Chen et al (2012)
	0.0035
	ξ
	Elasticity Term premium
	Chen et al (2012)
	0.976
	Crel
	Relative consumption
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