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Temporary VAT Reduction during the Lockdown - Evidence from

Germany
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Abstract

This paper evaluates the temporary VAT reduction invoked by the German government over the third and
fourth quarter of 2020 as part of the COVID-19 stimulus package. There is considerable controversy. Critics
argue that VAT reductions are ineffective in the presence of lockdown measures in place and because of limited
pass-through of temporary measures into consumer prices. Advocates emphasize positive effects on durables
and stress that these measures can at least partly substitute for a limited monetary policy response under the
ZLB.

This paper sets up a DSGE model which is capable to address these issues. Our model distinguishes
between sectors directly and indirectly affected by the lockdown. This allows us to trace economic spillovers of
lockdown measures to the rest of the economy and the differentiated impact of VAT measures on the two
sectors. We disaggregate consumption into durables and non-durables for both financially constrained and
unconstrained households and we allow for imperfect pass-through of VAT measures into consumer prices, by
noticing that the standard price setting model with convex cost of adjustment, makes strong predictions about
magnitude and speed in which retailers are adjusting consumer prices to VAT shocks.

We analyse the impact of the VAT in conjunction with the two lockdown shocks in 2020 Q2 to Q4. We
use non-linear solution techniques to solve the model in the presence of a ZLB and a lockdown constraint and
we carefully take into account the information set available for the private sector in each quarter on current
and future policy measures. We find sizeable effects of VAT measures on consumption (esp. durables) with a
multiplier larger than one on GDP and can match well the main macroeconomic aggregates over that period.
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1 Introduction

Due to the COVID-19 pandemics the German government decided to stimulate the economy via a temporary
VAT rate reduction. From the 1st July 2020 to the end of the year the regular VAT rate has been reduced by 3
percentage points from 19 to 16. The VAT rate on necessaries, i.e. food, books has been reduced from 7 to 5
percent. The VAT reduction is part of a large stimulus package of 160 billion Euro that the German government
launched in order to stabilize and stimulate the economy after the first lockdown.

However, the VAT measure of the German Government was received with considerable reservation. "Not
targeted enough”, "ineffective in the presence of lockdown measures in place” and "too costly (because of limited
pass-through into consumer prices)” were the main arguments against this instrument. Furthermore, the initial
plan to invoke VAT cuts after the lockdown until the end of the year 2020 has been counteracted by the second
lockdown which started in the 4th quarter.

But there are also arguments in favour of VAT reductions: It has been argued (see Guerrieri et al. (2020))
that lockdown measures have negative demand spillovers on other consumer goods providing sectors which are
not directly affected by the lockdown. Thus, a broad instrument as a VAT reduction can also stabilize demand
in not directly affected sectors. Furthermore, VAT reductions could especially be powerful if the central bank
operates at the zero lower bound (ZLB) (see Correia et al. (2013)). In particular if the lockdown measures are
disinflationary. In this case consumer durable consumption will generally be more negatively affected because
of the implied temporary increase in the real interest rate. Thus VAT reductions could stabilize the demand for

consumer durables.

In this paper we analyze the macroeconomic effects of a temporary VAT change in general and for the specific
case of Germany during the (partial) lockdown. In order to shed some light on the effectiveness of temporary VAT
reductions for Germany, we use the structural vector autoregressive (SVAR) methodology and German National
Official Statistics data from 1Q1991:4Q2019 to estimate the average effects of VAT changes on durable and
non-durable consumption. We find robust evidence for strong positive immediate effects on consumer durables on
average which confirms results from the microeconometric models (see Biittner and Madzharova (2017) ) within a
macro framework. However, our empirical model neither explains the channels at work nor does it account for the
specific situations of the pandemics and monetary policy at the zero lower bound. Therefore, we set up a dynamic
stochastic general equilibrium (DSGE) model for Germany under a (partial) lockdown and with monetary policy
operating at the ZLB. We add the following features which makes it especially suitable to deal with the issues
raised above.

First, in the model we distinguish between durables and non-durables and address both the issue of whether
demand spillovers are stronger to durables in a lockdown under ZLB and the possibly larger impact of temporary

VAT reductions on durables. Ignoring durables could lead to an underestimation of the VAT impact.

IFurthermore, in June 2020 a reduced VAT rate has been applied to restaurant supplies (supplies of prepared food in place) until
June 2021. Due to the second lockdown this temporary measure will be extended until the mid of 2022.



Second, we explicitly distinguish between sectors affected and not affected by the lockdown. This allows us to
adequately trace the macroeconomic effects of measures which only affect specific sectors of the economy but
which have spillover effects to the rest of the economy. In this way we are also not inflating the effects of VAT
measures since we control for the fact that a fraction of the retail sector is closed.

Third, we consider imperfect pass-through of VAT measures onto consumer prices, by noticing that the standard
price setting model with convex cost of adjustment, makes predictions about the magnitude and the speed in
which retailers are adjusting consumer prices in the event of VAT shocks.

We calibrate the model for Germany and show the impact of the VAT reduction of 3 percentage points on
relevant macroeconomic aggregates between lockdown and relaxation in 2Q2020:4Q2020. In our simulation
exercise we take into account that the VAT reduction in the 3rd quarter and the lockdown in the 4th quarter are
unanticipated. Within our model setup, we first simulate the total effect of the unexpected VAT reduction against
the two lockdown shocks. Additionally, we estimate how the 2nd lockdown shock has influenced the effectiveness
of the VAT rate reduction. Finally, we analyze to what extent the VAT rate reduction can mimic the monetary
policy reaction to the lockdown if monetary policy is not limited by the zero lower bound. In order to tackle these
research objectives, we conduct three policy experiments: In the first experiment we simulate the actual timing of
events, i.e. the 1st lockdown shock in the 2Q, the VAT reduction between 3Q2020:4Q2020 and finally the 2nd
Lockdown shock in 4Q. By partially removing shocks we can measure the impact of the lockdown and VAT in the
respective quarters.

The paper is organized as follows: In section 2 we start with a short classification of our contribution into
the existing literature. In the next step, we empirically motivate our research objective and estimate the general
empirical effect of VAT revenue changes with time series data for Germany and alternative SVAR identification
strategies. In section 3 we explain our DSGE model setup, the lockdown shock and the model parameterization.
In section 4 we start with an analysis about the mechanisms how the VAT reduction affects the economy and test
the robustness regarding different parameter specifications. In the next step we apply the model to the specific
case of Germany and run three specific policy experiments. We then evaluate the VAT reduction by means of

calculated GDP multipliers. Finally, section 5 concludes.

2 Empirical evidence
2.1 Literature

Our study relates to several strands of research on the macroeconomic effects of tax changes. First, we contribute
to the literature on theoretical effects of a temporary VAT rate changes. Barrell and Weale (2009) identify three
possible effects: Agents benefit from a lower cost of living during the period of the reduction (income effect).
Furthermore, agents shift their consumption forward (substitution effect). Finally, they buy non-durable goods
before the end of the period of low VAT for consumption after the VAT rate as been raised. We consider these
channels within a 2-sector dynamic stochastic general equilibrium model with durable and non-durable consumption

goods. We add three additional channels into our theoretical framework. Consistent with empirical micro-data



evidence by Bittner and Madzharova (2017) our model features a specific durable investment channel through
which intertemporal substitution of durable consumption becomes much stronger than for non-durable consumption.
This increases the total reaction of consumption demand. Furthermore, we explicitly allow liquidity-constraint
households to buy and consume durable goods. Although liquidity-constraint households cannot invest into the
capital stock, they are now allowed to "invest” into consumer durables. Finally, similiar to Voigts (2016) we
consider an limited VAT rate pass-through channel, where the specific price adjustment costs are included in the
price setting function of intermediate and retail firms. Thus, firms will not fully pass-through the VAT-related
price changes to consumer.

Second, we contribute to the empirical literature on temporary VAT changes, which has rarely been empirically
observed, especially in the case of Germany. The most prominent international example in the last years was a
temporary VAT cut from 17.5% to 15% in the United Kingdom from December 2008 until the the end of 2009.
For the UK's VAT reduction from 17% to 15% Barrell and Weale (2009) find a 1 per cent increase of consumption
and a half per cent GDP increase. Once the VAT converges back both consumption and GDP are depressed.
Furthermore, Crossley et al. (2009) find that the income effect is small, while the intertemporal substitution effect
is large. According to their estimates, households' willingness to move spending from one year into an earlier (or
later) year suggests that a 1% fall in the price today will translate into a 1% increase in spending. Since roughly
only half of goods purchased are subject to VAT, the cut in the rate by 2.5% is like a cut in contemporaneous
prices by 1.25%. Crossley et al. (2014) find a significant fall in sales after the VAT cut ended. Thus an indirect
tax cut stimulates significant intertemporal substitution in purchases. To the best of our knowledge there are only
two studies that analyse the recent German VAT reduction. Fuest et al. (2021) and Dullien et al. (2020) find that
total consumption has increased by 0.6 percentage points. However, both studies rely on household surveys where
it is difficult to detect intertemporal substitution effects.?> Furthermore, they are not consistent to official National
Account Statistics. In contrast to existing work, we use our DSGE model and simulate a specific sectoral lockdown
shock in order to match the official data during the situation of 2 temporary lockdown shocks from 2Q2020 to
4Q2020. We run a counterfactual analysis in order to estimate the effects of the German VAT rate reduction in
July 2020. Our estimates confirm the results of previous international studies of high substitution effects in case we
explicitly consider the durable consumption goods. Our results for the effect of the VAT reduction are larger than
the effects measured in survey studies, mainly because of the intertemporal substitution of consumer durables.

Finally, we contribute to the general debate about tax multipliers. Blanchard and Perotti (2002) show within
a SVAR framework that tax multipliers in the USA are in general smaller than one. Mertens and Ravn (2011)
summarizes that existing empirical estimates of US nationwide tax multipliers vary from close to zero to very large.
They use a narrative measure as proxies for structural shocks to total tax revenues in an SVAR and find estimated

tax multipliers at the higher end of the range: around two on impact and up to three after 6 quarters. They explain

2For example, a question to households "if additional consumption can solely traced back to the VAT reduction” can hardly measure
the intertemporal substitution effect, which is rather a shift of consumption plans from subsequent years (e.g. household buys a car
that he has planned to buy in 2022) than an additional consumption. Furthermore, the substitution effect is not only limited to the
next year, but rather the whole liftetime consumption plan, which also includes this year. Thus, the VAT reduction could motivate
households to consume what they originally planed in 2020 but what they postpone due to the pandemics.



earlier findings of lower multipliers by an output elasticity of tax revenues assumption that is contradicted by
empirical evidence or by failure to account for measurement error in narrative series of tax shocks. Similiarly Romer
and Romer (2010) find that tax changes have very large effects on output in the USA. Their baseline specification
suggests that an exogenous tax increase of one percent of GDP lowers real GDP by roughly three percent. In
robustness checks they find that tax multiplier is well over two. However, most of these studies concentrate on
total tax revenues for the US and do not consider the VAT rate in particular or European countries perspective.
For the European case Sims and Wolff (2018) analyse state-specific specific tax shocks, also for the VAT rate.
They find VAT multipliers of 0.2-0.5 on impact and 0.6-0.8 at the maximum depending on various factors, e.g.
share of liquidity-constraint households. Therefore, from a public finance the VAT rate reduction seems not very
effective. Furthermore, Claus (2013) explicitly analyses the effectiveness of a VAT rule as stabilization instrument.
She finds that an VAT rule is not as effective as a monetary policy rule. However, we differ from both studies
by incorporating durable and non-durable consumption, and analyze explicit situations such as the lockdown
shock and a zero lower bound environment. Thus, we provide evidence for tax multipliers considering the durable
investment effect during or shortly after an economic lockdown and under restricted monetary policy.

Finally, we also contribute to the literature on the effectiveness of fiscal policy measures if monetary policy is
limited to the zero lower bound. Correia et al. (2013) show in the standard New Keynesian model, that tax policy
can deliver such stimulus at no cost and in a time-consistent manner. Furthermore, D'Acunto et al. (2017) show
that differences in timing of the announcement and start of the tax policy can generate inflation expectations
and effect consumption expenditure. They especially concentrate on the announcement of a permanent VAT rate
increase in Germany in 2006. Besides this general effects, a VAT rate reduction has specific advantages if monetary
policy is limited when the zero lower bound on nominal interest rates binds. We contribute to this literature and
compare the VAT reduction in a zero lower bound environment with an active monetary policy as stabilizing tool
in a lockdown shock. Our simulation generally confirms the results that the VAT reduction can mimic monetary

policy also in the specific situation of the lockdown.

2.2 Temporary VAT reduction in Germany 3Q2020-4Q2020

Due to the COVID-19 pandemics the German government decided to stimulate the economy via a temporary
VAT rate reduction. From the 1st July 2020 to the end of the year the regular VAT rate has been reduced by 3
percentage points from 19 to 16. The VAT rate on necessaries, i.e. food, has been reduced from 7 to 5 percent,
originally planned until the mid of 2021, but will be extended to the end of 2022. The VAT reduction is part
of a large stimulus package of 160 billion Euro that the German government launched in order to stabilize and
stimulate the economy after the first lockdown.

The first lockdown occured in the last 2 weeks of the 1st quarter 2020 and lasts until May 2020. Thus, the
economy was most affected in the 2nd quarter 2020. Figure 1 depicts the quarter-to-quarter growth rates of

different consumption goods: expendable, short-lived, long-lived and services. This stylized patterns show that



durable goods, which are defined as short- and long-lived goods, were strongly affected by the lockdown shock.3
Especially the demand for long-lived goods was reduced cumulatively by almost 15 percent until 2Q2020 compared
to the 4th quarter of 2019. Together with short-lived goods, the durable goods decreased by 14 percent. In
the non-durable section, expandable goods, i.e. food, necessities, remained almost constant. However, in total,
non-durable goods decreased by 11 percent, because the service sector, i.e. hotels, restaurants, was strongly
affected (-17 percent). However, comparing consumer durables (short- and long-lived goods) and non-durables
(expandables and services), the former seems to be more affected than the latter during the 1st lockdown period,
mainly because also production capabilities were closed.
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Figure 1: Real consumption by durableness and the COVID-19 pandemics, quarterly g-o-q growth rate, 2019Q3-
2020Q3

In the 3rd quarter all consumption components indicate a strong increase, but the increase for consumer
durables was much larger than for all other goods. Especially, demand for long-lived goods increased strongly, by

almost 28 percent compared to the previous quarter. Thus, the loss of total durables of the first two quarters was

3Consumer durable goods include furniture and household appliances (including kitchen equipment), personal transport equipment
(i.e. vehicles), recreational and entertainment goods (including computers and communications equipment), other goods such as
jewellery, clocks and watches, and therapeutic medical appliances and equipment. See Casalis and Krustev (2020) for a detailed
description.



partially compensated in the 3rd quarter. In contrast, the recovery of non-durable consumption was much smaller.
Two major aspects lead to this strong overshooting of durable consumption relative to non-durables. First, the
recovery process leads to this V-shaped pattern. Second, the VAT rate reduction supports this development via
the intertemporal substitution effect that pushes the recovery process. However, the question remains to what
extend the VAT rate contributes to the recovery process.

However, the thrilling time patterns do not end at the 3rd quarter 2020. In the last quarter the pandemic
development pushed Germany and many other countries into a 2nd lockdown, both durable and non-durable
consumption decreases again. However, durable good producer did not closed down the production capabilities
due to restrictions. Thus, the second question arises to what extend the 2nd lockdown dampens the effectiveness
of the VAT reduction.

Following these time patterns and the questions arised, we build a structural dynamic general equilibrium
model which incorporates not only durable and non-durable consumption but also the specific sectoral lockdown
situation in Germany. We want to answer the two question that directly arise from observing the time patterns:
First we assess how large the effect of the VAT rate reduction is and disentangle the VAT rate reduction from the
lockdown shock and recovery process. Furthermore, we can use the advantage of structural modelling and run
counterfactual analysis in order to measure the effect of the (unexpected) 2nd lockdown shock to the effectiveness
of the VAT rate reduction.

However, before we can analyse this specific case of Germany in section 5, we want to start with a more general
analysis of VAT rate changes. We need this exercise for two reasons: First, we want provide evidence for the
durable investment channel, i.e. that VAT rate changes have relatively strong effects on durable goods in Germany.
Thus, not considering the durable investment effect in DSGE models would underestimate the effectiveness of
VAT rate changes. Second, we need empirical evidence of VAT rate changes and durable consumption goods to

match specific parameters of the DSGE model.

2.3 SVAR evidence

We provide further, more general evidence on the strong and significant durable investment effects of VAT rate
changes by estimating a structural vector autoregressive model (SVAR). Therefore, we use time series data for
VAT revenues, durable and non-durable consumption in Germany from 1Q1991:4Q2018. In our baseline SVAR
estimation, we apply the identifying assumption by Blanchard and Perotti (2002) and use evidence from a tax
micro simulation model for Germany* on the VAT elasticity to consumption in order to construct the cyclically

adjusted reduced form tax residuals as instrument.®> Our basic VAR representation is
Xy =A(Lq) X1+ U (1)

where X; = [Tf’at,Gt,Ci]’ is a three dimensional vector with the logarithm of VAT revenues, public consumption

and specific private consumption all in real terms. For private consumption Cg = [IDy, NDy] we use either durable

4See Bach et al. (2006).
5See Appendix B for a description of the approach.



or non-durable consumption. A(L,q) is a four-quarter distributed lag polynomial and U} is a corresponding vector
of reduced form residuals which in general has non-zero cross correlations. Usually, VAT revenues are paid with
a delay of around 2 months, however in crisis situation tax deferrals are a widely used instrument. By allowing
for four lags due to the quarterly data structure, we consider tax delays and deferrals. Furthermore, we consider
quarterly dummies in order to capture specific tax-related seasonality.® We apply the VAT elasticity of durable and
non-durable consumption. According Mourre and Princen (2015) the VAT elasticity to total consumption lays
between 0.9-1.4 in the EU. Bach et al. (2006) estimate steady-state VAT elasticities for different consumption
groups in Germany. Based on these estimations we calculate an average tax elasticity for durable consumption of
1.76 and 0.8 for non-durable consumption.” Finally, we control for announcement effects that occur because large
permanent tax rate changes were implemented with a time up to 4 quarters. We also run an alternative estimation

where we instrument the VAR rate changes with a series of official tax revenue estimates due to legislative tax law

changes by the German Ministry of Finance.®
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Figure 2: DSGE vs. SVAR, 1991Q1-2018Q4

black line, dark and light blue shaded area: Estimation based on Blanchard and Perotti (2002) Identification via tax revenue elasticity, mean, 68 and 95
percent significane level.

blue dashed line, dark and light red shaded area: Estimation based on a narrative series of exogenous tax law changes, mean, 68 and 95 percent
significance level.

The estimated impulse response function are depicted in Figure 2. The light and dark blue shaded areas depict
the 68% and 95% significance level. Our estimations show that a one percent VAT revenue reduction increases
durable consumption significantly by 2.7 percent on average (black line). Thus, the effect of the VAT reduction is
much stronger for durable goods than for non-durable goods, where the 1 percent VAT revenue reduction increases
non-durables by 0.25 percent. The positive effect to consumer durable is significant for 3 quarter, afterwards we
observe a small negative counteraction. In case of non-durable the small positive effects smooth out after one
year. This empirical evidence speaks in favor of the VAT rate as effective stabilization instrument and triggers
our interest regarding the macroeconomic effects of VAT reduction: Therefore, in a next step we want to explore

the main channels that drive this result. Then, we want to investigate how effective the VAT reduction is in the

SFurthermore, we control for reunification 1Q1991:2Q1992 and the financial crisis 4Q2008:2Q2009. However, both dummy variables
do not change the results significantly.

7See section B in the Appendix for description.

8See table 5 in section A in the Appendix for the summary.



specific situation of a lockdown shock and under monetary at the zero lower bound. Both will give us further

insights into the effectiveness of temporary VAT changes as a possible stabilization tool instrument in crisis.

3 Model

The model considers two infinitely-living household types which differ with respect to the its savings behavior.
Unrestricted households, also known as Ricardian households, have full access to financial markets, liquidity-
constraint households, also known as Hand-to-mouth consumer, consume their total within period income. Both
types buy durable and non-durable consumption goods produced by two different sectors j = 1,2. Sector 1 produces
durables, non-durables and investment goods is completely closed if a lockdown shock occurs. Sector 2 produces
all other private and public consumption and investment goods and is not directly affected by a lockdown shock.
Firms are perfectly competitive and transform the final good into corporate investment, non-durables and durable
investment using a linear production technology. The VAT rate affects households consumption demand and firms

price setting behavior (limited pass-through).

3.1 Private households

The economy is populated by a continuum of households on the interval [0,1] of which a fraction n are liquidity-
constrained and a fraction 1 — n are unrestricted households who own capital and firms. The liquidity status of
household types are marked by the superscript I. Both household types | = n,u optimize private consumption and
leisure according to the following utility function

FoY. el <(?21_(,c VIC g ) , )
t=0

ot 140!

where I considers the share of consumption habits and ¢° is the inverse intertemporal substitution elasticity. Both
household types supply labor in both sectors j and consume non-durable goods PNNit and durable goods PP/ Di/
produced by both sectors. Preferences for durables and non-durables are specified as a CES utility function:
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with N and P denote the shares of durables and non-durables. ¥P1 and ¥P? measures the sectoral production
share of durable goods and o is the elasticity of intratemporal substitution between durable and non-durables.

The total durable and non-durable consumption baskets can be composed due to the sectoral production:

bl = [P (i) + (g2 (02| “
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where PN N2 are the sectoral production shares for non-durables. ¢ = ¢"* are the sectoral substitution

elasticities.

3.1.1 Unconstraint household

The household is not liquidity constraint and has access to one-period private domestic bonds B; that pay 1 unit
of the national currency in 4 1, sell at price R;l. Additionally, the unconstraint household can rent out new
capital to firms Ptllt and receives after-tax wage income, capital income from renting to firms, transfers from the

government PtZZt and profits from firms D;. The flow budget constraint for the unconstraint household is
1+ ") PINNIY + (1 + ) PPVNPY 4+ (14 77 PP IDPY + (14 ) PPP IDPY + PIIH + By

K /1 7\?2 I
=Ry_1B;_1 + (1 — TtW)WtLy + RI;Kt_l — I <1 + ’Y? (Ktt — K) > — % (It — It_l)z + Zy + 11;. (6)

The unconstraint household buys non-durable goods N{’u and new durable consumption ID{'u at net prices PZ’N
and P{’D. She pays value added tax for the use of existing durables as well as for the purchase of new durables.
Ptj’N and Ptj/D are the non-durable and durable net consumer prices set by the firms. The total labor income of
the unconstrait household is WtLtu. Furthermore, the she holds the aggregate capital stock K; and takes new
investments I;. Capital accumulation come along with capital adjustment costs % (I% - %)2 and with investment
adjustment costs 771 (I — It,l)z. The aggregate capital stock and aggregate investment is used in both sectors

ki = k} + k% and [} = Itl + Itz. The sectoral capital stocks k{ evolve according to the following definition:
K= (-8, +1]. @

where &/ is the rate at which the capital stock depreciated. The relative price for capital q{ can be derived from

the first order conditions under:
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The rate of capital return is:
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t

. The stocks of durable goods Dy produced in both sectors j = 1,2 which the saver household consumes or rent

out follows the following accumulation rule:

D} = (1-4)D}, + P/”1D}”, (10)
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where ID{’S denotes the unconstraint household purchases of (new) durable investments in sector j and Ptj/D is
the price of durable in sector j relative to the aggregate durable price.?

The first-order conditions of the optimization problem gives typical the intertemporal consumption and
investment Euler equations, labor supply, optimal durable and non-durable consumption.1® Here, we focus on how
the demand for durables and non-durables responds to actual and expected changes in value added taxes. The

Euler equation for the consumption aggregate is

Cu ) PC,U
é{; =B(1+ir) g (11)
t t+1

where the consumer price deflator for unconstraint households consists of the price for non-durables and the service

price for durables.1!
cu _ (N (pN)17 D by pp DA 170 T
pC :<¢ (M) +97 (a+7pPRPY) ) / (12)

—N —D . .
where 1 and ¥~ are the consumption shares for durable and non-durable consumption. can be regarded

RPY
as a rental price for durables which has to be considered as additional price component for new durables (durable
investment price). RP differs between household types, because the access to financial markets real rates determines

the underlying opportunity costs. For the unconstraint household the real market rate is relevant:
DU __ D d vat vat
Ry™ =r—Emyy + 0% — (Bl — %) (13)

A temporary reduction of the value added tax rate leads to an increase of current consumption because of an
expected consumer price inflation effect. As can be seen from the first order conditions, in case of an expected

temporary VAT reduction, durables and non-durables are affected differently

_nd
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Putting both together, we get the relative demand function for the unconstraint household:
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In case of a temporary VAT reduction in period t, the ratio of durables to non-durables increases because the

service price for durables declines in anticipation of a VAT increase in t + 1. This, however hinges on a constant

nominal interest rate and limited expected inflation differential between the durables price and the price of final

9Note that by assumption durable goods are produced under perfect competitive markets and according to a linear production
technology. Thus, the aggregate durable good price pD is equal to the producer price pY.

10See model description in Appendix.

1 For clearity reasons we do not display the sectoral demand functions.
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goods HPH (both excluding VAT) as well as limited variation between the durables and non-durables price in
t. In the current juncture, with a ZLB for the nominal interest rate, i; remains constant. Because of limited
pass-through there will be an expected decline of ngl , however, this effect will in general be smaller than the
expected increase of VAT, except in the case of zero pass-through. The relative price between durables and
non-durables remains likely to be small in the case without adjustment costs for durables, because both goods
are affected by the same VAT shock. With adjustment costs for durables, PtD includes adjustment costs and
thus increases relative to PtN. It should also be noted that even a small growth differential between the stock of

durables and non-durables will lead to large differences in durable investment.

3.1.2 Liquidity-constrained households

We assume that the liquidity constrained household has identical preferences of durable and non-durable goods as
the unconstrained household. With the choice over durables and non-durables the LC household also has to solve

an intertemporal maximization problem constrained by a sequence of period budget constraints

(147 PNINMEC 4 (14 72 PNINPLC 4 (14 7 PPIDIEC 4 (14 77 PP2DAC = (1 — V)W, LEC + 74,

(17)
where W;LEC is the labor income and P7ZLC is the transfer income of the liquidity-constrained household. The
budget constraint implies that expenditure over non-durables and new durables is constrained by current net
income.

Furthermore, liquidity-constraint households face a durable accumulation constraint
jiLC Ay ~j,LC i,D 1 ~j,LC
Dy™ =(1-¢6)Dyy + P/ 1Dy . (18)

ID{’LC denotes the liquidity-constraint household purchases of new durables produced in sector j. The allocation
of spending across durables and non-durables is determined by the following first order conditions:

_ U.n,d

N (1+Tvut)PN
NFC =9 ( pCt,Lc t Cte, (19)
t
(1+ 7)Y
rc_ -0 A+")PY /o pic LC
Y (pCtLCt (RPC)) et (20)
t
D e m}*d LC (,,,% 1
i_ 11[] Nt (RD,LC) (21)
PN\ Y DLC !

These conditions are similar to case of unconstrained consumers. Note, however, without access to financial
markets, the marginal rate of substitution between current and future consumption is not given by the market
interest rate but by the rate of time preference, the expected growth rate of liquidity constrained consumption plus

the expected growth rate of the consumer price index. Thus the rental rate RtLC is

RPHC=p+ (BICEG — CFO) + By — By + 07 — (Bl — ) (22)
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Factors which increase the ratio of durables to non-durables in t are the expected increase in VAT as well as the
expected decline of liquidity constrained consumption in t 4+ 1. This is mitigated by the expected increase in the

consumer price deflator and limited VAT pass-through.

3.2 Intermediate goods producer and VAT

In each sector there exists a continuum of intermediate firms indexed by i € [0,1]. Each firm i in sector j =1,2

produces an intermediate good according to the following production technology:
i) = Ak (i) (L)
yi(i) = Ak (i) (L)*, (23)

where af,al € [0,1] are the partial production elasticities. A/ is the total factor productivity in each sector. Cost
minimization under an identical production technology implies that firms have identical marginal costs per unit of
output

MC] = (o)~ () (W) (RN (24)

We assume that individual firms in each sector pass-through the same average VAT tax as the average firm over

both sectors. Furthermore, the elasticity of intraindustrial substitution 7/ is equal in both sectors. Thus, the

demand for firm i's output is given by

i\ 1 i\ 1

. (1+T””t)P](z) . P](z) .

() = ( DO Ty (BD) Ty 5
(1+ 7Py P,

where Ytj is the final demand and Ptj is the sectoral producer price. The prices are set according to Rotemberg

(1982) via quadratic adjustment costs which includes the value added tax:

Pl (i) (1 + t7*)

sP Trl—s o : vat —h (26)
I I Py () (1 +77%)

p i,P
A]t - ,YT Yt

Taking into account that the firm knows that all competitors also pay VAT the price setting problem simplifies and
VAT only appears in the price adjustment cost term. The problem firm i faces when there is an exogenous change

in 77 is how to set the price Ptj(i) such that the price adjustment cost for (1 + Tf”t)P{(i) is minimized.

. .. . 2
00 P] , W]L] i jP P/ (1 +Tvat
m=E " (p) (;)nf—f;“—”z V| Uy @7
=0 P, p; I, 10 Py (1) (1 + 777)

Maximizing the profit H{ with respect to the demand equation (25) and the production function (23) gives the

price-setting equation:

MCj— 1+i + LP Enj + 71 (Erv”t—rv‘”)—ﬂ 7rj+ 71 (T””t—r””t)
t— ,7p 5,713 e 1+ oot £t t T]p t 1t zoet t t—1 .
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3.3 Retail sector

Firm j in the retail sector transforms final goods Y (j)¢ into consumer goods Y (j). We assume that retailers have
market power (monopolistic competition) and face quadratic costs of adjusting prices (including VAT). The retailer

buys inputs at price P; and sells them at price Ptc(])(l + %), Firm j maximizes profits

_ pCys va Cra _ _Lp P)f(:(j)(1+Tvﬂt) _ 2_ va ; ;
I = Pr (/) (1 + 7")YF () — BYe Zlﬂﬁquﬂfﬂ““ﬂiﬁﬂy+ﬁ%) 4 TP () Yi(7) (29)

subject to a simple linear production technology

YE(j) = Y (j) (30)
and the demand equation
P
L (PEa+ g
YC(i) = [ &t t , 31

where the VAT is not relevant because competitors face the same VAT. Taking into account that the firm knows
that all competitors also pay VAT the price setting problem simplifies and VAT only appears in the price adjustment
cost term. The problem firm j faces when there is an exogenous change in Ttht is how to set the price P(j) such

that the price adjustment cost for P;(j)(1 + t7*) is minimized.

2

N PC(ﬁ) \_BYG) T PG+ )
IL(j)=E {222 | () - - Y 2 -1| |. 32
t(]) tt:ZO(,B) ( Ptc t(]) Ptc 2 f H?ilﬁz—s Ptc_l (]) (1 + T,_:Uft]) ( )

Maximizing the profit IT;(j) with respect to the demand equation (25) and the production function (23) gives the

price-setting equation:

!

P . .
MCE = L (1 + 1) +,BL (Etﬂ'] + (1 > (Eetf™ — o) — T <7‘c{ + (1 > (Tf —
PY ;7P 77P t+1 1 Jr?wzt + P 1 +?vut -

U

t

Suppose there is a VAT reduction in  and an expected increase (to previous level) in £ + 1. From the equation
above we can see that it is optimal for the firm to increase the mark-up temporarily. Both 7% — th’ftl <0 and
EtTt”fl - Tf‘” > 0 affect the mark-up positively. This implies that an expected temporary reduction of the mark-up

eads to a larger increase in € mark-up compare 0 a permanent reduction o Oor an expecte ermanen
leads to a | th k dt t reduction of 7% ted t

T'Uﬂ t

increase of E; o1

In this case it is optimal for the firm to increase the mark-up already in t such as to avoid

adjustment costs from an abrupt change of prices in t + 1.

3.4 Labor agency

Each household supplies a continuum of differentiated labor services indexed by I. These differentiated labor

services are supplied by both savers and liquidity-constrained households. A competitive labor agency combines
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the differentiated labor services into a homogeneous labor input which is sold to the intermediate firms. The labor

demand function for different labor types is

1+yf°

Lt(l):nt<W> " (34)

where n; is the demand for composite labor services and W; is the aggregate nominal wage that satisfies

1N\
W = (fol Wt(l)’#u dl) . The real wage can be derived from solving the optimal labour supply decision of the

households:
j j W W p (W W Py W W
c_ (1 - LDt> (—ut ) (1 +u 4+ (B (s (nt +EtArrt+l) + (1 -5") ntil) — )) (35)
t - 4
(nuLC Uustc +uss (1 - nuLC)) (1—1v)
where u{ = —) * (nf) is the marginal utility of supplying an extra unit labor. The dynamic wage equation can be

transformed into the well known Wage Phillips Curve.!?

3.5 Monetary and fiscal policy

Monetary policy is conducted by the central bank according to the following rule:
S : i (5 T Y dy _ i: i
ir=max |, (1=¢") (7+¢" (71} | + Y (yr —yi1) ) + @1 +¢1|, (36)

where ¢ and cpy denote the weights for inflation and growth target of the central bank. If the interest rate is
above the lower bound i, the central bank follows a Taylor-type rule in which nominal interest rate i; responds to
its lagged value, the current inflation rate, and current output growth.

We assume a simplified government budget function, where the government spends a constant fraction of
steady-state GDP ¢ and finances its expenditures either with new debt By — B;_ or different taxes on value added,
labor income and a lump-sum tax or transfer (if negative). Furthermore, the government pays interest rates on

issued debt rtBBt,l:

r

B =G+ <1 - U”ij) (1 + rf,l) Bi_q — L2W2T¥ — LI PPNT9W! — Z, — Nyz2t — ID;ré% . (37)
t

b
The real interest rate on government debt differs from the real rate by its risk premium A:b*r = (1 — i:ﬁ) UtC'S.

vat

The VAT rate follows a mean-reverting process 77 = T°% + €%, where €/ a VAT rate shock with mean zero

and positive variance. The government follows a fiscal debt rule, where lump-sum taxes or transfers (if negative)
are set according to the recent debt to GDP ratio. In case of the lockdown shock, we assume that the government

break off the fiscal rule for 8 quarters. Afterwards it is reintroduced.

Zi = (Df + ¢2)Zi—1 + D (1 — ¢2) (1 - ef) (¢by <l;tt - (5 + uf)) + @ap (Bt — Btl)) ;o (38)

12See Orlandi et al. (2018).
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where ¢ is a persistence parameter of the fiscal rule and ¢, measures the responsiveness of the lump-sum tax to
deviations in the debt-to-GDP ratio from its target value. Furthermore, within the fiscal rule the responsiveness of
new debt issued is weighted by ¢. Finally, DB = [0,1] is a dummy variable that allows to turn off the debt rule

temporary.

3.6 Market clearing

Market clearing in both sectors imply that sectoral supply must equal demand:

yi =nIDy* + (1—n)ID}® +nN}MC + (1 - )N}, (39)

y? =nID*C 4 (1 = n)ID>® + nN*LC 4+ (1 = n)N>* + I} + I? + g, (40)

where capital goods are only produced in the sector 2. The gross domestic product is defined as y; = y} + yf.

The GDP deflator is defined as:

1, 1,
pi =1 —s)p” +sipy? (41)

2
with s; = Yt vepresenting the time-varying share of the non-affected sector output.
yr "eP g ying p

3.7 Parameterization

The empirical validation of our model is provided by setting parameters such that empirical observations for
Germany are matched by the theoretical model. The parameter set is split into two different types of parameters.
We calibrate the first subset of parameters either by relying on values commonly used in the literature or by
matching long-run trends and policy targets.'> The second part of parameter values consist of lockdown-specific
parameters for which a direct empirical counterpart is hard to detect. Therefore, we set them to match the reaction
of durable and non-durable consumption after the lockdown shock. Table 1 displays a summary of parameters.

We assume that the utility function is logarithmic in consumption and set the inverse of the intertemporal
substitution elasticity ¢¢ equal to one. Furthermore, the time preference factor B is set to 0.995 to match a
steady-state interest rate of 2 percent. The capital share &« = 0.3 correspondes to the average capital share in
Germany between 1991 to 2018. The parameter that determines the Frisch elasticity (at the intensive and extensive
margin) of total labor volume (supply) ¢’ is set to one. The share of liquidity-constraint households 7 is set to
0.28 according to Grabka and Halbmeier (2019). The quarterly depreciation rate for private investments &/ is
set to 0.015 as in Coenen et al. (2013) and we adopt this value to set the quarterly depreciation rate for durable
consumption goods 5414 We set government consumption per GDP ¢ /¥ and durable consumption per total
consumption 1/)‘1 both to 20 percent according to the observed time series average value.

The second parameter blocks consist of adjustment cost and lockdown parameters. Price adjustment costs are

set to y”"! = 8 in the non-affected sector and ¢”? = 16 in the affected sector. The parameter values are smaller

13See i.e. Gadatsch et al. (2016), Drygalla et al. (2020).

Monacelli (2009) discusses the heterogeneity between durable goods regarding the depreciation rate, because goods like vehicles
have high annual depreciation rates around 15 percent, while long-lived durables like housing has much lower rates between 1% and
3%. He chooses an annual value of 1% because he mainly focuses on housing.
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than usually observed in the literature for two reasons: First, because we want to analyze the temporary VAT
shock, we would expect that firms - in case they pass-through VAT changes - will relatively fast change prices once
the VAT rate is reduced but also if the VAT rate raises back to its steady state value. Second, the lockdown shock
is a very specific situation because in the affected sector the market breaks down such that the shadow price go to
almost infinity. If we assume high price rigidity this large price fluctuations would translate into subsequent periods.
Further adjustment costs for wages y*!, 7“2, investments 9/ and capital 4 are set closed to values found in
the literature.!® Finally, the adjustment cost parameter for durable consumption 'yd is set to 5. The non-durable
consumption per GDP ratio is set to the empirical counterpart of 0.43. The affection rates lpD’LD, leD'LD are
difficult to determine empirically, because our design of the lockdown shock, affected firms reduce production
by 100 percent. But many affected firms are not closed down fully. Thus, the affection rates measure the full
affection equivalent. We finally calibrate the affection rates for durable and non-durable such that it matches the
reaction of durable and non-durable consumption in response to the lockdown shocks. Similarly, we proceed in
case of calibrating the production shares of durable and non-durable $P!, N1 in the lockdown sector to match
the observed GDP path. We choose a low substitution elasticity between durables and non-durables ¢ = 0.25 to
mimic that both sectors are affected from the lockdown shock. If we follow Monacelli (2009) and choose ¢ = 1
the strong reduction of non-durables during the lockdown period is partially compensated by an increase of durable
consumption demand. Finally, we set the sectoral substitution elasticity !> equal to 0.9 in order to consider the
complementing structure of affected and non affected sectors.1®

Finally, monetary and fiscal policy parameters are set mainly according to the literature. As for the monetary
policy rule - if it applies - , we set the weight for interest rate smoothing (,bi to 0.85, the CPI inflation stabilizing
weight ¢” to 1.5, the output gap target parameter ¢¥ to 0.1 and the output growth target gbdy to 0.2.17 In the
fiscal sector, we set the steady state government debt-to-GDP ratio b/¥ equal to 60% on an annual basis. The
steady state VAT rate T9% is equal to 0.17, which matches the average VAT rate.’® The parameter ¢p captures
the strength of the reaction of lump-sum taxes to deviations of total government debt level from target is set to

0.63. The parameter that accounts for issuing new debt ¢, is set to 0.06.

4 Results
4.1 Main Channels of a Temporary VAT reduction

We first start with a general model-based assessment of the temporary VAT reduction without considering the

specific situation of Germany, i.e. the lockdown and the monetary policy operating at the zero lower bound.®

15See Burgert et al. (2020).

16See Guerrieri et al. (2020).

17 Although in the counterfactual simulation of the VAT reduction we model a zero lower bound scenario, the monetary policy rule is
still important because agents it determines the expectations in case of price increases. Furthermore, we simulate VAT shocks more
generally and analyze relevant channels.

18Note that the VAT tax rate for most consumption goods is 19 percent. Some consumption goods, i.e. food, necessities, have
reduced tax rates of 7 percent.

191n this exercise, we solve the model with respect to a 1 percentage points decrease of the VAT rate, without lockdown shocks and
with a active monetary policy following a standard Taylor Rule.
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Table 1: Parameterization

Parameter Value Note
Structural parameter
Time preference B 0.995 Annual real rate 7 = 1%
Liquidity constraint HH n 0.28 Direct Match
Capital share o 0.33
SE labour supply ol 1 See text
SE intertemporal consumption o° 1 See text
Share depreciation rate (investment) ol 0.015 Burgert et al. (2020)
Share depreciation rate (durables) 54 0.015 See text
Gov. consumption/GDP gy 0.2 Direct Match
Durable consumption share P! 0.2 Direct Match
Adjustment costs
Price adj. costs (A sector) APl 8 See text
Price adj. costs (NA sector) P2 16 Burgert et al. (2020)
Wage adj. costs (A sector) o 80 See text
Wage adj. costs (NA sector) 2 80 See text
Investment adj. costs Al 60 See text
Capital adj. costs o 20 Burgert et al. (2020)
Durable adj. costs A4 10 See text
Lockdown sector parameter
Non-Durable consumption per GDP LD 0.43 Direct Match
Affection rate durable (full aff. equiv.) D LD 0.004 Lockdown match
Affection rate non-durable (full aff. equiv.) — pNPAD 0.055 Lockdown match
Production share A sector (durables) PPl 0.038 Lockdown match
Production share A sector (non-durables) N1 0.124 Lockdown match
SE between sectors ol =" 0.9 Lockdown match
SE between durables and non-durables oA 0.25 See text
Labour supply preference (lockdown sector)  x! 0.9 w(l—71%) ELLC + lgfsn(fl)*”]
Labour supply preference (sector 2) x> 0.9 w(l1—-7") ELLC + E;S"(fz)"’l
Monetary policy
Taylor Rule: IR smoothing ¢ 0.85
Taylor Rule: Inflation PP 15
Taylor Rule: Output ¢Y 0.2
Fiscal policy
Public debt to GDP b/y 2.4 60% Debt-to-GDP ratio
VAT rate (average) Toat 0.19
Fiscal rule: Stance of public debt level dp 0.625
Fiscal rule: Stance of new debt oy 0.0625
Fiscal rule: Smoothing o 0.1

The objective is to describe briefly the main channels at work and classify our results regarding the inclusion of

consumer durables and an incomplete pass-through into the relevant literature.

In our model we distinguish between major channels through which the value added tax affects private

consumption:29 substitution, income, durable investment, pass-trough effects. The effects are quantified via

different model simulations and summarized in table 2.2Y The GDP effect (VAT multipliers) is defined as:

20See Barrell and Weale (2009).

2lWe disentangle the effects by deactivation of the respective channel via parameterization.
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L0 AYe ik c
k VAT DY+ D)) ¥ (42)
o (ATAT((1 - yP)d +yPi") ) ¥
Similarly the effects on real consumption is:
k
Zt:() Acl‘+k (43)

T2 (ATAT((1 - yP)d+yPi) )

We abstract from heterogeneities across consumption goods, sectors and households. Thus, we set set the
shares of durable goods 7P/ =0 on total consumption demand and do not account for structural differences
between both sectors. In this rudimentary scenario the substitution effect works as people bring their consumption
forward. Furthermore, an income effect can occur as people benefit from lower cost of living during the period
of reduction. If the share of liquidity-constraint households is zero, the income effect diminishes because saver
households expect that recent tax reductions are financed via future tax changes or expenditure reductions.
Therefore, they only shift consumption over time. However, in our baseline parameterization households use the

income increase directly to consume more.

Table 2: VAT Multiplier and Effects - Main Channels

Frequency GDP! Consumption? Investment?
Impact multiplier (1st year)

only income effect 0.25 0.24 0
with substitution effect (w/o durables) 0.35 0.37 -0.03
with durable effect (incomplete pass-through) 1.00 1.01 0.01
with durable effect (full pass-through) 1.87 1.87 0.00
Cumulative multiplier (after 5 years)

only income effect 0.23 0.23 -0.03
with substitution effect w/o durables 0.31 0.40 -0.08
with durable effect (incomplete pass-through, 60%)  1.24 1.14 0.10
with durable effect (full pass-through) 2.31 2.14 0.21

The relevant behavioral parameter to disentangle the income from the substitution effect is the elasticity of
intertemporal substitution . If we set the elasticity equal to zero, the households will not shift consumption across
period due to price changes. Only the liquidity-constraint household consume. With an elasticity of intertemporal
substitution of greater than zero, the saver household changes his consumption path due to the relative price
change. In our baseline model the income effect will increase by 0.25 Euro on impact and 0.23 Euro in total
per unit VAT revenue reduction. The substitution effect increases total consumption on impact but is smaller
in subsequent periods. Therefore, in total the VAT tax multiplier is 0.35 on impact and 0.31 cumulative over 5
years considering only substitution and income effect in our baseline calibration. As can be seen, the total effect is
mainly driven by private consumption, which increases by 0.37. The investment response is negative, considering
only the substitution and income effect with immediate wage and price adjustments and full pass-through, leads to

little crowding-out of investment, because the saver household reduces investment spending in order to pay higher
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lump-sum tax which increases due to debt consolidation.

Our findings confirms the results of previous studies for the quantitative effects of temporary VAT reductions in
the literature®® and the implications that the VAT reduction is an effective but not the most efficient instrument to
stabilize the business cycle.?> However, until now we do not distinguish between durables and non-durables. Thus,
the durable investment and arbitrage effect is not included. Usually, households buy non-durable goods before the
end of the period of low VAT for consumption after the VAT rate as been raised. Furthermore, as shown in the
model - similar to an interest rate decrease - the expected VAT change directly affects the prices for durable goods,
and thus total consumption. If we include durable and non-durable consumption, the consumption effect increases
significantly to more than 1 in the first year even slightly increases over the medium-term. Furthermore, simulating
the model with an full pass-through the durable effect almost doubles. Besides the strong positive consumption
effect, also investments increases over the medium term. The main reason for the observed crowding-in effect of

investments is the accommodating monetary policy response.

4.2 Parameter robustness

In this section we test the robustness of our results with respect to the chosen parameter set. For specific policy
and behavioral parameters we set a maximum and minimum range of plausible values out of our literature review.
Thereby, we want to detect important parameters that drive the macroeconomic effects of the VAT change

significantly and provide further robustness to our results. Table 3 summarizes our robustness exercise. Three

Table 3: Robustness

GDP Consumption Investment
span ly 5y ly 5y ly 5y

Monetary policy

IR smoothing 0.60-0.95 | 1.03-1.12 1.01-1.53 | 1.01-1.09 0.96-1.33 0.00 0.00-0.18
Inflation target 1.01-2.00 | 1.06-1.26 1.16-2.00 | 1.05-1.21 1.08-1.42 0.00 0.06-0.31
Output target 0.00-0.30 | 0.78-1.09 0.38-1.56 | 0.82-1.06 0.54-1.31 | -0.05-0.02 -0.16-0.24
Adj. costs

Inv. adj. costs 40-120 1.08-1.09 1.26-1.27 | 1.06-1.07 1.15-1.17 0.00 0.08-0.10
Price adj. costs 0-40 1.01-1.16 1.16-1.52 | 1.01-1.12 1.08-1.32 0-0.02 0.07-0.18
Price adj. costs Retailer 0-40 0.84-1.36 1.11-1.55 | 0.82-1.34 1.06-1.40 0-0.01 0.03-0.13
Woage adj. costs 60-120 1.07-1.10 1.14-1.39 | 1.06-1.07 1.09-1.23 0-0.01 0.04-0.15
Durable adj. costs 0-10 0.83-3.90 0.91-5.51 | 0.82-3.80 0.87-4.49 0-0.09 0.02-0.96
Consumption habit 0-0.8 1.08-1.15 1.26-1.44 | 1.06-1.13 1.16-1.35 0.00 0.07-0.09

aspects are noteworthy: First, the VAT multiplier with durable consumption across plausible parameter values
reaches values between 0.7 and 3.9 in the first year and between 0.4 and 5.5 over the medium term. The multiplier
is mainly driven by the consumption effect. Investment does only react significantly over the medium term, here,
we find evidence for both crowding-out and crowding-in effects. Second, the form of monetary policy has a strong
impact on the effectiveness of the VAT change, especially the output target parameter. If the central bank has no

output target the effects of the VAT reduction are larger on impact but significantly smaller overall. The reason is

22See Sims and Wolff (2018)
23See Claus (2013).
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straightforward: The VAT reduction reduces CPI inflation. If the central bank wants to stabilize output it reduces
the policy rate immediately. Thus, the real rate decreases and consumption today increases but decreases in
the future. With an output target, the central bank will increase the nominal interest rate in order to stabilize
the growth rate. This will reduce consumption today, but increase consumption in the future which will trigger
investments.2* Third, the most relevant adjustment cost parameter defines the adjustment costs for durable
consumption. With low durable adjustment costs the GDP effects is above three in the first year and even higher
than five over the medium term. On the one hand higher retail price adjustment costs reduce the effects, because
the VAT pass-through will be incomplete. On the other hand higher intermediate price adjustment costs increase

the effect.

4.3 The VAT reduction in Germany during the COVID-19 pandemics

The previous results are important to understand the channels in general, but the specific situation under which the
German government decides to reduce the VAT matters. There are two specific states that have to be considered
to analyze adequately how the VAT reduction has affected the German macro economy: The lockdown and the
zero lower bound. Both states feature nonlinear effects of a VAT rate reduction. Thus, we simulate the nonlinear
model in these two states for different counterfactual scenarios. In order to match our simulated series to the
observed time series data we follow Christiano et al. (2015) and compare the model simulations with empirically
estimated "target gaps” of relevant macro variables. Finally, we can disentangle the scenario of VAT reduction
from counterfactual scenarios without VAT reduction: First, we analyze the total effect of an unexpected VAT
reduction between both lockdown shocks. Second, we estimate how the 2nd lockdown shock has influenced the
effectiveness of the VAT rate reduction. Third, we want to analyze to what extent the VAT rate reduction can

mimic the monetary policy reaction to the lockdown if it would not have been limited by the zero lower bound.

4.3.1 Lockdown shock

In a first step we setup a benchmark lockdown scenario. A lockdown is a regulatory measure, which closes certain
contact intensive businesses (which provide consumer goods and services) over a certain period, i. e. it is a quantity
constraint imposed on both consumers and producers. Such a measure is difficult to capture in a macroeconomic
framework, since it affects sectors in an asymmetric fashion. Since it imposes restrictions on consumers and
producers simultaneously it is both a demand and a supply constraint.

By emphasising the demand side, the disinflationary impact is likely to be overestimated since the supply
reduction is overlooked. By stressing the supply side and focusing on the restrictions imposed on factor demand
(employment in particular), the inflationary impact is likely to be overestimated since restrictions on factor demand
act like a positive mark-up shock. Modelling the lockdown as combination of a supply and demand shock remains
inadequate, because it misses the sector specific nature of a lockdown.

Especially in an environment with limited factor mobility, constraints imposed on supply and demand in one

24|nversely, both the degree of interest rate smoothing and the inflation target parameter reduces the GDP effects of VAT changes
in the medium term.
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sector will only marginally effect factor markets in the remaining sectors and largely affect these markets via income
and substitution effects, i. e. demand spillovers. Thus it is likely that the macro effect will be larger than the initial
sectoral shock. This has also been shown by Guerrieri et al. (2020). Adopting a purely aggregate perspective,
would miss the fact that both sectors are affected differently from the lockdown. It would also be difficult to
capture factor immobility across sectors. Implicitly a pure macroeconomic perspective assume a high degree of
factor mobility across sectors.

Finally, the analysis of certain policy measures, such as VAT reductions will affect lockdown and non-affected
sectors differently. Since no production takes place in a lockdown sector VAT is ineffective for these sectors.
Whether it has a stabilising effect for other sectors depends on whether there are negative or positive spillovers
from the lockdown to these sectors.

In this paper we therefore take the sector specific nature of a lockdown into account by dividing the economy
into a sector which is directly affected by the lockdown and a sector which is only indirectly affected by the
lockdown via demand and income linkages. In the remainder of the paper, the sector directly affected by the
lockdown is denoted as sector one, and the remaining production sector is denoted as sector two. The lockdown
on sector one is implemented as a full closedown of production over a prespecified period t. This makes firms and
households subject to quantity constraints.

The lockdown shock is introduced as an indicator variable LD;. If the government decides to close down
specific branches LD; =1 for one period, output of sector one Ytlis restricted to zero. The production lockdown

implies zero demand for labour input in sector 1 and period ¢.
L =0. (44)

We further assume that labour is immobile across the two sectors. Capital is idle in period ¢t and we assume that
firms in sector 1 reduce their investment to zero. This can be regarded as a lower bound on investment in the

presence of capital mobility restrictions and leads to a reduction of the capital stock.
Ki = (1-0)Kj_y. (45)

Zero investment would be optimal in the absence of adjustment costs and capital immobility. With adjustment
costs investment would remain positive. However, because of liquidity constraints it is likely that firms directly
affected by the lockdown postpone their investment plans.

It is assumed that sector one produces consumer durables ID} and non-durables NDtl. Therefore a quantity

constraint on household decisions for durables and non-durables applies in period ¢
ID} = ND} =0. (46)

All other demand and savings decisions of the household are only subject to an (intertemporal) budget constraint.
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The household receives zero wage and capital income from sector 1

th L} =0, (47)

KK} = Py} — WL (48)

We further assume that wages in sector 1 are indexed to wages in the rest of the economy in the lockdown period.

. e. the level of wages entering the period after the lockdown is equal across both sectors (but allowed to diverge

from t + 1 onwards). Finally, since there is no market for good 1, its price is removed from the consumer price
index in period f.

P = P2. (49)

Figure 3 depicts the reaction of aggregate and sector specific variables due to a lockdown in 2Q. As can

be seen the lockdown shock lockdown reduces GDP by 9 percent, consumption by 12 percent and investment

by 5 percent. Durable and non-durable consumption are both negatively affected by 13 and 11 percent. All

together our lockdown shock matches the actual development of the main aggregates compared to 1Q2020 well.

Other components as the production of the affected and non-affected sectors or the consumption of unconstraint
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Figure 3: Unexpected lockdown shock in 2Q and 4Q with (blue) and without (red) an unexpected VAT rate
reduction by 3 pp (Q3-Q4)

and constraint households are not comparable to observed time series. But by means of our model structure
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the potential reactions consistent with the aggregate behavior can be simulated. We find that by definition
the lockdown shock reduces production in the affected sector by 100 percent. But also the production in the
non-affected sector is strongly reduced by 4 percent. This is an important result, because it legitimates broad
policy measures, that stabilize the demand also in the not directly (but indirectly) affected sector, as interest rate
cuts or the VAT reductions. Furthermore, the strong reduction in durable consumption provides further arguments

in favor of a VAT reduction that stimulate the demand for durables stronger than for non-durables.

4.3.2 Counterfactual simulations

In the second step we calculate target gaps that should be used as benchmark for our model simulations. "Target
gaps” are the empirical counterparts of the model simulations. Since for most macroeconomic variables data are
already available until the 3rd quarter 2020, we only have uncertainty regarding the correct empirical "steady state”
or trend value. In order to account for this uncertainty, we follow Christiano et al. (2015) and calculate max-min
ranges. Thereby, we compute for each variable of interest the linear trend from date x € {1991:Q1,...,2015:Q4}
to 2020:Q1. From last observation onward, the trend growth rate is extrapolated by an AR(1) process. We then
calculate the "target gaps”, i.e. the differences between actual and projected values at different time horizons.
Since their true values are not known, we construct the min-max range of the computed gaps which should serve
as benchmark for our model predictions. In the second step, we conduct three distinct policy experiments. In the
first experiment we simulate the first lockdown shock in 2Q2020, the VAT reduction between 3Q2020:4Q2020
and finally the 2nd Lockdown shock in 4Q2020. We compare the results with the same simulated series without
the VAT reduction. In the second experiment we run the same simulations without the 2nd lockdown such that
we could measure how effective the VAT reduction would have been if the 2nd lockdown has not occurred. In
the third experiment, we add a simulation where the central bank is not limited by the zero lower bound but
operates according to a Taylor Rule. We compare the VAT reduction with this active rule-based monetary policy.
We assume that all shocks are unexpected in the period when they take place.?®

Policy Experiment I: How effective is the VAT reduction during the lockdown situations? Figure 4 depicts
the development of GDP, consumption, non-durable consumption, durable consumption, private investments,
the Debt-to-GDP ratio, CPI inflation, nominal interest rate and the ex-ante real interest rate.2® All variables
are represented in real terms and in form of target gaps, i.e. deviation from max-min trend range (blue shaded

area). We simulate two unexpected Lockdown shock in 2Q20202%7 and in 4Q2020 as benchmark without the

25The first lockdown and also the VAT shock, which was called the surprise feature of the German stimulus package, were not
expected. However, the assumption regarding the second lockdown is discussing because epidemiologist warned about a second wave
already in summer 2020. However, official economic forecasts from the government, research institutes, central banks did not include
it in their benchmark projection, but only in their risk analysis.

26See subsection A.2 in the Appendix for detailed data description.

2"More precisely, the lockdown started already in the last week of the 1st quarter. The two lockdowns have many elements in
common but they are not identical. Using mobility data a recent study by the Rossbach von Storch Institute shows that on average,
mobility and visits in retail stores were about 75% as much affected in the second compared to the first lockdown, when measured as
average over the second and fourth quarter. However temporary close downs in industry was stronger in the first lock down. Since the
drop in GDP and components in the first quarter is mainly related to the reduction in trade, especially with China and other Asian
countries. In order to concentrate on the pure lockdown effects we decided to start our analysis in the 2Q2020.
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VAT reduction (red line). Furthermore, we run a simulation where we include an unexpected VAT reduction in
3Q2020:4Q2020 (blue dashed line) into this setup.28 As can be seen this simulated series with all three shocks
traces back the empirically observed paths quite well. We can see that the VAT reduction in the short-run mainly
works through durable and non-durable consumption. It strongly increases durable consumption in 3Q2020 and
4Q2020, because the VAT change has reduced the rental price for durables (durable investment effect). The
VAT reducation propagates its largest effect in the 4th quarter, because here in addition to higher demand for
consumer durables, households also increase non-durable consumption in expectation for future price increases
(arbitrage effect). All together the VAT reduction raises real GDP by roughly 0.7 percent in comparison to the
steady state value. Total consumption increases in the short run by 1.9 percent and 1.5 percent in total (compared
to steady-state). In contrast to 'normal times’ private investment reduces slightly in the short- and medium-run,
mainly because the accommodating monetary policy response does not appear.

Besides analyzing the real economic effects it is noteworthy to have a short look at the CPI inflation as well as
public finance and the Debt-to-GDP ratio. In case of the CPI inflation rate we can see that the sharp drop in
2Q2020 is to some extend attributed to demand disruptions as consequence of the lockdown shock. But roughly
50 percent of the drop can be attributed to the VAT reduction. In terms of public finance, our model predicts that
the debt-to-GDP ratio increases by 5 percent in the first year.?? This can be explained by lower tax revenues.

However, due to its relative effectiveness the VAT change reduces the Debt-to-GDP ratio by 2 percentage points.

Policy Experiment Il: How does the 2nd Lockdown affects the Effectiveness of the VAT reduction In
the second policy experiment we simulate the model setup without the second lockdown shock. Figure 5 depicts
the relevant counterfactual simulated paths. There are three aspects noteworthy to mention: First, the timing
of the adjustment patterns for durable and non-durable consumption after the VAT reduction are very similar
to the first experiment. Durable consumption pushes the economy especially in the 3rd quarter, non-durable
consumption in the 4th quarter. Second, without the 2nd lockdown our model predicts that total consumption
and GDP increases above the (pre-crisis) steady-state value in the 4th quarter. Excluding the 2nd lockdown shock,

the annual GDP would have been lower due to the VAT reduction.

Policy experiment Ill: Could a VAT reduction mimic Montary Policy during the Lockdown? On the
one hand our simulations and robustness analysis have shown that the role of monetary policy is a key element
determining the effectiveness of VAT changes. On the other hand Correia et al. (2013) and D'Acunto et al. (2017)
show that VAT rate changes are a powerful instrument of fiscal policy if the monetary policy is restricted due to
the zero lower bound.

In a third policy experiment we explore this finding in case of a lockdown shock. We want to analyze to what

extent the VAT reduction is able to mimic a central bank reaction in case of the 1st lockdown shock. Therefore,

28The German government has announced the VAT reduction in the mid of June 2020. Thus, the last 2 weeks of 2Q2020 consumption
could also be affected by announcement effects which would shift consumption from 2Q2020 into 3Q2020.

29The simulated series is at the lower bound of the max-min range, because we do not consider further government discretionary
expenditures, e.g. Short-time work payments, financial aid for firms and households, additional government spending from the stimulus
package.
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we change our model simulation in two dimensions. First, we introduce a third counterfactual simulation where we
assume the central bank does not operate at the zero lower bound but follows a standard monetary policy rule a la
Taylor (1993) (yellow line). Second, in order to compare the the VAT effects with the effects of an immediate
rule-based central bank response we assume that also the VAT reduction is launched immediately, i.e. during the
lockdown in 2Q2020 (blue dashed). The third counterfactual series represents similar to our previous experiments
the response to the lockdown shock without VAT reduction in case the central bank operates at the zero lower
bound (red line).

Figure 6 shows the simulated series. Although this exercise is purely hypothetical, we still leave the max-min
range as benchmark. Furthermore, we extend the dynamic responses of output and private investments in the

affected and the non-affected sector.30

31 |n general our

The rule-based monetary policy reaction stipulates a nominal interest rate cut of 25 bp.
simulations show, that the VAT reduction is able to mimic the standardized central bank response to the lockdown
shock. GDP and total consumption react almost similar. If the VAT reduction lasts for two periods, it additionally
pushes durable consumption and lead to a sharp increase of GDP and consumption. However, there are differences
that are mainly driven by sector-specific reactions. Surely, both, the VAT reduction and the monetary policy

reaction cannot reduce the negative effects in the affected sector during the lockdown. Neither output nor

30For all four series we do not have empirical counterparts.

31In the specific situation of the lockdown shock it might be possible that standard Taylor Rule coefficients are not a realistic
description, but rather a policy with low interest rate smoothing. However, we decided to compare the VAT reduction with a standard
monetary policy response.
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investment demand are significantly lower in the lockdown period. But the interest rate cut has small but constant
positive effects in the subsequent periods. In the non-affected both instruments differ significantly. The interest
rate cut raises investments strongly and boosts production. Compared to this the VAT reduction has only small
direct effects on private investments and the production is less affected. Thus, to fully mimic central bank policy
additional general private investment support, e.g. via grants or change of the investment tax law, for all sectors

are necessary.

4.4 Temporary VAT Multipliers

Finally, we present a robust validation of temporary VAT multipliers and effects based on the different model

simulations. We calculate the tax multipliers for GDP:

th(:o AYiik
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Similarly, we calculate the effects on real consumption and real investments. Table 4 summarizes the results. In
general we distinguish between the upper block with the 1st year impact (k =4) and the lower block with the
cumulative 5-year (medium-term) multipliers (k = 20). In the first two lines of each block we add the multipliers
based on the benchmark calibration3? with and without durable goods from the general model for comparison.
Remind again that for simulations without the durable investment effect we confirm the result of the literature,
that the VAT reduction is not very effective, especially on impact. However, if we consider durable goods, the
effect becomes effective on impact and over the medium term. In the specific situation of the lockdown the

effectiveness of the VAT reduction reduces no matter of the duration....

Table 4: Multiplier - State dependence (PCM)

Frequency GDP Consumption Investment
(1) Impact multiplier (1st year)

w/o durables 0.35 0.37 -0.03
with durables 1.00 1.01 0.01
Lockdown, Taylor 0.86 0.87 -0.02
Lockdown, ZLB 1.07 1.08 -0.01
1st and 2nd Lockdown, ZLB 1.02 1.04 -0.02

Forced savings
State aid program
(2) Cumulative multiplier (after 5 years)

w/o durables 0.31 0.40 -0.08
with durables 1.24 1.14 0.10
Lockdown, Taylor 0.72 0.79 -0.07
Lockdown, ZLB 0.98 0.99 -0.02
1st and 2nd Lockdown, ZLB 0.88 0.92 -0.04

Forced savings
State aid program

32See Table 1
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5 Conclusion

In the aftermath of the first lockdown in June 2020 the German government decided to stimulate the economy via
a temporary VAT rate reduction. Right after its announcements a lively debate has started in Germany about the
advantages and disadvantage of this policy measure and its effectiveness during the pandemic situation.

This paper investigates the macroeconomic effects of a temporary VAT change in general and for the specific
case of Germany during partial lockdown situations. We start with an empirical assessment and use SVAR
idenitification and German National Official Statistics data as well as a narrative VAT revenue law series from
1Q1991:4Q2019 to estimate the average effects of VAT changes on durable and non-durable consumption. We
find robust evidence for strong positive immediate effects on consumer durables on average. For non-durables
the average VAT effect is significant but less intense. We thereby confirm results from the microeconometric
models (see Biittner and Madzharova (2017) ) within a macroeconomic framework. But their empirical model
does neither explain the channels at work nor does it account for the specific situations of the pandemics and
monetary policy at the zero lower bound. Therefore, we set up a DSGE model for Germany under a (partial)
lockdown and with monetary policy operating at the ZLB. We extend the model further by specific features as
durable and non-durable consumption, sectoral structure, imperfect VAT pass-through, which makes it especially
suitable to do both, analyzing the channels at work and applying the model to the specific situation of Germany.

We find that VAT reduction reduce the cost of living during the period of the reduction (income effect) and
agents shift consumption forward (substitution effect). In 'normal times' and without distinguishing between
durable and non-durable consumption both effects are relatively small. Incorporating consumer durables and
non-durables in the model increases the effectiveness of a temporary VAT reduction significantly. In this case the
VAT reduction directly reduces the rental price of the durable good by a large amount (durable investment effect),
which leads to stronger intertemporal substitution. We find sizeable effects of VAT measures on consumption (esp.
durables) with a multiplier larger than one on GDP and can match well the main macroeconomic aggregates over
that period. Further we find that the effectiveness of the temporary VAT measure in normal times is strongly
influenced by the central bank behavior. A central bank policy with a strong interest rate smoothing accommodates
the impact effects of the temporary VAT reduction. An output growth target dampens the consumption effect of
the VAT change but increases its effect on investments. Furthermore, robustness tests of our model results over a
broad set of parameter ranges confirms our benchmark results regarding the strong durable investment effect.

In the next step we apply our model to the specific situation of Germany. Therefore, we match the model
to German time series data and show the impact of the two lockdown shocks and the VAT shock on relevant
macroeconomic aggregates in 2Q2020:4Q2020. In our simulation we take into account that both lockdowns and
the VAT reduction are unanticipated and simulate the total effect of the two lockdown shocks with and without
the VAT reduction. The difference between both scenarios yield the total effect of the VAT reduction.We find
that the VAT reduction in Germany between two lockdowns is more effective as in 'normal times’. The specific
situation of the zero lower bound and the 2nd lockdown rather increases the effectiveness of the VAT reduction.

We find in particular that the VAT reduction in the third quarter has led to a sharp increase in the demand for
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consumer durables, which is also the main transmission channel predicted by the model. Overall we find a VAT
multiplier which is larger than one.

Finally, we run a third experiment in order to investigate to what extent the VAT reduction is able to mimic
a central bank reaction in case of a lockdown shock. We find that for main aggregates the VAT reduction is
able to mimic the standardized central bank response during a lockdown. GDP and total consumption react
almost similar. If the VAT reduction lasts for two periods, it additionally pushes durable consumption and lead
to a sharp increase of GDP and consumption. However, there are differences, mainly driven by sector-specific
reactions. In the non-affected sector investment effects of both instruments differ significantly from each other.
The interest rate cut raises investments strongly and boosts production. Compared to the monetary policy reaction
the VAT reduction has only small direct effects on private investments and the production is less affected. Thus,
to fully mimic central bank policy additional general private investment support, e.g. via grants or change of the

investment tax law, are necessary.
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Appendix

A Data

A.1 Historical VAT tax law changes in Germany

Table 5: Legislative Changes of the VAT Tax in Germany, 1Q1990-4Q2019

Date Title Announcement  Resolution ~ Volume (annually, in bn )€ Duration
30/03/1990  2nd VAT change law 1Q1990 2Q1990 -0.118 permanent
18/05/1990 Temporary VAT cut claim 2Q1990 3Q1990 -0.358 2Q1991
25/02/1992 VAT increase 14% to 15% 1Q1992 1Q1993 +6.204 permanent
25/08/1992 VAT single market law 3Q1992 3Q1992 -0.284 permanent
21/12/1993 VAT law change 1993 4Q1993 4Q1993 -0.432 permanent
09/08/1994 VAT law change 1994 3Q1994 1Q1995 -0.056 permanent
19/12/1997 VAT increase 15% to 16% 4Q1997 1Q1998 +5.778 permanent
24/03/1999  Tax reduction law 1999 1Q1999 2Q1999 +1.674 permanent
20/12/2001 Tax evasion law 2001 4Q2001 4Q2001 +2.500 permanent
15/12/2003  Tax law change 2003 4Q2003 1Q2004 +0.312 permanent
23/04 /2004 Interim VAT law change 2Q2004 2Q2004 -0.090 4Q2004
21/07,/2004 Interim VAT law change 3Q2004 3Q2004 -0.250 1Q2006
26/4/2006 Tax relief of growth end employment 2Q2006 3Q2006 -1.230 1Q2007
26/4/2006 Tax relief of growth end employment 2Q2006 1Q2007 -0.250 1Q2008
29/6,/2006 VAT increase 16% to 19% 2Q2006 1Q2007 +22.946 permanent
19/12/2008 Tax law 2009 4Q2008 1Q2009 -0.185 permanent
22/12/2009  Acclerating growth law 4Q2009 1Q2010 -0.945 permanent
08/04/2010  Tax law change 2010 2Q2010 3Q2010 +0.300 permanent
08/04/2010  Tax law change 2010 2Q2010 3Q2010 +0.300 permanent

Source: German federal government, German Ministry of Finance

A.2 Data description

Gross Domestic Product: Federal Statistic Office, National Accounts Statistics, Series 18 1.2, Gross Domestic
Product, price-adjusted (chain-linked volume), seasonally-adjusted, 1Q1991-3Q2020.

Consumption: Federal Statistic Office, National Accounts Statistics, Series 18 1.2, Private Consumption, price-
adjusted (chain-linked volume), seasonally-adjusted, 1Q1991-3Q2020.

Expandable consumption: Federal Statistic Office, National Accounts Statistics, Series 18 1.2: Private Consump-
tion and Disposable Income, Expandable Consumption, price-adjusted (chain-linked volume), seasonally-adjusted,
1Q1991-3Q2020.

Short-lived consumption: Federal Statistic Office, National Accounts Statistics, Series 18 1.2: Short-lived Consump-
tion and Disposable Income, Expandable Consumption, price-adjusted (chain-linked volume), seasonally-adjusted,
1Q1991-3Q2020.

Long-lived consumption: Federal Statistic Office, National Accounts Statistics, Series 18 1.2: Private Consump-
tion and Disposable Income, Long-lived Consumption, price-adjusted (chain-linked volume), seasonally-adjusted,
1Q1991-3Q2020.

Services: Federal Statistic Office, National Accounts Statistics, Series 18 1.2: Private Consumption and Disposable
Income, Services, price-adjusted (chain-linked volume), seasonally-adjusted, 1Q1991-3Q2020.

Non-durable consumption: Expandable consumption + Services.

Durable consumption: Short-lived consumption + long-lived consumption.

Private investments: Federal Statistic Office, National Accounts Statistics, Series 18 1.2, Non-governmental
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investments, price-adjusted (chain-linked volume), seasonally-adjusted, 1Q1991-3Q2020.

CPI inflation rate: Federal Statistic Office, National Accounts Statistics, Series 18 1.2, Private consumption price
deflator, price-adjusted (chain-linked volume), seasonally-adjusted, 1Q1991-3Q2020.

Nominal interest rate: FRED, Immediate Rates: Less than 24 Hours: Call Money/Interbank Rate for Germany,
1Q1991-3Q2020.

Ex-ante real interest rate: Nominal interest rate - CPI inflation rate.

B SVAR approach

Our baseline VAR specification is

Xy =A(L,q)X;—1 + U (51)

where X; = [Ttv”t,Gt,Cﬂ’ is a three dimensional vector with the logarithm of tax revenues, public consumption
and specific private consumption all in real terms. A(L,q) is a four-quarter distributed lag polynomial and U; is a
corresponding vector of reduced form residuals which in general have non-zero cross correlations.

The reduced form residual vector has little economic significance because its elements are linear combinations of
the structural VAT, public and private consumption shocks. Therefore, we use micro-level evidence for estimating
the tax elasticity for durable and non-durable consumption. Here we follow who found a VAT elasticity between
0.9 and 1.4 for total consumption and 0.005 for public consumption. Bach et al. (2006) estimate steady-state
VAT elasticities for different consumption groups. They report tax elasticities above 2 for the group of furnishing,
household equipment, transport, education, which with the exception of education all belong to the segment how
we define consumer durables.33 Bach et al. (2006) also reports steady-state tax elasticities from a microsimulation
model for Germany. They find above one elasticities for health (1.3) and recreation (1.1) which also counts partly
to consumer durables. Non-duable goods have rather below one elasticities, as food (0.5), beverages (0.05),
clothing (0.96), water (0.59), fuels (0.41), communication (0.40), restaurants (0.98), only the financial services
(1.3) has above unity elasticities. Housing (0.8) is a special case, because the acquisition of housing and land
is not recorded as a consumer durable in the national accounts but as investment. Housing services consumed
and produced by households living in dwellings owned by them are reflected in household consumption as services.
Weighting the tax elasticities with the consumption gives 1.76 for durable consumption and 0.8 for non-durable

consumption:

1 —-0.005 a3 bip O 0
A=10 1 0|, B=|by1 bap 0|,
0 asp 1 bs; 0 b33
where we set 713 = —1.76 in case of durable and @;3 = —0.8 in case of non-durable consumption goods.

33Consumer durable goods include furniture and household appliances (including kitchen equipment), personal transport equipment
(i.e. vehicles), recreational and entertainment goods (including computers and communications equipment), other goods such as
jewellery, clocks and watches, and therapeutic medical appliances and equipment. See Casalis and Krustev (2020).
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We control for the German reunification between 1Q1991 to 4Q1992 and the financial crisis between 4Q2008
and 2Q2009 and consider seasonal dummy variables for each quarter. Further, we control for the time between
announcement and implementation by considering the expected tax revenue change, this is the difference between
announced and actual revenue change, as an exogenous variable. We estimate the model with 4 lags and a linear
as well as a quadratic trend.

In our alternative VAR specification, instead of the full VAT revenue series, which may consider endogenous
reactions of the VAT revenue, we consider only the expected VAT revenue changes due to adjustments of the VAT

tax law as an exogenous instrument.
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