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Abstract

We exploit Germany’s temporary three-percentage-point VAT cut in the second
half of 2020 to study the spending response to unconventional fiscal policy. We use
survey and scanner data on household consumption expenditures and their perceived
pass-through of the tax change into prices, and a HANK model to quantify the effects of
this VAT policy. The survey and scanner data show that the temporary VAT reduction
led to a relative increase in durable and, to a lesser extent, semi-durable spending for
individuals with high perceived pass-through. According to the HANK model, the VAT

policy increased total aggregate consumption spending by 4.4 percent on impact.
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Changes in the VAT and sales taxes are salient. The causal chain is comprehensible

to the average consumer. The news is actionable. Valerie Ramey, 2021

1 Introduction

Monetary policy is often considered the preferred tool for stabilizing business cycles because it
can be implemented swiftly and because it does not rely on large fiscal multipliers to stimulate
aggregate demand. When the effective lower bound (ELB) on nominal interest rates limits
the effectiveness of conventional monetary policy, alternative policy measures are needed.
Unconventional fiscal policy uses changes in consumption taxes to engineer an increasing path
of consumer goods prices, either through pre-announced permanent increases or immediate
temporary reductions. With nominal interest rates fixed at the ELB, unconventional fiscal
policy acts as a potential stimulus because higher expected future prices are tantamount to
lower current real interest rates, which should incentivize consumption spending today.

Thus, the theoretical channel through which unconventional fiscal policy stimulates
aggregate consumption expenditure is very similar to the transmission channel of conventional
monetary policy and operates through the consumption Euler equation, that is, through
changing intertemporal prices.! In addition to changing intertemporal trade-offs, a temporary
VAT cut might also have positive income effects for consumers, depending on the strength
of Ricardian equivalence forces. Unlike conventional and unconventional monetary policy,
unconventional fiscal policy is salient, and its causal chain is comprehensible to the average
consumer, who can act on it by adjusting the timing of purchases (Ramey, 2021). It can also be
effective when agents do not have rational expectations (Bianchi-Vimercati, Eichenbaum, and
Guerreiro, 2024), unlike forward guidance, whose effectiveness requires people to make very
forward-looking decisions. All of the above—salience, comprehensibility, and actionability—
would suggest the estimated effects of unconventional fiscal policy on consumption are larger
than those documented for monetary policy, but so far, empirical quantification of these
effects remains scarce simply because it has not been tried often.

We exploit the temporary cut of the value-added tax (VAT) rate by the German federal
government in the summer of 2020 to study the consumption spending effects and transmission
channels of unconventional fiscal policy. This measure was passed into law on June 29th, 2020,
became effective a few days later on July 1st, 2020, and lasted until December 31st, 2020. Using
survey methods, scanner data, and a heterogeneous agent New Keynesian (HANK) model,
we find that Germans substantially increased their consumption expenditures, especially on

durable goods, during the period of lower VAT.

1See Shapiro (1991), Feldstein (2002), Hall (2011), Correia, Farhi, Nicolini, and Teles (2013), D’Acunto,
Hoang, and Weber (2018, 2022), and Seidl and Seyrich (2023).



Both the intertemporal substitution and the positive income effect on consumers of a
temporary VAT cut are only operative to the extent that retailers pass the lower taxes on to
consumer prices.> We do not investigate this first part of the transmission chain of VAT cuts,
but the literature has provided ample evidence of it.3

The literature evaluating the consumption response to temporary VAT cuts and their
stimulative and distributional consequences is scant, partly because the idea of unconventional
fiscal policy is relatively new and partly because the quantification of its effects requires
appropriate data. Investigating the effects of unconventional fiscal policy on consumption
expenditures poses three empirical challenges. First, in principle, changes in the VAT rate
affect all consumers in an economy. Second, especially to study distributional effects and
transmission mechanisms, the econometrician needs to observe households’ consumption
in conjunction with a large set of potential determinants of households’ spending such as
income and, ideally, expectations. Third, she needs to isolate a measure of unconventional
fiscal policy. Generic VAT or sales tax changes do not qualify. Moreover, the VAT policy
should not trigger a countervailing change in nominal central bank interest rates so that the
temporary VAT cut and the resulting increasing price path lead to lower real interest rates,
which reduce households’ saving motives and increase their consumption. Therefore, studying
a temporary VAT cut at the ELB is particularly promising.

The specific time period during which the VAT cut occurred poses additional challenges.
During the second half of 2020, Germany was in the middle of the Covid-19 pandemic and an
accompanying recession. The stated purpose of the VAT policy was, therefore, to stimulate
the German economy. It was part of a larger stimulus package, which also included, for
instance, a direct transfer payment for families with children and tax relief measures for
firms. Finally, the second half of any year exhibits particular seasonal spending patterns (e.g.,
summer vacations and Christmas).

We propose household-level data, in particular surveys, to overcome these multiple chal-

lenges. We elicit both (quantitative) spending data and information on the households’ sub-

20f course, even when the VAT cut is not passed through, there is an (expected) income effect through
increased profits. Due to a lack of data, we cannot address this profit channel directly. However, we show
empirically that the effect of the VAT policy is mostly driven by low-wealth households, who are less likely to
hold stocks, making it unlikely the profit channel is quantitatively strong. This finding is consistent with the
fact that, in Germany, only a small share of the population owns stocks, even indirectly, which means that
profits accrue only to a small minority.

3Fuest, Neumeier, and Stéhlker (2020) show this pass-through for retail prices, and Deutsche Bundesbank
(2020) and Egner (2021) for aggregate consumer price inflation. Moreover, consistent with theory, pass-through
was stronger in more competitive industries, as Montag, Sagimuldina, and Schnitzer (2021) show for gasoline
prices. Similarly, Biittner and Madzharova (2021) find full pass-through into prices for earlier VAT changes,
specifically for household durables, albeit mostly for VAT increases. Blundell (2009) discusses the international
evidence and documents similarly high pass-through.



jective perception of the temporary VAT cut. Surveys also provide us with socio-demographic
information and allow us to elicit psychological household characteristics and expectations,
which serves four functions. First, we show households’ subjective perceptions of the tem-
porary VAT cut, which are central to our first estimation strategy, are largely independent
of household characteristics and expectations that could determine their spending patterns.
Second, socio-demographic information and psychological household characteristics help us
understand the mechanisms through which unconventional fiscal policy works. Third, we
combine our consumption data with data about the expected pandemic duration and, from
additional sources, the regional Covid-19 exposure and the stringency of non-pharmaceutical
policy interventions as suggestive evidence that our results are likely to have validity beyond
the specific Covid-19 setting. Fourth, although they are a relatively new empirical tool for
macroeconomists, surveys are particularly useful for studying the effects of direct and salient
policy measures by leveraging subjective beliefs and perceptions about them for empirical
identification.

Specifically, our analysis proceeds in two steps. First, from an ex-ante perspective, we
elicited in July of 2020 qualitative spending plans for durables for the second half of 2020
and the level of informedness about the change in VAT. Most consumers knew about the cut
in VAT, but only a subset of them knew about the return to normal rates in January 2021.
We split survey participants into those who were informed about the complete VAT path
and others. We argue that only the former group, the treated group, had an intertemporal
substitution motive, whereas the others constitute our control group. Comparing the spending
plans of the two groups, we establish the existence of statistically and economically significant
VAT-induced intertemporal substitution in durable consumption expenditures. The change
in VAT policy made fully informed households about 10 percentage points more likely to
increase durable purchases relative to the second half of a normal year and relative to the
not fully informed households.

Second, from an ex-post perspective, we asked survey participants in January of 2021
about their realized quantitative durable consumption spending during the second half of
2020. We supplement the survey data for durables with scanner data covering spending
on semi-durables and non-durables. We can also separate survey respondents according to
their retrospectively perceived pass-through of the VAT cut to consumer prices. Consumers
who do not believe that after-tax prices have changed have again no motive to engage in
intertemporal substitution in consumption. They do not perceive an income effect, either.
Therefore, by comparing the spending behavior of consumer groups with different degrees of
perceived VAT pass-through as treated and control groups, we can identify the causal effect

of the VAT policy on consumption spending.



To demonstrate formally that these two empirical approaches work, we introduce in a
simple two-period consumption-saving model with durable and non-durable consumption
heterogeneity of agents according to: i) their perceived duration of the VAT cut (ex-ante
approach) and ii) their perceived pass-through (ex-post approach). With the help of this
setup, we show that after the VAT cut, it is particularly the durable consumption decision
for the treated group that is elevated relative to the control group.

More generally, we believe that combining ex-ante and ex-post surveys with scanner
data, that is, using both information about expected and actual behavior in response to an
economic policy measure, is a good way to evaluate that policy measure because it brings
in evidence from several independent perspectives that can help to corroborate each other.
For instance, the findings from the ex-ante approach suggest the way a temporary VAT cut
works is not merely the result of a mechanical market process, but that there exists a link
between people’s knowledge of the policy and its efficacy.

In our data, we find that the temporary VAT cut led to a substantial relative increase in
durable spending. Households with a high perceived pass-through spent about 37 percent
more than those with low or no perceived pass-through based on our preferred estimate.
Semi-durable spending was 10 percent higher for households that perceived a high pass-
through relative to other households. Non-durable consumption spending had a positive but
statistically insignificant reaction. That is, the VAT policy effect is increasing in the durability
of the consumption good, consistent with the consumption Euler equation in models with
both durables and non-durables. We also find that the effect of the VAT policy, in particular
for more durable goods, increases over time and is highest right before the reversal of the VAT
rate (see McKay and Wieland, 2021, for similar effects from monetary policy). Finally, for
durable consumption expenditures, we also find direct evidence of intertemporal substitution
in that consumers who perceived a high VAT pass-through report in January 2021 that they
plan to spend less on durables in the upcoming compared to the preceding half year.*

In the cross-section, two not necessarily overlapping groups of consumers drive the durable
spending response: first, bargain hunters, i.e., households that self-report to shop around, or
households that, in a survey experiment, turn out to be particularly price sensitive; second,
younger households in a relatively weak financial situation. We also find no evidence that
households’ perceived credit constraints matter, nor their exposure to Covid-19. Finally,

the stabilization success of the temporary VAT cut is related to its simplicity (D’Acunto,

4Bachmann et al. (2023) show that after downward trends in the first half of 2020, aggregate durable
(semi-durable) expenditures in Germany exceeded (reached) pre-crisis levels, only to fall again in early 2021.
Figure B.1 in Appendix B shows that these aggregate dynamics were mostly driven by quantities. Indeed,
the stimulus effect is somewhat stronger for real durable (semi-durable) expenditures. This pattern suggests
the effects of the temporary VAT cut we find are real phenomena and not simply due to repricing.



Hoang, Paloviita, and Weber, 2021; Andre, Pizzinelli, Roth, and Wohlfart, 2022). Its effect
is not concentrated on households that are particularly financially literate or have long
planning horizons for saving and consumption decisions. Hence, in contrast to unconventional
monetary policy, which often relies on consumer sophistication (see, e.g., Farhi and Werning,
2019; Woodford, 2019; Gabaix, 2020, for the case of forward guidance), unconventional fiscal
policy succeeds in stimulating aggregate consumption spending across a diverse spectrum
of households. These results provide empirical support for the argument that salience,
comprehensibility, and actionability are important features of successful stabilization policies.

Our findings have potential shortcomings: First, the GfK survey, from which we draw
our main result on durable goods spending, captures on average only somewhat over 60
percent of the durable goods spending per household from the national accounts statistics.
We conjecture that this difference is explained by car purchases, which may be difficult to
capture well in the survey, because they are rare (see Bachmann et al., 2025, Table A.3).
However, to the extent that the response of car purchases to VAT changes is similar to that
of other durable goods, this limitation is likely immaterial. Second, while repricing may not
have driven the results in this particular instance, as we discuss in more detail in Footnote 4,
it may become a concern if this policy were to be used more frequently.

Furthermore, treatment-control setups cannot capture potential general equilibrium and
endogenous monetary and fiscal policy reactions to the VAT policy, the “missing intercept”-
problem. We, therefore, combine our empirical results from survey data with a HANK model,
to which we add a distinction between non-durable and durable consumption. Specifically, we
use the Bayer, Born, and Luetticke (2024a) HANK framework, which features both nominal
price and wage rigidities. It is particularly suitable for our purposes because it allows us to
reformulate their two-asset choice between liquid financial assets and illiquid physical capital
as a choice between liquid financial assets and illiquid durable consumption goods. Moreover,
a certain fraction of households, calibrated to the data, perceive a high pass-through of the
VAT cut, whereas the other households do not perceive a VAT cut at all. Purchases of
durable goods are subject to a Calvo (1983)-friction, which is calibrated so that the model
replicates our baseline ex-post regression result, that is, very direct microevidence of how
households react to a temporary VAT cut: Households with a high perceived pass-through
spent about 37 percent more than those with low or no perceived pass-through. So calibrated,
the model produces an impact effect of the VAT cut of plus 4.4 percent in total consumption.
The total consumption impact multiplier is 3.2, and the cumulative multiplier after two
years is 1.8. These numbers hold under the ELB; and between the two assumed nominal
rigidities, we show price stickiness to be quantitatively more relevant for the stimulative effect

on consumption. The effects are substantially mitigated in a counterfactual simulation of the



model with a Taylor rule. We find that the VAT policy mostly works through its direct effect,
holding equilibrium objects constant, and through intertemporal substitution. Finally, we
show the VAT policy provides a more powerful stimulus to the economy than a comparably

designed interest rate cut.

Literature. We add to the literature in that we study the quantitative and qualitative,
aggregate and distributional consumption responses to temporary VAT cuts, as well as the
transmission mechanism, both with an ex-ante and with an ex-post approach, using survey
and scanner data and using different sources of cross-sectional variation. We also add to the
literature by combining these empirical approaches with a quantitative HANK model. Our
policy experiment is the first explicit use of VAT changes as a measure of unconventional
fiscal policy. Other episodes studied in the recent literature exploit VAT policy changes
that generally had other policy objectives. Importantly, our empirical strategy of using
different groups of households within a country as treated and control groups avoids using
other countries with their potentially idiosyncratic economic and pandemic developments as
the control group. In addition, relative to studies using several pre-announced, temporary
changes in sales taxes, it avoids a staggered event study design, which has recently been
criticized by Orchard, Ramey, and Wieland (2025), given that households in the control
group might become treated subsequently, which biases estimates of the treatment effects.
Finally, using surveys allows us to leverage expectation data and thus makes possible the
ex-ante approach as a complement to the usual ex-post evaluations.?

In contrast to our paper, D’Acunto, Hoang, and Weber (2022) exploit a pre-announced,
permanent increase in the German VAT to study the qualitative consumption response of
German consumers relative to observationally similar households across European countries
in a matching difference-in-differences identification design. The policy was implemented to
adhere to European fiscal rules. Cashin and Unayama (2021) study also a pre-announced
increase in the Japanese VAT, using quantitative consumption data, to estimate the intertem-
poral elasticity of substitution. The policy in Japan was postponed several times and it was
uncertain if and when it would ultimately be implemented. Crossley, Low, and Sleeman
(2014) study the 2008 surprise temporary VAT cut in the UK using other European countries
as a control group. We argue that, in our case, with heterogeneous macroeconomic and
pandemic conditions across countries, identification from different groups of households within

a country is more suitable.

®One such paper that uses surveys for ex-post evaluation is Broda and Parker (2014), which studies the
effect of the U.S. 2008 stimulus payments on consumption, adding an evaluative survey to the Nielsen consumer
panel. By contrast, we use both an ex-ante and an ex-post survey. For a general review of survey-based
research in macroeconomics and how households form and make use of their subjective expectations for
economic choices, see Weber et al. (2022), D’Acunto et al. (2023), and D’Acunto and Weber (2024).



Biittner and Madzharova (2021) study VAT changes at the national level but with a
focus on unit sales of a small subset of durables, namely, household appliances. By contrast,
Baker, Kueng, McGranahan, and Melzer (2019) and Baker, Johnson, and Kueng (2021)
study permanent sales tax changes at the sub-national level, the former focusing on car
sales. Finally, Agarwal, Marwell, and McGranahan (2017) focus on temporary (with a typical
duration of three to seven days) and pre-announced sales tax holidays at the sub-national level
for a specific subset of goods, and Agarwal, Ghosh, and Zhang (2025) study the consumption
response around a national VAT reform in India. Koeniger and Kress (2024) study the same
VAT policy event as this paper, using credit and debit card expenditure data and Austria as
the control group. They also show that spending increased during the second half of 2020,
with a larger increase for durable goods towards the end of the year. Bachmann, Bayer, and
Kornejew (2021), Behringer, Dullien, and Gechert (2021), and Fuest, Neumeier, and Peichl
(2021) provide non-causal descriptive evidence, broadly in line with ours, regarding the 2020
VAT policy.

As far as quantitative theory approaches studying the effects of a temporary VAT cut
are concerned, we are closest to the following four papers: Parodi (2023) uses a structural
partial equilibrium OLG model with durables and non-durables, estimated on Italian data,
to evaluate the effects of a hypothetical temporary VAT cut. Seidl and Seyrich (2023) study
the replicability of monetary policy through unconventional fiscal policy in a HANK setup
but do not distinguish between durable and non-durable consumption, which we show to be
empirically important. Clemens and Roger (2022) study the German VAT policy of 2020 in
a TANK setup but do not discipline their model with identified micro evidence. Similarly,
Bartal and Becard (2024) do not discipline their HANK model with direct microevidence
on the consumption reaction to a temporary VAT cut, and also only have a stylized form of
durable consumption goods.

In terms of quantitative environments, we build on Bayer, Luetticke, Pham-Dao, and
Tjaden (2019), Bayer, Born, and Luetticke (2023a, 2024a), Bayer, Born, Luetticke, and
Miiller (2023b), and Bayer, Kriwoluzky, Miiller, and Seyrich (2024b) for the HANK side and
Berger and Vavra (2015), McKay and Wieland (2021, 2022), and Orchard et al. (2025) for
the modeling of durable goods.

2 Background and data

In this section, we first provide a narrative background on the VAT policy and its unexpect-
edness. Next, we use a simple two-period consumption-saving model to demonstrate formally
the mechanisms of our ex-ante and ex-post empirical approaches. We end the section with a

description of the datasets we use.



2.1 Narrative background

After the surge in Covid-19 cases in the winter and spring of 2020, the German government
imposed substantial restrictions on daily life and business activities, resulting in a sharp
economic contraction. To alleviate the economic costs on households and firms, the government
announced in June of 2020 a second large-scale economic rescue package (“Zweites Corona-
Steuerhilfegesetz”), which, unlike the first rescue package in March 2020, also included
measures directed at households. A central part of the package was a temporary cut in
general VAT, which was unexpectedly announced on June 3rd, 2020. The announcement was
passed into law on June 29th, 2020, became effective a few days later on July 1st, 2020, and
lasted until December 31st, 2020.

Figure 1 provides evidence that the VAT was not on top of Germans’ minds before the
announcement of the temporary decrease. If German households had expected the temporary
decrease, they might have postponed purchases to the lower VAT period. However, as Figure
1 shows, postponement of part of June 2020 purchases is a potential concern. Three features
of the specific policy setting and our estimation strategy should alleviate this cocnern. First,
while June 3rd was the day of the political announcement of the VAT policy, it was not
passed into law until the end of the month. What is more, during the month of June, an
intense political and academic debate about it took place related to its unprecedentedness in
Germany. It is, therefore, reasonable to assume that consumers, in the month of June, could
not be sure that it would be passed into law as announced. Second, since most of our results
stem from durable goods purchases, particularly large-ticket items, which are well known to
be subject to adjustment costs, at least in the very short run, we do not see much room for
this postponement effect. Third, and most importantly, postponement is less of a concern for
us because, in both our ex-ante and ex-post approaches, the treatment and the control group
would have had a similar incentive to postpone spending to the lower VAT period.

Furthermore, officials emphasized the temporary nature of the VAT cut strongly in their
public communication and made it clear that an extension of the policy would not happen.
For example, in an official communique on June 29, 2020, the German federal government
explained the reason why the VAT cut would be temporary “The siz-month time limit is
necessary in order to quickly incentivize purchases and provide an economic boost. In the
second half of 2020, the tazx cut will also provide an additional incentive for large purchases
in particular. “The aim is for people to make a potential purchase decision now and not
put it off until next year or the year after,” says Federal Minister of Finance Olaf Scholz.”
(Bundesregierung, 2020).

As part of the “Zweites Corona-Steuerhilfegesetz”, the regular VAT rate was cut by 3

percentage points from 19 percent to 16 percent. Germany also has a reduced VAT rate, which



Figure 1: Google searches for “Mehrwertsteuer” (i.e., VAT)
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Notes: Google searches for “Mehrwertsteuer”, the German word for value-added tax, before, during, and
after the temporary cut in VAT in July 2020. Numbers represent search interest relative to the highest point
on the chart for the given region and time.

was cut by 2 percentage points from 7 percent to 5 percent. The reduced VAT rate applies to
products such as books, take-away food, etc. The standard VAT rate, in expenditure terms,
applies to roughly half of the German consumption basket, with the reduced rate to just
under 20 percent. The rest, mostly rent payments, is not subject to VAT (see Egner, 2021).
In Germany, the VAT is a federal tax.

2.2 A simple two-period consumption-saving model

We next provide some intuition of how unconventional fiscal policy works and why we
should expect to find its effects most likely in spending data on durable goods. Suppose
that a household receives flow utility from non-durable consumption, C}, and a stock of
durable goods, D;: U(Cy, Dy).® The flow utility function has standard properties, and the
future is discounted by the factor 0 < § < 1. The household receives a flow of real income
each period, Y;, and enters the period with a stock of nominal financial assets, B;, which
offer a nominal gross return, R;. Let P, denote the price of goods. The stock of durables
depreciates at rate 0 < § < 1, rendering § an (inverse) measure of durability. A potentially
time-varying consumption tax, 77, also exists. The flow budget constraint is then given
by: By + (1 +7F) % (PCy+ P (Dy — Dy—1) + 6P,Dy_1) < B,Y; + RyB;. Denoting the gross

inflation rate as m; = P,/ P,_1, the first-order conditions are:

Uc(Cy, Dy) _ gl (1+7)
Uc(Ciy1, Diyr) e (14 78)

: (1)

6These considerations are meant to be illustrative, which is why we abstract from uncertainty, adjustment
costs, and relative price movements between durable and non-durable goods. We use a more realistic model
for our quantitative analysis in Section 4. 9
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where Us and Up are the usual derivatives of the flow utility function.

The intertemporal Euler equation (1) shows that policymakers can stimulate current
aggregate demand through decreases in nominal interest rates (conventional monetary policy),
increases in expected inflation (unconventional monetary policy), or decreases in current
consumption taxes relative to future consumption taxes (unconventional fiscal policy). The
intratemporal Euler equation (2) shows that these policies have a stronger impact the more
durable (i.e., the smaller is §) a consumption good is. Put differently, durable consumption
expenditures should be more consumption-tax sensitive than expenditures on non-durables.

For our research question, we do not need to structurally estimate the system of Euler
equations above, but they help us understand, first, the similarity between unconventional
fiscal policy and conventional /unconventional monetary policy and, second, why researchers
should investigate durable goods purchases to find potential effects of unconventional fiscal
policy, which is what we are after in this paper.

We can make further progress by specializing the general consumption-saving model
above to two periods and deriving explicit demand functions. To be concrete, we assume a

household has the following intertemporal utility function
U(Cl, Dl, CQ, Dg) = (1 — 9) IOg 01 + Hlog D1 + 6 [(1 — 0) 10g 02 + Glog DQ] s (3)

where 6 parameterizes the relative importance of durables in the flow utility function.

The two flow budget constraints for the household are given by’

(1 + Tc(l — €1V1))P1C1 + (1 + Tc(l — €1V1))P1D1 + B = P1Y > (4)
(1 -+ TC(]_ — EQVQ))PQCQ + (1 + TC(]_ — 821/2))P2<D2 — (]. — (5>D1) = PQY + RB . (5)

We assume that the household has neither initial asset or debt holdings nor an initial stock
of durable goods and that its real income, Y, is constant across the two periods. These
assumptions simplify notation slightly but are of no material relevance. The €’s parameterize
a VAT cut: If 1 > 0 and e = 0, there is a (perceived) temporary VAT cut; if 61 = €9 > 0,
there is a permanent VAT cut. The v’s capture (perceived) pass-through of the VAT cuts.

Finally, 7¢ parameterizes the baseline VAT rate.

“Our argument also holds for the alternative timing assumption in which a household purchases the stock
of durable goods of period 2 in period 1. Notation-wise, however, our current timing assumption is simpler
and thus better suited to our illustrative purposes.

10



Next, we will derive five sets of demand functions containing first-period non-durable and
durable consumption, see Appendix A. The first set of demand functions, CPZ, DBL captures
the baseline case of no VAT cut, that is, €1 = e5 = 0. For the next two sets of demand
functions, we will abstract from the issue of pass-through, set v; = v, = 1, and derive C{, Df
for the case of €1 > 0 and €5 = 0, that is, the demand functions for households that are fully
informed of the temporary nature of the VAT cut. We then compare these demand functions
with CNT DN for the case of €; = g9 > 0, that is, the demand functions for households that
think the VAT cut is not taken back in the next period. In the final two sets of demand
functions, we stick to a temporary VAT cut, 1 > 0 and €5 = 0, and compare the demand
functions, C¥', D, of those households that perceive strictly positive pass-through, v; > 0,

with the demand functions, CIV?, DNP | of those households that perceive no pass-through,

Vv = 0.
Proposition. Denoting m = % and as long as 0 < 1, i.e., the D’s are true durables, we get:
cf _ oM _ D 14qc
1. ohr = ¢bt = DPT = Tire—ay > 1
9 D{ B (1+TC)(R—(1—5)7r) < 1ire B D{VI
. BL — c(1— - BL
b (1+7—C)(R—(1—§)7r)—517'5R Lre(=en) Dy
DP (1+7°) (R—(1—5)7r> c cP
3' DI\}P = > 1+ cl+T = ]\1IP > 1
] T¢(l—eqv1) Cy

(1+7¢) (R*(l*&)ﬁ) —e11 TR

4. The inequalities in Parts 2 and 3 increase in the distance of § from 1, that is, in the
durability of the good.

Proof: Appendix A.
The first part of the proposition says that after a temporary VAT cut, both the fully

informed and the non-informed will increase their non-durable consumption demand equally
relative to the baseline case with no VAT cut. The durable demand for the non-informed
will increase by the same amount. By contrast, the second part of the proposition shows
that the durable demand for the informed increases by more than that of the non-informed
households. Finally, the third part of the proposition shows that demand for those households
that perceive a pass-through is higher than that of the households that do not perceive a
pass-through, and this relative difference is larger for durable goods.

First, these results mean that our empirical approach’s focus on durable goods to detect
the effect of a temporary VAT cut is justified. Second, our two estimation approaches are
valid. The ex-ante approach relies on part 2 of the proposition, and the ex-post approach
relies on part 3. Our results on the effect of the VAT cut along the durability dimension are

consistent with part 4.
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2.3 Data and data treatment

To implement our ex-ante estimation approach, we added supplementary questions to the
July 2020 wave of the Bundesbank Online Household Panel (BOP-HH), which, with well
over 2,000 survey participants, is representative of the German population, 16 years or older
with internet access (Beckmann and Schmidt, 2020); see also Table B.1 in the appendix for a
comparison with the German microcensus. The survey has been running monthly since April
2020 and focuses on eliciting subjective expectations.®

To implement our ex-post estimation approach, we make use of two separate surveys.
First, we added supplementary questions to the January 2021 wave of the BOP-HH, which
went into the field after the VAT rates had been raised back to their original levels. Second,
we commissioned, also in January 2021, a survey with about 10,000 respondents through the
Gesellschaft fir Konsumforschung (GfK), a German survey firm specializing in consumer-
oriented research, for which the GfK is considered the gold standard in Germany. We combine
the information from this commissioned survey with the scanner data on semi-durable and non-
durable expenditures that the GfK collects regularly.® Except for standard socio-demographic
background questions, we document all survey questions we use in supplementary material
(Bachmann et al., 2026), both in the German original and English translation.

All three surveys elicit information about monthly net household income in the form of
income brackets, of which we take the mid-point as the household’s net income level. In
addition, each survey asks for information about monthly non-durable consumption, either
retrospectively or prospectively, in the form of spending plans. We impose the following sample
restrictions. First, we limit the sample to households with a ratio of monthly non-durable
consumption expenditures to monthly income below 1.5. Second, we eliminate monthly
non-durable consumption expenditures below 100 and above 10,000 euros.!® Altogether,
we eliminate 12 percent, 2 percent, and 5 percent of the observations, respectively, for the
BOP-HH July 2020, BOP-HH January 2021, and GfK January 2021 surveys.!!

8The design follows the New York Fed Survey of Consumer Expectations (Crump, Eusepi, Tambalotti,
and Topa, 2022), and the survey was thoroughly tested with three pilot waves in 2019. Other recent work
using the Bundesbank survey data is, for example, Kindermann, Le Blanc, Piazzesi, and Schneider (2021),
Bernard, Tzamourani, and Weber (2025), and Beutel and Weber (2025).

9The GfK provides the German input to the EU-harmonized consumer sentiment survey. Its scanner data
are comparable to Nielsen scanner data in the US, see, e.g., Coibion, Gorodnichenko, and Weber (2022, 2023).

10Given the different foci of the three surveys, we implement “monthly non-durable consumption expen-
ditures” slightly differently across surveys: for the BOP-HH July 2020, we use the usual and the expected
monthly expenditures on non-durables for the second half of 2020 (Q11, see Bachmann et al., 2026); for the
BOP-HH January 2021, the actual expenditures on non-durables from the previous month (Q17); and for the
GfK survey, we use realized average monthly expenditures on non-durables for the second half of 2020 (Q26).

1 Given that the ex-ante approach relies on sound expectations, we implement for the BOP-HH July 2020
survey a third sample restriction to ensure that only the replies of respondents with reasonable non-durable
consumption expectations remain: expected non-durable consumption expenditures for the second half of
2020 is less than twice the typical non-durable consumption expenditures for a second half of a year. After
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3 Empirical results

We first discuss the results from our ex-ante approach, which establishes the existence of
statistically and economically significant intertemporal substitution of durable consumption
expenditures during the second half of 2020 due to the VAT policy. Afterward, with our
ex-post approach, we quantify the VAT policy’s effect on durable consumption expenditures
in the same time period. In both approaches, we study which households predominantly
change their durable consumption expenditures. Then, we provide quantitative evidence for
intertemporal substitution by showing that households who perceived a high pass-through of
the VAT cut planned to reduce their durable consumption spending in the first half of 2021.
We close this section with evidence on semi- and non-durable consumption, which further

supports the intertemporal substitution result.

3.1 The ex-ante approach

For the ex-ante approach, we exploit a qualitative question asking participants in the BOP-HH
July 2020 wave whether their planned durable consumption spending in the second half of
2020 is more, the same, or less than in a normal, i.e., pre-pandemic, second half of a year.

In addition, we asked those households that were planning to spend more on durables for
their reasons for doing so. Panel A of Figure 2 shows the most important reasons are of an
idiosyncratic nature, e.g., long-standing spending plans. Increases in asset values and income
play a relatively minor role. Importantly, the VAT policy directly, but also indirectly through
expected lower prices in the second half of 2020 and expected higher prices in 2021, constitutes
the second most important group of reasons for increasing planned durable spending. Finally,
Figure 2, Panel A, also shows that the children bonus (“Kinderbonus”), a direct transfer
payment of 300 euros per child for families with children, which was also part of the German
stimulus package announced in June 2020, played only a minor role. The right-hand side of
Panel A shows that, even focusing on families with children, the VAT policy dominates the
children bonus as a reason for increasing durable spending plans.

To isolate the effect of the VAT policy on consumption spending from other channels, we
elicited survey participants’ level of informedness about the VAT policy. Although almost
all consumers knew in July 2020 that the VAT was cut, consistent with heightened public
interest in the VAT as the Google-search volumes indicate (Figure 1 in the previous section),
only a little less than 60 percent knew about the full path; that is, they also knew about
the planned (and indeed later executed) return to the old value in January 2021 (see the
left-hand side of Panel B in Figure 2).!2

all, non-durable consumption expenditures should not fluctuate that much year-over-year.
12The question that elicits the degree of the participants’ informedness was asked after the consumption
questions without the possibility to go back in the questionnaire.
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Figure 2: The ex-ante approach
A) Reasons for increased durable spending plans B) Identification: informedness

All households, July 2020 Households with children, July 2020
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Notes: Panel A: After the respondents answered the question about their durable spending plans (Q2), those
that answered they would increase were asked about their reasons for planning to do so (Q3). They were
given eight reasons to evaluate on a four-point intensity scale. Panel shows the fractions of respondents
that chose the highest two answers on this intensity scale. Panel B, left-hand side: shows the fraction of
respondents that were informed about the full VAT path (Q1): 57.69 percent. Panel B, right-hand side:
shows the share of fully informed for two groups of survey respondents. The first group (left bar) are those
survey respondents who plan to increase their durable consumption spending in the second half of 2020 and
give non-price reasons for this action. The second group (right bar) are those survey respondents who plan to
increase their durable consumption spending in the second half of 2020 and self-report the VAT policy reason
for this action.

We then estimate a regression in which the qualitative durable consumption spending
plans are regressed on a dummy variable, which takes a value of one when survey respondents

are informed about the complete VAT path and zero otherwise. Formally, we estimate
B — ¢4 gDMormed L DX gy (6)

where E%" is a trinary variable taking on the values +1, 0, and —1, depending on whether
the respondent i’s planned durable consumption spending in the second half of 2020 is more,
the same, or less than in a normal, i.e., pre-pandemic, second half of a year; c is a constant;
Dpinformed 3o o dummy variable taking on the value of 1 if respondent i is fully informed about
the VAT policy; in some specifications we also use control variables X; (see notes to Table 1).

We argue the coefficient of interest, 3, likely captures a lower bound for the causal
intertemporal substitution effect of the temporary VAT cut through durable consumption
spending. The fully informed perceive an intertemporal substitution and a positive income
effect. By contrast, the not fully informed had only an income effect from their perceived
permanent VAT cut, if any. Any perceived income effect, if it exists,'® should be (weakly)

larger for the not fully informed because, arguably, they assume the VAT cut to be of longer

BIncome effects are the smaller, the more Ricardian households perceive the VAT policy to be.
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Figure 3: The ex-ante approach. Balancedness according to respondent characteristics
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Notes: Panels show fraction of respondents that were informed about the full VAT path (Q1) according to
the following respondent characteristics: gender, age, education, employment status, children, income, net
wealth. Low/high cut uses the median as threshold. “Young” denotes below age 45, “Mid” between 45 and
60, and “Old” above 60. Whiskers represent 95 percent confidence intervals.

duration than the fully informed. Therefore, to the extent that we find a positive differential
effect for the fully informed, we should be able to attribute it to intertemporal substitution.

Successful quantification of this lower bound requires, at the minimum, that the level of
informedness about the full path of the VAT is uncorrelated with observable characteristics of
the respondents that also determine their spending decisions. Figure 3 provides evidence that
the level of informedness does not vary substantially by gender, age, education, employment
status, the existence of children in the household, income, and net wealth. We control for
the remaining imbalances: The largest difference in the fraction of fully informed is between
low and high net wealth households. As we will show, however, low net wealth households
mainly drive our effect. The fact that they have a slightly lower fraction of fully informed
households should go against us finding an effect rather than artificially generating it. Figure
B.2 in the Appendix, in addition, shows the level of informedness is also uncorrelated with
both the household’s past local Covid-19 exposure and its expected duration of Covid-19
restrictions. Finally, Figure B.3 in the Appendix shows the level of informedness is largely
uncorrelated with households’ general macroeconomic expectations in the month prior to the
implementation of the VAT policy.

One might also be worried about reverse causality in our ex-ante approach. Consumers,
who plan to buy durables, generally might have a higher probability of being informed about
the full future VAT path. This argument should, however, be independent of the reasons

for buying these durables: simply visiting the Amazon website, for example, makes it more
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likely, in this alternative narrative, to become informed about the full future VAT path.
The right-hand side of Panel B in Figure 2 suggests this concern is probably not warranted.
The graph presents the share of fully informed households, split into those that self-report
the VAT policy as a reason for their planned durable consumption spending increase in the
second half of 2020, and those that give reasons unrelated to prices. Those who report the
VAT cut as a reason for their planned durable consumption spending appear to be more
informed about the full VAT path than those who cite non-price reasons, making it unlikely
that consumers are merely informed because they are planning to purchase a durable anyway.

Columns (1) and (2) of Table 1 present our baseline results from the ex-ante approach:
Informed households are about 10 percentage points more likely to increase durable purchases
compared to uninformed consumers and relative to the second half of a normal year. These
ex-ante results also alleviate concerns that consumers in our ex-post analysis might aim
to justify their shopping behavior in the second half of 2020 by simply claiming that they

perceived low prices.
3.1.1 Heterogeneity

Next, we estimate a number of regressions with sample splits to tease out potential hetero-
geneities in the reaction of planned durable consumption spending to the VAT policy and
to analyze its possible transmission channels. We report the results in columns (3)—(9) of
Table 1. The effect is concentrated in households with low own-income change expectations
over the next twelve months. It is also concentrated in households with low net wealth. In
that sense, the temporary VAT cut has a progressive effect. Finally, the positive effects of
the VAT policy are also concentrated in younger and middle-aged households.

These results raise the question of whether household age and net wealth/expected income
change merely proxy for each other in these split-sample regressions. Table B.3 in Appendix B
shows that this is indeed the case: it is young and middle-aged households in a less favorable
financial situation, i.e., low net wealth and low expected income changes, that drive the
overall effect. By contrast, young and middle-aged households, which find themselves in
a financially favorable situation, and old households, regardless of their financial situation,
do not plan to spend more on durables. The fact that older households do not appear to
react with increased durable consumption spending to the temporary VAT cut is consistent
with the notion that their shorter planning horizon compared to young and middle-aged
households makes them, on average, mere net users of their existing durable capital stock
that is less likely to require adjustment.'* Younger, wealthy households may be in a similar
situation to old households in the sense of being net users of existing durables, either directly

acquired through or purchased as a result of parental gifts/inheritances (Belloc, Molina, and
Velilla, 2025).

14See also Parodi (2023) for this result in a structural overlapping generations model.
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Table 2: Durable spending plans and knowledge about VAT path—Covid-19, July 2020

Plans to buy durables All Covid-19 cases Exp. pandemic duration
Low High Low High
2020HY?2 vs. typ. sec. half-year (1) (2) (3) (4) (5)
Fully informed 0.098***  (.085* 0.112**  0.099** 0.094**
(0.033) (0.046) (0.046) (0.047) (0.046)
Constant -0.241%%%  -0.220%**  -0.263%*F  -0.2150FF  -0.257HF*
(0.025) (0.035) (0.036) (0.035) (0.036)
Observations 1,794 901 893 845 931

Notes: Results based on OLS regressions using data from the July 2020 wave of BOP-HH (no additional
controls). We code the answer “more durable consumption spending than in a normal year” as +1, “same” as
0, and “less” as -1. Low /high cut uses the median as threshold. “Covid-19 cases” are the cumulated cases
in the first half of 2020, at the county (Kreis) level per 100K population, available from the Robert Koch
Institute. The data is merged to the BOP data through a county identifier (Kreiskennziffer). “Exp. pandemic
duration” is based on Q10, which asks about the expected duration of Covid-19 restrictions. Robust standard
errors (in parentheses). Significance levels, * p < 0.1, s* p < 0.05, *xx p < 0.01.

3.1.2 Robustness

One advantage of using expectational survey data is the availability of a battery of household
expectations about idiosyncratic and aggregate economic variables that are relevant for
consumption decisions. Columns (3) and (4) of Table B.2 in Appendix B show our results
are robust to controlling for these expectations in levels and differences.

We also find the estimated effects are similar when we split the sample into households
with high/low previous local Covid-19 exposures or long/short expected duration of Covid-19
restrictions in Table 2. The first result means potential differences in forced savings due
to prior differential Covid-19 exposure at the beginning of the pandemic with its severe
restrictions on public life are not driving our results. The second result implies potential
differences in the incentives to pull forward durable consumption expenditures are unlikely to
be drivers of our results, either.

In Appendix C, we reestimate the regressions in Tables 1 and 2 with an ordered probit
instead of a linear probability model. The results are qualitatively and quantitatively robust
but provide the additional information that informed households are both more likely to plan
to spend more and less likely to plan to spend less on durable goods.

The recent HANK literature has discussed financial constraints as a potential limit to
intertemporal substitution. In Germany, it turns out that most households do not self-report
to be constrained. For example, only three percent of survey respondents in the July 2020 wave

of BOP-HH report that they could not borrow to cover their expenditures next month. The
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vast majority—more than 80 percent—is confident that they can cover their expenditures out
of their flow incomes. An additional eleven percent might have to tap into their savings and
five percent report to be able to borrow with difficulties in order to cover their expenditures.
The numbers are nearly identical for expenditures over the next six months. Finally, the July
2020 wave of BOP-HH is not special in this regard. We see similar numbers in the April and
May waves of the BOP-HH and in the most recent wave of the German Panel on Household
Finances (PHF) in 2017, also administered by the Bundesbank. We take this relatively low

fraction of households into account when we calibrate our HANK model.

3.2 The ex-post approach

We now turn to study the actual consumption response in the second half of 2020, i.e., the
period during which the VAT was temporarily lower. To do so, we use two different surveys

and scanner data on household spending.

3.2.1 Durables in 2020

For the ex-post approach, we asked participants retrospectively in two separate surveys about
their realized durable consumption spending in euro during the second half of 2020: BOP-
HH January 2021 and GfK January 2021. In addition, we elicited the survey participants’
perceived pass-through of the VAT cut to consumer prices in both surveys. Approximately
two-thirds of households perceived a pass-through to consumer prices of equal to or more
than 1% in the BOP-HH January 2021 (see Figure 4, left panel; Figure B.4 in the appendix
shows this perceived pass-through distribution for the GfK survey). This empirical strategy
avoids the need to ask survey respondents to form their own counterfactuals about their
spending reaction to the VAT policy as in “How did you change your spending behavior due
to the VAT policy?”

In addition, employing two surveys has the following advantages: First, it allows us to
corroborate our headline result that the temporary VAT cut stimulated durable consumption
from two independent sources. At the same time, being able to ask different questions
across surveys enables us to investigate a broader set of respondent heterogeneities and thus
potential transmission channels.!® Second, with the GfK survey data, we gain access to the
GfK scanner data on non-durable and semi-durable spending for the surveyed households.

We begin by estimating a regression with realized durable spending during the second half
of 2020 (or rather its inverse hyperbolic sine transformation to account for zero or near-zero

durable spending) as the dependent variable.!® The main regressor is a dummy variable

15Researchers are limited in the number of questions they can add to the BOP-HH.

6The inverse hyperbolic sine transformation of a variable z is defined as log(x + v/z2 + 1). In particular,
the inverse hyperbolic sine transformation of zero is zero. We also note that, in light of the critique in Chen
and Roth (2024), we present a robustness check with a different transformation in Appendix E.
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Figure 4: The ex-post approach. Identification: perceived pass-through
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Notes: Graphs show the distribution of perceived VAT pass-through (left panel), the fraction of respondents
which perceive a pass-through of equal to or larger than 1 percent (middle panel) and their average perceived
pass-through (right panel) by being a bargain hunter or not from the January 2021 BOP-HH survey (Q12).
We classify respondents as bargain hunters if they answer with the highest category on the intensity scale of

Ql4.

pressthrough “which takes a value of zero when survey respondents state that they perceived a

low degree of pass-through and which takes a value of one when survey respondents perceived
the pass-through to be high (see notes to Table 3 for details). Our argument is consumers
who do not believe that after-tax prices decreased as a result of the VAT cut have no motive
to increase (durable) spending, which means the differential spending behavior between
treatment and control groups should identify the microeconomic effect of the temporary VAT
cut. It is this microeconomic effect that in Section 4 we use as calibration input into a HANK
model with a durable consumption choice to compute the overall effect of the temporary

VAT cut. Formally, we estimate:

log (C;W o 4 1) = ¢+ BDPETONh L X (7)

To give us an informative calibration target, we verify, as in the ex-ante approach, that
perceived pass-through is largely uncorrelated with the following observable characteristics
of the respondents, which also influence their spending decisions: gender, age, education,
employment status, the existence of children in the household, income, and net wealth; see
Figures B.5 (for BOP-HH January 2021) and B.6 (for GfK January 2021) in Appendix B.
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This result is true when we measure perceived pass-through by the fraction of respondents
on either side of a pass-through threshold (upper panels) and when we measure it as the
average perceived pass-through (lower panels). Figures B.7 and B.8 in the Appendix, in
addition, show perceived pass-through is also uncorrelated with both the household’s regional
Covid-19 exposure and regional stringency indices that measure the intensity of existing
non-pharmaceutical interventions at the time.

Revisiting the question of reverse causality, one might be worried that frequent and
more price-sensitive shoppers are more likely to observe the actual pass-through—recall
that the literature has documented substantial pass-through—and are therefore more likely
to report a high perceived pass-through. We, therefore, include an additional question in
the January 2021 BOP-HH that asks households whether they would consider themselves
“bargain hunters”; that is, we asked them whether they usually are very attentive to prices
and search for good deals. If the reason for the perceived pass-through of the VAT cut was
merely heightened shopping activity, our identification would not be valid. However, the
middle and right panels of Figure 4 show that bargain hunters and non-bargain hunters have
roughly the same level of perceived pass-through.

Columns (1) and (2) of Table 3 present our estimates based on the BOP-HH (Panel
A) and the GfK survey data (Panel B), both for regressions with just the dummy variable
defined above plus a constant, and for regressions with household-specific controls (see table
notes). According to our preferred estimate, with controls and based on the GfK survey with
smaller estimation uncertainty due to a larger sample size, households that perceived the
VAT pass-through to be high report about 37 percent higher durable spending in the second
half of 2020.17

Under the assumption that selection on observable household characteristics is informative
for selection on unobservable household characteristics, we can compare the point estimates
in the regression without any controls and with the full set of controls to gauge whether
unobserved heterogeneity could drive out our estimated effects. Comparing the two coefficients
in columns (1) and (2) for the BOP-HH, directly shows that unobservables are unlikely to drive
our coefficient of interest to zero, given that adding controls actually increases the estimated
coefficient; and for the GfK survey, the unobservables would have to have twice the relative
explanatory power of our observable controls (e.g., gender, age, education, employment status,

having children, household income and net wealth) to eliminate our effect, see Oster (2019).

17Since we have a dummy variable on the right-hand side and an inverse hyperbolic sine transformation on the
left-hand side of our regressions, the estimated coeflicients do not directly represent semi-elasticities. We use the
correction formula (12) in Bellemare and Wichman (2019) to compute semi-elasticities: exp(3 —0.5var(8))—1,
where B is the estimated coefficient.
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3.2.2 Heterogeneity
As for heterogeneity, we find three results with the BOP-HH January 2021 survey, documented

in Table 3, columns (3) to (9) of Panel A. First, we confirm the result from the ex-ante
approach that, in particular, young and middle-aged households with low net wealth increase
their durable spending in reaction to the temporary VAT cut (see also Table B.4 in Appendix
B for details). Second, focusing on a different dimension of heterogeneity, we show bargain
hunters, i.e., households that self-report as being very attentive to prices and searching for
good deals, mainly drive the overall result. Third, as Table B.4 shows, having low net wealth
contributes to the overall positive effect on durable spending independently of whether the
household is also a bargain hunter.

Investigating heterogeneity in the GfK January 2021 survey, we find the following three
results (see Table 3, columns (3) to (11) of Panel B). First, just as with the bargain hunters
in the BOP-HH, more price-sensitive consumers show a stronger tendency to increase their
durable spending in the second half of 2020.!® Second, the reaction barely depends on whether
a household member is employed as a public servant, which is a sign that pandemic-related
income shocks—which should not affect public servants—are not especially relevant to our
analysis. This finding is broadly consistent with the finding that the Covid-19 pandemic did
not appear to strongly interfere with the effects of the VAT policy; more details follow in
the next subsection. Third, the table also shows the stabilization success of the temporary
VAT cut, unlike that of at least certain forms of unconventional monetary policy, is not
concentrated in households that are particularly financially literate or self-report a long
planning horizon in decision making. These findings are consistent with the results in Bianchi-
Vimercati et al. (2024) and the postulate in Ramey (2021) that successful stabilization policy

should be salient, comprehensible, and actionable.

3.2.3 Robustness

Tables B.5 and B.6 in Appendix B provide a number of econometric robustness specifications:
First, as an alternative to OLS, we also estimate Tobit regressions. Second, we measure
pass-through with a more continuous measure instead of whether the respondents fall on
either side of a threshold. We pursue this measure further and replicate our main results in a
self-contained Appendix D using this continuous-perceived-pass-through measure. Third, we

re-estimate the specifications without controls on the same sample as those specifications

8Whereas in the BOP-HH January 2021 wave, we asked survey participants to self-identify whether
they are price sensitive, that is, bargain hunters, in the GfK January 2021 survey, we used a different but
complementary strategy to measure their price sensitivity. We exposed survey participants to hypothetical
price-change scenarios and then asked them about their consumption spending responses. We then estimate
a substitution elasticity for every respondent. The regression in Table 3, Panel B, then splits the respondents
according to the median substitution elasticity.
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with controls. Fourth, analogously to Table 2 for the ex-ante approach, we also investigate a
split of the data into high and low Covid-19 regions and a split based on a stringency index
that captures the Covid-19 restrictions in shops and restaurants at the county level provided
by the Federal Ministry for Economic Affairs and Energy and which is modeled after the
Oxford Covid-19 stringency index. We report the results in Table B.7 in Appendix B. Across
all specifications, we find evidence of a substantial, positive durable consumption effect due
to the VAT policy, which is largely unrelated to local Covid-19 conditions.

Finally, Chen and Roth (2024) point out a lack-of-scale-invariance problem with the
inverse hyperbolic sine transformation and offer a number of (imperfect) solutions. One
such solution is to transform all positive levels of durable spending with the natural log
function and the zero-valued outcomes with a constant, which we choose to be zero. This
amounts to assuming that no economic difference exists between spending zero or one euro on
a durable good, which, in our view, is a reasonable assumption. The self-contained Appendix
E replicates our main results using this alternative transformation of the durable spending
data. They are essentially numerically identical to our baseline results, which is unsurprising,

given that, in our data, small euro amounts of durable spending are exceedingly rare.
3.2.4 Durables in 2021

A natural question in the context of intertemporal substitution is whether those households
that perceived a high pass-through in the second half of 2020 and, thus, according to the
results from the previous subsection, spent more on durables in the second half of 2020,
then plan to reduce their durable consumption spending in 2021. Using the large-sample
GfK survey from January 2021 and a question therein, which asks about planned durable
consumption expenditures for the first half of 2021, we can regress the within-household
planned consumption change between the first half of 2021 (with restored VAT rates) and
the second half of 2020 (with lowered VAT rates) on our perceived VAT pass-through dummy
variable. Table 4 shows that, indeed, those households that perceived a high pass-through in
the second half of 2020 plan to spend between 200 and 300 euros less on durable consumption
goods in the first half of 2021.1% To put this number into perspective, we note the average
durable consumption expenditures per household in the second half of 2020 were 1,642 euros
in the GfK survey. Hence, Table 4 provides direct, within-household evidence of intertemporal

substitution.

3.2.5 Semi- and non-durables in 2020

Using the same estimation strategy as with durable spending, we exploit the scanner data of

the GfK and re-estimate our baseline regression on semi-durable and non-durable spending.

19We also find a similar magnitude for the point estimate in the BOP-HH January 2021. However, due to
the much smaller sample size, these estimates are noisier and not statistically significant.
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Table 4: Expected durable spending change between 2021HY1 and 2020HY?2, GfK survey

Difference in euro spending No controls Socioeconomic  Socioeconomic No controls Socioeconomic
2021HY1 - 2020HY2 controls and exp. controls on sample (3) controls on sample (3)
(1) 2) 3) (4) ()

High perceived pass-through -267.789** -212.541* -255.020* -261.300%* -254.874%*
(105.226) (120.289) (130.809) (128.205) (130.385)

Constant 284268 3,024.824%%%  2.007.050%%%  _346.142%%* 2,904.462%%*
(81.143) (972.539) (1,057.773) (96.848) (1,067.879)

Observations 10,243 7,916 7,175 7,175 7,175

Notes: Results based on OLS regressions using data from the January 2021 wave of GfK. The left-hand side is
the difference in durable spending (in euro) in the first half of 2021 (Q25) and the second half of 2020 (Q19).
We code any answer with “perceived pass-through of < 0%” as 0, and > 0% as 1 (Q18). Socioeconomic
controls include income, net wealth, age, gender, education, employment status, children. Expectations
controls include inflation expectations. Robust standard errors (in parentheses). Significance levels, * p < 0.1,
wxx p < 0.05, xxx p < 0.01.

Examples of semi-durables in the GfK scanner data are books, cutlery, and car accessories;
non-durables are essentially food items. As we have shown in Section 2, according to theory,
we would expect the extent of intertemporal substitution to increase in the durability of the
consumption good.?

We show in Table 5, columns (1) and (3), that the stimulative effect of the temporary VAT
cut increases in the durability and thus the intertemporal substitutability of the underlying
consumption good. To be precise, semi-durables spending is elevated for the high perceived
pass-through households relative to their counterparts by 10 percent, whereas non-durables
spending exhibits a positive but not statistically significant difference (at conventional levels)
between the two household groups.?!

The scanner data of the GfK have the additional advantage that they cover pre-pandemic
times, particularly the second half of 2019. These data allow us to estimate a placebo
regression for semi- and non-durable consumption spending in columns (2) and (4) of Table 5:
Reassuringly, those households which perceived a high pass-through of the temporary VAT
cut in the second half of 2020 did not have statistically significantly different spending on

semi-durables and non-durables in the second half of 2019. The increasing effect in durability

20Structural VAR evidence shows a similar dependence of real interest rate sensitivity on the durability of
consumption goods; see Erceg and Levin (2006) and Monacelli (2009). McKay and Wieland (2022) make a
related point based on a formal model. Finally, a similar argument holds for long-lived investment capital
goods, as House and Shapiro (2008) argue both theoretically as well as empirically using bonus depreciations
in the United States.

21To be clear: We do not mean to say that standard consumption-Euler-equation reasoning predicts a zero
effect for non-durable consumption spending; see our results in Section 2.2. We might not have the statistical
power to find a potentially small statistically significant positive effect for non-durables in our data. We
note that the standard error around the 0.016 point estimate implies a p-value of just above 0.1. Theory
does, however, qualitatively predict the relative sizes of the effects to be increasing in the durability of the
consumption goods, which we confirm here in Table 5.
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Table 5: Semi-durable and non-durable spending and beliefs about VAT cut pass-through,
GfK scanner data

Euro spending Semi-durables Non-durables

in HY2 of 2020 2019 2020 2019

High perceived pass-through  0.093** 0.052 0.016 0.016
(0.039) (0.040) (0.010) (0.011)

Constant 2.212%*%  2.861*** 5.392%** 5 641%**
(0.335) (0.330) (0.086) (0.090)

Controls Yes Yes Yes Yes

Observations 6,477 5,820 7,517 6,620

Notes: Results based on OLS regressions using GfK scanner data from the second half-year of 2020 and 2019,
respectively. The left-hand-side spending data on semi-durables (columns 1-2) and non-durables (columns
3-4) have been transformed with the inverse hyperbolic sine transformation. We code any answer with
perceived pass-through of < 0% as 0, and > 0% as 1 for GIK (Q18). Note that perceived pass-through is
always measured in the 2021 GfK survey and referring to 2020HY2. Controls include gender, age, education,
employment status, having children, the households’ income and net wealth, as well as controls for the federal
state and the municipality size the household lives in. Robust standard errors (in parentheses). Significance
levels, x p < 0.1, *x p < 0.05, *+x p < 0.01.

also alleviates concerns that unobserved household heterogeneity drives our results because
otherwise, we should also see similar point estimates for non-durables as we see for durables
and semi-durables.

Figure 5 provides additional evidence consistent with an intertemporal substitution
mechanism. This figure shows the spending coefficients for respondents with a high perceived
pass-through based on two-month rolling window regressions, both for semi-durables and
non-durables in the GfK scanner data. The VAT policy effect is stronger for semi-durables
than for non-durables for every point in time, and it increases, in particular for semi-durables,
towards the expiration date of the VAT cut, i.e., to the point right before the intertemporal
price change (see McKay and Wieland, 2021, who provide a model rationalizing the build-up
of the effect). These patterns again suggest the effects of the VAT policy are mainly driven
by intertemporal substitution because the positive income effect should materialize even at
the beginning of the policy in July/August 2020.

This finding can be corroborated in yet another survey: The German Federal Statistical
Agency asked households for five out of the six months for which the temporary VAT cut
was in effect whether they would merely prepone spending or spend overall more on durable
goods as a result of the temporary VAT cut. Bachmann, Bayer, and Kornejew (2021, Figure
19) shows that the fraction of households that answer in the affirmative to the preponing
question—which captures intertemporal substitution—rises steadily from under 15 percent in

August 2020 to almost 20 percent in December 2020.
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Figure 5: Time path of spending response
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Notes: Coefficients based on OLS regressions using GfK scanner data. The OLS regressions have been pooled
over two-month windows (one-month regressions look very similar). The left-hand-side spending data on
semi-durables and non-durables have been transformed with the inverse hyperbolic sine transformation. We
code any answer with perceived pass-through of < 0% as 0, and > 0% as 1 in the GfK data. Controls include
gender, age, education, employment status, having children, the households’ income and net wealth, as well
as controls for the federal state and the municipality size the household lives in.

Taken together, the evidence in this subsection further supports the view that intertemporal
substitution largely drives our baseline empirical finding about the effect of the VAT policy.
Specifically, the joint facts that the bulk of its effect materializes towards the end of its duration
and differentially for goods of different durability is directly consistent with intertemporal
substitution, because, absent additional frictions, income effects should work more or less
instantaneously and, at least for standard homothetic CES utility functions, proportionally

across good categories.

4 A HANK model with durables

Our empirical estimates, by construction, can only capture the differential effects of the VAT
policy between control and treatment groups, i.e., in our headline ex-post specification, the
households that perceived a high pass-through of the VAT policy versus those households
that perceived a low pass-through. By contrast, we cannot isolate the aggregate effect of
the VAT policy because of other concurrent policy measures and general equilibrium effects,
commonly referred to as the “missing intercept”-problem in the literature. One solution
to this problem is to employ an appropriate macroeconomic model that can speak to and
replicate the microeconomic evidence and then use it to calculate the aggregate policy effects,

which is what we do in this section.
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To be specific, we take the two-asset heterogeneous agent New Keynesian (HANK) model
of Bayer et al. (2019, 2023a,b, 2024a) as a baseline and adapt it to our setting. We can
replace their physical capital stock, an input in their production function, with durable
goods, which in our setting are an input in the households’ utility function.?? Thus, the
households now have a portfolio decision between liquid financial assets, henceforth “bonds”,
and illiquid durable goods (as opposed to illiquid physical capital). Concretely, purchases of
durables are subject to a Calvo friction. With this parsimonious change to the Bayer et al.
(2024a)-model, we can calibrate this Calvo friction so that the model replicates our baseline
ex-post regression.?> We calibrate the model this way because our aim is to calculate the
aggregate effects of the VAT policy, whose microeconomic counterpart is best identified by
our baseline ex-post regression. Structural models can be calibrated to a variety of moments.
In practice, with imperfect evidence and imperfect models, it is important to carefully select
the moments to which the model is calibrated. We view our survey evidence as providing
the most direct evidence of how consumers react to a temporary VAT cut, because it solves
the problem that only survey evidence can solve, namely, how aware households are about a
particular policy.?4

To do so, the model, in a parsimonious way, has to distinguish between multiple types
of households. In the first dimension, we need a distinction between those households that
perceive a high pass-through of the VAT cut versus those households that do not perceive
a change in VAT policy. The computation of the latter group’s individually optimal non-
durable/durable consumption, leisure, and liquid asset decisions assumes an unchanged VAT
rate, whereas the government revenues are, of course, calculated using the reduced VAT rate.
Households that do not perceive a reduced VAT rate but are nevertheless subject to it are
modeled to find themselves with leftover funds at the end of the period, which they receive as
a windfall payment in the next period. In the second dimension, we need a realistic amount
of additional heterogeneity to estimate our baseline ex-post regression on model-generated
data; hence, a HANK setup.

After calibration, we use this model to compute the aggregate effects of the VAT policy
and counterfactuals. We now begin with a sketch of the most important parts of the model,

with technical details relegated to Appendix F.

22This adjustment represents a reasonable simplification given the New Keynesian tradition of abstracting
from physical capital when studying relatively short-run phenomena, which we believe the VAT policy we
study to be, as it lasted six months.

23The non-durable/durable part of the model, including the Calvo friction, is similar to McKay and Wieland
(2021, 2022) and Orchard et al. (2025).

24Tn general, households’ attention and awareness to macroeconomic policies are endogenous and time
varying and the extent to which households are informed depends on the specific policy and possibly households’
exposure to the policy, see Weber et al. (2025). Without conditioning on differential awareness of households,
one might mistakenly conclude that shocks and policies are expansionary, when in fact they are not, see also
Schnorpfeil et al. (2023) in the context of the redistributive effects of unexpected inflation.
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4.1 Households

There is a continuum of ex-ante identical households of measure one, indexed by 7. Households
are infinitely lived, have time-separable preferences with time-discount factor 3, and derive
positive flow utility from non-durable consumption, ¢;;, durable consumption, d;;, and
negative flow utility but income from supplying labor, [;;. Their other sources of income
are an idiosyncratic return on real bonds, Rjb;/m, (lump-sum) profits of unions, Hg , if the
household is a worker, or (lump-sum) profits of firms, I17, if the household is an entrepreneur.?®
Households are workers if they have strictly positive labor productivity, h;, which is stochastic
and whose natural logarithm follows an autoregressive process with persistence. We assume
incomplete insurance markets for this labor income risk. Households are entrepreneurs if they
have zero labor productivity. The transition between the worker and entrepreneur status is
stochastic.?® Households pay taxes on labor and profit income.

Formally, households optimize:

1—
- o {Czl’jtdz(‘tl_y)}( 8 1 lilt+1/19 .
Citylitg}i)ibit—o-l 0 g g 1-¢ B 1+ 1/19 ’ ( )

subject to their budget and their borrowing constraint:*7

(14 75)ci + bigyr + (1 + 7)) lagj (digr1 — (1 = 0)di) = (9)
Ritbi

Uy

+ (1 - 7—) (wtlithit + ]Ihit?fOHg] + ]IhitZOHtE) >

bity1 > B . (10)

Households make their savings and portfolio choice between liquid bonds and illiquid durables
in light of a durables adjustment friction that renders durables illiquid because only a fraction,
A, of households are selected to be able to adjust their durable holdings in any given period.
This Calvo (1983)-type approach follows Orchard et al. (2025) and is similar in spirit to McKay
and Wieland (2021, 2022), who model the durable adjustment friction through fixed costs

27y = Py/P,_1 is the gross rate of change of the VAT-exclusive price index. We reiterate that b;; denotes

liquid financial assets, which are the sum of government bonds and tradable shares on part of firms’ profits,
the other part going as lump-sum profits, IT¥, to the entrepreneurs. A no-arbitrage condition between
government bonds and tradable shares ensures that households are indifferent between them and, hence, they
can be treated as one asset. Furthermore, HANK models have the feature that profits from various sources
arise and that—in contrast to RANK models—the disbursement of these profits to heterogeneous households
matters. Following Bayer et al. (2019), we choose this particular disbursement scheme because it helps with
matching the upper end of the wealth distribution.

26Technical details on income risk and the worker-entrepreneur transitions are given in Appendix F.1.

2"For parsimony, we abstract from relative price movements between non-durable and durable goods
because the data show little short-run, cyclical movement in the relevant time period (German Federal
Statistical Agency, 2022).
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in conjunction with a random adjustment probability. They argue the random adjustment
feature is particularly important to match aggregate durable dynamics.?® Labor and profit
incomes are taxed at the constant rate 7, whereas we model the VAT as a consumption tax
75;. The consumption tax rate 7, has an ¢-subscript to denote that some households in the

model perceive a positive VAT cut and others do not.?

4.2 Firms

The firm sector is standard and structured into three subsectors: (a) final goods producers,
which bundle the intermediate goods; (b) intermediate goods producers, which procure labor
services from perfectly competitive markets yet encounter monopolistic competition within
the goods market as they produce differentiated goods and set prices; (c¢) labor packers who
produce labor services by bundling differentiated labor sourced from unions that differentiate
raw labor rented out from households. In the baseline calibration, price setting for the
intermediate goods and wage setting by unions are subject to Calvo (1983)-frictions. We

provide details on the firm sector in Section F.2 in the appendix.

4.3 Government

The government sector has fiscal and monetary authorities. The monetary authority de-
termines the nominal interest rate for government bonds based on a Taylor rule, with
consideration for an effective lower bound constraint. The fiscal authority imposes taxes on
consumption, labor, and profits, manages government bond issuance, and regulates spending
to maintain long-term debt stability.

We assume that monetary policy sets the nominal interest rate following a Taylor-type

(1993) rule with interest rate smoothing:

Ri’ﬂ Ri’ PR m\1—Pr)= (Y, (1-pr)0y
R\ R (ﬁ) Y, : (11)

The parameter R > 0 determines the nominal interest rate in steady state, 6, > 0 and

8, > 0 govern the reactiveness of the monetary authority to inflation and output growth,

28We realize the Calvo (1983)-adjustment friction is a simplification given that our ex-ante approach shows
also the extensive margin of durable adjustment changed as a result of the VAT policy, at least in expectation.
Given the great complexity of the model, however, we prefer the parsimony of the simple mapping between
the one Calvo parameter and our headline micro-regression result.

29We model households that do not perceive a VAT cut as if there were no VAT cut for them in their
budget constraint in the relevant period, and then they receive surprise leftover funds like a quasi-transfer at
the beginning of the next period. We can model the VAT as a consumption tax because, in the calibration,
we use directly the perceived average pass-through of those households in the GfK survey that perceived a
high pass-through: 2.4 percent. This number is consistent with the findings in the literature on the actual
pass-through of the VAT policy cited in the introduction. This modeling assumption allows us to abstract
from the pass-through decision of firms and focus on the behavior of the consumer side.
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respectively, and pr > 0 captures interest rate smoothing.?® From 2020HY2 until 2022HY1,
we assume that the monetary authority sets the interest rate to the effective lower bound,
which we implement following the procedure in Bayer et al. (2023b). Afterward, the interest
rate reverts to the one implied by the Taylor rule.
The government uses tax revenues, 7T;, to finance government consumption, G;, and
interest payments on debt. The government budget constraint is given by:
R'B,
By + Ty =G + ; (12)

T

where Ty = 7(w;N; + IF + T1Y) + 75 (C; + X;) and X; denotes aggregate durable purchases

)

in period ¢, Dyy1 — (1 — 6)D;. Government debt evolves according to the rule (c.f. Woodford,

B
debt. The government budget constraint determines government spending as a residual.

1995): % = (Q—’f)iw. The parameter 75 measures how new debt reacts to outstanding

4.4 Calibration

We solve the model by perturbation methods (Bayer et al., 2024a). Because the VAT policy
lasted six months, a model period is half a year. We calibrate seven parameters of the model
internally to match specific moments of the German data. We set the remaining parameters
in line with standard values and estimates from the literature.

As one key contribution of the paper, our empirical ex-post regression (7) delivers a new
micro moment that we aim to match in our calibration. To this end, we simulate 100,000
households by drawing from the idiosyncratic labor productivity distribution. After a burn-in
of 3,000 half-years, we hit the simulated economy with a surprise one-period VAT rate cut
of 2.4 percentage points, which is known to revert at the end of that period. Importantly,
and following our empirical ex-post identification, not every household perceives this VAT
cut. Only about 65.44 percent do so. We then estimate regression (7) on the simulated
dataset, both without and with controls—household income and liquid assets. In the model,
purchases of durables are subject to a Calvo friction. This friction is calibrated to a durable
good adjustment probability of A = 18.41%, so that the model replicates our baseline ex-post
regression—see Table 6. Table 6 shows that controlling for household income and liquid
assets does not change the results. More importantly, as it is untargeted, we find non-durable
consumption barely reacts to the temporary VAT cut, consistent with the empirical evidence.3!
We match six additional targets, see Table 7: (1) average durable spending, X/Y = 0.08,

30For our baseline scenario, the question of which inflation rate the monetary authority reacts to is irrelevant
because we study the VAT policy under the assumption that the effective lower bound constraint binds,
as was the case for the euro area in the second half of 2020. Only for the counterfactual scenario of an
operational Taylor rule is this question relevant. Our assumption implies, therefore, that in our counterfactual
experiment, the ECB reacts to a German price index but sees through the temporary VAT cut in Germany.
31To ensure that the model-generated data and their empirical counterpart have durables on the same
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Table 6: Ex-post regression on model simulated data

Durables Non-durables

w/o controls controls w/o controls controls

High perceived pass-through — 0.321%** 0.320%** 0.008 0.007
(0.025)  (0.025)  (0.005)  (0.003)

Notes: Results based on OLS regressions using a simulated dataset of 100,000 households. The left-hand-side
spending data have been transformed with the inverse hyperbolic sine transformation. Controls are household
income and liquid assets. See text for more details.

(2) government debt held by households, B/Y = 0.86, (3) total liquidity held by households,
(B+q"/Y =1.90, (4) government spending, G/Y = 0.29, (5) the average wealth share of
the top 10 percent, 52 percent, and (6) the share of households with debt, 18 percent.

Jointly, these moments imply a utility share for non-durables of v = (.75, a discount factor
of 8 =0.92, the traded-profit share ¢! /Y = 1.04, an income tax rate 7 = 30.5%, a transition
probability from worker to entrepreneur of ¢, = 0.06%, and a borrowing penalty of R = 29%
per year (given a borrowing limit B of one time average annual income).3* Matching the total
liquidity held by households is crucial for replicating the relatively low share, approximately
10 percent, of constraint households that we observe in the German data; see Section 3.1.2. It
follows from this low share of constrained households that the average (semi-annual) marginal
propensity to consume (MPC)—calculated as the across-household average slope of the
consumption function with respect to liquid assets—is also low: 6 percent.

We fix the other parameters with standard values; see Table 8. For the household side,
the relative risk aversion is 2, and the Frisch elasticity is 0.5. We set the disutility of work
so that average work hours are 50% of total available waking hours. We take estimates
for idiosyncratic income risk for Germany from Bayer et al. (2024b) and set p, = 0.98 and
on, = 0.26 semi-annually. Bayer et al. (2024b) also provide the transition probability from
entrepreneur to worker in a quarter, which leads to the semi-annual transition probability
from entrepreneur to worker, tq,, = 0.125.

On the firm side, the depreciation rate for durables is 5 percent per half-year (Harmenberg
and Oberg, 2021; Clemens and Roger, 2022). An elasticity of substitution between differen-
tiated goods of 11 yields a markup of 10 percent (Born and Pfeifer, 2014). The elasticity
of substitution between labor varieties is set to the same value. We set price and wage

adjustment probabilities to imply average durations of one year (Hoffmann et al., 2021).

scaling unit, we rescale the average durable consumption expenditures per household in the second half of
2020 to be 1,642 euros, as in the GfK survey data.

32In HANK models, VAT cuts alleviate non-zero borrowing limits, which constitutes a third channel of how
they are transmitted into the macroeconomy, in addition to income effects and intertemporal substitution.
We thank an anonymous referee for this point. To get a sense of the quantitative magnitude of this channel,
we also compute a version of the model with B = 0.
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Table 7: Targeted moments

Targets Model Data Source Parameter
Durable response 0.32  0.32 own regression durables adj. prob.
Durable expenditure (X/Y) 0.08 0.08 national accounts utility share
Government debt (B/Y') 0.86  0.86 Bundesbank discount factor
Total liq. assets ((B+¢")/Y) 190 1.90 Bundesbank traded-profit share
Government spending (G/Y') 0.29  0.29 national accounts tax rate

Top 10% wealth share 0.52  0.52 Bayer et al. (2024b) trans. prob. w. e.
Fraction borrowers 0.18  0.18 Bayer et al. (2024b) borrowing penalty

Notes: Bundesbank and National Accounts numbers are from 2019. Consistent with the model, we compute

Y in the data as the sum of total consumption expenditures and government purchases, which is 70 percent
of total GDP.

Table 8: External/calibrated parameters (semi-annual frequency)

Parameter Value Description Parameter =~ Value Description
Households Nominal frictions
I} 0.92 Discount factor Ap 0.50 Price rigidity
13 2.00 Relative risk aversion Ay 0.50 Wage rigidity
Y 0.50 Frisch elasticity Firms
= 120.00 Disutility of labor ) 5.00% Depreciation rate
v 0.75 Non-durable share i 11.00 Elasticity of substitution
A 18.41% Portfolio adj. prob. ¢ 11.00 Elasticity of substitution
R 0.14 Borrowing penalty Fiscal policy
&Yy 1.04 Value of profit shares 7 30.50% Income tax rate
Idiosyncratic productivity Te 17.50% VAT rate
Ph 0.98 Persistence YB 0.05 Reaction to debt
o 25.77% Standard deviation Monetary policy
Lwe 0.06% Trans. prob. W. — E.  pgr 0.70 Inertia
Lew 12.50% Trans. prob. E. — W. 0, 1.55 Inflation reaction
Oy 0.09 Output reaction

The Taylor-rule parameters are set to the estimates for the Euro Area in Albonico et al.
(2019), whereas the debt rule is parameterized so that public debt build-ups have a half-life
of five years. The steady-state VAT rate is set to 0.175, which matches the average VAT rate
in the data (Clemens and Roger, 2022).

4.5 Aggregate responses following the VAT policy

We now study the aggregate effects of the VAT policy through the lens of our calibrated
model. To be specific, we feed a VAT cut of 2.4 percentage points into the model, the average
perceived pass-through of the VAT cut by those who perceive a high pass-through in the GfK

survey. The VAT cut lasts one half-year, is known to revert afterward, and is observed by
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about 65 percent of households—the other households behave as if there was no VAT cut in
the relevant period and receive leftover funds as a transfer next period.

Figure 6 presents the impulse response functions (IRFs), both for an economy at the
effective lower bound (black solid line) and a counterfactual economy in which the monetary
authority follows a Taylor rule at the time of the VAT policy (blue dashed line).

The model produces an impact effect of the VAT cut of 4.4 percent in total consumption,
that is, a general equilibrium semi-elasticity of total consumption spending to the temporary
VAT cut at the ELB of 1.8. Since output in the model is total consumption plus government
purchases, with government purchases being 29 percent of output, the IRF of total output
is a slightly scaled-down version of that of total consumption. Non-durable consumption
features a mild positive reaction because of a direct VAT effect and because of the usual
positive Keynesian income multiplier effect in HANK models, which are not dampened by a
countervailing monetary policy reaction. Overall, the total consumption and, therefore, output
reaction is dominated by a 27.7 percent increase in durable consumption spending, implying
a general equilibrium semi-elasticity of durable consumption spending to the temporary VAT
cut at the ELB of 11.5.3 Interestingly, and consistent with the empirical micro evidence,
some undershooting of durable consumption expenditures occurs in the subsequent half-year
before they return to steady state. The inflation rate that the households face decreases by
1.0 percentage point, which is less than the assumed VAT cut of 2.4 percentage points. Hence,
the VAT-exclusive inflation rate jumps up, consistent with higher total consumption demand.

In the counterfactual simulation of the model with a Taylor rule, the monetary policy
rate rises—in reaction to the increase in VAT-exclusive inflation, that is, seeing through the
VAT cut—and, therefore, all effects on consumption quantities are mitigated. We believe it
is a reasonable counterfactual that the monetary authority would see through the temporary
VAT cut. For example, ECB council member Isabel Schnabel called the 2020 VAT policy a

33To put our findings—equilibrium semi-elasticities of 1.8 and 11.5 for total and durable consumption
spending, respectively, of a temporary VAT cut—in perspective, we note that Cashin and Unayama (2021)
find a semi-elasticity of 11.5 for durable consumption spending in the last month before a pre-announced
VAT increase in Japan, which the paper measures as a simple deviation from trend. Biittner and Madzharova
(2021) find a semi-elasticity of 2.4 for durable consumption in the last month before a tax increase, which is
an average estimate across several European countries and a variety of VAT-change events, mostly increases
and very heterogeneous, outside the ELB. Koeniger and Kress (2024) studying the same VAT policy event
as this paper, and using credit and debit card expenditure data and Austria as the control group, find a
semi-elasticity of about 4 for durable expenditures in the last month before the end of the VAT policy. Baker
et al. (2019), focusing on the effect of pre-announced sales tax increases at the subnational level, find a
semi-elasticity of 8 for car sales in the month prior to the increase. Baker et al. (2021), using a similar
empirical setup, find a semi-elasticity of 1.8 for total consumption spending and 15 for products in the top
quartile of storability in the month prior to the sales tax increase. While the empirical experiment between
their paper and ours is different, these are nevertheless the numbers closest to ours. Most of these papers,
like this one, find at least some reversal in spending after the tax increase takes effect.
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Figure 6: The adjustment to a temporary VAT cut in the calibrated model
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“Sondereffekt” (“one-off effect”) in an interview with the German daily newspaper FAZ (see
FAZ, 2021).

Figure 7, left-hand panel, shows the cumulative total consumption multiplier generated by
the VAT policy. On impact, at the ELB (black solid line), the total consumption multiplier is
3.2. This number is substantially mitigated with an active Taylor rule (blue dashed line): 2.3.
The cumulative multiplier after two years is 1.8 at the ELB and 0.8 with an active Taylor rule.
The middle panel of Figure 7 displays the cumulative consumption multipliers for versions
of the model with only nominal wage stickiness (blue dashed line) and only nominal price
stickiness (red dotted line). In both cases, we see sizable consumption multipliers. With
only nominal wage stickiness, the stimulative effect on consumption is somewhat dampened
because of declining union profits, which, in turn, dampen aggregate demand.>* We also
show a version of the model which imposes a zero debt borrowing limit (green dash-dotted
line). A zero debt borrowing limit also dampens the stimulative consumption effects slightly
because, without debt, a VAT cut does not alleviate borrowing constraints. Finally, we
explore the consequences of our low average MPC calibration (yellow line with round markers):
doubling the MPC does not significantly change the total consumption multipliers, the impact
multiplier from a temporary VAT cut is slightly smaller than in the baseline calibration
because more people are borrowing-constrained and, thus, have a harder time intertemporally
substituting. At the same time, the boom in consumption is elevated somewhat longer because
the income effects from the temporary VAT cut and the surprise resources from perceiving
incomplete pass-through now have a somewhat stronger impact on aggregate consumption.
This experiment provides external validity to our results by suggesting that a temporary VAT
cut is an appropriate fiscal stimulus measure also in countries with higher average MPCs.
The right-hand panel of Figure 7 shows the robustness of our results with respect to the
intertemporal elasticity of substitution (IES). With 0.5 as our baseline value, we are close to
the relevant literature: Berger and Vavra (2015) also use 0.5, McKay and Wieland (2021) use
0.25, and Orchard et al. (2025) use 1.0 for durables and 0.5 for non-durables.

Next, following Kaplan, Moll, and Violante (2018) and Auclert (2019), we can decompose
the non-durable and durable consumption IRFs into a direct and an indirect effect. The
direct effect is the response to the VAT policy, holding all other equilibrium objects constant.
The indirect effect is the complement. Figure 8, in the upper panel, shows the bulk of the
aggregate response to the VAT policy comes from the direct effect for both non-durable and
durable consumption expenditures. In the absence of an interest rate reaction, the indirect

effect is mainly driven by the usual positive Keynesian income effects. We note, however,

34We note that, at least for the United States, Bayer et al. (2024a) estimate both forms of nominal stickiness
to be quantitatively relevant.
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Figure 7: Cumulative multipliers from a temporary VAT cut
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Notes: Left panel shows cumulative total consumption multipliers at ELB (black solid line) and with active
Taylor rule (blue dashed line). Middle panel shows cumulative total consumption multipliers at ELB for our
baseline (black solid line), for a case with only sticky nominal wages (blue dashed line), for a case with only
sticky nominal prices (red dotted line), a case with both nominal rigidities but a borrowing limit at zero (green
dash-dotted line), and a case with double the MPC compared to our baseline (yellow line with round markers).
Right panel shows cumulative total consumption multipliers at ELB under different IES parameterizations.
Horizontal axes denote half-years. Multipliers are defined in the usual way with consumption tax revenue lost
due to the VAT policy in the denominator.

that, for non-durable consumption, the indirect effect from these income effects explains a
much larger fraction (one fifth) of the total effect than for durable consumption (one tenth).
In terms of magnitude, the direct effect for durable consumption spending implies a partial
equilibrium semi-elasticity of the temporary VAT cut of 10.4, a number very close to the
structural partial-equilibrium estimate of Parodi (2023), who finds the semi-elasticity of
durable spending with respect to a temporary VAT cut of 10.

In the lower panel, Figure 8 shows a different decomposition in which we remove the
income effect of the temporary VAT cut via a lump-sum tax for the informed households
(blue dashed line). For both types of consumption goods, the largest part of the stimulus
of a temporary VAT cut comes indeed through intertemporal substitution. As expected
from our simple model in Section 2.2, the effect is essentially all intertemporal substitution
for durables, which have a smaller depreciation rate. For non-durables, the income effect
contributes slightly more.

Finally, we use our model to compare the effects of the VAT policy with a comparable
cut in interest rates, i.e., conventional monetary policy. Specifically, we feed into the model a
temporary interest rate cut of 2.4 percentage points. To compare the effects of monetary
easing and the temporary VAT cut as closely as possible, we implement the interest rate
cut through a one-off shock to the rate of return of liquid financial assets that 65 percent of

households perceive. In both cases, we use the economy with a Taylor rule. Figure 9 shows
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Figure 8: Decomposition of the consumption response

Non-durable consumption spending Durable consumption spending
0.8 30
—— Total
—-=— Indirect
0.6 Direct
0.4
0.2
0.0 R ———
20HY?2 21HY1 21HY?2 PHYL  S0HY2 21HY1 21HY?2 22HY1
0.8 30
—— Baseline
=== No Income Effect 25
0.6
20
0.4 15
10
02
5
0
0.0
e _E -
20HY2 21HY1 21HY2 22HY1 J0HY2 21HY1 21HY2 2HY1

Notes: In the upper panel, Figure shows decomposition of non-durable (left panel) and durable (right panel)
consumption responses at the ELB in direct (yellow dotted line) and indirect (purple dash-dotted line) effects.
In the lower panel, Figure shows counterfactual effects of taking away the income effect of the temporary
VAT cut via a lump-sum tax for the informed households (blue dashed line). See text for details. Vertical
axes are in percent. Horizontal axes denote half-years.

that although the effects are qualitatively similar and, in both cases, driven by intertemporal
substitution, they are much smaller for the interest rate cut (yellow dotted line), because
interest rate cuts, compared to tax cuts (blue dashed line), lead to lower income effects for
households.

Using a HANK model to overcome the “missing intercept”-problem, in this section, we
have confirmed the results from our treatment/control setup of a powerful stimulative effect
of temporary VAT cuts used as unconventional fiscal policy, especially at the ELB. The VAT
policy, indeed, provides a more powerful stimulus to the economy than a comparably designed

interest rate cut.
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Figure 9: The adjustment to a temporary interest rate cut in the calibrated model
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Notes: IRFs to a temporary interest rate cut of 2.4 percentage points (yellow dotted line) and to a temporary
VAT cut of the same size (blue dashed line) for the economy with a Taylor rule. To closely compare the two
shocks, we implement the interest rate cut through a one-off shock to the rate of return of liquid financial
assets that 65 percent of households perceive. Responses in percent, except for inflation, which is in percentage
points. Periods are half years.

5 Conclusion

The temporary VAT cut in Germany in the second half of 2020 worked as a measure of
unconventional fiscal policy. We show the policy stimulated spending on durable and, to a
lesser extent, on semi-durable consumption goods. We also find evidence for intertemporal
substitution. In addition, the temporary VAT cut worked in a progressive way: Young, low
net wealth households reacted the most. This reaction is not concentrated in households that
are particularly financially literate or exhibit a strong saving discipline. Lastly, we present
suggestive evidence that the efficacy of the VAT policy was unlikely driven by the underlying

Covid-19 crisis.
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Turning to the results from our quantitative HANK model, we find an impact effect of
the VAT cut of plus 4.4 percent in total consumption. The total consumption multiplier on
impact is 3.2, and after two years, it is 1.8. These numbers hold at the ELB. The effects are
substantially mitigated in a counterfactual simulation of the model with a Taylor rule. When
we decompose the channels through which the VAT policy works, we find that it is mostly
through its direct effect, holding equilibrium objects constant. We also show the VAT policy
works mostly through intertemporal substitution rather than income effects. Finally, the
VAT policy provides a more powerful stimulus to the economy than a comparably designed
interest rate cut.

More generally, with such a VAT policy, stabilization is targeted at a very broad-based
macroeconomic aggregate, namely, aggregate consumption, and does not require political
micromanagement. It is also a very direct measure in that households have to purchase
something—whether as part of their regular shopping routine or because they specifically
went on a shopping trip—in order to fully benefit from the policy, in contrast to transfers,
which can be saved (Coibion et al., 2020).

Nevertheless, we do not take a stance on the optimality or even the appropriateness of
the temporary VAT cut in Germany in the second half of 2020. We do show, however, that,
as suggested by Shapiro (1991), Feldstein (2002), Hall (2011), Correia et al. (2013), and
D’Acunto et al. (2018), a temporary VAT cut can be an effective stabilization tool when the
ELB binds and unconventional monetary policy like forward guidance might be less effective

than predicted by standard models.
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A Appendix: Stylized model

A.1 First-order conditions

An interior solution implies the following conditions,
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where Ay and )\, are the Lagrangian multipliers on the first-period and second-period flow

budget constraints, respectively.

A.2 Demand functions

Baseline case of no VAT cut: ¢ = e =0 and v; = v, = 0.
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Informed /non-informed case (for the ex-ante empirical approach): informed: €; > 0,65 = 0,

uninformed: €1 = g5 > 0; and 14 = v, = 1 (for the sake of simplicity).
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Pass-through /non-pass-through case (for the ex-post empirical approach): e, > 0,e5 = 0 and

v1 > 0 for pass-through and v; = 0 for non-pass-through (v irrelevant).
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A.3 Proof of proposition
For part 1, we can plug in the demand functions and get
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bringing both denominators to the other side yields

We then need to show that this expression is > . To see this, eliminating 1 4 7¢ and
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which holds iff § < 1 and one can also see that the inequality increases with smaller 9.
For part 3, first note that
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> 1 as long as 4 > 0,67 >0 . (A-19)
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The proof is the same as for part 2, where we replace €; by ;1.

Next, iff 6 <1. (A-20)




B Appendix: Additional tables and figures

Table B.1: Representativeness statistics

GfK, Jan. 21 BOP-HH, Jan. 21 BOP-HH, Jul. 20 Microcensus, 21
(1) (2) (3) (4)

University educ. 0.298 0.245 0.232 0.364
Employed 0.538 0.566 0.588 0.528
Not employed 0.043 0.154 0.152 0.219
Retired 0.419 0.280 0.260 0.252
Female 0.704 0.491 0.480 0.504
Have children 0.150 0.230 0.222 0.346
Age:
16 to 44 0.230 0.426 0.436 0.407
45 to 60 0.274 0.299 0.299 0.259
> 60 0.497 0.275 0.265 0.334
Income:
< 2500 0.543 0.335 0.368 0.393
2500 to <4000 0.321 0.325 0.333 0.293
> 4000 0.137 0.340 0.299 0.309
City size:
< 5000 0.122 0.057 0.129 0.137
5000 to <20000 0.268 0.067 0.221 0.265
20000 to <100000 0.274 0.258 0.303 0.279
100000 to <500000 0.161 0.193 0.189 0.151
> 500000 0.175 0.084 0.159 0.168
Observations 9951 2242 1794 —

Notes: Table reports characteristics shares. Income is net monthly household income; City size measures
inhabitants. Last column based on the German microcensus for the population aged 16 and older.



Figure B.1: Semi-durable and durable consumption spending: nominal vs. real.
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Notes: Figure shows nominal (solid blue) and real (solid blue with diamonds) semi-durable and durable (red
dashed and red dashed with diamonds, respectively) consumption spending in Germany (German Federal
Statistical Agency, 2022), normalized by the respective spending in 2019Q4. Quarterly spending data are
seasonally and calendar-day adjusted.

Figure B.2: Ex-ante approach. Balancedness according to Covid-19 exposure
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Notes: Left panel: fraction of respondents that were informed about the full VAT path (Q1, see Bachmann
et al., 2026) according to retrospective Covid-19 exposure based on the cumulated cases in the first half
of 2020, at the county (Kreis) level per 100K population, available from the Robert Koch Institute. The
data is merged with the BOP data through a county identifier (Kreiskennziffer). Right panel: fraction of
respondents that were informed about the full VAT path (Q1) according to expected duration of Covid-19
restrictions based on Q10. Both panels: Low/high cut uses the median as threshold. Based on July 2020
BOP-HH. Whiskers represent 95 percent confidence intervals.



Figure B.3: Ex-ante approach. Macroeconomic expectations of treatment / control groups
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summarize the survey answers, we code the five possible responses from “decrease significantly” to “increase
significantly” as -1.0, -0.5, 0.0, 0.5, 1.0 and take the average. Based on June 2020 wave of BOP-HH, using
the July 2020 wave to determine split between not fully informed and fully informed. Whiskers represent 95
percent confidence intervals.



Table B.2: Durable spending plans and knowledge about the VAT path—details, July 2020

Plans to buy durables No controls Socioeconomic  Socioeconomic & Socioeconomic &
2020HY2 vs. typical second half-year controls expectation controls A expectation controls
(1) (2) (3) (4)
Fully informed 0.098*** 0.085%** 0.091%** 0.079
(0.033) (0.032) (0.034) (0.056)
Female -0.011 0.001 -0.023
(0.035) (0.037) (0.058)
Age: below 45 0.230%** 0.230%** 0.207*
(0.068) (0.072) (0.111)
Age: 45-60 0.100* 0.121%* 0.054
(0.060) (0.064) (0.095)
Education: Bachelor or above 0.077%* 0.066* 0.060
(0.038) (0.039) (0.067)
Employed full time 0.078 0.104** 0.086
(0.048) (0.050) (0.084)
Retired 0.112* 0.129* 0.137
(0.065) (0.071) (0.107)
Has children -0.004 0.002 -0.032
(0.047) (0.048) (0.079)
Income 0.152%** 0.141%** 0.151%**
(0.034) (0.036) (0.056)
Net, wealth 0.014** 0.012%* 0.011
(0.007) (0.007) (0.011)
[A] Expected inflation, percent 0.001 0.002
(0.006) (0.007)
[A] Expected house price change, percent -0.005%** -0.005
(0.002) (0.003)
[A] Expected income change, euro 0.000%** 0.000
(0.000) (0.000)
[A] Low expected unemployment 0.097* 0.060
(0.051) (0.066)
[A] Low expected economic growth -0.092** -0.066
(0.038) (0.056)
[A] Low expected interest rate (saving) -0.059 -0.062
(0.079) (0.053)
[A] Covid-19 restrictions will last, days -0.000 -0.000
(0.000) (0.000)
Constant -0.24717%%* -1.896%** -1.720%%* -1.8027%**
(0.025) (0.289) (0.306) (0.462)
Observations 1,794 1,776 1,596 631

Notes: Results based on OLS regressions using data from the July 2020 wave of BOP-HH. We code the
answer “more durable consumption spending than in a normal year” as +1, “same” as 0, and “less” as -1.
Socioeconomic controls also always include the federal state and municipality size the household lives in
(coefficients not shown for brevity reasons). The “income” and “net wealth” questions can be found as Q7 and
Q4. “Expected income change” is based on a quantitative BOP-HH question (Q5); “Expected inflation” (Q6)
and “expected house price change” (Q9) are based on quantitative core BOP-HH questions; the remaining
expectation controls are based on core BOP-HH questions (Q8 and Q10). Column (3) includes expectation
controls in levels, Column (4) in differences to the June 2020 wave. Robust standard errors (in parentheses).
Significance levels, * p < 0.1, *x p < 0.05, ***x p < 0.01.
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Figure B.4: Ex-post approach. Distribution of perceived pass-through in GfK survey
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Notes: Graph shows the distribution of perceived VAT pass-through in the GfK survey from January 2021.



Figure B.5: Ex-post approach. Balancedness according to respondent characteristics, BOP

(a) BOP-HH, January 2021, fraction of respondents in percent
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(b) BOP-HH, January 2021, average VAT pass-through in percentage points

< A < < <

™ ™ - m m
o~ ~ ~ o~
© 145 147 1.43 1.40 153 146 147 139 143 156
2
9 — — o — o — o
C
-
T ol o - o o
IS
g B Female B Young W Mid B No university B Employed [l Non-emp
g B Male B oud B University B Retired
—
e
bt
@
FE < - <
[oR
-
< m ™ - o -
S
?

o~ ~ ~
= 1.45 1.50 1.41 1.50 1.41 157
o . .
o
O — — o — o
o

o - o - o -

B No children B Low income B Low net wealth
B children B High income B High net wealth

Notes: Panels show fraction of respondents that perceived a high VAT pass-through / average VAT pass-
through (Q12) according to the following respondent characteristics: gender, age, education, employment
status, children, income, and net wealth. Based on January 2021 BOP-HH. Whiskers represent 95 percent
confidence intervals.



Figure B.6: Ex-post approach. Balancedness according to respondent characteristics, GfK

(a) GIK, January 2021, fraction of respondents in percent
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(b) GIK, January 2021, average VAT pass-through in percentage points
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confidence intervals.
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Figure B.7: Ex-post approach. Balancedness according to Covid-19, BOP

(a) BOP-HH, January 2021, fraction of respondents in percent

. Low stringency index

o o
o o
— —

I

g 81 & 1

=

(]

g 66.32 65.02 66.19 65.20

X

~ o] =

A ©o ©o

<

[=)

>

o

—

s o o

hn I <

wn

©

o

—

<

> o] o |

£ o N

w

[

>

2

k]

o ol o

B Low Covid-19

B High stringency index B High Covid-19

(b) BOP-HH, January 2021, average VAT pass-through in percentage points
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Notes: Panels show fraction of respondents that perceived a high VAT pass-through / average VAT pass-
through (Q12), split along the stringency of Covid-19 restrictions (left) and the number of Covid-19 cases
(right). Low/high cut uses the median as threshold. The stringency index captures the Covid-19 restrictions
in shops and restaurants at the county level provided by the Federal Ministry for Economic Affairs and
Energy and is modeled after the Oxford stringency index. Covid-19 cases are the cumulated cases in the
second half of 2020, at the county (Kreis) level per 100K population, available from the Robert Koch Institute.
The data is merged to the BOP data through a county identifier (Kreiskennziffer). Based on January 2021
BOP-HH. Whiskers represent 95 percent confidence intervals.
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Figure B.8: Ex-post approach. Balancedness according to Covid-19, GfK
(a) GIK, January 2021, fraction of respondents in percent
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(b) GIK, January 2021, average VAT pass-through in percentage points
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Notes: Panels show fraction of respondents that perceived a high VAT pass-through / average VAT pass-
through (Q18), split along the stringency of Covid-19 restrictions (left) and the number of Covid-19 cases
(right). Low/high cut uses the median as threshold. The stringency index captures the Covid-19 restrictions
in shops and restaurants at the county level provided by the Federal Ministry for Economic Affairs and
Energy and is modeled after the Oxford stringency index. Covid-19 cases are the cumulated cases in the
second half of 2020, at the county (Kreis) level per 100K population, available from the Robert Koch Institute.
The data is merged to the GIK data through a county identifier (Kreiskennziffer). Based on January 2021
GfK. Whiskers represent 95 percent confidence intervals.

12



‘00 >d
kkk ‘GO'0 > d xx ‘T > d x ‘S[0A] 9dUROYIUSIG *(sosorjjuared UI) SIOLD PIRPUR]S JSNCOY "SUOINLIISIP [RUISIRU [RUOISUSWIIP 9UO 91} U0 paseq ore sids
o1} 10] SPIOYSOI], ‘(09 9A0qR PIQ, PUR ‘09 PUR G UoomIaq PIN,, ‘GF 938 MO[o( S9j0Uap SUNOLK,, "PIOYSOIY) Sk URIPOW o[} osn (GT()) YI[eom JoN,, 10]
SINO YST/MOT "FIT) JO o[RIS AYSUSIUI 91} UO AT1089)RD 1SoUSIY oY) YIIM Iomsue A1) JI sIojuny uredreq se sjuopuodsol AJISse[d op\ T S %] < pue ‘() se
«%1 > Jo ySnoryy-ssed posteorad, [jm Iomsue AUe 9POD OA\ UOIJRULIOJSTRI) SUIS O1[0qIod AT 9SIOAUT o1} [IIM POULIOJSURI) WD DARY SO[RIND O BIRD
Burpuads apIs-puey-1jo] oY ], *(S[0IIU0D [RUOIIPPR o) HH-JOd JO Searm [g0g ATenuer o) WOIJ ®jep SUISN sUO0ISSeI8al GT() UO PIseq SNSAY $920N

¢cs 60€ G8¢ 00€ VLT c0€ 2 719 9¢€¢ L6¢ (aiaré SUOTyeAISSq ()

(tre'0)  (see0)  (v1v°0)  (epe0)  (esvo)  (1¢e0)  (Svz0)  (zbe0)  (8s6F0)  (Leg0)  (9€1°0)
wxkk00T'G  %xx9LG9 T  5xx996°C  4xxI68T  wxxIVL'G  4uxEVT'G  4axkO687'G  5xx00T°G  5xx88V'G  %xx099F  xxx4CT°C juaeIsuoy)

(69¢'0)  (0zk'0)  (s87°0)  (2zF0)  (0090)  (z1%7°0)  (00£0)  (L62°0)  (L260) (zeF'0)  (L9T°0)
8600 8L0°0- 097°0  +4x06T°T  TI00  44€160 6010 +125°0 98T'0  4xLGO'T 448170 ysnoxyy-ssed poaored YSIHg

(o1) (6) (8) (L) (9) (c) (%) (€) (c) (1)

PIO PIO PIN PIN Sunox  Sunog ON ON SO SOx
93y Iojuny uresreq
Sy ity S ity UySIg ity S ity S ity v ZAHO0Z0T ut
Iream 1PN so[qeanp uo 3urpuads oinyy

120¢ Arenuer ‘syds [euorsuswIp-om)—ysnoayy-ssed YA Inoqe sl pue surpuads o[qring ¢ o[qe],

13



TO0 > d %k ‘GO0 > d xx ‘T°() > d * ‘S[oAS] 00UROYIUSIG *(sosarjjuared UT) SIOIID pIRPUR)S
1snqoy ‘(suoseal £11A91q I0J UMOYS JOU) UT SIAT] P[OYLSNOY oY} 9zIS A[edOIUNUI PUR 99R)S [RIOPI] 91} 9PN[OUTl SARM[R OS[R S[OIJUOD DIUIOUOID0ID0G
(81D D 10] ,,pasealdur, JI T- ‘,oures oy} PaseIs, J1 () ‘,%g URY) SSO] POSeaINDp,, JI T ¢,04¢ PUR 97 UaamIa( PasealIddp, JT G'g ¢,%¢ PUNOIR J@ PIseaIdap,,
JU ¢ ‘,04€ UR) 0I0UW PosedIdop oAey sooLid, JT ¢'¢ sk {(g10)) HH-dOd 10J ,Poseslout, Ji T- ¢, oures o) poAr)s, JI () ‘,%] UeY) SSO] PaseaIsap, JI G'(
‘,9%C PUR 04T WO0M)O( POSBOIOAD,, JT G'T ‘,04€ PUR 07 U00MID( PISBIINAD, JI G'F ¢,,94¢ URYY) OIOW PaseaIdop oAy seolid, JI ¢'¢ se 9 ‘Ydnoiyj-ssed
PoATedIRd,, P00 am ‘A[[eoyloadg "o[qeLIeA sMoNuIjuod e se ysnoiyj-ssed poareoiod o) osn om ‘(OT) pue ‘(6) ‘(F) ‘(g) suwnjoo ur ([ se 9,0 < pue ‘(
se 940 > jo ySnoayy-ssed pasreorod Iim Tomsue Aue opod am ‘(gT) pue (17) () ‘(2) suwmjoo ur ‘T se 4T < pue ‘g se 9] > Jo ySnoayy-ssed pasreorad,
)M Tomsue Aue apoo am ‘(9) pue ‘(g) ‘(g) ‘(1) sumwnjod U "UOI}RULIOJSURI) 9UIS OT[OId AT 9SIOAUT B[} )M DOULIOJSURI} UA( 9ARY S9[qRIND UO B)RD
Surpuads apis-puey-3Jo[ oY ], "AoAIns II5) pue HH-JOT JO seaem [g(Og Arenue[ oy} wolj ejep Sulsh SUoISsaISal 41qoT, 10 §T() U0 paseq SHNSY S0\

916°L eVe01 916°L eve0T 916°L eve'01 0881 ve'e 0881 ve'e 088°T aard SUOT}RAIOS( ()
(re60)  (e600)  (ze90)  (6v0°0)  (1¢90)  (0900)  (¥80@)  (161°0)  (e1¢'T)  (Lgr0)  (118°1)  (9€T°0)
5587V G~ 4xxCG06°C  4xxV8G T~ 4xxCI0T  4xx6G9°C  4xxGERTF  4xx96C L~ «xxlECTV  w«xx8CT T~ «xxl9T°C  «xxE1C T~ «xxGC1°C juaelsuo))
(z200) (610°0) (g10°0) (€10°0) (600°0) (600°0)
+x£20T°0 £ 78070 +4x080°0 €00°0- 2000~ 2000~ MIream 1N
(811°0) (¥80°0) (¥80°0) (¥2z0) (g91°0) (€91°0)
(091°0) (021°0) (0z1°0) (82€°0) (9¢z°0) (9€2°0)
+x+E8G°0 +4xGET°0 ++50€7°0 €Ly £L6€°0 +S6€°0 UoIp[Id seyq
(80€0) (012°0) (012°0) (S¥¥70) (tee0) (0gg0)
c0g'0 0600 €600 9960~ TLE°0- TLE0- poaney
(g62°0) (102°0) (10z°0) (e¥€0) (9¢z0) (9¢z°0)
ereo T0T°0 €010 680°0 9600 6600 owry [[ny posorduy
(gg1°0) (160°0) (160°0) (952°0) (261°0) (261°0)
180°0- ¥50°0- €90°0- 662°0- 8020~ 032°0- GAO(E 10 I0[OYDRE UORONPS]
(95T°0) (erT0) (e11°0) (917°0) (T11€°0) (11€°0)
16T 0- zeT0- 621°0- LEV0 69€°0 £9€°0 09-CF 08y
(881°0) (LeT0) (LeT0) (ge¥°0) (sg€0) (8¢£0)
€600 610°0- ¥10°0- €650 6£7°0 LTV 0 ¢ mopq 98y
(911°0) (¥80°0) (¥80°0) (L¥20) (181°0) (181°0)
**ﬂmm.ol **ﬂwﬁ.ou *%ﬂwﬁ.ol ***amo.ﬂu *%*N@N.Ou ***omb.ol @EE@@
(L200)  (720°0) (rL00)  (690°0)
£4%GL0°0  4448€T°0 #+00T°0 446610 o, ‘ySnoxy)-ssed PaATedID]
(e1r0)  (c01°0) (zg00)  (¥2000)  (g¥e0)  (£€20) (6L10)  (291°0)
£54CCF'0  45+099°0 £341C8°0 5549670 4480G°0  44GGG0 V070 448170 ySnoxyy-ssed paateosed ySig

(e1) (1) (o1) (6) (8) (2) (9) () ) (¢ () (1)
1qO], 1qoT, ST0 S710 ST0 ST0 1qQ, 1qoy, ST0 ST0 S0 S10
KLaaans 373D HH-dOd

CAHO0cC0c ut
so[qeanp uo Surpuads oany

120 Arenuep ‘symsel [euolyippe—ysnoayy-ssed [yA Inoqe sjpieq pue Surpuads o[qein( :¢'¢q 9[qe],

14



T0°0 > d sk ‘GO > d #% ‘T°0 > d * ‘S[eAd] eoueOYIUSIG *(seseyjualed UI) SIOLI® pIepUR)S ISNQOY *(SUOSLaI AJIA9I( I0J UMOYS j0u)
UT SOAT] potyesnor] oY) az1s A)eddIunt pue 9)e)s [RISPSJ 91} SPN[OUT SARM]R OS[R S[OIJU0D DTUIOU0I0100G ({T()) I[JH) I0] ,,pasealdul, JI T- ‘,oures
o) padels, I1 () ‘,,%¢ WeY) SS9 Pasealoap,, JI [ ‘,04¢ PUR %7 UseMIa( PIseaIdep,, JT ¢ *,04¢ PUNOIR )@ PIsealdap,, JT ¢ ¢, 04¢ UR() SI0UWL POSBIIOAP
oary soo1d,| J1 G'¢ se {(g10)) HH-dOd 10] ,,PoseaIour, Ji - ¢, oures o) PoA®R)s, JT () ‘04T UeY) SS9 PaseaIdadp,, J1 G0 ‘,%g PUR %] U0Md( POSBIIIGD,,
JLGT ‘%€ PUR 047 U00MID( PISBIIND,, JT GG *,,%¢ URY) dIOW PISRAINAD darRy soolid, JT G'¢ se 0/ ‘Usnoay)-ssed PoAodId, opod om ‘Afreogroadg
"9[qeLIeA sSnonuIuod e se ysnoiyj-ssed posworad o) asn om (OT) pue ‘(6) ‘(¥) ‘(g) suwnjoo ul ‘1 se 90 < pue ‘(g se %0 > jo ysnoayj-ssed
poaatedIad M Iomsue Atre opod am ‘(gT) pue ‘(T1) ‘(8) ‘(L) sumwnjod ur i se YT < pue ‘g se 94T > Jo ysnoayj-ssed posreotad,, YIim Iomsue Aue
apoo am ‘(9) pue ‘(g) ‘(g) ‘(1) sUWN[OD U] "UOIYRULIOJSURI) SUIS JI[0qIodAY 9SIOAUT o1} [[}IM PIULIOJSURI) U9 9ARY SA[qRINp UO ®Iep Surpuads
OpIS-PURY-1J[ O], A0AINS I pue HH-JOT JO seaem [g(g ATenue oy} WOIJ Blep SUISN SUOISSOIZAI IqQT, 10 §T() UO Paseq S)NSoY :SFON

916°L 916'L 916°L 916°L 088‘T 088'T 088'T 088°T SUOTYeAISq Q)
(vz6'0)  (00T0)  (299°0) (1€9°0) (¥80°2) (zreT) (tie't)  (6v1°0)
w587V G~ 4xx0LT T 4xxV8G T «xx0G9°C- «xx96G L~ w5 8CT T~ %xxE8T1C T~ %xxI61°G juaelsuo))
(z200) (610°0) (g10°0) (€10°0) (600°0) (600°0)
+x£20T°0 £ 78070 ++%280°0 €00°0- 2000~ 2000~ MIream 1N
(811°0) (¥80°0) (¥80°0) (¥2z0) (g91°0) (€91°0)
(091°0) (021°0) (0z1°0) (82€°0) (9¢z°0) (9€2°0)
+x+E8G°0 +4xGET°0 ++50€7°0 €Ly £L6€°0 +86€°0 UoIp[Id seyq
(80€0) (012°0) (012°0) (S¥¥70) (tee0) (0gg0)
c0g'0 0600 €600 9960~ TLE°0- zLe0- poaney
(g62°0) (102°0) (10z°0) (e¥€0) (9¢z0) (9¢z°0)
ereo T0T°0 €010 680°0 9600 6600 owry [[ny posorduy
(gg1°0) (160°0) (160°0) (952°0) (261°0) (261°0)
180°0- ¥50°0- €90°0- 662°0- 8020~ 032°0- GAO(E 10 I0[OYDRE UORONPS]
(95T°0) (erT0) (e11°0) (917°0) (T11€°0) (11€°0)
16T 0- zeT0- 621°0- LEV0 69€°0 £9€°0 09-CF 08y
(881°0) (LeT0) (LeT0) (ge¥°0) (sg€0) (8¢£0)
€600 610°0- ¥10°0- €650 6£7°0 LTV 0 ¢ mopq 98y
(911°0) (¥80°0) (¥80°0) (L¥20) (181°0) (181°0)
**ﬂmNO| **ﬁ%ﬁOu *%ﬁwﬁ©| ***amoﬂu *%*N@NOu ***®mNO| 2@&@@
(L20°0) (720°0)
%8200 +x091°0 % ‘g8noay)-ssed poatedIoJ
(e110)  (FIT°0) (280°0) (e¥z0) (6L10)  (181°0)
£540CF'0 4546650 +4510€°0 £+80G°0 V070 4xCEP0 ySnoxyy-ssed paateosed ySig
(c1) (1) (o1) (8) (9) ¥) (z) (1)
11qo7, 1qog, ST0 ST10 11qo7, ST0 ST10 ST0 ZAHO0Z0Z ur
%w.\rhﬁm VHwU mmlnmom m@—ﬁ—&hz—u uo WQ:UQQQW O.Hﬁm

120g Arenuep ‘ordures jue)suod ‘symnsal [euoryippe—ysnoiyy-ssed [yA moqe sjprpq pue Surpuads o[qein( :9'q 9[qr],

15



TO0 > d x*xx ‘g0 > d **

‘1°0 > d * ‘S[oAd] eouROYIUSIG *(sesorjjuared Ul) SIOLID pIepur)s ISNOY " (IOPIZUUSNSIOIY]) IDYIJUSPT AUN0D © YSNOIY) vjep
dOg oY) 03 peSIout ST vjep Oy, "9INIIsU] o03] 10qoY oY) woiy ojqereae ‘uolyendod 30T 1od [oad] (STOIY) A)UNod
oY e ‘0Z0g JO J[eY 9SIY oY) Ul S9Sed PIJR[NUND S} 9IR ,S9Sed GT-PIA0)), XopUl AOUSSULI)S PIOJX() 9} I9jJe Pa[epow
SI pur ASIoUj pu® SIRJY OIWOUOIY I0J AIISTUI[A [RIOP] o) AQ poplaoid [oAs] AJunod oY) je sjueine)sar pue sdoys
Ul SUOTIOLIYsel GI-plao)) o) semides  sdoys ‘Xopul AouaSULIYG, ‘PIOYSAIY) Se URIPAUL 1) SIST MO [SIY/MOT "UI SOAT]
proyesnoy a1} ozIs Ayedorunui oy} pue 93e)s [RIOPS] o} I0J S[OIJUO0D SB [[om SB ‘[I[BOM JoU PUE dWOJUI ,SP[OYOSNOY 9}
‘UIp[IYo Surary ‘snje)s juetuAoiduro ‘uorpeonpo ‘ofe ‘Iopued I0J S[OIJUOD [RUOIIPPE SOPN[OUL (g) uwno)) T se 9 () < pue
‘0 se %0 > Jo ysnoryy-ssed poateotod, im Iomsue Aue opod am ‘(QTYH) IO 10J ((Z10) HH-JOT 10] T s % < pue ‘( se
«%1 > Jo ySnoayy-ssed poaredrad,, [im Iomsue Aue opod op\ “(S[FH) oY) 10] 610 pue 1g0g Arenuelr HH-JOd U3 0] €10)
UOT)RULIOJSTIRI} SUIS DI[OCI0dAT] 9SIOATT o1} [IIM POULIOJSURI) U dARY So[eIND UO ®yep Surpuads apis-puey-1o[ oy, (g
Pued) MiH pue (V pued) HH-dO JO seaem Tg(g ATentep o) Wolj ejep SUISN SUOISSIISOI () UO POse] SINSIY $9JON

L0T°S 121°¢G QLT'Y 1€9°F 916°L eve o1 SUOIRAIISA ()
(¢80°0)  (¥80°0) (€60°0) (280°0) (1¢9°0) (090°0)
(cor0)  (voT°0) (¥11°0) (601°0) (280°0) (¥20°0)

w540 1F 0 55488670 w0960 4448970 4541080 5449670 ysnoays-ssed poatoorod ysig

ZAHO0Z0Z ut

so[qeanp uo Suipuads oany]

120g Arenuer ‘3o (g

GIT'T LTT1 629 29z'1 0881 V't SUOTIRAIIS ()
(¢61°0)  (26T°0) (962°0) (£81°0) (116°T) (9€1°0)
(9gz'0)  (cez0) (c1€°0) (€22°0) (6L1°0) (L91°0)

0S€°0 480670 9870 wxFLV0 w7070 ++817°0 ysnoays-ssed poatoorod y3ig

(9) (¢) (%) (€) () (1) ZAHO0Z0Z ut

USTH MO YSIH MO S[oIju0D  s[oIjU0d 0/M  so[qeianp uo Surpuads oinyg

SOsBD GT-PIA0O))

sdoys ‘xepur Aoue3urilg

odures g

120g Arenuer ‘HH-dOd (V

sAoAINS T707 Arenue[ ‘GT-prao)) pue ysnoiyl-ssed JyA Inoqe sprpq ‘Surpuads o[qrein( :L¢g 9[qr],

16



C Appendix: Core results for the ex-ante approach

based on an ordered probit estimation

This appendix replicates the core results of the ex-ante approach using an ordered probit
instead of a linear probability model. To be specific, this appendix replicates our main
results—Tables 2 and 1—using the ordered probit model. The results are qualitatively and
quantitatively robust but provide the additional information that informed households are

both more likely to plan to spend more and less likely to plan to spend less on durable goods.

Table C.1: Durable spending plans and knowledge about VAT path—Covid-19, July 2020

Plans to buy durables All Covid-19 cases  Exp. pandemic duration
Low High Low High
2020HY?2 vs. typ. sec. half-year (1) (2) (3) (4) (5)
Plans to spend less -0.060***  -0.051* -0.069** -0.059** -0.058**
(0.020)  (0.027) (0.028)  (0.028) (0.028)
Plans to spend more 0.039%**  0.034*  0.044**  0.040** 0.037%*
(0.013)  (0.019) (0.018)  (0.019) (0.018)
Observations 1,794 901 893 845 931

Notes: Results based on ordered probit regressions using data from the July 2020 wave of BOP-HH. We
code the answer to Q2 “more durable consumption spending than in a normal year” as “Plans to spend
more”, “same” as “Plans to spend the same”, and “less” as “Plans to spend less”. Marginal effects of
being informed on the first and last levels of the categorical variable are reported. Low /high cut uses the
median as threshold. “Covid-19 cases” are the cumulated cases in the first half of 2020, at the county
(Kreis) level per 100K population, available from the Robert Koch Institute. The data is merged to the
BOP data through a county identifier (Kreiskennziffer). “Exp. pandemic duration” is based on Q10,
which asks about the expected duration of Covid-19 restrictions. Robust standard errors (in parentheses).
Significance levels, * p < 0.1, *x p < 0.05, ***x p < 0.01.
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D Appendix: Core results for the ex-post approach

with a continuous VAT pass-through measure

This appendix replicates the core results of the ex-post approach, expressing the perceived
VAT pass-through as a quasi-continuous variable, where we use essentially the midpoint of
the survey interval as the perceived percentage pass-through (for details, see notes to Table
D.1). To be specific, this appendix contains a continuous-variable version of Figure 5 (time
path of spending response for semi- and non-durables) and Tables 3 (heterogeneity splits), 4
(planned 2021 spending minus 2020 spending in euros), and 5 (semi- and non-durables). The

economic message relative to our baseline dummy-variable approach is unchanged.

Figure D.1: Time path of spending response
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Notes: Coeflicients based on OLS regressions using GfK scanner data. The OLS regressions have been pooled
over two-month windows. The left-hand-side spending data on, respectively, semi-durables and non-durables
have been transformed with the inverse hyperbolic sine transformation. We code “Perceived pass-through, %”
as 3.5 if “prices have decreased more than 3%, 3 if “decreased at around 3%*, 2.5 if “decreased between 2%
and 3%, 1 if “decreased less than 2%“, 0 if “stayed the same®, -1 if “increased* for GfK (Q18). Controls
include gender, age, education, employment status, having children, the households’ income and net wealth,
as well as controls for the federal state and the municipality size the household lives in.
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Table D.2: Expected durable spending growth between 2021HY1 and 2020HY2, GfK survey

Difference in euro spending No controls Socioeconomic  Socioeconomic No controls Socioeconomic
2021HY1 - 2020HY2 controls and exp. controls on sample (3) controls on sample (3)
) (2) 3) (4) ()
Perceived pass-through, % -79.550%* -53.883 -68.080 -71.169* -68.032
(34.445) (38.963) (42.678) (41.966) (42.421)
Constant -345.892%%* 2 972.342%F* 2,837.084*** -416.340*** 2,834.113%**
(67.962) (969.208) (1,054.115) (80.942) (1,064.333)
Observations 10,243 7,916 7,175 7,175 7,175

Notes: Results based on OLS regressions using data from the January 2021 wave of GfK. The left-hand-side
is the difference in durable spending (in euro) in the first half of 2021 (Q25) and the second half of 2020
(Q19). We code “Perceived pass-through, %” as 3.5 if “prices have decreased more than 3%, 3 if “decreased
at around 3%, 2.5 if “decreased between 2% and 3%, 1 if “decreased less than 2%, 0 if “stayed the same*,
-1 if “increased® for GfK (Q18). Socioeconomic controls include income, net wealth, age, gender, education,
employment status, children. Expectations controls include inflation expectations. Robust standard errors
(in parentheses). Significance levels, * p < 0.1, *x p < 0.05, **x p < 0.01.

Table D.3: Semi-durable and non-durable spending and beliefs about VAT cut pass-through,
GfK scanner data

Euro spending Semi-durables Non-durables

in HY2 of 2020 2019 2020 2019

Perceived pass-through, % 0.016 0.009 0.003 0.002
(0.012) (0.013) (0.003) (0.003)

Constant 2.233%F* 2 RT3HHH 5.396%F*  5.644%F*
(0.335) (0.331) (0.086) (0.090)

Controls Yes Yes Yes Yes

Observations 6,477 5,820 7,517 6,620

Notes: Results based on OLS regressions using GfK scanner data from the second half-
year of 2020 and 2019, respectively. The left-hand-side spending data on, respectively,
semi-durables (columns 1-2) and non-durables (columns 3-4) have been transformed
with the inverse hyperbolic sine transformation. We code “Perceived pass-through, %”
as 3.5 if “prices have decreased more than 3%, 3 if “decreased at around 3%, 2.5
if “decreased between 2% and 3%, 1 if “decreased less than 2%, 0 if “stayed the
same*, -1 if “increased* for GfK (Q18). Note that perceived pass-through is always
measured in the 2021 GfK survey and referring to 2020HY2. Controls include gender,
age, education, employment status, having children, the households’ income and net
wealth, as well as controls for the federal state and the municipality size the household
lives in. Robust standard errors (in parentheses). Significance levels, * p < 0.1, *x
p < 0.05, xxx p < 0.01.
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E Appendix: Core results for the ex-post approach

with an alternative consumption transformation

This appendix replicates the core results of the ex-post approach, expressing the left-hand-
side consumption variable with an alternative transformation to the inverse hyperbolic sine
approach. Chen and Roth (2024) propose to transform all positive levels of durable spending
with the natural log function and the zero-valued outcomes with a constant, which we choose
to be zero. This amounts to assuming that there is no economic difference between spending
zero or one euro on a durable good. To be specific, this appendix replicates our main
results—Figure 5 (time path of spending response for semi- and non-durables) and Tables 3
(heterogeneity splits) and 5 (semi- and non-durables)—using this alternative transformation
of the durable spending data. They are essentially numerically identical to our baseline
results, which is unsurprising, given that, in our data, small euro amounts of durable spending

are exceedingly rare.

Figure E.1: Time path of spending response
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Notes: Coefficients based on OLS regressions using GfK scanner data. The OLS regressions have been pooled
over two-month windows. The left-hand-side spending data on, respectively, semi-durables and non-durables,
have been transformed using a natural logarithm for positive values but zeros are kept intact. We code
any answer with perceived pass-through of < 0% as 0, and > 0% as 1 in the GfK data. Controls include
gender, age, education, employment status, having children, the households’ income and net wealth, as well
as controls for the federal state and the municipality size the household lives in.
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Table E.2: Semi-durable and non-durable spending and beliefs about VAT cut pass-through,
GfK scanner data

Euro spending Semi-durables Non-durables

in HY2 of 2020 2019 2020 2019

High perceived pass-through  0.094** 0.052 0.016 0.016
(0.039) (0.040) (0.010) (0.011)

Constant 1.514%*%  2.166%** 4,699 4,947
(0.335) (0.331) (0.086) (0.090)

Controls Yes Yes Yes Yes

Observations 6,477 5,820 7,517 6,620

Notes: Results based on OLS regressions using GfK scanner data from the second half-year
of 2020 and 2019, respectively. The left-hand-side spending data on, respectively, semi-
durables (columns 1-2) and non-durables (columns 3-4), have been transformed using a
natural logarithm for positive values but zeros are kept intact. We code any answer with
perceived pass-through of < 0% as 0, and > 0% as 1 for GIK (Q18). Note that perceived
pass-through is always measured in the 2021 GfK survey and referring to 2020HY2. Controls
include gender, age, education, employment status, having children, the households’ income
and net wealth, as well as controls for the federal state and the municipality size the
household lives in. Robust standard errors (in parentheses). Significance levels, * p < 0.1,
% p < 0.05, *xx p < 0.01.
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F Appendix: Details on the quantitative HANK model

The general structure of the economy closely mimics the setup of Bayer et al. (2024a),
except for the fact that there is no physical capital in the model and the consumer instead
derives utility from both non-durable and durable consumption goods. In fact, the Bayer
et al. (2024a)-framework is particularly suitable for our purposes because it allows us to
reinterpret the two-asset choice between liquid financial assets and illiquid physical capital as
a choice between liquid financial assets and illiquid durable consumption goods. To make
the exposition self-contained, we provide, in the following, more details on the quantitative

model used in Section 4 of the paper. We follow the write-up in Bayer et al. (2024a).

F.1 Additional details on the household sector
In addition to the distinction between households that perceive the VAT cut and those that

do not, there are two further and orthogonal types of households in the model: workers
and entrepreneurs. Workers face idiosyncratic labor productivity risk. Entrepreneurs have
zero labor productivity and thus do not supply labor. They earn all profits in our economy
except for the profits of unions, which are equally distributed across workers. We assume
that idiosyncratic labor productivity evolves according to a log-AR(1) process and a fixed

probability of transition between the worker and the entrepreneur state:

exp (ph log By + eft) with probability 1 — ¢y, if hj;—1 # 0,
hi = <1 with probability te, if hy—1 = 0, (F-1)

0 else,

with individual productivity h; = f%i — such that hi; is scaled by its cross-sectional average,
J hidi, to make sure that average worker productivity is constant. The shocks, €, to
productivity are normally distributed with variance 63, if a worker remains a worker, which
occurs with probability 1 — ¢,.. With probability te,, an entrepreneur returns to the labor
force with median productivity. In all other cases, a household remains or becomes an
entrepreneur (h = 0).

In addition to their labor income, workers receive a share in union profits, 11V, which
are distributed lump sum, leading to labor-income compression. For the distribution of firm
profits, we assume that they primarily go to entrepreneurs. However, entrepreneurs as a
group can sell claims to a fraction w'! of their profits as shares. These claims have stochastic
maturity and are liquid. This stochastic maturity ensures finite prices for profit claims even

when interest rates on liquid assets are zero. Each period, a fraction ' of claims mature.
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When a claim matures, it loses its value, and the entrepreneur replaces it with a new issuance.
We assume a unit mass of profit shares, which are traded at price ¢i'. Thus, the entrepreneurs
receive in each period the sum of the profits they have not sold plus the value of the new
shares they sell: TIF = (1 — T 4 Mgl
This modeling strategy allows us to match the income and wealth distribution following
the idea by Castaneda et al. (1998), while limiting the impact of profits on durable choices.
Ex-post nominal returns R;; on the liquid asset are given by the average return of the

liquid asset portfolio, composed of real government bonds B, and profit shares with a value

of ¢l i.e.,
Ry Byt m](1=D)gpl 4] if by >0
B +q T nr
Ry = o ’ (F-2)
RyBitm[(1-Mg+™I7] | 7 e g
BH—qu + R if bzt <0

The first part of the sum in the numerator is the interest payments on government bonds
issued and bought in the previous period, the second part is the returns from selling the
non-matured profit claims and the share of profits that is paid out to shareholders. The
denominator is the sum of the value of bonds and profit shares bought in the previous period.
The borrowing penalty R allows the model to match the fraction of borrowers in the data.

Since a household’s portfolio decision—(b/,,d') for the case of adjustment and (¥, d)
for non-adjustment—is a non-linear function of that household’s wealth and productivity,
inflation and all other prices are functions of the joint distribution, O, of (b, d, h) in ¢t. This
makes O, a state variable of the household’s planning problem and this distribution evolves
as a result of the economy’s reaction to aggregate shocks. For simplicity, we summarize
all effects of aggregate state variables, including the distribution of wealth and income, by
writing the dynamic planning problem with time-dependent continuation values.

This leaves us with three functions that characterize the household’s problem: value
function V' for the case where the household adjusts its durable holdings, the function V"

for the case in which it does not adjust, and the expected continuation value, W, over both,

Ve (b, d. h) = max ula(b, b, d. d' b)) + BE W (6, d' 1)

V;fn(ba d7 h) = HléiX U[IL‘(b b, d7 da h)] + B]Etwt+1 (bfm da hl) ’ (F_S)

Y Yn
b'fl

Wy (b, d, B =AVE (U, d b))+ (1= Vo 1)

Expectations about the continuation value are taken with respect to all stochastic processes

35Boar and Midrigan (2025) use a similar structure, where entrepreneurs retain a fraction of firm profits.
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conditional on the current states. The distribution ©; then evolves according to

O (W, d 1) = A ®(h, 1')dO, (b, d, h) (F-4)

b'=b* ,(b,d,h),d'=d (b,d,h)

1—A/ ®(h, ')dO(b, d, h) .
FON [ b

*
a/n,

Importantly, following Reiter (2009), one can view the discretized version of (F-3) and

where ®(-) is the transition probability for h and 4!, , and d; are the time-t optimal policies.
(F-4) as a set of equations that pin down the dynamics of the value functions and optimal
policy for each b x d x h node as well as the transition of the mass of households at each of

the nodes.

F.2 Firm sector

Since the firm sector involves dynamic decisions, we need to make an assumption about the
discount factor used in these decisions. Given the heterogeneity of households, stochastic
discount factors may differ across households. For this reason, we make the simplifying
assumption that the firm sector is run by managers who are risk neutral, have no access to
asset markets, but have the same time preferences as households.?® Managers are a mass-zero
group in the economy, so their consumption does not show up in any resource constraint,

and, as a result, all the profits of the firm sector go to households.

F.2.1 Final goods producers

Final goods producers bundle varieties j of differentiated goods according to the Dixit-Stiglitz
aggregator

ng—1 n:i1
vi= ([t )" (-5
with elasticity of substitution 7,. Each of these differentiated goods is offered at price pj;;, so

1
that the aggregate price level is given by P, = ( i pjl{ ”tdj) """ and the demand for each of

the varieties is

p,t —Mt
wi= (%) "7 (F-6)
F.2.2 Intermediate goods producers

Intermediate goods are produced with labor

}/jt = tha (F_7)

36Since we solve the model by a first-order perturbation in aggregate shocks, fluctuations in stochastic
discount factors are irrelevant.
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where Nj; is the labor bundle firm j hires at time ¢.

Given demand, the producer minimizes costs, w! Ny, where w! is the real wage the firm
faces. Factor markets are perfectly competitive. Hence, the first-order condition for labor is
given by:

w; = mcjt, (F-8)
where mc;; is the marginal cost of firm j.
We assume that intermediate goods producers face price adjustment frictions a la Calvo

(1983); and the firms’ managers maximize the present value of real profits subject to this

price adjustment friction and the demand curve (F-6). They hence maximize

ngosneon {5 ) ()7} e

t=0

with a time-constant discount factor S. Prices are indexed to the steady-state inflation rate
m and can be discretionally adjusted with probability 1 — A,,.

The corresponding first-order condition for price setting implies a Phillips curve
s s
log (7;) = PE; log (f) + Ky (mct — I%Y) , (F-10)

where we dropped all terms irrelevant for a first-order approximation and defined ky =

(A=2p)(1=XpB)
Ap
P

Ty 1= p o, MG = M?tct is the real marginal costs, and p¥ = % is the target markup.

. Here, m; is the rate of change of the VAT-exclusive price index of final goods,

F.2.3 Labor packers and unions

Workers sell their labor services to a mass-one continuum of unions indexed by j, each of
which offers a different variety of labor to labor packers, who then provide labor services to

intermediate goods producers. Labor packers produce final labor services according to the

St
Ge—1 g1
Ny = </ﬁjt<t d]) ) (F‘ll)

out of labor varieties f1; with elasticity of substitution ¢;. Cost minimization by labor packers

production function

implies that each variety of labor, i.e., each union j, faces a downward-sloping demand curve

—Gt
W
e = (?) Ne (F-12)

28



where W), is the nominal wage set by union j and W[ is the nominal wage at which labor
packers sell labor services to intermediate goods producers.

Since unions have market power, they pay the households a wage that is lower than the
price at which they sell labor to labor packers. Given the nominal wage, W;, at which they
buy labor from households and given the nominal wage index, W[, unions seek to maximize
their discounted stream of profits. However, they face a Calvo (1983)-type adjustment friction

with indexation, where )\, is the probability of keeping wages constant. They therefore

Wat, Wy \ (Waat,\ ¢
E Zﬂt}\w Pz Nt{( IjI;tFW B W}) ( IjI;tFW> }7 (F-lg)

by setting W, in period ¢ and keeping it constant except for indexation to 7y, the steady-state

maximize

wage inflation rate.
Since all unions are symmetric, we focus on a symmetric equilibrium and obtain the
linearized wage Phillips curve from the corresponding first-order condition as follows, leaving

out all terms irrelevant at a first-order approximation around the stationary equilibrium

log <%) PE; log ( t+1> + K (mci” — P%W) : (F-14)

F F

with 7}V = VI‘//I% = w%lﬂf being wage inflation, w; and w! being the respective real wages

for households and firms, mcy” = % is the actual and P%W = C—Zl being the target mark-down
t

of wages the unions pay to households, W;, relative to the wages charged to firms, W/ and

(1=2w)(1— /\wﬁ)
Aw

Ky =
F.3 Goods, asset, and labor market clearing

The labor market clears at the competitive wage given in (F-8). Total labor input is equal to
Ny =By [Ahyn, + (1= Nhanj,, | (F-15)
The liquid asset market clears whenever the following equation holds:

Bt+1 + th = Bd(wta 'LU,F, HtEa HtU7 qtna q{I 1 R?a Tt ﬂ-l/va 6157 WtJrl; th)
=By |Ab, + (1= M), (F-16)

where b*

u.t> On are functions of the states (b, d, h), and depend on how households value asset

holdings in the future, Wy ,1(b,d, h), and the current set of prices. Future prices do not
show up because we can express the value functions such that they summarize all relevant

information on the expected future price paths. Expectations in the right-hand-side expression
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are taken w.r.t. the distribution ©,(b,d, h). Equilibrium requires the total net amount of
bonds the household sector demands, B¢, to equal the supply of government bonds plus the

value of profit shares. In gross terms, there are more liquid assets in circulation because some

households borrow up to B.
The value of profit shares is, given the linearized solution, determined by a no-arbitrage

condition between bonds and profit shares. Both need to have the same expected return:

'R = Eymyy [(1 — Mgl + "I | (F-17)
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